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Abstract 


The objective this paper is to identify the potential to economic development and innovative place technology parks 
that are in operation in northeast Brazil. The results are derived from a qualitative research study, based on descriptive 
and exploratory research, which through a five case studies it was possible to obtain information about the topic. The 
finding indicates that the technology parks presents potentials that identify them, as inductors of the economic 
development and local inovativon. Also, it presents limits that in spite of it they do not lessen the potential the 
localities of excellence for the transfer of technology based in technological base companies. It presents itself as 
difficulties that should be minimized or depending on the situation, solved through actions of the actors involved in 
behalf of the economic development and local inovativon. 


Keywords: Economic Development.  Local Development. Technological Innovation. Technological Parks. 


1 Introduction 
The current dynamics of the economic scene has increased the complexity of companies, and the 
competitiveness between them, since many transformations are happening in the environmental, social, 
economical and political spheres, with phenomena such as capitalist restructuring, globalization and 
technological development (VASCONCELOS et al. 2009). Such phenomena have emphasized people and 
their intellectual abilities, given the search for competitive edge in this new context. The use of this 
strategy has become a resource of differential strategic value, which led to the emergence of 
organizations based on information and knowledge. 


Thus, the emergence of dynamic industries, with productive processes based on the intensive use of new 
technologies of automation, represents, according to Alvim and Castro (2005), a new paradigm for the 
organization of productive activities, and for labor relations, with reduced jobs in the direct production 
process, smaller salaries, and growth in service industries. 


Hauser, Zen, and Lopes (2004) assert that one of the main traits of this new productive profile is the 
tendency towards what they call "dematerialization of production," which implies a increasingly smaller 
consumption of energy and raw materials, smaller spaces, and the necessity of boost and dissemination of 
knowledge and innovation. 


From the perspective of Hauser, Paladino, and Medeiros (1997), innovative environment is the system of 
social, institutional, organizational, economical, and territorial structures that creates the necessary 
conditions for the continuous generation of synergies, and its transformation, in a productive process 
originated from this synergetic capacity. 


The implementation of local systems of innovation – organizations directed to developing activities based 
on new technologies are being used as an instrument for the local and/or regional economic 
development. They possess distinct nomenclatures, depending on aspects such as location, cooperation 
between companies and universities, administrative notion, insertion in the enterprise, and insertion in the 
city and region (ALVIM and CASTRO, 2005). 
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In the face of this evidence, Stainsack (2003) claims that technology parks are generally characterized as 
companies reunited in a common location, and tied to a university campus – within its space or next to it. 
In these enterprises, there is an administrative and coordinative entity responsible for facilitating the 
integration between university and companies, and for managing the usage of the existing installations. 


Thus, in order to foster the local innovative and economic development, Albuquerque (2004) says that it is 
indispensable to formulate mixed policies in which the measurements taken to achieve the main macro-
economical balances are accompanied by actions that aim to foment existing potentialities in each 
territory. In this task, both the regional and the local governments must play a decisive role in 
encouraging and facilitating the creation of business development opportunities. 


Therefore, since we consider technology parks as relevant for the development of the local conjecture, the 
focus of this research is to analyze the potentialities for the local economic and innovative development 
of technology parks that function in the Northeast region of Brazil, as well as their strategic actions to 
continue stimulating and supporting the creation of micro and small technology-based companies, 
fulfilling their mission of promoting the generation of work and income, and economic and innovative 
development, as well as the improvement of the region’s quality of life. 


2 Methodological procedures  
This research has a descriptive and exploratory component. The main discussion was based on five case 
studies, in which we gathered information about the subject in question within the context of technology 
parks located in the Northeast region of Brazil. Such information served as the foundation of this article. 


In order to achieve the objective of this study, we developed a research methodology in which the 
dimensions, variables, and its respective indicators were used as measurement tools. Regarding this, 
Lakatos and Marconi (2001) assert that a variable can be considered as: a classification or a measurement; 
a quantity that varies; an operational concept that contains or represents values; aspects, properties or 
factors that can be discerned and measured in a study subject. 


Hence, for the development of this article, we have taken into consideration only one independent 
dimension (main component) to approach the essential questions that this study tries to answer, with 
their correspondent variables and indicators that explain the data variation, and facilitate the 
interpretation and simplification of the final analysis, according to the Chart 01 below: 


SIZE: TECHNOLOGY PARK 


Economic development is complex and designed to promote local technological knowledge-based 
economies through the integration of scientific and technological research, with technology intensive 
companies and government organizations. 


VARIABLES INDICATORS 


Economic development and Local 
Development 


 Support services to management of 
technology park; 


 Region’s performance and profile; 
 City and region image ability; 
 Infrastructure support to local development; 
 Support local financial, industrial, services and 


hinged to the S&T Park; 
 Identification and characterization of 


innovative activities and opportunities. 


Chart 01: Variables investigated. Source: Author's (2009/2010). 


The research technique employed in this work, according to the objectives, involved the following steps: 
data gathering through the application of a questionnaire, interview, data quantification, and processing 
and analysis of the collected data. 
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We gathered the primary information by applying a structured questionnaire with one main approache – 
economic development. To analyze them in this study, the instrument was divided in two parts: 


Part 1: Characterization of the technology park; 


Part 2: Economic development and local development; 


Part 3: Innovative activities. 


For the execution of the research, the data was organized, selected, and put aside in similar groups 
according to the desired objectives of each research variable, in order to facilitate the examination and 
interpretation of the results. 


In general, the data analysis is a process that involves many procedures and statistical analysis that 
requires data interpretation. This interpretation aims to establish the connection between the obtained 
results and other results from theories or previous studies (GIL, 2006). 


3 Results presentation and analysis 
This topic demonstrates the results of the research, applying the techniques specified in the methodology 
section, with inferences based on the primary and secondary data, alongside the research form, semi-
structured interviews, and inventory of the obtained results with its respective theoretical references. For 
better comprehension, this chapter is divided into two topics: the first describes the technology parks, and 
the second presents the potentialities for the local economic and innovative development, focusing on 
the items addressed in the questionnaire, and in the semi-structured interview. 


3.1 Description of the technology parks 
To describe the technology parks in this investigation, general information was obtained from the semi-
structured interview, as well as from the material offered by the administrators of each organization. 


3.1.1  
NUTEC, that began its activities in 1979 tied to the Department of Science, Technology, and Superior 
Education (SECITECE), has the following mission: “To seek technological solutions for a sustainable 
industrial development that benefits society”. 


3.1.2  
Porto Digital is the result of an environment of innovation consolidated in Pernambuco in the last decades 
with coordinated efforts of the university, the productive sector, and the government, intending to put the 
Information and Communication Technology industry in the economic core of the State of Pernambuco. 


3.1.3  
ParqTel was created over ten years ago by the Pernambuco government to assemble technology-based 
enterprises of electrical and electronic sectors. 


3.1.4  
“Promoting the innovative entrepreneurship within the State of Paraíba, supporting the creation and the 
progress of technology-based companies and social enterprises, through the appropriation of knowledge 
and technologies generated in the R&D organizations, and the insertion of products, services, and 
processes in the market. 
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3.1.5  
Its mission is to promote entrepreneurship, seeking innovation, competitiveness, and generation of 
knowledge, work and income for the State.  


3.2 Potentialities for the local economic and innovative development 
The information about technology parks economic and local development was divided in regional profile 
and innovative activities. About this, Zouain e Plonski (2006) say that this indicates the technology parks 
contribution to regional development, stimulating the local economic activity by creating and rapidly 
developing companies, increasing commercial and exportation activities based on products and services 
of high aggregated value, and generating job opportunities and income for qualified professionals. 


The regional profile is presented in two degrees of comprehension with regard to the level of agreement 
of the technology parks researched. On one side, we have answers about the profiles of companies, 
institutions, and conglomerates able of generating knowledge, technology, and information in connection 
with the technology parks disseminated in the region; and, on the other hand, there are answers about 
the existing conditions for local economic development, with the presence of favorable conditions for the 
companies installed in the technology parks. 


About the profiles of companies, institutions, and conglomerates, we can see, according to Table 1, that 
most of the technology parks, including NUTEC, Porto Digital, PaqTcPB, and SergipeTec, agree that, in the 
region where they’re inserted, there are companies in the same field of the technology parks, diversity in 
the region’s industrial structure, possibility of institutional support from alliance networks favoring the 
parks, institutions able to stimulate the flow of knowledge and technology between the parts involved, 
agglomeration of companies involved with the technology offered by the research institutions, and work 
force with medium and superior education in the area. 


Table 1: Region Profile 


 
 
Region Profile 


Degree of Agreement 


Average Classification 
There is presence of peer group in the park’s operational actions 4 Agree 
There is diversity of industrial structure in the region 
(presence of companies from different segments) 


4 Agree 


There are local presence of large companies 3 
Neither Agree Nor 


Disagree 
There is presence of innovative companies that produce products 
and technological services of high added value locally 


5 Totally agree 


There is the possibility of institutional support networks alliances in the 
park’s favor 


4 Agree 


There are institutions that can stimulate and manage the flow of 
knowledge and technology between research institutions, companies 
and markets 


4 Agree 


There are low transaction costs in the region 3 
Neither Agree 
Nor Disagree 


There are cluster of firms directly involved with technology provided by 
research institutions 


4 Agree 


There is availability of local skilled labor (higher level)  4 Agree 


There is availability of local skilled labor (middle level) 4 Agree 


Average 3 
Neither Agree  
Nor Disagree 


Source: Direct Research, 2009/2010. 
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This degree of agreement is evidenced specifically by each technology park. NUTEC tells that it is the 
result of an environment that stimulates the creation and development of companies and products, 
specially the knowledge innovative and intensive ones. This environment offers to emerging companies 
and research teams elements such as physical area and infrastructure, companies in the same field, and 
services to support and create synergy within and outside the enterprises. It also potentializes the process 
of creating, attracting, and fortifying local and regional innovative companies, particularly developing 
those economical sectors with growth vocation and potential. 


Porto Digital, that has the mission of becoming one of the main actors in Pernambuco’s economy, says 
that the regional profile of the companies, institutions, and conglomerates increases the technology 
information pole interaction with other productive sectors of the State, strengthening the competitive 
edge of the companies installed in the technology park. In this sense, it is considered a valuable asset for 
the State, with the potential to contribute to the development of the efficiency patterns and 
competitiveness levels of all economic sectors, because of ICTs transversal characteristic. As such, Porto 
Digital aims to promote the exchange of knowledge and information/communication technology 
innovation solutions generated in the environment for other productive chains in the State of 
Pernambuco, with the intention of promoting integration between productive chains, guaranteeing their 
condensation, as well as the ICT’s itself. 


PaqTcPB tells us that it is a non-profit organization that seeks to achieve scientific and technologic 
development, and to promote innovative entrepreneurship in Paraíba. It was by promoting the 
articulation between partners, and between the many knowledge chains and productive activities, that the 
institution has searched for new ways of attracting and fixating competencies in the State. That is, each 
year new business projects are accompanied, which augments their chances of growing with the technical 
and managerial support accessible to each company. 


SergipeTec says that, according to this assertive, it attracts technology-based companies aiming to 
establish them in the park, through activities of divulging and promoting; stimulates the entrepreneurship 
of technology base in the State, favoring the creation and development of new companies, according to 
the incubator model; and promotes the integration of the scientific community with companies and 
market, aiming to create a complete cycle for developing technology-based products and services. 


Allied to this resulted, there’s the technology parks agreement that there is work power with medium and 
superior education levels in the region. In this sense, NUTEC, Porto Digital, PaqTcPB, and SergipeTec all 
possess the same opinion, that it is necessary to have professionals that fulfill the market’s demands and 
are up-to-date with the tools and methodologies necessary to optimizing the productive processes of 
technology-based companies. 


It is important to stress that ParqTel disagreed with all this information about the profile of companies, 
institutions, and conglomerates, justifying that it is currently, according to its manager, an 
unfinished/interrupted project, because, among other factors, of changes in the State’s government 
orientation in the administrative term. 


Oliveira (2003) and Joyal (2002) say that this result about the profile of companies, institutions, and 
agglomerations, as well as the existence of qualified work force, brings up the main characteristic of the 
technology parks administration, which is stimulating the formation of new companies in cutting-edge 
sectors, and the attraction of companies specialized in advanced technologies; revitalizing traditional 
regional industrial sectors by incorporating the region and new technologies; promoting the business 
vocation and qualified work of the region; and favoring the region’s technological independence by 
internally generating new advancements and technologic applications. 


Add to this the statement from Buarque (2002), who says that the promotion of the local development 
must be structured in at least three pillars: society organization, which contributes to forming the local 
social capital (i.e., the local society’s organization and cooperation capacity) combined with the formation 
of institutional spaces for negotiating and administrating; value aggregation in the productive chain, with 
the articulation and augmentation of the economic activities competitiveness with local advantages, and 
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the restructuration and modernization of the local public sector as a way of decentralizing the decisions 
and elevating the efficiency and efficacy of the local public management. All this associated with some 
form of distribution of social assets, particularly knowledge, expressed by education and technologic 
capacitance. Therefore, changes are a result of these three processes, and the resultant synergy in the 
social sphere makes the local development in a solid and consistent fashion possible. 


About the existing conditions for the local economic development, we can see that, according to Table 1, 
there’s general neutrality, i.e., the technology parks do not agree nor disagree about the presence of large 
enterprises, with the exception of Porto Digital, that says that the region is mostly composed by small and 
medium companies. However, multinationals such as Motorola, IBM, and Microsoft are also present in the 
region with their regional offices (Motorola and Samsung actually have partnership agreements with 
C.E.S.A.R for developing softwares for mobile phones). And there are low transaction costs in the region. 


With this result, we can see that, with few exceptions, the regional profile with regard to the existing 
conditions for the local economic development leaves much to be desired in the technology parks 
researched, as well as in their installed companies, independently of the positive performances shown. 
Thus, Brazil’s Northeast region as a whole, in which the technology parks are installed, makes it impossible 
for a general satisfactory result regarding the regional profile of the parks researched. 


This can be verified with the statement of Galvão and Vergolino (2009) about the Northeast region. They 
assert that, throughout the 1990s, the effects of the commercial opening for the Brazilian regional 
development have been very distinct. In the Northeast, with the possibility of importation, the 
introduction of new technologies in intensive work force industries, and the production of better quality 
products, were necessary conditions to avoid more and more the technological distance from the Central-
South regions of Brazil. However, we must say that the Northeast region is still relatively behind when 
compared to the South and Southeast regions of Brazil, despite of the differentiated growth experienced 
in some expansion areas. This regional inequality is resultant of the different productive structures of each 
region, and the processes by which they are integrated to the national and international markets. The way 
in which this process occurs reflects in the Brut Intern Product (BIP) division between Brazil’s regions, 
which can bring huge difficulties for the States performances in trying to diminish regional differences. 


Hence, Sicsú and Lima (2009) asseverate that it is important to strategically reflect about the possible 
emergence of a new development pattern with innovation and value aggregation, reducing the distance 
that still separates the Northeast region from the national average. In this sense, the S&T dimension and 
innovation are indispensable, and must play a central role in the development process alongside a 
number of other strategic factors. 


As a result, the consolidation of the Northeast region in a structured segment of science, and specially 
technology, can give support to strategic sectors of the economy and be a great attractive of new 
segments for the regional production and service provision sceneries, which consists in a great 
opportunity to promote the dialogue between private initiative and public power in order to develop the 
region. To be exact, captivating the interest in acting in projects that generate revenue and are perfectly 
integrated with the urban planning (infrastructure of transportation, telecommunications, commerce, 
industry, housing, and services in general) for the regions in which they are inserted. 


It’s in this context that the technology parks constitute an important alternative for the local economic 
and innovative development, since, according to the results seen so far, they reunited conditions to 
identify regional economic potentialities and contribute to the technologic innovation, where innovative 
companies or knowledge intense ones can be delimitated or, according to more innovative tendencies, 
widespread in the region. 


Innovative activities in incubated and/or installed companies in the technology parks are identified in 
degrees of importance of internal and external R&D activity, acquisition of other external knowledge, 
software acquisition, acquisition of machinery and equipment, and introduction of technology innovations 
in the market, according to Table 2 that follows: 
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Table 2: Innovative activities 


Innovative activities 
Technology Park 
n % 


Importance of internal P & D through business incubated and / or installed 
so far held     
High 4 80 
Average 1 20 
Importance of acquiring external R&D through business incubated and/or 
installed so far held     
High 2 40 
Average 3 60 
Importance of acquiring external knowledge through of the incubated 
companies and / or installed, held so far     
High 2 40 
Average 3 60 
Importance of acquiring software through business incubated and / or 
installed, held so far     
High 2 40 
Average 2 40 
Low  1 20 
Importance of acquiring machinery and equipment through the incubated 
and / or installed, held so far     
High 4 80 
Average 1 20 
Importance of the introduction of technological innovations in the market 
through business incubation and / or installed to date     
High 4 80 
Average 1 20 
Source: Direct Research, 2009/2010. 


About the importance of internal and external R&D activity, the biggest emphasis is in the internal 
activity, according to Table 2, with most technology parks, among them NUTEC, Porto Digital, PaqTcPB, 
and SergipeTec, agreeing that the importance of these activities is high for the development of innovative 
activities in the incubated and/or installed companies. And the external activity has medium importance 
among the incubated and/or installed companies of NUTEC, ParqTel, and SegipeTec. It is important to 
point out that the technology parks administrators were asked to give a description of the internal and 
external P&D activities, but this item was not answered because of limitations in obtaining more detailed 
information from incubated and/or installed companies, despite the fact that their commitment to giving 
biannual general data about their programs, projects and activities’ performances. 


This result highlights what Kim and Nelson (2005), and Ortt and Smits (2006) affirm about two models of 
technologic innovation: linear and interactive, introducing knowledge as a dynamic and inter-current 
element in all phases of the process, and considering that technology innovation in incubated and/or 
installed companies in the technology parks are not related only to invention, production, and commerce, 
but to a continuous social process involving activities of management, coordination, apprenticeship, 
negotiation, investigation of the users’ needs, acquisition of  competences, managing the development of 
new products, financial management, etc. Tidd, Bessant, and Pavitt (2008) complement saying that, in 
practice, innovation constitutes a process of parity and adjustment that sometimes takes the pulled form, 
and sometimes, the pushed one, and requires, thus, a successful innovation, i.e., an interaction between 
internal and external R&D activities. 


ParqTel considers medium the importance of the internal and external R&D activity, because, according to 
its administrator, since the park does not have incubated companies, innovative activities are developed 
by each company individually and in isolation; despite that, its companies incorporate the R&D process as 
a tool for obtaining innovative and commercially competitive products and processes. And in the external 
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R&D activity, they have a partnership deal with Porto Digital for developing technologies in the urban 
mobility area, with the automobile chip. 


According to this reasoning, in conformity with external R&D activity, the acquisition of other external 
knowledge has a medium degree of importance among the incubated and/or installed companies at 
NUTEC, ParqTel, and SegipeTec, as we can see in Table 2. This way, according to Takashi and Takashi 
(2007), new ideas, products, and processes converted in innovative activity can emerge from challenges, 
natural or provoked, of the organizations internal and external environment, and must be canalized 
properly, so that they result in the improvement of methods, routines, and organization, i.e., the essence 
of fast processes in technology development (BIANCHI, et al. 2010).  


About the importance of software acquisition, Table 2 shows that Porto Digital and PaqTcPB consider high 
the importance of this acquisition, ParqTel and SergipeTec consider it medium, and only NUTEC attributes 
a low degree of importance to it. This result is justified by the incubated and/or installed companies’ 
preoccupation in observing software consumer market tendencies, perceiving the receptivity of products 
and services offered, and identifying innovation opportunities, as well as concerning about adjusting to 
the performance area of the park in which it is inserted. According to the administrators of Porto Digital 
and PaqTcPB, that consider high the importance of software acquisition, we can highlight among the ICT 
segments the production of management softwares, solutions for financial and health systems, games, 
security sector softwares, administration systems for traffic and transportation, software usability, and 
integrated solutions for portal development, extranets and intranets. 


About the importance of acquisition of machinery and equipments, according to Table 2, most 
technology parks, among them NUTEC, Porto Digital, PaqTcPB, and SergipeTec, affirm that the acquisition 
of machinery and equipments is high for the development of innovative activities in incubated and/or 
installed companies, proportionating a functional and well-equipped environment. In this sense, the 
innovation process is also determined by the ability of coordinating these technical resources, with the 
objective of supporting the generation of new ideas to improve products and processes, and creating new 
knowledge. ParqTel does not share this opinion, because, according to its administrator, the importance 
of this acquisition is medium, since the installed companies already possess the machinery and 
equipments necessary for the execution of their activities, and it is not necessary more investments in this 
aspect. 


About the importance of the introduction of technologic innovations in the market, most technology 
parks, among them NUTEC, Porto Digital, PaqTcPB, and SergipeTec, attributed a high degree of 
importance to introducing new technologies in the market by the incubated and/or installed companies; 
only ParqTel informed that this importance is medium, according to Table 2. This result has two 
justifications: the first one is from the point of view of the park itself, that admits in its environment 
essentially technology-based companies; and the second one, from the perspective of the incubated 
and/or installed companies themselves, in which the dynamic of the technologic innovation process 
depends, according to Ferguson and Olofsson (2004), and Hindle and Yencken (2004), more on the 
knowledge learning processes tied to interactions between organizations and agents, allowing the 
generation, reproduction and retro-feeding of learning processes and their conversion into innovative 
activities. 


Generally speaking, this result is verified according to the assertion of Tid, Bessant, and Pavitt (2008) 
about technologic innovation. According to them, the success in introducing technology innovations by 
incubated and/or installed companies at technology parks consists in its management, which consists in 
the perception of internal and external environment, strategic selection of potential innovations to be 
developed, use of resources available for the innovation to be developed and implemented, and reflection 
as a way of contributing to the apprenticeship through the experience. Chiaroni, Chiesa, and Frattini 
(2010) also say that it is in the introduction of technologic innovations in the market that companies will 
discover the business models more suited for commercializing the technology. In other words, it is the 
practice of establishing relations with the external environment that one commercially identifies the 
innovation opportunities. 
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4 Conclusion 
Technology parks are innovative environments. As such, instruments implanted in development and 
developing countries make regional and national economies more dynamic, adding knowledge and 
technology innovation to them. In this research scenery, we noticed that all five studied parks promote 
the innovation, competitiveness, and business capacitance growth culture, based on the transference of 
knowledge and technology via interaction among its actors in the environment in which they are inserted. 


Generally speaking, the research results show that there are potentialities for the local economic and 
innovative development of the studied technology parks. This result is based in two groups of specific 
questions (characterization of the technology parks and local and economic development). The whole 
analysis performed in this article ensures that the objective was reached throughout the research, in which 
we demonstrated the potentialities for the local economic and innovative development. In this sense, we 
noticed, based on Zouain (2003), that the five technology parks researched have the following common 
traits: 


a) They are initiatives placed in physical areas in which innovative and knowledge-intensive companies are 
located; 


b) They help to integrate innovation incentive public policies in their incubated and/or installed 
companies, contributing to the growth of competitiveness in the regions where they are inserted; 


c) They propel the creation of innovative companies, intensive in knowledge and new technologies, 
usually derived from research and educational institutions located nearby; 


d) They promote the interaction of these companies with educational institutes, research and technologic 
development centers, and organizations that deal with information; 


e) They contribute to the economic development of the region in which they are inserted, making the 
local economic activity more dynamic with the formation and fast growth of companies, and more 
commercial activities based on products and services with high segregated value; 


f) They help to divulge a new entrepreneur and innovative culture in the region, through a scientific and 
technologic base for support, in which the systematic dissemination of knowledge is facilitated by formal 
or informal administrative structures. 


Hence, it is noticeable that the five technology parks studied are important environments, propitious to 
the innovation that promotes economic and innovative development in the region in which they are 
inserted. And, despite having some limitations, they guarantee support and have basic conditions for the 
emergence of enterprises based in new technologies that, as such, must make possible many connections 
with the involved actors in order to contribute to the development of the technology park as whole. 


Although this study proportionates an analysis of the potentialities for the local economic and innovative 
development of technology parks located in the Northeast region, results found do not generalize the 
current situation of the operating Brazilian technology parks, nor generalize questions concerning the 
local economic and innovative development of these enterprises, because, apart from studying just five 
cases, the research was restricted to the Northeast region, which, according to what has been said before, 
is the least favored with regard to the consolidation of innovation habitats if compared to the South and 
Southeast regions of the country. However, this study brings important contributions in the legal, socio-
economical, and institutional spheres to the study of the technology parks operating in the Northeast 
region, since until now no specific research had been produced about all these enterprises. 
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Abstract 


The capability of generating innovations, which has been identified as a key factor of success or failure of companies 


and nations, is achieved through the interdependence among actors, users of goods, services and technologies. This 


paper the objective was to establish a referential framework, thereunto we investigate the interfaces for innovation 


and technology transfer between Innovation and Technology Transfer Offices (ITTO's) of Southern Brazil and other 


actors of this Regional Innovation System. We can identify good practices that can help improving ITTO's efficiency 


and performance. The research is related to the project CESAR (2011), supported by the European Community under 


the ALFA III international research program. The study was conducted using a qualitative descriptive approach based 


on a multiple case study. First the theoretical framework is structured, a conceptual framework is proposed based on 


the concepts in order to link the theoretical with the results related to the specific context of analysis then the data 


were collected and analyzed, presented only after the referential framework and discussed the applicability of the 


reference point based on field data. As results, we observed that the field results corroborate and help refine the 


proposed framework. Not all the interfaces and linkages are currently present among the accessed actors. 


Nevertheless, although there are obstacles to be overcome, results indicate that the integration of Universities and 


ITTO's with the actors in the innovation system, and the existence of ITTO's supported by a coherent strategy, exerts 


an important role in technology transfer in Southern Brazil. 


Keywords: innovation and technology transfer offices; technology transfer; regional innovation system; innovation 


system; interface. 


1 Introduction 


Innovation is mainly originated in the firms and corroborated by the market, but can be originated from 


different actors from the society, such as universities, research groups, individuals, government agencies, 


among others. One of the main reasons why an economy goes out of the equilibrium state and goes in 


expansion process is the appearance of some innovation: a new product on the market, a new method of 


production or commercialization, a new feedstock source, or the brake of some monopoly. The profit 


generated by innovation is the motor of all entrepreneurial activity (Schumpeter, 1961, 1982, 1984). In this 


sense, one key element to develop innovation is to establish adequate interfaces among the actors who 


interact to transform ideas into innovation. 


In an environment where the entrepreneurial activity is systematized, it is possible to create an 


atmosphere of regional innovation, which consists of a set of political, industrial and academic institutions 


that, purposely or not, act in the sense of improving the local conditions for innovation. In this sense, such 


system shall have the capability of generating innovation based on science and technology, locally, 


instead of only trusting on technology transfer (Etzkowitz; Leydesdorff, 1996). Nevertheless, in order to do 


so, it is necessary that the interfaces among the different actors who integrate this system are sufficiently 


clear and established. 
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In this paper we investigate the interfaces for innovation and technology transfer between Innovation and 


Technology Transfer Offices (ITTO's) of Southern Brazil and other actors of this Regional Innovation 


System. The objective was to establish a referential framework to analyze of the innovation and the 


technology transfer in the perspective of the ITTO's. 


ITTO's aim to promote the interaction of Universities with society and the market by companies, providing 


knowledge and services resulting from applied research, and technology licensing, for supporting 


innovation and competitiveness (Toledo, 2009). This interaction, which can be viewed in the perspective of 


the Triple Helix model, addresses the role of Universities in society, the role of govern and of the public 


politics, as well the role of industries in the innovation context (Etzkowitz; Leydesdorff, 1996). Therefore is 


relevant the role of a National Innovation System (NIS) (in Brazil – National Science, Technology and 


Innovation System) and of the Regional Innovation Systems (RIS’s) as sets of institutions whose interaction 


supports and motivates the innovation performance of a country (Nelson, 1993).  


Considering the Brazilian context and the role of ITTO's for the innovation promotion, we understand that 


analyzing the interface of ITTO's with the academy and the market, we can identify good practices which 


can help to structure an ITTO improving its efficiency and performance. This research is related to the 


CESAR Project (2011), supported by the European Community under the ALFA III international research 


program. 


2 Background 


2.1 The Innovation System 


The term Innovation System (IS) makes possible the understanding of the innovation process (Edquist, 


1997). Furthermore, one can say that there are at least three approaches for the understanding or 


description of the system innovation: a) Regional Innovation System (RIS) (Cooke; Uranga; Etexbarria, 


1997); b) Sectorial Innovation System (SIS); c) National Innovation System (NIS) (Nelson, 1993). 


A NIS is a set of institutions, which they act making a great influence on technological progress and in 


such sense it is not possible to reject the government policies role. It is believed that the government 


expenditures in R&D, education and infrastructure have been determinants in successful models. As most 


of the studies carried out, with distinct realities in our country, there is difficult and, consequently, it is 


necessary wariness to the adaption the national reality (Palmeira, 2008). 


The Innovation System (IS) can be described considering four environments, each being defined by a set 


of elements that intervene in innovation processes (Martinez; Lucio, 2011). The Scientific Environment 


enrolls the knowledge production officers, research groups, universities, public and private agencies of 


research. The Technological and Advanced Services Environment refers to the development if 


technologies used in other productive business, grouping the innovation and development units of large 


companies, equipment and production goods companies, engineers, services of analysis, tests and 


Technological Institutes. The Productive Environment takes in account innovative goods and services, 


investment in added value, industrial and services companies (Martinez; Lucio, 2011). Finally the Financial 


Environment contributes with economic resources to the subsystems for the development of their 


activities, enrolling private entities (venture capital) and public (innovation spurring) (Martinez; Lucio, 


2011). These elements can be seen forward, in Figure 1. 


2.2 Innovation in Brazil 


In Brazil’s the National Innovation System, formerly found in incipient stage – in initial phase of structuring 


and engagement of their main stakeholders (Albuquerque, 1996) – is can be already being consolidated: 


systematic meetings of actors, structures public policies (national innovation law, regional innovation 


laws), and enrolment of civil and government institutions in networks for innovation are some of the 


elements which indicate some maturity of the NIS and the RIS’s in Brazil. Away from being a consolidated 


subject, Brazil still struggles with the challenge of being competitive in terms of promoting innovation and 
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increasing the investments in innovation from over 1,2% of GDP (Brasil, 2010). Also, the context in which 


this research was conducted comprehends a new economy where knowledge is the basis for global 


competition. In Brazil, the constitution of ITTO's in broad scale is still incipient because many of them were 


recently created. Consequently few patents deposits and technologies licensing agreements have been 


concretized (Toledo, 2009). 


Until the Second World War, Brazil had not awakened to the reality of innovation. However, in 1930, Brazil 


began to react to the changing global context and worked their status improving technical-scientific 


formation. In this context, we can highlight milestones such as the creation of: the University of São Paulo 


(USP) in 1934; the Brazilian Council for Scientific and Technological Development (CNPq) and 


Coordination and Improvement of Higher Education Personnel (CAPES) in 1951; the São Paulo Research 


Foundation (FAPESP), in the same year; the Technology Fund (FUNTEC); and the first Brazilian 


Development Bank (BNDES) in 1963, later named Research and Projects Financing Agency (FINEP); the 


Alberto Luiz Coimbra Institute – Graduate School and Research in Engineering in 1963; and the Ministry of 


Science and Technology (MCT) as the central organ of the national innovation system, to which were tied 


FINEP and CNPq, in 1985 (Lotufo, 2009). 


Nonetheless, the industrialization process occurred in Brazil was not properly linked to the national policy 


of Science, Technology and Innovation. The characteristics of high trans-nationalization degree of 


Brazilian economy, and the dynamics of the process of imports substitution, marked the fragility of the 


entrepreneurial dimension of technology policy in Brazil. And as a consequence, it is possible to register a 


large gap between local science and business companies, because few companies opt by the 


development of new knowledge to develop new products and services locally. Most of the innovation is 


supported by the import of capital goods from foreign countries. Scientific research is focused especially 


in universities and research institutions, and few business companies have strong R&D programs or areas 


established (Lotufo, 2009). 


In Brazil, Law nº 10.973 of December 2
nd


 2004, known as National Innovation Law, regulated the subjects 


related to innovation, as well encouraging innovation and scientific research. The law is the basis for the 


Industrial, Technological and Foreign Trade Policy of the country and aims to facilitate the development of 


structured mechanisms for technology aid in the relationship between business companies and research 


institutions. It also recommends enterprise incubators and technology parks as useful tools in this regard. 


The term Technological Innovation Office (TIO) is provisioned in the, and can be considered similar to the 


terms Technology Transfer Office (TTO) or, more broadly, Innovation and Technological Transfer Office 


(ITTO). 


2.3 Methodological Approach 


This section summarizes the methodology we proposed to respond to the objectives of this research. 


Each step is briefly described in the following paragraphs: 


Step 1 - Establishment of the Theoretical Framework: With respect to literature involved, Eisenhardt 


(1989) highlight that an essential feature of theory building is the comparison of concepts, theories, or 


hypotheses with the existing literature, by asking what is similar, which contradicts, and why. The key to 


this process is to analyze the literature. For this, we perform searches in databases such as SciELO, CAPES 


database, Science Direct, EBSCOhost, among others. We surveyed digital libraries of theses and 


dissertations of UNISINOS and other Brazilian universities, as well as books, websites, conference 


proceedings and journals. These sources were catalogued, compiled and analyzed in order to provide the 


adequate background for the research. 


Step 2 - Data collection in the field: field notes are comments performed by the researcher or by the 


research team, and may be an important means to achieve analyzing the data (Eisenhardt, 1989). In this 


research, we interviewed 12 ITTO's according to the FORTEC registries (FORTEC is a non-governmental 


association of ITTO's with important representativeness in Brazil). Regarding to officers of the Innovation 


System, we surveyed by telephone and e-mail, officers appointed by the managers of the accessed ITTO's. 


The objective was to obtain at least one respondent per ITTO, totaling 20 respondents. 
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Step 3 - Results analysis of field data: based on the interviews, references and notes, we compiled the 


collected information and performed simple descriptive statistics to summarize data. The data was 


tabulated in Excel spreadsheets according to each respondent and each question. These elements served 


as source for comparison to the information retrieved in Step 1, allowing us to make conjectures and to 


establish referential elements for the next steps. 


Step 4 - Proposal of a Referential Framework: Based on the previous steps we proposed a referential 


framework, composed by elements that describe the potential interfaces identified by the accessed ITTO's 


on the RIS of Southern Brazil. This referential framework does not have the intent of being definitive or 


exhaustive, but to provide a structured way to discuss the subject of this research. The general system 


characteristics and resources, always according to the cases investigated, also were included.  


Step 5 - Discussion of the applicability of the referential framework based on field data: based on the field 


data, we established an in depth analysis aiming to discuss the applicability of the proposed framework. 


Each dimension or element identified in the case studies was compared with the referential framework 


and further discussion was established with the ITTO's representatives. 


Step 6 - Final remarks: At the conclusion of the research, the construction has resulted in new discoveries. 


Theory building, which simply replicates past theory is at best a "modest contribution". Replication is 


appropriate in theoretical research but in research and theory building, the goal is a new theory. Hence, a 


study of the robust theory building shows new structures and new contributions (Eisenhardt, 1989). In this 


sense it is important to note that in qualitative studies, few sources are preferable, but it is essential that 


quality. In this type of study sample does not have its more usual meaning, as the statistical significance of 


a given universe, therefore, we used an arbitrary number. It is more connected to the meaning and the 


ability of the sources has to give reliable and relevant information about the research topic. These results 


were compiled into research reports, which were presented to the CESAR project group, as well as in the 


form of book chapters and papers such as this one. 


3 Results and Discussion 


Regarding to the analysis context of this research, we conducted interviews with the actors of the 


Regional Innovation System comprehending the states of Rio Grande do Sul (RS), Santa Catarina (SC) and 


Paraná (PR). The interviews took place during the second half of 2011, personally, by phone and e-mail, 


with managers of ITTO's, or managers of entities with some interface with these ITTO's. From the actors in 


the innovation system interviewed, twelve were of ITTO's, and other officers have some kind of interface 


with these ITTO's. Without the intent of being conclusive in our analysis, we classified the respondents 


into two categories: private and public, regardless of location. In this sense, we investigated seven private 


and five public institutions, which could create opportunities some comparisons. 


None of those interviewed in this category reported having more than 9 employees, i.e., the structures are 


lean, however, as they usually are linked to an educational institution, it is important highlight that they 


use of the macro structure of universities, as a general rule, which converges with literature. It was 


possible to observe a large number of technicians linked to the actors investigated, whether public or 


private ITTO's, however the number of technicians in public ITTO's is even greater than in the private 


ITTO's. 


In terms of the ITTO's capabilities, it is important to note that, on the one hand, we are exploring the use 


of the potential capacities, especially related to ability to relate or to negotiate human resources. And, on 


the other hand, we distinguish two basic capabilities types: a) skills related to knowledge - the stock of 


existing knowledge in the university; b) and skills associated with the physical infrastructure of the 


university (Martinez; Marin; Sanchez, 2011). 


Most of the accessed ITTO's was structured between the years 2006 and 2008, just after the Brazilian 


government instituted the Innovation Law. In Brazil, through the Innovation Law (Nº. 10.973, of December 


2
nd


, 2004), the Brazilian government has formalized that universities should nurture, in isolation or 
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together with other institutions, a technological innovation office. These ITTO's should assist in the 


protection of intellectual property, should support the independent inventor and support the institution 


with regard to contracts, licensing or technology transfer (Carvalho; Mais; Machado, 2010). 


The public ITTO's, besides having more technicians, are more mature than the private ITTO's. Exactly 3 of 


5 public ITTO's investigated were created just after the approval of the Innovation Law; with respect to the 


private ITTO's, all the 7 investigated ITTO's were created after the promulgation of this Law. 


The major structures, with regard to the interface officers investigated are goods and services business. 


Possibly, these businesses require a very large team of technicians because unlike the structures linked to 


large educational institutions, access to teachers, technicians other business or areas, is restricted. 


In the model proposed by the project CESAR (2011), the Innovation System elements are embedded in 


environments. Each is defined by a set of elements that interfere in the innovation processes. Therefore, 


by analyzing the actors investigated, it is necessary to reflect on the research scope with regard to these 


environments, as seen in Figure 1. 


 


Figure 1: Research scope with regard to these environments. Source: adapted from Martinez and Lucio (2011). 


In this sense it is important to note that there were no interviews with the actors of financial environment, 


however, the vast majority of environments were contemplated, and there were items throughout the 


analysis which opportunities assessment, this environment, by the ITTO's. 


Based on the theoretical background and on the field data, we structured a proposal aiming to describe 


the main interfaces between the ITTO's and the actors of the RIS. The analyzed data related to the case 


studies were used for the evaluation and development of the first proposal.  


In the innovation process, the relations of interface are considered of extreme importance, as well as the 


relationships of the actors with their different environments. And to promote these interrelationships and 


the cooperation among the IS elements, it is important the existence of appropriate mechanisms: a) 
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interface structures; b) instruments for fostering interrelationship, such as incentives and aids that some 


institutions offer to other actors of the IS (Martinez; Lucio, 2011). 


In our proposal, we represent the ITTO's supported by the National Innovation System (legislation, federal 


actors, etc.), and especially by the Regional Innovation System (state legislation, associations and networks 


of ITTO's, state agencies, etc.) where they are inserted. They relate to the other actors of the innovation 


system by using instruments and providing certain services.  


The ability to generate technological innovation is subject to the influence of multiple institutional actors 


of the generation and assimilation of knowledge, particularly universities, firms and government (Bessant; 


Tidd, 2009). Such actors are represented in the third disk. Being in the same sphere, we seek to represent 


that they can organize themselves individually and globally. The relationship of these officers causes a 


synergistic effect to the technical advances necessary for technological innovation (Pelaez; Szmrecsányi, 


2006). 


The disks where such elements are presented mean to convey the impression of "Roulette": services, 


actors and instruments can be combined in different ways, providing different types of interaction with 


different purposes and expected outcomes. 


ITTO's aim ongoing interaction with businesses and local governments, having intensified their activities 


in the policy development context, and promoting interaction among universities, enterprises and 


government (Terra, 1999). Since their perspective was used as the main focus of this research, they are 


positioned in the center of figure. The performance of an ITTO favors technology transfer and knowledge 


protection. In perspective of an ITTO, this should be the central interlocutor between the private sector 


and the institution (Lotufo, 2009). 


By evolving the data analysis, we identified the need to include data relating to critical factors to the 


success of an ITTO, and about the knowledge necessary for its proper development. This resulted in 


Figure 2, which presents the center of the image, the critical success factors and knowledge necessary for 


the development of a TIC. 


4 Conclusion 


A number of deficiencies noted at the investigated ITTO's could be enumerated: lack of jobs offers in the 


universities to work in the ITTO's; lack of legal support for negotiating and drafting contracts; lack of 


motivation and focus on results aiming generating business from the knowledge generated to protect 


intellectual property; lack of a well-defined patent management structure; insufficient encouragement and 


support of the institution's top management; lack of human resources and turnover of trained talent in 


the ITTO; lack of commercial vision of the outcomes of the researches by most researchers, among others. 


However, combined with the interviews and the theoretical framework, it is possible to summarize some 


observations regarding Scientific and Technological Institutions, government, and businesses companies 


as the main actors of innovation and technology transfer, which can significantly help in the management 


of these deficiencies. Each of these sectors needs some conditions to foster innovation. 


Scientific and Technological Institutions (STIs) require: specialized human resources; basic and applied 


research of quality; knowledge and know-how; innovative culture; interaction with the society and 


business companies; institutional policies of intellectual property; and agile management mechanisms. In 


the case of STIs, there are still internal management factors that may contribute to promote innovation 


and technology transfer, such as: a) active and concrete top management support, by the establishment 


of institutional policies, the viability of physical infrastructure and human resources, use of equipment and 


tools to provide the best performance for the ITTO and other engines of innovation management; b) 


integration of innovation, intellectual property protection and technology transfer as institutional 


purposes, provided in its Statutes and the strategies; and c) creating of an environment of innovation, 


through the articulation of management actions, with incubators and technology parks, to promote the 


innovation cycle, from research development to the relationship of the STI with market. 
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Figure 2: Referential Framework 


Source: the authors. 
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Regarding to the business companies, whether they produce goods and services, knowledge-intensive 


services (consulting in engineering, testing or analysis techniques), or products services of technologies of 


information and communication, and manufacturing of machinery and mechanical, electrical and 


electronic equipment, it is fundamental the openness to innovation. This openness can be called either 


innovation culture or simply entrepreneur capability. But the key element we refer here is the value of 


organizational and individual knowledge as an innovation source; the respect for intellectual property; the 


ability to finance activities of R&D; the fostering of relational competences with ITTO's; and the creation of 


mechanisms for absorption of technologies generated at the university. 


Regarding the government, articulated public policies and government programs aiming at stimulating 


public-private partnerships, innovation financing, sharing of technological risk, and, especially, 


remuneration for innovation effort and tax incentives are some instruments which can facilitate the 


interfaces between ITTO's and other actors of the IS, fostering development. 


From the field data, we found that, in the belief of the respondents, there is no distinction from the 


concepts of innovation and technology transfer, and economic growth, employment and income, 


competitiveness, wealth creation and insertion of the country on the international scene. This leads to 


infer that there is an increasing need from managers to innovate on many fronts, including the way they 


think and organize innovation processes in their organizations, in order to avoid being put away of the 


market. Therefore, it is essential: a) knowing the research project and the researchers involved; b) knowing 


the market application of the potential technology; c) understanding about the technology process 


assessment; d) understanding that innovation and technology transfer involve risks and benefits, and that, 


therefore, there is no one rule can cover all trades: each case is different. 


Finally, it is still possible to discern a wide field of research on the topics covered in this work. This paper 


intended to present a contribution to the subject of the relation between ITTO's and other actors of the 


RSI in Southern Brazil. Nevertheless, it is worth noting that further research must be done in order to have 


more definitive results. For instance, interviews with external experts aiming to provide qualitative 


validation to the referential framework and to the presented results could be a way to analyze and 


compare the contents of expert knowledge with the proposed referential framework and refine the 


obtained results. Also, when performing the field study, we realized the vast potential of the subject for 


discussion about the structures of the ITTO's and interface officers. Hence, a larger number of 


respondents, including strategic-level managers, could enrich future research on this subject.  


We understand also that is important to highlight the difficulty in obtaining the return of the 


questionnaires sent. There were ITTO's, which were accessed by their importance in the regional context, 


but that, even after repeated contacts, did not show interest on participating of the research. In this sense, 


the response rate was lower than 25%. 


Other possibilities identified during this research include: 


a) To conduct a quantitative study in the national TICs, to evaluate quantitatively each of the blocks 


of the conceptual framework; 


b) To propose a methodology for structuring TICs that actually have as a core activity the 


technology transfer; 


c) To study networks of ITTO's, conducting an international comparison relating the objectives and 


results of such association in Brazil and in other countries. 
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Abstract 


Theory suggests and daily industrial experience confirm that high levels of throughput in production depends on high 


levels of Work-In-Process (WIP) or releases into the system, and that sometimes increasing production capacity is of 


our best interest even before it becomes tight. However, the necessary information for this accomplishment is not 


provided by the most simple and used approach to this issue, which is the classical linear programming models. To 


circumvent this drawback in the approach of linear programming we develop here an approach based on the concept 


of clearing function, which strives with the approach of linear programming to allow pricing at low levels of utilization 


of capacity. 


Keywords: Work-in-Process; Clearing Function; Utilization of Capacity; Dual Prices; Convex Programming. 


1 Introduction 


It is well known from the daily industrial experience that high levels of throughput in production depends 


on high levels of Work-In-Process (WIP) and releases into the system, and that high levels of WIP can 


increase the total lead time in systems, decreasing expected revenues (Hopp 2001, Asmundsson 2003). 


This clearly suggests that increasing production capacity might be of our best interest even before it 


becomes tight, as longer the performance of the system and not economy is the concern (Uzsoy 2011). 


However, the necessary information about when and how to do this accomplishment are not provided by 


the most used approach to this issue which is the classical Linear Programming (LP) models. In fact, as 


longer production planning is modeled using LP, WIP is not explicitly considered, but just a consequent 


balance among levels of production, final good inventory, and demand. Moreover, throughput accounts 


directly to nominal capacity and availability of resources ignoring others factors like lead time and 


workload of the system which contradicts both, the practical experience coming from flows shop, and the 


insights coming from queuing theory (Asmundsson 2009). The framework we develop here to modify the 


classical approach of LP is based on the concept of Clearing Function (CF) first suggest by Graves (Graves 


86),   Karmarkar (Karmarkar 89), and Srinivasan et alli (Srinivasan 1988), and more recently extensively 


used by Asmundsson et alli (Asmundsson 2009), Ali et alli (Ali 2010), Irdem et alli (Irdem 2010), and 


Mossbauer and Uzsoy (Uzsoy 2011), in the same setting considered here, just to name a few recent works. 


The approach we use to face this issue is twofold, in one side we assume that even though the behavior 


of CF function can be known, there is not in general an available analytical formulation to be used and 


only numerical information about medium number of throughput for any level of WIP are at hand. This 


assumption is mainly supported by the queuing theory which shows that in general it is not possible to 


explain analytically throughput as a function of WIP, and results from several different numerical 


experiments that shows a great deal of variability in throughput in response to the same level of WIP, 


which suggest that quite different analytic models could be used to represent throughput as a function of 


a measure of WIP, as longer it observes that the data distribution have a clearly standard concave 


behavior. However, in all cases the CF function could be approximate using a regression concave curve or 


a piecewise affine approximation accordingly its concave behavior, i.e., the angular parameters decrease 


from nominal production value (or from 1), to zero, and the linear parameter increase from zero (or from 
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a small value) to nominal production capacity. The second aspect is when we can manage to have an 


analytical formulation for CF function, which in particular, can come from a regression curve that adjusts 


the available data. In this case we price low levels of capacity throughout a convex programming model, 


and then we perform a sensitivity analysis for the model related to CF function using perturbation theory 


of convex duality to conclude about improving capacity. And this is a new achievement to the best of our 


knowledge. The remainder of this paper is organized as follow: In Section 2 a brief review of the literature 


is presented to shortly describe the related previous works on CF function and its rule in production-


planning and pricing resources for improve capacity. In Section 3 the working model is built upon the 


classic LP model and the main assumptions on the model and on CF function as well, are discussed. In 


Section 4, some final conclusions are made. 


2 Previous Related Works 


Linear Programming (LP) is a widely used framework to address the problem of production-planning, 


which has been studied for several decades (Karmarkar 89, Graves 86, Hopp 2001, Jacob 2009, Ali 2010, 


Karl 2011). However, standard LP models presents a number of drawbacks in that their recommendations 


are inconsistent with the queuing behavior observed in most production facilities. One such drawback is 


that the dual variables associated with capacity constraints will only take nonzero values when the 


resource is fully utilized, contradicting both theoretical results from queuing theory and practical 


experience on the factory floor. Another serious drawback is related to lead time. Most LP models assume 


that a resource can maintain a constant lead time regardless of its workload, again contradicting basic 


queuing insights, actually implying infinite capacity. Practical experience and queuing theory show that 


the performance of production system is affected by the loading of the system related to its capacity, in 


particular the lead time, i.e., the mean time between the release of work for production and its 


completion, increase nonlinearly with increasing resources utilization (Hopp 2001, Graves 86, Karmarkar 


89). Thus, deterministic models for production-planning suffer from a problem that in order to match 


demand and supply they need to consider lead times to plan releases, but in doing so they determine 


levels of resource utilization, which, in turn, determines the realized lead time of production. A number of 


iterative approaches have been proposed (Jacob 2009) to deal with this circularity. Those involve 


assuming initial fixed lead times to obtain a release plan, then simulating the release plan to obtain 


realized lead times estimates.  These estimates are then used to generate a new release plan, until the 


procedure converges. A detailed review of the state of art in production-planning using piecewise linear 


approximation of CF function can be seen in (Uzsoy and Mossbauer 2011).  


Clearing Function is an increasing bounded concave function that expresses the expected throughput of a 


capacitated resource over a period of time as a function of the average WIP level in the system over that 


period. Thus, the introduction of CF function into the production-planning model, while improving 


modeling the problem destroys its sweet linear structure which generally we likely want to preserve. The 


resulting convex problem, however, may be approximate to any degree of accuracy by a large scale LP 


problem which, in general, may requires decomposition technic to be solved due its scale size.  


3 Production-Planning CF Model 


The approach used here for modeling production using the role of CF function follows the paths of Ali (Ali 


2010), Mossbauer and Uzsoy (Uzsoy 2011), Irdem et alli (Irdem 2010), which in its turns follow some 


previous works from Graves (Graves 86) and Karmarkar (Karmarkar 89). However, we use here a quite 


different assumption which is that we only have access to numerical information about the relationship 


between levels of WIP and throughput. The piecewise approach just mentioned intend to approximate the 


CF concave function by means of a bundle of piecewise affine functions, and so, model the problem as a 


modified LP problem, thus keeping the simplicity of LP models at the time that allows the possibility of 


pricing low levels of utilization of capacity using the standard LP sensitivity analysis. The approach used 
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here assumes that the analytical formulation for CF function comes from a regression curve which can be 


obtained from the available data about the behavior of throughput as a function of some measure of WIP. 


Now let’s build the new CF model using the same problem addressed by Karmarkar (Karmarkar 89), for a 


single product produced in a single machine, defining the following set of parameters and decision 


variables:  is the unit cost of product at period t; is the unit cost of handling inventory at period t;  is 


the level of production at the end of period t;   is the level of final good inventory at the end of period t; 


 is the demand to be satisfied by the end of period t; and  is the available nominal capacity at period 


t. The classic LP production-planning model is generally formulate as,  


 


This model does not explicitly make any reference to WIP ( ) and does not include releases ( ) at the 


beginning of any period t as a decision variables, which turns the model to be of small practical value, 


since all the resources are supposed to be available in the beginning of first period, and lead time is 


constant, do not depending on the workload of the system. However, we may modify this LP model to 


incorporate WIP and releases, using the following direct extension, 


 


which explicitly uses WIP and releases as decision variables. The new parameters and   denote the 


unit cost of releases and WIP holding, respectively, and the new decision variables  and denote 


respectively the amount of products in WIP and the releases at beginning of period t. To introduce the CF 


function, let  be the concave CF function which governs production as a function of the workload of 


the system, where , and links expected throughput  with levels of WIP and releases, thus 


implicitly bringing lead time to the scenario as a control variable of the workload of the system, instead of 


as a forecast variable, as usual. The CF model is a direct extension of classical model,  


 


And this is a convex programming model that, in general, we assume to satisfy the Slater’s conditions.  


3.1 Pricing low levels of capacity 


The mathematical model defined above allows periods of congestion, non-congestion, and idle periods 


for the production plan, however we could impose initial conditions on  and , in order for to 


drive the model for a specific state, specifically congestion periods. Now let go back to CF model which is 


a convex programming problem, and for sack of simplicity lets have our CF model generally written as, 
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where the constraints of non-negativity were incorporated into the inequality constraints,  is a linear    


function,  is a strictly convex function, and  is an affine function, and assume that the constraints 


have a nonempty relative interior. The Lagrangian of this problem is, 


 


And its dual function is,  


 


which is always a non-smooth concave function since it is a piecewise infimum of a family of affine 


functions. If x is a feasible solution for the convex problem, then, 


 


This important property, called weak duality, is easily verified since for all feasible solution for the convex 


problem we have that,  


 


Furthermore, if   is an optimal solution for the convex problem and  an optimal solution for the 


so called dual problem,  


 


then it follows that . The value  gives the best lower bound for the convex 


problem, while the optimal value of primal problem, , gives the best upper bound for the dual 


problem. Since we intend to analyze the sensitivity of the optimal solution of primal problem (CF model) 


related to small variations of CF function let’s consider small perturbations into the CF model in the 


following sense,  


 


where  can be either positive, in which case the constrained  is relaxed, or negative, in which case 


the constraint is tightened. According to CF model the perturbation  can be interpreted as 


variations over CF function, and since strong duality attains, this allow us to have valuables information on 


how the value of an optimal solution to CF model gives answer to perturbations of the CF function, which 


by its turns gives information on the value of increasing and decreasing capacity. Likewise, changes on the 


right side of equality constraints can be interpreted as variations over boundary conditions about 


demand, releases, and WIP, even though it doesn't matter to much here since we are mainly interested on 


how the CF model gives responses to small perturbations on the CF function to support decisions on 


increasing capacity. The Lagrangian function of the perturbed problem is,  


 


and its dual function is,  


 


Let’s define a set G of optimal values for the perturbed problem for each perturbation , and a 


function  over the set G, defined as  Observe that and 


from strong duality, for any pair  of optimal solution,  
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which implies by concavity of  combined with the inclusion relation,  that, 


. It should be realized that perturbation  account for variations of 


levels of utilization of capacity in the productive system, and so, perturbation theory can be viewed in this 


case as a sensitivity analysis about utilization of capacity. From the inequality 


 we can directly have several insight about the effect of perturbation on 


the CF function over the model, no matter whether the CF function is a strictly concave function or its 


piecewise linear approximation, since this insights comes from the general theory of convex duality, that 


is, comes from the quality of being convex duality and not from the kind of convex function used. Some 


of the most obvious insights are listed below as a matter of clarification.  


1. If  is large and the  inequality is tight, which means that the perturbation  then  


is guaranteed to greatly increased, i.e., the production costs greatly increase;  


2. If   is small and the  inequality is tight, which means that the perturbation , then 


 may not increase too much, i.e., the production costs may or may not increase;  


3. If   is large and the perturbation  but small, then  is not guaranteed to decrease 


too much, i.e., the production costs is not guaranteed to decrease too much;  


4. If  is small and the perturbation  then  is not guaranteed to decrease too much, 


i.e., the production costs is not guaranteed to decrease too much.  


We must bear in mind that   is the value of the dual function for the perturbed problem, which 


gives an inferior bound for the value of the primal function for each perturbation pair , and hence, if 


it increase, so does the primal function, which means at the end, that production costs increase. And by 


the contrary, if  decrease, since we have strong duality property, so decrease production costs. It is 


worthy to notice that this technology provides a sensitivity analysis for all possible cases, no matter if the 


CF function is a strictly concave function or just a concave function given by the infimum of piecewise 


affine functions.  


4 Final Conclusions 


As Karmarkar (Karmarkar 89) observed, out of some very simple cases it is not possible to have a closed 


expression for throughput in terms of WIP, even though it may exist. However the relationship between 


throughput and WIP may always be graphed for each product using queening model or simulation, 


always giving the same qualitative result, even though in the case of multiple products the output of any 


product can be affected by the WIP level of all others products as pointed out in Missbauer and Uzsoy 


(Uzsoy 2011), referring to a paper from Carey and Subrahmanian (Carey 2000). In general it is reasonable 


expect to access only numerical information about throughput as a function of WIP, and then a possible 


approach to this issue include to discretize the interval of throughput into several subintervals, obtain a 


regression line for each subinterval, and then construct a piecewise approximation for CF function to 


model the problem as a LP problem, or just obtain an overall regression concave function. In the case of 


piecewise linear approximation it can be chosen to varies the linear parameter which correspond to varies 


the piecewise linear approximation from inner to outer approximation, allowing sensitivity analysis. On the 


other side the problem can be treated directly as a convex optimization problem where the objective 


function is linear and the constraints define a convex non polyhedral set with nonempty relative interior 


whose CF function is obtained as a regression concave function overall intervals of WIP. Perturbations on 


the CF function provide the appropriated framework to sensitivity analysis, and feasible set with 


nonempty relative interior assure exact duality. Variations on the linear parameters in the case of 


piecewise linear approximation as well as perturbations on the CF function provides the same 







 


ICIEOM 2012 - Guimarães, Portugal 


ID266.6 


environment for the general theory of convex perturbation to be applied, and perturbations account for 


levels of utilization of capacity. 
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Abstract 


In recent years, the term sustainability has been considered by the academic community in the management, logistics 
and supply management areas. The emerging concept of sustainable supply chain management tries to balance 
economic long-term benefit of the members of the supply chain, as well as the environmental and social decisions, in 
order to satisfy the interests of the individual members of a supply chain and their stakeholders. The purpose of this 
paper is to analyze the current status of sustainable supply chain management and its application to the Book 
Publishing sector.  


Keywords: sustainable supply chain management; sustainability; Book Publishing sector 


1 Introduction 
The supply chain management  (SCM) encompasses the planning and management of all activities 
involved in sourcing and procurement, conversion, and all logistics management activities (Council of 
Supply Chain Management Professionals, 2012), for the purposes of improving the long term 
performance of the individual companies and the supply chain (SC) as a whole (Mentzer et al. 2001). The 
emergence of global supply chains during the last decades has been due to the economic benefits 
associated with shifting production to countries with lower labor costs and less strict regulations. This has 
involved a significant increase in long distance transport and logistics activities associated. However, 
despite being economically feasible, these supply chains are not sustainable from the point of view of its 
negative impact in relation to environmental and social aspects. For example, relocation of manufacturing 
activities in countries far from the final customers can increase the carbon footprint associated with 
production and delivery of products to end customers as well as destruction of employment in countries 
of origin. 


Sustainable Supply Chain Management (SSCM) have been emerged in recent years as a new management 
approach which tries to embed economic, environmental as well as societal decisions in supply chains 
(Wu and Pagell, 2011) and offers the opportunity to differentiate from other companies by being 
equitable in the fair utilization of natural resources. Some examples of SSCM case studies in different 
sectors can be found in the literature such as Textile (Seuring and Müller, 2008), Chemical (Foerstl, Reuter, 
Hartmann and Blome, 2010) or Automotive (Olugu, Wong and Shaharoun, 2010), but there are not 
available studies focused on Book Publishing sector. The aim of this paper is to analyze the current status 
of SSCM and its application to the Book Publishing sector. 


The rest of the paper is arranged as follows: Section 2 offers a description review about SSCM issues. 
Section 3 presents a brief literature review about SSCM initiatives in the Book Publishing sector. Section 4 
proposes some initiatives related to sustainability in Book Publishing sector. Finally, the last section 
provides conclusions and directions for further research. 
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2 Sustainable Supply Chain Management 
Responsible concepts such as sustainability or sustainable development first appeared in 70s and were 
widely used by practitioners in environmental and development areas. In these years, sustainability was 
employed to describe an economy in equilibrium with basic ecological support systems (Stivers, 1976). On 
the other hand, the most accepted and widely used definition of sustainable development was proposed 
by the Brundtland Commission which stated this concept as “a development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs” (World 
Commission on Environment and Development, 1987).  


Apart from the several definitions of sustainability, the model proposed by Elkington (1998, 2004), called 
the Triple Bottom Line (TBL), has been taken as a reference to materialize the sustainable concepts in 
management environments. From a microeconomic perspective, this model simultaneously considers 
economic, environmental and social goals, at whose intersection there may be activities that not only 
positively affect the natural environment and society, but which also result in long-term economic 
benefits and competitive advantage for the companies. 


In recent years, the term sustainability and the integration of economic, environmental and social issues 
have begun to appear in the literature related to business management, operations management, 
logistics and supply chains. Srivastava (2007) presents a comprehensive and integrated view of the 
published literature on all the aspects related to Green Supply Chain Management (GrSCM), by focusing 
on ecological and reverse logistics issues such as green design (Zhang, Kuo, Lu, and Huang, 1997); green 
purchasing (Zhu and Geng, 2001); repairable inventory (Guide , Jayaraman, and Srivastava, 1999; Guide, 
Srivastava, and Spencer, 1997); production planning and control for remanufacturing (Bras and McIntosh, 
1999; Guide, Srivastava and Kraus, 1997; Guide, Srivastava and Spencer, 1997); issues in green 
manufacturing and product recovery (Guide, Srivastava and Spencer, 1996; Gungor and Gupta, 1999); 
reverse logistics (Carter and Ellram, 1998; Fleischmann et al., 1997); logistics network design (Fleischmann, 
Beullens, Bloemhof-ruwaard, and Wassenhove, 2001; Fleischmann, Krikke, Dekker, and Flapper, 2000; 
Jayaraman, Patterson, and Rolland, 2003) and industrial ecology and industrial ecosystems (Bey, 2001; Hui, 
Chan, and Pun, 2001; Sarkis and Cordeiro, 2001; Zhu and Sarkis, 2004). 


On the other hand, Carter and Rogers (2008) and Seuring and Müller (2008) present complete literature 
reviews about the sustainability concept in the management and logistics areas and SSCM, respectively. 
According to Carter and Rogers (2008), in the management literature, most of the existing 
conceptualizations of organizational sustainability have focused on ecological sustainability, with an 
implicit consideration of social and economic responsibilities (Jennings and Zandbergen, 1995; 
Shrivastava, 1995; Starik and Rands, 1995). However, in operations management literature, social aspects 
of sustainability have been often addressed explicitly and added to the ecological perspective (Daily and 
Huang, 2001; Hill, 2001; Sarkis, 2001). On the other hand, within the field of supply chain management, 
researchers have examined several stand-alone topics of environmental and social issues. Svensson (2007) 
identifies several sustainable business practices in supply chains such as corporate social responsibility 
(Dyllick and Hockerts, 2002); sustainable supply network management (Young and Kielkiewicz-Young, 
2001); supply chain environmental management (Lippmann, 1999); green purchasing strategies (Min and 
Galle, 1997); environmental purchasing (Zsidisin and Siferd, 2001); environmental marketing (Sheth and 
Parvatiyar, 1995); environmental marketing management (Peattie, 1995) and environmental product 
differentiation (Reinhardt, 1999); reverse logistics (Zikmund and Stanton, 1971); sustainability labelling 
schemes (de Boer, 2003); environmental management (Hoffman, 2000) and life-cycle assessment 
(Welford, 1999) and ISO 14000-certifications (International Organisation for Standardisation, 2012).  


Based on previous definitions of SCM (Lambert, 2008; Mentzer et al., 2001) and the Triple Bottom Line 
model (Elkington, 1998, 2004),  Carter and Rogers (2008) presents a framework for SSCM and define it as 
the strategic, transparent integration and achievement of an organization’s social, environmental and 
economic goals in the systemic coordination of key inter-organizational business processes for improving 
the long-term economic performance of the individual company and its supply chains. However, Seuring 
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and Muller (2008) conclude that research is still dominated by green and environmental issues, while 
social issues and also the integration of the three dimensions of SSCM are still rare. 


3 Sustainable Supply Chain Management in the Book Publishing sector 
The importance of the Book Publishing sector lies in being the first cultural industry in Europe with an 
annual sales revenue of book publishers of approximately 23 billion EUR according to a survey conducted 
by the Federation of European Publishers for the year 2009. A total of about 515.000 new titles were 
issued by publishers in 2009. The largest markets in terms of publishers’ turnover in 2009 were Germany, 
followed by the UK, France, Spain and Italy. European publishers held a total of close to 6,5 million 
different titles in stock, the countries reporting the largest availability being the UK (2,4 million), Germany 
(around 1,2 million), Italy (almost 700.000), France (over 600.000) and Spain (over 400.000). 


The traditional Book Publishing Supply Chain includes the publishers, the printers, the distributors and the 
bookstores. The emergence of new publishing formats, both printed and electronic, has changed the 
traditional structure of the sector and the relations among its members, creating a complex structure 
involving a large number of possible scenarios depending on the production amounts, the supply of raw 
materials, the geographic location among members, or return rates from bookstores. The characteristics 
of these different scenarios determine the sustainability of books during their life cycle including the 
forward and reverse logistics. 


There exist different initiatives for the improvement of the Book Publishing Supply Chain. They are 
focused on improving the efficiency of the information flows by means of encoding (Federation of 
National Associations of Distributors of Editions in Spain, 2012), communication procedures (Spanish 
Association of Publishers Guilds, 2012) and databases (Spanish Confederation of Booksellers’ Associations, 
2012), however, to the best of our knowledge, there is no research work in the SSCM literature related to 
the Book Publishing sector. Only, there are some studies dealing with individual sustainable practices or 
environmental aspects. For instance, Green Press Initiative (2008) discusses the impacts that producing 
books and newspapers have on global climate change. The report also identifies the greatest sources of 
greenhouse gas emissions associated with publishing, and provides the steps that will yield the greatest 
reductions in climate impacts. Because of increasing concern about global climate change and carbon 
emissions as a causal factor (Rotz, Montes, and Chianese, 2010), the term “carbon footprint” has become 
popular over the last few years. Carbon footprint is a measure based on life cycle thinking and the Life 
Cycle Assessment (LCA) methodology and it is referred to the quantity of GreenHouse Gases (GHGs) 
produced during a product’s life cycle (Pihkola et al., 2010). In this sense, Chowdhury (2010) studies the 
carbon footprint of the knowledge industry, from creation to distribution and use of knowledge, and 
provides comparative figures for digital distribution and access by conducting an extensive literature 
search to produce data relating to the CO2 emissions from various industries and activities such as book 
and journal production, photocopying activities, information technology and the internet. Moreover, 
Matthews, Hendrickson, and Weber (2008) develop equations for calculating carbon footprint in the 
United States Book Publishing sector.  


Matthews, Williams, Tagami and Hendrickson (2002), Williams and Tagami (2002), Xu, Kim, Kahhat and 
Allenby (2008) and Xu, Allenby, Kim, and Kahhat (2009) assess the environmental impacts and energy 
consumptions associated with the distribution of books via e-commerce and conventional retail in USA 
and Japan. Matthews, Williams, Tagami and Hendrickson (2002) present two LCAs of online versus 
traditional retailing, one for the case of the USA and a subsequent one for Japan. In terms of 
methodology, the former uses an extended version of Economic Input–Output Life Cycle Assessment 
(EIO-LCA) (Carnegie Mellon University Green Design Initiative, 2001), which includes total supply chain 
effects, while the latter is based on a traditional LCA. Both studies consider the energy consumed in 
distribution, packaging and personal transport, but beyond these basic factors, the focus issues are 
different. The US study has a larger system boundary, and highlights switching of truck–rail–air modes and 
inventory reductions associated with online retailing, while the Japan work focuses on the effect of 
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population density, mode of consumer transport, and changes in residential energy consumption. 
Williams and Tagami (2002) significantly improve the estimation of energy used in sales and distribution 
via e-commerce and traditional retail by taking into account the consumer travel to and from bookstore 
(for the traditional model), the relative efficiency of bulk shipping versus courier services, relative energy 
consumption induced at home for an on-line purchase versus that of retail outlets, including the life-cycle 
energy of personal computer use at home. Xu, Kim, Kahhat and Allenby (2008) and Xu, Allenby, Kim, and 
Kahhat (2009) explore the dynamics of an e-commerce market and the associated environmental impacts 
from a bottom-up perspective using an agent-based model. A conceptual meta-theory from psychology 
is adopted to form the behavioural rules of artificial consumers choosing different methods of buying a 
book, including conventional bookstores, e-commerce, and a proposed self-pick-up option. 
Logistics is an essential process that seeks to optimize flows of materials and products in supply chains 
and configurations of supply networks (Sadegheih, Li, Sribenjachot and Drake, 2010). Kim, Xu, Kahhat, 
Allenby and Williams (2008, 2009) present a sustainable networked delivery (SND) system applied to a 
case study of book distribution sector. The SND system is a combination of e-commerce and centralized 
pickup point (PP), with the PP being a location that the consumer will already be visiting regularly. 
Transportation energy consumption and concomitant emissions in the three delivery systems (traditional 
networked delivery (TND) system, e-commerce networked delivery (END) system, and sustainable 
networked delivery (SND)) were compared. According to Kim, Xu, Kahhat, Allenby and Williams (2008, 
2009) this new system produces fewer emissions than conventional and e-commerce delivery systems and 
offer meaningful economic benefit such as the costs of delivery and packaging, to the online retailer and 
consumer. 
In the last decade, logistics activities associated with the handling and management of products and 
materials to be recovered or returned to supply chain processes are termed Reverse Logistics Services 
(RLS). RLS have attracted considerable attention due to society’s increasing concerns over resource 
consumption and environmental impact (Hanafi, Li and Drake, 2011). In this sense, there are several works 
in the literature that address the use of reverse logistics in the Book Publishing sector. Wu and Cheng 
(2006a) explore the key factors of the reverse logistic in the Chinese Book Publishing industry based on 
the Analytic Hierarchy Process (AHP).  Wu and Cheng (2006b) compare the characteristics of reverse 
logistics in the publishing industry among China, Hong Kong, and Taiwan by using a multiple-case 
approach in combination with EIQ (entry of order, items, and quantity) analysis. Finally, Table 1 classifies 
the works reviewed in terms of application area in Book Publishing sector. 
 
Table 1: Applications areas of reviewed references 


Author Application area in Book Publishing 


Green Press Initiative (2008) Carbon footprint and environmental impacts 


Chowdhury (2010) Carbon footprint and environmental impacts 


Matthews, Hendrickson, and Weber (2008) Carbon footprint and environmental impacts 


Matthews, Williams, Tagami and Hendrickson (2002) Carbon footprint and environmental impacts 


Williams and Tagami (2002) Carbon footprint and environmental impacts 


Xu, Kim, Kahhat and Allenby (2008) Carbon footprint and environmental impacts 


Xu, Allenby, Kim, and Kahhat (2009) Carbon footprint and environmental impacts 


Kim, Xu, Kahhat, Allenby and Williams (2008) Logistics and supply chain configuration 


Kim, Xu, Kahhat, Allenby and Williams (2009) Logistics and supply chain configuration 


Wu and Cheng (2006a) Reverse Logistics 


Wu and Cheng (2006b) Reverse Logistics 
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4 Sustainable Supply Chain Management initiatives in Book Publishing sector 
With the aim of improvement of the sustainability of the Book Publishing sector several areas can be 
considered: (1) improvement of the competitiveness of companies involved in the Book Publishing supply 
chain by reducing production, distribution and operational costs; (2) improvement of the environmental 
performance through the optimization of materials and energy consumption along the entire supply 
chain and the identification of new ways for waste management and valorization through the 
development of a reverse logistics system; and (3) improvement of social performance through the 
improvement of worker conditions, use of raw materials from sustainable sources, networking and 
partnership with all the actors involved in Book Publishing Supply Chain, company’s image enhancement 
and improvement of quality of life in general. 


Some initiatives to be carried out to improve the sustainability of the Book Publishing could be: (1) 
analysis of the Book Publishing Supply Chain characteristics, modeling of material and information flows 
among the different actors and identification of improvement points for reduction of energy or material 
consumption and means for increasing efficiency in production or logistics; (2) creation of a reference 
model for sustainable forward and reverse logistics operations, which should include network 
configuration, supply chain and logistics planning, physical distribution and logistics assessment; and (3) 
identification and characterisation of environmental hot spots within the whole value chain of the book 
production based on carbon footprint calculations and development of a LCA tool. 


5 Conclusions 
This paper has reviewed the current status of the Sustainable Supply Chain Management concept and its 
application to the Book Publishing sector. The conclusions drawn from our review affirm that, in the 
literature, there are several works dealing with individual sustainable practices, mainly the study of 
environmental impacts and the calculation of carbon footprint, but no references which consider in an 
integrated way all partners in the supply chain Book Publishing industry (e.g. publishers, printers, 
distributors, retailers). Also, there are no mathematical programming and simulation models that enable 
production, inventory and transportation planning in the publishing sector. Besides, there are no 
references that address issues such as mass customization or demand driven supply chains. Thus, models 
are needed which consider the flow of materials, energy consumption and information throughout the 
supply chain and that allow economic, production and environmental managers to align their decisions 
with strategic, economic and social objectives of the entire supply chain. 
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Abstract 


Manufacturing systems with a wide variety of products and low volumes of products are usually managed under 


flexible manufacturing. Particularly in the case of the metallurgical industry in Colombia usually works on cellular 


facility layout, based in grouping the family of products, seeking process efficiency; although these efforts are 


grounded in the practical exercise, many companies do not have a visible or clear methodological approach, which 


generates results that are not necessarily those that are expected. This paper proposes a plant layout methodology 


for manufacturing systems in Colombian metalworking industry. It is based on quantitative methods for part-product 


families and cells grouping and in techniques for location of facilities in a plant. Part-product families are formed 


using geometric techniques and p-median modified model. The evaluation of plant layout alternatives uses the AHP 


technique. Evaluated alternatives vary according the number of families and the similarity coefficients used in the 


modified p-median model. The best layout seek to minimize the cost of material handling and grouping efficiency, 


which is measured with indicators of exceptional elements (EE) and the grouping capability index (GCI) (Yin Y. , 2006).  


Keywords: plant layout; group technology; flexible manufacturing 


1 Introduction  


On markets that demands high competitiveness, the business administration faces problems that must 


solve strategically to keep successful companies. This implies to take decisions that involve policies with 


long-term consequences for the organization (Solow y Mathur, 1996). Among those decisions is highly 


relevant: meeting the needs of external customers, at product manufacturing and service level, finding 


that deliveries compliance provides great value for the last one. 


The deliveries compliance is strongly associated with the organization of the manufacturing processes, 


which helps to optimize the capacity facility, and one tool to achieve this purpose is facilities planning, 


with which the "production time” the productivity and efficiency is improved (Amine, Pierreval y Hajri-


Gabouj, 2007), by reducing material handling costs, where "this comprise around 20% to 50% of cost total 


manufacturing” (Tompkins, White y Bozer Y. A., 2003.) 


Facilities planning play an important role in organizations, since 1995 each year the companies spent 


about 8% of GDP in new installations according to United States census (WB Thompkins, 2006) (Table 1). 


Where the investment in facilities planning are intended to implement strategies based on improving 


flexibility, production volumes, types of processes, process flow, or other types of products.  


Table 1. Typically percentage of GDP spent on new installations from 1995 to today. 


Industry PIB 


Percentage Manufacturing 3.2 


Mining 0.2 


Railways 0.2 


Aerial transportation and other 


transport 


0.3 


Public Facilities 1.6 


Communication 1.0 
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Industry PIB 


Percentage Commercial and another 1.5 


All industries 8.0 


Source: Adapted from The Importance of planning in the facilities (Thompkins and Bozer, 2006) 


Due to the flexibility is required by the current markets with high products variability and low production 


volumes, is widely applied the philosophy of flexible and cellular manufacturing, which implies to group 


common parts to process in a work station (cell) which have necessary machines to produce them. In this 


way, metallurgic industry use the cellular distribution of facilities based on product families groups to 


improve the process efficiency (Flores, 2003). 


This article proposes a methodology of facility layouts for flexible manufacturing in metalworking 


industries; it is based on quantitative methods of families and cells grouping, and distribution techniques 


for facility location. The products grouping consider geometric techniques and p-median modified model. 


The facility layout is chosen using the AHP, in which the different alternatives are evaluated from the 


change in the number of families and similarity coefficients used in the modified p-median model. The 


considered criteria at the selection of the facility layout seek to minimize the material handling cost and 


grouping efficiency.  


With the models used for the cells grouping proposed in manufacturing and layout facility, it aims to 


reduce material handling costs, have flexibility, modularity, easy upgrade plant, adaptability and operative 


selectivity. 


2 Problem 


In the case of facilities planning in flexible manufacturing environments, it is highlighted some of the 


disadvantages of companies working in these environments. 


 The management of large numbers of items, with production orders of small quantities, generates 


a products portfolio with great difficulty in managing the planning and production. 


 The products arranging to be manufactured at each facility, determining the required groups of 


products and work cells, to improve the quantity of flows. 


 Establish a facility layout, or develop alternatives of facility layout that finally will define the 


distances of the production flows (material handling cost), the plant capacity and inventory at 


process. 


Adding the challenges and issues that has the metalworking sector companies in Colombia, many have 


formed machines groups without a properly criteria for a adequate layout plant, which has serious long-


term impact on the workflow and machines workload (in some cases, with the underutilization of them). It 


also presents long distances between each of the workshops, increases the presence of in-process 


inventory, and generating chaos, hampering the normal functioning of the production process. 


The great problem that arises is: ¿how to design a facility planning model that minimizes the in-process 


product flow cost and the material handling costs to obtain an efficient system of facility layout in flexible 


manufacturing environments at metalworking industry sector? 


To answer the general question, is specifically required to answer the following questions: 


 What are the variables, parameters and appropriate constraints that will get the more efficient 


system? 


 What is the more appropriate performance function? 


 How should be considered the intracellular and intercellular flows? 


To answer these questions, several stages are used that will allow to structure a planning facilities 


methodology, using Group Technology (GT) to identify product families by grouping machines in cells, 
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impacting directly on flows, and Cells, that are set up with a mathematical model of facility layout, 


impacting the reducing of the material handling cost. 


3 State of the art 


There are numerous studies that have treated group technology and facility layout problems. They include 


treatments of the problem from the point of view of static, dynamic, discreet formulations, continuous, 


diffuse, multi-objective and single objective approaches with exact and approximate solutions. For this 


particular case, the group technology and the quadratic assignment problem (QAP) will be reviewed, 


under the discreet approach. 


3.1 Technology Group 


In the late 50's, Mitrofanov introduced the concept of Group Technology (GT) in the USSR (S. Heragu 


1994). It has been implemented, multi-point solution, but our responsibility in reviewing the state of the 


art, is the cluster analysis point of view, in the sub-emphasis of mathematical modelling applied to the 


formation of groups. Here is framed the P-median model, suggested by Kusiak, which minimizes the total 


sum of distances between each pair of products / machines (A. Kusiak, 1987). 


Also, there are models of flow shop cells formation, allowing to limit the number of machines in each cell, 


and also there are simultaneous clustering models of parts and machines, which were structured by 


Foulds & Wilson, where are assigned parts simultaneously to individual machines and cells are formed. It 


is found in the literature, optimization models such as "Genetic Programming Single-Linkage Cluster 


Analysis (GP-SLCA)," an evolutionary approach to cell formation in a multiobjective (Dimopoulos 2007). 


Essentially, modelling the problem of clustering is a two stages integer programming problem, which first 


determines product families and then assigns product families to the cells, using in the measurement of 


proximity, the manufacturing operations and sequence, in order to minimize costs (Choobineh, 1988). 


Akturk and Turkcan propose an integrated algorithm that solves the grouping machine / product problem 


considering simultaneously the problem of the disposition inside the cell (Akturk and Turkcan, 2000). 


In 2003, it is presented a linear assignment algorithm and family formation using similarity coefficients (J. 


Wang, 2003). 


Getting closer to 2005, it is proposed a new major focus on flexibility in the grouping of operations, where 


the procedure uses three phases. The first, primary cells are formed by dividing operations into three 


ranges. The second phase involve the decomposition of individual primary cells into sub-cells using phase 


one, and continue dividing until the job is impossible. The last phase develops the operations based on 


the use of machinery in the cell. The model is multicriteria (Chowdary and Praveen, 2005). 


By 2006, it is founded one of the models that uses group technology and genetic algorithms to minimize 


the total weight of the load, measured as intracellular and intercellular movement (Yu and others 2006). 


Also, new models have been developed, based on formulation of a 0/1 quadratic program, directed to 


multiple targets in group technology problems, solved by a tabu search (Wang, Bahram and Glover, 2006). 


3.2 QAP and their derivations 


The first formulation of the system design problem was found as a QAP (Koopmans and Beckmann 1957). 


The researchers began applying approaches of intelligent heuristic for the QAP. Simulated annealing and 


Tabu search are the most popular. Burkard and Rendal (1984) were the first to apply algorithms Simulated 


Annealing (SA) for the QAP formulation. Computational results indicate that the SA generated deflected 


solutions only 1 to 2% of the best known solution (Chiang and Chiang, 1998). 


Procedures for the QAP optimal solution have been developed from its beginning, but computational 


experience in the literature indicates that the biggest problem of system design has been optimally solved 
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for 20 machines. This inefficiency has led researchers to focus on developing heuristics for the solution 


(Tompkins, Bozer YA and White, 2003). 


These heuristics are classified into methods of construction (structure a layout from scratch), methods of 


improvement (Improve an existing layout) (Foulds,l 1983). 


From the perspective of system design, a variety of applications and alternative formulations have been 


investigated, but relatively few have been made with the design of facilities with interference. Many have 


identified the interference as one of concerns in the traditional design of facilities, and an alternative 


approach to the QAP was studied with the impact of interference in the intercellular flow and was 


formulated with a difference of QAP by not considering the relative location of pairs locations, but takes 


into account "pairs of pairs" locations to minimize interference with the flow (Chiang, Kouvelis and Urban, 


2002). 


To structure the measurements that specifically assess the plant layout, it has been defined some models 


that provide the highest proportion of production variables, and are called FLE (Facilities Layout 


Effectiveness), composed by the closeness gap (CG), facility layout flexibility (FLF) and the use of the 


productive area (PAU) (Raman, Nagalingam and Lin, 2008). 


4 Methodology 


With the models used for the proposal of manufacturing cells grouping and facility layout, it is pretended 


to reduce material handling costs, have flexibility, modularity, easy upgrade, adaptability and selective 


operation. 


At the first stage of methodological development were founded through the design, manufacturing 


process or its combination, the creation of families, selecting the necessary similarity coefficients  


Following the methodology proposed by Jajodia in 1992, in step (i) the P-median model is used(A. Kusiak, 


1987), which is responsible to group machines into work cells and the allocation of families products to 


such cells, Hereinafter referred to as model 1. The model 1 input requires the calculation of the 


coefficients of similarity between the products / machines. For this case the product matrix requires the 


allocation of machines. 


In step (ii) it is defined the area in where the formed cells will be located in the production plant. For this, 


we use the QAP combinatorial allocation model proposed by Koopmans and Beckman (Cela, 1998), 


Hereinafter referred to as model 2, because of its diversity of applications and the inherent complexity of 


the problem. The problem was solved to minimize the cost associated with distance due to the 


intercellular flow. 


The third step involves a multicriteria-tool to define which of these gives a solution tailored to the needs 


of the company. 


The following describes in general terms the proposed methodology with a further explanation of each 


step: 
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Figure 1: Diagram of methodology. Source: The Authors 


4.1 Grouping products: with geometric criteria or process 


The metalworking sector usually has a large volume of items to be manufactured. Therefore a basic 


criterion should be used for grouping, in order to make a family group of items, thereby reducing the 


total to a amount that may be worked mathematically with the p-median model. Among the criteria used 


for grouping, there are the following: 


 Geometric or graphical parts: size, shape etc. 


 Functions of components: handle, clamp, etc. 


 Depending on the type of construction: lot size, process route, etc. (See Figure 18) 


 Work piece material. 


4.2 Selection of similarity coefficients 


The coefficients of similarity were selected based on the following criteria: 


 The number of its application in the state of the art of technology groups. 


 That the study data are binary with presence and absence due to a contingency table. 


Table 2. Contingency table 


 


 


Individuo i 


 


 


1 0 


Individuo 


j 


1 a b 


0 c d 


Source: (Vicente, 2005, pág. 9) 


 


 Also it is included some distance and association coefficients to make a comparative study at the 


end, Into the 27 and 1 alternatives, the similarity coefficients are: 


Grouping products: with 


geometric criteria or process: 


Group large numbers of items. 


Selection of similarity coefficients: 


for the types of families and 


calculation of coefficients for the 


types of families. 


Grouping: whit modified P-


median, formulation of the 


clustering model to create work 


cells. 


Distribution in the plant with the 


QAP model: Solved to assign the 


cells in a location into the plant.  


Multi-criteria selection: the best 


(s) alternative (s) distribution with 


the AHP tool. 
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Jaccard Coefficient (Sneath): (Cuadras, 1989). . 


Dice Coefficient (sorensen): (Vicente V., 2005). . 


Ochiai Similarity Coefficient: (Cuadras, 1989). . 


Anderberg Coefficient: (Cuadras, 1989). . 


Rogers and Tanimoto Coefficient: (Cuadras, 1989). . 


4.3 Grouping: with modified p-median model 


The model starts with the group of product family types, using the model (A. Kusiak, 1987). Subsequently 


raised with some modifications, is modelled in AMPL to achieve the machines grouping, for the 


maximization of the objective function where one of the input parameters are the similarity coefficients, 


maximizing this feature. In the case of minimization of the objective function, the input parameters are the 


distance, similarity and association coefficients. 


The objective function maximizes the sum of similarities between machines. The binary variable is 1 if one 


machine is assigned to work cell or 0 otherwise. Constraints ensure respectively that the machines are 


assigned exactly to the cells according to the availability and that exactly p machine cells are specified by 


the cell designer. Constraints guarantee that at least 1 machine must be assigned to cell formed. 


Within the modified P-Median model, the following criteria were included into the model: 


 The restrictions are a group of machines of each type, which are defined as the parameter Ui. One 


(1) is the lowest available machines and the maximum depends from real availability. 


 The machines are distributed in work cells and are allocated taking into account that the sum of 


the machines of a specific type assigned to different cells is less than or equal to the maximum 


number of each type. 


4.4 Facility layout: Using QAP model  


After obtaining the machines grouped into teams, they should be distributed within the space available 


for operations, to determine the allocation of cells to the available areas it is used the criterion of 


minimizing the costs associated with travelled distance, where the objective is to minimize the total flow 


among facilities. There are a flow matrix and a distance matrix in the facility location application. The 


model has a binary variable, where 1 means that one facility being placed in a location and 0 if the facility 


is located in other location. 


Model Assumptions 


 Intercellular flow 


 Consider the allocation of pairs of cells to assign costs (Amine, Pierreval, &-Gabouj Hajri, 2007). 


4.5 Selecting multicriteria 


In this phase, the hierarchical structure is developed based on the calculation of performance measures, 


identified through factors that allow the measurement of the modified cluster model and the QAP facility 


layout model that affect the management materials cost minimization. The criteria will be Assed in each 


case that involves the validation of the solution of clusters based on similarity coefficients, to ensure that 


the cells formed and the proposed distributions are appropriate. It is therefore necessary to use AHP 


(Analytic Hierarchic Process) to identify the importance of each criterion with respect to others. 


Choose the best facilities layout 
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 Exceptional Elements (EE) 


 Group capability index (GCI) 


 % Machine Utilization 


 Material handling cost (MHC) Closeness gap (CG) 


5 Case study 


The methodology was validated, in a company of the metallurgical industry specialized in automobile 


parts. The case was chosen because these kind of businesses are a good representation of the flexible 


manufacturing environments, since they are characterized by high levels of customization, the adaptation 


of flexibility in production processes, and for having within the manufacturing environment two sets that 


bring together available machinery: the first one set belong the low cost standards machines and the 


second one set belong specialized high cost machines. 


The machines used in this sector varies from a universal to a specialized type or even high-tech in more 


complex process which involves wide range of products. 


The current product portfolio of the selected company is of 30000 items and its main processes are 


cutting, shaping, drilling, heat treating, finishing and sanding. The amount of available machines of each 


type and the time required for each operation is shown in Table 6, taking into account that the company 


has the availability of three shifts of 8 hours each. 


Table 3 Characteristics of capacity of common machines / processes 


Machine No. type of process Number of 


machines (U) 


Processing time 


[min] 


Cap [unit/min] Cap tot [u/min] 


1 Uncommon 4 2.0434471 0.4893692 1.9574767 


2 Uncommon 4 1.4847384 0.6735193 2.6940772 


3 Uncommon 1 1.6550172 0.6042233 0.6042233 


4 Uncommon 1 1.6550172 0.6042233 0.6042233 


5 Uncommon 4 1.2155824 0.8226509 3.2906038 


6 Uncommon 1 15.0000000 0.0666667 0.0666667 


7 Uncommon 1 0.8960766 1.1159761 1.1159761 


8 Uncommon 4 0.9098307 1.0991056 4.3964225 


9 Uncommon 4 0.8521846 1.1734547 4.6938186 


10 Uncommon 4 1.5941665 0.6272871 2.5091483 


11 Uncommon 1 1.0332000 0.9678668 0.9678668 


12 Uncommon 1 1.9411181 0.5151670 0.5151670 


13 Uncommon 1 1.9411181 0.5151670 0.5151670 


14 Uncommon 1 15.0000000 0.0666667 0.0666667 


15 Uncommon 1 1.7838579 0.5605828 0.5605828 


Source: Authors 


The plant has a space of 2286 m
2
 available for the creation of groups and the location of the machines. 


The created groups in the case of the cells, must be at least equal to 2 so that the philosophy of cellular 


structure makes sense and maximum 5 by currently available space. 
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The general facilities layout characteristics are: 


 The facility must have at least one machine or work station of each type to ensure the 


manufacture of all products, i.e. the lower limit machines in the plant type must be equal to 1. 


 The groups formed to obtain work cells, must be at least 2, because the philosophy of cellular 


manufacture needs several work station. And maximum is 5 per availability of space currently in 


the particular case. 


6 Results 


In the development of the process of preliminary portfolio of more than 30000 items, the criterion of 


active items, it allows a reduction in the analysis from 30000 to 13812 items. The demand criterion that 


selected the items that were moving over the time horizon, reduced the number of items from 13812 to 


3787, and in the creation of parts families for process analysis, it was founded that within them, there were 


products bearing the same process manufacturing, making the clustering process, obtaining 120 families. 


The similarity matrices, introduced in the P-median model for 120 types of product families, yielded 


different group of cells, each of these associated with a P value between 2 and 5, and the selected 


similarity coefficients. Each alternative of the cells was run with the QAP formulation using AMPL model to 


generate the different options of 47 alternative of facility layout. 


The best cell configuration options are 1 and 27, when P equals 2, for the coefficients Jaccard, Dice, 


Anderberg and Ochiai and when P equal 4 for the Rogers and Tanimoto coefficient. The selected options 


are those with the highest percentage in the MHC with values of 13.74% and 14.67%, being the MHC the 


criterion with more weight on the percentage of priority with a value of 45.5%. For the following criterion 


in weight is the utilization rate of machines with a weight percentage of 28.6%, but is not found much 


difference in the evaluation of alternatives to general average which is 2.13%. We find that for P = 2, the 


GCI value was 2.45 and for P equal to 2.10% 5. The best configurations were: 


Alternative 1. Jaccard, Dice, Ochiai, Anderberg  Alternative 27. Rogers & Tanimoto 


       Location 


Cell 
1 2 3 4 5 6 7          Location 


Cell 
1 2 3 4 5 6 7 8 9 


1 0 1 0 0 0 0 0  1 0 0 1 0 0 0 0 0 0 


2 0 0 1 0 0 0 0  2 0 1 0 0 0 0 0 0 0 


3 1 0 0 0 0 0 0  3 0 0 0 1 0 0 0 0 0 


4 0 0 0 1 0 0 0  4 0 0 0 0 0 1 0 0 0 


5 0 0 0 0 0 1 0  5 1 0 0 0 0 0 0 0 0 


6 0 0 0 0 1 0 0  6 0 0 0 0 1 0 0 0 0 


7 0 0 0 0 0 0 1  7 0 0 0 0 0 0 1 0 0 


         8 0 0 0 0 0 0 0 1 0 


         9 0 0 0 0 0 0 0 0 1 


 


That is, when P equals 2, for the coefficients Jaccard, Dice, Anderberg and Ochiai and when P equal 4 for 


the Rogers and Tanimoto coefficient and occurred because: shown in Table 17. 


Table 3: Comparative analysis of alternative 1 and 27 


Criterion Alternative 1 Alternative 27 


EE (Exceptional Elements) 32 94 


GCI (Grouping Capability Index) 0.93 0.794 


MHC (Material Handling Cost) 120637 


 


112989 


 
Total 7.78% 7.40% 


Source: The Authors 


These criteria are the most important in the evaluation of the selection, and alternative 1 has slightly 


better features compared to the 27 because the items come less than one cell to another with this 
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configuration. Additionally, grouping capability index is higher for this case. That is, the options selected 


are those with the highest percentage in the MHC with values of 13.74% and 14.67% being the standard 


with more weight on the percentage of priority with a value of 45.5%. For the following criteria in weight 


is the utilization rate of machines with a weight percentage of 28.6%, but is not much difference in the 


evaluation of alternatives to general average which is 2.13%. We find that for P = 2, the GCI value was 2.45 


and for P equal to 2.10% 5. 


7 Conclusions 


• The geometric clustering techniques and the P-median modified, allowing the methodological support 


of the technology groups and get results that provide objective measures in the development of flexible 


manufacturing. 


• There exist a wide variety of scientific papers backing this research to the correct selection of the flow 


and distance parameters in the case study, which are part of the QAP facility layout model and with the 


extensive review of the state of art was validated the wide use of the model, since its approach in 1957 by 


Koopmans and Beckmann, determining the applicability to the case was structured as it is a problem 


applicable to a number of situations as shown in the literature of great interest to scholars in the different 


academic disciplines. 


• We selected a typical case study of flexible manufacturing, such as the automobile engineering sector, 


which has an interesting complexity to the grouping models, providing important knowledge on the 


subject of plant configuration based clustering participants of this study. 


• The sensitivity analysis shows that the methodology is primarily affected by changes in the parameter U 


(number of machines available), a situation that requires special care when selecting it for modelling, since 


the overall outcome will depend on such selection in each case. In particular, the parameter is modified in 


the case study for low-cost machines, since from the practical point of view the high cost machines 


regularly will have a value of one, unless the demand is increased, due to lack of capacity. Was also 


assessed the increase in demand, but the layout no change, only the material handling cost, which is 


consistent with the increased flow within the plant. 
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Abstract 


The central objective this paper is establish possible correlations between entrepreneurial characteristics of rural 


properties managers which are inserted in the context of a dairy supply chain and its respective rural properties 


performance, taking as reference an available method proposed (structured) and validated for this context. To identify 


the entrepreneurial profile of respondents was applied to a scale developed and validated by Valandro Soares (2011) 


to a set of farmers' milk production chain a southeastern Goiás. To identify the researched rural properties 


performance it was sought, with a south-east of Goiás-Brasil cooperative (COACAL) data bases, statistics regarding 


milk deliveries from producers associated with the respective cooperative, besides COACAL itself characteristic 


information and of the dairy segment of Brazil’s central west, of primary and  secondary resources. Multiple linear 


regression analyze was used to relationships between rural properties managers’ entrepreneurial characteristics and 


the respective rural properties performance. Finally, it was found statistically significant correlations between inherent 


attributes of entrepreneurs and performance of rural properties. 


Keywords: entrepreneurship; scale; measure; rural area; performance; dairy. 


1 Introduction 


Entrepreneurship, as a phenomenon, is the target of a conceptualizations’ myriad and inferences, which 


reveal a kind of conceptual stir about his conception. Similarly, many features are attributed to the 


entrepreneurial figure or subject, as the achievement need, propensity to risk, planning capacity, creativity, 


vision, leadership, motivation, self-confidence, among others. On the other hand, the effective design and 


validation of models to measure, quantify and make tangible such characteristics seems like a significant 


challenge in the literature context that discusses this topic. 


In the agribusiness context, entrepreneurship is also a discussion object, including inherent approaches 


for small businesses, or small rural properties, typically family farms. In this sense, it is important to 


reference that in many agribusiness sectors, as the primary milk production, most organizations are 


familiar. These organizations, many of them inserted in the context of agro-industrial systems and in 


production chains, constitute themselves as growing complex challenges in terms of marketing 


relationship, innovation, the need to carry out profitable investments and to build skills systematically. 


These skills, which are clearly relevant to organizational management processes, also are revealed to be 


strongly related to characteristics deliberately assigned to the entrepreneurial subject profile. 


The Brazilian milk production chain particularly underwent an important transformations range from 90s, 


beyond presenting some inherent peculiarities to its configuration and operation. 


After those considerations, the purpose of this paper is to identify linkages between milk producers’ 


entrepreneurial characteristics of a productive chain in the southeastern of Goiás (Brazil) and the 
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performance of their properties. To achieve such correlations, a scale constructed and validated by 


Valandro Soares (2011) was used as an analysis background. 


2 Theoretical Foundations 


2.1 Entrepreneurship and Entrepreneurial Characteristics 


It is possible to realize clearly the literature that deals with themes linked to entrepreneurship, or to the 


entrepreneurial profile specifically, has produced a significant theoretical background, although the 


literature recognizes that this is a topic under construction and in dispute. Accordingly, authors such as 


Gimenez, Inácio junior and Sunsin (2001), Souza (2001), Filion (1999) and Carland et al. (1984) explain that 


entrepreneurship does not have a theoretical conceptual, or a universal consolidated theory yet. Souza 


(2001, p. 30), in turn, claims that "everything is in creation, including the conceptualization and, especially, 


a methodology for the development of that competence which involves far more than the knowledge 


acquisition, but also the learning to learn, to be, to do and, above all, to live with". 


As a consequence of this reality, a myriad of labels and perceptions sprouted of researchers’ publications 


of this area can be perceived, producing definitions about the phenomenon called entrepreneurship and, 


more specifically, the entrepreneurial figure. This last one, in particular, seems to be marked by numerous 


stereotypes, settling a real conceptual stir about their notions. According to Carland et al. (1984, p. 357), 


"one of the main problems in the studies of entrepreneurship is in the definition and identification of what 


is “to be entrepeuneur””. The authors suggest that it occurs because, in addition to other controversies, 


many studies do not distinguish adequately between entrepreneurs and small business owners. Valandro 


Soares (2011) complements claiming that the literature is neither definitive about the origin of 


terminology "entrepreneur", in addition to the stir about the real notion of this subject. 


Reporting the results of an empirical research in an attempt to create an entrepreneurship measurement 


scale and to use this scale to relate the entrepreneurial profile with the performance of a new venture, 


Carland and Carland (1996) believe that there is a clear need to resolve empirically the issue of 


entrepreneur's characteristics and their relationships with the performance of enterprises. In this way, they 


assume that there are contradictions within that framework, as well as the existence of demands in terms 


of scientific evidence, under risk of the theme become object of a folksy speech. 


A panoramic reading about numerous concepts inherent to the entrepreneurship lets to identify that each 


author establishes assumptions and premises to justify the phenomenon. To say that one thought line is 


more important than another, in short, seems little prudently and pointless, aside of to contribute to a 


subject with relative complexity. The most important, according to Dolabella (1999), although it seems 


somewhat sensationalist, is to identify what each school can contribute to each structural or cyclical 


situation to inoculate and develop the entrepreneurial virus through the creation of a culture favorable to 


contamination and development of entrepreneur's syndrome. 


However, notwithstanding this consideration, it cannot be denied that two main currents laid the 


foundations of the currently dominant positions on entrepreneurship and tend to contain elements 


common to most of them (FILION, 1999; BRUYAT; JULIEN, 2000). The first of these is that of economists, 


notably the Richard Cantillon (1680-1734) and Jean-Baptiste Say (1767-1832), and, later, Joseph A. 


Schumpeter (1883-1950), who associated the entrepreneur to innovation. The second is the behaviorists, 


whose main exponent was David C. McClelland (1917-1998), who emphasizes aspects of attitude such as 


creativity and intuition. 


2.2 Models, tools and methods of entrepreneur profile evaluation 


One of the most important studies about entrepreneurial profile emerged in the 1960 's, when David C. 


McClelland identified in successful entrepreneurs, a critical psychological element, called by him the 


achievement motivation or incentive to improve. McClelland is cited by many researchers, as Santos 


(2004), Longen (1997) and Cielo (2001), among others, as the author who gave the starting point to 
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evaluate the psychological characteristics of entrepreneurs. Longen (1997) explains that McClelland has 


conducted several studies about the motivation issue and he developed a theory of psychological 


motivation, based on the belief that the study of motivation contributes significantly to the understanding 


of the entrepreneur. 


According to Dether (2004), over the last 20 years, no precise and prescriptive definition for the 


entrepreneur appeared. Neither for what would be its potential. There were several researches, but their 


results were quite contradictory. In other words, one becomes aware that there are numerous definitions 


that guide what is being an entrepreneur. Based on the above considerations, one question becomes 


inevitable: how and why to search the entrepreneur profile if there is no agreement between researchers, 


not even on the definition of what is an entrepreneur? In other words, having a great difficulty in 


conceptualizing the entrepreneur, to evaluate it becomes a quite complex task. Dolabella (2000) presents 


an alternative to these questions, when he says that it is not possible to predict the success of a person, 


but, in compensation, it is possible to present the features more commonly found in successful 


entrepreneurs, to develop and incorporate them into existential repertoires, for example, in educational 


and teaching terms. 


Herron (1992) argues that the lack of a scales set that have been validated for the construction of 


entrepreneurial characteristics measuring makes particularly difficult the researches in this area. Authors 


such as Gartner et al. (1994) agree with Herron (1992) with the understanding that one of the main 


difficulties encountered by researchers which seek to understand the entrepreneur’s role in the 


performance of a new venture is the reliable way absence to measure differences in corporate behavior. In 


their classic article, Carland and Carland (1996) believe that there is a clear and urgent need to establish a 


valid measure of entrepreneurship. The lack of such measure, according to these authors, has made the 


results of investigations so far confused. 


Santos (2004) warns that there are many instruments developed and tested around the world to try to 


assess the entrepreneurial profile. However, these instruments, when compared, do not present the same 


results, and often the tests that seek to correlate them fail. On the other hand, Oliveira et al. (2006) 


suggest that the lack of congruence in the results must not be configured as a hindrance to continue the 


search for ways to identify personality traits in entrepreneurs and to use the knowledge they already have 


for identifying entrepreneurial potential. 


Authors such as Veit and Gonçalves Filho (2007), Nascimento Júnior et al. (2007), Kristiansen and Indarti 


(2004), among others, complement this discussion noting that despite of these efforts and the growing 


interest on the subject, there is a gap with regard to the existence of valid instruments, able to measure 


quantitatively this profile in its various dimensions. The authors suggest that many studies are conducted 


in order to identify aspects related to the results and the performance of enterprises in managerial 


context, but few or almost none are structured into bases that match the potential of entrepreneurial 


profile with business performance, seeking to explain how this integration impacts on the success and 


business results, and that these searches do not occur with empirical evidence that relate these 


characteristics to successful or failed entrepreneurs, in Brazil specifically. 


With the goal of guiding training policies and the future entrepreneurs’ development, results of many 


studies show that the intentions differ in degree when various cultures or countries or even different 


environments within the same region context are compared. This is the case of comparisons between 


Indonesian and Norwegian students (KRISTIANSEN; INDARTI, 2004), and German and Austrian academics 


with Americans (FRANKE; LÜTHJE, 2004). It is added and suggested that different lessons can be obtained 


from studies conducted in rural environments, for example, when compared to typical urban realities. 


Considering this renewed interest by identifying characteristics or personality traits, associated with 


potential entrepreneur, already widely validated instruments are used or developed. In the Brazilian 


context, in particular, the Serviço de Apoio às Micro e Pequenas Empresas (SEBRAE), as well as 


researchers, make use of standard questionnaire Auto-Avaliação das Características de Comportamento 


Empreendedor, developed by the Management Systems International (MSI), along with the McBeer & 
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Company (AYRES, 2003; PINTER; SANTOS, 2001/2002; VIDAL; SANTOS FILHO, 2003). One can cite other 


instruments, translated and used by Brazilian academics such as Carland Entrepreneurship Index (CEI), the 


Team Factors Inventory (TFI) (GIMENEZ; INÁCIO JÚNIOR., 2006) and the Cuestionario Grande Esteban 


(SANTOS; DANTAS; MILITO, 2003). 


However, Santos (2008) mentions that, despite the existence of those instruments, it can be noted the lack 


of one locally developed, identifying the potential to undertake, and which had been built using 


psychometrics criteria and that is easily applicable. The author points out that a scale that meets the ease 


of application conditions, and which is validated and do not suffer restrictions on their free use was not 


found yet in the Brazilian productions. In this sense, a scale with this profile, considering the national 


context, can make possible the identification of potential entrepreneur in students, entrepreneurs in 


training, or candidates for the entrance in business incubators. Santos (2008) trumpets that a scale with 


these characteristics can be developed in Brazil and, therefore, can be appropriate to the Brazilian reality, 


unlike other existing and arising from translations or adaptations of foreign scales to identify personality 


traits. Finally, and with this in mind, one can reference the method developed by Valandro Soares (2011) 


and used in this work, which proved to be valid as to its ability to establish relationships between 


entrepreneurial characteristics of milk rural properties managers inserted in the context of a determined 


production chain and the performance of these rural properties.  


3 Methodological Procedures 


The data collection for this work explored primary and secondary nature sources. In the secondary nature 


sources, it was sought to explore bibliographies relating to the thematic linked to this article, more 


specifically about entrepreneurship. Other explored secondary sources were the cooperative documents, 


whose producers searched are linked (COACAL), especially statistics of milk deliveries by producers 


associated with this cooperative. 


To identify the entrepreneurial profile of the surveyed, it was applied the scale developed and validated 


by Valandro Soares (2011) to a rural producers set of a production chain from Southeast of Goiás 


(COACAL), between February and September 2011. The gathering took place in the COACAL installations 


on the milk payment days, and in producers’ properties, it means, in the countryside. Figure 1 shows the 


scale developed by Valandro Soares (2011), which was designed considering a Likert scale of 5 points, as 


the McClelland seminal proposal, being 1 strongly disagree and 5 totally agree. 


With the purpose to characterize the sampling performed, first, it is important to report the way such 


sampling was structured and effective. In this perspective, a variable used as a decisive criterion in the 


process was the "volume of milk delivered by each producer to COACAL". To this end, using documents of 


this organization, it was obtained data from monthly deliveries of milk from farmers. The criterion was 


deliberately chosen because it is a variable that is meant to be an indicator of property performance, 


especially when evaluated in a longitudinal perspective, as it illustrates the performance of property, in 


terms of the developments in revenue gained from the activity. 
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Figure 1: Scale development by Valandro Soares (2011). 


In the searched documents, it was identified a historical series which starts in 1993 and extends to the 


date of this work with regard to the volume of milk delivered by producers cooperated partners to 


COACAL. In this sense, having the codes of the cooperative members, the permanence time and the 


annual production for each member, the average monthly volume of milk delivered was calculated, for 


each year, from 1993. Another considered aspect was the rotation of members, that is, it was noted that, 


since 1993, many producers have left this productive chain and many have joined it. Given this reality, it 


was opted to proceed with a snip in time in the context of historical series beginning in 1993. The cut took 


as initial reference the year 2009. From this, it was verified year to year (from 2009 to before), how many 


producers remained delivering milk to the COACAL, in other words, it was done a sort of regression in 


time, year after year. This option was stimulated by the supposed accessibility of the producers covered 


by temporal clipping, which was confirmed after. Thus, there was a population of 235 producers, of which 


102 were interviewed, meaning a sampling error of 7.4%, as Barros (2002). 


From this definition, it was determined, considering the period 2002-2009, the producer quartiles relating 


to the volumes of milk deliveries, i.e. 25% of producers with lower monthly averages delivery – quartile 1- 


q1, 25% of producers with monthly averages above 25% smallest and more below than the 50% with 


biggest monthly average delivery - quartile 2 -q2, 25% of producers with monthly averages above 50% 


with smallest averages and under 25% with largest averages of monthly delivery - quartile 3 - q3, and, 


finally, the producer with the largest 25% monthly average milk delivery - quartile 4- q4. Having these 


quartiles, and from them, it was chosen randomly producers to be interviewed. In other words, 


considering the producers in each quartile, random samples of producers to be interviewed were 


extracted. That said, examining the report and the assumptions of the research, as well as the established 


literary references, one can characterize this sampling as relative "stratified random". 


ATTRIBUTES 


1. I create and implement new ideas, changing the way to "play the deal", with the aim of improving 


the performance of my business. 


2. I establish goals for my business future. 


3. My personal goals revolve around this business, being one of the most important things in my 


life. 


4. I prefer to be the owner of the business than be an employed in a company/organization. 


5. I see the failure as a learning source for I not to commit the same mistake again. 


6. I feel I am able to identify business opportunities and to profit with this. 


7. I act (I anticipate) before being pressed by new requirements and new situations. 


 


8. I create and implement new ideas, changing the way to "play the deal", with the aim of improving 


the performance of my business. 


9. I establish goals for my business future. 


10. My personal goals revolve around this business, being one of the most important things in my 


life. 


11. I prefer to be the owner of the business than be an employed in a company/organization. 


12. I see the failure as a learning source for I not to commit the same mistake again. 


13. I feel I am able to identify business opportunities and to profit with this. 


14. I act (I anticipate) before being pressed by new requirements and new situations. 


15. I keep myself informed about my business to assist me in making decisions. 


16. I adopt procedures to ensure that my products meet the required quality standards. 


17. I take risks to expand my business (to increase the production). 


18. I calculate the risks before new investments. 


19. I use personal contacts to achieve my goals. 


20. I take the responsibility for the completion of the work within the deadlines established. 


21. I consider myself the main responsible for the performance of my business. 


22. I believe that commitment and hard work usually lead to success. 
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Considering the proposal of this work of correlating behavioral and attitudinal variables of farmers to their 


properties performance, it was adopted as the dependent variables to be explained the following 


performance indicators: average volume of milk production in the period 2002-2009, the growth in milk 


production in each property (%) considering clipping 2002-2009, the growth in milk production (%) from 


2002 until the peak of production, considering the limit of 2009, milk production growth of property (%), 


since the producer's entrance in the searched chain until the peak of production, considering the limit of 


2009. With regard to the adoption of the variables related to the production growth, the idea was to 


explain the property evolution regarding the ability to increment (increase) in terms of revenue and 


income aggregate, that is, how much the deal actually grew under the management of the producer. 


Relating to the independent variables (explanatory) used at this work, it is import to mention the fifteen 


behavioural/attitudinal attributes pertaining to entrepreneurial profile producers searched, obtained from 


the survey instrument developed in the search. 


In the case of the searched producer sample, for the purpose of this correlating process in analysis, it was 


decided to separate the quartiles into two groups with relative homogeneity of behavior already identified 


earlier, namely, the quartile 4 and the remaining quartiles. Given these considerations, it should be noted 


that it was sought, by the multiple regression analysis, to build models that explain the dependent 


variables already cited (performance), from the independent variables also already mentioned. In this 


sense, one of the discussed parameters concerns the explanatory power of the proposed regression 


models, in this case, the index R². Another analysis that was done in this regression process context refers 


to the level of significance of the found model (p-value < 0.05) and its explanatory variables. 


4 Results and Discussion 


As prescribed in the methodological procedures, it was sought to investigate the relationship between the 


entrepreneur profile of respondents and their properties performance, considering the segmentation 


between the fourth quartile and the other quartiles. Given that, to achieve this purpose, linear regression 


analyses were used. The analyses logic is depicted in Table 1. 


Table 1 - Logical analysis of correlations entrepreneur profile x performance 


Correlation 


Quartile 4 Other quartiles 


Explanatory 


power of the 


model (%) 


Attributes 


with 


significance 


Explanatory 


power of the 


model (%) 


Attributes 


with 


significance 


A - Entrepreneurial characteristics x monthly average 


volume of milk production in the period 2002-2009 


60,3 3, 13 e 14 20,9 11, 6 


B - Entrepreneurial characteristics x monthly milk 


production growth in the period 2002-2009  


60,1 3, 13, 9 e 5 20,8 11, 3 


C - Entrepreneurial characteristics x monthly milk 


production growth, considering the beginning in 2002 


until it reaches the maximum value of production (peak) 


63,8 3, 7 e 9 - - 


D - Entrepreneurial characteristics x monthly milk 


production growth, since the producer’s entrance year 


until it reaches the maximum value of production (peak) 


45,8 8, 14 e 2 18,0 15 


For the correlations presented above, the coefficients were calculated referring to each of the attributes 


and quartiles, and which are demonstrated in Table 2. Some of them have not achieved statistical 


significance in terms of correlation with the attribute, and, because of this, they are not presented in the 


table. It is the case of the correlation C and the quartiles 1, 2 and 3, for which there is no one with 


statistical significance. In addition, the coefficients with acceptable statistical significances, it means, lower 


than 0,05, were provision indicated in the hatched cells. 
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Table 2 - Correlations coefficients A, B, C and D, referring to the quartile 4 (q4) and to the other quartiles (q1 q2 q3).  


Correlation


, quartiles 


Attributes 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


A, q4 ,131 - -,567 -,088 - ,257 -,314 ,296 -,119 -,093 - - -,421 ,437 -,377 


A, q1 q2 q3 - - - - -,204 -,252 - - -,131 - ,460 - -,126 -,123 - 


B, q4 -,322 - ,566 ,262 -,719 ,282 ,287 -,208 ,532 - - - ,368 - - 


B, q1 q2 q3  - - -,259 - - -,220 -,178 - -,173 -,218 ,353 - - -,077  


C, q4 -,336 -,106 ,498 ,297 -,486 -,165 ,533 -,421 ,822 - ,112 -,260 ,373 -,094 ,081 


D, q4 - -,568 ,133 - - ,331 - ,462 - -,187 -,235 - - ,580 -,475 


D, q1 q2 q3, -,153 - -,136 -,170 - -,106 - - - ,170 - - - - ,276 


Primary, concerning to the correlation A – quartile 4, although the negative correlation between the 


average volume of milk production and the attributes 3 and 13 in the period 2002-2009 might seem 


paradoxical, this phenomenon may be linked to the fact that, exactly the producers with smallest 


production scales of this quartile, when compared to the larger ones, submit more themselves to the 


property operational activities than the others, since these attributes have this connotation. On the other 


hand, positive association of this performance parameter with the attribute 14 shows that those producers 


who believe that the effective responsibility for the enterprise success should be starring by themselves, in 


spite of other external factors, experienced the largest average volumes of milk production in the period 


2002-2009. 


In the case of quartiles 1, 2 and 3, correlation A, the explanatory power of the model obtained with 


statistical significance is 20.9% of the performance variable behavior under discussion, what is below to 


the quartile 4 case. In this case, just one attribute was positively identified with acceptable statistical 


significance. This is item "11 - I calculate the risks before new investments". In other words, for this group 


of producers, it was realized a positive association in terms of a more restrained and careful stance on 


investments in the property and the largest average volumes of milk production in e period 2002-2009. 


The item related to the ability to identify new business (6- I feel I am able to identify business 


opportunities and to profit with this), with acceptable statistical significance and correlated negatively 


with the performance in vogue, shows the intangible perceived for the producer about himself. It seems 


that the producers with smaller production scales reveal a self perception more effective when asked 


about this aspect, which refers to the fact that the producers of the largest scales of the group are more 


restrained in its self-evaluation. 


Regarding quartile 4, in the context of correlation B, the statistically significant obtained model explains 


60.1% of the variable performance behavior – milk production growth in the period 2002-2009. That said, 


the attributes with acceptable statistical significance and positively correlated to the dependent variable in 


analysis are the "3- My personal goals revolve around this business, being one of the most important 


things in my life", "13- I take the responsibility for the completion of the work within the deadlines 


established" and "9- I adopt procedures to ensure that my products meet the required quality standards". 


The attributes 3 and 13 have been identified as correlated to the average monthly production volume of 


milk during the period 2002-2009, but negatively, unlike this situation which deals with the performance 


relative to the growth. Here, therefore, the producer’s abnegation to the property operational activities is 


positively correlated to the property growth in terms of revenue and income aggregate. Similarly, it was 


aggregated to these attributes an attitudinal nature element, which is relative to the search for quality in 


the productive processes. 


On the other hand, the variable "5- I see the failure as a learning source for I not to commit the same 


mistake again", with acceptable statistical significance, was negatively correlated to the performance 


assessed in this topic, which seems paradoxical in relation to entrepreneurship theories, specifically the 


construct "need to achieve", of McClelland (1961). In other words, the fact that the producer search and 


analyze the whys of their mistakes impacted negatively in the performance in discussion. That is, the 


producer's relationship with mistakes in terms of performance, according to this finding, point in the 
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direction that the producer should not hold much in his failure, he should forget it and ignore it, so look 


for another alternative. This attitude was perceived as more fruitful if compared to the previous one. 


Examining the explanatory power of the model obtained with statistical significance in the case of the 


quartiles 1, 2 and 3, correlation B, it is encountered a value of 20.8% relative to the variable performance 


behavior in discussion, a value smaller than the one found in the quartile 4. One of the attributes was 


identified with acceptable statistical significance and it was positively correlated to the performance 


variable, "11- I calculate the risks before new investments". Thus, it was realized that this is the same 


attribute when it was assessed, for this group of producers, the correlation between behavioral and 


attitudinal characteristics of entrepreneurs and the average volume of milk production in the period 2002-


2009, corroborating the importance of a meticulous and cautious attitude to investment in the property. 


Repeating the already established negative correlation between the attribute 3 and the average volume of 


milk production in the period 2002-2009, to the fourth quartile producers, in the quartiles 1, 2 and 3, it 


can be perceived the same phenomenon, i.e. a negative association between the abnegation of the 


producer to the property operational activities and the monthly milk production growth in the period 


2002-2009. From this perspective, it seems to fit to the same justification cited earlier. 


In terms of the correlation and quartile 4, it was identified a statistically significant model which explains 


63.8% of milk production growth behavior variability in the period since 2002 until it reaches the peak of 


production. The attributes positively correlated and statistically significant found are the "3- My personal 


goals revolve around this business, being one of the most important things in my life", the "7- I act (I 


anticipate) before being pressed by new requirements and new situations", and the "9- I adopt 


procedures to ensure that my products meet the required quality standards". 


Forward to this finding, and considering the analysis period and the interviewed producers group, it is 


possible to realize that the importance of the producer’s abnegation on operational activities (need for 


achievement) repeats as a behavioral element that impacts positively on the revenue and income 


aggregation growth in the property. It is allied to this attribute an element linked to the construct 


"planning", i.e. to anticipate to new situations and contingencies and, another element, coupled to the 


"need for achievement", specifically with the search for quality, repeating, therefore, the construct of the 


attribute 3, already commented above. 


Referencing the quartiles 1, 2 and 3, the explanatory power of the model obtained with statistical 


significance has revealed to be much lower if compared to the fourth quartile, whose value has performed 


very little expressive, beyond that the statistical significance does not be properly. These checks revealed 


the non-existence of correlations between these variables. Most likely this inference appeared in the role 


of the behavior heterogeneity of the searched group, what reflected quantitatively in the values calculated 


in terms of variability, which inhibited any possibility of correlation. 


Regarding the fourth quartile, correlation D, the explanatory power model obtained with statistical 


significance is 45.8%. The attributes identified with statistical significance and positively correlated with 


the dependent variable are "8- I keep myself informed about my business to assist me in making 


decisions" and "14- I consider myself the main responsible for the performance of my business". 


Therefore, in this case, in which it was assessed the production growth in the temporal clipping already 


cited, to the quartile 4 group of producers, the deliberate demand for information, and the subjective 


affirmation and conviction in terms of the responsibility for the business performance are attitudes that, 


to this group, showed positive effects in terms of performance of rural properties 


On the other hand, the variable "2- I establish goals for my business future" is showed negatively 


correlated to the variable performance. Such revelation balances the logic of approaches about 


entrepreneurship. However, looking at the average and variability of this attribute, it can be perceived, 


respectively, relatively low and high values, which point out that, in the sample group searched, such 


characteristic is infrequent, in terms of exerting little influence on the variable performance under study. A 


more meticulous analysis in data generated reveals that other characteristics, whose behaviors resemble 


this item 2, in terms of average and variability, were summarily deleted of the model or they were not 
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shown statistically significant, corroborating the low statistical significance of the variable, what refutes 


the negative correlation referenced. 


In the case of quartiles 1, 2 and 3, correlation D, the explanatory power model obtained with statistical 


significance is 18.0% of the performance variable behavior under discussion. This value is substantively 


lower than the one of quartile 4. That said, just one attribute was positively identified with acceptable 


statistical significance. This is the item "15- I believe that commitment and hard work usually lead to 


success" In other words, for this producers group, it was realized a positive association between the 


variable performance and an element linked to internal locus of control, more specifically, to a typical 


positive and motivational belief tied to the fact that the abnegation and the dedication to business (work) 


will lead the subject to success fatally. 


5 Conclusions 


In the perspective to identify possible correlations between the entrepreneurial profile of respondents and 


their properties performance, multiple linear regression was used, considering the segmentation between 


the fourth quartile and the other quartiles. 


The multiple regression analyses cited above indicate statistically significant correlations between 


attributes inherent to entrepreneurial profiles and performance, with the greater explanatory powers of 


the models were obtained in the fourth quartile analysis, whose R² values reach 60%. In the other group 


of quartiles 1, 2 and 3, the values were around 20%. 


In the context of these models, the largest relative sums refer to the attributes that are bound to the 


theoretical construct “need for achievement” ("3- My personal goals revolve around this business, being 


one of the most important things in my life", "5- I see the failure as a learning source for I not to commit 


the same mistake again " and "9- I adopt procedures to ensure that my products meet the required 


quality standards"). 


Finally, it was possible to realize that, precisely, from the 15 attributes that make up the survey instrument 


(scale) used in this work, eight are correlated, positively or negatively, with performance indicators for milk 


productions of the researched properties, being predominantly positive. 


It is important to draw attention that this paper is limited to the context of a cooperative from the south-


east of Goiás-Brasil (COACAL). In addition, it is suggested that others dairy chains are analyzed, in another 


regions and contexts, verifying the correlations of their performance properties with the entrepreneur 


behavior attributes of the instrument presented. 
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Abstract 


The flow of orders and products along global supply chains gains complexity, on which account the planning and 


execution of production, storage, and transport operations display great challenges. The use or not of storage 


services aiming to achieve economies of scale in transport operations is one of the problems to be handled by 


decision makers within global supply chains. Taking into account this specific decision, this paper proposes an agent-


based approach for controlling globally distributed supply-chain processes. The approach model is structured as a 


group of autonomous agents that act in a coordinated way. To obtain an overview of existing research in the area of 


agent theory and agent-based systems applied to supply chains the paper begins with a systematic literature review. 


The proposed approach expands an existing agent-based model that does not allow for intermediary storages. This 


improvement is justified by the relevance of this kind of storing, which are actually used in real-world global supply 


chains where transport costs and economies of scale are crucial for decision-making. 


Keywords: agents; multi agents systems; supply chains; global operations; logistics. 


1 Introduction 


In the current global environment, it is common for the raw material resource, the production, and the 


consumption of a product to be located in different countries and continents. In this context, a global 


supply chain can be defined as a network  of providers, factories, subcontractors, warehouses, distribution 


centres and retailers which acquire raw material, process it, produce it, and sell it to their costumers (Fox 


et al., 2000). The flow of merchandise along these chains gains complexity. In fact, the planning and 


execution of production, storage, and transport operations display great challenges. One of the main 


problems to be solved in global supply chains is the use or not of storage services aiming to achieve 


economies of scale in transport operations. To deal with this problem, a new generation of strategies for 


controlling logistics processes based on autonomous and intelligent agents has gained relevance 


(Bullinger et al., 2000 apud , Jiao et al., 2006).  


In this context, the present article makes use of a theoretic-conceptual approach (Berto and Nakano, 


2000), by proposing a model for the control of logistic processes based on intelligent agents in global 


supply chains. The article formalises the utilisation of distributed agents for the realisation of an 


integrated transport and production. Such integration is materialised in the coordinated execution of 


production and transport processes for products and raw materials of each participating company. 


Through a wide theoretical grounding, this article highlights the impact of autonomous agents in 


planning and executing complex management activities in global supply chains. 


The paper begins by introducing the theoretical grounding in section 2. In this section, fundamental 


concepts for comprehending the meaning of agents are emphasized. Furthermore, the characteristics of 


studies whose target is centred in logistics and supply chain are presented. It can be noticed that the use 


of agents in logistics coordination is a prominent study branch. Section 3 begins by introducing the 


scenario of the theoretical model application based on distributed agents, i.e., global supply chains. In the 


sequence, the model is formalised mathematically. It is important to highlight that the proposed approach 


is an expansion of the model proposed by Lau et al. (Lau et al., 2006). The innovation of the proposed 
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approach is verifying if the use of storage services to achieve economies of scale would be opportune or 


not. Finally, the conclusion and final recommendations are stated in section 4. 


2 Literature Review 


The theoretical ground of the research is the branch of agents applied to logistics (Lang et al., 2008, 


Moyaux et al., 2006). In the sequence, a systematic literature review is executed. The review attempts to 


evaluate the use of agents for controlling logistic processes according to the following criteria: application 


range, coordination type, and approach used.  


During the search, a comparison of returned papers for several combinations of different terms was 


implemented based on the following criterion: application range, coordination type and approach used. 


Specifically, the “application range” criterion detects if the approached problem is more specifically linked 


to transportation, or if it pays attention to all processes of the supply chain, such as storage and 


production. The “coordination type” criterion seeks to observe whether the research is linked to a logistic 


process in a wide range, or if it is concerned with the automation. At last, with respect to “approach used”, 


the results are directed to the main target of the research, i.e. the terms “agent-based” and “agents”. The 


quantitative results can be identified in Figure 1. 


 


Figure 1: Some quantitative numbers about the references. 


Initially 157 (one hundred and fifty-seven) references were identified. It can be verified that the studies 


regarding the use of agents in logistics approach mostly supply chains and not merely the transport 


process. Another observation is the recurrence of automation: most applications mention this fact in some 


manner. After the elimination of duplicated references, 80 (eighty) were listed. Sixty-one of these were 


published in the last 7 (seven) years. This finding reveals that the study of applications of agents in 


logistics has recently obtained visibility. The abstract of all 80 articles were analysed with the scope of 


identifying those which were relevant to the research, i.e., those which approached the theme of 


autonomous control of logistics processes based on intelligent agents. After this analysis, 7 (seven) papers 


could be selected which were then used to build the referential basis.  


2.1 Agent theory 


Agent theory is a field in computer science, more specifically, in artificial intelligence. The definition of the 


term “agent” is widely disputed, inasmuch as there is yet no consensus as to its formal concept. Parunak 


(1998) defines agent as a software entity which possesses information and encapsulated programming, 


thus assuring to the agent the ability of reacting autonomously to achieve its goals. To Fox et al. (2000), 


however, an agent is an autonomous software with the objective of determination that communicates 


itself asynchronously, communicating itself in a coordinated manner with other agents when necessary. 
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Wooldridge (2002), in turn, defines agents as software capable of having independent actions according 


to its user’s or to its own interest.  


As shown in Figure 2, Nwana (1996) classifies agents according to characteristics as follow: cooperation 


(other agents are used to run a given activity), learning (historical data is used to decide how a given 


activity must be run), or autonomy (it acts without waiting for the decision of another agent or person).  


 


Figure 2: Agents Typology (Nwana, 1996). 


Using a combination of these concepts, collaborative learning agents may be defined, which must 


withhold cooperation and learning, but must not necessarily be autonomous. From this way onward, 


collaborative agents (without learning), communication agents (without cooperation), and intelligent 


agents (which possess all three characteristics) are presented.  


The use of agents in transportation may be organized according to two main goals: Decision-Support 


System (DSS), and automation systems. According to the coordination perspective, each agent utilisation 


proposal may be classified according to its control: centralised and decentralised; to its structure: static or 


dynamic; and to its attitude: cooperation, competition, or both (Davidsson et al., 2005). 


Parunak (Parunak, 2000) has proposed a maturity level of agent-based applications, at an increasing 


maturity level, classifying the agent applications by: conceptual proposals, computational environment 


simulations, prototyping through adequate hardware and software, test phase in commercial environment 


or in case studies, being used by a given company in the market, and commercialization, where the 


developed application is robust enough to be used by other clients. 


Another trend is the use of multi-agent systems (MAS) concept. These systems distribute the power of 


decision between agents as a means of becoming more assertive in their decisions, as well as sharing the 


computational cost of the decision making [9]. These multi-agent systems are naturally distributed.  


In spite of these systems being generally less efficient than centralised solutions [9] (since normally the 


decision making is done without the complete knowledge of the available information), its 


implementation is more feasible, inasmuch as the information is scattered in the network. Distributed 


applications have the advantage of attending to applications with the following characteristics: 


geographically distributed, many interacting components, large informational content, and a large scope 


of coverage in the domain (Huhns and Stephens, 1999). 


2.2 Agent-based systems applied to supply chains 


A new tendency for decision distribution at the level of a global supply chain has its results in the 


development of agent-based planning systems (Forget et al., 2008). This technology has been pointed out 


as appropriate for the deployment of autonomous logistics (Schuldt, 2010, Lau et al., 2006). The 
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centralized management of supply chains causes a significant raise in its complexity due to the increasing 


number of: transactions, differentiated objects, involved entities, and distributed processes.  


In an increasingly dynamic market, this entire complex system needs to be constantly supervised, so that 


the observation of opportunities for improving its efficiency might be permitted (Julka et al., 2002). Agent-


based distributed systems are more adequate to meet increasingly dynamic markets, since they do not 


depend on available computational resources which are located in the nodes of the web. 


It has been verified that agents may represent processes (planning, purchase, dispatches, etc.) as well as 


physical objects which they manage (load, vehicles, machines, etc.). These agents are run in different 


industries, related logistics operators; and may even be in computers boarded in vehicles or loads. Table 1 


shows some details of entities which are normally related to supply chains. The Table also references the 


concepts identified in the systematic literature review. 


 


 Table 1: Agents frequently cited in the literature. 


Agent  Location Reference 


Planning Industry (Jiao et al., 2006, Fox et al., 2000, Nilsson and 


Darley, 2006, Lau et al., 2006) 


Raw material 


purchase 


Industry (Jiao et al., 2006, Fox et al., 2000, Chai et al., 


2010, Lau et al., 2006) 


Production or 


scheduling 


Industry (Jiao et al., 2006, Fox et al., 2000, Chai et al., 


2010) 


Dispatch Industry (Jiao et al., 2006, Fox et al., 2000) 


Configuration Industry (Jiao et al., 2006, Fox et al., 2000) 


Acquisition Retailer (Jiao et al., 2006, Lau et al., 2006, Fox et al., 


2000, Nilsson and Darley, 2006, Chai et al., 


2010) 


Transportation Operator (Fox et al., 2000, Schuldt, 2010) 


Warehouse Operator (Fox et al., 2000, Schuldt, 2010) 


Resources Load/Vehicle (Schuldt, 2010, Nilsson and Darley, 2006) 


Machines Industry (Nilsson and Darley, 2006) 


Based on this theoretical grounding, an autonomous control model for logistics processes run by 


intelligent agents will be proposed in section 3. 


3 An Agent-Based Model for the Control of Logistics Processes 


The model developed must support the logistics process for all production activities required for building 


a product; to this set of activities we define a project, and the model would be able to handle multiple 


projects. The model is structured with three classes of agents: planning agents, production agents and 


middle agents. Planning agents are entities responsible for managing the collaboration and controlling 


the distribution of the production activities to production agents. These agents have two objectives: the 


first one is to achieve a feasible schedule and the second one is to minimize the total cost, taking into 


consideration all the costs for the production activities required. The production agents represent the 


companies manufacturing the products; the objectives are to find a feasible schedule of the activities 


agreed with the planning companies and to maximize the revenues with these activities. Finally, the 


middle agents, which coordinate the scheduling process, register the resources for planning agents, the 
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capabilities of producing agents for performing activities, and allow planning agents to search for 


production agents with specific capabilities. It is argued that the proposed agent-based model for 


controlling production and logistic processes in global supply chains could contribute to the dynamic 


balancing of different interests. 


The model herein suggested is an evolution of the model proposed by Lau et al. (2006). These authors 


propose that a supply chain be managed in a distributed way by  planning companies (which seek 


the making of operations and carriers necessary) and by  production companies (the final or 


intermediate industries of the supply chain). In this article, the model will be extended to the observation 


of the impact of storage costs along the global supply chain. Each production company  of the model 


holds a demand for some sort of product, regardless of it being in a final or intermediate stage of 


production, and thus it sends products onward in the supply chain after some sort of performed activity. 


The time horizon for planning is , with a cyclical rate of  which varies from 1 to . The granularity of 


time may be adequate according to the interest of whoever needs to apply the model; it may represent 


minutes, hours, days, or even broader units. 


A request may be represented by the graph , where  is a set of operations (nodes) in a 


project, and  is a set of edges. An edge may be represented by , and yields that the operation  
precedes the operation  . The information of a request P which is being controlled by a carrier  may be 


described by  and . The order must be complete before deadline , which is established by the 


project client. Each operation  may be initiated only after a waiting time known as . This deadline may 


represent the time necessary to make the transactional procedures, or even the time to solve financial 


issues. Operation  must also meet the production company’s requirements which define the setup time 


necessary for initiating the operation. 


The set of production companies that are able of making operation  is defined by . The capacity of 


each company  in a period  is defined by , knowing that the company may run more than one 


operation at the same time. Information such as processing time, resource and cost demand for running, 


and operation  may be defined as , , and , respectively. Delivery time, in turn, as well as 


transportation cost and the transportation cost in a product scale obtained with operation  made from 


company  to company  may be represented as , , and , respectively. The economies of 


scale in transportation happen when the merchandise is directed firstly to a warehouse so that it may 


afterwards be sent to its destination, which will always be another warehouse in the case of trips between 


more distant regions. 


A production planning for the entire supply chain may be defined as . A planning for each 


company  may be defined as , where  represents a vector containing the beginning 


time of the operations, and  represents the selection of production companies for the 


operation. The entire planning for this company  must also meet the limits established by company . 


The mathematical formulation of the global supply chain scheduling problem (see equations 1-4) may be 


seen as a minimization of the total cost ( ) , which consists of three major components, the first of which 


takes into account the production costs within the chain, being important for the definition of the 


configuration of the supply chain network. The second component ( ) is that of internal 


transportation costs within each country. The third component is that of external transportation costs, i.e., 


the flows which begin in a country and reach another; such costs may be in no possession ( )) or 


in possession ( ) of intermediate warehouses, the smaller of which is chosen, reminding that  


 intermediate warehouses have a fixed cost. The use of intermediate warehouses hired in different 


countries may allow economies of scale in the transport making in great distances. 
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The negotiation among the agents is started by the middle agent, and is finished by the planning agent 


when all activities are assigned to production companies. The transition state diagram (Figure 3) presents 


the message exchange between planning and production agents, and how they interact in order to 


achieve the schedule of all supply chain.  


 


Figure 3: State transition diagram (Lau et al., 2006) 
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Figure 4 illustrates a sample of a supply chain network, where there are 10 operations, 2 planning agents 


and 9 producing agents. 


 


Figure 4: Instance of a supply chain. 


In order to achieve the objective of minimizing the operating cost, the planning agents take into account: 


the price of the bid from the producing agents ( ), the transportation costs of immediate preceding 


operations ( ), and transportation costs of immediate succeeding operations ( ). By the time, 


producing agents maximize the revenues by better scheduling their own activities, whenever it is possible 


to relocate the operations to an earlier time, and thus gaining time to fulfil more activities. 


 


 


 


(5) 


 


 


 


(6) 


The test scenario for the model might be characterised by a company which acts with emphasis on a 


specific country, this country being the location of the main warehouse ( ). The country  is defined 


where a productive operation a must be realized. The supply chain displays networks in each country. This 


way, there can be a warehouse used to consolidate loads, before they are shipped to other countries.  
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The decision of using a consolidation warehouse or not in a country depends on the country’s volume of 


purchasing. Each producing company  has its own internal inventory for its production. When the 


country does not hold a volume of purchasing which might justify a consolidation warehouse, inventory 


costs of the products remain in the hands of each producer, i.e., embedded in the production cost, which 


causes a higher production cost in that country. When such a consolidation warehouse does exist, the 


final products are sent directly to this importing company’s intermediate warehouse. 


Figure 5 illustrates the business scenario which served as a basis for the current article, wherein the 


company owns the Brazilian consumer market, but commercializes product from other countries, taking 


China for example. The agents to be modelled in this proposal are: Suppliers, Retailers, Warehouses, and 


Carriers. 


 


 


Figure 5: Example of a provision flow to be modeled 


Looking for the planning companies there are two objectives: the first one is to achieve a feasible 


schedule and the second is minimizing the total cost, taking in consideration all the cost for the activities 


required during the projects. However, the interest of the producing companies is to find a feasible 


schedule of the activities agreed with the planning companies and maximize the revenues with these 


activities. It is argued that the proposed agent-based model for controlling production and transport 


process in global supply chains could contribute to the dynamic balancing of different interests.   


4 Final Considerations 


The use of agents in logistics is no longer a new concept, since much has been studied and developed 


regarding the theme. However, it is still a challenge to create models closer to the dynamic reality in 


which companies are inserted. The proposed model focused on the global supply chain schedule 


problem, due to the wide proportion of models which take into consideration more geographically limited 


scenarios. Another limitation of current models, which is neglecting the necessity of obtaining economies 


of scale in long-distance transportation, was also partially addressed here.  


Agent-based distributed systems are adequate to handle increasingly dynamic situation, since they could 


adapt rapidly to local changes. So, considering that such distributed systems need an elevated degree of 


autonomy, we argue that the proposed agent-based model for controlling global supply chains could 


contribute to overcoming existing challenges. It is also noticed that the use of these systems in Brazil and 


abroad is still a challenge. A sine qua non condition is that the supply chains are structured and the 


information systems are ready to exchange data properly. This will permit possible substantiation of the 


longed-for automation of the agent-based intelligent logistics processes.  
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The next step in this research would be the implementation of the proposed test scenario for analysing 


the behaviour of the system. This research activity should take advantage of already existing multi-agent 


systems (MAS) simulation platforms. Finally, based on data collected from firms acting in global supply 


chains, a real-world test case would support the assessment of practical implications. 
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Abstract 


The goal of this study was to analyze the current situation of companies that work with project management of 
information technology in order to perceive the relationship between failure and success of these projects related to 
the type of management applied. Due to the globalization of information technology companies, the cultural aspect 
has been evaluated, since in these companies there is collaboration between multicultural teams and this can have a 
direct effect on project performance. This study aims to present the factors that lead to the failure of information 
technology projects. Firstly, a theoretical survey on this topic was carried out, and then, interviews and questionnaires 
were applied in order to collect data. The analysis was performed using the Statistica software, it confirmed the 
efficiency and deficiency in project management practices, moreover, it also testified the lack of strategies and use of 
technologies that can assist the monitoring of projects from this nature. 


Keywords: project, project management, information technology, failure and success. 


1 Introduction 
There are several articles about success and failure in projects. But only a few include the perception of 
cultural factors as influencing the success or failure of the projects. This article presents the main factors 
of success and failure observed by IT companies surveyed, and also by the authors of the literary projects 
in general and IT projects, showing the importance of including cultural perspective on the outcome of 
projects. 


The perception of the relationship between organizational, cultural and managerial factors provides find 
answers to achieving success not only in IT projects as well as projects in other areas of activity. The aim is 
to investigate this relationship to evaluate the importance of each factor in the development of the 
project. 


Research like Munns and Bjeirmi (1996), Thomas and Fernandéz (2008) and Haughey (2010) attribute the 
success or failure of the project to the type of management, how management practices have being 
made, or to the inappropriate management of areas of the project, ignoring the cultural and human 
aspect of project performance. To understand the perceptions of the factors of success and failure in 
information technology projects it is necessary to discover answers about what influences the outcome of 
the project. 


Studies conducted around the area of IT projects have a high number of failures in their projects. To 
overcome the triad of factors (cost, quality and time) cited as mainly causes of failure and success of 
projects is necessary to investigate other criteria. The cultural perception may be a way found to improve 
the level of success of current IT projects whereas globalization brings people of different cultures to work 
together and this can may somehow influence the development of the project. Each person brings with 
them beliefs, ideologies and attitudes that are brought to the organization and this influences his 
decisions, it is necessary to know the level of this influence to the development of their work. 
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2 Project Literature 
The Project Management Institute (2008) define project as a temporary endeavor undertaken to create a 
unique product, service or result. Meredith and Mantel (2003) affirms that project is usually a periodic 
activity with a well-defined set of deliverables. And Vargas (2002) define project as a non-recurring 
development, characterized by a clear and logical sequence of events, with beginning, middle and end, 
which is intended to achieve a clear and defined objective, being driven by people within predefined 
parameters of time, cost, resources, and quality. 


Figure 1 presents the matching of the main objectives of the project management, there are some 
functions that are not shown, because each project is different, but related in the same manner explained 
in this figure. The projects, when they are inserted within the same organization, interact and compete 
with other projects simultaneously generating competition for the resources. To solve this type of conflict 
is necessary that the parties enter into agreement to define the priorities of the organization. According to 
Mota and Almeida (2007) project management can take two views: one located (where the planning of 
each project is done in isolation) and integrated (where management is performed for a set of projects). 


 
Figure 1: Performance, time, cost and goal of the project. Source: Adapted from Meredith and Mantel 2003 


Whereas different types of projects compete with each other, it is important to know about the life cycle 
of each project. According to Project Management Body of Knowledge (2008) a project life cycle is a 
collection of generally sequential and sometimes overlapping project phases whose name and number 
are determined by the management and control needs of the organization or organizations involved in 
the project, the nature of the project itself, and its area of application, as can be seen in figure 2.   


 
Figure 2: Typical cost and staffing levels across the project life cycle. Source: PMBoK 2008 


According Vargas (2002) the life cycle of the design is that a set of stages can vary from four to nine 
stages.  He found that for all types of projects are implemented five phases described below: 
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 Initiation: This is the initial phase of the project where a need is identified and structured in a 
structured problem 


 Planning: This phase describes what is done during the project implementation 
 Implementation: This phase refers to the implementation of what was previously planned, in other 


words, are put in practice everything that was previously planned, so here are spending more 
effort and resources that the other phases 


 Control: This phase has the role to control everything that is being accomplished through 
preventive and corrective actions 


 Completion:  This last phase is the evaluation of the project through an audit 
 
In regards to Life cycle, Steward (2007) proposed an IT project life cycle management process that can be 
seen in figure 3. 


 
Figure 3: IT project life cycle management process. Source: Adapted from Steward 2007 


In the life cycle of IT projects proposed by Steward (2007), each stage consists of a step by step that must 
be followed for each phase evolves to the next, causing the project to be constantly selected, 
implemented and evaluated. 


3 Project Management 
The guide of Project Management Body of Knowledge (2008) affirms that most experienced project 
management practitioners recognize there is more than one way to manage the project and the project 
management is the knowledge application, skills, tools and techniques to project activities in order to 
meet your requirements. According to Miranda (2003) management of large projects is a difficult task 
considering the complexity, uncertainty and the large number of activities involved. 
Project management is a set of processes that form a cycle of activities that allow loops until all steps are 
carried out perfectly. 


Therefore when starting a project, its management must be done through a set of processes, each with a 
particular function, which should be completed only when there is output as the closure of the project. 
The Project Management Body of Knowledge (2008) defines project management in nine areas of 
knowledge management (integration, scope, time, cost, quality, human resources, communication, risk 
and procurement management). In each area of knowledge in project management are listed processes, 
tools and techniques that every area can use to manage the entire project through their individual 
contributions. 
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4 Determinants of success and failure in project in general and information 
technology projects 


To define what is success or failure is something subjective and hence many times this concepts are 
mistakenly evaluated whereas it depends who is making such a judgment. According to Clarke (1999) 
there are a several number of factors that has to be considered to achieve the project success, as can be 
seen in figure 4. 


 
Figure 4: Some factors to consider in project management. Source: Clarke 1999 


Clarke (1995) identified four factors as critical to success of projects:  


 Communication throughout the project 
 Clear objective and scope 
 Break the project into “bite sized chunks”  
 Using project plans as working documents 


In regards to success factors, Cooke-Davies (2002) lists twelve success factors of success that are 
implemented by many national and multinational organizations, shown in Table 1.  


Table 1: Success factors 


Factors Success Factors 
Factor 1 Adequacy of company-wide education on the concepts of risk management 
Factor 2 Maturity of an organization’s process for assigning ownerships of risks 
Factor 3 Adequacy with which a visible risk register is maintained 
Factor 4 Adequacy for an up-to-date risk management plan 
Factor 5 Adequacy of documentation of organizational responsibilities on the project  
Factor 6 Keep project (or project stage duration) as far below 3 years as possible (1 year is better) 
Factor 7 
Factor 8 
Factor 9 
 
Factor 10 
 
 
Factor 11 
 
 
Factor 12 


Allow changes to scope only through a mature scope change control process 
Maintain the integrity of the performance measurement baseline 
The existence of an effective benefits delivery and management process that involves the 
mutual co-operation of project management and line management functions 
Portfolio and programme management practices that allow the enterprise to resource fully a 
suite of projects that are thoughtfully and dynamically matched to corporate strategy and 
business objectives 
A suit of projects, programme and portfolio metrics that provides direct “line of sight” 
feedback on current project performance, and anticipated future success, so that project, 
portfolio and corporate decisions can be aligned 
An effective means of “learning from experience” on projects, in a way that encourages 
people to learn and to embed that learning into continuous improvement on project 
management process and practices  


Source: Cooke-Davies 2002 


However, as the Cooke-Davies (2002) reports in his article, there is the omission of the human factor as a 
determinant of the extent of project success. This omission is justified for two reasons: the research was 
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focused on what people do and not the quality of their interactions and decision-making and secondly, 
because there was no separation of human factors and process factors, being implicit, therefore the 
human factor.  


According to Miller (2000) it’s important to know that diverse project teams can be more innovative and 
creative than teams I which everyone is alike because multiple points of view are good to the 
development of projects. Therefore is relevant study the influence of human factors in organizations and 
projects through the study of culture 


Belassi and Tukel (1996) proposed a framework with specific situation and include the factors that were 
found to be critical for project’s success, as can be seen in figure 5.  


 
Figure 5: Framework to success or failure. Source: Adapted from Belassi and Tukel 1996 


Belassi and Tukel (1996) grouped the factors into four areas: 


 Factors related to the project 
 Factors related to the project management and the team members  
 Factors related to the organization and 
 Factors related to the external environment 
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What lead to success or failure of project is a result of the combination of the group of factors that can 
influence a factor in another group. Therefore is important to know the intra-relationships between the 
factors in different groups. 


According Repiso et al. (2007) to succeed in project management of Information Technology is necessary 
to observe that there are certain peculiarities in existing IT projects that make them different from other 
types of project and increases the chance of failure.  


Guimarães et al (2008) says that some difficulties typically encountered in the practice of managing IT 
projects are poorly defined IT projects, market pressures, use of tools not fully tested, and lack of 
adequate communication, complex projects, risky and costly effort. 


5 Methodology 
The method applied in this research is survey exploratory, using qualitative and quantitative analyzes from 
interviews and questionnaires. 


The sampling is non-probabilistic intentional, in which case the researcher chooses certain types of 
elements to belong to the sample in this case, people directly related to information technology projects 
of the company. The criterion used was to find businesses in the area of management of IT projects 
should be structured, organized and developed. 


The instruments for data collection were interviews and questionnaires because both are important to 
better analyze objective and subjective questions.  


The interview consists of four open questions allows the respondent can build your answer freely and the 
questionnaire consists of 40 statements using a Likert scale, ordinal scale categorical ranking established 
with values of 1 to 5 where 1 means strongly agree, 2 means agree, 3 means neither agree nor disagree, 4 
means disagree and 5 means strongly disagree, which allowed the comparison between the responses for 
data analysis. The data analysis was developed using tools of statistical methods and the software called 
Statistica. 


The interviews and questionnaires were applied to companies in the state of Pernambuco. Were 
interviewed and questioned in charge of construction projects of these organizations during the second 
half of 2010, a total sample of 28 responses, among them 5 did the interview. 


6 Data Analysis 
This research was conducted in companies that manage information technology projects to understand 
what factors are linked to the failure or success of IT projects. In the following sections it can be seen the 
descriptive and exploratory analyzes of data collected from these companies. First it will be explained the 
analysis of interviews and then the analysis of the questionnaires. 


In the first part of the research, interviews were conducted in order to perform analysis on the perception 
of the determinants of success and failure in information technology companies. In Table 2, there are 
factors that determine success and failure in information technology projects according to the 
interviewees. 


The interview questions were: 


 What are the determinants of success and failure and how are they ranked and related? 
 Is project success and failure graded?  
 When are perceptions of success and failure formed and do they change with time? When can a 


final ‘reliable’ or ‘stable’ perception be formed? 
 Do different stakeholders form different perceptions? (sponsor CEO, CIO, CFO, programme 


director, project manager, contactor, end user, consultant, member of the public, etc) 
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Table 2: Evaluation of interviews regarding factors of success and failure 


Organizations Factors that define Success Factors that define Failure 
Organization 1 Customer expectation; Scope; Time; 


Risk 
The relationship between the factors of failure are 
inversely proportional to that determine success 


Organization 2 Requirements Cost, Quality, Time and 
Scope; People and appropriate tools 
and Monitoring Project 


Lack of communication; lack of experience of people 
and Lack of Knowledge of market 


Organization 3 Communication, Focus, Persistence 
and Cooperation Team 


Lack of clarity of objectives; Uncommitted Team;
Leadership and Lost Time Market 


Organization 4 Profitability, Customer Expectations, 
Achievement and Improvement 
Society 


Loss; Customer Dissatisfaction; Bring harm to society 


Organization 5 Good project planning; complete the 
planned; Flexibility to change; 
Teamwork 


The relationship between the factors of failure are 
inversely proportional to that determine success 


Source: The author 


As can be seen in Table 2 each respondent ranks and orders the factors that think important for achieving 
project success. According to respondents, the factors most remembered as determinants of success are 
complying with the requirements of schedule, cost, quality and scope. Most respondents said that a non-
attendance of the factors that determines the success are factors that determines the failure, in other 
words, the relationship between the factors of failure are inversely proportional to that determine success. 
This interpretation was made colleting the opinion of respondents. It may be noted that none of the 
respondents judged the culture as a determinant of project development. 


Table 3: Evaluation of interviews regarding the classification of success and failure and conflict among stakeholders 


Organizations Rating of Success and Failure Conception of Success or Failure Stakeholders' conflict 
Organization 1 Three Levels: Extremely Successful; 


Successful; Total Failure 
Conclusion Yes 


Organization 2 Two levels: Success; Failure Planning Yes 
Organization 3 Three Levels: Extremely Successful; 


Successful; Total Failure 
Implementation Yes 


Organization 4 Three Levels: Extremely Successful; 
Successful; Total Failure 


All the lifecycle Yes 


Organization 5 Four levels: Extremely Successful; 
Successful; Failure; Total Failure 


Planning Yes 


Source: The author 


As can be seen in Table 3 that the majority of respondents ranked the success and failure in three levels, 
this means that there is a fuzzy concept between success and failure that allows sorting on many different 
levels which would be an extremely successful, a success, a failure and a total failure, for example. 
Regarding the conception of success and failure throughout the life cycle of the project, this small sample 
still does not provide sufficient data for a conclusion, showing that there is a common sense of where you 
conceive the perception of success and failure in the project. With respect to possible conflicts between 
the perceptions of stakeholders, all of the respondents replied positively, in other words, all dealing with 
the management and negotiation of the parties involved in the project so that it’s seen as much as 
possible of your requirements. 


In the second part of the research, exploratory questionnaires were applied to elucidate the current 
situation with regard to the cultural aspect in the design of information technology through the analysis 
of some statements that make it possible to verify the behavior of people in the companies questioned. 
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Organisational conflict is healthy


If an individual thinks in a different way to 
perform a task, that person should be 


encouraged


Company rules are always to be followed


It is important that people conform to 
company norms 


 


Figure 6: Organizational Behavior.  


It can be seen in figure 6 that the majority of respondents, 89,28% strongly agree and slightly agree about 
the importance of people comply with the norms of the company so that the same objectives are 
achieved and 78.57% of respondents strongly agree and slightly agree that the company rules should 
always be followed, this means that most concern the norms and rules of the organization that works by 
giving importance to its fulfillment. It is observed indifference of 17.85% for the encouragement of 
different opinions regarding the conduct of activities, but 57.14% agree and strongly agree that 
organizational conflict is healthy. 


In Figure 7, in regards of decision-making, 71.42% of the respondents like to take risks, while only 7.14% 
did not like. About have to make decisions it is clear that 82.14% of the respondents opine that 
employees should participate in making decisions, a fact confirmed by the significant disagreement as to 
the managers make all decisions, 71.42%. 
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Figure 7: Decision-making.  


How to Figure 8 there is a relationship of teamwork and individual work. When asked about the group 
work there is a preference of the majority of responses strongly agree and slightly agree with this 
statement, 57.14%, as well as being able to work independently when needed, 78.57%. About be a leader, 
25% disagreed, 42.85% are indifferent and 32.14% strongly agree and slightly agree. 
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It is important for me to work 
independently


When working on a project, I would 
rather work as a group member than 


as an individual


When I work in group projects, it is 
important for me to be the leader


 
Figure 8: Way of working.  


In respect of the negotiation process, the majority of respondents agrees and strongly agrees that it is 
important to greet each other with handshake before any negotiation. About be flexible during the 
negotiations, 96.42% of the respondents slightly and strongly agree and 46.42% slightly and strongly 
agree that it’s important to complete a deal before starting another, this is consistent with the formality of 
the business when it comes to relations with the market, according to figure 9. 
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Figure 9: Negotiation Process.  


7 Conclusion 
It is concluded that in the area of project management of information technology, internal and external 
factors of the organization directly interferes with the development of work of the companies surveyed. 
Perceptions of success and failure are divergent. What determines success and failure varies from 
organization to organization, and the cultural factor not even mentioned by any organization, which 
allows us to observe the attitudes, beliefs, nationalities and ethnic groups are not perceived when it 
comes to achieving success of the projects. 
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There are numerous studies that investigate the determinants of project failure, however, studies that 
include the cultural aspect as the determining factor is negligible. The objective of this study was to 
present, in the view of respondents, which factors determine the success and failure in information 
technology projects and to relate these factors to cultural issues and project management. 


In general the work could achieve the proposed goals, even with some limitations of time, distance and 
access to respondents. The area of information technology companies becomes ever more present and 
important for national and global economy. Researches on issues involving the improvement of the IT 
sector and project management, as well as studies of organizational culture and human behavior has 
great importance and contribution, this was the purpose of this study. 
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Abstract 


Researchers have long been attempting to understand the concepts of strategic decision and choices. One way to 
examine this issue is to approach it through the entrepreneur personal characteristics. According to the theory of 
mental model, there are differences in the ways entrepreneurs perceive the business environment and the ways they 
make choices and decisions. Studying the influence of these characteristics may be of great importance since 
entrepreneurship may be a way to economic and social development, and wealth production for both developed and 
developing countries. The purpose is to develop the idea of relationship between entrepreneur’s cognitive style and 
strategic choices and decisions, and that differences are reflected in their strategic choices and decisions and in the 
direction of the firm. This will be done theoretically by examining the mental model under Keirsey and Bates 
temperaments proposition which concludes that there are two basic mental models – operational and strategic – that 
may explain the relationship between mental model and entrepreneurs’ strategic choices and decisions. 


Keywords: Entrepreneur’s strategic choices; strategic decision process; the mental model propositions. 


1 Introduction 
Entrepreneurship is a social, and complex, and multifaceted phenomenon. The search for an 
understanding of the entrepreneurship activity – either by entering in a new business or modifying 
existing products or developing new ones by an ongoing enterprise or by creating an entire new business 
- has in itself theoretical and practical values. This is because the entrepreneurship is an activity of social 
importance that generates economic development, innovation, wealth and the development of new 
markets (Drucker, 2007). From a practical point-of-view, entrepreneurship has been a challenge and a 
continuous social search, and a way to technological development, because new business and new 
enterprises are a way of developing and introducing innovations to address new products and services 
that are new solutions for the market needs. 


On the theoretical view, the main contribution refers to the identification of the impact of the 
entrepreneur's personal characteristics on the strategic choices and decisions that will determine the 
enterprise fate. Personal characteristics of decision maker have a direct influence on the diagnosis, choices 
and strategic directions of enterprise (Gallén, 2006). So, identifying the type and extension of the personal 
characteristics influences on the enterprise fate, one may be helped in the effort to build a theoretical 
proposition in the entrepreneurship field (McCarthy, 2003). 


The importance of this approach became evident by spotting the role and the entrepreneur personal 
characteristics impact on the enterprise management process because personal choices and decisions are 
consequences of these characteristics that affect the perception and the understanding of environmental 
challenges, and opportunities and by consequence, the strategic decision making (Daghir e Zayde, 2005). 
So, the purpose of this paper is to present a basic review of the strategic concept, and the choices and the 
decision making process and the main concepts of temperaments as a basis for some propositions on this 
theme and to point out some questions as a guide to the empirical research works. 
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2 Strategy Definition 
There are numerous perspectives on strategy and definitions of the term in the literature as well as many 
approaches to strategy, as it is pointed out by Porter (1998) propositions and by Mintzberg (2000) that 
emphasizes the need for a holistic view of strategic issues. As an illustration of the need of this holistic 
view, Mintzberg, Ahlstrand and Lampel (2000) refer to the analogy of the blind men trying to describe an 
elephant. In this analogy, each blind man touches one side of the elephant and describes it as a different 
animal. In the same way, they suggest that each researcher tends to focus one specific point of view on 
strategic matter what generates many “thinking schools”, each one proposing a distinctive definition of 
the strategic term that sometimes are complementary and sometimes are contradictory, which may be an 
indicative of lacking of consensus or generic propositions for this business field. As a synthesis, they 
propone the existence of three strategic schools categories: prescriptive, descriptive and configuration. 


When dealing with strategic business issues, one entrepreneur may ask: which strategic concept to adopt 
and what is the best strategy to be taken? For Hax and Majluf (1998), strategy can be seen as patterns 
that integrate the main policies, norms, rules, goal and the organizational actions as a whole, a coherent 
and consistent system. The strategy formulation process was not simply an exercise in rationality but also 
“reflect experimentation, exploration, intuition, instinct and learning” (McCarthy, 2003, p. 155) and it 
becomes a delicate balance between motivation, the learning acquired with past experiences and actions 
and the modeling of new ways for the business to succeed that may have no relations with the past 
success. In this paper, in spite of many schools of thought about strategy formation, Hax & Majluf (1998) 
concept is adopted: 


“a coherent, unifying, and integrative pattern of decision that determines and reveals the 
organizational purpose in terms of long term objectives, selects the businesses the organization is 
in or is to be in, attempting to achieve a long term sustainable advantage in each of its 
businesses, by properly responding to the opportunities and threats in the firm's environment, 
and the strengths and weaknesses of the organization, engaging all the hierarchical levels of the 
firm and defining the nature of the contributions it intends to make to its stakeholders”(Hax; 
Majluf, 1998, p 38) 


This concept denotes that an enterprise will follow a reasonably coherent and stable pattern in its 
strategic decision making process, but do not necessarily doing it by the adoption of a formally structured 
plan. This is specially relevant for understanding the entrepreneurship, because most of enterprises 
usually do not have the tradition for explicitly addressing strategic planning issues, and do not have a 
routine for the development of a formal strategic planning. But the absence of a formal process does not 
mean the inexistence or absence of any strategy but it may mean that the entrepreneur is open, flexible, 
and responsive and is willing to learn (Hax; Majluf, 1998) 


3 The Decision Making Process 
Decision making is a process that involves the selection of a specific course of action that is supposed to 
bring enterprise desired results (Vermeulen, 2008). As a strategic activity, it is a process that leads to the 
choice of goals and means, resources and people and the way which they are effectively deployed. As 
they are strategic, they are crucial to the viability of enterprise and may be defined as programmed 
choices and/or reactions about business and environment issues that affect the survival prospects, well-
being and nature of organizations (Schoemaker, 1995). 


Making decisions is a daily entrepreneur routine and, in spite of the authority delegation on operational 
issues, strategic decisions remain under entrepreneur direct responsibility. Under the decision process 
point of view, every time an entrepreneur faces the need for taking a decision it is expected she or he to 
adopt a planned and rational approach to decision-making. When running a business, the decision scope 
is reduced because wrong decisions may put the enterprise under the risk of business failure or in a fatal 
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risk of going bankrupt. Besides, in the case of running a business, decision and its consequences will 
affects organizational performance and will be the entrepreneur total responsibility. 


One basic assertion to the preliminary field studies on decision making process is the rational human 
being, which is coherent with the economy concept and the Scientific Administration. This rational man is, 
by basic assumption, able to analyze all data and alternatives for a given situation or problem and then 
makes a perfect rational decision by selecting and choosing the best solution that optimizes the desired 
results. As Simon put it, 


This man is assumed to have knowledge of the relevant aspects of his environment which, if not 
absolutely complete, is at least impressively clear and voluminous. He is assumed also to have a well-
organized and stable system of preferences, and a skill in computation that enables him to calculate, 
for the alternative courses of action that are available to him, which of these will permit him to reach 
the highest attainable point on his preference scale. (Simon, 1955, p. 99) 


But as a larger stream of research on cognitive biases in decision making process has consistently 
demonstrate, managers are not perfectly rational but boundedly rational. Bounded rationality refers to the 
limits experienced by managers in their abilities to perceive and interpret a large volume of pertinent 
information in their decision making activities (Simon, 1979). In the same way, the challenges or problems 
an entrepreneur faces are complex and made up of more variables one can possibly comprehend. So, in 
contrast of the rational man proposition there is the ‘administrative man’ proposition that have the basic 
assertion that decisions are made in a personalized way by upper echelons which are responsible for the 
strategic decisions. By considering that the focus of this paper is the decision making process in highest 
organizational level and in the case of setting up a new, independent enterprise and managing it in a 
personalized way (Berry, 1998), and that the decision making process is centered on the entrepreneur, it 
may be analyzed two approaches: rational and the bounded rationality. 


Under the rationality optic, one entrepreneur makes all decisions on a logic basis, by analyzing all the 
alternatives with the objective to find the best choice in a known and scanned environment. This position 
does not admit ambiguity and has as a basic presupposition that entrepreneurs posses or believe to 
posses the mental capability to know and analyze in a rational way all data and alternatives for a 
problematic situation that is under analysis (SIMON, 1967). In doing this, entrepreneur needs to formulate 
a utility equation that enables him or her to choose the alternative that will result in the best desired 
consequences and produces the best results. 


However, this assumption that considers the decision maker as a fully rational being already have a strong 
opposite argument stated by Freud (in the past century): often we are under conscious control of our 
minds but many times our minds and decisions are governed by our unconscious, which influence and 
distort our perception. Although one may consider that decisions can be made in a rational way, the 
situations an entrepreneur faces are so complex that involves a large number of facts and contingencies 
and are made up of far more variables that are relevant for the decision at hand then she or he may 
comprehend; so, the decision making process may be characterized as a bounded rationality process and 
the entrepreneur will select an alternative that best fit with some personal values and beliefs system 
adopted instead of a rational system, being a kind of behavior that is at least “intendedly” rational (Simon, 
1955).  


But as rationality is valuated in the educational process and work situations (Pink, 2006) there will always 
be a rational drive in every decision making process but the entrepreneur bounded rationality will act as 
an obstacle to a pure rational decision making process. Furthermore, entrepreneur’s personal 
temperament and preferences in conjoint with formal education and past experiences may bring meaning 
and “color” to the problem or context that she or he is facing and act as a strong obstacle to a perfect 
rational decision making process. This features allied to the entrepreneur feelings and expectations may 
interfere in the perception process in a manner that important facts and data may be considered 
irrelevant or do not have importance, building a gap between the existing and the perceived reality and 
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which can make different entrepreneurs face different problems and give different responses to the same 
situation (McCarthy, 2003) 


Another factor that acts as a restrictor to the genuine rationality is the occurrence of situation requiring an 
impulsive or an ad hoc decision that may present ambiguity or may contradict values that are espoused 
by entrepreneur and may cause a cognitive dissonance process (Festinger, 1957). By other size, personal 
differences lead entrepreneurs, in spite of high intelligence quotient and competence and education level 
to perceive the same reality under different angles, with different characteristics and demanding different 
decisions and actions. In this way, for example, people with little focus on concrete and factual aspects of 
the reality will tend to look at opportunity from a positive side than a negative side (McCarthy, 2003) and 
to see less risks and threats in the decision implementation and be more risk tolerant than others. 


By considering this, it may be said that, in spite of having information and the capability to analyze them, 
what will be perceived as the “true” reality by one entrepreneur may be very different from the other one 
because the entrepreneur perception and analysis processes may suffer influences that other don’t 
(Pellegrino; Carbo, 2001). These different characteristics may lead different persons to take different 
strategic decisions facing the same context and information. Many research on decision making, by 
focusing on the role of entrepreneur cognitive styles on strategic choices process and by addressing the 
role of preferred way for perceiving and utilizing information, have pointed out that people act on their 
cognitive style and that their preferred cognitive style may drive to a specific strategic choice. All these 
factors seem to be a strong cue which shows that perception, organization and use of information – the 
cognitive style – are critical in the strategic choice and decisions. So, the next part of this paper will 
analyze the interaction between the decision making process and the entrepreneur personal 
characteristics. 


4 Strategic Choice and Mental model 
Entrepreneurial research has established that the perception do play a major role in the decision process 
and suggests that an individual’s perceptions, rather than objective reality explain the decision to start a 
venture (Krueger & Brazeal 1994). Perception directly influences enterprise successful performance 
because to survive and grow, it is necessary to anticipate or react in facing business environment 
opportunities. Because of this, the search for understanding on entrepreneur’s way of perception and 
use information about business environment and how perception may influence strategic choices and 
decisions becomes a relevant issue for developing some propositions to support strategic choices and 
the decision making process (Gallén, 2006). 


As many factors influence the strategic decision making process, the fact of an alternative or course of 
action is perceived as possible or desirable leads us to a question related to the factors leading an 
entrepreneur to perceive the same situation in a different way from others facing the same situation. So, 
the ways one makes strategic decisions seem to be closely related to the entrepreneur personal 
characteristics. In this case, entrepreneur preferences and particularly his way of perceiving and taking 
information have an effect on strategies she or he tends to prefer. 


In another reference to the impact of entrepreneur’s personality on the strategic choice and decision 
making process, McCarthy (2003) study suggests that the strategic choice and strategy formation process 
are driven by the personality of the entrepreneur and by their experience in times of crisis, and that there 
are two main types of entrepreneurs, the charismatic and the pragmatist entrepreneurs, which resulted in 
different patterns of strategic behavior and that different types of entrepreneurs faced different problems 
and that their response to crises varies. 


According to McCarthy (2003), the charismatic entrepreneur is visionary, risk-taker, highly persuasive, 
passionate, with ambitious and idealistic goals, and the pragmatist is more conservative and cautious, 
more rational and seems to have a more calculating and instrumental approach to the venture. Both 







 
New Way to Look at Entrepreneur’s Strategic Choices and Decision Process: the Mental 


Models Proposition 


ID340.5 


entrepreneurs are distinguished according to decision-making style, goals, attitude to risk, degree of 
commitment to venture and business background (Table 1). 


Table 1: Entrepreneurs’ characteristics 


 
Source: McCarthy, 2003 


A lot of research indicates that entrepreneur’s way of perception is a main factor in understand-ding the 
strategic choices and strategic decision (Gallen, 2006). Hambrick and Mason (1984) stated that perceptual 
process can be viewed under a sequential perspective. First, an entrepreneur cannot scan every aspect of 
the enterprise and business environment. The entrepreneur’s field of vision is restrict, posing limitations to 
the perceptual process and on what is perceived. The entrepreneur’s perception is further limited because 
one selectively perceives only some phenomena included in her or his field of vision, and finally the data 
selected for processing is also limited by the values and cognitive model filter (Figure 1). 


 
Figure 1: Strategic Choice under conditions of bounded rationality. Source: Hambrick; Mazon, 1984. 


So one can ask: how one can one explain entrepreneurs’ strategic choices and decisions? The answer 
may be found in the cognitive style approach that is widely recognized as an important determinant of 
individual behavior which manifests itself in entrepreneur’s strategic choices and decisions. These 
cognitive styles are not wrong or right (Keirsey and Bates, 1978) but cognitive styles, particularly their 
way of taking and use information, have an affect on the strategies they tend to prefer. In this sense, the 
discussion can be addressed by the relationship between cognitive styles and temperaments, as 
proposed by Keirsey and Bates (1978) 


5 Cognitive Styles and Temperaments 
Cognitive styles my be described as characteristic models of perceiving, processing and using 
information gathered and different mental models may lead to different strategic choices facing same 
business environment. When one knows the cognitive style of entrepreneurs, one “can assume that their 
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processes of strategic choice and strategic decision making process are different if their perception and 
judgment are different form each other” (Gallen, 2006 p. 119). 


There are many approaches to differences on cognitive styles in the literature but an recurring aspect is 
that, as Hambrick et al (1993) put it, some entrepreneurs are only interested in “what is” while other are 
more able to accept the new untested ideas about “what might be”. This proposition is in accordance to 
the temperaments approach as developed by Keirsey (1978) that is “based primarily on observable 
extravert behaviors and describe differences in people noticed and registered throughout the history” 
(Kroeger & Thuessen, 1992). 


Temperaments are derived from one’s preferred modes of perception and behavior in facing many life 
situations. Temperaments are a useful way of grouping preferences, and allow to make consistent 
previsions on preference and behavior of person, on how one learns, and on how one manages (Kroeger 
& Thuessen, 1992), and about cognitive styles. Differences in perception - concrete or sensorial and 
global or intuitive (Jung, 1991) - are the first to be considered because perceptions are the manner 
people collect information about the world which influences the other functions. Without some 
understanding on how people perceive, the communication process becomes highly difficult because 
people first believe in their own data and information. The preference for concrete perception mode 
points to a preference for collecting factual and concrete information and then deciding what to do: 
organize them or continue to look for more information. The preference for global perception mode 
means that an entrepreneur will prefer to collect abstract or conceptual data and then will organize this 
information in a rational way or by considering values and ideas and interests of other people. In a 
synthetic form, there are four temperaments (Keirsey & Bates, 1978; Silva, 1992), representing the four 
mental models (Figure 2). 


By considering those preferred modes of perception and behavior in facing many life situations (Silva, 
1992) and the Hambrick and Mason (1993) propositions and translating the “what it is” as factual focus 
on “here and now” and “what may be” as “possibility for the future” it became possible to make a 
synthetic classification of mental model into two types: operational mental model and strategic mental 
model. 


5.1 Operational Mental Model or Cognitive Style 
This style is characterized by her or his focus on what is going on and by the search for precision, 
reliability, efficiency, prudence and discipline, and conformity. She or he is  practical (Keirsey and Bates, 
1978) and demonstrates high focus on problem solving rather than finding it and tend to reduce 
problems occurrence by improving and maximizing the process efficiency, under the existing conditions; 
she or he has a preference to make plans and is happy with the plan accomplishment. Quick to decide, 
but once a decision is made, this is not a problem for her or him. The day-to-day activities of an 
operation-minded person are driven by responsibility, obligation and duty, and he or she rarely 
challenges the norms and policies. As to these person the next step is to apply the information to daily 
activities, they may do things in a planned way – implementer – or in an improvised way – pragmatist.  


Implementer prefers decisions over options; he or she is traditionalist, stabilizer, consolidator; he or she 
works from a sense of responsibility, loyalty and industry and learns in a step-by-step way with 
preparation for present and future utility. She or he prefers the decision over possibilities, concrete over 
the abstract and order over flexibility; he or she tends to focus on current, here-and-now issues, but lets 
past experience guide him or her in solving problems.  


Pragmatist prefers action over reflection, responding over planning; she or he is a fire fighter, 
troubleshooter negotiator; she or he works via action with cleverness and timeless - give him or her a 
problem to fix and she or he is in his or her element. She or he learns through active involvement to 
meet current needs. Having the most pragmatic temperament, she or he uses her or his sense of the 
obvious to scan the environment and determine the best way to outmaneuver an adversity. She or he is 
expeditious in handling of the out-of-ordinary and the unexpected. 
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Perception 
mode 


What one 
does after? use of information in life and work DERIVED OPERATIONAL MENTAL MODEL 


Concrete 


Preference for  
gathering 
information by 
means of the 
five senses which 
focus on the 
concrete, 
tangible realities 
of the present.  
and They also 
trust their own 
personal 
experience 


 


 


 


 


 


 


 


 


 


Use of the 
information. 


 


Planned way


They prefer to have things defined, 
arranged and well planed; they plan 
and do the planned; they 
appreciate decided, ordered, and 
well planed situations; they enjoy to 
plan and to do the planned, 
because life is to be lived in a 
planed ordered way. 


Implementer: 


Traditionalist, stabilizer, consolidator, he or 
she works from a sense of responsibility, 
loyalty and industry and learns in a step-by-
step way with preparation for present and 
future utility. She or he prefers the decision 
over possibilities, concrete over the abstract 
and order over flexibility, tends to focus on 
current, here and now issues, but lets past 
experience guide him or her in solving 
problems 


Improvised way


They tend to continuously search 
and apply the information to solve 
presenting problems. By preferring 
to live a spontaneous and flexible 
life, they perceive the possibilities 
and seem to be open to new 
events, suddenly changing, 
spontaneous, curious  


Pragmatist


Problem solver, fire fighter, troubleshooter, 
negotiator, she or he works via action with 
cleverness and timeless. She or he learns 
through active involvement to meet current 
needs. Se or he uses her or his sense of the 
obvious to scan the environment and 
determine the best way to outmaneuver an 
adversity.  


  Use information to make decision in 
a: DERIVED STRATEGIC MENTAL MODEL 


Global 


They are more 
interested in 
meanings, 
relationships and 
possibilities 
based on facts 
than the facts 
themselves and 
are oriented 
toward the 
future. They 
prefer to look at 
the big picture 
rather than 
details 


 


 


 


 


 


To organize 
data and 
make 
decisions. 


Logical or rational way. 


They tend to make logical 
connections between ideas and 
facts. When making decisions, they 
analyze issues logically and 
impersonally and uses objective 
data, validity and rationality as 
criterion for making judgments 


Strategist


Visionary; architect of systems and changes, 
imaginative and analytical, she or he works 
on ideas with ingenuity and logic exploring 
all possibilities inherent in any situation. She 
or he believes that an organization’s daily 
activities must be consistent with its mission 
and directs her or his energy toward building 
systems for the future. 


Valued-based way


They prefer to come to decisions by 
using empathy, personal values to 
weight data, ideas and occurrences 
and to make a judgment. 


Energizer 


She or he values fairness over consistency 
and ideas over policies; he or she is catalyst, 
spokesperson, energizer; she or he works by 
interacting with people about values and 
inspirations and by searching possibilities for 
people. Energizer is enthusiastic and 
passionate in championing people, causes 
and anything new. 


Figure 2: Mental models according to temperaments. Source: built from Keirsey ; Bates, 1978; Kroeger; Thuessen, 
1992; Silva, 1992. 


5.2 Strategic Mental Model or Cognitive Style 
This mental model takes information through her or his sixth sense, focusing not on what is but on what 
may be, and looks for meaning in all things. A person with this mental model will probably chooses to 
describe herself or herself as innovative (Keirsey and Bates, 1978), and may be characterized as 
disorganized person by the low adherence to norms and rules and structures and many times are 
considered undisciplined. He or she is able to think strategically and to bring innovative solutions to 
daily problems and issues, visionary and architect of change. She or he is imaginative and analytical, 
exploring all possibilities inherent in any situation and directing their energy toward building systems for 
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the future. She or he is a visionary and works on ideas with ingenuity and logic. She or he learns by an 
impersonal and analytical process for personal mastery, and may be sensible to people or privileges 
rationality. As the next step in to use the information in the decision making process, one may know if 
his or her decision will be taken in a rational way – strategist – or in a value based way – humanist. 


Strategist prefers to look at the big picture rather than details in search for possibilities to build new 
systems or to solve daily and potential problems, and tends to make decisions based on logic and 
objective analyzes and in an impersonal way. She or he is a visionary, architect of systems, builder, and 
works on ideas with ingenuity and logic, is imaginative and analytical, exploring all the possibilities in any 
situation. She or he learns by an impersonal and analytical process for personal mastery, and believes 
that an organization’s daily activities must be consistent with its mission and directs her or his energy 
toward building systems for the future. 


Energizer tends to make value-based decisions by considering possibilities, and others’ interests and 
wishes. In this way, she or he is catalyst, spokesperson, energizer, and works by interacting with people 
about values and inspirations; she or he prefers to look at the big picture rather than details in search for 
possibilities for people, and learns for self-awareness through personalized and imaginative ways. 
Humanist people are enthusiastic and passionate in championing people, causes and anything new. 


In this way, Keirsey and Bates’ temperament approach appoint for the potential of cognitive styles for 
future research related to the competitive business environmental analysis and to the entrepreneurs’ 
strategic choices and decision making process, and, in this way, for addressing the relationship between 
the strategic choices and strategic decision process and the entrepreneurs’ personal characteristics, as 
derived from her or his mental model. 


6 Conclusion 
The main purpose of this study was to make a link between entrepreneurs’ strategic making process, 
their strategic choices and the influence of entrepreneurs’ mental model as a personal characteristic in 
the strategy formulation and the way of running the enterprise. Based on the previous studies and 
researches, it was made possible to point out same theoretical correlations between both mental models 
and strategic choices. 


As it may be noted, the rational model presents limitations to explain entrepreneur choices and decisions 
because, as it is posited, the bolded rationality brings about limitations to the perception process and, in 
this way, to the entrepreneurs’ strategic choices and decision making process. As an alternative 
approach, by emphasizing the role of the perception process in the strategic choices and decision 
process, this study proposes the mental model, as measured by the Keirsey and Bates  temperaments, as 
a way to better understand the entrepreneurs’ strategic choices and strategic decisions,  


Theoretically, the development of this propositions signs an interesting research field because many 
studies on this issue have a main focus on the strategic decision process instead of on the entrepreneurs’ 
mental model or cognitive style. By proposing the temperaments propositions as a way to address the 
strategic choices and strategic decision making process and the influence of the personal preferences, 
this study presents a model that may help to explain how an entrepreneur perceives the business 
environment and, in doing so, how she or he uses his or her cognitive style or mental model to make 
choices and decisions. 


As the business environment is in a rapid transformation and requires entrepreneurs to brings forward or 
reacts to challenges and threats and the opportunities that appear and disappear, by knowing the one’s 
mental model or temperament, it may be theoretically possible to make previsions about her or his 
chance to succeed in the strategic choice process and in the decision that will be taken in running the 
enterprise. In this way, this proposition may be an alternative direction for the definition of 
entrepreneurs’ mental models, that is, their personal characteristics and their influence in the strategic 
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choice and decision making processes. But, this is an answer that only empirical research may confirm or 
disconfirm.  
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Abstract 


In the search for increased operational efficiency to the measurement of organizational results focuses on a strategic 
issue is essential. The preparation of the diagnostic performance of public transportation in the central area of Rio 
Grande do Sul has the capacity to show in a clear the scenario about the provision of its service by adopting 
indicators as a tool capable of measuring the performance of each attribute bound to provide the services. The 
general objective of this study is to evaluate the logistics performance of passenger transport in the central region of 
Rio Grande do Sul. In order to be possible to achieve the objective was a methodology to diagnose and evaluate the 
performance of the sector which encompasses the road transportation from the central region of Rio Grande do Sul. 


Keywords: Performance evaluation, Logistics, Competitiveness. 


1 Introduction 
The first regular bus line in Brazil appeared on the streets of Rio de Janeiro having very simple models 
with capacity for very few passengers. This model, theoretically basic was evolving as long as the urban 
growing was imposing the necessity of a transportation that could supply the bigger demand of citizens 
who needed to accomplish their daily tasks. However, as important as the quantity of passengers that can 
be transported nowadays, is the quality of the services provided by the companies responsible for it. 
Vasconcellos (2001) explains that this system of movement is a fundamental element in displacement of 
the labor force in cities, due to the physical separation between the places of work, study, housing, leisure, 
among others. 


The inefficiency of public transportation leads to a series of consequences. According disclosures of the 
IPEA (Institute of Applied Economic Research) on the day may 25, 2011, in ten years the demand for 
public transportation in Brazil fell by 30 %. On the other hand, the sale of motorcycles grew 19% and cars 
9 %. For Márcio Fortes, Minister of cities, the fascination with the automobile is undeniable; however, it 
must be an auxiliary, not the main mean of transportation. 


The increasing number of cars in the streets pollutes the urban space, cause a greater number of 
congestion and also of pollutants emission, reflecting negatively on public health. A specific study about 
the public transportation, which will contribute to improve the quality of the service provided by the 
responsible companies, may help in slowing down the problems involved with the growing use of 
individual vehicles exposed previously. 


From the issues presented, this study aims to diagnose the logistical performance of passenger 
transportation in the central region of Rio Grande do Sul, through the rise of information about the means 
of performance and the basic logistical processes involved in the provision of this service of the 
companies active in the central region of Rio Grande do Sul. It is intended to develop a system of 
diagnosis for assessing the performance of the transport of passengers and from the results found, it’s 
intended to present a pre-diagnostic operational-logistic of the companies’ performance. 
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This study was elaborated due to the growing importance of the service sector of urban passenger 
transportation on the national economy and in the development of cities. The need for an evaluation of 
the performance of the services offered by operators, the supply of regular services to passengers, 
operational efficiency and costs which are compatible with the economic reality, adding value to the 
service provided and the increase in productivity it elaborates a continued effort on the study and 
application of forms of improvement of its management. 


2 Public transportation system 
In the 70s, 60% of the population lived in the rural environment. (EMBRAPA, 2006) From this decade on, 
there was a great growth of the population, and also of the occupation of the cities, overcoming today, 
more than 200 million from which 80% live in urban areas. The process of the urban expansion areas is 
not at the same pace of a few decades ago, but its consequences are very visible. 


In a large part of the Brazilian urban space the occupation of the cities was made in a disorganized 
manner and without any planning and presence of the public authorities, in such way that irregular areas 
were used for the construction of houses and other essential public services were affected, among them, 
the public transportation. What can be observed today on this service in the majority of the Brazilian cities 
and "the formation of a tangle of bus lines operating with great waste of time and cost". 


One of the solutions to contain the increase of individual vehicles is the investment of the companies 
responsible for the collective transportation in the infrastructure of the buses, a better definition of routes, 
extension and frequency of services, for example. However, in order to make these measurements more 
effective and done in a shorter period, diagnose the current situation of the transport system relying on a 
prior assessment on the provision of the service and the views of users themselves is of utmost 
importance.  


For Matau (2008) the reality cannot be explained by a simple description from the point of view of the 
planner, but by different interpretations given by the authors involved. Through the diagnosis, the 
companies responsible for the improvement can focus on strategic points of maintenance, proposing 
resolutions with higher dynamicity and aiding in their planning. Galindo (2009) mentions that the success 
of planning requires an adequate understanding of the object, which includes the understanding of its 
completeness and systematization of requirements needed to define and achieve a satisfactory condition 
of the object. Plane (1995) mentions that plans with a shortage of application tools generate only lax 
policies. 


Therefore, diagnosing the performance of the companies of public transportation is a fundamental tool 
for the continuous use of vehicles for public transportation, because this study would help to ensure the 
correct planning of companies, as it helps in the understanding of reality with the view of the passengers 
and fulfills its role to assist in the subsequent stages of the process. Through the exposure of the reality 
itself of the public transportation companies can guide their investment in more important issues 
according to the passengers, offering an equivalent service to the level demanded by them, with no waste 
of money. 


3 Performance and Evaluation Diagnosis 
The decision-making within any company, especially in terms of the passenger transportation sector, is 
previously based on an examination of the current situation of the company and its customers.  


To consider the parameters of the relationship between the service provided and the satisfaction of the 
client the situational analysis is used. The analysis does not always give priority to obviousness, and it 
often, is to refrain from the internal conditions of organization and the external factors which the 
passenger transportation service is subject. The indication of the direction to be taken by the company is 
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often dictated by means of an examination of performance, which comes to operate as an indication for 
the formulation of new goals and organizational review. 


Considering the factors involved in the passengers’ transportation, it is needed to emphasize that anyone 
who defines the growth of a service is the customer, in the event, the passengers. Therefore, the 
knowledge of the external situation of the situational analysis must pass by the mapping of placements in 
the view of the passengers. 


With the purpose of measuring its actions and parameterize the performance of the company, in addition 
to be located on the external factors of the passenger transportation service, it can deploy an evaluation 
and measurement system of its service. The act of measuring involves a series of activities and techniques 
that aim to quantify variables and attributes of interest from the object to be analyzed, with the goal of 
improving the understanding of its organizational reality, enabling better decisions and actions to be 
taken in the future.  The measurement is the essence of planning, because it provides a clearer perception 
of the current aspects of the system. Hnorec (2001) says that "the measures of performance are vital signs 
of the organization, qualifying and quantifying the way the activities of a process reach its goals, in 
response to the question: how do you know?”. 


There are basically two types of measurements: quantitative and qualitative. The quantitative 
measurement uses the numbers that result from such measurements to make comparisons and keep the 
records of the assessment of the overall performance. However, in certain situations, the information 
obtained cannot be quantified. Now, when the strategic focus is to find out what is important to the client 
and why it is important, the qualitative measures are more efficient. Through this, it gets particularities 
and individual interpretations, which are useful for a different positioning of the company. 


As important as measuring the performance is to evaluate it. According to Siluk (2007): nowadays, 
managers tend to understand that the measurement of performance gave rise to the assessment of 
performance and that the assessment is a wide, cyclical and continuous process. A continuous assessment 
of the performance of the organization allows the achievement of its goals, and entices them to seek the 
desired results. 


The assessment differs from the measurement, because it is based on value and it is imposed standards, 
specifications, values and judgments, to determine whether the performance meets the needs of the 
customers or process (SINK AND TUTLLE, 1993). However, in order to be measured on the basis of 
information, data and facts there is an essential element that precedes the assessment, the performance 
indicators. For the preparation of a performance indicator (LIMA, 2001) mentions a kind of roadmap to be 
followed (Figure 1). 


 


Figure 1: Flow chart for the preparation of performance indicators. Source: Adapted from de Lima ,2001. 


Also, the importance of monitoring such information with the use of statistical systems, models of graphs 
and analysis of series is noteworthy. It is emphasized that the importance of monitoring these information 
systems using statistical models, graphs and analysis of series.The use of performance indicators, together 
with the questions of formulation, is the basis for the establishment of an efficient system for evaluation 
of performance and performance measurement. When defined the constituents of the indicators, they are 
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the ones that will give support to the subsequent trials set by the system of evaluation. As well as the 
process of measurement, both qualitative and quantitative, can only be deployed when there are 
parameters to be analyzed, because the act of measuring implies to quantify variables and attributes of 
interest of the object, but which need to be previously defined. Therefore, if the decision-making of 
passenger transportation companies is based on the understanding of the scenario on the point of view 
of users, which is established by the measurement and evaluation of performance, dependent on the 
indicators, it is emphasized that this is essential for the recognition of the main demands of the users and 
thus for the maintenance of a quality service. 


Yet, the author mentions that there are twelve main factors that determine the condition of the service 
provided. They are: accessibility, frequency of attendance, travel time, manning, reliability, safety, vehicle 
characteristics, characteristics of the places where the bus stops are, system of information, connectivity, 
behavior of operators and condition of routes. Taking into consideration this observation used as a 
reference for the development of diagnostic and assessment, are proposed in Table 1 the indicators, its 
definition and scope, and the factors that compose it, interconnected and correlated that will serve as the 
basis for the evaluation of performance of the sector. 


Table 1: Proposal of indicators for the performance assessment of the sector. 


INDICATOR DEFINITION SUB FACTORS 


IA - Accessibility It refers to the distance travelled by the passenger as well as the 
comfort until the/from the point of origin/destination of the trip 


1.3 Average distance. 1.4 Number of 
passengers per kilometer. 


ID - Availability It refers to the existence of vehicles circulating in sufficient 
quantity to meet the demand. 


2.1 Deletion of schedules rate. 


IR - Speed It refers to the duration of a trip between the points of origin 
and destination. 


3.1 Total traveling time. 
3.2 Average speed. 


IT - Treatment Refers to the care and ways of expression used to passengers by 
the collaborators of transport companies. 


4. 1 Customer satisfaction rate.    
4.3 Complaints rate. 


IC - Comfort Refers to the sensation of well being in the points of the 
shutdown terminals for loading/unloading or during travel. 


5.1 Availability of seats. 
5.3 Average occupancy rate. 


ICON- Reliability It refers to the degree of certainty of the customers that the 
vehicle is going to happen in origin and reach the destination of 


the trip in time. 


6.1 Punctuality rate. 
6.2 Average waiting time at the bus stop. 


6.3 Frequency of breaking downs. 


ISEG - Safety It refers to the incidents and accidents to vehicles and acts of 
violence within the same and at the point of arrest. 


7.1 Accidents with passengers rate. 


IMOD - 
Moderateness 


It refers to the value (tariff) that customers pay for carrying out a 
trip. 


8.1 Disbursements with transportation 
rates 


Source: Adapted from Ferraz 2004 


Ferraz et al. (2004) says that the accessibility (IA) is linked to the ease of access to the place of 
embarkation and disembarkation in travel. The availability (ID) is linked to the time interval and the 
quantity of vehicles. The speed (GO) is related to the time in the interior of the vehicle. The behavior of 
the operators (IT) is associated with the way of driving and courtesy of operators. The comfort (CI) is 
linked to the state of preservation, and accommodation of passengers. The characteristics of the bus stops 
aim for accessibility and comfort of these places. 


The reliability (ICON) is correlated with the degree of confidence in timetable of departure and arrival of 
the vehicles. The security (ISEG) is linked to accidents involving vehicles of collective transport. And finally 
the moderateness (IMOD), which is related to the amount paid by customers for the service provided. So 
that this work could serve as a support to the managers in their decision making, and the need for the 
model to present a general index as a way of viewing the performance of the objective in question, it was 
decided then, to develop a general indicator of performance of road passenger transportation, called: 
Index for the Evaluation of Operational Performance (IADO) of Road Passenger Transportation. 
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The IADO was prepared from eight predicates or selected indicators in the table illustrated above and it 
will be obtained through a weighted arithmetic average of eight partial indices as the formula highlighted 
in Equation 1. 


IADO = 0,15IA + 0,10ID + 0,08IR +0,15IC + 0,12IT + 0,12ICON + 0,10 ISEG + 0,18 IMOD                        (1) 


Where:  


IADO: Assessment of Operational Performance rate;  
IA: Accessibility rate;  
ID: Availability rate; 
IR: Speed rate;  
IT: Treatment rate; 
CI: Comfort rate; 
ICON: Reliability rate;   
ISE: Safety rate; 
IMOD: Moderateness rate;  


 


 It is suggested that the general indicator, called Assessment of Operational Performance Rate (IADO), be 
calculated monthly or quarterly from the sum of the standardized notes assigned to each indicator, 
respected the weight of each one, as shown in Equation 1. Exposed the considerations on the indicators, 
calculation formula and sub factors involved, it is proposed the performance assessment model based on 
benchmarks of quality of the service provided. Exposto as considerações sobre os indicadores, fórmula de 
cálculo e subfatores envolvidos propõe-se o modelo de avaliação de desempenho baseado em 
referenciais de qualidade do serviço prestado. 


4 Methodology 
The methodological issue used in the performance of any scientific work consists of the necessary ways 
for the development of a research, where the methods, in general, seek to ensure the objectivity needed 
in the treatment of facts, involving truths and local interests, and has as its main purpose to offer 
solutions to the problems of scientific research. Initially, for this study, information will be raised through a 
review of the literature related to the activity of passenger transportation, which serves as the basis for the 
preparation of this work. 


Later, primary data will be collected through interviews done by a standard questionnaire developed by 
the Center for Innovation and Competitiveness (NIC), aiming to identify perceptions and attributes of the 
performance of the provision of service to the transport of passengers, that at a later time, there will be a 
descriptive analysis of the performance of passenger transport companies in Central Region of Rio Grande 
do Sul with the objective of identifying and characterizing their performance. 


In order to better characterize the field of study, the city of Santa Maria located in the Central Region of 
the State of Rio Grande do Sul was adopted for the development of field research that will result in a 
study of multicase to be contemplated in this project. To Callado et al. (2007), the field of research should 
be defined on the basis of the accessibility of data, the objectives and the costs for the implementation of 
the research. At this stage it will be adopted the method of action research. Action research is thus placed 
by Franco (2005) and is a method of research that combines various techniques of research, where it must 
be created a collective, participatory and active structure, on the capture of information, therefore 
requiring the participation of the people involved in the problem investigated. 


The choice of the method of action research is due to its characteristics which are: the direct relationship 
with the practice; the ordered structure; the flexibility and adaptability, without failing to be systematic. 
Lingdgren et al. (2004) characterized the action research as well as interventional method, which allows 
the researcher testing hypotheses about the problem in analysis, providing the deployment and access 
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the changes in real time. In this form of research, the researcher assumes not only the responsibility of 
assisting with the facts, but also he/she will be able to apply the knowledge. In a third time, having all the 
information raiser, it will be proposed to elaborate a diagnosis system for assessing the performance of 
the active companies transportation in the sector, as well as the presentation of a logistical diagnostic and 
operational performance of these companies. 


4.1 Calculation of sample size 
For the relevant assessment to the performance of the passengers transportation of the city of Santa Maria it 
will be used a sampling plan with 95% confidence interval, and maximum margin of error of 5 percentage 
points (5 %), which is considered the largest variance possible. For the calculation of sample size the 
following equation will be used: 
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Where: 


5,0ˆ p  Proportion related to a bigger variance. 


e  is the tolerable margin of error, in ths case 5%.  


2/Z  is the value of the normal distribution, 1,96.  


N is the size of the population, in this case 20000. 
 
The target population of the study is constituted by the users of the companies of regular lines of road 
transportation from the city of Santa Maria. Interviewees were selected at random in different places of 
the city, among them, the bus stops. After the implementation of the instrument of research and the 
tabulation of the data, descriptive analysis were performed, which were also analyzed possible 
relationships between the variables observed in the study, of which they performed as an aid to the 
spreadsheet of Excel and SPSS software. Subsequently, it was created an indicator to verify the level of 
performance of road passenger transportation, being this indicator obtained through the relative 
frequencies of opinions. 


5 Public Transportation in the central Region in Rio Grande do Sul 
The main responsible companies in the sector of public transportation in Santa Maria are currently part of 
the Transporters Association of Santa, the ATU. This is a non-profit organization, founded and organized 
with the objective of the study, co-ordination, protection, representation and recognition of its associates 
and everything else that relates to the interests of the collectivity that is established. 


The ATU is composed by the following companies: Traffic Midwest, Express Mediatrix, Gaboardo 
Transport, Salgado Filho and Express Our Lady of Sorrows. Each of these companies covers a specific area 
of the city of Santa Maria and region, and is responsible for the transport of passengers. 


One of the innovative measures in public passenger transportation in Santa Maria is the creation of the 
SIM: Integrated Municipal System. The integrated card works as an advantage in the second trip to the 
users who use more than one bus in its displacement, within a range from 40 minutes after the landing of 
the first bus. The discount always occurs in the second bus, and the user has up to 40 minutes after the 
landing of a bus to the shipment of the second, knowing that the counting is done from the exit of the 
bus and not from the passage in ratchet. Among the forms of registration there is the Vale Transporters 
Integrado that is used by workers who receive transportation stipend from the companies they work for. 
There is also the OI, integrated workman, designed for domestic workers, the CI integrated citizen, 
designed to any citizen of Santa Maria de and finally the EI, integrated student. 
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The intention must not be despised, because it really helps people who live in far neighborhoods in 
relation to its destination in the city, who need more than a bus. However there is one factor that 
attenuates the possible benefits, which is the increase in the price of the ticket. It is important to 
remember that in less than a year the figure rose from R$1.80 to R$ 2.30, an increase of 0.50 cents that 
generates mistrust among the citizens of Santa Maria. 


However, it is emphasized that the quality of public transportation covers a range of factors that go from 
the situation of the bus to the state of the bus stops, frequency of travel, not just the price of the tickets. 
For this reason, the realization of a broader analysis of public transportation in Santa Maria is one of the 
main objectives of this project. For this reason it will count on the elaboration of a research tool, depicting 
better the view of the main responsible for the growth of companies in the sector, the passengers. 


The instrument will approach issues also relevant as the price of the tickets, such as the frequency of trips, 
the situation of the bus stops, punctuality, number of vehicles on the road, safety in its conduction, the 
main problems in travel, among others. After the count of the data, a logistical operational diagnosis will 
be carried out so that companies are able to know clearly the factors that are more sensitive to the eyes 
of the passengers, as well as to those who are carrying out its duty. 


6 Case study 
As described in the items above, it is intended to evaluate the logistical performance of passenger 
transportation in the central area of Rio Grande do Sul, and having this objective a diagnosis was 
established to verify the profile of those interviewed, and also related data that cooperate to identify the 
performance of active companies in the sector, focusing on the different services that encompass the 
transportation of the city of Santa Maria.  


6.1 Characterization of users 
The characterization of the users count on issues related to gender, age, education, occupation and 
income, frequency of travel, reason, destination and origin. By calculating the size of the sample by the 
formula mentioned in the methodology, we interviewed 385 passengers, at different points of the city. 


It’s visible in Graph I that 62.5% of the people interviewed were women while 37.5% were men. In the 
second Graph, related to education, it is seen that 78% of the respondents are enrolled in or have not 
completed the higher education, observing that the majority is at the university and the other levels of 
education are distributed with similar proportions among themselves. 


In the indicator age, in the Graph 3, 73% of the respondents are under 25, followed by 19% which are 
between the ages of 26 and 40, thus characterizing a very young population. According to the profession, 
it can be seen in the Graph 4 that 78% of the respondents are students; these proportions are due to the 
fact that the city is a university center of reference in the state of Rio Grande do Sul, as shown in Figure 2. 


One can also identify the users by the frequency of trips, where it was found by the Graph 5 that 69% of 
the respondents use the transportation daily, followed by 13% who uses it weekly, characterizing a 
population that makes great use of this mean of transportation. The reason for travel, presented in the 
Graph 6, is that 69% of the respondents use the transport for reasons of study, followed by 16% who uses 
it to work. 
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Figure 2: Diagram of the proportion of the characteristics of the users of road passenger transport. Source: Prepared 
by the authors 


 


It was also found that the majority of the origins and destinations are related with bus lines used by 
students. The main characteristics of the transportation users in Santa Maria are related to the profession, 
where the majority is at university, aged up to 25 years old, using the services daily. 


6.2 Assessment of road passenger transportation in the central region of Rio Grande 
do Sul 


Through the proposal of performance evaluation suggested by this work and, aiming to show the 
applicability of the proposed model, it had its application in the sector of road passenger transportation 
in the central region of Rio Grande do Sul. As it was already mentioned in item 3 of this study, the use of 
performance indicators, together with the formulation questions, is the basis for the creation of an 
efficient evaluation system and performance measurement. 


From the methodology described above and the way it was defined by diagnosing and evaluating the 
performance of passenger transportation, the Table 2 represents the indicators used. The suggested 
method is to find the corresponding rate to each of them respectively, taking into consideration a 
quantitative combination of the sub factors, which involves an allocation of the concerning weight, as a 
named form of considering the different degrees of importance in terms of contribution to the overall 
effect. 


From the result above exposed by Table 2, which included the individual depicting rates to each of the 
eight indicators, some of the assessments can be started regarding the performance of the service of road 
passengers’ transportation of the city of Santa Maria. 


The results associated to the objective of this study show a rate of the inefficiency of the sector, the 
companies and the provision of road passenger transportation services in the central region of Rio 
Grande do Sul. According to the proposed model the low rate presented in the indicators used IC and 
IMOD, which show concomitantly the dissatisfaction of the people involved about the lack of action, the 
deference of the capacity of manning the means used to provide the service and the amount paid by the 
users of those services, can be warned. 


Through the proposed model applied in this case study, indicators that relate to the performance of the 
point of view favorably in relation to the reality of the service offered were also identified. The indicator IT 
alludes to the issue that it addresses the education and courtesy given to users of the system, appears 
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with greater rate, followed by the indicator ICON, which is related to the punctuality of origin and 
destination of the execution of the services offered to users. 


Table 2: The Result of the indicators and their respective performance rates. 


Indicators Weight Index 


IA- Index Accessibility; 15 8,94% 


ID – Index of Availability; 10 6,25% 


IR - Index of Speed; 8 5,40% 


IC – Index of Confort; 15 0,75% 


IT- Indice of Treatment; 12 9,45% 


ICON -Índice of Realiabity; 12 7,84% 


ISEG - Índice of Segurity; 10 8,75% 


IMOD – Índex of Modica; 18 1,73% 


TOTAL 100 49,1% 


 


Even with the primary findings described above and in order to get the overall performance of the sector 
ready, it was decided to apply the equation of IADO, which was already described in item 3, and whose 
elaboration is made from the eight predicates or selected indicators and will be obtained by using a 
weighted average of eight partial indices as formula highlighted in Equation 1. 


With the purpose of confirming the evaluated performance, the Contents of Evaluation of the Operational 
performance (IADO of the road passenger’s transportation from the central region of Rio Grande do Sul 
of 5.78) was found. The result was compared to the regulatory grade shown in Figure 3, this rate with a 
variance of 0 (zero) to 100 (one hundred) and which is framed in one of the five levels of performance 
carefully distributed on the basis of a meta-based called minimum performance acceptable. Figure 3 
presents the proposed distribution. 


                    


Figure 3: Performance levels distributed. Source: Matheus, 2006. 
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7 Conclusions 
This work aimed to diagnose the logistical performance of passenger transportation in the central region 
of Rio Grande do Sul, through the rise of information about the way of performance and the basic 
logistical processes involved in the provision of the passenger transportation service of the active 
companies in the central region of Rio Grande do Sul. The evaluation of the performance is an essential 
procedure to control and improve the services offered. The necessity to evaluate the performance of road 
passenger transportation is seen as extremely important, being its inefficiency the cause of migration for 
the individual transportation, and generation of advancement in congestion and pollution in urban areas. 


In this article, it was suggested a model for the assessment of the logistical performance of road 
passenger transportation, considering that a criteria for evaluation, by considering a level of significant 
performance, was adopted. The result presented, the IADO of 5.78, was evaluated as an inefficient rate, 
being perceived also by the high degree of general dissatisfaction of the users of the service. The 
determination of the results obtained by the participating companies in the study took place by means of 
indicators which show the great importance of having them for the critical analysis performed to diagnose 
and evaluate the passenger’s transportation in the central region of Rio Grande do Sul. 


It is understood that in order to have improvements in the sector, managers need indices that translate 
with greater clarity, the quality of services offered to users, and that reflect, in a general way, the 
economic-financial balance of the system, and this was the objective of this study. It is possible to state 
that the objectives of this study were achieved; reporting through the proposed model the situation the 
sector studied is facing, with no intention to exhaust the possibilities for studying in the sector. 
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Abstract 


This paper aims to diagnose the climate for innovation in different economic sectors in the region of Vale do Rio 
Pardo (Rio Grande do Sul - Brazil) using as basis the Hierarchical Cluster Analysis (HCA) and the Innovation Radar. The 
present survey covered companies in the Mechanical, Chemical, Petrochemical, Services, Food and Information 
Technology (IT). According to the HCA, it appears that the sectors studied in this work can be divided into three 
groups: brown, red and green. The brown group is comprised by the chemical and petrochemical industries, green is 
formed by the mechanical industries and services and the red group is composed by the food industry and IT. The 
results obtained by HCA are used to maximize and support the analysis carried out by the Innovation Radar. 
According to the analysis performed based on the radar, it appears that the red group has a higher amount of 
climate-friendly innovative features, so this group is considered the most innovative within the scope of this research. 
The brown group is considered less innovative than the red and the green group has the least amount of climate-
friendly innovative features, hence this is the least innovative. The results based on HCA confirm and complement the 
results of a quantitative acquired under the radar of innovation. Based on this premise, it is concluded that the HCA is 
a valid tool to help diagnose the climate of innovation.  


Keywords: climate of innovation; innovation radar; hierarchical cluster analysis. 


1 Introduction 
The technological and global society presents us with new challenges filled with socioeconomic needs, 
emergencies and opportunities. This feature encourages the organization's competitive advantage 
through the generation of products, processes and services. For this, it is necessary an organizational 
environment conducive to creating something new. According to Joseph Schumpeter (1961) innovation 
occurs when a new product is launched in the consumer market or when a new production method is 
used by a company. The exploitation of these products, services or processes can generate 
unprecedented competitive advantage to the organization, so the medium and long term, innovation is 
essential for the sustainability of companies and countries in the future. 


Research related to organizational climate had a major development in the U.S. in the mid-60 due to work 
done by Forehand and Gilmer (1964), Pelz and Andrews, Litwin and Stringer (1966). In Brazil there is a 
growing research and development work related to the subject in order to diagnose the climate and 
innovativeness of enterprises. This fact can be verified by the number of papers, dissertations and theses 
that address this issue, as well as the growing number of Letter Patent granted in recent years. According 
to Coda (1992), research related to job satisfaction are important mechanisms to verify and innovative 
organizational climate.  


In this context, this paper aims to diagnose the innovative climate in the sector food, mechanical, 
petrochemical, chemical, services and IT of the Vale do Rio Pardo (RVRP) - RS - Brazil. This process is 
accomplished by HCA and Radar Innovation. The contents of the article is organized as follows: section 2 
discusses the research related to the innovation process in Brazil, section 3 deals with the scales and tools 
used in this work to diagnose the creative climate, section 4 presents the methodology used to develop 
the work and section 5 discusses the results and analysis.  
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2 Innovation  in Brazil 
The information covered in this section refer to surveys conducted by different agencies and is intended 
to inform regarding aspects of the innovation process in Brazil.  


According to research of The Global Innovation Index Brazil takes up the 47th position in the ranking of 
innovation among 125 countries surveyed (WIPO, 2011). This degree is calculated based on the analysis of 
environments conducive to innovation.   


The research conducted by WIPO (2011) points out that Brazil has qualified human resources to innovate, 
however, there are some weaknesses that need to be improved or reconsidered. According to the survey, 
the country's infrastructure is the most critical aspect to be improved to facilitate favorable conditions for 
innovation.  


According to the survey Current Stage of Innovation Management, conducted by Innoscience Consulting 
(2011) and the IEL (Regional Center of the Institute Euvaldo Lodi), at the 3rd International Congress of 
Innovation, it was found that 91% of survey participants consider innovation as a strategic priority and 
79% plan to increase investment in innovation during the year 2011.  


The increase in capital is due to meet to the company's growth. According to the survey, 64% of 
respondents are satisfied or very satisfied because of the innovation brought about by financial return, 
however, it appears that less than one fifth of the participants are very satisfied with the results brought 
about by innovation.  


The research, Technological Innovation Survey, conducted by ABDI (Brazilian Agency for Industrial 
Development) (2010), found that 70% of large Brazilian companies investing in innovation. This survey is 
conducted quarterly with industrial companies with 500 or more employees. There are approximately 
1,650 companies with this feature in the Brazilian industry and this whole was performed on the sample.  


The information indicated possible to conclude that Brazil has the potential for innovation to be explored, 
however, the country's infrastructure proves to be the main negative aspect of innovation.  


3 Scales and Tools 
The tools and scales used to diagnose the organizational climate are considered strategic mechanisms to 
manage human resources that are part of an organization. These mechanisms make it possible to create 
conditions to diagnose and manage the quality of work life by identifying the source of the problems 
related to employees.  


The most widely used mechanism for diagnosing the organizational climate is the SOQ (Situational 
Outlook Questionnaire), proposed in 1999 by Ekvall. This mechanism is the result of more than 50 years of 
research by Ekvall during the twentieth century and was developed by re-reading of organizational 
diagnosis model CCQ (Creative Climate Questionnaire), developed in 1983 by Ekvall.  


The CCQ consists of 10 factors (challenge and involvement, conflict, debate, dynamism, freedom, idea 
support, idea time, risk-taking, trust/openness, playfulness and humor) each factor is composed of five 
questions (Ekvall , 1996). Table 1 concisely presents concepts related to the 10 factors that make up the 
CCQ.  


Table 1: Concepts relating to the factors of the CCQ 10. 


Factor  Concept  
Challenge and Involvement  Degree to wich people are involved in daily operations, long-term goals and visions. 
Conflict Presense of personal and emotional tensions in the organization. 
Debate  The workplace should stimulate discussion of new ideas. 
Dynamism  Dedication, willpower, strength of character, are elements that instigate the creation.  
Freedom  Grant autonomy and space for the employee to carry out their activities freely.  
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Idea Support  The ideas and suggestions are received in an attentive and professional way. 
Idea Time  Period dedicated to conducting research, setting objectives and goals.  
Risk-Taking  Do not be afraid to create, innovate and accept challenges are positive traits in employees. 
Trust/Openness  Mutual respect, confidence in the character of co-workers, are essential.  
Playfulness/Humor  The workplace should provide an entertaining atmosphere.  
Source: Ekvall, 1996.  


The SOQ is used by several authors (Lamers, 2007; Cabra, Talbot, Joniak, 2005; Isaksen, 2007; Isaksen, 
Lauer, Ekvall, 1999; Isaksen, Lauer, 2002; Crespo, Wechsler, 1999; Plebani, 2009), and that each author uses 
the model CCQ as a reference point for the development of SOQ to meet the needs of the context 
analysis.  


Depending on the context under consideration, the authors create different SOQ comprised of different 
dimensions that are relevant to the context in which organizational climate analysis is performed. After 
application of the SOQ to check the organizational climate in the organization, you must perform the 
analysis of data on this mechanism. The analysis covered in this paper correspond to HCA and Radar 
Innovation.  


According to Scherer, Bignetti and Charlemagne (2009), the radar is an innovative instrument that covers 
the various dimensions of business, innovation intensity and the degree of dependence. It is constructed 
from rays that start from a central point, each ray represents one dimension of the business in which 
business can innovate. The data are represented in this mechanism by the Likert scale.  


The Likert scale is a type of psychometric response scale used in questionnaires and was proposed by 
Rensis Likert in 1932(Bertran, 2004). This scale requires respondents to indicate the degree of agreement 
or disagreement with statements regarding the attitude being measured. Statements of agreement 
should be given high or positive values while the unfavorable statements should receive low or negative 
values.  


The method considered in this work to perform the data analysis of the organizational climate is the HCA. 
The applications of HCA are diverse and include various branches of knowledge such as Psychology, 
Social Science & Medicine, Geology, Chemistry, Engineering, and others (Mingoti, 2005). In this work, this 
technique is used for the same purpose for which it was proposed, ie, is used to verify the similarity and 
differences between the samples that comprise the universe of the study. In the context of this work, the 
variables are represented by the ten dimensions of the CCQ and the samples are represented by branch 
of economic sectors in the services, mechanical, chemical, petrochemical, food and IT.  


The HCA connects the samples by their associations, producing a dendrogram where similar samples are 
grouped together. The parameter considered in this process is the measure of distance between samples. 
In this case, the smaller the distance between samples, the greater the similarity between them and the 
greater the distance, the greater the difference between the samples (Mingoti, 2005). The next section 
covers the methodology addressed to develop this work.  


4 Methodology 
According to Santos (2004), the methodology used to develop this research is characterized as 
exploratory and descriptive. The literature aspect of this work resulted in the identification of concepts, 
methods and scales that refer to organizational climate, as well as some characteristics related to the 
innovation process. At this stage we built a mechanism to diagnose the creative climate of some 
companies from RVRP. The methodology described is contemplated in the application form developed to 
diagnose the creative climate in companies located in RVRP.  
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5 Methodological Procedures  
This section is divided into three stages: the first includes the development of the questionnaire used to 
diagnose the climate of innovation RVRP companies, as well as the validation of this mechanism. The 
second stage covers the process of choosing the companies participating in this study and the 
questionnaire, and the third stage presents and analyzes results.  


First stage 
From a study of methods used to observe the climate of innovation, we chose to use the SOQ as a basis 
for constructing the questionnaire discussed in this research. The questionnaire consists of ten dimensions 
of the CCQ and has 41 questions related to diagnosis creative. Each factor is composed of four questions, 
unless the dynamic factor which has five. The Likert scale with 5 points was used to quantify each item 
that can take one of the following states: never, rarely, sometimes, often and always.  


The validation of the questionnaire consisted of items with their analysis of the frequencies given the 
participants' responses. In this analysis with the companies, it was observed that the items were clearly 
exposed and good understanding, because only items 15, 24 and 25 had low-frequency (94.55%), whereas 
the desired value is 100%.  


Second stage 
To identify the companies participating in this research was to determine which cities would have to 
contemplate. The method discussed uses to make this process as a reference COREDE – Regional 
Development council of Rio Grande do Sul (2011), which divides the RVRP three micro-regions (southern, 
central, north). This diagnosis was made by consulting the reports of the IBGE (Brazilian Institute of 
Geography and Statistics) (2011), for the period of 2009. Based on these criterion, the cities that comprise 
the scope of the research are: Santa Cruz do Sul (micro center), Rio Pardo (south) and Sobradinho (north).  


After, we identify the companies participating in this study. This process was carried out in consultation 
with the Records of Companies of the Federation of Industries of Rio Grande do Sul (FIERGS, 2009), in 
order to find companies that are located in at least one of the cities of RVRP. The criteria considered to 
select the firm based on the number of patents or trademarks for the same. Based on this information, we 
selected companies with the largest number of patent applications and trademark. The identification of 
patents and trademarks of a company was based on searches performed on the database of the National 
Institute of Industrial Property (INPI, Brazil), and on the basis of European Patents.  


The companies identified were invited to participate in this project. This process was conducted by 
telephone contact to schedule a meeting with the leader of the selected firm. At the meeting the 
objectives of the study were explained and the form for data collection was given to charge. In some 
situations it was not possible to schedule a meeting with the company, in this case, the form was sent via 
e-mail. 


The questionnaire took place during 2010 and was a process carried out on individual business lines. In 
this case it was decided that the questionnaire would be applied to the sector responsible for the research 
and development (R & D). Upon completion of this process, questionnaires were collected in companies, 
except when this process was conducted via e-mail. 


Third stage 
The data obtained from the questionnaires were treated in a quantitative manner in order to establish the 
Middle Ranking (MR) of the data on the questionnaire. In this case, the data presented in Table 2 are for 
the averages of each economic sector to a certain size. This process was performed in OppenOffice Calc 
software version 3.3, 2010.  


The first analysis performed on the data set presented in Table 2 corresponds to HCA. This analysis was 
performed on six economic sectors (IT, food, mechanical, chemical, petrochemical and services) and on 
the 10 factors (challenge and involvement, conflict, debate, dynamism, freedom, idea support, idea time, 
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risk-taking, trust/openness, playfulness and humor). The statistical treatment of data was performed in 
Pirouette software version 3.11. To obtain the dendrogram were used euclidean distance and the 
incremental method of connection.  


The second analysis was performed on the model of the Innovation Radar. This analysis was performed 
for three groups: IT and food, chemical and petrochemical, mechanical and services industries. The range 
covered in this mechanism represents a 5-point Likert scale. This analysis was carried out in software 
version 3.3 Calc OppenOffice 2010.  


6 Results and Analysis 
This section is divided into two stages: the first presents the data regarding the companies that agreed to 
participate in this research. The second stage presented the results obtained by running the Radar 
Innovation and HCA.  


First stage 
This step provides information regarding the number of companies RVRP participants in this study. The 
methodology used to conduct this process-related information addressed COREDE (2011), IBGE (2011), 
FIERGS (2009) and information about the database of the National Institute of Industrial Property (INPI 
Brazil), and based European Patent Office. This information was defined by the set of companies 
participating in this study. For ethical reasons the names of companies are not addressed in the survey. 


Agreed to participate in this research four food companies, three mechanic companies, two petrochemical 
industry, two chemical industry, eight companies in the services and 5 of the IT industry. The companies 
were grouped by the nature of economic activities they perform. It appears that the whole sample is 24 
companies RVRP. The total number of employees who responded to the questionnaire corresponds to 
105 people. Of these, 13 are in the food industry, the petrochemical 8, 21 mechanic sector, IT 23, 
chemistry 21 and 19 people in the sector of services. 


Second stage 
At this stage results are presented concerning the analysis performed on the data set presented in Table 
2. This table presents for each economic sector the RM regarding the dimensions covered in the 
questionnaire.  


The Table 3 presents the highest and lowest average for the ten dimensions. This framework was based 
on data presented in Table 2. Through analysis of these data, it appears that the services sector had the 
lowest average for nine of the ten dimensions addressed in this work, while the IT sector had the highest 
average for nine of the ten dimensions in question. 


Table 2: MR 10 for the dimensions for the six economic sectors covered in the survey. 


Source: From the authors. 


Food Mechanical Petrochemical Chemical Services IT 
Challenge 4 3,8 4 3,8 3,4 4
Freedom 4,3 3,6 3,9 3,7 3,2 4,4
Dynamism 3,7 3,2 3,7 3,6 3 4,2
Idea  Support 3,8 2,9 3,5 3,3 2,6 3,8
Idea Time 3,9 3,2 3,6 3,8 2,9 4,1
Conflict 4,2 3,9 3,8 4 3,8 4
Debate 4,2 3,2 3,8 3,7 3,1 4,2
Playfulness 3,4 3 3,3 3,6 3,3 3,7
Trust 3,9 3,4 3,5 3,5 3,1 3,9
Risk- Taking 3,8 2,9 3,4 3,2 2,6 3,8
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Table 3: Relationship between the highest and lowest averages for each dimension. 


Dimension or factor  Sector and the highest average by a factor Sector and the lower average by a factor  
Idea Support Food and TI = 3.8  Services = 2.6 
Conflict  Food = 4.2  Petrochemical and Services = 3.8 
Trust Food and TI = 3.9  Services = 3.1 
Risk-Taking Food and TI = 3.8  Services = 2.6 
Debate  Food and TI = 4.2  Services = 3.1 
Challenge Food, IT and Petrochemical = 4  Services = 3.4 
Playfulness IT = 3.7  Mechanical = 3  
Dynamism  IT = 4.2  Service = 3  
Freedom  IT = 4.4  Services = 3.2 
Idea Time IT = 4.1  Services = 2.9 
Source: From the authors. 


Upon execution of HCA, we obtained the dendrogram shown in Figure 1. This approaches the level of 
similarity between the economic sectors according to the chosen variables (10 dimensions covered in the 
survey), and the scale (0.0 to 1.0) above the dendrogram represents the similarity indices between 
samples (economic sectors).  


Figure 1: Level of similarity between the economic sectors. Source: From the authors.  


This dendrogram shows the formation of three groups when the similarity index is greater than 0.51. In 
this case, the group is composed of brown petrochemicals and chemicals, the red group is understood by 
the IT industry and food and the green group is formed by the mechanical and services sectors.  


Through analysis of this dendrogram, it appears that the greatest similarity index focuses on the group 
brown. For this group, the index presented in the dendrogram is equal to 0.82. Whereas the maximum 
degree of similarity corresponds to 1, the index recorded for the brown group is the highest among the 
sectors covered in this research. This means that the chemical and petrochemical sectors are most similar 
to each other when compared with others. The red group is formed when the similarity index is equal to 
0.78 and the green group is made when the similarity index is equal to 0.73. This means that the sectors 
that comprise a particular group have a higher number of features similar to each other.  


When the similarity index is below 0.51 the dendrogram shows the formation of a middle group 
consisting of red and brown groups. This means that these two groups are more similar to each other 
when compared with the green group. The dendogram also possible to see when there is the formation 
of only one group. In this work, this happens when the level of similarity is equal to 0, ie, the group 
average shows no resemblance to the green group. The results obtained with the application of HCA are 
used to maximize the analysis carried out by the Innovation Radar. In this context, the radar runs for the 
three groups identified by the HCA.  
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According to information presented in Table 3, the food and IT sectors have the highest MR for five of the 
ten dimensions addressed. Based on this premise and considering the degree of similarity observed for 
these sectors, innovation radar runs in order to verify the behavior presented by the sectors that comprise 
the red group.  


The Figure 2 presents the results in the form of radar to the five companies in the IT sector and the four 
food companies. Participated in this process 36 employees for the two sectors. Through observations, it 
appears that the sectors in question showed similar except for size and relaxation dynamism and 
playfulness. This fact is ratified by the similarity index seen by the HCA. Through analysis of the radar, it 
appears that the dimensions of freedom and challenge and involvement had the highest average for the 
sector food and live on the lowest average factor playfulness. For the IT sector the highest average on the 
scale lies freedom and less on the relaxation factor playfulness. This finding corroborates the behavior 
displayed very similar between these two sectors. 


 
Figure 2: Radar Innovation regarding the food and IT sectors. Source: From the authors.  


As observed by the HCA, the largest similarity index focuses on the chemical and petrochemical sectors. 
Based on this premise, the innovation radar runs in order to verify the behavior presented by the sectors 
that comprise the group brown. the Figure 3 presents the results in the form of radar to the two 
companies in the chemical sector and for two of the petrochemical sector.  


Participated in this process 29 employees for the two industries. Through observations, it appears that the 
sectors in question have very similar behavior to each other. This fact is ratified by the similarity index 
seen by the HCA. Through analysis of the radar, the factor challenge and involvement has the highest 
average for the petrochemical sector and the dimension playfulness apresents the lowest index. For the 
chemical industry lies the highest average on the scale conflicts on the factor and the lowest risk-taking.  
According to information presented in Table 3, the services sector has the lowest MR for nine of the ten 
dimensions. Based on this premise and considering the degree of similarity between the mechanical and 
services sector, the innovation radar runs in order to verify the behavior presented by the sectors that 
comprise the green group. 
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Figure 3: Radar Innovation regarding the chemical and petrochemical sectors. Source: From the authors. 


The Figure 4 presents the results in the form of radar to the eight companies of services and the three of 
mechanical industry. Participated in this process 40 employees for the two sectors. Through observations, 
it appears that the sectors in question have similar behavior to each other. Through analysis of the radar, 
the factor conflict presents the highest average for the two sectors in question and the dimensions risk-
taking and idea suport to have the lowest rate the two sectors. This finding corroborates the behavior 
displayed very similar between these two sectors. This fact is ratified by the similarity index seen by the 
HCA.  


Based on the analysis performed by the Innovation Radar, we can see that the red group has a higher 
amount of climate-friendly innovative features, in this context, this group is considered the most 
innovative within the scope of this research. The brown group is considered less innovative than the first, 
and the green group has the least amount of climate-friendly innovative features, consequently, this 
group is the least innovative.  


The results obtained with the HCA confirm and complement the results of a quantitative acquired under 
the radar of innovation. The radar makes it possible to ascertain whether the samples exhibit behavior 
similar to the dimensions, while HCA enables to see the index of similarity between samples. Based on this 
premise, it is concluded that the HCA is a valid tool to help diagnose the climate of innovation.  


 


Figure 4: Radar Innovation regarding the mechanical and service sectors. Source: From the authors. 
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7 Conclusion 
This study addressed two different techniques to diagnose the climate of innovation in different economic 
sectors RVRP understood by businesses - RS. The sectors covered in this research are related to the Food 
industry, IT, Chemical, Petrochemical, Mechanical and Services. By HCA economic sectors were divided 
into three groups when the similarity index is greater than 0.51. In this case, the group is composed of 
brown petrochemicals and chemicals, the red group is understood by the IT industry and Food and the 
group green is formed by Mechanical and Services sectors. 


The brown group is formed when the similarity index is equal to 0.82. The red group is formed when the 
index is equal to 0.78 and the green group is made when the similarity index is equal to 0.73. When this 
index is less than 0.51 there is the formation of a group average, which is composed of red and brown 
groups. This means that these two groups are more similar to each other when compared with the green 
group. The HCA also possible to see when there is the formation of only one group.  In this work, this 
happens when the level of similarity is equal to 0, ie, the group average shows no resemblance to the 
green group.  


Based on the Innovation Radar notes that the red group has a higher amount of climate-friendly 
innovative features, in this context, this group is considered the most innovative within the scope of this 
research. The brown group is considered less innovative than the red and the green group is considered 
the least innovative. The results based on HCA confirm and complement the results of a quantitative 
acquired under the radar of innovation. Based on this premise, it is concluded that the HCA is a valid tool 
to help diagnose the climate of innovation.  


From these results it is possible to define actions and training programs specific to each organization 
studied, starting from the needs of each organization and seeking the full development of innovation in 
these organizations. The use of HCA also proved efficient to differentiate economic segments in the study 
area which may contribute to understanding the behavior of certain sectors regarding the use of 
innovation and its advancement.  
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Abstract 


In an increasingly competitive global market, software development companies, under the pressure for conquering 
new market shares, subject themselves to business demands where the risks inherent to these operations are 
diversified and of exposure not always calculated. Given that a minority of such companies adopt risk management 
into their business processes, such exposure may affect the participation and success of these projects. To assure the 
quality of the software risk analyses and risk assessments are required. Among the uncertainties of software design, 
some risk factors should be treated: timeline, estimated costs and compliance to business requirements, among 
others, can be mentioned. Through a bibliographical review it was possible to produce a risk roadmap to provide to 
the professional in the field the treatment of risks in a friendly way. To contribute to these software projects, this work 
presents how the application of a risk management process,  in order to insert the culture and capacity of 
professionals who work in such projects, can objectively target to the mitigation of the risks to which such projects are 
exposed. In addition, the adopted approach is in accordance to ISO 31000 standard. 


Keywords: software engineering; risk management; software crisis; quality software, information systems. 


1 Introduction 
In a competitive environment of increasingly complex change, the appropriate management of 
information is crucial in the process of decision making in organizations (Nogueira, 2009). 


Being this subject both comprehensive and specialized, the adoption of the practices of software 
engineering as a baseline of information management enables the development and consolidation of 
knowledge in the production of software. 


These practices also prepare professionals to confidently face new challenges in the business world, 
strengthening their skills and abilities and keeping them up to date on the potential of information 
systems and new technologies in a globally competitive business perspective. 


2 Software Engineering 
According to Pressman (2006), software engineering is: The establishment and use of sound engineering 
principles to be able to obtain in economical way software that is reliable and works efficiently on real 
machines. It descends from systems and hardware engineering and encompasses a set of three basic 
elements (methods, tools and procedures) which allows the manager to control the software development 
process and offers the professional a basis for the construction of high-quality software. 


For Martin (1991), is the study of principles and their application in the development and maintenance of 
software systems. Both software engineering and structured techniques are collections of methodologies 
of software and tools.  
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Software enginnering is a set of practices to the development of software solutions or, in other words, a 
guideline that may use several techniques. The sequence of prestablished steps allows the option for or 
the variation of tools and techniques along its diverse phases. 


And it also can be defined as a set of methods, procedures and tools aimed at the production of software 
with quality, in other words, in accordance with customer requirements (Nogueira, 2009). 


2.1 Objectives of Software Engineering 
Software engineering has as primary objective the quality improvement of software products and the 
increase of the productivity of software engineers, in addition to meeting the requirements of efficiency 
and effectiveness (Maffeo, 1992). 


Software engineering aims to systematize the production, maintenance, evolution and recovery of 
software products, so that the process occurs within time and cost estimates, with monitored progress 
and using principles, methods, technologies and processes in continuous improvement.  


The adoption of an effective software development process in accordance with principles of software 
engineering can assure, by construction, products developed and maintained with satisfactory quality, 
adequate support for their users in performing their duties and satisfactory operation in real 
environments which may continuously evolve, adapting to a continuously evolving world (Fiorini, 1998). 


Combining these goals, the term engineering is intended to indicate that software development should 
be subject to rules which are similar to those that govern the manufacture of industrial products in 
traditional engineering, as both are methodological (Maffeo, 1992).  


Based on the goals of software engineering, it is possible to demonstrate the necessity of adopting a 
systematic model to standardize and manage the processes of software development, with the aim of 
pursuing quality in software processes and products. 


2.2 Software Crisis 
In the study of software engineering, author Roger S. Pressman (2006) mentions the "Software Crisis", 
where numbers are given that express the problem with non-completion of software projects. The same 
author points out that one of the main factors that cause such "Software Crisis" is the lack of adoption of 
methods, procedures and tools in building software.  


The term "Software Crisis", which began to be used in the 60s, has historically alluded to a set of problems 
recurrently faced in the process of software development (construction, deployment and maintenance) 
(Maffeo, 1992). In general terms, the "Software Crisis" occurs when the software does not meet the 
customers, users, developers or enterprise needs and exceeds cost and time estimates (Nogueira, 2009).  


Despite the enormous variety of problems that characterize the software crisis, in computer systems 
development field, engineers and project managers tend to focus their concerns on the following point: 
"There is huge uncertainty of estimates of timelines and development costs" (Nogueira, 2009).  


Many of these errors could be avoided if organizations could have a software engineering process 
defined, controlled, measured and improved. However, it is clear that for many IT professionals these 
concepts are not very clear, which certainly hampers the action of managers in the improvement of their 
production processes (Blaschek, 2003).  


There are several techniques, methodologies and quality standards to contribute to the development of 
software, including risk management. Professionals who do not embrace them find difficulties in 
performing software projects which are free of maintenance and re-work, so directly condemning the 
product quality. 


Adoption of software engineering leads the individual to perform the activities related to their 
professional role through systematic methods throughout the software life cycle, allowing the developed 
product to represent the company actual processes and to meet in fact the company needs. 
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2.3 Software Life Cycle 
Software life cycle is defined as the process that includes ideas from conception to the discontinuity of the 
software product (ISO / IEC 12207, 2008). 


During the life cycle of software, multiple processes are performed, each of which contributes to achieving 
the goals of a stage of the cycle (Machado, 2002). 


The life cycle models are categorized by the definition of a sequence of predefined activities, which aim to 
develop or maintain software (Pressman, 2006). 


Several models were created and tested in the production of software, including the spiral model of 
Boehm (1988). 


According to Sommerville (2007), although there is no "ideal" software process, there are many 
opportunities of working to improve it, in many organizations. The processes may include outdated 
techniques or may not take advantage of best practices of software engineering. 


The improvement of software processes can be deployed in different ways. It can occur through the 
standardization of processes, as it is the first essential step in introducing new methods and techniques of 
software engineering (Sommerville, 2007). 


Taxonomy for the life cycle of software is defined by the standard ISO / IEC 12207: 2008 - Systems and 
software engineering – software life cycle processes. This standard aims to define all the necessary 
guidelines to achieve quality in the process. 


2.4 Software Quality 
Achieving a high quality product or service is the goal of most organizations. It is no longer acceptable to 
deliver products with low quality and fix the problems and deficiencies after the products were delivered 
to the customer (Sommerville, 2007). 


According to Machado (2001), for many software engineers, quality software process is as important as 
product quality. So in the 90s there was great concern in improving the software process. Important 
approaches to the standards ISO 9000 and ISO / IEC 12207, CMMI model (Capability Maturity Model 
Integration) and SPICE (Software Process Improvement and Capability dEtermination) suggests that the 
improvement of the software process can improve the quality of products. 


Quality is a result of processes, people and technology. The relationship between product, quality and 
each of these factors is complex. Therefore, it is much harder to control the degree of product quality 
than to control the requirements (Paula Filho, 2009). 


When producing software with quality, the real possibility of extracting relevant information from a 
system is created. This may not only contribute to the decision, but to be a factor of business excellence, 
enabling new business, retention and survival in an active market. Thus, it is of paramount importance to 
identify and analyze risks that threaten the success of the project and manage them so that the business 
objectives may be achieved. 


Professionals who adjust their processes to produce quality software within reliable deadlines and 
budgets and have the ability to integrate, harmonize and accelerate the process of software development, 
will have the primacy of the market, when subjected to competition that forces the substantial reduction 
of time for the product being delivered (Machado, 2001). 


Aiming at quality in the process of software production, risk management has the focus to address the 
uncertainties inherent to software projects, because many factors that involve technology, people and 
processes are in conflict and can determine whether the development of the software product will be 
successful or not. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID317.4 


3 Risks and Software Engineering 
Risk, such as science, was born in the sixteenth century, during the Renaissance. In an attempt to 
understand the games of chance, Blaise Pascal, in 1654, discovered the "Theory of Probability" and 
created the "Pascal Triangle", which determines the likelihood of possible outcomes, given a certain 
number of attempts (Bernstein, 1997). 


In the twentieth century, risk management was disseminated, studied and used mainly in the areas of 
health, finance, life insurance and so on. For these companies, risk management is not a bad thing, on the 
contrary, risk management is the business. All projects in these areas deal with risks, because profits 
depend on attractive opportunities, balanced by well calculated risks (Bernstein, 1997). 


Risk in the software area was represented in a systematic manner by Barry Boehm in the 80s through the 
Spiral Model, which has as its principle be iterative and directed to risks, because for each iteration it is 
performed an analysis of risk (Boehm, 1988). 


Each iteration of the spiral model is divided into four sectors: 


 Definition of objectives; 
 Risk assessment and risk reduction; 
 Development and validation; 
 Planning; 


The choice of the spiral model to support this research, among various models of software life cycle, 
refers to its emphasis and its direct relationship with the risk analysis. 


 The important distinction between the spiral model and other models of software process is the 
explicit consideration of risks (Sommerville, 2007). 


Risks in software can not be mere agenda items. They should be the "heart" of the business, as in other 
areas (Chadbourne, 1999). 


Currently, the area that addresses risks in software engineering has evolved from an analysis within the 
model of development, as proposed by spiral model, to become a management technique that should 
permeate all the processes of software life cycle. 


Risk management is understood as a general procedure for resolution of risk, ie when it is applied in any 
instance, the possible consequences are all acceptable, and policies to cope with the worst outcome must 
be defined in the process.  


Risk is presented in some way and to some degree in most human activities and is characterized by being 
partially known, changing over time and being manageable in the sense that a human action can be 
applied to change its shape and the extent of its effect. The process of risk management starts with 
uncertainties, worries, doubts and unknowns that become acceptable risks (Machado, 2002). 


Risk management, in software design domain, is a defined and systematic process with the purpose of 
treating risk factors in order to mitigate or minimize its effects, producing a quality software product that 
meets customer needs, within estimated time and costs (Nogueira, 2009). 


3.1 Work Motivation 
According to Standish Group (2009), through a study called "Chaos Report", for projects in the area of 
information technology, the following conclusions were drawn (Table 1): 


 32% of projects finish on time and on budget; 
 44% of projects are challenged; 
 24% are canceled before its deployment. 
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Table 1: Chaos Report 


Projects / Year 1994 1996 1998 2000 2002 2004 2006 2009
Successful 16 27 26 28 34 29 35 32 
Contested 53 33 46 49 51 53 46 44 
Cancelled 31 40 28 23 15 18 19 24 
Failed 84 73 74 72 66 71 65 68 
Source: Standish Group, 2009. 


As for cost and schedule, the following information was obtained: 


 Surplus in original estimated cost in 45% of the projects. 
 Surplus in original schedule in 63% of the projects. 


Other collected data are: 


 94% of the projects have at least one restart (Standish, 2009); 
 9% of projects in large companies come into operation within initially estimated cost and time. 
 In software projects only 67% of originally proposed requirements are delivered in the end. 


Standish Group has identified that, in 1995, United States invested U.S. $ 81 billion in software projects 
that were canceled before they even come into operation and $ 59 billion in projects that exceeded their 
initially estimated schedule. 


Such a waste of time and money cannot be accepted in a world of increasingly scarce financial resources. 
Numbers of this magnitude can seriously compromise the competitive aspect of an organization and lead 
to its exit from the market. 


A large volume of published data points to the risks that occur in software projects performed without the 
use of appropriate processes (Paula Filho, 2009). 


A published survey from a database of 4,000 projects noted the frequent occurrence of the following 
problems: 


 70% of major applications projects suffer from instability of requirements. The requirements 
typically grow about 1% per month, reaching levels of over 25% of swelling at the end of the 
project. 


 At least 50% of the projects are executed with productivity levels below normal. 
 At least 25% of the shelf software and 50% of custom product have defects levels higher than 


reasonable. 
 Products made under pressure of deadlines can quadruple the number of defects. 
 At least 50% of large software projects exceeded its budget and its deadline. 
 2/3 of very large software projects are canceled before the end. 
 Users are not satisfied with 25% of commercial products for personal computers, 30% of 


commercial products for mainframe computers and 40% of products made to order. 
 Typically, 50% of the software assets of the companies are not used. 
 Dissension between the area of information technology and top management occur in more than 


30% of organizations. 
 Dissension with customers in application development occurs in 50% of service contracts and in 


65% of performance contracts. 


Despite the "Software Crisis" is not a new problem, even nowadays its impact and its negative effects are 
faced. The scarce use of methodologies and models of quality in Brazil indicates that this reality has to be 
modified. 


According to the Ministry of Science and Technology (2002), only 11.8% of companies in Brazil have 
adopted risk management in software projects.  
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Due to the relevance of the theme and its direct impact on the success in producing software, the number 
presented by the ministry is alarming because the sample used for the research included both the major 
software companies and the small and medium enterprises in the country (Nogueira, 2009). 


The concerning fact is that small and medium enterprises, which hold 65.1% of the software market in 
Brazil (MCT, 2002), lack a culture of risk management. Besides contributing to the possibility of failure in 
current projects, this situation undermines the still promising future opportunities that this sector needs 
to explore in both domestic and foreign markets. 


New research in 2005 and 2008 were made by the Ministry of Science and Technology, but the item risk 
management was not added to the survey. 


3.2 Risk Engineering 
According to Robert Charette (1989), the definition of risk is:  


First, risk affects future events. Present and past are irrelevant, because what is reaped today was planted 
by our previous actions. The issue is changing our actions today. Can opportunity be created for a 
different and possibly better situation tomorrow?  


Secondly, this means that risk involves change, such as change of thought, opinion, action or places. 
Thirdly, risk involves choice and the uncertainty that choice entails itself.  


Thus, paradoxically, the risk, like death and taxes, is one of the few certainties of life. 


Peter Drucker (1975) once said “Since it is futile to try to eliminate risks and questionable to try to 
minimize them, it is essential that the considered risks be the right ones”. Before the "right risks" which 
will take place during a software project may be identified, it is important to identify all the others that are 
obvious, both for managers and for professionals (Pressman, 2006). 


According Higuera (1995), a 100% likely risk is a restriction on the software project. 


In a simplified way, a risk can be thought as a probability that some adverse circumstance will really occur. 
The risks may threaten the project, the software being developed or the organization. 


Risk categories can be defined as follows (Sommerville, 2007): 


 Risks related to the project: risks that affect the schedule or the resources of the project; 


 Risks related to product: risks that affect the quality or performance of software that is under 
construction; 


 Risks for business: risks affecting the organization that is building or buying the software. 


Risk engineering involves two key areas in the process: risk analysis and risk management (Peters, 2001). 


According to this author, risk analysis consists of three processes: 


 Identification of risks 
 Risk estimate 
 Risk assessment 


And risk management is composed of five processes: 


 Risk planning; 
 Risk control; 
 Risk monitoring; 
 Risk targeting; 
 Recruitment (Answers to risks).   


When the risk is considered in the context of software engineering, three conceptual foundations are 
always in evidence (Pressman, 2006): 
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 The future is our concern: Which risks may cause the failure of the software project? 
 Change is our concern: How changes in customer requirements affect the timeliness and overall 


success? 
 We take care of choices: Which methods and tools shall we use, how many people should be 


involved, how much emphasis on quality is enough? 


Project risk can be estimated quantitatively or qualitatively. The main objective of risk analysis is to 
develop a set of strategies for risk prevention (IEEE, 1995). Risks should be assessed and monitored (Paula 
Filho, 2009). 


Risk estimate is a very important and rarely practiced task. Good planning is not just a prediction of what 
should happen if everything goes well, but also what can go wrong, what the consequences of the 
problems and what can be done to address them. Among the risk factors that should be considered, it 
may be included: 


 Legal risks; 
 Technological risks; 
 Risks due to the size and complexity of the product; 
 Risks relating to personnel involved in the project; 
 Risks relating to the acceptance by users. 


Sommerville (2007) has described the types of risks that may affect the project and the organizational 
environment in which software is being built. However, many risks are considered universal and they 
include the following areas: Technology, personnel, organizational, tools, requirements and estimation. 


The estimation of risks involves the following tasks: 
 Identification of possible risks to the project; 
 Analysis of these risks, evaluating their probability and likely impact; 
 Prediction of corrective or preventive countermeasures; 
 Prioritization of risks, organizing them according to likelihood and impact. 


Risks do not remain constant during the execution of a project. Some disappear, new ones arise, and 
others suffer changes of probability and impact, therefore changing the priority. Therefore a monitoring 
report of the project along with an updated table shall be used for monitoring the risks. The estimation 
table should be reviewed and updated to reflect the modifications until the risks are realized or 
completely eliminated (Paula Filho, 2009). 


The following questions were derived from risk data obtained by a survey of experienced software project 
managers in different parts of the world (Keil, 1998). The questions are sorted by their relative importance 
in relation to project success: 


1. Have the top management of the software company and of the customer formally committed 
themselves     to support the project? 
2. Are the end users enthusiastically engaged with the project? 
3. Are the requirements fully understood? 
4. Have the customers been fully involved in specifying requirements? 
5. Do end users have realistic expectations? 
6. Is the project scope stable? 
7. Does the project team have the appropriate mix of skills? 
8. Are the project requirements stable? 
9. Does the project team have experience with the technology to be built? 
10. Is the number of staff appropriate to the project? 
11. Do all team members and users involved in the project agree on the importance of the project and the     
system requirements? 
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If any of these questions is answered negatively, the steps of mitigation, monitoring and management 
should be instituted immediately. The degree to which the project is at risk is directly proportional to the 
number of negative answers to these questions. 
 
The adoption of risk engineering is part of the critical success factors in software projects. The 
management of risks throughout the life cycle of development is critical to project success (Nogueira, 
2009). 


3.3 Risk Management  
Nowadays there are great expectations about the applications of information technology in companies, 
thanks to the new business alternatives they provide and the improvements that they bring to existing 
processes. However, there is a questioning of the real gains arising from the massive investments in 
technology, because often the return is less than expected (Nogueira, 2008). 


In this context, IT governance and risk management emerge as key issues for companies and managers, 
as the biggest risks to which organizations are exposed today are related to information technology 
(Nogueira, 2008). 


IT Governance is defined as a set of processes and controls that direct the information technology 
strategy, ensuring that it can support the business strategies and business objectives (Nogueira, 2008). 


For most organizations, information and technology that support business represent its most valuable 
assets. In an environment increasingly competitive and dynamic, management requires quality, 
functionality and ease of use of IT resources, as well as high availability at lower costs.  


There is no doubt about the benefits of using technology. However, to be successful, an organization 
must adopt a management model that enables the effectiveness and efficiency of IT. In this context, risk 
management on software projects comes as one of the key processes, enabling the representation of best 
practice, and adhering to IT governance as it relates to control, transparency and monitoring (Nogueira, 
2008). 


Risk management is particularly important for software projects, due to the inherent uncertainties that 
most projects face (Sommerville, 2007). 


Risk management consists of coordinated activities to direct an organization in relation to risk. Risk 
management generally includes assessment, treatment, acceptance and communication of risks (MCT, 
2002). 


The risk management process involves several stages or activities (Sommerville, 2007): 


1. Risk identification: It identifies potential project risks, product and business; 


2. Risk analysis: the possibilities and the consequences of such risks are evaluated; 


3. Risk planning: plans are outlined to address the risks, either by avoiding them, or minimizing its 
effects on the project; 


4. Risk monitoring: The risk is constantly evaluated and plans for reducing the risk are revised as 
more information about them becomes available. 


Project managers of information systems should regularly assess the risks during the development 
process to minimize the chances of failure. In particular, the problems of schedule, budget and 
functionality of the software can not be totally eliminated but they can be controlled through the 
implementation of preventive actions (Higuera, 1996). 


Risk management has six well-defined activities that are: Risk identification, risk analysis, risk planning, risk 
monitoring, risk control and risk communication (Higuera, 1996). 


The activities of risk identification and risk analysis, critical risk assessment, risk mitigation and 
contingency plans should be made. The methods of risk assessment should be used to demonstrate and 
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evaluate the risks. Constraint policies of the project must also be determined at the time when discussions 
with all others involved take place. Aspects inherent to risks of software, such as the tendency of 
professionals to add features that are difficult to measure or even the risks of intangible nature of 
software, should influence the risk management of project (SWEBOK, 2004).  


The Orange Book (2004), originally developed by the British government, now an international reference 
handbook, details the guidelines for good risk management, involving the following activities: Identifying 
risks, assessing risks, risk appetite, addressing risks, reviewing and reporting risks, communication and 
learning. 


The ISO 31000 (2009) standard directs the policy for risk management with the following activities: 
establishing the context, risk identification, risk analysis, risk assessment, risk treatment, communication 
and consultation and monitoring and review. 


4 Risk Management Process 
After the literature review, it was possible to identify critical areas in the process of software development. 
However, to support risk management in software projects, it is necessary to use a workflow with activities 
where the decision maker can use it as an auxiliary instrument in the process of risk management. 


Therefore, the following activities make up this workflow: Communication and consultation; establishing 
the context; risk identification; risk analysis; risk evaluation; risk treatment and monitoring and review. 


These activities are described below according to the complexity of application in accordance with ISO 
31000. 


4.1 Communication and Consultation 
Communication and consultation with external and internal stakeholders should take place during all 
stages of the risk management process. It should take place in the beginning, with the first meeting of 
sensitization, during activities and in the end, with the presentation of results. 


4.2 Establishing the Context 
By establishing the context, the organization articulates its objectives and defines the external and internal 
parameters to be taken into account when managing risk, and sets the scope and risk criteria for the 
remaining process. 


4.3 Risk Identification 
The organization should identify sources of risk, areas of impacts, events (including changes in 
circumstances) and their causes and their potential consequences. The aim of this step is to generate a 
comprehensive list of risks based on those events that might create, enhance, prevent, degrade, 
accelerate or delay the achievement of objectives.  


It is important to identify the risks associated to not pursuing an opportunity. Comprehensive 
identification is critical, because a risk that is not identified at this stage will not be included in further 
analysis. It is recommended to use a universal framework with risks common to different designs when it 
is the first iteration. 


4.4 Risk Analysis 
Risk analysis involves developing an understanding of the risk. Risk analysis provides an input to risk 
evaluation and to decisions on whether risks need to be treated, and on the most appropriate risk 
treatment strategies and methods.  
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Risk analysis can also provide an input into making decisions where choices must be made and the 
options involve different types and levels of risk. A framework can be used with the universal risk weights 
established from expert opinion, especially when you do not have a knowledge base. 


4.5 Risk Evaluation 
The purpose of risk evaluation is to assist in making decisions, based on the outcomes of risk analysis. It 
defines which risks need treatment and the priority for treatment implementation. 


4.6 Risk Treatment 
Risk treatment involves selecting one or more options for modifying risks, and implementing those 
options. Once implemented, the provision of treatments or modification of controls must be performed. 


4.7 Monitoring and Review 
Both monitoring and review should be a planned part of the risk management process and involve regular 
checking or surveillance. It can be periodic or ad hoc. 


5 Conclusion 
In this bibliographical review, it was found that the authors recognize the difficulties in the process of 
software development. Despite the proposal of forms and procedures in order to facilitate understanding 
as well as to disseminate the use of these methods, their application does not always happen, as it is 
acknowledged that no method is foolproof, because of the complexity of the problems to be solved in 
building an information system. However, given the many uncertainties inherent to software projects, it 
was identified the need to prepare a roadmap to the activities of risk management with the goal of 
creating culture and spreading it, since the formal applicability of them in business is still very low. With 
ISO 31000, the scope can be defined and validated. As future work, the application of the roadmap here 
depicted on projects that never used the risk management is intended. From the positive and negative 
results so gathered, a proposition for adoption of risk management as a common practice will be 
presented.  
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Abstract 


Although Supply Chain Risk Management (SCRM) has become more popular over the last decade, attempts to 


synthesize research within this field have seldom been conducted. Aiming to fulfill part of this gap, this paper 


presents a systematic review of the literature on SCRM using a content analysis approach. Forty six papers published 


between 2004 and 2011 in 17 peer reviewed international journals have been retrieved. Interest in the subject is 


growing, as evidenced by the number of papers recently published on different aspects of SCRM reaching a pick in 


2011. The paper provides a discussion of main definitions available. Although there is no universal definition of the 


concept, the authors agree that the main issue is the identification and management of risk events that impact supply 


chains. The collected papers are classified in the theoretical, empirical and theoretical empirical dimension, allowing a 


reasonable comprehensive assessment of research approaches taken in the current body of literature on the subject. 


The results highlight the high number of definitions for SCRM, the main topics in SCRM research and research 


applications, identify the key issues addressed in these researches, and emphasise remaining gaps that deserve 


special attention in future research. 


Keywords: supply chain; risk management; literature review. 


1 Introduction 


Systematic literature reviews are a means of providing an objective theoretical evaluation of a particular 


topic (Hopayian, 2001). A systematic literature review facilitates the identification, evaluation, and 


interpretation of studies in a given area by examining existing concepts, practices, and theories and 


ultimately summarising the state of the reproducible research in a specific area (Rowley and Slack, 2004; 


Seuring and Müller, 2008).  


Although Supply Chain Risk Management (SCRM) has become more popular over the last decade (Autry 


and Bobbitt, 2008; Thun and Hoenig, 2011; Tang and Musa, 2011), attempts to synthesize research within 


this field have seldom been conducted. Aiming to fulfill part of this gap, this paper presents a systematic 


review of the literature on SCRM using a content analysis approach. The research is restricted to papers 


published in academic journals between 2004 and 2011.  


This paper is divided into four main sections, the first of which this introduction. Section 2 describes the 


research method used. Section 3 presents the analysis of results. Finally, the last section offers the 


conclusions of the study. 


2 Research method 


The present research uses the content analysis approach to develop the literature review. This approach 


allows researchers to select, filter, and summarise large volumes of data, thereby facilitating data analysis 


(Gao, 1996), being a systematic technique that is replicable by other researchers because it is based on 


explicit rules (Weber, 1990). 
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The review examines publications found in the Elsevier and Emerald electronic databases, technique that 


facilitates objective and systematic inference (Holsti, 1969), that were published between 2004 and 2012. 


The data gathered for this review was exclusively from scientific journals, as academics and professionals 


generally use such journals to acquire knowledge and disseminate new results (Nord and Nord, 1995; 


Ngai and Wat, 2002, Ngai et al., 2009). 


In accordance with recommendations for initial research synthesis found in the literature, the keywords 


selected were sufficiently broad to avoid artificially limiting results and still provided limitations to avoid 


undesirable results. In pseudo code, the following phrase was adapted to the search engines in each 


database: “Supply Chain Risk Management”, using as reference the title, abstracts and keywords of the 


papers. The use of this Boolean expression in the selection process, of just two electronic databases and 


scientific journals may have caused the researchers to omit studies that address this theme using other 


words or terms or that are available in other databases or dissimilation source (e.g. theses, dissertations 


and conference papers), however it is believed that the articles reviewed comprise a reasonably 


representative and comprehensive body of the research work being accomplished in this area. It is not the 


intention of this paper to be exhaustive. 


Forty six papers have been retrieved. All the selected articles were computer managed. For the purposes 


of this study, a Microsoft Excel database was designed containing the key issues addressed in each paper. 


A special effort was given to the SCRM definitions to identify a possible lack of a single consistent 


definition of the concept or a universal accepted definition. The collected papers have been classified in 


the theoretical and empirical dimension (see scheme developed by Olsen and Ellram (1997), Croom et al. 


(2000) and Luo et al. (2001), allowing a reasonable comprehensive assessment of research approaches 


taken in the current body of literature on the subject by highlighting both the basic methodology used 


and the aim or focus of studies. Theoretical papers primarily develop models, concepts or conceptual 


frameworks, while empirical ones generally that report practice by means of surveys, case studies, 


interviews or anecdotal information. Some papers can be classified both theoretical and empirical: these 


works typically develop a number of hypotheses and test them empirically.  


3 Presentation and analysis of results 


This section presents and analyses the results obtained from the systematic review on SCRM based in two 


broad categories: study identification, including definitions for SCRM, and key issues addressed.    


3.1 Study identification and SCRM definitions 


Figure 1 presents the 46 papers retrieved for the systematic review analysis. Interest in the subject is 


growing, as evidenced by the number of papers recently published with a peak in 2011.  
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Figure 1: Number of publications on SCRM by year 
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Main SCRM definitions are depicted in Table 1. The first column displays the considered references, while 


the second presents the definitions themselves and the third provides the other papers that have adopted 


the mentioned definition in their work. 


Table 1: Main SCRM definitions  


Reference Definition of SCRM
Papers that adoped the 


definition
Jütttner et al. 


(2003)


SCRM is defined as the identification and management of 


risks for the supply chain,through a co-ordinated approach 


amongst supply chain members,to reduce supply chain 


vulnerability as a whole.


Jüttner (2005); Williams et al. 


(2008); Jia and Rutherford 


(2010), Jüttner and Maklan 


(2011); Thun and Hoenig 


(2011); Vilko and Hallikas 


(2011); Lavastre et al. (2011).


Norrman and 


Lindroth (2002)


SCRM is to [collaborate] with partners in a supply chain 


apply risk management process tools to deal with risks and 


uncertainties caused by, or impacting on, logistics related 


activities or resources.


Norman and Jansson (2004); 


Faisal et al. (2006)


Norrman and 


Jansson(2004)


The focus of SC risk management is to understand, and try 


to avoid, the devastating effects that disasters or even minor 


business disruptions can have in a SC. The aim of SC risk 


management is to reduce the probability of risk events 


occurring and to increase resilience, that is, the capability to 


recover from a  disruption. 


Pujawan and Geraldin (2009);


Manuj and Mentzer 


(2008)


Global SCRM is the identification and evaluation of risks and 


consequent losses in the global supply chain, and 


implementation of appropriate strategies through a 


coordinated approach among supply chain members with the 


objective of reducing one or more of the following – losses, 


probability, speed of event, speed of losses, the time for 


detection of the events, frequency, or exposure – for supply 


chain outcomes that in turn lead to close matching of actual 


cost savings and profitability with those desired.


 Christopher et al. (2011)


Brindley (2004) SCRM is defined as the management of supply chain risks 


through coordination or collaboration among the supply chain 


partners so as to ensure profitability and continuity.


Blos et al. (2009)


Goh et al. (2007) SCRM is defined as the identification and management of 


risks within the supply network and externally through a co-


ordinated approach amongst supply chain members to 


reduce supply chain vulnerability as a whole. 


Lavastre et al. 


(2011)


SCRM refers to risks that can modify or prevent part of the 


movement and efficient flow of information, materials and 


products between the actors of a supply chain within an 


organization, or among actors in a global supply chain (from 


the supplier's supplier to the customer's customer). SCRM 


can be seen as the capacity to be agile.


Tummala and 


Schoenherr (2011)


SCRM process is a tool to provide management with useful 


and strategic information concerning the SC risk profiles 


associated with a given situation. This is in contrast to the 


traditional approach based on single point estimates. The 


SCRMP ensures SC managers adopt strategic thinking and 


strategic decision making in evaluating options to improve 


supply chain performance.
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In the academic literature there is no unanimous definition for SCRM. The most adopted definition within 


literature is proposed in Jüttner et al. (2003), being mentioned in seven articles. The others definitions are 


mentioned at most in twice academic papers. Most papers propose definitions that are not used in others 


articles. However, every proposed definition embraces the process perspective and systemic view, since 


they point the identification, understanding and management as the core of SCRM. Another important 


fact that appears in most of the definitions is the collaborative and coordinated participation among the 


chains’ members, emphasizing the idea that competition occurs based on chains and not on individual 


companies level, i.e. the risk management along the chain is dependent on the relationship and 


integration among its members.  


The definitions bring as SCRM main objective the chain’s vulnerability reduction, once the risks are 


identified and analyzed, it is possible to act on them reducing their impacts, their occurrences, or even use 


strategies to prevent them to happen (avoidance).  


The vulnerability reduction pointed in the definitions in some papers is directly correlated with chain’s 


performance, its response speed and profitability, since with the chain reduction vulnerability it is possible 


to mitigate the adverse effects associated with the risk, avoiding loss. Some definitions point clearly the 


relations between chain profitability and its performance associated with risk management.  


3.2 Key issues addressed 


The 46 papers address different aspects of SCRM, the next subsections presents the main aspects that 


should be highlighted. Within this presentation, the papers are classified in theoretical, empirical and 


theoretical-empirical studies and are presented chronologically, as done in Leão et al. (2011).   


The result analysis indicates that most of the papers retrieved are theoretical (59% of the total). The 


remaining articles are purely empirical (28%) or both empirical and theoretical (13%). Empirical studies are 


predominantly focused on two manufacturing sectors (automotive and electronic) and one service sector 


(logistic service providers). This further emphasises the need for more empirical studies on other industry 


sectors exposed to risk in their supply chains (i.e. oil & gas). 


3.2.1 Theoretical studies 


The focus of the main theoretical studies is presented in this section.  


Faisal et al. (2006) present an approach to effective supply chain risk mitigation by understanding the 


dynamics between various enablers that help to mitigate risk in a supply chain. Cucchiella and Gataldi 


(2006) individualize a framework for the management of uncertainty in supply chain finalized to reduce 


the firm risks. Tang (2006) reviews various quantitative models for managing supply chain risks and 


develops a unified framework for classifying SCRM articles. Wu et al. (2006), reinforce inbound supply 


chain risk management by proposing an integrated methodology to classify, manage and assess inbound 


supply risks. Goh et al. (2007) present a stochastic model of the multi-stage global supply chain network 


problem, incorporating a set of related risks, namely, supply, demand, exchange, and disruption. Ritchie 


and Brindley (2007) purpose to examine the constructs underpinning risk management and explores its 


application in the supply chain context through the development of a framework. Khan and Burnes (2007) 


develop a research agenda for risk and supply chain management. These authors show that there are a 


number of key debates in the general literature on risk, especially in terms of qualitative versus 


quantitative approaches, which need to be recognized by those seeking to apply risk theory and risk 


management approaches to supply chains. In addition, they show that the application of risk theory to 


supply chain management is still in its early stages and that the models of supply chain risk which have 


been proposed need to be tested empirically. Li and Chandra (2007) investigate and develop a generic 


knowledge integration framework that can handle the challenges posed in complex network 


management. Williams et al. (2008) develop and present a categorization of supply chain security based 


on existing research. Rao and Goldsby (2009) review the growing literature examining supply chain risk 


management (SCRM) and to develop a typology of risks in the supply chain. Sodhi and Tang (2009) survey 


various modeling and solution choices developed in the asset–liability management (ALM) literature and 
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discuss their applicability to supply-chain planning. This survey can be a basis for making 


modeling/solution choices in research and in practice to manage the risks pertaining to unmet demand, 


excess inventory, and cash liquidity when demand is uncertain. Trkman and McComack (2009) propose an 


approach to the identification and prediction of supply risk. Olson and Wu (2010) review published 


approaches to supply chain risk management, to include identification and classification of types of risks, 


cases, and models. Jia and Rutherford (2010) add a cultural-relational dimension to the supply chain risk 


management (SCRM) literature. Inter-firm learning and cultural adaptation literatures are reviewed, 


missing themes identified and a conceptual model proposed. Wu and Olson (2008) propose a supply 


chain model and use simulated data with representative distributions. The results show that the proposed 


approach allows decision makers to perform trade-off analysis among uncertainties. They also provide 


alternative tools to evaluate and improve supplier selection decisions in an uncertain supply chain 


environment. Manuj et al. (2009) develop a framework based on some of the most rigorous studies 


published in leading journals and illustrate the simulation model development process using a supply-


chain risk management study. Christopher et al. (2011) propose to understand how managers assess 


global sourcing risks across the entire supply chain and what actions they take to mitigate those risks. 


Tummala and Schoenherr (2011) propose a comprehensive and coherent approach for managing risks in 


supply chains. The authors develop a structured and ready-to-use approach for managers to assess and 


manage risks in supply chains. Olson and Wu (2011) compare tools to aid supply chain organizations in 


measuring, evaluating, and assessing risk in this environment. Tse et al. (2011) explore the issues of quality 


and safety problems in global supply networks, and introduce a supply chain risk management (SCRM) 


framework to reduce the quality risk. Sawik (2011) The problem of allocation of orders for parts among 


part suppliers in a customer driven supply chain with operational risk is formulated as a stochastic single- 


or bi-objective mixed integer program. Given a set of customer orders for products, the decision maker 


needs to decide from which supplier to purchase parts required for each customer order to minimize total 


cost and to mitigate the impact of delay risk. The selection of suppliers and the allocation of orders is 


based on price and quality of purchased parts and reliability of on time delivery. To control the risk of 


delayed supplies, the two popular percentile measures of risk are applied: value-at-risk and conditional 


value-at-risk. The proposed approach is capable of optimizing the supply portfolio by calculating value-


at-risk of cost per part and minimizing mean worst-case cost per part simultaneously. Numerical examples 


are presented and some computational results are reported. Lavastre et al. (2011) based their paper on an 


empirical study to demonstrate that for organizations to be effective, SCRM must be a management 


function that is inter-organizational in nature and closely related to strategic and operational realities of 


the activity in question. Tang and Musa (2011) investigate the research development in supply chain risk 


management (SCRM), which has shown an increasing global attention in recent years. Tang et al. (2011) 


investigate newsvendor problem with random demand and random yields, in which the price decision will 


be postponed and determined upon recognition of random yield and prior to realizing demand 


uncertainties. Giannakis and Louis (2011) develop a framework for the design of a multi-agent based 


decision support system for the management disruptions and mitigation of risks in manufacturing supply 


chains. Finally, Schmitt and Snyder (2012) consider one case where a firm's only sourcing option is an 


unreliable supplier subject to disruptions and yield uncertainty, and a second case where a second, 


reliable (but more expensive) supplier is available. The authors develop models for both cases to 


determine the optimal order and reserve quantities.  


3.2.2 Empirical studies 


The focus of the main empirical studies is presented in this section. 


Finch (2004) presents a secondary analysis of the literature, supplemented by case studies to determine if 


large companies increase their exposure to risk by having small- and medium-size enterprises as partners 


in business critical positions in the supply chain, and to make recommendations concerning best practice. 


Norrman and Jansson (2004) describe how Ericsson, after a fire at a sub-supplier has implemented a new 


organization, new processes and tools for SCRM. Jüttner (2005) seeks to understand business 


requirements for supply chain risk management (SCRM) from a practitioner perspective. Khan et al. (2008) 


address the increasingly important issue of the impact of product design on supply chain risk 
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management in an era of global supply arrangements. The authors provide a framework for design-led 


supply chain risk management and thus present a case for recognizing design as more than a creative 


function but as a platform to manage risk in supply chains. Blos et al. (2009) identify the supply chain risks 


in the automotive and electronic industries in Brazil, and to highlight the urgency of supply chain risk 


management (SCRM) implementation. Elangovan et al. (2010) investigate the various forms of expected 


loss producing events due to major time delays in supply chain activities of manufacturing organizations 


and justify the necessity and more attention needed for SCRM strategies for better, systematic and 


dynamic executions using risk mitigation with appropriate strategies. The authors also emphasize the 


need for more dynamic models for achieving loss reduction with a future scope of risk. Lin and Zhou 


(2011) address the impact of product design changes on supply chain risk, and to identify the supply 


chain risk dimensions in the Chinese special-purpose vehicle (SPV) industry in the context of product 


design change. Blome and Schoenherr (2011) develop a set of propositions about how companies 


manage supply risks in financial crises, highlight how their risk management approaches have shifted, and 


illustrate how they are related to Enterprise Risk Management. Jüttner and Maklan (2011) conceptualize 


supply chain resilience (SCRES) and to identify and explore empirically its relationship with the related 


concepts of supply chain vulnerability (SCV) and supply chain risk management (SCRM). Vilko and Hallikas 


(2011) present preliminary research concepts and findings concerning the identification and analysis of 


risks in multimodal supply chains and finally, Thun and Hoenig (2011) analyze the status quo of supply 


chain risk management in Germany based on a study conducted in the automotive industry. The authors 


investigate the relevance of different risks in terms of their probability of occurrence and their potential 


impact on the supply chain.  


3.2.3 Theoretical-empirical studies 


The focus of the main theoretical-empirical studies is presented in this section. 


Manuj and Mentzer (2008) explore the phenomenon of risk management and risk management strategies 


in global supply chains. Pujawan and Geraldin (2009) provide a framework to proactively manage supply 


chain risks. The framework will enable the company to select a set of risk agents to be treated and then to 


prioritize the proactive actions, in order to reduce the aggregate impacts of the risk events induced by 


those risk agents. MeiDan et al. (2011) present a model of risk control in equipment manufacturing supply 


chain. They provide a new solution methodology to measure risk in electronic manufacturing supply 


chain, the model combines the unascertained theory with fuzzy method. Finally, Kern et al. (2012) develop 


a model for upstream supply chain risk management linking risk identification, risk assessment and risk 


mitigation to risk performance and validate the model empirically. 


4 Conclusion 


This paper offers a systematic literature review on SCRM using the content analysis approach. Although 


this research is not exhaustive, the forty six selected papers constitute a significant and representative 


portion on the scientific research carried out on SCRM. It serves as a comprehensive base for an 


understanding of the main definitions, the main topics and research applications, and the key issues 


addressed in these researches.  


The review highlights the lack of a unanimous definition for SCRM among researchers; however, they 


share a similar point of view about SCRM definition. Another point noticed was the need of conducting 


more empirical and theoretical-empirical studies. There are many industries that present many risk 


sources and events that are not yet covered in the literature, for instance, the oil and gas / petroleum 


industry.  


The literature lacks an integrated and accepted framework for SCRM. Many models need to be tested in 


real supply chains. Further studies are need about the assessment stage in SCRM, with the conduction of 


more research on how risk can be analyzed and treated. 
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Abstract 


A critical factor that determines the success of any continuous improvement process is the ability to quantitatively 
measure performance. But, it is difficult to understand, manage, or improve parameters that cannot be quantitatively 
measured; therefore, this paper presents performance indicators focused on material consumption for the building 
design of concrete structures. The indicators were applied to building projects provided by structural designers in 
Brasilia, Brazil and focused on the structural typology of buildings in the neighborhood of Águas Claras. To obtain the 
indicators, the buildings were grouped according to the structural solution adopted in the project to analyze the 
influence of the structural solution on the consumption of concrete and steel materials. Finally, the obtained values 
were compared with benchmark values from previous studies. 


Keywords: product design; project management; performance measurement; concrete structures. 


1 Introduction 
When a structural design is required to meet certain performance standards, like in a target value design 
process (Ballard, 2011), the characteristic values of the design are compared with a benchmark database, 
and the values must fall within previously established ranges. This database may be composed of projects 
by the author of the analyzed project or by other authors. 


Performance indicators are useful for comparing projects (Harbour, 2009). With these indicators, 
operational limits can be determined by defining confidence intervals for the selected indicator. Therefore, 
in addition to allowing a product to be compared with other quality products, indicators enable the 
production process in a given design to be internally monitored. 


The use of performance evaluations in the construction industry has gained popularity as a research topic 
since the early 2000s, as shown in Lin and Shen’s (2007) extensive literature review. However, only 4.5% of 
the studies cited in this literature review were dedicated to the design phase of the project (design). 
Studies regarding the measurement of performance in the design process (design as a service) and the 
assessment of information quality in the design documentation (design as a product) were included in 
this percentage. 


Benchmarks for measuring the performance of design as either a service or a product in the construction 
industry are difficult to define due to the unique character assumed by each designed “building”  
(Bassioni, Price, & Hassan, 2004). Aspects such as shape (tall or low buildings), destination (residential, 
commercial, educational, industry, etc.), ownership (public or private) and location (urban or rural) cause 
different aspects of the building product to be emphasized, which directly impacts the design process, the 
evaluation of its performance, and the perception of its quality. 


The following are examples of indicator systems and benchmark databases in the construction industry: 
the KPI Working Group (2000), the Indicator System of Brazil (NORIE, 2003), the National Benchmarking 
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System of Chile (CDT, 2001), the Construction Industry Institute Benchmarking and Metrics Program in the 
USA (CII, 1993), and the Byggeriets Evaluerings Center in Denmark (BEC, 2002). Detailed descriptions of 
these systems can be found in Costa, Horta, Guimarães, Cunha, Nóvoa, and Souza (2006). These indicator 
databases are less effective for small projects due to the profile of the indicators described above and the 
difficulty in classifying projects when defining benchmarks. Furthermore, the size of the databases are 
limited due to the small number of participating companies  (Costa, Horta, Guimarães, Cunha, Nóvoa, & 
Sousa, 2006) and existing data are difficult to access for nonaffiliated companies and professionals. 


As a result, the limited number of systems impairs the ability for comparing performance using other 
systems or benchmarks (Lam, Chan, & Chan, 2008). In a critique of performance evaluation systems 
available in the construction industry, Bassioni, Price, and Hassan (2004) and Lin and Shen (2007) noted 
that one of the shortcomings was the lack of measurements directed at the development process, i.e., 
design. 


This introduction emphasizes the need to define simple, easy-to-use indicators to enable performance to 
be monitored and managed in small design projects. 


2 Objective 
This study aimed to define performance indicators for the design of concrete structures in residential 
buildings and focused on the consumption of three materials used in the designed structure: concrete, 
steel and formwork. 


With these indicators, the benchmark set is defined with sample buildings located in the neighborhood of 
Águas Claras, Brasilia (Brazil), and the obtained values are compared with those from other databases in 
the literature. 


In particular, this study classified the surveyed buildings according to the adopted structural solution and 
defined indicator ranges for each solution. Therefore, this study aimed to provide developers operating in 
the region with a tool for analyzing and monitoring their own projects, by comparing each new project’s 
indicators with an indicators benchmark database. 


3 Methodology 
This study can be divided into four phases: problem definition and sample selection; database creation; 
identification of indicators; and data display and comparison with other databases. 


3.1 Problem definition and sample selection 
This study searched for design performance indicators that focused on the consumption of materials in 
concrete structures for residential buildings. Therefore, production aspects, such as execution speed, 
number of workers involved, and loss and reuse of materials, were not considered. 


Reinforced concrete structures for tall, approximately 20-story residential buildings were analyzed 
according to the “tower” typology, which prioritizes height over horizontal dimensions, with the following 
structural solutions: beam and solid slab; beam and waffle slab; solid flat slab; and waffle flat slab (Bhatt, 
MacGinley, & Choo, 2006).  


All buildings considered in this study use in situ concrete structure. In this kind of solution the structure is 
built on the building site using a type of boxing – formwork - into which the wet concrete is poured. The 
steel bars needed to reinforce the concrete are positioned within the formwork before the concrete is 
poured in. After the concrete gets the specified strength the formwork is removed.  


Four kinds of floor structural solutions are considered in this paper: 
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 Beam and solid slab: all slabs have constant thickness and are supported in his 
outline by beams. Both the upper side and the underside of the slab are smooth surfaces 
(Figure 1); 


 


Figure 1: Beam and solid slab solution. Bottom view of concrete floor. 


 


 Beam and waffle slab: all the slabs have ribs that run the length and width of the slab, 
generally several inches protruding from the lower surface of the slab. All slabs are 
supported by beams in outline (Figure 2); 


 


Figure 2: Beam and waffle slab solution. Bottom view of concrete floor. 


 Solid flat slab: all slabs have constant thickness and are supported directly by the 
columns, with no beams (Figure 3); 


 


Figure 3: Solid flat slab solution. Bottom view of concrete floor. 
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 Waffle flat slabs: all the slabs have ribs that run the length and width of the slab, 
generally several inches protruding from the lower surface of the slab and are supported 
directly by the columns, with no beams (Figure 4); 


 


Figure 4: Waffle flat slab solution. Bottom view of concrete floor. 


 


The neighborhood of Águas Claras in Brasilia (Brazil) was chosen as the study site because of the 
uniformity of its building typology and the temporal proximity in which the buildings were designed 
(2000-2003). 


3.2 Database construction 
The database was created with the structural designs of 30 buildings that met the typology described in 
Section 3.1 developed in five structural designers’ offices in Brasilia. All the examined designs were 
developed according to Brazilian NBR 6118:1978 technical standard (ABNT, 1978).  


Each building was catalogued in a database, and the number of floors, structural solution adopted, built-
up area, concrete volume, and total steel weight were recorded. For future use, the quantities of each 
material were logged according to the floor and source of the structural element. 


3.3 Determination of indicators 
The selection of performance indicators for a particular design must focus on simplicity in terms of both 
the data collection and comparison with previously established databases. 


 Four indicators were adopted for each of the four main components in the cost composition of 
reinforced concrete structures (Oliveira, Lantelme, & Formoso, 1995) (Estefani & Sposto, 2002) (Soares, 
2002). 


 Relationship between the steel weight and built-up area (IS): indicates the oversizing of 
the armor, especially on the pillars; 


 Relationship between the concrete volume and built-up area (IC): this indicates the 
oversizing of the slabs, beams, and pillars; 


 Relationship between the formwork area and built-up area (IF): this indicates the 
rationality of the design relative to the shapes; and  
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 Relationship between the steel weight and concrete volume (IS/c): this allows for the 
preliminary assessment of the structure cost relative to the standard costs. 


3.4 Data display and comparison with other databases 
The indicators defined in Section 3.3 were calculated from the data gathered in the database described in 
Section 3.2 and were used to generated performance indicators (Harbour, 2009) for each building. 


The buildings were grouped according to structural solution. The average value of each performance 
indicator weighted by the built-up area, standard deviation of the sample, and confidence interval were 
calculated for each group (Grant & Leavenworth, 1996). 


The values obtained are displayed in terms of structural solution and performance indicator. 


Finally, the process was repeated for the entire sample, with the global values of the performance 
indicators obtained for buildings with the “Águas Claras” typology. 


The results obtained were compared with the values reported by Soares (2002) and the NORIE database 
(NORIE, 2003). 


4 Results 


4.1 Performance indicators for Águas Claras 
For comparison purposes, the Figure 5 presents the relative average values of the buildings’ performance 
indicators grouped according to the adopted structural solution. 


 
Figure 5: Relative average values of performance indicators (I/Imáx) grouped according the structural solution. 


 


The average values and confidence intervals of each proposed indicator are shown according to the 
structural solution as follows are presented in Table 1. 


Table 1: Average values and confidence intervals by structural solution. 


 


Finally, Table 2 shows the average values and confidence intervals of the indicators calculated for the 
entire sample. 
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Table 2: Global average values and confidence interval. 


 


4.2 Comparison with other databases 
To verify the proposed performance indicators, Table 3 shows the values obtained for the buildings in 
Águas Claras that used the beam and solid slab structural solution, followed by the corresponding values 
reported by NORIE (2003) and Soares (2002). 


Table 3: Performance values from Águas Claras, NORIE (2003)) and Soares (2002). 


 


Before these values were analyzed, the following clarifications were considered: 1) the NORIE and Soares 
indicators only included buildings with beam and solid slab structural solutions; 2) the data compiled by 
NORIE were obtained for a group of buildings with different destinations, including residential and 
commercial buildings; and 3) the Soares study focused on buildings for military use that had a small 
number of floors. 


Given the differences in the buildings examined in the three studies represented in Table 3, the analysis of 
the results should be limited to the qualitative variations in the obtained values instead of a direct 
comparison. 


Thus, the following should be noted: 


1. The NORIE values are within the range of the indicators calculated in this study, with the 
exception of IA, which was below the lower confidence interval limit in the NORIE study. 
However, this result may reflect the different typology of the buildings in the NORIE area, 
where most of the buildings have fewer floors than the buildings in Águas Claras. 


2. Regarding the comparison with Soares, the notably lower values correspond to the low 
number of floors in the studied buildings, which confirms the expected trend in the 
behavior of the indicators. 


5 Conclusion 
This study examined a set of performance indicators for concrete structures intended for tall residential 
buildings that are designed according to four different structural solutions. The proposed indicators were 
applied to buildings designed for the neighborhood of Águas Claras, and a database of performance 
indicators was generated for use as a benchmark for future projects. 


The values shown in Figure 1 allow engineers to adopt a previous analysis of the solution accounting for 
the consumption of the three main components of the final structure cost: concrete, steel, and formwork.  
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Finally, the comparison of the values obtained in this study with values in databases available in the 
literature indicated that the adoption of the four proposed indicators is promising and should be further 
studied. 
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Abstract 


In the sectors where equipment requiring services of maintenance are technologically complex and advanced, such as 
in the air transportation, knowing and managing the technical capability of the enterprises of the sector can be a 
good way maximizing the efforts of training. This paper attempts to present a process of technical capability 
clustering for the aeronautical maintenance industry, in order to provide a usable overview of the sector 
competences. The findings present a unique insight into the understanding of competences clustering that may be 
used across different industries. 


Keywords: aeronautical maintenance; technical capability; clustering process. 


1 Introduction 
Aircraft maintenance activities are an essential part of the continued airworthiness, aiming to provide, 
both, in civilian and military areas, the total service condition for the aircraft at the time that an operator 
request, with the expected quality and minimal cost (Knotts, 1999). This service is extremely important to 
support the air transportation in countries like Brazil, which are characterized by having a large territory 
with strong civilian and military air traffic, linking the various regions of the country (Núbia, 2007). 
Regarding this subject, a review of relevant academic literature showed that this subject has received little 
attention in the academic community, opening up opportunities for research. In fact, it is possible to note 
that several studies focus on issues relating to the conduct of management and technical-economic 
activities, at sector or industry level. Thus, Moroni (2003) studies management models and performance 
evaluation with application to aircraft maintenance services companies, while Machado et al. (2009) make 
a preliminary analysis of the managerial capability of Brazilian maintenance companies for aeronautical 
equipment, using as reference an European maintenance process model (Eurspace, 2003). Also, Durand 
(2008) studies relevant aspects of aircraft maintenance, related to the expected changes in the American 
Air Force maintenance organizational structure, as a result of implementing a resource planning system 
(Expeditionary Combat Support System).  With a slightly wider scope, and treating aircraft maintenance in 
a tangential way, Oliveira (2009) discusses the potential for innovation of the new aeronautical production 
and maintenance pole established in the central region of São Paulo, in Brazil. 


Some of the papers found in the literature review explore the aircraft maintenance from other 
perspectives that seek to improve the efficiency of the sector. As an example, Nascimento (2006) and 
Rodrigues et al. (2010) study the costs perspective, while Ando and Costa (2004) and Papakostas et al. 
(2010) focus their efforts in the selection of maintenance strategies. Moreover, Vilela et al. (2010) examine 
the relationship of accidents with aircraft maintenance and operational safety recommendations. Other 
authors focus on classical maintenance subjects like systems analysis for failure diagnosis (Silva Filho et al., 
2005); reliability and its relationship to cost control (Mata Filho et al., 1998) and maintenance planning 
(Samaranayake, 2006 and Samaranayake et al., 2007). 


In this context, this paper aims to expand knowledge about the technical capability aircraft maintenance 
industry in Brazil exploring the information provided by ANAC, with the main goal of presenting a process 
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of technical capability clustering for the aeronautical maintenance industry, in order to provide a usable 
overview of the sector competences.  


More specifically, this paper begins with an exposition of the basic concepts of maintenance activity in 
general and aviation in particular. The following is an exploratory research carried out from secondary 
data in order to detect technical patterns of the aeronautical maintenance in the Brazilian regulatory 
context, which circumscribes and certifies the activities that companies have the technical competence to 
perform. Finally, it was possible to present a unique insight into the understanding of competences 
clustering. 


2 Basic Concepts of Maintenance Activity 


2.1 The Maintenance Activity 
To achieve world class performance, companies are struggling efforts to improve quality and productivity 
and reduce costs (Mishra, 2006). For several companies, some of these efforts should include an analysis 
of the maintenance function activities. An effective maintenance is essential for many operations. It is 
possible through that, to extend the product life cycle, improve the equipment availability and keep them 
in good conditions. On the other hand, maintenance neglect can lead to more frequent failures, 
equipment underutilization and the consequent delay in production schedules. In accordance with Pun et 
al. (2002) and Pintelon (2006), maintenance, as a strategic function to support business, plays an 
important role in supporting the production function and its management. In fact, besides maintaining 
equipment functioning, maintenance management also supports the good performance or even 
implementation of production management techniques such as lean manufacturing, just-in-time and six-
sigma. The effectiveness in the maintenance management depends on the appropriate deployment of 
resources such as replacement parts, tools, equipment or workforce. This feature imposes a strategic 
approach to the maintenance activities. According to Tsang (1998), to consider maintenance just as a 
tactical element in companies is myopia. In fact, such function also has a strategic dimension with 
implications for the facilities project and maintenance programs, upgrading knowledge and skills of the 
workforce and deploying the work load and tools for the accomplishment of the various maintenance 
activities. The maintenance management becomes, therefore, an important element to be studied 
scientifically and that is what has happened according to Garg and Deshmukh’s (2006) research. For 
Sherwin (2000), maintenance systems should be tailored to the nature of work that will be managed. In 
other words, in the steel industry, for example, will be established procedures for maintenance 
management that will differ from those one used in the aerospace industry. 


2.2 Technical capability in the Aeronautical Maintenance Context 
The aircraft maintenance can be divided into two activities that, despite being fully associated, possess 
different characteristics. The first activity is related to aircraft maintenance as single equipment, and the 
second activity concerns components maintenance that will serve as inputs to the first one. This 
distinction is necessary because the aircraft maintenance operations follow rules that go beyond the 
technical expertise necessary to perform maintenance activities.  


2.2.1 Maintenance Types 
Aircraft maintenance can also be classified as preventive maintenance (hard time and condition 
monitoring), corrective maintenance (corrective) or predictive maintenance (on condition) (Knotts, 1999). 


 preventive maintenance – According to Tu et al. (2001), preventive maintenance is the practice of 
replacing components or subsystems before they fail, usually with predetermined frequency (hard 
time) or due to inspection and test (condition monitoring). The goal is to maintain continuous 
operation of the system, in this case the aircraft; 
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 corrective maintenance – In accordance with Moayed (2009) this is one that occurs after the 
identification and diagnosis of a problem. During this diagnostic maintenance technicians have to 
identify the failed parties to implement their correct actions and repair; 


 predictive maintenance - it takes into account the continuous monitoring of the operational limits 
of a given component or subsystem. If any tendency for the occurrence of a component or 
subsystem functional failure appears, it should be removed for maintenance. Some mechanisms 
for the implementation of predictive maintenance are the PDM (Product Data Management) and 
PHM (Product History Management). 


2.2.2 Regulatory Framework of Brazilian Aircraft Maintenance 
Any company that wants to be classified as an aircraft repair station, should submit a request to the 
National Civil Aviation Agency – Brazil (ANAC) for a certification, specifying which aircraft, engine, 
propeller, rotor, equipment or component, they will perform the maintenance service. Based on Brazilian 
Civil Aviation Regulation RBHA 145 (Brazil, 2005) it is evaluated the technical and organization 
qualifications of the company and if confirmed these qualifications, a Brazilian Repair Station Certificate 
(CHE) is issued to that company. It should also be noted that, airlines companies that possess RBHA 121 
(Certification and Operation of Large Airplanes Domestic and Flag Operators) (Brazil, 2003a) or RBHA 135 
(Certification and Operation of Small Airplanes and Helicopter Domestic and Flag Operators) (Brazil, 
2003b) certification, do not need to certificate its repair stations according to RBHA 145, to perform 
services on its own fleet or, under contract, to another airline company also certified by those same 
RBHAs.  


3 Technical Patterns 
Certified companies from the RBHA 145 will be classified according to their competence. Thus, when 
applying for a certification, the company should specify to ANAC the equipment for which it intends to 
offer the maintenance service, so that if approved, it will be classify into one or more patterns and classes 
of maintenance. This classification prevents that the repair station offers services than they are not 
licensed to perform. Understanding how aircraft maintenance enterprises combine their certifications, can 
be an important way to provide a usable overview of the sector competences and an insight into the 
understanding of competences of this industry (Brazil, 2005). 


3.1.1 Certification Technical Domain  
The Brazilian Repair Station Certificates issued by the ANAC, refers to aircraft maintenance companies and 
they are based on patterns and classes as shown in Table 1. 


Table 1 – Aircraft Maintenance Companies Patters and Classes 


Pattern Class 


Pattern C – Maintenance, 
modifications and cells 
repair. 


(C1) - Composite structure aircraft, with maximum approved takeoff weight up to 
5670 kg (aircraft) or 2730 kg (Helicopters) per aircraft model. 


(C2)- Metal structure aircraft, with maximum approved takeoff weight up to 5670kg 
(aircraft) or 2730 kg (Helicopters) per aircraft model. 


(C3)- Composite structure aircraft, with maximum approved takeoff weight over 5670 
kg (aircraft) or 2730 kg (Helicopters) per aircraft model. 


(C4)- Metal structure aircraft, with maximum approved takeoff weight over 5670kg 
(aircraft) or 2730 kg (Helicopters) per aircraft model. 


Pattern D – Maintenance, 
modifications and aircraft 
engines repair. 


(D1) – Conventional engines with up to 400 H.P., per model. 


(D2) - Conventional engines with over 400 H.P., per model. 


(D3) – Turbine engines, per model. 
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Pattern E – Maintenance, 
modifications, and 
aircraft propellers and 
rotors repair. 


(E1) - Wood propellers, metal or composite, fixed pitch, per model. 


(E2) – All other propellers, per model. 


(E3) – Helicopters rotors, per model. 


Pattern F – Maintenance 
and aircraft equipment 
repair. 


(F1) - Communications and navigation aircraft equipment, per model 


(F2) - Aircraft instruments, per instrument type. 


(F3) - Mechanical accessories, aircraft electrical and electronics, per accessory model. 


Pattern H –  


Specialized services. 


(H) - Single Class - Specific activities for the maintenance implementation that 
aeronautical authority upheld, per type service (e.g., nondestructive testing, floats, 
emergency equipment, rotor shovels, screen coating). 


Source: Brazil (2005). 


4 Process of Technical Capability Clustering 
The number of combined certifications (companies that possesses two certifications simultaneously) 
regarding to different classes and patterns of certifications are shown in Table 2. Diagonally it is possible 
to note the absolute total of certifications for each class and pattern and also the number of companies 
certified in more than one class and pattern of certificate are shown combining lines and columns. 


Table 2: Combined certifications matrix 


C1 C2 C3 C4 D1 D2 D3 E1 E2 E3 F1 F2 F3 H
C1 86 83 1 5 55 7 6 12 13 1 6 3 31 19


C2 83 279 6 75 115 9 127 19 42 15 44 37 123 77


C3 1 6 9 1 1 0 7 0 1 2 3 3 7 6


C4 5 75 1 209 13 0 139 6 22 10 59 53 153 129


D1 55 115 1 13 134 8 38 20 28 6 8 7 75 37


D2 7 9 0 0 8 10 1 1 2 0 1 0 1 0


D3 6 127 7 139 38 1 244 9 38 15 71 66 179 135


E1 12 19 0 6 20 1 9 30 29 1 3 2 25 17


E2 13 42 1 22 28 2 38 29 60 5 18 16 49 34


E3 1 15 2 10 6 0 15 1 5 15 8 8 12 9


F1 6 44 3 59 8 1 71 3 18 8 112 98 104 70


F2 3 37 3 53 7 0 66 2 16 8 98 106 100 62


F3 31 123 7 153 75 1 179 25 49 12 104 100 346 202


H 19 77 6 129 37 0 135 17 34 9 70 62 202 260  


Therefore, data in Table 2 demonstrate that, from the total of 279 certificates issued to the C2 type, 115 
were issued for aircraft repair stations that also have certifications D1 type. In the same way, from the total 
of 106 certifications issued for the F2 type, 100 were issued for aircraft repair stations that also have 
certifications F3 type. 


Table 3: Standardized Combined Certifications Matrix. 


C1 C2 C3 C4 D1 D2 D3 E1 E2 E3 F1 F2 F3 H
C1 1,000 0,965 0,012 0,058 0,640 0,081 0,070 0,140 0,151 0,012 0,070 0,035 0,360 0,221


C2 0,297 1,000 0,022 0,269 0,412 0,032 0,455 0,068 0,151 0,054 0,158 0,133 0,441 0,276


C3 0,111 0,667 1,000 0,111 0,111 0,000 0,778 0,000 0,111 0,222 0,333 0,333 0,778 0,667


C4 0,024 0,359 0,005 1,000 0,062 0,000 0,665 0,029 0,105 0,048 0,282 0,254 0,732 0,617


D1 0,410 0,858 0,007 0,097 1,000 0,060 0,284 0,149 0,209 0,045 0,060 0,052 0,560 0,276


D2 0,700 0,900 0,000 0,000 0,800 1,000 0,100 0,100 0,200 0,000 0,100 0,000 0,100 0,000


D3 0,025 0,520 0,029 0,570 0,156 0,004 1,000 0,037 0,156 0,061 0,291 0,270 0,734 0,553


E1 0,400 0,633 0,000 0,200 0,667 0,033 0,300 1,000 0,967 0,033 0,100 0,067 0,833 0,567


E2 0,217 0,700 0,017 0,367 0,467 0,033 0,633 0,483 1,000 0,083 0,300 0,267 0,817 0,567


E3 0,067 1,000 0,133 0,667 0,400 0,000 1,000 0,067 0,333 1,000 0,533 0,533 0,800 0,600


F1 0,054 0,393 0,027 0,527 0,071 0,009 0,634 0,027 0,161 0,071 1,000 0,875 0,929 0,625


F2 0,028 0,349 0,028 0,500 0,066 0,000 0,623 0,019 0,151 0,075 0,925 1,000 0,943 0,585


F3 0,090 0,355 0,020 0,442 0,217 0,003 0,517 0,072 0,142 0,035 0,301 0,289 1,000 0,584


H 0,073 0,296 0,023 0,496 0,142 0,000 0,519 0,065 0,131 0,035 0,269 0,238 0,777 1,000   
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However, according to Fávaro (2009), an important aspect to be considered in a cluster analysis is the use 
of variables with different measures, which can lead to a distortion of the group structure. This influence 
of variables different magnitudes can be solved with variables standardization. 


Thus, the data presented in Table 2 were standardized by the maximum amplitude method, which 
attributes to each variable the maximum value of 1, and is calculated by dividing the value of each 
variable by the maximum value of the class analyzed. Table 3 shows those standardized values of the 
variables obtained from Table 2. 


In Table 3, it is possible to verify the different similarity degrees between different classes of certification. 
The closer the values are to 1, the higher is the level of composed certifications. In order to a more 
accurate analysis it was applied generating clusters method. 


4.1 Generating Clusters Method 
According to Wedel and Kamakura (2000), there are three major methods of generating clusters: 
nonoverlapping methods, overlapping methods and the fuzzy set method. In the case of nonoverlapping 
methods, an entity belongs to one and one only, cluster; in overlapping methods, an entity may belong to 
more than one cluster; and in the case of fuzzy method, entities belong partially to more than one cluster. 
In this work only nonoverlapping methods were applied. 


There are two different methods of generating nonoverlapping clusters commonly distinguished: 
hierarchical methods and nonhierarchical. Hierarchical methods do not identify a set of clusters directly. 
These methods identify hierarchical relationships between objects by using some measure of similarity 
between them. Some examples of hierarchical methods are the single-link, complete-link, group-average, 
centroid clustering and Ward's method. Nonhierarchical methods derive clusters from the sample directly 
from a data matrix, typically by optimizing an objective function. The methods k-means and k-harmonic 
means are examples of non-hierarchical methods in which a quadratic function is minimized. 


Regarding fuzzy method, two different methods of generating clusters can be distinguished: procedures 
based on fuzzy set theory and mixture procedures. Mixture procedures assume segments are 
nonoverlapping, but due to the limited information presented in data, subjects are assigned to segments 
with uncertainty, reflected in probabilities of each cluster, while the fuzzy procedures assume that 
consumers have partial membership in several segments (Wedel and Kamakura, 2000). 


A classification scheme per clustering method elaborated by Wedel and Kamakura (2000) is presented in 
Figure 1. 


 


Figure 1 – Classification of Clustering Methods 


Source: Wedel and Kamakura (2000) 
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In this study it was chosen the hierarchical method of generating clusters, since, according to Webb 
(2002), this is the most commonly used method to summarize data, which is the goal of this study. 


4.2 Clustering Hierarchical Methods 
Clustering hierarchical methods are widely applied in different knowledge areas. Hierarchical 
classifications typically result in a dendrogram, a tree structure that represents the hierarchical relations 
among all objects being clustered. According to Wedel and Kamakura (2000), clusters themselves are not 
derived directly by the hierarchical methods, and a researcher seeking a solution with a certain number of 
clusters will need to decide how to arrive at those clusters form the tree representation produced.  


Hierarchical cluster algorithms operate on the basis of the relative dissimilarity of the objects being 
clustered. A variety of similarity, dissimilarity and distance measures can be used in hierarchical cluster 
analysis. Those similarity measures assess the strength of the relationship between the objects clustered 
and are derived from the variables measured on the objects. According to Wedel and Kamakura (2000), 
the type of dissimilarity measure used must be chosen by the researcher, and will depend on the kind of 
problem features. The most commonly used dissimilarity measures for numeric data are presented in 
Table 4 . 


Table 4 – Most commonly used dissimilarity measures  


Measures Formula 
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Source: Wedel and Kamakura (2000) 


Agglomerative hierarchical algorithms are the most commonly used hierarchical methods and they work 
in the following way (Mingoti and Lima, 2006): in the first stage each of the N objects to be clustered is 
considered as a unique cluster. The objects are then, compared among themselves by using a measure of 
distance such as Euclidean, for example. The two clusters with smaller distance are joined. The same 
procedure is repeated over and over again until the desirable number of clusters is achieved. Only two 
clusters can be joined in each stage and they cannot be separated after they are joined. A linkage method 
is used to compare the clusters in each stage and also to decide which of them should be combined. 


The Table 5 presents clusters dissimilarity definitions for some of the most commonly used methods. 
According to Johnson and Wichern (2002) apud Mingoti and Lima (2006), Single Linkage, Complete 
Linkage and Average linkage methods, can be applied in quantitative or qualitative variables, Centroid 
and Ward’s methods are only appropriate for quantitative variables. 
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Table 5 – Most common used cluster dissimilarity relation 


Algorithm  Recurrence relation of distance 


Single Linkage Shortest distance between two cluster members 


Complete Linkage Greatest distance between two cluster members 


Average Linkage Average distance between two cluster members 


Centroid Linkage Distance between segment averages of variables  


Ward Minimum increase in total sum of squares 


Source: Johnson and Wichern (2002) apud Mingoti and Lima (2006) 


4.3 Certifications Cluster 
In this study, data were classified by using information from the standardized matrix shown in Table 3. To 
perform the hierarchical analysis of clusters generation, it was chosen Euclidean distance with subsequent 
application of the Ward method, due to the quantitative analysis. 


The Figure 2 presents the aeronautical maintenance homologation certificates cluster dendrogram by 
pattern. 


 


Figure 2 – Certifications cluster dendrogram. 


When the clusters are observed, it can be verified that in the first cluster, from left to right, the E3 pattern 
(Helicopter Rotors) is in an isolated branch, situation justified by its specificity. 


Still in the first cluster, the “D3” patterns (turbine engines) and “F3” (aircraft mechanical, electrical and 
electronic accessories) are in the same branch, which is also justified as the turbine engines have a large 
quantity of accessories that also need specific maintenance. The “D3-F3” pattern branches are associated 
to the “C4-H” pattern branches (“C4” related to metallic structure aircrafts, with maximum takeoff 
approved weight above 5670 kg (airplane) or 2730 kg (helicopters) and “H” being related to specific 
maintenance in activities execution). This makes sense as larger aircrafts are the ones that commonly have 
turbine engines. 


4 segments 
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In the second cluster, it can be observed that the “C3” pattern (combined structure aircraft, with maximum 
takeoff approved weight above 5670 kg (airplane) or 2730 kg (helicopters)) are in a specific branch, 
clustered, however, with “F1 and F2” patterns (aircraft communication/navigation equipments and aircraft 
instruments, respectively). Taking into account that combined structure aircraft are, normally, more 
modern and also that more modern aircraft are the ones which have more communication/navigation 
equipments and instruments, that agglomeration in the second cluster is coherent. 


In the third cluster, it is possible to identify a certification cluster for propellers maintenance certifications 
(“E1 and E2”), which is justifiable by it. 


In the fourth cluster, are concentrated companies certifications that perform maintenance in conventional 
engines, “D1 and D2” pattern, along with “C1 and C2” patterns, associated to modifications and repairs of 
smaller aircrafts cells, which consequently use, generally, conventional engines.  


This analysis, from the dendrogram, enabled to find out that the aeronautical maintenance companies are 
trying to certify themselves into groups and maintenance classes patterns that will possibly increase their 
services scope for certain types of aircraft. Therefore, we can say that the training of the workforce must 
also follow the same structure as identified in the dendrogram. However, the high degree of specialization 
of technical training can make it difficult for the same technician has different capabilities, generating 
costs in hiring. These issues may be targeted for future research. 


5 Conclusion 
Aircraft maintenance activities are an essential part of the continued airworthiness, aiming to provide, 
both, in civilian and military areas, the total service condition for the aircraft at the time that an operator 
request, with the expected quality and minimal cost. This service is extremely important to support the air 
transportation in countries like Brazil, which are characterized by having a large territory with strong 
civilian and military air traffic, linking the various regions of the country. 


It is observed that, depending on the complexity and the advancement of the technologies used in 
aircraft, technical training required for the aircraft maintenance is too qualified, requiring that companies 
have on their staffs, human resources qualified to maintenance activities they intend to accomplish. 
Finding this qualified workforce cannot be so easy, since hiring skilled labor is a problem that affects not 
only the aviation industry but also other sectors those necessities a workforce with a similar level of 
technical skills. 


This paper has presented a process of technical training clustering in aircraft maintenance industry that 
offers a useful overview of the skills sector. More than that, the clustering process implies that the process 
of qualification of the workforce can be achieved by combining the different skills identified in each 
cluster. 
The clustering process used in this work follows a basic methodology of clustering, however the insights 
arising from the clustering process is unique to the understanding of the characteristics of technical 
training in a particular sector of the economy. From this process of clustering is possible to question the 
way it gives the training of the workforce for the sector. 


Finally, it is possible to infer that the clustering process can be useful across different sectors, given that 
there are other sectors that have similar characteristics to the aviation industry by using equipment 
complex and technologically advanced. As a recommendation, we suggest the application of this 
clustering process in other industries. 
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Abstract 


The current Brazilian economic growth introduces the transport market as an excellent investment opportunity, so 
knowing the current situation in this market becomes crucial to private investors. In this context, this paper presents 
an overview of the current situation of road cargo transport in Brazil. There is a general dissatisfaction by road carriers 
regarding freight rates in the country. Freight rates basically depend on the travel distance, type of cargo shipped, as 
well as the quality of roads and of the fleet. Therefore, the paper summarizes the main characteristics of Brazilian 
cargo transport, including its main actors, characteristics of the national truck fleet and conditions of roads. Then, it 
analyzes the road freight market in the country. Based on primary and secondary data, obtained from a 
bibliographical and a survey research, this paper presents the main differences between autonomous road carriers 
and carrier companies in the Brazilian market.  


Keywords: road transport, cargo transport, freight rates, autonomous road carriers, carrier companies 


1 Introduction 
Road transport has been the preference for overland transport of goods in Brazil. Over 60% of the cargo 
in Brazil is transported by road and, considering only containerized cargo, this share reaches up to 90% 
(Wanke, 2010). This preference for road transport can be explained by the need to be flexible and the 
trend towards ‘delivery on demand’, more suited to the practice of Just in Time. However, as pointed out 
by ANTT (2011), there are also factors that improperly favors road transport in the country, such as: (i) the 
practice of overcharging which results in the destruction of highway infrastructure and in high 
maintenance costs; (ii) lack of regulation for driver’s working hours, which enables the journey to be made 
more rapidly and consequently reducing costs, while simultaneously sacrificing the driver and 
contributing to the increasing number of road accidents in Brazil (about 30% of traffic accidents in the 
country have trucks involved), (iii) tax evasion, due to inefficiency in controlling the bill of lading or even 
the invoice of goods transported by autonomous carriers; and (iv) the practice of low margins in freight 
charging, which makes fleet renewal difficult (the average fleet age for autonomous carriers in Brazil is 19 
years old) and leads to disastrous consequences related to fuel consumption, pollution and accidents.  


Low freight rates in the Brazilian market are the result of excessive supply of transport services offered by 
autonomous road carriers, which mostly are hired by major carrier companies. In general, carrier 
companies are hired by manufacturers for transporting raw materials to industrial sites or final goods to 
consumer markets. In order to reduce costs and optimize routes, carrier companies end up outsourcing 
part of this service to autonomous road carriers, who tend to charge prices below what would be 
recommended under economic and financial perspectives. These low freight rates generate low revenues 
for autonomous road carriers, which can lead to problems such as overcharging, excessive working hours 
and difficulties in fleet renewing and vehicle maintenance. Therefore, this malpractice contributes to 
increase average fleet age, accident rates and tax evasion (ANTT, 2010). Consequently, it brings many 
impacts to society, such as increasing accident rates and deaths, excessive emission of pollutants, traffic 
jams and excessive consumption of fuel (CNT, 2002). This cycle of problems is known as the Vicious Circle 
of Road Cargo Transport in Brazil (ANTT, 2010). 
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However, even in this problematic context, transport activity has increased its participation in Brazilian 
Gross Domestic Product (GDP), rising from 3.7% to 4.3% between 1985 and 1999 (Fleury, 2003). From 
1970 to 2000, the transport sector grew nearly 400%, while the increase in GDP was 250%. Such growth 
has been strongly influenced by the geographical deconcentration of Brazilian economy in recent decades 
toward the Midwest, North and Northeast areas of the country. Thus, the current Brazilian economic 
growth introduces the transport market as an excellent investment opportunity. Therefore, knowing the 
current situation in this market becomes crucial to private investors. 


In this context, the paper presents an overview of the current situation of road cargo transport in Brazil. 
The study is based on primary and secondary data, obtained from a bibliographical and a survey research. 
Initially, the paper summarizes the main characteristics of the Brazilian cargo transport, including its main 
actors, characteristics of the national truck fleet and conditions of roads. Then, it analyzes the road freight 
market in Brazil. Finally, the results of the survey research are present and analyzed, indicating the main 
differences between autonomous road carriers and carrier companies in the Brazilian market, regarding 
the following variables: average fleet age, frequency of truck renewal, transported cargo, acquisition of 
insurance and the need for outsourcing transport services.  


2 Road Cargo Transport in Brazil 
Among all the problems related to cargo transportation in the country, the most alarming is the distortion 
of Brazilian transport matrix. While large territorial countries, such as the United States, Canada, China and 
Russia, use predominantly railroad and waterway transport over road transport, exactly the opposite 
occurs in Brazil, where there is a predominance of the road mode (Figure 1). Trucks account for 
approximately 61 percent of the general cargo transportation in Brazil, which represents 1.2 billion tons of 
cargo transported, a figure 5.1% larger than in 2009 (Figure 2).  
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Figure 1: Brazilian Transport Matrix. Source: Plano CNT, 2011. 
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Figure 2: Transported Cargo. Source: Plano CNT, 2011. 


 
Considering aspects related to road safety and restrictions on the volume and weight of cargo 
transported, the road mode may be considered less efficient for cargo transport than rail. The scale 
economies of rail over longer distances and for bulk commodities advantage it, over road, for these tasks. 
However, road mode offers a reasonably fast and reliable delivery for less than truck load (LTL) shipments, 
besides presenting advantages for transporting smaller cargo loads (Ballou, 2001). The flexibility of road 
transport for urban goods distribution is unassailable, especially considering door-to-door delivery. In 
consequence, road mode should be the preference for transporting small volumes of industrial goods, 
with medium to high aggregate value, in short distances routes. However, due to the low freights rates 
practiced in Brazil, road mode ends up being a major player in the transport of commodities such as 
soybeans, oil and cement.  


2.1 The Market of Road Cargo Transport in Brazil  
Road mode is responsible for 6 of every ten pounds of cargo distributed in Brazil. It is a market that 
involves the participation of 71,000 carrier companies, 417,000 autonomous road carriers and 203 
cooperatives, generating over 3.5 million jobs (ANTT, 2011). Table 1 presents the concentration of these 
actors in different regions of Brazil.  


Table 1: Concentration of Carriers per region. Source: Cibulska et.al. (2010). 


MW NE N SE S Total


52.439 89.557 18.974 342.582 168.229 671.781
7,8% 13,3% 2,8% 51,0% 25,0%
7.193 13.448 5.088 60.196 41.670 127.595
5,6% 10,5% 4,0% 47,2% 32,7%


28 76 32 221 266 623
4,5% 12,2% 5,1% 35,5% 42,7% 100,0%


Transport Company


Transport Cooperative


Amount of Carrier


Independet Carries


 
 


It can be observed, from Table 1, a high concentration (51%) of autonomous road carriers in the 
Southeast region of the country. Autonomous road carriers are responsible for most of the trucks in 
circulation and for transporting over 60% of general cargo in Brazil (ANTT, 2011). These professionals 
generally work without a contract and they tend to be hired by carrier companies in peak demand or for 
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long-distance services. In such cases, the ownership of the truck is no longer a responsibility of the carrier 
company, so the investment and the costs of maintenance are passed on to autonomous carriers (Chahad 
and Cacciamali, 2005). According to Wake (2010), this practice is a global trend, since, in many countries, 
drivers have passed from the position of employees to the position of outsourced staff, in which they 
must have their own truck or lease it.  


Instead of working as autonomous carriers, some drivers have organized cooperatives for the provision of 
freight service. In a typical cooperative, a group of truck drivers, who owns their vehicles, provide cargo 
transport services in a collective way. The members alternate themselves in providing services and the 
earned income is divided among these members. The cooperative signs contracts and fulfills legal 
formalities. According RNTRC (2011), there are 203 cooperatives that provide cargo transportation in the 
country, with a fleet of 11,000 vehicles with an average age of 14.4 years. Being a member of a 
cooperative has the advantage of reducing risks and costs, besides increasing value-added services, in 
comparison to autonomous carriers. Besides, the cooperative, as a legal entity, tend to have better 
conditions than the individual autonomous carrier to negotiate freight rates, discounts for insurances or 
for vehicle maintenance.  


2.2 Characteristics of National Truck Fleet 
The fleet for road cargo transport is currently composed by 1,329,390 vehicles, of which 46% are operated 
by autonomous carriers, 53% by carrier companies and 1% by cooperatives (ANTT, 2011), as shown in 
Figure 3.  


46%


53%


1%


Independet Carries Transport Company Transport Cooperative


 
Figure 3: Truck Fleet in Brazil. Source: ANTT, 2011. 


 
According to ANTT (2011), vehicles of autonomous carriers are, on average, 18.9 years old and the 
average age for cooperative vehicles is 14.4 years, while vehicles of carrier companies are, on average, 8.5 
years old. The fleet of carrier companies is significantly newer, more modern, diversified and greater in 
capacity: 42% of their vehicles are heavy trucks (maximum gross weight of 23 tons), 29% are semi-trailers 
and 21% are tractor lorries. The car bodies can be opened (37%), closed (24%), tanks (9%) or others. 
Almost half (47%) of Brazilian carrier companies operate only with one vehicle and another 37% have 
between two and five trucks (ANTT, 2011). On the other hand, the fleet of autonomous road carriers is 
composed mainly by heavy trucks (68%) with open bodies (63%). Autonomous road carriers generally 
have a single truck.  


Cooperatives have an advantage over autonomous road carriers for financing the purchase of new 
vehicles, so their fleet is more modern and diverse than that of autonomous carriers. The fleet of 
cooperatives is composed by eight thousand vehicles, of which most are heavy trucks, but the share of 
semi-trailers and tractor lorries is also representative. In fact, the fleet of cooperatives is distributed 







 
An Overview of Road Cargo Transport in Brazil 


ID260.5 


homogeneously among these three types of vehicles, which allows them to offer a more diversified 
transportation service (ANTT, 2011). 


2.3 Condition of Roads  
Despite an increasing number of roads in Brazil, transportation density indicators are very conservative 
compared with other countries. In 2000, Brazil average 30.51 miles of paved roads per 1,000 square miles 
versus an average of 658.38 miles of paved roads per 1,000 square miles in the United States (Caixeta 
Filho, 2003). Currently, Brazilian highway network has 1.580.890 Km of roads, from which only 212,618 km 
(13%) are paved (CNT, 2010). A research developed by CNT (2011) analyzed 89,552 km of these paved 
roads and concluded that 69% of them presented problems such as deficiencies in road pavement, 
signalling or geometry, compromising thus road security and reducing the possibility of integration with 
other modes. CNT (2010) also analyzed 90,945 km of the paved roads in Brazil and classified their 
pavement condition (Figure 4). 58% of them were classified as very poor, poor or regular. Therefore, there 
is a high level of deterioration of the few paved roads in the country, jeopardizing the entire logistics 
system. 
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Figure 4: Classification of roads according to pavement conditions. Source: CNT, 2010 


Figure 5 presents a classification of Brazilian roads regarding signalling: 41.8% of Brazilian highways have 
appropriate signalling; signalling in 38% of the roads are considered regular; and in 30.2% of the roads 
signalling conditions are considered poor or very poor (CNT, 2010). This inefficiency in signalling results in 
higher susceptibility to cargo thefts since the driver is often forced to reduce the speed, hence becoming 
more vulnerable to burglary. According to Logistics & NTC (2010), in 2009, there was an estimated loss of 
900 million dollars with burglary on Brazilian roads, a figure 12% higher than in 2008. 
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Figure 5: Signalling condition in Brazilian roads. Fonte: CNT, 2010 


High accident rates are recorded annually in Brazilian highways, and this figure is still increasing (CNT, 
2010). In 2009, 159,400 accidents on federal roads were registered, a figure 13% higher than in 2008. Such 
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accidents cause major losses, such as late deliveries, customer dissatisfaction, costs with health care, as 
well as loss of lives. Figure 6 shows the concentration of road accidents by Brazilian regions. A high 
concentration (65.4%) of accidents in the South and Southeast regions can be observed. Over 60% of the 
national fleet of vehicles is also concentrated in these regions, which may be one of the reasons for this 
high figure of accidents (CNT, 2010). 
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Figure 6: Concentration of Road Accidents per Brazilian Region. Source: CNT, 2010 


3 Freight Market for Road Cargo Transportation in Brazil 
There has been a historical predominance of the road mode in Brazil due to the larger number of 
highways built and extended (Caixeta-Filho, 2003). However, a scenario of loose surveillance and 
operational requirements led to a reduction in quality of services provided and reduced freight rates 
(Hijjar, 2008). The truck freight market is not under government control; hence, freight prices are 
determined by supply and demand for the transport service.  


According to Caixeta-Filho (2011), there is a general dissatisfaction by road carriers regarding freight 
rates. This dissatisfaction can be partially explained by the lack of constancy in the evolution of 
operational costs in comparison to the freight rates practiced, causing a direct reduction on profit margin. 
To negotiate efficiently, carriers and shippers must be aware of current shipping cost variables, but it is 
not always true in Brazilian market.  


Freight rates basically depend on the travel distance, type of cargo shipped, as well as the quality of roads 
and of the fleet (Caixeta-Filho and Martins, 2011). For Martins (2008), price formation for cargo transport 
services is quite complex, because, besides its operational costs, it also depends on local and situational 
factors. Fright rates are directly proportional to variations in decisive factors for the demand for 
transportation, such as economic performance and certain business strategies. It is also indirectly 
influenced by decisive factors for operational costs of transport services, such as regulation, fuel prices, 
among others.  


A study developed by Hijar (2008) concluded that transportation services from Sao Paulo usually have 
higher freight rates than routes that have this city as destination. For example, the freight rate of a route 
from Rio de Janeiro to Sao Paulo is, on average, 34% lower than the rate for the reverse route. This 
phenomenon can be partially explained by the fact that São Paulo is the largest industrial city in Brazil and 
therefore there is a high demand for transport services to distribute its production to other regions. 
According to Hijjar (2008), freight rates also depend on the fleet used to cargo transportation due to 
differences on capacity and volumes.  


Besides presenting an overview of the current situation of road cargo transport in Brazil, this paper also 
identifies the main differences between autonomous road carriers and carrier companies in the national 
market. The research method applied in this study is presented on the following section.  
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4 Research Method 
The investigation uses both primary and secondary data, obtained from a bibliographical and a survey 
research. The sample assessed by the survey research consisted of 120 carrier companies and 96 
autonomous road carries that act on the route São Paulo – Rio de Janeiro. The selection of this particular 
route is justified by the expressive amount of cargo shipped from São Paulo to Rio de Janeiro. This can be 
explained by the high concentration of industries in the State of São Paulo that exports goods to the 
second largest consumer market in the country, Rio de Janeiro. On the other hand, the state of Rio de 
Janeiro has a smaller industrial estate than São Paulo, so it needs to purchase consumer goods from other 
industrial areas, such as São Paulo. Most of the exported goods have medium to high value-added, so 
road transport is prioritized and Via Dutra, the main road connection between these two markets, ends up 
having a large amount of cargo shipped towards Rio de Janeiro.  


Data collection was divided in three stages. In the first stage, an electronic online questionnaire was sent 
to 100 carrier companies. Meanwhile, face-to-face interviews were conducted to a group of 20 carrier 
companies. This group of 20 companies is responsible for shipping 60% of the goods transported from 
São Paulo to Rio de Janeiro. Therefore, face-to-face interviews were conducted in order to obtain more 
detailed data about this group, as well as other information not yet identified, but that could contribute to 
a better understanding of the Brazilian market of road cargo transportation. In the third stage, face-to-
face interviews were also conducted to 96 autonomous road carriers, since, in most cases, this group does 
not have easy access to computer resources or internet. A research instrument of 14 questions was used 
for data collection and SPSS (Statistical Package for Social Sciences) software package was applied in the 
data analysis.  


5  Comparative Assessment 
The paper aims to identify the main differences between autonomous road carriers and carrier companies 
in the Brazilian market. For this comparative analysis, the main variables that differentiate these two actors 
were considered: average fleet age, frequency of truck renewal, transported cargo, acquisition of 
commercial vehicle insurance and the need for outsourcing transport services. These factors also influence 
the freight rates charged by both carrier companies and autonomous road carriers. Analyzing each of 
these variables, the following results were assessed.  


 Average Fleet Age: The fleet of carrier companies acting on the route São Paulo-Rio de Janeiro is, 
on average, 5 years old, while the fleet of autonomous carriers acting on the same route is, on 
average, 19 years old. 52% of the vehicles that belong to autonomous carriers present an average 
fleet age between 15 and 24 years. Therefore, one can conclude that the average age for the fleet 
of autonomous road carriers that act on the route São Paulo - Rio de Janeiro is significantly higher 
than that of carrier companies. This phenomenon is not exclusive from the market of São Paulo – 
Rio de Janeiro. As shown in section 2.2, in the Brazilian market, the fleet of carrier companies is 
significantly newer, more modern, diversified and greater in capacity than that of autonomous road 
carriers. However, this research shows that, on average, the fleet of carrier companies that act on 
the route São Paulo – Rio de Janeiro is newer and more modern than that of other Brazilian carriers, 
with average fleet ages of 5 and 8.5 years old, respectively. This is due to the expressive amount of 
cargo shipped from São Paulo to Rio de Janeiro and to the economic importance of both these 
cities in Brazil. However, no difference was found for the average fleet age of autonomous carriers 
that acts in this particular route in comparison to others in the Brazilian market. It can be explained 
by the fact that autonomous road carriers face many difficulties for financing the acquisition of new 
vehicles everywhere in Brazil and that the general dissatisfaction regarding freight rates is a 
national problem.  


 Frequency of Fleet Renewal: As observed in the previous topic, the fleet of carrier companies is 
newer and more modern than that of autonomous auto carriers. Therefore, it is no surprise that 
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they renew their fleet more frequently than autonomous carriers. Carrier companies that act on the 
route São Paulo – Rio de Janeiro renew their fleet, on average, every five years, while the frequency 
of fleet renewal by autonomous road carries that acts on the same route is, on average, every 16 
years. 


 Transported cargo: Certain uniformity can be observed in the characteristics of the cargo 
transported from São Paulo to Rio de Janeiro by autonomous road carriers and by carrier 
companies, since both are subjected to the same demand pattern for cargo transport in the route. 
Thus, there is a predominance of general cargo (50% of the cases), which is packed and packaged 
for shipment, transportation and unloading. 


 Commercial Vehicular Insurance: 70% of autonomous road carriers that act on the route São 
Paulo – Rio de Janeiro do not contract vehicular and those who do (only 30%) are members of 
insurance cooperatives, which offer discounts on hiring policies. This is not an exclusive 
phenomenon of the São Paulo – Rio de Janeiro route, but a characteristic of the entire Brazilian 
market due to the high insurance costs for commercial vehicles in the country. On the other hand, 
all the assessed carrier companies had insurance contracts that covered their vehicles as well as the 
transported cargo. These companies usually get high discount rates on insurance because of the 
large number of vehicles covered.  


 Outsourcing of Transportation services: most carrier companies that act on the route São Paulo – 
Rio de Janeiro outsource part of their service to autonomous road carriers on peak seasons, such as 
the holiday season or when closing a large distribution contract. This seasonal demand pattern was 
pointed out by 63% of the assessed carrier companies as the main reason to hire the services of 
autonomous carriers. Another factor, pointed out by 12% of respondents as a major motivator for 
outsourcing, is the long travel distances. Most carrier companies tries to keep their vehicles 
available for more profitable services, so they outsource this type of service, which tend to be more 
costly and time consuming, to autonomous road carries. Moreover, about 18% of the assessed 
carrier companies affirm that they outsource transport services to autonomous carriers when they 
consider that the profit will not be sufficient to perform the service with their own fleet. This shows 
the general dissatisfaction regarding freight rates. 


Finally, significant differences were observed in the data surveyed for both carrier companies and 
autonomous road carriers. Such differences demonstrate discrepancies in the service of road cargo 
transport offered in Brazil, depending on who is performing the service. Analyzing the assessed variables, 
one can conclude that carrier companies have a more reliable fleet and offer a more reliable service than 
those of autonomous road carriers, who usually act on an outsourced basis under the rules of carrier 
companies. This relationship does not always translate into lucrative contracts for these autonomous road 
carriers. 


6 Conclusion 
This paper presents an overview of the current situation of the road cargo transport in Brazil. It also points 
out the main differences between autonomous road carriers and carrier companies in the Brazilian 
market, regarding the following variables: average fleet age, frequency of truck renewal, transported 
cargo, acquisition of insurance and the need for outsourcing transport services. The results show that, for 
all evaluated items, the fleet of autonomous carriers performed well below than the fleet of carrier 
companies. For that reason, autonomous road carriers offer a less reliable service and hence do not have 
conditions to compete with carrier companies for contracts. Therefore, they end up working for these 
carrier companies, who outsource transport services which they choose not to perform with their own 
fleet. Generally these outsourced services have more complicated and costly routes or cargo, which ends 
up rapidly depreciating vehicles of autonomous carriers as well as increasing the risks involved. As a 
result, carrier companies often impose their own rules and conditions for the autonomous carriers. Finally, 
one can conclude that the service of road cargo transport in Brazil may present discrepancies depending 
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on who is performing it. These problems, associated with an unbalanced transport matrix, lead to 
disastrous consequences for society, such as an increasing number of road accidents, deterioration of 
road infrastructure and higher cost for cargo distribution.  
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Abstract 


The article discusses the projects regarding typification and quality. In this context, the following questions are 
appropriate: in which category does Project Engineering fit into? Does the development of projects represent the 
generation of a product or is it typically a service? In defence of the first possibility, it can be argued that the 
development of a project leads to a tangible result comprising of documents, drawings and specifications which then 
will allow, through their implementation, the realization of the purpose of the project.  In defence of the second, one 
can say that these documents, drawings and specifications are actually intangible from the point of view of the real 
purpose of the project, which will only be achieved after its physical completion. In this article is discussed the 
characterization of Project Engineering such as generator of products and/or services, seeking to answer the above 
questions, as well as it is made an analysis of this important set of activities through the concepts and dimensions of 
quality embodied by literature. 


Keywords: Approaches and dimensions of quality; projects typology; project clients and consumers; project quality 
management. 


1 Introduction 
In the development of the studies and research in order to understand and contribute to the continuous 
improvement of quality, a dichotomy emerged due to the differences of the efforts to be considered in 
each case: between generating tangible products, which have physical properties, and the offering of 
services, by their very nature intangible, to meet the specific consumers’ needs. 


Although the concept of quality, characterized by its five main approaches, as synthesized by Garvin 
(2002) - see Table 2 - is applicable to these two categories of items offered to the consumer, there are 
certainly important differences to be considered, as regards to production characteristics, the dimensions 
of quality and several other aspects. 


In this context, one purpose of this article with a literature review to identify the suitability of the following 
questions: Which of these categories does Project Engineering fit into? Does the development of projects 
represent the generation of a product or is it typically a service? In defence of the first possibility, it can be 
argued that the development of a project leads to a tangible result comprising of documents, drawings 
and specifications that then will allow, through their implementation, the achievement of the purpose of 
the project.  


In defence of the second one, it can be said that these documents, drawings and specifications are 
actually intangible from the point of view of the real purpose of the project, which will only be checked 
after its physical completion. In favour of this position, the example of medical care can be considered as 
an analogy, in which the customer, after a consultation, leaves the office with a prescription in hand which 
does not represent, in fact, a product in terms of actual use. 


In this article is of fundamental importance we discuss the characterization of Project Engineering such as 
generator of products and/or services, seeking to answer the questions above, as well as an analysis of 
this important set of activities in the light of the concepts and dimensions of quality embodied by the 
literature. It is expected that this sheds light on this issue and gives rise to other possible discussions that 
should be considered in this respect. 
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The motivation for this study came with the perception that softwares are a kind of project and so the 
classification by Juran (2002), presented in 2.1., should also apply to them. To show this became the  main 
objective to be studied.  


To achieve this, it was used a set of references considered enough for the purposed in mind. It made 
possible to develop a rational analysis as show in the text. 


2 Concepts linked to quality 
In this item definitions, dimensions and other issues of interest to the study of quality are given, 
establishing a separation between the visions of quality experts in general and those of specialists more 
involved with Project Engineering. 


2.1 Types of Production  
The literature on quality has reflected a dichotomy between the production of tangible goods, by means 
of manufacturing activities and its congeners, whose results are generically referred to as "products", and 
the generation of intangible activities generally individualized, whose results are referred to as "services".  


For reasons relating to the growing importance of manufacturing operations in the many factories that 
emerged after the advent of the Industrial Revolution, in particular during the course of the 20th Century, 
the concepts about quality were first developed connected to the industrial production of tangible goods, 
being subsequently adapted for the implementation of the services. These involve the additional difficulty 
of being heterogeneous, intangible, perishable and inseparable from the presence of the customer at the 
time of their completion, as well pointed out by Parasuraman (1985). 


The differentiation between aspects of quality on these two characteristics is shown in 2.2. The different 
characteristic aspects of these two modes are presented in Table 1. 


Table 1 – Comparison between products and services 


Products Services 
Tangible, having physical properties Intangible, incorporeal, do not have physical properties. 
Performed along a production process Performed instantly or in a short space of time. 
They can be stocked and transported They cannot be stocked nor transported. 
Production occurs before consumption Simultaneous production with consumption. 
Production outside the scope of the 
customer 


Production featuring the physical or virtual participation of the 
customer. 


Generally homogenous forms of production Heterogeneity in production, many ways for effective provision. 
Easy to assess the quality Difficult to assess the quality. 


Source: Costa Neto and Canuto (2010) 


To this subdivision, however, must be added the classification proposed by Juran (2002). This eminent 
quality guru, who used the term "product" without distinction to tangible goods or intangible services, 
proposed consideration of a third category, falling into neither of the two previous traditional categories, 
for software products like ERP systems, portals on the internet, operating systems, specific made-to-order 
programmes, etc.  


Juran’s proposition is perfectly justifiable, because, in fact, software has characteristics that prevent it from 
being comfortably classifiable in two traditional categories. In fact, observing the columns in Table 1, one 
may consider, upon initial analysis, that software is, in principle, performed over a production process, can 
be stocked and transported, production occurs before consumption, production has physical or virtual 
participation of the customer, it exhibits heterogeneity in production and it is difficult to assess the 
quality.  


Regarding the first row of Table 1, one may consider, on the one hand, that software is tangible, has 
physical properties, if observed from the viewpoint of the hardware that houses it (CD, memory stick, 
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memory support), and, on the other hand, it is intangible, incorporeal, because we cannot touch it, having 
no physical properties. 


Note also that the development of software, in itself, does not make sense unless we also consider its 
further use, i.e. the software exists as the product of a production process, it is identifiable, it has 
identifiable design features, but its actual use occurs with the use, and the result of such use has features 
that are more consistent with the provision of a service.  


2.2 Visions of quality experts in general 
The very concept of quality has been the subject of lengthy discussions between industry experts, leading 
to the consideration of views which, if they were not at all antagonistic, placed great emphasis on aspects 
of problems linked to the pursuit of quality of products and services. 


It fell to Garvin (2002) make a summary of these ideas, featuring the five main approaches of quality 
presented in Table 2. This fortunate collocation of this prestigious author is quite useful for the purpose of 
analysis, although it should not, in our view, be considered to be formed by mutually exclusive nor 
exhaustive approaches. 


Table 2 – Approaches to quality 


Transcendental 
Quality is synonymous with generally recognized excellence, based on high-level 
standards and marks. 


Based on the 
product 


Quality can be seen precisely and measurably, reflecting well determined characteristics 
that the product has, such as life cycle, accessories, roles that it performs, etc. 


Based on the user 
Quality is determined by meeting the needs of the user. It is therefore an approach of 
high subjectivity. It may be related to the marketing of the product or service. 


Based on the 
process (or on 
production) 


Quality is the correct service for product or service specifications. It relates to the 
engineering processes. It is an internal approach for the company and, in some ways, in 
the assumption that the design of the product or service meets the needs of the market. 


Based on the value 
Links the potential of the product or service with its price, which should be acceptable to 
the user. 


Source: Adapted from Garvin (2002) 


Analysing these approaches, Costa Neto and Rospi (2007) related to the customers' profile that prioritizes, 
which aspects should be prioritized by those responsible for quality and which aspects are not important, 
as shown in Table 3. 


Table 3 – Priorities associated with approaches to quality 


Source: Costa Neto and Rospi (2007) 


Maximiniano (2010) includes some of the approaches to quality when he says that managing product 
quality begins by defining the specifications regarding its performance expected by customers, but 
extends the issue of quality also to the interests of stakeholders throughout the production process, both 
inside and outside the company. 


Approach Who prioritizes What is prioritized 
What is not 
prioritized 


Transcendental 
Affluent Public 
Status 


  Excellence  
Producer 


Cost 


Product Technically aware public 
Usefulness of the product  
Meet needs 


Superfluous 


User Majority public 
Product appeal  
Market knowledge  
Cost 


What escapes the 
majority view 


Production Market in general 
Process Engineering 
Conformity 


Market knowledge 


Value Economically  aware  public Items that value without burdening Superfluous 
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In this line, and intrinsically concerned with ethical aspects, Cerquinho (1994) was daring by giving the 
following definition for the quality: 


"Quality is the sum of all the characteristics and properties of goods and services that meet the 
reasonable needs of customers, along with the set of situations involved in obtaining and use of these 
products that promote a healthy and authentically human existence to all who are affected". 


Reasoning about the quality of tangible products, Garvin (1984) suggested the existence of eight quality 
dimensions, presented in Table 4. 


These dimensions, according to the words of Whithers and Ebrachimpour (2000), became a widely 
accepted taxonomy for discussions about quality products, sometimes also being used in the case of 
services. 


Table 4 – Dimensions of quality for products 


Dimensions Concept 
Performance For the correct implementation of major activities for which the product was designed. 


Complements 
For items that add to the achievement of the main roles, helping to improve 
performance. 


Reliability Concerning safety in use, absence of risk and no occurrences of failures. 
Conformity Regarding compliance with project specifications. 
Durability Related to the product useful life. 
Technical assistance Relating to after-sales support and facilities for maintenance in the event of a failure. 
Aesthetics Referring to good look, good taste and pleasant sensations offered by product. 


Perceived quality 
Subjective dimension, related to the opinion of each customer, influenced by specific 
aspects of the product. 


Source: Garvin (1984) 


Already thinking exclusively about services, Parasuraman et al. (1990) proposed a different set of 
dimensions for quality, presented in Table 5. 


Table 5 – Dimensions of quality for services 


Dimensions Concept 


Tangible aspects 
Physical evidence of the service, appearance of the facilities, people, materials, objects 
and tools. 


Reliability Consistency and demonstrated ability to provide service. 
Responsibility Willingness to help the customer and promptly provide the service. 
Competence Specific skills and knowledge necessary to perform the service. 
Courtesy Finesse, respect, consideration and kindness in personal contact. 
Credibility Trust, honesty and integrity transmitted by the service provider. 
Safety Absence of risk, danger or doubt. 
Access Proximity and ease of contact. 
Communication Keep the customer informed in a comprehensible manner and listen to him. 
Client knowledge  Effort to know and meet their needs 


Source: Adapted from Parasuraman et al. (1990) 


To this set of dimensions for quality in services, Rotondaro and Carvalho (2006) also added speed, seen as 
the one to start and execute the service, and flexibility, such as the ability to change the service when 
needed. 


As for a typology of the services, Silvestro et al. (1992) proposes three broad categories: 


a) Mass services, little customisation, with a high degree of standardization, serving large number of 
customers per unit of time, such as urban transport, television stations, hypermarkets, etc. 
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b) Service shops, those which serve an intermediate number of customers, with some contact and 
interaction with these customers, with a sharing of activities in direct contact (front office) and rear 
activities (back room), as the general retail, hotels, restaurants, hospitals, etc. 


c) Professional services, with specialized activities and high contact with customers, highly adapted to 
their needs, such as law firms, doctors, consultants, architects, etc. 


On the other hand, analysing the problem of quality of retail services, Costa Neto e Silva (2007) 
considered the need to subdivide the customer perception of quality of this type of extremely generic 
service into two components: the quality of the product (or service) that is associated with the sale by 
retail, and the quality of service provided, evaluated by other proposed dimensions by Parasuraman et al. 
(1990).  


This analysis led to the construction of Figure 1, in which are the likely consequences of combinations of 
levels of quality of the two components of the service. 


 


Figure 1 – Quality of provided service x quality of associated product. Source: Costa Neto and Silva (2007) 


2.3 Views from experts focused on projects 
The quality of the project is crucial to the final qualification of the product, for both functional and 
financial performance, and the factors that affect this quality are connected directly to the entrepreneur 
(ability to clearly express the objectives to be achieved), designer (ability to translate the goals and 
constraints on alternative technological functional solutions with equivalent performance), performer of 
the project (the ability to run the project without affecting the level of design quality) and systematized 
operational control (availability of legislation, documentation, rules, standardization) (HINO, 2001). 


Several authors reflected upon aspects of quality relating them to project activities. For Campo (2004), the 
pursuit for project quality goes through the following actions:          


 Dedication to the job definition. 
 Understanding of customer requirements. 
 Processing of customer requirements in documentation. 
 Planning concept of "do it right the first time". 
 Use tools for monitoring and evaluating the process. 
 Continuously improve. 
 Change the plans for "baselines" for that is a pattern of actions and changes. 


The quality management of projects, according to the PMBok, involves three phases: 


 Quality planning, which defines the basic patterns for the desired quality for the project and the 
means to achieve them. 


 Quality assurance, involving actions that ensure the fulfilment of all its stakeholders’ expectations. 
 Quality Control, in order to ascertain whether the planned quality standards are being executed 


and promoting actions to resolve possible discrepancies (PMI, 2008). 
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This trilogy, if compared with that proposed by Juran (2002) for general quality – planning, control and 
improvement – presents the distinction that the improvement of the quality does not apply as in the case 
of repetitive processes, because the project is, in principle, unique. However, improvements in planning 
can – and should – be considered included in quality control activities and shall be analysed and applied 
wherever possible. 


According to Maximiano (2010), the administration of project quality is the result of the quality of its 
elements: scope, time, costs and risks, among others. The same author discusses another important 
aspect linked to the issue of quality in projects, when considers two important and distinct faces of this 
quality: the quality of its management and the quality of the product(s) of the project, related to the 
appropriate use of this(ese) product(s) by the final customers, as illustrated in Figure 2. 


 


Figure 2 – The two aspects of quality of projects management. Source: Adapted from Maximiano (2010) 


This dichotomy is conceptually similar to the one pointed to in 2.2 for the concept of quality when applied 
to retail services, as illustrated in Figure 1, with the aggravation that if a project is poorly managed and, 
consequently, poorly executed, this fact should cause negative impact on the quality of the project 
product(s). 


3 Discussion of aspects relating to project quality 


3.1 Typology of the product project  
Now turning to the question "Is a project a product (tangible) or a service?”, we fall in the same discussion 
presented in 2.1. Using those same arguments, the most likely answer will be "neither one nor the other", 
which leads to typify projects in the same category in which Juran classified software. In fact, like software, 
a project only makes sense if designed for later use, having physical properties, enshrined in a series of 
documents, specifications and procedures, which will approach a tangible product, but its characteristics 
for the realisation of the project product(s) are closer to those of a service. 


Our proposal, therefore, is to consider that the third category of products according to Juran refers 
directly to projects, what is not against the collocation of the eminent thinker of quality because, 
ultimately, obtaining software is the result of the completion of a project. 


On the other hand, an evaluation of the projects typology according to the classification of Silvestro et al. 
(1992), seen in 2.2, tends to frame the project activities, although it may be small, medium or large, in the 
category of professional activities, by requiring, in general, high specialization and the necessity of 
meeting the specific needs of each clilent. This clilent, in principle, is the client of the project, i.e., the one 
who commissioned the project and, only indirectly, the customers of the project product(s), as discussed 
in 3.2. Thus, for example, it may be a major engineering project to build a subway line, which will have 
many individual customers when the work is completed, setting up a mass service, but the execution of 
the project is highly professional, requiring industry experts with authoritative knowledge, seeking to 
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define the specifications to be met in close contact with the client of the project (the company or the 
Government concerned in the work) and provided with adequate competence required to generate 
properly the instructions and procedures to be followed in implementing the project and the use of the 
project product(s). 


3.2 Aspects of projects quality  
For the purpose of this discussion, is invoked the subdivision presented in 2.2 and represented in Figure 1, 
in which we differentiate the quality of retail service itself and the quality of the associated product(s). 


Similarly, let's consider, in the case of projects, the quality of the project itself and the quality of the 
project product(s), as already used in Figure 2. This leads to the consideration of the existence of the 
project client(s), the one(s) that order the project from those who execute it, and clients of the project 
product(s), henceforth referred to as "consumers". These, in our view, are covered at the bottom of Figure 
2. However, these consumers will also be indirectly being addressed when satisfying the needs of the 
client’s of the project, because it is thought that they want good quality for the project itself so that the 
project product(s) meet the needs of the consumers, in many cases also customers of whom 
commissioned the project. These considerations also apply for conformity with specifications from the 
scope of the project, and for its on-time delivery and predefined cost. 


Making these considerations, we can build Figure 3, which summarizes the likely results of possible 
analysis between the quality of project itself and the quality of the project product(s). 


 


Figure 3 - Project quality x quality of the project product(s) 


(1) Project  client(s) and consumers of the project product(s). 
(2) In the case of compulsory use of the project product (public transportation, hospital, etc.) 
(3) Since if a good project is not generating good product(s), it must be due to some identifiable and 
repairable circumstances. 


In addition, for the quality of project itself, translated by their conformity with specifications (scope), to be 
effective, we need quality in project management. Figure 4 presents the relationships related to these 
questions.  


By examining now the approaches of quality presented in Table 3, they apply to the problem of the 
projects as follows: 


 The transcendental approach relates to exceptional, unique designs, with demand for extremely 
high quality in its design and development, without which there would not lead to success. 
Example: the Apollo Project, which put a man on the moon. 


 The product based on approach refers to projects that have special characteristics to meet the 
specific needs of certain groups of customers. Example: the design of a jeep to be used off-road. 


 The user-based approach relates to projects whose product(s) search to satisfy the need for large 
numbers of people. Example: the design of a subway line. 


 The process-based approach, already invoked earlier in this item, may be considered at two levels: 
in the design phase, the project specifications properly translate its scope and, at the stage of 
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project execution, this is to be conducted fully in accordance with the specifications. Tragic 
counterexample: the accident of line 4 on the São Paulo metro system. 


 The approach based on value refers to projects that seek to meet its scope at a cost accessible to 
theinterested parties. This conceptualization can also be considered at two levels, in the project 
itself and in the project product(s). Example: The construction company Método Engenharia, when 
it was dedicated to the construction of residential buildings, rather than conceiving appropriate 
projects for the existing ground, with the respective quality requirements, it developed a 
standardised design and sought to acquire land that was suitable for this project and, as a 
consequence, cheapen the cost to the buyer of apartments. 
 


 


Figure 4 – Quality project and its management. 


Examining further the dimensions of quality of products proposed by Garvin (Table 4) and services, 
proposed by Parasuraman et al. (Table 5), complemented by Rotondaro and Carvalho (2006), in Tables 6 
and 7 are given assessments of the importance of these dimensions for the project and for the project 
product(s), using the notation: VI = very important;   I = important; NA = not applicable. 


In Table 7 the column corresponding to the project product(s) was not presented  for being, in this case, 
this(ese) product(s) actually service(s), and their quality dimensions, as designed by the referred authors, 
deal basically with attitudes and behaviours of persons providing the services and not with service project 
specifications, object of discussion in this article. 
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Table 6 – Dimensions of quality for products in projects 


Dimensions of the project of the project product(s) 


Performance VI VI 
Complements NA I 
Reliability VI VI 
Conformity VI VI 
Durability NA I 
Technical assistance NA I 
Aesthetics NA I 
Perceived quality I VI 


 


Table 7 – Dimensions of service qualities in projects 


Dimensions of the project 


Tangible aspects NA 
Reliability VI 
Responsibility  NA 
Competence  VI 
Courtesy NA 
Credibility NA 
Safety NA 
Access NA 
Communication I 
Customer knowledge  I 
Speed I 
Flexibility I 


 


Observing in Tables 6 and 7 the columns concerning to project dimensions, it may be seen that the 
important dimensions and not applicable ones are distributed fairly well balanced in both classifications, 
which reinforces the idea that the projects do not fit easily in the categories "tangible product" or 
"service", justifying the proposition done in 3.1 is of including them in a third category. Some additional 
considerations make sense regarding the interpretation of the quality dimensions considered: 


a) Dimensions of products quality 


 Performance: means the project meet the purpose for which it was conceived. It should be noted 
that the main indicator of the effectiveness of this dimension is given by the proper performance 
of the project product(s). 


 Reliability: regarding the project, means the absence of flaws in its design; for the project 
product(s), also includes safety and absence of risks. 


 Conformity: already previously discussed. 
 Perceived quality: is important for the project, by its direct client(s), but more importantly by the 


consumers of the project product(s), because its perceptual evaluation of this product(s) or 
service(s) will determine or not the business success. 


b) Dimensions of service quality 


 Competence: executing team characteristic that ensures the project's reliability. 
 Communication: is important to ensure the correct capture of client’s needs for proper 


configuration of project specifications. 
 Client knowledge: contributes to the communication and allows a better dialogue with the 


clilent to improve the project.  
 Speed: concerns the ability to complete the project within the period prescribed; applies also to 


the implementation of the project and is an often critical point. 
 Flexibility: refers to the possibility of carrying out changes in the project without major problems.  
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4 Conclusions 
In this article it is sought to deepen the discussion on the meaning of quality in projects, in the light of 
conceptualizations and quality dimensions devoted by literature. Given the generally accepted dichotomy 
between tangible products and intangible services as objects of production systems, it is shown that 
projects must be placed in a third category of achievements, previously distinguished by Juran (2002) with 
reference to software. The clue given by Juran was the main light given by the used references and 
nothing more was found related with the ideas developed in this paper. 


For the purpose of deepening the analysis, it was invoked the vision of Maximiniano (2010), which covers 
two aspects of quality management of the project, concerning the quality of project itself and the quality 
of the product(s) of the project. It was also evaluated the importance of the dimensions of quality 
proposals by Garvin (1984) and Parasuraman et al. (1990) when applied to projects. 


It is expected to be brought with this paper contribution to the conceptual discussion of the meaning of 
quality in projects. We imagine that other works related with this article may explore special types of 
projects and also the checking of its ideas against aspects of projects stated on PMBok (PMI, 2008). 


This article is not given as closed, and may in future be identified dimensions for quality of project, as well 
as a number of dimensions or characteristics associated with quality goods and services. The authors put 
themselves at the disposal of those interested in deepening the analysis of this interesting question. 
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Abstract 


The characteristic of the national industrial development as a non developer has become dependent on the 
production and on the international will. The transnational companies launch their products according to the market´s 
interests.  The economical crisis of 2008, which affected Brazil to a lesser extent, reduced the vehicles production and 
as a result also the auto parts. The fast recovery of the vehicles sales, already in 2009, brought imbalance in the supply 
of auto parts. The lack of parts or components, has brought again, as a subject, RECOF – Regime Aduaneiro de 
Entreposto Industrial [Customs Regime of Industrial Warehouse] under Computerized Control, which can mitigate the 
harmful effects of delays and even suspension of the production. The article presents an analysis of the automotive 
sector, it shows RECOF´s functionality and how it can work in collaboration in a crisis or permanently, contributing for 
an increase in competitiveness of the automotive sector.  


Keywords: RECOF; Automotive Sector, Auto Parts Sector, Customs Regimen. 


1 Introduction 
The Brazilian automotive sector is going through an expressive growth and reveals structural 
contradictions. The lack of long term industrial politics was replaced by opportunistic decisions and has 
created, with no control, sectors which are dependent on the initiatives and international interests. The 
governmental option for the market economy from the beginning of the nineties, caused an increase in 
the automotive companies in Brazil, or their representatives in an extraordinary number, interested in the 
internal market and in exportation. Today, twenty-two brands, none of them are national, are acting in the 
national territory for the vehicles assembling in Brazil. This number may grow with the arrival of the 
Chinese and Indian companies. With all this capacity installed, the production of vehicles has jumped to 
the fourth position, in 2010, in the global ranking. The imbalance between the capacity of the automotive 
companies and their local suppliers, associated to the automotive companies’ strategies in using 
international nets for parts or set suppliers, makes mandatory the need for imports of parts and 
components. With the objective of keeping the productive and competitive capacity, the Brazilian 
authorities have created special customs arrangements which will act as facilitators, as for the case of 
RECOF, which acts in temporary admission for warehousing, temporary exportation, re-importation, 
among others. The productive chain strength of the automotive sector with the diversity of economic 
activities has become essential for the generation and jobs maintenance and tax collection.  


This article presents a historical report for the industrial development, indicating the absence of an 
inductive industrial policy, both in terms of research, knowledge and development, as in financial, not 
even for sectors where there is notorious national vocation. The advantages and disadvantages of this 
special customs regimen are also discussed for contributing as an input of a certain product and to 
maintain important economic activities. However, there is also the obstruction that such facilities can lead 
to the development of skills, technologies and other attributes important to the growth of national 
economy and vital to reduce economic dependence.  
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In the first segment there will be a historical revision of the industrial politics which has produced the 
current picture of the automotive sector. The second segment will address the expansion occurred in this 
sector from the adoption of the policy of economic globalization of the market followed by Brazil in the 
90s.  And, finally, in the last segment, the conclusions related to the theme will be presented, as for the 
possibility that the sector might bring more benefits to the Brazilian economy through RECOF.  


2 The State of the Art 
The Brazilian economy, ten years after the Plano Real, proved to be well structured and prepared for 
national and international adversities.  


Driven by the Chinese economic growth since the nineties, which promoted sharp appreciation of 
commodities, Brazil has gained prominence mainly as a supplier of primary products, minerals and 
agricultural products.  Significant advantages were obtained in the balance between the imports and 
exports, according to the Table 1 - Brazilian Trade Balance.  


Table 1. Comparison between the Brazilian exports and imports 


Values: Billions of dollars 


 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 


Exportations 58.3 60.4 73.2 96.7 118.5 137.8 160.6 197.9 152.9 201.9 256.0 


Importation 55.6 47.2 48.3 62.8 73.6 91.4 120.6 172.9 127.7 181.6 226.2 


Balance 2.68 13.2 24.8 33.8 44.9 46.4 40.3 24.9 25.3 20.3 29.8 


Source: Built from SECEX-MDIC data  


This development led Brazil to be part of the BRIC (Brazil, Russia, India and China), created in 2001 by the 
economist Jim O'Neill, a market analyst at Goldman Sachs group, through a study of economic growth 
forecast in the world for the next fifty years. He came to the conclusion that these four nations were the 
most promising and should occupy the top rankings of the largest economies in the world in the 
following decades. 


By the end of 2008, the international economic crisis that originated in the U.S. real estate sector, which 
spread to other countries and caused concern about the continuity of Brazilian economic growth. 
However, the reflexes on the Brazilian economy were not as severe as in Western Europe and the United 
States. The government acted quickly by taking measures to prevent the effects of the crisis to reach 
consumption that would cause a disruption on production. Decisions such as the reduction of the IPI (Tax 
on Industrialized Products), stimulated the economy, increased the demand and managed to contain the 
significant part of unemployment without throwing the economy into stagnation.  


The automotive industry, which before the economic crisis was among the most important of the Brazilian 
economy, in the second half of 2009, the beginning of the crisis, had a reduction in sales and the auto 
parts sector was strongly struck by this economic scenario. However, with the heating of domestic 
demand in 2010, the auto parts sector was unable to resume production to the levels required by the new 
demand. This strong growth in sales of vehicles was not followed by the suppliers at the same speed. 
After a crisis, they need to reorganize teams, supply the stocks, reactivate their suppliers and logistics 
systems, which prevent them from responding in the same frequency that the orders are entered.  


The municipalities, states and the union itself depend on the automotive industry health. Sensitive to the 
consequences of the problem and to avoid possible production and revenue reductions, measures are 
taken quickly. About that, the IPEA (2009) issued technical note exposing that the tax reduction was a 
strategy to diminish the crisis effects of the tax collection: “ 


“O que explica a queda recente da receita tributária federal? [What explains the recent drop in federal tax 
revenues?] Developed by Dimac/Ipea (public agencies) indicated that the tax relief explain a significant 
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portion (49%) of decrease in revenues of the main federal taxes in the first half of 2009” (IPEA, 2009). 
Clarifying that the study based measure taken revealed the tax relief advantage as a way of reducing tax 
collection due to the big sales decrease. The IPI reduction for automobiles would stimulate sales positively 
affecting all productive chain. This way, collection losses would be lower, compensated by the sales 
increase and job maintenance.  


3 The Origin of the Brazilian Automotive Industry 
Another raised question concerns the Brazilian automotive industry DNA. Around 1950, the political and 
academic debate about the UNECLAC (United Nations Economic Commission for Latin America and the 
Caribbean) proposal. Historically, the advanced or "central" countries, technical and technological 
developers in the capitalist system always enjoyed a better situation than the "peripherals" in terms of 
political organization, job and earnings. To the centrals the manufactured and the services.  The 
peripherals, poor people and the ones with late economy, had to produce in nature food and raw 
material. From exportation of these low aggregate value products, the peripheral countries obtained 
resources to import technical basis products  and technology to improve its production, health, 
transportation and infrastructure system. However the result of this product exchanges were always 
perverse to the peripherals.. The relation of the obtained financial resources by the peripherals on the 
exportation of its products was significantly lacking in comparison with the consumed with import. The 
distance among technical development, prosperity of the central countries (rich) and the peripheral 
countries (poor) increased with the consequent employment degradation, life condition, causing ruptures 
in the social and political fabric many times. 


The UNECLAC sees industrialization as a way of creating wealth and make the exchange process, 
exportation /import less unfair. Proposing this way, as a cycle exit, the creation of an industrial productive 
system that would replace imports.    


This argumentation served as theoretical justification to the industrialization process by import 
replacement. (MARÇAL, 2006; BIELSCHOWSKY, 2000)  


When Getúlio Vargas took on the Republic Presidency, 1951/1954, he established two tendencies that 
proposed different ways for faster development of the Brazilian economy. Antagonistic, one created in 
1951 as Assessoria Econômica da Presidência da República – AEPR. The parties of this group that was 
considered evolutionist, was represented by entrepreneurs and nationalists of the public sector. Lauerhass 
(1986) states in his book: "The nationalism and the industry ended mutually supporting each other driven 
by reciprocal interest. "Had as proposal the autonomous development, keeping the economical decisions 
internally with the country borders, emphasizing the need that the control of the recommended 
development remained national, however without denying the capital needs and external technologies. 
(Bielschowsky, 2000; Lauerhass, 1986). The other, represented by the liberals, professed political 
cooperation remaining from the Dutra Government, the Brazilian-North American Joint Commission for 
Economical Development - CMBEU.  


The CMBEU recommended the North American cooperation for development, including funding with 
corrective measures that, according to this report, "had as objective to strengthen all the Brazilian 
industrial system". (OLIVEIRA, 2003). The non compliance of the American financing expectation to 
promote the set of works took Vargas, in 1953, to prestige the AEPR with the creation of Petrobrás and 
Incra - Instituto Nacional de Colonização e Reforma Agrária. Initiatives that were against the American 
capitalism principles, taking the CMBEU to exhaustion. The political pressure on that time took Vargas to 
commit suicide in 1954. Was followed by a tumultuous transition on the job as President of the Republic, 
in which Juscelino Kubitschek presented himself as Vargas heir. Elected President of the Republic, 
however, supported in a decisive way an industrial politic that contemplated the CMBEU proposals, this 
way promoting the cooperated development. This political option of industrializing the country at any 
cost instead of creating knowledge and national skills, articulated the influx of capital and of the foreign 
companies to reproduce vehicles that were being manufactured at the hosting countries. This way 
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harboring the traditional automotive manufacturers from Europe and United States that had a 
consolidated automotive industry. This decision hampered the technological development process in the 
country. The installation of these big companies with projects, technologies and people didn't transfer 
skill to Brazil. This procedure inhibited national initiatives before the automotive manufacturers’ power.  
Promoted production verticalization with low effective technology transference, always keeping significant 
dependence on imports of castings and components for vehicle assembly. This way the national 
automotive industry was implemented. The institution's policy of import substitution promoted the supply 
for domestic companies. This policy established the reserve market to foreign automotive companies and 
the emerging national auto parts industry, which manufactured, under license, without worrying about 
developing new products.  


At the beginning of the nineties, liberation agreements for the internal market to the foreign products 
have found the production system outdated, unable to compete and with a capital loss. Over domestic 
production, there was the cost for Brazil, characterized by abusive taxation, besides the low level of 
technological development and innovation. The Brazilian potential for consumption, with the release 
aroused the interest of foreign companies, especially in the automotive sector. The granting of 
advantages when the production was local, has led to the installation of almost all the existing brands in 
the world. At the same time, the auto parts foreign companies, with a high scale production capacity, 
advanced technological research centers, some connected to the assemblers, have turned the national 
auto parts companies practically impractical. As a consequence, the national auto parts industries have 
lost the market value and were absorbed by international giants as the German company Mahle, the 
American Dana and Delphi, the Italian Magnetti Marelli, the French Valeo, among others. In a foreign 
basis a powerful automotive sector was assembled in Brazil. 


The world economic crisis of 2008 met Brazil in a privileged situation. And has quickly answered to this 
crisis, mainly through the internal market. The shortage of parts due to lack of productive capacity with 
the heating of the economy in 2009 and 2010 could be mitigated with the use of RECOF in order not to 
lose market share and competitiveness. 


4 Brazilian Auto Parts Sector 
The auto parts industry is directly reported to the automotive industry, and in Brazil, although its origin is 
in the 1930s, it has consolidated in the 1950s, specifically in the government of Juscelino Kubitschek, with 
the process of import substitution and encouraging national production, even if made by foreign 
companies.   


In 1990, the Brazilian auto parts sector began to face a new scenario - the globalization. The liberation in 
import and the country's economic stabilization with the Real Plan (1994) led to the entry of foreign 
products of better quality. The valorization of commodities due to growth in China, more responsible 
economic policy, promoted the Brazilian domestic market for consumer and peripherals, giving them 
better opportunities for goods and services to be imported. Event that has facilitated the export of 
vehicles assembled in Brazil. 


The auto parts industry, due to the high tax burden and shortage of raw material such as steel, aluminum, 
rubber and polyamide caused disruptions in the production chain, emerging CCR - Capacity Constrained 
Resources. As a consequence there is the increased cost of production. According to the magazine 
Automotive Business, of August/2011, local production costs are up to 60% higher than those of 
competing countries. Leading the industry to lose competitiveness against the prices charged abroad, as 
China, Korea, India, among others.   


Brazil was able to adjust quickly after the international crisis of 2008, particularly the automotive sector. 
However, the auto parts sector did not have the same efficiency and, while still producing and exporting, 
the figures show that imports of auto parts have been increasing gradually. The Sindipeças [National 
Union of Auto Parts Industry]– (http://www.sindipecas.org.br/arquivos/BCANOV2011.pdf) data from the 
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Ministry of Industry and Commerce Development (MDIC) - demonstrates that growth, as shown in Table 
2, the trade deficit in auto parts increased 29.35%, increasing from U.S.$ 3.12 billion in 2010 to U.S.$ 4.04 
billion.  


Table 2 - Comparison of the balance of exportation / importation of parts. 


 


 


 


 


 


(*) – means deficit. Source: MDIC/Secex. Prepared by Sindipeças (adapted) 


For the future, Sindipeças, based on MDIC information, predicts the worsening of the results, 
consequently increasing the deficit in the auto parts industry in 2012, signaling the fragility of 
competitiveness both abroad and in our own country.  


Data on the spare capacity varied 17.46%, in average from January/2011 to September/2011, i.e, there are 
conditions in the industry to improve its performance. The Federal Government, reacting to the increasing 
of this situation, developed in August 2011, the Provisional Measure (MP) 540/2011, establishing a new 
tax regime for the automotive sector. It aims to encourage the competitiveness of Brazilian companies.  


As for the measures announced, there are doubts about its effectiveness. This sector has always depended 
on foreign know how, not only by inexperienced R & D sectors of Brazilian companies, but also by their 
main sources of innovation such as fairs, international conferences, meetings and special publications. 
(IBGE, PINTEC, 2008). 


Although Brazil is now with the economy stable, it cannot accommodate, it must change the thinking and 
speech on economic and technological development. The understanding that cutting-edge machinery 
and equipment means having technology with expertise from other countries, keeps Brazil as a labor 
country and dependent on external knowledge. 


The Government, through DECREE No. 7567 of September 15, 2011, established that the car makers 
installed in Brazil should meet the requirement of 65% of domestic content for products manufactured in 
Brazil, for the benefit of the exemption of 30% increase in tax (IPI). In the evaluation of the National Union 
of Auto Parts Industry (Sindipeças), practically, this rate of nationalization of parts actually reduces to 
something around 21%, to settle the 65% of the selling price of vehicle. For example, the amount of taxes, 
spending on marketing and other administrative costs that do not contribute to development or 
technology transfer, is embedded in this formula.  


According to the president of the National Union of Auto Parts Industry (Sindipeças), to monitor the 
annual investment of U.S.$ 4.4 billion planned by car makers until 2015, auto parts companies would have 
to invest U.S.$ 1.4 per U.S.$ 1 of automotive factories, which would give an annual investment of U.S.$ 6 
billion.  


Difficulties of Economic, technological and lack of long-term policies for the sector lead to remedies such 
as importing and creating benefits such as RECOF. 


5 Regime Aduaneiro de Entreposto Industrial sob Controle Informatizado – 
RECOF 


Customs Regimes are procedures created by government entities to reduce bureaucracy and encourage 
external market, as well as avoiding lapses that can reduce or prevent production operations.  


Balance of trade of auto parts comparison from January to October (U.S.$) 


 Exportation Importation Result(*) 


2010 7,828,973,480 10,948,774,352 - 3,119,800,872 


2011 9,346,347,674 13,381,654,209 - 4,035,306,535 


Var.% 19.38 22.22 29.35 
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Established by Enactment no. 2.412 (1997) the Industrial Warehouse under Computerized Customs 
Control Regime (RECOF) allows importation of goods for industrialization operations of products directed 
to the external market, with suspension of taxes payment. 


According to Ashikaga (2011), RECOF enables the company to import, with suspension of federal taxes, 
goods that will be directed to the external market after submitted to industrialization, and part of this 
production can be nationalized. Under this special policy, both the importation operation and the 
productive process are performed under customs control, with the escort of the federal revenue. 


Article 420 of Recof discipline the customs control of entry, stay and exit of goods, performed individually 
by the qualified importing company, through a computerized process, using a software developed by the 
beneficiary and consistent with computerized control systems of the Federal Revenue Office, generating 
monthly reports of the goods status under the RECOF. 


The inputs can be imported with or without exchange coverage, but also can be purchased in the internal 
market with suspension of federal tributes. The deadline for the end of this special customs regime is up 
to one year, extendable for the same period. 


The suspended taxes are represented by II (Import Tax), by IPI (Tax on Manufactured Products), by PIS 
(Contribution to the Social Integration Plan) and by COFINS (Contribution for Social Security Financing). 


The RECOF for the automotive industry is regulated by IN SRF 254 (2002), subsequently repealed by IN 
SRF no. 417, from April 20th of 2004, in which the II and IPI payments are suspended. The suspensions 
covered by this Normative Instruction refer to the goods imported and purchased on the internal market 
that are directed to industrialization of exportation products. 


This is a special regime (automotive RECOF), which aims to reduce bureaucracy in the international trade, 
facilitating importations and encouraging exportations. 


The main benefits offered by the regime are the agility in the importation customs clearance process, 
reduction in the working capital costs, rationalization of the cash flow and reduction of storage costs. 


The customs clearance process by the automotive RECOF is computerized, providing the release of the 
cargo on the ports and airports within 24 hours. The entry of raw materials and imported components is 
guaranteed, without needing to pass through the habitual customs process, avoiding the retention of the 
items by unexpected problems, as a stoppage in the SRF - Secretaria da Receita Federal (Federal Revenue 
Office), in addition to the tax (II and IPI) suspension benefit. 


This way, the customs authorities avoid the retention of products for a longer period of time and the 
registered companies can keep low levels of stock, to a "just-in-time" supply, reducing the costs with 
storage, increasing the flow of stocked goods and speeding up the products distribution on the market.  


The required counterpart by the effective legislation is that total access to the companies’ files must be 
given to the SRF. This access is provided by the front-end system through Internet, and it is necessary that 
all information is updated and correct.  


In addition to the provided agility, Portugal (2006), assert that also there is sharing of the regime with 
suppliers, earnings in the cash flow, by paying the taxes only at the time of the sale at the internal market 
(if the good is not exported), reduction of storage taxes and computerized control of the process. 


The II and IPI payment is required in the customs clearance at the habitual operations of products 
importation that, in the industrial process, compose other products directed to the external market. 


At exportation, the companies can credit these paid taxes on the purchase (importation). These credits are 
compensated when paying the same taxes, owed in internally performed operations (DUTRA, 2006). 


In the habitual operations of raw material and national inputs purchase, to compose final products 
directed to the internal or external market, the IPI is paid on its purchase. In fact the IPI is included on the 
purchase price. 
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When selling the final product (internal or external market), the company is credited from the IPI paid in 
the purchase of raw material and inputs. 


In exportations, the credit can be compensated on the IPI owed over the sale to the internal market. In 
internal operations, once the company has already paid the IPI on the purchase, it can be credited from it, 
when owed in the sale of the final product (DUTRA, 2006). 


According to Bortolli (2006) the trend is that this modality is a survival factor on the auto parts sector, 
because, aside the quick release of the imported inputs, the taxes are suspended until the sale of the 
finished product. It is important to point out that the taxes suspension period cannot exceed more than a 
year from the entry of the material to its application and destination. 


For the products to be exported or sold to clients registered on RECOF, the taxes related to importation 
are exempts from payments. The products directed to the internal market are corrected only by the 
variation of  the respective aliquot and/or by the exchange variation of foreign currency. 


In accordance to Portugal (2005), the role of the RECOF is vital for the country, because it is not only 
limited to economic questions, but it also reflected in logistical gains to the companies that adopt this 
regime. Created with the objective of stimulating and facilitating the companies’ importation and 
exportation operations, giving more competitiveness and agility to its products and inputs on the 
international trades, the regime has helped several companies to reduce their costs with logistics and 
taxes. 


In this way, the RECOF expedite the clearance of goods directed to the external market, at the same time 
that reduces the customs costs and simplifies the logistical management of storage, transport and 
distribution, activities that burden the logistical costs in the supply chains. 


The automotive RECOF reduces the importation processes bureaucracy, expedites and exonerates the 
purchase of components, providing an increase in the competitiveness of the exporting companies in the 
automotive sector. 


To get the benefits of the automotive RECOF, the company shall express their interest to the SRF, 
adhering to the program through the use of a software. The automotive sector is the third segment 
getting benefits from a special customs regime for companies with potential to support exportations.  


The application of the regime can be extended to goods used in products development, in performance 
and resistance check and in operations of renewal, reconditioning, maintenance and repair. 


The suspension period of incident tributes payments over the importation is up to 01 year, extendable for 
a period not over one year. However, in justified cases, the period can be extended for a period not over 
five years, in total. 


5.1 Cohabilitation 
The cohabilitation was expected to benefit the auto parts industry that can also apply to the Recof 
without the requirements predicted to the automotive manufacturers. 


In the products industrialization of the automotive industry, the cohabilitation can extend to the suppliers 
of national products or produced in the Country with imported raw material and parts, directed to line 
production of the supplier referred in the caput. 


It will not be demanded from the cohabilitated supplier the compliance with the requirements established 
to the automotive manufacturers. However, the qualified company accepts joint responsibility for the tax 
obligations arising from the goods admission on the regime by the co-habilitated supplier.  There can 
also be the supply of goods admitted into the regime to the beneficiary in the state where they have been 
imported by the co-qualified supplier. 
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The re-qualified supplier to operate the system shall maintain fiscal bookkeeping and record of daily 
turnover of stock to enable the control of entry, maintenance and departure of goods in the regime and 
assessment of owed, extinguished or suspended taxes, as well as the use the granted authorizations. 


6 Conclusion and Comments 
The way that the foreign auto industry was installed in Brazil and the policies that followed it did 
perpetuate and accentuate the economic dependence to a segment that has become one of the most 
important. The significant contribution of taxes, the big job creation in the production chain give this 
segment powerful instruments of pressure and bargain before the Government. At the first sign of any 
crisis, foreign or domestic, economic, financial or political, the companies and the government mobilize to 
eliminate or mitigate its effects on production.  


The auto parts industry emerged due to the setting of protection to the national market that was known 
as importation substitution, did not prosper as desired. It was based on seeking sources of innovation in 
fairs and exhibitions and reverse engineering without creating knowledge and skills to develop or 
innovate products. Dependent on the orders from local automotive manufacturers, these auto parts 
companies were limited to reproduce products of foreign origin. Without conquering other markets and 
evolve they became an easy prey for giant auto parts multinationals, interested in the new open market 
with the arrival of several automotive manufactures. For being unable to compete, almost all of them were 
absorbed by foreign companies. Still, with all the apparatus available these large auto parts companies 
have difficulties in meeting the domestic market, causing it to create mechanisms to maintain an effective 
supply to the automakers. 


RECOF is one of those instruments to help the accredited companies to maintain boosted stocks of 
imported products. Thus, the manufacturing companies strategically reduce their costs by importing auto 
parts when it is convenient and reducing stop risks for lack of supply. Due to the bulky and costly 
bureaucratic demands few companies joined RECOF, which lead the Government to allow the use of 
RECOF by co-qualified. These, with an authorization from an accredited company can be benefited from 
the advantages offered by RECOF.  


There are criticisms to the fact that industrial policies, or lack of them, for the long run only increase the 
sector dependency, increasingly transforming the country into an industrial production base to reproduce 
products created in other countries, with all the consequences that arise from it, technological 
underdevelopment, continuous royalty payments, huge profit remittances, difficulty in having competitive 
products. The instruments used by the Government, such as RECOF, tax waivers or privileged funding 
increase the competitiveness of foreign companies, without actual compensation from the effective 
transfer of technical knowledge and staff training. Such benefits inhibit even further the possibility of 
training developers and fade the hopes that Brazil will not only be a commodities exporter, but of new 
products developed here with added value, as it happened in South Korea. 
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Abstract 


This article presents a conceptual overview of humanitarian logistics and its theoretical evolution. It covers the phases 
of humanitarian operations in disaster responses, considering their planning and stakeholders. The paper presents an 
analysis of the humanitarian operation in the immediate response phase of the floods occurred in the mountain 
region of Rio de Janeiro in January 2011, focusing on the activities of the Brazilian Army. Finally, it summarizes the 
main decisions to be taken in this type of operation and proposes a structure of the main research areas regarding 
the planning of activities to be developed post-event. 


Keywords: natural disasters; humanitarian logistics; immediate response; Brazil. 


1 Introduction 
Factors such as global warming, environmental degradation and increasing urbanization expose a greater 
number of people to the threat of natural disasters. In the last three decades, the rate of disasters has 
risen from 50 to 400 per year and it is still expected to increase five times more on the next 50 years 
(Kovacs and Spens, 2009). In 2008, 200 million people were victims of disasters, which caused 240,000 
deaths and losses of 230 billion dollars (Blecken, 2010). This increasing incidence of natural disasters 
impacts not only the population, but also the political and economic systems of the affected region 
(Rodriguez et al., 2011). 


Immediately after the occurrence of disasters, humanitarian operations are initiated with the intent to 
provide rapid assistance to victims in different ways, such as salvaging those who are wounded, collecting 
and disposing corpses, resource allocation, provision of food aid, shelter and medical care, and restoring 
access to remote locations. About 90% of the efforts of a disaster relief operation are related to logistics 
activities (Trunick, 2005). Besides, in humanitarian actions, delays in delivery or relief can cost lives. 
Therefore, efficiency in logistics is a key success factor, because it ensures the smooth flow of goods and 
services in a complex supply chain.  


In this context, logistics processes for emergency relief operations are known as humanitarian logistics. 
Humanitarian logistics deals with a series of natural disasters such as earthquakes, tsunamis, hurricanes, 
tornadoes, epidemics, droughts, floods, and also with anthropogenic disasters such as terrorist attacks, 
chemical attacks, refugee crises and nuclear accidents (Kovacs and Spens, 2007, 2009).  


This paper presents a conceptual overview of humanitarian logistics and also analyzes the field in Brazil. 
Humanitarian logistics is still incipient in the country, but we believe that deeper knowledge of this field 
can help improving the effectiveness of emergency relief operations in Brazil, more specifically, in cases of 
floods and landslides. Therefore, this paper brings an analysis of the immediate response operation after 
the floods in the mountain region of Rio de Janeiro in January 2011, using five assessment factors 
proposed by Martinez et al. (2010): (i) access and logistics, (ii) health, (iii) water, sanitation and hygiene, (iv) 
food and (v) shelters and non-food items.  
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2 Humanitarian Logistics 
Humanitarian logistics deals with planning, implementing and controlling effectively and efficiently the 
flow of goods, from point of origin to point of consumption, in order to alleviate the suffering of 
vulnerable people (Thomas and Kopczak, 2007). Therefore, humanitarian logistics is responsible for the 
preparation, planning, procurement, transportation, storage, tracking and customs clearance (Kovacs and 
Spens, 2007). This definition of humanitarian logistics has many similarities to the concept of supply chain 
management, but the term "humanitarian logistics" is the most used (Tatham and Pettit, 2010). 


By 2006, there was limited research on humanitarian logistics, with few articles on the subject (Beamon 
and Kotleba, 2006). But since then, humanitarian logistics started being debated on different platforms, 
being the theme of special sessions at conferences such as the annual conference of the Production and 
Operations Management Society (POMS), of the Institute for Operations Research and Management 
Sciences (INFORMS) and Logistics Research Network (LRN). Special editions on the subject were published 
in journals such as the International Journal of Physical Distribution & Logistics Management, 
Transportation Research Part E, POMS and Journal of Production Economics. In 2011, the first journal 
exclusive on humanitarian logistics (Journal of Humanitarian Logistics and Supply Chain Management) 
was published. Besides, study groups on the subject were created, such as the Fritz Institute, Humanitarian 
Logistics and Supply Chain Research Institute at the Hanken School of Economics, the Georgia Tech 
Center for Health and Humanitarian Logistics, as well as in MIT and in INSEAD. Currently, there are master 
and doctorate courses on the subject offered at various universities (Kovacs and Spens, 2011). 
Consequently, it is observed that the discipline has evolved as a theoretical body.  However, according to 
Wassenhove (2006), logistics as a theoretical body is 15 years ahead of humanitarian logistics. 


According to Nogueira et al. (2008), the conditions faced by companies are different from those faced in a 
disaster, so there are specific characteristics of humanitarian logistics that differ from the traditional 
approach of business logistics, such as issues of human life, information systems that are unreliable, 
incomplete or nonexistent, unpredictability of demand and the "last mile" to transport the aid to victims. 
Table 1 presents the main differences between business and humanitarian logistics. However, Tatham and 
Pettit (2010) point out similarities between humanitarian logistics and military logistics such as: a) both 
present uncertain demand patterns, b) the difficulties faced by the degradation of the physical 
infrastructure of the site and the absence of certain governmental functions, c) rescue of injured and 
traumatized individuals and d) both are under constant observation of the media.  


Table 1: Main differences between Humanitarian Logistics and Business Logistics  


Subject Business Logistics Humanitarian Logistics 
Objective Profit maximization  Help and save lives.  
Stakeholders Clients, suppliers and shareholders Donors, governments, military, NGOs, UN and 


 Beneficiaries 
Clients Final consumers Beneficiaries 
Suppliers Two to three suppliers previously 


 known 
Multiple donors and suppliers without prior  
Agreement 


Duration Usually lasts for years Lasts for weeks or months 
Demand patterns Relatively stable and can be predicted 


using forecasting techniques 
Irregular, very uncertain and volatile. Estimated in 
 the early hours of the disaster 


Materials flow Products marketed Features such as shelter, food, hygiene and cleaning 
kits and vehicles 


Financial flow Bilateral and known Unilateral (from donator to beneficiaries) and  
Uncertain 


KPIs Based on performance metrics time to respond to disaster, % of  unmet demand,  
meeting the expectations of donors 


Main equipment Trucks, forklifts and common vehicles Heavy equipment, helicopters, air transportation 
Human resources Skilled labor high turnover, volunteer work, stressful  


environment 
Source: Adapted from Ertem et al. (2010) 
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3 Humanitarian Operations in Response to a Disaster  
There are different classifications for the different phases of a humanitarian operation. Kovacs and Spens 
(2009) analyze these different classifications, concluding that: (i) Ludema (2000) distinguishes operations 
in emergency aid, rehabilitation and development, (ii) Safran (2003) in prevention, transition and recovery, 
(iii) Pettit and Beresford (2005) in preparation, response and recovery; Kovács and Spens (2007) in 
preparation, immediate response and recovery. Kovacs and Spens (2009) point out similarities among 
these different classifications. For instance, the rehabilitation phase of Ludema (2000) is equivalent to the 
phase of transition from Safran (2003), response from Pettit and Beresford (2005) and immediate 
response from Kovács and Spens (2007).  


According to Kovacs and Spens (2007), the preparation phase is associated with strategic planning for 
disaster prevention and risk management. The immediate response phase relates to crisis management in 
the short term by managing demand, supply and distribution. The recovery phase is associated with 
continuous planning in the long term. After the recovery phase, Kovvor-Mistra and Mistra (2007) also 
propose a learning phase, in order to stimulate continuous learning that could contribute to avoid 
problems in the preparation and immediate response phases of future operations.  


Ertem et al. (2010) point out that in the first 24 hours after a disaster, humanitarian professionals travel to 
the disaster area in order to estimate emergency needs. According to Chakravarty (2011), it is essential to 
know the intensity of the disaster so demands can be estimated. In the first 36 hours, resources tend to be 
released for humanitarian organizations and governments. These resources are defined by type and 
quantity of material required. Donations should be classified and accounted for, while cash donations 
should be addressed for the acquisition of supplies. Ertem et al. (2010) consider that the first 72 hours are 
critical and supplies must be transported to the disaster site regardless the costs involved. Banomyong 
and Sopadang (2010) point out that on these first three days, victims’ needs are basically restricted to 
items of food, hygiene, medicine, clothing and shelter, besides machinery and equipment necessary to 
assist in infrastructure recovery and in the construction of temporary accommodation. In terms of 
supplies, humanitarian organizations receive unsolicited donations, which are often unnecessary 
(Chomolier et al., 2003) and, therefore, tend to be incinerated. Such supplies make operating conditions 
even more difficult, congesting the system (airports and deposits) and consuming resources for logistics 
and transportation (Balcik et al., 2010). It may take up to four months for food supplies, in affected areas, 
to be re-established by a continuous and more stable flow, without the need for emergency measures 
such as use of air transport (Banomyong and Sopadang, 2010). 


Disasters tend to be random events. However, planning and prevention can be done in advance based on 
previous disasters data (Gatignon et al., 2010). After all, the occurrence of certain types of disasters is 
associated with specific geographical conditions (Kovacs and Spens, 2009), so it is important to determine 
which areas are vulnerable to potential disasters and then developing contingency plans and training the 
population (Rodriguez et al. 2011). The case of Bangladesh can be considered a successful example in 
disaster prevention (Tatham and Pettit, 2010). The country has one of the worst GDP per capita in the 
world and its location makes it vulnerable to a number of different types of disasters. However, 
Bangladesh has developed a disaster mitigation program that has contributed to the reduction of 
mortality rate in cyclonic events. Cyclone Bhola, for example, resulted in the deaths of 500,000 victims in 
1970, while cyclone Nargis, with similar characteristics to Bhola, resulted in 4,200 fatalities in 2007 (Tatham 
and Pettit, 2010), which is less than 1% of the victims of cyclone Bhola. 


Another relevant point to be highlighted in humanitarian operations is the number and diversity of actors 
involved, which can be donors, volunteers, public agencies, government, military, non-governmental 
organizations (NGOs), private companies and logistics operators. The involvement of international NGOs 
is critical in this type of operation because of its political neutrality and its relationship with the target 
population, allowing them access to politically unstable countries, which otherwise would not allow 
outside interference (Rodriguez et al., 2011). However, several NGOs can be working in a humanitarian 
operation, each with its own specific mission, different interests and abilities (Balcik et al., 2010). For 
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instance, 40 countries and 700 NGOs acted on the humanitarian operation after the 2004 tsunami in 
Indonesia (Balcik et al., 2010) and 100 NGOs worked on the operation response to the 2005 earthquake in 
Pakistan (Tatham and Kovacs, 2007). This large number of stakeholders involved, associated with the 
multiplicity of objectives of international humanitarian organizations, greatly increases the complexity of 
implementation and coordination of disaster relief operations (Tatham and Houghton, 2011). 


In order to ensure greater predictability, accountability and partnership, the United Nations introduced, at 
the end of 2006, eleven clusters as a classification of humanitarian activities. Stakeholders can be classified 
according to these clusters, facilitating the definition of roles and responsibilities. Thus, this classification 
can be used as a strategic tool to improve the effectiveness of humanitarian response. Martinez et al. 
(2010) selected five of these clusters related to the response phase of a humanitarian operation, which 
were adopted as factors to assess the immediate response operation in Haiti after the earthquake in 2010: 
(i) access and logistics, (ii) health, (iii) water, sanitation and hygiene, (iv) food and (v) shelters and non-
food supplies. These factors were also used to evaluate the response phase of humanitarian operation 
after floods in the mountain region of Rio de Janeiro in 2011. 


4 Background of Humanitarian Logistics in Brazil  
Disasters can be natural or anthropogenic. However, terrorist attacks, chemical attacks and refugee crises 
are not one of the main concerns in Brazil (Nogueira et al., 2008). In the context of anthropogenic 
disasters, humanitarian logistics is more applicable in the country in eventual accidents in the nuclear 
power plants Angra I and II. Regarding natural disasters, the country usually does not suffer large 
magnitude earthquakes, tsunamis, typhoons or tornadoes. In 2004, the first recorded hurricane occurred 
on the Brazilian shore, Catarina, which damaged 53,000 buildings and left 2,200 homeless (Nogueira et al., 
2008). However, the country often suffers from droughts, floods and landslides. 58% of all natural 
disasters occurred in Brazil are floods and 11% are landslides (Thenório, 2011). Moreover,  
INPE Climate report shows that extreme precipitation events may become even more frequent, causing 
floods and more severe landslides in the country (Nogueira et al., 2009). 


However, the concept of humanitarian logistics is still incipient in Brazil, with very few academic studies. 
The government neither invests solely on prevention. In 2010, the Federal Government has invested 14 
times more to remedy damage caused by rain than in prevention (Campanato, 2011). Nevertheless, it can 
be observed the development of studies and prevention planning and mitigation of disasters in the 
country, such as the National Alert System and Disaster Prevention Program. It is a project of the Ministry 
of Science and Technology that aims to reduce the number of deaths caused by floods and landslides. 
The first stage of this project is mapping 800 high-risk areas throughout the country. These maps are 
input data to a software that will cross weather information (risk of rain, floods, winds etc.) with the most 
vulnerable regions to disasters (Thenório, 2011). As a result, it will be possible to warn communities about 
the impending disaster. However, the population should be trained so it will be known how to act after 
receiving the alert. In Brazil, there is a lack of pre-event plans or preparedness tactics.  


5 Analysis of the humanitarian operation after the floods in the mountain 
region of Rio de Janeiro  


For this analysis, the research method used was qualitative, applying bibliographical research and case 
study techniques. Interviews were conducted with personnel who participated in the humanitarian 
operation response phase. The interviews were analyzed using content analysis technique. The categories 
were defined a priori according to the factors proposed by Martinez et al. (2010), based on the eleven UN 
clusters: access and logistics, health, water, sanitation and hygiene, food, and shelter and non-food 
supplies. 
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5.1 Climate disaster in the Rio de Janeiro mountain region  
The tragedy has directly affected 20 counties and 90,000 inhabitants. There were 30,000 homeless and 
displaced victims, and 916 deaths from floods and landslides that occurred between 11 and 12 January 
2011. This disaster was the largest in the country and the world's tenth worst slide in the last decade (O 
Exército, 2011). The city with more victims of the tragedy was Nova Friburgo, followed by Teresópolis, 
Petropólis, Sumidouro, Sao Jose do Vale do Rio Preto and Bom Jardim. In Teresópolis, there were a total 
of 5,000 homeless and 6,000 displaced victims. 


The main causes of this natural disaster were: local geology, irregular soil occupation (on slopes and 
floodplain areas) and high intensity of rainfall concentrated in periods of 15 minutes. . Nonetheless, such 
disasters historically occur in Rio de Janeiro State every year between November and April caused by 
these same reasons. Therefore, it becomes apparent that low investment in disaster prevention and 
mitigation has been done in Rio de Janeiro. In 2010, the amount invested ($ 80 million) for reconstruction 
of locations hit by the rain was ten times the amount invested ($ 8 million) for disaster prevention 
(Campanato, 2011).  


Disaster prevention and mitigation planning, associated with the immediate response and recovery 
planning, would be effective to reduce the impact of floods and landslides in Rio de Janeiro, such as the 
emergency plan developed by Costa Rica. This country has a similar topography to Rio de Janeiro and in 
2010, also went through high volumes of rain, but without a large number of casualties. When signs of a 
possible disaster are detected, the National Meteorological Institute of Costa Rica issues a warning to the 
National Emergency Commission, which forwards the information to Local Emergency Committees, 
responsible for activating mechanisms of response to the Operations’ Coordination Centers. These centers 
coordinate search and rescue patrols, evacuation, sheltering and damage assessment, besides centralizing 
the distribution of humanitarian assistance and donations to the community. The development of similar 
plans in Rio de Janeiro is essential, because, even when the possibility of a calamity is pre-diagnosed, 
there is no coordination on the part of state institutions regarding prevention and response activities. 
Currently, the National Civil Defense is limited to helping the victims after the tragedy strikes.  


5.2 Analysis of the humanitarian operation   
The stakeholders involved in the immediate response phase of the humanitarian operation for the flood 
disaster in the fluminense mountain region were: state government, local cities governments, Civil 
Defense of Rio de Janeiro State, National Security Force, Rio de Janeiro State Fire Department, Brazilian 
Navy, Air Force and Army, and support NGOs. In the first two days, these different stakeholders acted 
disjointed and without coordination through individual and anarchic actions. At times, there even was 
overlapping of efforts to act in the same problem, causing poor efficiency. However, the guideline of the 
National Security Force was the collaboration among the different actors, under the coordination of local 
Crisis Management Centers, established by local governments. Therefore, these stakeholders were 
managed by the Crisis Management Center. 


The military participation in humanitarian operation took place by decision of the President, assisted by 
the Defense Minister and the Institutional Security Minister. The Brazilian Army’s mission in the response 
phase of the event was to support the Civil Defense agencies of the affected towns, performing logistical 
tasks, such as: distribution of donations, transportation of refugees and evacuation of wounded, water 
treatment and distribution in areas of difficult access, removal of debris (clearance pathways) and religion 
assistance. As this research focuses on analyzing logistics operations in the immediate response phase, 
the study was based on the action of the Brazilian Army.  


5.2.1 Access and logistics  
Access to the highlands of Rio de Janeiro State takes place from four roads: BR 040, BR 116, BR 101 and 
RJ-116. However, some portions of these roads were blocked due to the landslides, being released a few 
days after the flood. However, several roads inside the city of Terespólis were blocked due to falling 
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barriers that isolated communities. One month after the disaster, access to all areas where there were 
victims had been restored.  


Brazilian Army played a major role in clearing debris and pathways, using specialized vehicles and 
equipments. This action was essential to enable the distribution of donations and assistance. After all, in 
the first seventy-two hours after the disaster, the Fire Department was facing great difficulties to carry out 
search and rescue patrols. Military engineers also launched bridges that enabled. Two bridges were 
launched, one on the Grande River in the town of Bom Jardim, and another on the Paquequer River, 
restoring access to isolated areas.  


The Brazilian Army participated on search and rescue patrols, on the distribution of emergency supplies, 
transportation of homeless/displaced and on the evacuation of wounded victims. A large volume of 
donations was required to attend the increasing demands of the victims. The transport of donations from 
other regions of Brazil to Rio de Janeiro was performed by the Air Force, which provided aircraft, trucks 
and trailers and also performed traffic control. The use of helicopters was essential to the distribution of 
supplies to victims in isolated areas and it was also used for evacuation and transportation of victims. Just 
in Teresópolis, the Army had the support of 42 vehicles and four helicopters during the immediate 
response of the humanitarian operation. 


One of the difficulties faced by the military was the dilemma in prioritizing needs for various requests of 
evacuation and supply distribution due to the restricted number of vehicles and human resources 
available. Therefore, a critical decision to be taken in the operation refers to planning efficient use of 
available resources. Another important role played by Brazilian Army was mapping of the mountainous 
region immediately after the disaster, in order to show the best access to areas that were still isolated, 
thus facilitating the work of rescuing victims. This measure also facilitates the identification of 
inappropriate areas for new constructions.  


5.2.2 Health  
The military provided health support making available medical, dental, X-ray, pathology, evacuation and 
psychological professionals that provided a range of health services to the affected populace on Military 
Combat Support Hospitals. The Military Combat Support Hospitals have been a solution in assisting 
victims of disasters in Brazil, especially in cases of floods and landslides, such as the analyzed event. These 
hospitals were essential to reduce the waiting time for the victims in Teresópolis, given the partial 
destruction of local resources. They offer medical care services from different specialties, such as internal 
medicine, orthopaedics, paediatrics, gynaecology and dentistry. They also have operating rooms, X-rays, 
labs and beds for short periods of recovery. When it was necessary to transfer patients, aero medical 
evacuation was used. In the first seventy-two hours after the disaster, 75% of all medical services provided 
by Military Combat Support Hospitals were clinical cases, 20% were orthopaedic services and 5% were 
psychiatric cases. After physical trauma, fractures and injuries, most of the services provided involved 
victims with psychosomatic problems caused by emotional sequeael. 


Essential medical services also involved the control of leptospirosis and hepatitis B, diseases to which 
population is vulnerable in cases of floods. Another important point to maintain good health condition is 
removal and burial of corpses. The Brazilian Army supported these activities, and also provided religious 
assistance. From this experience, it was identified difficulty in estimating the amount of critical medical 
supplies required by victims, since there are no surveys on types of accidents and injuries most common 
in these types of disasters. Also, there were difficulties due to shortages in the supply of drugs and blood 
donation. Therefore, the main decision is the allocation of resources, such as doctors and medicine, to 
maximize attendance. 


5.2.3 Water, sanitation and hygiene 
According to the International Red Cross, the daily demand for drinking water per person in cases of 
disasters ranges from four to five litres/person daily, including in this estimate consumption by hospitals 
and health clinics (Martinez et al., 2010). The population of the cities hit by the disaster is approximately 
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700,000 inhabitants and 30,000 victims were homeless. Thus, it required a minimum of 150,000 litres of 
water daily to meet the needs of homeless/displaced by the disaster.  


Water is a critical issue for survival, so it was treated as a priority in the first days after the disaster. 
Companies and people of Rio de Janeiro have donated large amounts of drinking water in response to 
requests from media (television and radio). However, restoring the water distribution system (as well as 
power and sewage) was under the responsibility of local utilities, which carried out the required work. 


5.2.4 Food 
In cases of major disasters, two considerations must be analyzed relative to food: (i) assist the population 
impacted, and (ii) provide food to people, volunteers and professionals. Specifically, in the Army, 868 
meals were served per day to feed the troops employed to assist in Teresópolis. 
In this respect, it was necessary to control the distribution of food in order to meet the entire contingent. 
Food distribution in cases of humanitarian operations is a network flow problem with multiple modes and 
multiple commodities, whose objective is to maximize the service demand as the response time is 
minimized (Martinez et al., 2010). This problem becomes even more complex because some roads have 
their traffic blocked due to landslides or floods.  


A constant replenishment of food items was required, but there is a lack of studies relative to demand 
forecast of needed supplies. There was an immediate response from businesses and the population of Rio 
de Janeiro to provide food supplies. Food items and other donations were stored in private distribution 
centers and warehouses or even on public schools and stadiums. The main decisions to be made 
regarding the distribution of food refer to: how to transport the donations to the disaster area, where to 
store it and food distribution. 


5.2.5 Shelters and non-food supplies 
The homeless population was initially sheltered in schools and warehouses that could receive them. Some 
victims were also sheltered in tents similar to those used in the Haiti earthquake and the tsunami in 
Indonesia (Lauriano, 2011). These tents, with capacity for ten people, have survival gear, stoves, cutlery, 
pans, dishes, blankets, purifying and storing water. Sheltering plan was organized by the municipal 
authorities, which adopted the strategy of minimizing the number of sheltering sites, concentrating 
victims on fewer locations. 


Regarding non-food supplies, there was excess of donations of coats, pants and shirts. Meanwhile, there 
was a shortage of items such towels, underwear, bed linen and gas cylinders (O Exército, 2011). It was very 
difficult to estimate needs according to the evolution of events, so a constant replenishment of items was 
necessary. But as soon as the media announced the shortage of an item, such supplies were soon received 
through donations. The top decisions to be made, regarding this aspect of the humanitarian operation, 
are: a) forecasting the demand for shelter and non-food supplies, b) how to meet victims’ demand, and c) 
how and where to shelter the homeless. 


Brazilian Army acted on the preparation of packages with relief supplies as well as on supply distribution. 
Supply distribution was managed and controlled by the Crisis Management Center, which received 
requests from the victims and then generated delivery orders for the Army.  


5.2.6 Summary of military involvement  
In summary, Brazilian military involvement in the disaster relief operation at Rio de Janeiro State took 
place in the immediate response phase, more precisely, on the first fifteen days after the disaster. 
Responsibilities were then taken over by humanitarian NGOs or government agencies, during the 
reconstruction phase. Initially, Brazilian Army acted on the evacuation of wounded victims and 
transportation of homeless/displaced from risky areas, as well as on water and food distribution and on 
restoring access to the affected areas. Nonetheless, military involvement increased according to the 
demand and needs of the affected population. After an initial moment, Brazilian Army started acting on 
health support and on supply distribution. Finally, it supported activities related to sheltering and 
vaccination. Figure 1 summarizes in three stages the military activities in disaster. It is important to stress 
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that all the activities have been developed to support procedures that were being performed by other 
governmental and nongovernmental institutions, mainly from the second stage on.  


 


Figure 1: Framework of Military participation in humanitarian operations. Source: Authors, 2012. 


6 Areas of Practice and Research 
From the literature review and the assessment of the natural disaster occurred in Rio de Janeiro in 2011, 
five important research areas were identified for planning humanitarian logistics activities to be 
conducted on the immediate response and recovery stage of disaster relief operations, as shown next. 


 Information- This area includes a geo-referenced mapping of areas vulnerable to accidents, 
including socioeconomic data of the population, potential housing sites, warehouses and access 
roads. This step is one of the most important, because this information provides a first idea about 
demand. Moreover, it is important to have information about possible aid institutions, or where 
funding may come more immediately. 


 Team Allocation- This area includes the definition of the different types of equipment required to 
rescue people in danger, for clearing debris, to restore access to roads and installation of shelters, 
as well as the definition of the number of doctors, nurses, social workers, logistics professionals 
and volunteers needed. In addition, civil engineers and technical staff are required for recovery of 
basic services like water, electricity and sewage.  


 Sizing of supplies- It comprises typology and quantification of essential items to be distributed, 
such as food, clothes and furniture, mattresses, stoves, bedding, blankets, as well as the amount 
of shelters required. It is important to develop models that enable the quantification of these 
needs.  


 Logistics and Distribution Access- It includes an initial definition of how to reach the disaster area 
most immediately in order to rescue people in danger and to get all the equipment, donations 
and personal to help the population. Subsequently, it involves the distribution of these supplies 
directly or from local warehouses. For a better performance in this area, it is important to check 
how business logistics methods can be applied in these situations.  


 Reconstruction and Mitigation – It includes an investigation of how much was destroyed and 
needs to be rebuilt, so that the region goes back to its pre-event routine. This action should be 
initiated as soon as the situation stabilizes in the affected area and should be implemented 
alongside mitigation measures that reduce the chances of further accidents. The implementation 
of these activities requires calculation tools and techniques to estimate financial resources and 
staff required.  


The proposed research areas, previously presented, include the possible situations faced in emergency 
relief operations. Besides, these research areas represent a sequence of activities to be developed in 
disaster situation: (1) Information, (2) Equipment Sizing and Teams, (3) Sizing of supplies, (4) Logistics and 







 
An Overview of Humanitarian Logistics in Brazil 


ID274.9 


Distribution Access and (5) Reconstruction and Mitigation. Some of these activities should be developed 
almost simultaneous, as the activities (2), (3) and (4). Therefore, it is crucial to develop studies to detail 
these processes so they can be implemented as objectively as possible in cases of disasters. Table 2 
resumes general tools to be developed for each research area, considering the characteristic of an 
emergency situation. 


Table 2: General tools for each research area  


Research areas                    Tools 
Information Database and GIS software 
Equipment Sizing and Teams Demand models for Services 
Sizing of supplies Supply-Demand models and Inventory methods 
Logistics and Distribution Access Localization and routing methods 
Reconstruction and Mitigation Environment and cost assessment methods 


7 Conclusion 
The article presents a conceptual approach on humanitarian logistics, which is required considering that 
this field is still incipient in Brazil. It also discusses prevention planning and disaster mitigation. However, it 
is important to stress that even with the adoption of mitigation measures, disasters still occur. Recent 
events, such as tornadoes in the United States and the tsunami in Japan in 2011, are examples that even 
developed countries are vulnerable to the adverse impacts of natural phenomena. Therefore, it is 
necessary to plan for the immediate response and recovery phases of humanitarian operations. For this 
reason, it is important to analyze immediate response phases of humanitarian operations, such as studied 
in this research in the floods occurred in Rio de Janeiro in 2011. 


The research proposes a framework for military participation in humanitarian operations and also 
identifies the main decisions taken in the immediate response after the floods in the fluminense mountain 
region in 2011. From this assessment, five research areas regarding performance of humanitarian logistics 
were identified. It is considered essential to develop researches in these areas in order to meet the 
challenges of humanitarian logistics. 
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Abstract 


Production and transport scheduling are mostly carried out sequentially due to their complexity and current lack of 


appropriate heuristics for supporting a desirable integration on the operational level. Especially when oscillations 


occur, the unbalanced and unstable integration of production and transport systems weaken the competitiveness of 


supply chains. In this paper, an approach for the integration of production and transport logistics in global supply 


chains is analysed using a simulation model. The approach is based on a generic framework where the supply chain is 


structured into a chain of operational planning entities. The test case comprises one original equipment manufacturer 


and two supplier tiers, as well as corresponding inter-facility transport operations and delivery to customers. This 


formulation can be applied on a rolling time horizon and takes changing capabilities into account. It was possible to 


identify that the integrated scheduling can handle oscillations in the production and transport processes by 


constantly checking the amount of time spent to process and deliver the order. The more frequent this checking 


occurs, the less time it will take to eliminate the discrepancies. The results also indicate that the proposed integrative 


approach outperforms the sequential one in dynamic situations. This means that it could help absorb disturbances 


originated in production and transport systems and therefore sustain the performance of global supply chains 


through time.  


Keywords: Production Scheduling; Transport Planning; Modelling and Simulation of Supply Chains; Global Supply 


Chains; Logistics 


1 Introduction 


Production and transport scheduling are mostly carried out sequentially due to their complexity and 


current lack of appropriate heuristics for supporting a desirable integration on the operational level. The 


unbalanced and unstable integration of manufacturing and transport systems weaken the 


competitiveness of supply chains. Especially in dynamic situations and environments, production and 


transport systems must be properly integrated so that efficiency, responsiveness, and flexibility can be 


achieved and sustained (Scholz-Reiter et al., 2010). Indeed, local decisions cannot only depend on the 


efficiency of the individual processes at different locations, but rather take into account the behaviour of 


linked decision systems. 


Sequential and hierarchical schemes for production scheduling and transport planning have been 


deployed with consistent performance for stable surroundings. Nevertheless, when dealing with dynamic 


environments – like the context in which global supply chains are inserted –, integrative schemes are 


necessary. Recent approaches for the integration of production and transport systems do not consider 


current capabilities, level of utilisation of resources, and transit-/lead-times (for a comprehensive review 


please refer to Scholz-Reiter et al., 2009). Resources and their employment level have to be better 


considered in production and transport systems so that decision making is enhanced.  


In this paper, an approach for the integration of production and transport logistics in global supply chains 


is analysed using a simulation model. The approach is based on a generic framework where the supply 


chain is structured into a chain of operational planning entities (Scholz-Reiter et al., 2010). The test case 


comprises one original equipment manufacturer and supplier tiers, as well as the inter-facility transport 
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and the delivery to customers. The facilities of the referred suppliers and original equipment manufacturer 


are located in different continents, wherefore maritime is considered in the simulation model. The paper is 


structured as follows: section 2 reviews the relevant literature. The computational simulation-based 


analysis is presented and implemented in Section 3. The paper ends with conclusions and potential 


implications.  


2 Literature Review 


The problem of coordinating supply chain stages can be handled by a monolithic (central) approach, 


wherein the schedules are determined simultaneously, or by a hierarchical and sequential approach 


(Sawik, 2009). The central approach is usually not practicable in real-world situations, due to unfeasible 


requirements in terms of information availability and communication capabilities.  


Even though sophisticated heuristic approaches (e.g. Wang and Cheng, 2009; Lin et al., 2008; Huang and 


Yang, 2008; Valente and Alves, 2007; Park, 2001; Raa and Aghezzaf, 2008; Herer and Levy, 1997; Cheung et 


al., 2008; Hwang, 2005) achieved exceptional results in handling isolated scheduling tasks, either 


production or transport, they are not able to materialise the competitiveness obtained by a combined 


view of production and transport systems. By utilising the combined flexibility of both systems, challenges 


triggered by a dynamic changing environment (e.g. perturbations) can be better handled. Therefore, an 


integrated alignment of production and transport scheduling at the operational level holds a great 


potential for strengthening the competitiveness of supply chains (Scholz-Reiter et al., 2010).  


The problem of balancing the production and delivery scheduling in such a way that there is no backlog 


and that production, inventory, and distribution costs are minimised is addressed by Pundoor and Chen 


(2009). Li et al. (2008) studied a coordinated scheduling problem of parallel machine assembly and multi-


destination transport in a make-to-order supply chain. Their approach decomposes the overall problem 


into a parallel machine scheduling sub-problem and a 3PL (third-party logistic provider) transport sub-


problem. By means of computational and mathematical analysis, the 3PL transport problem is shown to 


be NP-complete; therefore, heuristic algorithms are proposed to solve the parallel machine assembly 


scheduling problem. 


Centralised solutions for the production scheduling and transport planning processes along supply chains 


are not practically applicable, due to overwhelming eyesight and communication requirements. On the 


operational level, these processes are currently carried out sequentially due to their complexity and 


current lack of appropriate heuristics for supporting a desirable integration. Considering that the 


performance of a supply chain could be significantly improved, in terms of both service level and costs, by 


applying an integrated instead of sequential scheduling schemes on the operational level (Chen and 


Vairaktarrakis, 2005), a generic approach for the integration of production scheduling and transport 


planning in supply chains was proposed by Scholz-Reiter et al. (2010). This generic approach embraces a 


chain of operational planning entities that perform the PTSP as well as a mechanism for supporting the 


alignment between these entities.  


Supply chains are composed by a chain of production stages, starting at the suppliers of raw material, 


followed by several production facilities, and ending at the OEM (Original Equipment Manufacturer). 


These production stages, as well as the final customers, are linked by transport systems. The proposed 


operational planning entities comprise the production scheduling and transport planning of a facility 


along the supply chain (Figure 1).   


Therefore, one entity carries out the scheduling for a production facility and associated transport to either 


the next production facility or final customers. The scheduling tasks of the entities are aligned by 


production / delivery orders. The scheduling of the orders is based on the order delivery dates, which are 


provided by upstream planning. Furthermore, in order to ensure the delivery of orders, the entities have 


the flexibility to contract external production processing or transport capacity. Each entity strives to 
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achieve a certain service level in regard to the in-time delivery of orders and to minimise the costs for 


production and transport (Scholz-Reiter et al., 2009).  


 


 


Figure 1:  Chain of planning entities on the operational level of a generic global supply chain (Scholz-Reiter et al., 


2009) 


A scheduling scheme at the operational level needs to be run in a successive way. This is motivated by the 


arrival of new orders, disturbances, as well as variations of current capabilities within the production and 


transport systems. In the intervening time between iterations, capabilities, and the employment level of 


involved production and transport system may change due to either planned events like maintenance of a 


machine or a transport device, as well as disturbances like the breakdown of a machine, or the flooding of 


a road. Therefore, the iteration time should be reduced in order to maximise the adaptability of the supply 


chain to dynamics. With the acceleration of these feedback loops, an on-line optimisation mechanism for 


supply chain priorities will emerge.  


The analysis of complex systems like global supply chains demands the employment of proper methods. 


Here, the computational experiment for such analysis will be implemented using a discrete event 


simulation model. The use of discrete event simulation, due to its flexibility, is more efficient for 


developing evaluation systems in comparison to traditional, less automated tools (Spedding and Sun, 


1999). Another advantage of this method is related to its ability to deal with problems which cannot be 


solved through standard analytical methods (Legato and Mazza, 2011). For instance, tools based on 


discrete-event simulation can be developed to aid decision makers in the dynamic and complex situations 


of supply chains (Liston et al., 2007). In regard to its use, discrete event simulation is commonly used to 


model multi-stage production systems and then evaluate the impact of different approaches for 


controlling these systems (e.g. Van Volsem et al., 2007). In terms of content, process and outcome, 


discrete event simulation models have promising uses within the broad areas of management science and 


operational research (Robinson, 2002). 


The design of integrated processes on the operational level of supply chains is a pressing challenge for 


both practitioners and scientists. On the sequence, the referred integrative approach will be analysed by 


means of a discrete event simulation model. 
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3 Computational Experiment and Analysis 


Usually, different departments within supply-chain partners perform the scheduling of production and 


transport, by making locally-bounded decisions. As a drawback, the obtained results may be locally 


optimal but do not pay attention to the requirements of connected systems over the supply chain. In this 


section, a computational experiment using a discrete event simulation model for analysing the proposed 


integration approach (Scholz-Reiter et al., 2009) is structured and implemented.  


3.1 Model Structure  


The modelled production system is based on a heterogeneous open flow-shop with several consecutive 


production levels. Each production level consists of three machines, which feature an order-type specific 


processing time and processing cost. All orders have to be processed in one machine of each production 


level. If all machines are highly occupied, orders can be processed externally in a comparatively longer 


timescale. 


After the production process, the orders are assigned, through the transport, to the subsequent 


production facility. If at least three orders are assigned to a tour then this tour is conducted. The duration 


of each inter-facility transport is pre-given. All considered tours start at the production facility and end at 


the subsequent one (or the final customer). A new tour can be conducted as soon as a transport device 


becomes available. Each tour has a limited transport capacity of five units that cannot be exceeded. 


Disturbances affecting production or transport processes can be introduced by adjusting their capabilities. 


It is also possible to simulate different oscillations in market demand.   


The models (Figures 2 and 3) represent production and transport execution levels of one entity within the 


chain of planning entities (Figure 4). Each planning entity is composed by two sub-models: the production 


facility and the transport path. When dealing with sequential scheduling (Figure 2), the demand is 


only communicated to the stock of ready-to-delivery orders. Each piece of information contains the 


orderID, the orderType, as well as its due-date . The order due-date is calculated considering the average 


of transport and production lengths of the time horizon. The time when the orders should be ready to 


deliver is calculated considering the transport time , which is calculated by taking into account the time 


dispended previous tour. Sequentially, the stock of ready-to-delivery orders triggers the input of orders in 


the production system. The input timing is calculated considering the production time , which is 


calculated by taking into account the average of production lengths of the previous week. As soon as 3 


orders are ready to deliver, the transport device executes the tour to the client facility. To the overseas 


transporter, this limit is assumed to be 700. Land transporters can carry up to 5 products, whilst ships have 


no such limit. 


 


Figure 2: Model structure for one entity – Sequential scheduling set up 


In the case of integrated scheduling (Figure 3), the demand  from the next facility triggers directly the 


input of orders in the production systems. Each piece of information contains the orderID, the orderType, 


as well as its due-date , calculated in the same way as specified for sequential scheduling. The remaining 


rules of transportation are identical to the sequential planning entity. 







 


Simulation-based Analysis of Integrated Production and Transport Scheduling 


ID3.5 


 


Figure 3: Model structure for one entity – Integrated scheduling set up 


In both cases, early deliveries are not allowed. Both set ups described above will be employed in a test 


case in the next section.  


3.2  Test Case 


In this section both sequential and integrated scheduling models are implemented in a discrete event 


simulation model for a scenario with three planning entities in a global supply. The test case consists of 


one OEM located in Brazil and two suppliers (one in Brazil and the other one in Germany). Between the 


supplier in Germany and the supplier in Brazil, maritime transport is performed. The required travelling 


time for the maritime transport is assumed to be four weeks. A land transport occurs, between the 


supplier in Brazil and the OEM and it is assumed to take six hours. Finally, the transport is performed, to 


the final customers using land transport. This transport is assumed to take five hours.  


As an illustrative disturbance, a variable time will be added to the travelling time (Ttravel), which is the time 


required from the transporter to reach its destination. In order to resemble a seasonal behaviour, the 


variable component was chosen to be a sinusoidal function. As shown below, (1) represents the function 


parameters having M as mean value, V as amplitude and T as the time required to complete a whole cycle 


of the function. For convenience, all the times are taken in hours.  


 


The supplier in Germany uses ships as transporters. The estimated traveling time is four weeks, or 672 


hours. However, this value could oscillate up to half a week (84 hours) upwards or downwards. The 


function then assumes the following values: 


 


The same oscillatory behaviour happens to the trucks carrying the orders from the supplier in Brazil. With 


a mean travel time of six hours, it varies from two to ten hours depending on the time along the year.  


 


A production process, which was described by Scholz-Reiter et al. (2005), is carried out at each production 


facility. The structure of the material flow within the production facility, as well as the structure of the 


inter-facility transport, are shown in Figure 4. The test case will be run along a year.  
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Figure 4: Structure of the test case scenario: 3 planning entities (production +transport processes) connected in a 


global supply chain 


For the sake of simplicity all costs are in general chosen to be 1. The processing times of the three 


different order types for each machine are given by Scholz-Reiter et al. (2005). The processing costs are 


proportional to the required processing time.  


External processing of orders triggers costs of 12 (production and transport). Externally processed orders 


return directly to the finished products buffer. Each land transport device has a maximal transport capacity 


of 10 units. For maritime and air transport, there is no capacity limit. As soon as 5 or more units are ready, 


the tour is conducted.  


The dynamic scenario includes transport time oscillations. The simulation model of the production and 


transport scheduling has been implemented in SIMIO version 3.48.6267 and the computation was carried 


out on a Core i7 2.8 GHz quad-core computer with 12GB of RAM. Each simulation run took about 1 


minute and 20 seconds. 


3.3 Results 


The following Figure 5 shows the difference between due-dates and actual delivery over the weeks for the 


sequential set up. The horizontal axis represents the weeks (week 1 to week 52), whilst the vertical axis 


represents the delay (difference between due-dates and actual delivery to the final customer), for each 


order requested by the client, measured in hours.  


A positive value means that the entity arrived late, whilst a negative value indicates an early delivery. The 


continuous line represents the delay when there are no oscillations in transport time. The dashed line 


represents the delay when time oscillations in transport time between the supplier in Germany and the 


supplier in Brazil are introduced.  


The peaks can be interpreted as a lack of products in subsequent clients, caused by a delay to carry them 


overseas. 
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Figure 5: Delay - without oscillations (black bold line) and with oscillations (grey dashed line) introduced in the 


transport time between the supplier in Germany and the supplier in Brazil – Sequential scheduling set up 


 


Likewise, the continuous line (no oscillation) and the dashed line (oscillations introduced) in Figure 6 


represent the difference between due-dates and actual delivery over the weeks for the sequential set-up, 


when the transport time oscillation is placed in the transport between the supplier in Brazil and the OEM 


in Brazil.  


 


 


Figure 6: Delay - without oscillations (black bold line) and with oscillations (grey dashed line) introduced in the 


transport time between the supplier and the OEM in Brazil – Sequential scheduling set-up 
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For the integrated scheduling set-up, the following Figures 7 and 8 show the same scenario configuration 


from Figures 5 and 6, respectively.  


 


 


Figure 7: Delay - without oscillations (black bold line) and with oscillations (grey dashed line) introduced in the 


transport time between the supplier in Germany and the supplier in Brazil – Integrated scheduling set-up 


 


 


Figure 8: Delay - without oscillations (black bold line) and with oscillations (grey dashed line) introduced in the 


transport time between the supplier and the OEM in Brazil – Integrated scheduling set-up 


 


The results obtained indicate that the proposed integrative approach outperforms the sequential one in 


dynamic situations where oscillations in transport time are considered. 
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3.4 Analysis 


The comparative analysis of the delivery delays between the sequential and the proposed integrative 


approach indicate that the latter could absorb disturbances originated in production and transport 


processes with low reliability and/or market oscillations. These different oscillations can impair the 


performance of production and transport systems. Our computational analysis indicates three major 


findings: (i) lead-times can be shortened by properly combining the flexibilities of production and 


transport systems; (ii) if there is a peak on the utilisation of the production system, for instance, the 


available time for processing of orders, which can be delivered in short time, can be extended; and (iii) in a 


situation where the transport process requires more time than the anticipated, the production scheduling 


can be rearranged so that orders are early available for transport. Furthermore, the mean values of due 


dates utilised in the upstream planning can be reduced, by leaning required buffering times.  


4 Discussion and Implications 


In this paper, we analysed by means of simulation an approach for the integration of production and 


transport scheduling that fosters a sustainable management of production and transport systems along 


whole supply chains (Scholz-Reiter et al., 2010). A simulation model for the case of inter-facility transport 


along a global supply chain was formulated. This formulation can be applied to a rolling time horizon and 


takes dynamic changing capabilities of the transport into account. It was possible to notice that the 


integrated scheduling can handle oscillations in the production and transport process, by constantly 


checking the amount of time spent to process and deliver the order. The more frequent this checking 


occurs, the less time it will take to eliminate the discrepancies. 


The following topics of research could be pursued in the future: development and implementation of 


more elaborated heuristic decision rules triggering the production and transport processing; development 


of quasi-real-time scheduling methodologies; pursuing empirical descriptive research in different real-


world scenarios. 
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Abstract 


Occupational Accidents (OA) are generally associated with elevated economic and social costs. This is obvious for the 
company occupational health and safety department (OHS), but not so obvious for the company general 
management, which is responsible for the approval of financial resources. These hidden costs which compromise the 
investments needs for reduction of OA. This study aims to create a systematic assessment of the accident associated 
costs of a large metalworking company, through the use of a participatory approach. In this approach, employees 
responsible for the accident management and care are invited to assist in the development of the systematic cost 
management. Their knowledge about accident management and care may assist to identifying the activities 
performed in these situations and attribute cost components to these activities. The logical structure of the systematic 
proposal is based on the method of Activity-Based Costing (ABC), with the aims focused on evaluation of the 
occupational accident costs and their relation to the cost of activities, understanding their performance and providing 
long-term solutions. 


Keywords: Occupational Health and Safety; Activity Based Costing; Accident Cost Management; Participatory 
approach. 


1 Introduction 
An occupational illness or injury causes a significant disturbance to the balance of the work environment 
in which it occurs (Jallon, Imbeau, & de Marcellis-Warin, 2011). In Brazil, 514.479 hospitalizations were 
registered by the Social Insurance Ministry (SIM), only in 2009 (Figure 1), with more than 80% of these 
people until 44 years, the dominant part of the country workforce. 


Source: SIM. 


Figure 1 - Cases of typical OA and commuting accidents by age in Social Safety insured of Brazil in 2009.  
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OA are associated with high economic and social costs, and economic costs are not only borne by those 
injured but also by the enterprises concerned and the government (Shalini, 2009). These may be in the 
form of either direct or indirect. Direct costs may be in the form of material damage and down-time, and 
financial losses through experience-related insurance Premium and a share of the medical expenses 
(Shalini, 2009). Indirect or hidden costs may be in the form of overtime work made necessary by accidents, 
retraining expenses and intangible factors such as loss of company prestige and deteriorating industrial 
relations, may have a substantial impact on the quality and profitability of production (Shalini, 2009).  


Managers tend to underestimate the indirect/hidden costs and, consequently, the benefits of investing in 
prevention (Jallon, Imbeau, & de Marcellis-Warin, 2011). These benefits may be more visible to members 
of the OHS, which usually include physicians, safety engineers, nurses and technicians. Moreover, these 
workers haven't the knowledge to cost management, and the company will adopt these policies more 
readily if managers are convinced that they are worthwhile financially. (Lanoie & Tavenas, 1996). In 
addition, OHS may demonstrate their value, reducing the costs of the company with avoid of workplace 
accidents, also increasing the managers and employees motivation to increase prevention efforts with 
other accident statistics (Rikhardsson & Impgaard, 2004). The costs of OA could be also used in 
connection with bids, customer profitability calculations, and project cost management, and OHS may 
have a stronger intra-organizational political position (Rikhardsson & Impgaard, 2004).  


Costs of injuries related to work were evaluated in several studies using methodologies generally based 
on ABC. With the same theoretical basis, this study aims to create a method for assessing the working 
accident costs for a large metallurgy company, based on cost components presented in performed 
activities, using the participation of accident managers and care personnel. The evaluated company, has 
policies to reduction of working accidents, but, not based on the accident costs. The participation of the 
OHS employees enables to understanding of real needs, and can treat the data so as not to jeopardize the 
work of those responsible, creating indexes of performance through low complexity and low expenditure 
of time to perform these activities. It is possible that the initial approach does not meet the total needs of 
the company, so we will consider continuous improvement, held annually. The important thing is that the 
insertion of the new model, allows changing the preventing culture in the company. 


2 ABC approach 
ABC is a method based on resource consumption by activities involved in producing a particular product, 
including processing, transportation services, materials, inspections and all other stages of production that 
may affect costs (Andrade, Pessanha Filho, Espozel, Maia, & Qassim, 1999). The ABC system is basically 
performed in two phases (Bornia, 2002): In the first phase, the organization should be modeled in 
activities which, chained, forming processes, differentiating ABC from traditional methods because it 
facilitates support for actions to improve the company, the second phase, costs are assigned to activities. 


 
Figure 2 - ABC model. Adapted (Andrade, Pessanha Filho, Espozel, Maia, & Qassim, 1999). 


ABC is seen in operations in a company in a more accurate and consistent than the traditional method of 
cost (Andrade, Pessanha Filho, Espozel, Maia, & Qassim, 1999). The basic idea of ABC is to take the costs 
of various activities of the company and understand their behavior, finding bases that represent the 
relationships between these products and activities (Bornia, 2002). Measuring the costs of products and 
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activities properly, you can determine the price of the product, improve its processing, and by eliminate 
activities that do not add additional value, better plan operations, determine the commercial strategy and 
finally measure their operating properly (Khozein, 2009). 


Advantages offered by ABC (Bornia, 2002): Form a vision of process against the functional view, essential 
to the rationalization of business processes; The cost calculation is more accurate; Makes it possible to 
recognize that activities are significantly influencing the spending of the company; Improves the 
management of the company and not only improve cost system. Disadvantages presented by ABC 
(Bornia, 2002): The modeling of the production system (determination of the activities) is much more 
laborious than the traditional cost methods; Calculation of the cost of activities is also more difficult. 


We consider four factors that have an impact on the size of the costs of workplace accidents, appointed 
by Rikhardsson & Impgaard (2004): type of accident and length of absence, wage structure and policies, 
OHS management system scope, and production process vulnerability. For these, we consider different 
work characteristics and number and types of accidents, absence payment responsibility (Company in the 
first 15 days and Social Insurance after), workers position (sector), OHS system scope, policies and formal 
activities, and available employee replacement.  


3 Method 
This is an applied study, which seeks through the use of stakeholder, involved in the processes of working 
accidents care and management, implementing the existing accident management system by including 
costs management. In a first instance, the aim is presenting for some stakeholders, the concept of a 
management system including accident costs. In the first step, the initial model was presented to the 
safety engineer in order to promote the interest in the company. After, they were invited to participate, 
the OHS employees and company consultants, including those responsible for accident management and 
treatment/care of the victims, including: two technicians, a safety engineer and a nurse. The advisory 
group was composed of an ergonomist (First author), and an engineer (second author), and a manager 
(third author), responsible for cost management. The group discussed: costing methods, methods of 
safety management, Brazilian standards and bureaucratic aspects.  


In the second step, the research continues based on four steps (Bornia, 2002), with adapted objectives: 1) 
Factory background, in order to understand the organization of the company, what are the functions of 
OHS, as they are performed, and who is responsible. The information was requested by researchers and 
obtained by the members of the company management and OHS management; 2) Activities description, 
in order to define a model with the activities that are normally executed because the occurrence of OA. 
The information was requested by researchers and obtained by the members of the OHS management; 3) 
Cost components, in order to define the measurable cost components presented in the activities that 
were chosen. The information was requested by researchers and obtained by the members of the OHS 
management, and the cost of the component has been obtained by the members of the company 
management; 4) System design and Implementation, in order to define the model for cost management 
system, adapting the current model of accident management. The model was created by researchers and 
approved by the members of the company management and OHS management. Each step was 
performed with scheduling of a meeting for discussion of the proposals and finalized through the 
approval of all stakeholders. 


4 Results & Discussion 


4.1 Company background 
The company used to conduct the study operates in the metallurgical industry, from product 
development to manufacturing them. This company has OHS management as Regulatory Standard (NR4), 
Internal Commission for Accident Prevention (ICAP) and Council of Ergonomics (COERGO). These services 







 
ICIEOM 2012 - Guimarães, Portugal 


ID115.4 


have the support of external consultants, and are responsible for risk management, OA management, 
occupational diseases prevention, conduct of education programs and filing documents. These activities 
are reported internally to 597 employees divided into twenty sectors as shown in Table 2, which are also 
represented OA occurring in 2011 due to the removal. 


Table 1 - Distribution of employees by sectors and OA as a function of days of absence. 


  OA in 2011 as days of absence 


nº Sector Employees < 15 days > 15 days Deaths All 


01 Management 97 0 0 0 0 


02 Stockroom 10 0 0 0 0 


03 Light alloys 34 2 0 0 2 


04 Heating the oil 1 0 0 0 0 


05 Wire 6 0 0 0 0 


06 Package 1  62 1 0 0 1 


07 Package 2 24 0 0 0 0 


08 Stampings 68 4 1 0 5 


09 Expedition 15 0 0 0 0 


10 Laboratory 2 0 0 0 0 


11 Maintenance 24 1 0 0 1 


12 Assembly 1 38 2 1 0 3 


13 Assembly 2 30 0 0 0 0 


14 Patrimony 7 0 0 0 0 


15 Paint 1 71 0 1 0 1 


16 Paint 2 27 1 0 0 1 


17 Prototype 14 0 0 0 0 


18 OHS 6 0 0 0 0 


19 Welding 39 2 0 0 2 


20 Pipes 22 0 1 0 1 


All 597 13 4 0 17 


Source: The company management. 


4.2 Activities and Cost Components 
OHS and project team developed a model used in the company, including all activities carried out by OHS 
management and external services (Figure 3). 
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Source: OHS Management. 


Figure 3 - Activities performed after the occurrence of OA. 


For each activity, were allocated the cost components are considered measurable and within the capacity 
of OHS management. These were considered costs of skilled labor in the care and transportation, cost of 
inputs used in the care, medical costs, administrative costs and other costs (compensation, retirement pay, 
cost of training replacement staff, overtime, etc.). We did not consider: Opportunity costs, loss of 
performance, company image commitment and other immeasurable costs.  


4.3 System design and implementation 
Once the activities and cost components were defined, and approved by the consulting team and OHS, 
assessment tables were created with current accident management, adding cost information for each 
individual OA and information joint interpretation of general data (Figure 4). 


 


Already existing For implementation 


OA investigation 
(causes) 


Labor costs 
(Table 2) 


Materials and 
equipments costs 


(Table 3)


Other 
measurable costs 


(Table 4)


OA 


Meeting 
Accident 


measurable costs 
(Table 5)


Short-term 
solution 


Long-term 
solution 


Figure 4 - Model of OA management implemented with cost management.  
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The information generated by the current system of accident management allows creating short-term 
solutions to eliminate risks of OA. The proposed model can also create long-term solutions through cost 
analysis by sector, by type or OA severity. Furthermore, it allows understanding the process created from 
the accident occurrence, and making improvements in OA care and OA management. Table 3 shows the 
labor cost, during the service to victims of OA and during the investigation and management of OA. This 
table do not contents the labor cost of the OA victim. 


Table 2 – Labor cost components per activity. 


 Cost component (total minutes) 
Activity A B C D 01 02 03 04 05 06 . . . 16 17 18 19 20
Local Care (first aid) 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
Transfer from workplace to OHS department 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
In OHS treatment 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
Transfer from OHS department to workplace. 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
Transfer from company to hospital. 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
Hospital treatment 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
Transfer from hospital to company  0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
OA investigation 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
Filling documents. 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
Rehabilitation in the company (if absence) 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
Overtime 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
All labor costs: 0,00 


Note: The labor cost components labeled from 1 to 20 represents the factory sectors, and from A to D represents the 
OHS employees (Safety engineer, safety technician, nurse and brigade firefighter, respectively). 


Table 4 shows the inputs used in first aid, OHS treatment and rehabilitation in the company, and table 5 
shows other measurable costs which are obtained in accounting, and includes services provided by others. 


Table 3 – Cost of materials and equipment by activity. 


Activity Input cost 
Bandage (low complexity) 0 
Bandage (medium complexity) 0 
Bandage (high complexity) 0 
Immobilization (Bandage) 0 
Immobilization (Splint) 0 
Immobilization (Long board) 0 
Other procedures 0 
All input costs: 0,00 


Note: Other procedures include all or any activity that is not performed frequently in attendances. 


Table 4 - Other measurable costs. 


Activity Total Activity Cost (R$) 
Cost for medical transportation 0,00 
Cost for hospital care 0,00 
Legal costs (injury) 0,00 
Consultancy costs (Short-term solutions) 0,00 
Legal costs (Penalties for delayed production) 0,00 
Maintenance costs (Inputs) 0,00 
Others 0,00 
All costs: 0,00 


Note: Some data in this table depend on information to be obtained from other sectors such as maintenance and 
general administration, or depend on the time for completion as solutions and legal process, and may be delayed in 
the registry. 
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Table 6 shows the summary of all OA investigated, in order to compare data quickly and allow the 
decision-making regarding the long-term improvements, aimed at reducing OA that have the greatest 
impact on the costs of the organization. This table complements the existing information on accident 
investigations, where they are compared according to magnitude and days of absence from work. 


Table 5 - OA total costs. 


nº OA short description Labor costs Material costs Other costs Total costs 
01 E.g.: OA date + OA type (Cut, crushing, 


burning, etc.) + Sector (Management, 
maintenance, prototyping, assembly, etc.) + 
Absence days.   


Table 3 
results. 


Table 4 
results. 


Table 5 
results. 


Sum of the 
results of table 
4, 5 and 6. 


02 (…) (…) (…) (…) (…) 
03 (…) (…) (…) (…) (…) 
04 (…) (…) (…) (…) (…) 
05 (…) (…) (…) (…) (…) 
06 (…) (…) (…) (…) (…) 
      
      
      
31 (…) (…) (…) (…) (…) 
32 (…) (…) (…) (…) (…) 
33 (…) (…) (…) (…) (…) 
34 (…) (…) (…) (…) (…) 
35 (…) (…) (…) (…) (…) 
Total accidents costs in 2012: Sum of total 


costs. 


Note: Any OA follow the same pattern shown in Example 01. 


The tables were implemented, and the results will be presented at regular meetings of stakeholders to the 
necessary changes. The overall results are presented for management to enable more reliable 
investments. 


5 Conclusion 
This work represents a first step in implementing a costing method of OA based on activities together 
with all persons of the company involved in the investigation tasks and accident management at all stages 
of design. 


The method implementation was possible because of organizational factors, and concern about issues 
related to OA. The integration of the multidisciplinary involved employees played an important role for 
the exchange of knowledge among members, the possibility of deployment, aiming real needs of the OHS 
and the company management. The full acceptance was due to the possibility of increased political force 
of OHS in relation to long-term decisions related to safety. 


Another important point was the academic education of OHS members (safety engineer, manager and 
nurse) for the understanding of the project. The interest of all the parties to make improvements and 
provide safety solutions is facilitated with this method because it creates a closed relation between OHS 
management and Company management.  


This study will enable the creation of initial strategies for long-term solutions, such as: organizational 
changes, management changes, and workplace changes. These, aimed at reducing OA and therefore 
reduce company costs, and also improving quality and increasing productivity. Furthermore, the 
possibility of changing the method makes possible the implementation itself continuously, which may 
include more activities and cost components. 
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6 Proposal for future studies 
The next stage of this project provides a measurable quantification of costs defined in this study for a 
year, to highlight the impact of accidents on the company's costs. 


Other sectors of the economy can use this strategy to start an approach to costs in the sectors of safety, 
which may have different activities and cost components, and therefore other impacts on the 
organization.  
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Abstract 


This paper presents how knowledge management is currently employed at a clinical research center in Porto Alegre 
city, southern Brazil. Clinical research has been incorporated to Brazilian health organizations over the past few years. 
The results have enhanced these institutions´ performances since it is through clinical research that new drugs and 
new protocols are incorporated and can improve the health care provided for the population. The management of the 
knowledge thus generated must be part of the strategy of organizations, so that they can profit both from the direct 
and indirect results of scientific findings, which could generate a competitive advantage. The research presented here 
has used a qualitative descriptive approach in order to analyze how the management of knowledge generated in 
research processes occurs inside a clinical research center and how it is disseminated through various sectors, 
departments and areas. The theoretical framework was based on the SECI model. And the research developed a single 
case study to identify the mechanisms used to create, convert and discard knowledge through semi-structured 
interviews. Data gathered through interviews were analyzed using content analysis techniques and were later 
triangulated with the analysis of documents and participant observation. The results suggested potential to improve 
competitive advantage based on improving the management of knowledge.  


Keywords: healthcare management; knowledge management; clinical research; clinical research center. 


1 Introduction 
The distinction between information and knowledge is important, given that information is a contextual 
data (Davenport, Prusak, 1998; Evans, Wurster, 2000), while knowledge requires the human element to 
process, to adequate and to adapt the available information to the presented context (Nonaka, Takeuchi 
1997; Nonaka, Takeuchi, 2008). Knowledge management includes the processes and resources needed for 
the acquisition, use and reuse, transfer, adaptation and disposal of information as it changes the context 
in which the organization operates (Davenport, Prusak, 1998). 


In the context of this work we understand that, from an organizational point of view, the acquisition of 
knowledge may occur through new knowledge that individuals acquire in research or work experiences 
(Turner, Makhija, 2006) or outside this context. Also, new knowledge can be acquired intentionally and 
systematically, or as a secondary outcome of organizational activities. But even if external sources can be 
part of the acquisition of knowledge, the flow of organizational knowledge occurs through the individuals 
that are part of the organization. 


To maximize the effectiveness of knowledge, one organization needs to make knowledge management in 
a systematic, explicit, deliberate and creative way, expanding the knowledge assets (Jafari et al., 2008). For 
Davenport and Prusak (1998), in practice, knowledge management includes identifying and mapping 
intellectual assets linked to the organization. Generating new knowledge can provide competitive 
advantage and make accessible a large amount of corporate information, thru identifying and sharing 
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best practices. Thus, to manage its knowledge, the organization seeks to acquire internal and external 
knowledge considered relevant, enabling new ways to develop and create knowledge. By sharing all this 
knowledge and expertise throughout the organization and making it usable, knowledge management 
increases organizational value and helps to achieve goals. 


This context is valid for health organizations. It is also of particular interest to these organizations the 
conduction of clinical research, i.e. research involving human subjects, typically associated with health 
matters. The incorporation of clinical research in health organizations is seen as a subject that brings 
improvement of functional performance and delivers value to society: through clinical research new drugs, 
new protocols and new solutions are created, aiming at innovating and improving healthcare for the 
population. Analyzing the health sector, knowledge management can occur in long term, because it 
means aligning people, processes, data and technologies to optimize information, collaboration, expertise 
and experience with the ability to positively impact the performance of the organization (Guptill, 2005). 


The context in which are inserted hospitals, clinical research centers and other centers of assistance and 
human health, are related to the provision of high complexity services. And these shall be based on 
organizational knowledge as a strategic value because it is this knowledge that is encapsulated in 
technology diagnosis and treatments, and, especially, can be found in people who provide health care. In 
this sense, health based organizations can be classified as knowledge-based organizations (Gonçalo, 
Borges, 2010). 


Considering the issue of knowledge management in hospitals, specifically in clinical research centers, the 
development of knowledge as outlined above requires processes of information dissemination and 
incorporation of knowledge acquired during the conduct of research projects and the consideration of 
how this knowledge is transferred for the sectors concerned with processes and practices associated with 
the clinical research within the organization. More specifically, it needs to consider the human element 
(the researchers, the patients, the nurses etc.) since, even using strict protocols, the knowledge is primarily 
encapsulated in these actors of the healthcare system.  


Considering the premise that knowledge is established in individuals and that it needs to be managed by 
the organization to become organizational, among the knowledge management models already 
published in the literature, we choose as reference the SECI Model (Nonaka, Takeuchi, 1997; Nonaka, 
2006; Nonaka, Takeuchi, 2008), since it considers the interactions among individuals and with the 
organization. This choice is justified by the fact that individuals conduct clinical research, and they are 
involved in research projects, so the generation and transfer of knowledge is focused on the potential that 
each individual has to disseminate the knowledge gained to the organization.  


In this context, the main objective of this research is to analyze, based on the SECI model, how knowledge 
management happens on a Clinical Research Center, and how the generated knowledge is shared with 
other parts of the organization. 


The research was conducted at the Mãe de Deus Hospital Group (HMD), which is a private non-profitable 
hospital group located in the Rio Grande do Sul state, southern Brazil. Among its principles and values 
HMD helds education and research to foster knowledge improvement and innovation. In this sense, the 
development of clinical research at the institution became a strategic aspect. Currently in HMD, clinical 
research is developed through the Medical Institutes, which are assembled in the allied medical 
specialties, with performance-based care, teaching and research. In particular, the Mãe de Deus Cancer 
Institute (ICMD) was the first medical center established in the institution, bringing together specialties 
involved in the care of cancer patients. The Center for Research in Clinical Oncology is part of this 
structure and makes the conduct of research projects in oncology and hematology and understands that 
the interaction with other areas of the hospital is fundamental and critical to manage information and 
knowledge. In this context, the actors involved in the process of clinical research include representatives 
of the Research Center, of the sponsor of the study, of the Ethics Committee (CEP), of the National 
Research Ethics (CONEP) Governmental Agencies, and of sectors of the organization directly related to 
clinical research (laboratory, radiology, nursing, pharmacy, legal etc.). 
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The understanding of how knowledge is managed in this Clinical Research Center and how it spreads 
among the sectors of the organization involved in clinical research aims to contribute to the discussion 
established in the literature on the subject, in order to highlight evidence to support the creation of 
knowledge management models suitable for such environments. Moreover, the evaluation of knowledge 
management includes important aspects to support research, also the performance measurement and 
efficiency can provide references to management processes (Colauto; Beuren, 2003). 


2 Theoretical Background 
Only a brief theoretical background is presented in this section due to paper size limitations. The reader 
interested on this subject is encouraged to look in depth at the references presented for further 
enlightenment. 


2.1 Organizational Knowledge 
The concept of organizational knowledge stands as a challenge (SINGALA, 2007) because the literature 
focuses on two fundamentally different definitions of knowledge. Rationalism holds that knowledge is a 
true justified belief, while Empiricism argues that knowledge is created on an ongoing basis from the 
experience (Nonaka, Takeuchi, 1997). 


In the interpretation of Nonaka and Takeuchi (1997), based on Rationalism, knowledge is considered a 
dynamic human process of justifying personal belief about the truth. Thus, knowledge can be understood 
as a set of beliefs, schemas and mental models on which decisions are generated (Azevedo et al., 2010). 
On the other hand, learning involves developing the ability to articulate conceptual knowledge and 
understanding of an experience, or can be the process by which knowledge is generated. In this paper, it 
is considered that knowledge and learning are related concepts that generate resources for companies 
seeking differentiation and competitive advantage. According to Azevedo et al. (2010), to the link 
between learning and knowledge be positive it is necessary that adequate environment and processes are 
available. Learning needs to be part of the organizational structures, providing the development of 
autonomy, and also the technical and political conditions for individuals to learn. 


The creation of knowledge in the Japanese approach is linked to the use of insights, attitudes and tacit 
and subjective hunches of people (Shinyashiki, Trevisan, Mendes, 2003), which are converted "into 
something subjected to tests" allowing its use in organizations (Nonaka, 2000). The literature addresses 
this issue by identifying and attempting to remove barriers to learning, thus contributing to the 
organization and management of the learning process (Zangiski, Lima, Costa, 2009). 


To Sigala and Chalkiti (2007), tacit knowledge resources become valuable strategic assets to 
organizations, because they are not easily copied and replaced. In this sense, some authors emphasize 
this importance trying to explain how knowledge is a valuable, inimitable and irreplaceable resource, and 
a source for achieving sustainable competitive advantages (Davenport, Prusak, 1998; Hall, Sapsed, 2005; 
Alwis, Hartmann, 2008; Wu, Lin, 2009). To Colauto and Beuren (2003), knowledge management advocates 
the successive passages of tacit knowledge to explicit and vice versa, as it seeks to transform individual 
knowledge resources available to others, through the conversion of tacit knowledge in words or numbers 
likely to be understood. This view is supported by Azevedo et al. (2010), who add that these successive 
conversions continue until the individual becomes aware of the resources available to others, through the 
process of "social conversion", and that this knowledge can expand or shrink, in both quality and quantity 
over time. 


For Nonaka and Takeuchi (1997), both explicit-and-tacit knowledge, and organizational-and-individual 
knowledge are not separate entities. Instead, they are complementary, interacting with one another as the 
individuals perform creative exchanges. In this sense, tacit knowledge is not written somewhere, it is 
highly personal and hard to formalize, making it difficult to transmit and share with others. It occurs 
through actions and experiences of individuals with acquired skills, perceptions, insights, conclusions and 
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predictions. According to Nonaka and Krogh (2009), tacit knowledge is the cornerstone in the theory of 
organizational knowledge creation. Explicit knowledge, on the other hand, is one that can be expressed in 
words, numbers or sounds, easily communicated and shared in the form of data, scientific formulas and is 
available to all people (Nonaka, Takeuchi, 1997; Kikoski, Kikoski, 2004). 


2.2 Knowledge Management 
For Davenport and Prusak (1998), knowledge management should be applied in order to provide the right 
knowledge to the right people at the right time, helping people transform information into action, and to 
enhance organizational performance. 


To Chang and Lee (2008), knowledge management has the following objectives: 


 Improve methodologies for managing innovation, seeking greater efficiency in operations; 
 Use creativity to create innovative products to better fit the market; 
 Be aware that knowledge can reduce costs in the organization; 
 Improve the ability to solve problems of the organization through the sharing of knowledge; 
 Improve competitiveness by increasing the efficiency of the organization. 


In the context of health services, Guptill (2005) emphasizes that knowledge management means aligning 
people, processes, data and technologies to optimize information, collaboration, expertise and experience 
with the ability to positively impact organizational performance. Assuming that healthcare needs 
individual and collective skills for successful service delivery, we understand that the model proposed by 
Nonaka and Takeuchi (1997) can support the analysis of knowledge management in this segment. So, we 
assume that knowledge is created only by individuals and use the SECI model to represent knowledge 
creation through the conversion between tacit and explicit knowledge. Moreover, we incorporate another 
element proposed by the same authors: the Ba, ie the shared context for knowledge creation. In the SECI 
model, the four processes of knowledge conversion – Socialization, Externalization, Combination and 
Internalization – are the "engine" of the process, working in the form of a four phase spiral of knowledge 
creation. To promote the spiral of knowledge, Nonaka and Takeuchi (1997) presented five conditions at 
the organizational level: intention, autonomy, fluctuation and creative chaos, redundancy and variety of 
requirements, so that the organization can provide the appropriate context to facilitate interaction 
between groups, creating and accumulating knowledge at the individual level. 


2.3 Clinical Research 
Clinical research can be defined as a systematic study that follows scientific methods applicable to 
humans (Accetturi et al., 2002). Clinical research, as a protocol, is usually inserted in an academic hospital, 
where a Research Center uses the hospital structure to: meet the "research subject"; perform procedures; 
and approve research projects. This requires that the provided structure meets the requirements of 
national govern and international standards of research, ensuring quality, safety and ethics in the 
conduction of clinical and research proceedings. With the development of a research project, innovations 
are developed and studied, and the hospital can benefit from this activity getting expertise in “something 
that is still in development”. Thus, knowledge of individuals involved with clinical research becomes a key 
resource in implementing the activities, but also the knowledge of those involved in the regulatory 
process is key for the approval of a research project. 


However, not always the results of clinical research are seen as tools of innovation and knowledge 
creation because there is an understanding that this type of innovation adds value only to patients. 
Nevertheless, knowledge management related to clinical research is considerably complex and requires a 
huge effort related to the preservation of explicit knowledge. But the knowledge of those patients, their 
relatives and the staff involved in the care process is largely tacit, silent and not formalized (Fayard, 2003). 
The creation of conditions for externalization of this knowledge passes thru the establishment of an 
adequate Ba. For Sarvary (1999), the principles of knowledge management in clinical research are 
supported by a triad of people, technology and processes.  
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3 Methodological Approach 
This study was conducted using a descriptive qualitative approach. For to do so, we divided the research 
in five main steps, as follows: 1) Construction of theoretical background, grouped under five topics: (i) 
organizational knowledge; (ii) knowledge management; (iii) models for knowledge management; (iv) 
management of Clinical Research Centers; and (v) knowledge management in health services; 2) Field data 
collection, including documents retrieval, participant observation and verbal data collection; 3) Analysis of 
data, divided into content analysis of interviews and data triangulation; 4) Analysis and discussion, based 
on the elements of the previous steps, a summary of the findings was established in order to represent 
the knowledge management in clinical research; 5) Reporting and evaluation of the accomplishment of 
the objectives. 


4 Analysis and discussion 
The content analysis of the interviews identified the elements presented in the theoretical background, as 
well as produced evidence about the context of the hospital and the culture of the organization. As 
general evidence from the research findings, based on interviews, documents and observations made, we 
could propose that, despite the structured organization and strict protocols attended, knowledge 
management in the context of the Clinical Research Center is not formalized as a subject of management. 
There are isolated initiatives to transfer knowledge, but without a formal structure, in charge of design 
and monitor a process of knowledge management. There is no formal planning, defined processes, 
indicators or evaluation in relation to knowledge management initiatives in the organization. Clinical 
research is an activity of great and growing interest within the organization, and seen by top managers as 
well as other representatives of different levels, as a form of innovation and competitive advantage, but 
this is not aligned and systematically structured to benefit the organization's processes. 


The concept of knowledge management used in this study proved to be appropriate in the context 
investigated as are the individuals who provide assistance to the population and are responsible for these 
processes, technology and interaction in the hospital environment by providing mechanisms to transfer 
organizational knowledge. According to Nonaka and Takeuchi (1997), and Nonaka (2008) knowledge is 
created only by individuals, and is supported by the deliberate and systematic coordination of people, 
structure, organizational processes and technology, with the aim of adding value through reuse of 
knowledge and innovation. It is a continuous network, with persistent and purposeful interactions among 
agents, that seeks to manage (manipulate, manage, govern, control, coordinate, plan, organize) 
knowledge. 


Also from the analysis it was possible to establish a conceptual map of knowledge management in clinical 
research regarding the case studied, identifying where the organization is developed and which points 
need to be explored and qualified (Figure ). 
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Legend:    Well-structured    Needs improvement  Not-structured  


Figure 1 – Conceptual map of the knowledge management in clinical research at HMD. Source: the authors (2011). 


The findings allowed to establish a discussion with the organization, in the light of the theoretical 
background, and to present a qualitative evaluation of knowledge management in clinical research, 
indicating well-structured elements and others that require attention in order to enhance the structure 
and leverage the results.  


The yellow dots in Figure  represent processes that require further development and improvement to 
effectively contribute to the knowledge management in clinical research. Also, the items signaled in red 
need to be structured and consolidated to better support knowledge management in the organization.  


Nevertheless, regarding the actors involved, the knowledge management in clinical research is well 
structured and organized. All actors have a well-designed role, and different responsibilities are defined 
and commonly known. Notwithstanding, the field results show that the organization can benefit more 
from the knowledge and learning generated by all actors. 


In terms of objectives, the organization can benefit more from the efforts of the clinical research by 
providing tools where the actors can use the knowledge generated and thus fostering competitive 
advantage, while increasing satisfaction and motivation to employees / actors, specially focusing on 
innovation, creativity, technology and human capital. 


Regarding to conceptual support, we found an adequate level of maturity in the organization. But training 
activities could be organized and structured in order to create, transfer and encode the knowledge of 
clinical research into organizational knowledge. Clinical research may qualify processes and practices of 
the hospital as a whole, and, on the other hand, it can benefit from the available knowledge in other 
areas, by using more concepts from management theory, strategic management and process modeling. 
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The two aspects identified that we considered as needing more attention are related to organizational 
culture and the sharing of knowledge. The findings from field indicate that the organization could have 
strong benefits in structuring more Bas for fostering the spiral of knowledge, especially when considering 
the interface between the clinical research team and the teams of other departments or centers. In the 
same sense, a program for acknowledge the benefits of the clinical research on daily practices of the 
organization could improve the results in terms of competitive advantage, by letting this knowledge to 
flow thru the organization.  


5 Conclusion 
The field results corroborate the propositions of the literature on the wide range of possibilities for 
creating and transferring knowledge that clinical research can provide, as well as the importance of 
intraorganizational relationships in the development of knowledge management in these environments. 
From these analyzes it was possible to present a descriptive sketch of how the knowledge management is 
established in the clinical research center studied. 


We can infer that knowledge management is important in this segment as a vector for classifying and 
structuring processes within the organization. Nevertheless, this factor of potential competitive advantage 
needs to be formalized and structured in some level to help the organization. The SECI model can support 
the structuring process, since this seems to be a suitable way for considering the contextual aspects of 
clinical research and hospital environments.  


Field data also allowed us to conclude that, in the context analyzed, the activity of clinical research is a 
strategic aspect for the organization, being identified as a way of attracting customers and high level 
medical professionals, besides keeping the organization updated and allowing constantly learning. The 
study also showed that clinical research produces advantages to the organization, producing qualified 
and distinguished practices and improving medical records when the information from clinical research 
spreads thru other levels and departments of the organization.  


The study also shows that in the context under analysis, individuals are fundamental and indispensable for 
the generation, codification and transfer of new knowledge. Each individual has potential for 
dissemination of knowledge as s/he interacts with parts of the organization. The sharing of knowledge, 
making it usable, increases organizational value and helps in achieving goals. In this sense, we identified 
the interest of all the respondents involved with clinical research to maximize the transfer of “clinical 
research culture” to the organization, which is an important aspect to be followed in the context analyzed. 
However, it is necessary to establish strategies and mechanisms to operationalize knowledge 
management. We identified the need for institutional tools and processes that can help teams in the 
transfer of knowledge, thus improving communication and integration among those involved in clinical 
research. The establishment of indicators and mechanisms to control the activity of clinical research was 
also highlighted as an important factor for knowledge management. 


Regarding the transfer of knowledge generated in clinical research to the organization's processes, we 
suggest developing a pilot project for the entire organization to internalize the quality and control 
processes arising from clinical research, so that they become routine for the entire organization with no 
difference in care between the general patient and the patient in clinical research. This concept would add 
quality in processes and knowledge to the organization as well as a market differentiation to the extent 
that this process is not identified as routine in health services. Finally, it is still possible to discern a wide 
field of research on knowledge management in hospital settings, particularly in clinical research. 
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Abstract 


During the evolutionary process of the organizations, competitiveness became a preponderant factor, making each 
and every organizational initiative to be directed towards creating a differential that increases their competitiveness. 
The insertion and integration process of economies in international trade – more and more globalized - is 
fundamental for the economic growth strategy. There is a perceived tendency for international integration of the 
supply chain (SC), however, the greater it is global expansion the greater it is the likelihood of uncertainties and 
accidents – by disturbing on one of the chain links - affecting other parts of the chain. In the past years it has been 
widely discussed the concept of Supply Chain Risk Management (SCRM), tool that assists on the implementation of 
actions aimed at managing potential risks management, and actions aimed at minimizing the impact of external risks 
to ensure greater reliability throughout the supply chain. In this sense, the objective of this study is to provide 
empirical information of the risk management implementing process within an aeronautical industry supply chain. 


Keywords: Supply chain; risk management, empirical research, SCRM implementation. 


1 Introduction 
In the current economic environment it is emphasized that the competition is shifting from a relationship 
between competing companies to a relationship between different organizational arrangements, among 
which the supply chain is highlighted. The notion of supply chain management (SCM) is a concept that 
has evolved in recent decades rising from the evolutionary movement that came of business logistics. 


Notably, the growing concern in managing the supply chain is partly due to two major groups: on one 
hand, companies seeking to concentrate on core competencies and reduce costs, have begun to 
outsource major parts of their production to other companies other regions or countries, requiring a 
robust logistics management. On the other hand, the turbulence and chaos in the competitive 
environment triggered by environmental, political, socioeconomic, and other factors, that require 
businesses adaptation, flexibility and quick responses ahead to market changes often unpredictable. 


Therefore, it becomes clear that after a period of production systems fragmentation seeking to reduce 
costs and focusing on core competencies, companies are faced with ruptures risks among the various 
links, from suppliers, transport, production, distribution to retail and consumer. The supply chain "in their 
simplest degree of complexity consists of three entities: the company, a supplier and a customer directly 
involved in upstream and downstream flows of products, services, finance and information", according to 
Jüttner (2005, p . 121). In this context, supply chain management "encompasses all stages involved" inside 
and within these companies in order to meet client expectations (CHOPRA & MEINDL, 2003, p. 3). 


The issue of disruptions risk in the companies supply chain around the world has been the subject of 
recent studies, as companies are connected in global supply chains there is a real vulnerability condition 
in the operations flow. Following Jüttner, Peck and Christopher (2003, p. 3) "a disruption that affects an 
entity anywhere in the supply chain can have a direct effect on the ability of another company to continue 
operations [...]." The point is that is not enough for each link to worry about their risk management to 
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solve problems because, in the context of supply chain exposures, risk management requires solutions 
involving the entire chain. 


2 Methodology 
The theme of risks is not new but has been progressively more exploited in the field of supply chain 
management (LAVASTRE ET AL., 2012), consequently the demand for studies and results in the area is 
increasing. Khan and Burnes (2007) emphasize that research on SCRM need (a) be within a larger study on 
risk, yet, (b) require wider and deeper empirical research, and (c) need to develop well-founded models of 
SCRM . Also, recently, Christopher et al. (2011) pointed to future research that might (d) consider the 
input suppliers and logistics service providers involved, and (e) the formation of multi-research groups 
looking at different perspectives of risk for SC globally. 


After this, the purpose of this study can be justified as a way to contribute to the growth of empirical 
material in the area of SCRM. The main steps followed to implement the Risk Management were: To 
analyze existing methodologies for Risk Management already performed by other departments in the 
company (Pros x Cons), to define and initiate a risk management methodology for the management of 
Logistics and Transport with the teams responsible for controlling and enforcing contracts,; Dissemination 
and Release of the methodology for all stakeholders; Performing workshops in each of the national units 
with their respective stakeholders; analyze results of the workshops; Building up an Action Plan; 
Restitution to responsible for risk mitigation and continuous monitoring. 


When structuring in one organized way the steps that make up the realization of a job or task, including 
its flow, inputs, activities and products generated, it is often possible to obtain systematic information and 
understand critical points, opportunities for improvement and especially the variations or fluctuations due 
to normal causes (intrinsic to the nature of the process) or due to abnormal or specific causes. In short, 
the aim was to develop processes capable of ensuring activities harmonization as well as the information 
flow for all national units. One of the main characteristics of this mission was to make it simple; 
consequently these processes should be easily understood and utilized by all users. 


3 Literature Review 


3.1 Risk Management 
In the supply chain many can be the sources of risk, since different parts of the chain will be exposed to 
different hazards. In addition, organizations, in order to become more agile and lean, are becoming more 
dependent on external agents, which also contributes to greater overall vulnerability (FAISAL ET AL., 2006). 


A survey performed by Aon Corporation, in 2009, with business leaders from over 40 countries, including 
551 companies, raised a list of the top 10 most important risks in these participating organizations. The 
research clearly shows that a crisis impacting the global economy was identified as the most important 
risk in their organizations. Other major risks cited include compliance with regulatory standards, business 
disruption, face the challenges of increased competition, commodities price risk, protecting the 
reputation, managing risks associated with cash flow, supply chains, dependence on third parties and 
recruit and retain talented individuals. Each of these risks has increased in scale and complexity, given the 
state of the current economic environment. 


According to Christopher (2009), it is important to identify the risk profile of a business, because from that 
profile you can find "critical paths" within a network. This profile aims to find the main vulnerabilities and 
establish what is the probability of business disruption. 


Thereby, the author classifies the main sources of risk on the network as: supply risk, these risks are related 
to the flow of products, services and information that arise between the supplier and the enterprise, 
related to the supply chain before the production or operation. Ex: acquisition of global products, 
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dependence on suppliers, poor management of supplies, etc. Concomitantly, demand risk is related to the 
flow of products, services and information that arise between the company and the consumer market. Ex: 
Volatility of demand, bullwhip effect. 


Process risks are related to the way organizations produce goods or services, beginning by obtaining raw 
materials, through processing, until the delivery of finished products. Ex: Identifying bottlenecks in 
manufacturing, availability of additional production capacity etc. Another important source of risk is the 
control of monitor, standards, procedures and policies systems that manage how the company exercises 
control over the process. Ex: disorder and distortions caused by inappropriate internal control of their own 
systems such as, request opportunity, lot sizing and safety stock policy away from the real demand. At 
last, there is environmental risk linked with the external environment of the supply network and not 
controlled by the organization, such as regulatory changes, socio-political, macroeconomic and natural or 
manmade disasters. Although the type and timing of these events cannot be predicted, its impact must 
be evaluated. 


The efficient coordination of the supply chain is directly related to the company's ability to achieve 
competitive advantage. The flow of goods and services must be integrated from the beginning to the end 
of the chain in order to contribute to customer satisfaction. (Cousins and Spekman, 2003). The leaner and 
more integrated supply chains get the greater is the likelihood of uncertainties, dynamics and accidents in 
one link affect other links in the chain(FAISAL, BANWET ET AL., 2006).  


Risk management is the identification, assessment and prioritization of risks followed by coordinated and 
economic resources application to minimize, monitor and control the likelihood and / or the impact of 
intrusive events. Manage the SC risks becomes an important tool to add value to the market and it’s also 
a more proactive way for companies to avoid disruptions throughout its supply chain. 


The risk management process is focused on understanding risks, minimizing their impact by using, for 
example, probability and direct consequences. Generally, companies act on recurrent and low impact risks 
on their SC, and have a propensity to ignore those with high impact and low probability of occurrence. 
But it is important to be careful, because disasters, as recently observed in Japan, natural or even 
manmade, had a low probability of occurrence, but ended up causing major damage. Thus, it is necessary 
to rethink the approaches to SCRM, since, due to globalization, companies appear to depend on partners 
from different nations and continents. 


3.2 Mitigation Strategies 
Incidents of risk and disruption in the value chain occur continuously in globalized supply chain. Still, it is 
possible to say that currently there are several facilitators that help mitigate (attenuate) risks in the SC. 


There are many risks and approaches to mitigate risks to consider, but two things are important when 
starting building a strategy SCRM. First, you must create an understanding throughout the organization 
about the risks that are in SC. Next, determine how to adapt a generalized approach to mitigating risks to 
the circumstances of a particular company. (Chopra and Sodhi, 2004) 


Faisal, Banwet et al. (2006), presented a compilation of some factors that act as facilitators in mitigating 
the risks related to the supply chain, following the ideas proposed by some other authors on the 
literature, they are: (a) Information sharing - Increasing the visibility of demand information across supply 
chain reduces the risks (Chopra and Sodhi, 2004). Thus, communication and coordination among all 
elements of the supply chain are essential to its success. (b) Agility in the supply chain defined as the 
ability to thrive in a continuously changing, unpredictable business environment (Prater et al., 2001). 
Companies can minimize inventory risks by working with a highly responsive supplier (Chopra and Sodhi, 
2004). (c) Trust among supply chain partners expectation that partners will not act in an opportunistic 
manner even if there are short-term incentives to do so and can contribute significantly to the long-term 
stability of an organization and its supply chain (Spekman et al., 1998). (d) Collaborative relationships 
among supply chain partners - In order to manage risk effectively in a supply chain, organizations are 
moving to adopt closer relationships with key suppliers. (e) Information security, the goal of security is to 
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reduce the enterprise’s risk of losses caused by intrusion, system misuse, privilege abuse, tampering, 
fraud, etc. Protection must be provided against external threats and from internal abuse. 


Other factors equally relevant are: (f) Corporate social responsibility - Socially responsible companies 
consider the full scope of their impact on communities and the environment when making decisions, 
balancing the needs of stakeholders with their need to make a profit. (g) Aligning incentives and revenue 
sharing policies in a supply chain, induce supply chain partners to behave in ways that are best for 
everybody, companies have to create or modify monetary incentives. A supply chain works well if the 
incentives of its member companies are aligned which requires the risks, costs, and rewards of doing 
business are distributed fairly across the network. (h) Strategic risk planning - companies that will be 
successful are those that can identify and develop contingency plans for the various risks that exist 
internally and externally to the organization. Formulating an appropriate and effective organizational 
strategy can to a certain extent mitigate supply chain risks (Finch, 2004). (i) Risk sharing in a supply chain - 
the company must identify not only direct risks to its operations, but also the potential causes or sources 
of those risks at every significant link along the supply chain (Christopher et al.,2002). (j) Knowledge about 
risks in a supply chain – By understanding the variety and interconnectedness of supply-chain risks, 
managers make better decisions and can tailor balanced, effective risk-reduction strategies for their 
companies, which may decreases the risks of both a single organization and a whole network. (Chopra 
and Sodhi, 2004). 


At last, (k) Continual risk analysis and assessment, continual monitoring of risks assumes importance 
because business environments in which supply chains works are very dynamic, and risks to a supply chain 
may change due to changes in the political/economic conditions of the environment, 
mergers/acquisitions, etc. 


4 Case study in the aeronautical industry 
This company launched a 4 years corporative project, started on 2007. It was a turnaround program that 
had been developed consisting in the implementation of a new business model, continuous improvement 
and reduction of cash exposure. Therefore, mid-2007, the department decided to restructure the 
operations of two major manufacturing support functions, "Manufacturing Engineering" and "Supply Chain 
& Logistics". 


In this context, for the Supply chain and Logistics department, one of the Key projects was to develop an 
integrated European approach to company’s Logistics based on 4PL/3PL model, the goal was to end the 
multitude of existing contracts with current providers by implementing this new concept of a European 
single provider. This would therefore allow company to achieve its rationalization objectives, involving in 
particular the establishment of regional hubs, warehouse automation, more efficient logistics solutions, 
etc. eliminating activities that didn’t add any value and were expensive for the company 


Therefore two main companies had been selected as lead logistics and transport providers (“Lead 
Logistics Provider - LLP” and “Lead Transport Provider - LTP”, respectively) for state of the art 
companywide solutions and to secure planned savings, maintaining or increasing the level and quality 
control throughout their supply chain. 


Within the operational function of Central Supply Chain, together with local logistics services managers in 
Europe (LSM), it was begun to collect and analyze the requirements in terms of risk analysis (for contract 
management LLP / LTP), propose and implement a risk management process in correspondence with the 
internal audit resulting in a convenient way to carry out the operations. 


The following illustration (figure 1) shows one way to interpret risk management in a time scale. 
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Figure 1: Risk management in a time scale. Source: Company’s internal documentation 2009. 


After analysis of existing methodologies for risk management, considering its pros and cons, the tool 
FMEA - Failure Mode and Effects Analysis - was considered the most suitable to be implemented in the 
Logistics and Transport operations department. The FMEA can be described as a systematic group of 
activities designed to: 


 Recognize and evaluate potential failures of a product or process and the effects of that failure. 
 Identify actions that could eliminate or reduce the chance of occurrence of potential failure 
 Document the process. 


In FMEA, failures are prioritized according to how serious their consequences are, how frequently they 
occur and how easily they can be detected. The purpose of the FMEA is to evaluate risk management 
priorities for mitigating known threat vulnerabilities, starting with the highest-priority ones. 


As for the Operational Logistic / Transportation management, the following illustration (figure 2) 
describes basically the necessary loop to perform the risk management. Later, on table 1, this circle will be 
explained item by item. 


 


Figure 2: Operational Logistic / Transportation loop. Source: Company’s internal documentation 2009. 
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Table 1: Process description 


Process Activity What Who 


1 Identify process 


“Process Mapping” review. Analyze if the Process defined by logistics 
department is applicable and correspondent to real life activities (Make 
sure it contains all process and sub-process to be analyzed further on) 
PS: Where particular business needs or departmental operating methods 
necessitate changes to detail these processes, these changes are 
acceptable. All comments and suggestions to improvements must be 
addressed to the process owner. 


Lean & 
Organisation 


Manager  


2 Most critical 
Activity/Process 


Classify by order of Criticity all the pre-defined activity sub-processes 
(Critical Priority to be analyzed mandatory for risk assessment; the ones 
classified as High Priority are to be discussed, between team members, if 
a risk assessment analysis is necessary.) 


Team 
members by 


common 
sense and 
business 
feedback 


experience 
(Team 


Member by 
Lean & 


Organisation 
Manager) 


3 Most critical 
Risk/Failure per 
activity 


Identification of all the risks per sub process (Brain Storming). Definition 
of Severity of effect, likehood of occurrence, detection control and 
Security, quality, cost, delivery, people (SQCDP) risks impact assessment. 
Risk assessment decides which risks the project must pay attention to 
and allocate resources to manage 


4 Root causes 
analysis/risk 
(Ishikawa) 


Identification of likely the root causes by using for example the 5M 
Methodology (The «5M» method permits not to forget any constituent 
during the studied activity analysis.) either 5 why Methodology. (Analysis 
and Brainstorming based on company’s organization & processes , 
internal service level agreements, current rules and practices either 
LLP/LTP organizations and contractual agreements) 
Root causes will help to find appropriate Risk owner and to establish the 
adequate action for risk mitigation. 


5 Prioritised Action 
Plan 


Define contingency and mitigation action plan for most critical risks 
previously identified and assessed taking in account the root causes 
raised previously. 
One action defined may be applied to one or several different risks 
when identified root causes are equal. 


6 TMTL 
Management Plan 


Communicate, present the Workshop conclusions and mitigation plan to 
Risks owner in order to confirm, develop and launch the actions 
highlighted during the risk management workshop. 
Follow up the action Plan (actions status and results) 


Lean & 
Organization 


Manager 


Source: Company’s internal documentation 2009.  


The methodology adopted to be performed during the ‘workshops’ with the stakeholders embraced some 
key elements for it to work properly, such as: Anticipation Approach - to avoid Business disruption and 
potential impacts for Customers, Aircraft deliveries ,safety, non quality, extra costs; Based on their 
feedback and experience on Day by Day Business Management, meaning that it should not be 
considered as a theoretical exercise; Closely linked to business performance monitoring; Participative 
way of working; Accessorized by a Quality specialist on risk management, who would drive the risk 
management methodology; Step by step and Continuous approach - Risks identification and 
assessment based on criticity (quarterly) and risk mitigation plan review (monthly). 


After mapping the process to be analyzed, each step of this process must then be evaluated to create 
activities prioritization subsequent to the needs of assessment in relation to risks rising. This prioritization 
is done following three arguments represented in binary way: impact, ease of identification / recognition 
and urgency, as shown on table 2. 
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Table 2 – Prioritization Arguments 


IMPACT Importance of the part / process 


0 Moderate Importance 
Minor impact on production or business 
Not critical to safety 
No affect to external customers 


1 High importance 


Directly affects aircraft performance or safety 
Directly impacts a long lead-time or high-cost item 
Could cause severe production or business disruption 
A potentially serious hazard to personnel 
New design, material or process. Unknown capability 
A feature with known problems 


EASE Difficulty of analysis 


0 High Resistance 
Lack of adequate information availability 
The right people and skills are not accessible 
Lack of management support / focus 


1 Low Resistance 
Adequate information / data is available 
The required people and skills are available 
A good level of support / focus from the local management teams 


URGENCY Time constraints 


0 Non urgent 
No immediate concern to productivity, safety, quality 
Not a current threat to the programme 
Customer not affected by delay 


1 Urgent 
Immediate concern to productivity, safety or quality 
A current threat to the programme 
A customer is impacted 


Source: Company’s internal documentation 2009. 


As a result of this assessment, the sub processes will be classified as Critical if the sum is equal to 3; High 
if the sum is equal to 2; Moderate if the sum is equal to 1 or Low if the sum is equal to 0. 


The Risk identification step can be considered as the most important step in risk management - risks that 
are not identified cannot be managed. It is also the stage at which people in the unit are most involved. 
Almost all risk identification involves tapping into the knowledge of people in the unit - they tend to have 
the most knowledge of the subject, the practical concerns and the organizational issues.  


The evaluation of each one of the risks, raised by managers, according to their priority is performed based 
on three items, the severity of the effect, the likelihood of occurrence, detection control, evaluated on a 1-
5 scale, according to the characteristics defined in Figure 3, Figure 4 and Figure 5. 


SEV Local effects at the Process  Manufacturing Operation
1 Negligible effect on safety, quality, costs, productivity or assets. Slight inconvenient


2 Minor, recoverable impact eg. Concession, rew ork, tool breakdow n, intervention


3 Moderate eg; signif icant cost / scrap impact, major rew ork, recordable safety event


4 High eg. Major cost / scrap impact. Stopped production. HSE reportable event


5 Severe impact eg. Production Shut dow n, permanent disability


Subsequent Internal Operations
Negligible adverse effect 


Recoverable impact eg. Delays, repairs


Signif icant (non-recoverable) delays/cost/w ork


Major disruption to production or people safety


Productio / business disruption 


Aircraft End-user / Customer
Negligible customer effect


Noticeable but no impact on performance or safety


Dissatisf ied eg; quality, delay. No safety impact


Performance / functional / safety / regulatory failure


Loss of market share or regulatory compliance 
 


Figure 3 - Severity of the effect scale. Source: Company’s internal documentation 2009. 
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OCC Process capability
1 Robust, consistently meets requirements 


2 Adequate capability


3 Borderline process capability


4 Poor process capability


5 Unreliable, not capable for manufacture


Failures Cpk (fail rate)
Remote very unlikely >1.3 (1 in 20K)


Infrequent / Rare 1.1 (1 in 2000)


Occasional 0.95 (1 in 500)


Frequent / Regular 0.75 (1 in 100)
Persistent : Inevitable <0.55 (1 in  


Figure 4 - Likelihood of occurrence scale. Source: Company’s internal documentation 2009. 


DET Prevention and Detection Controls Detection
1 Controls provide early w arning and should allaw  the failure to be prevented Before fail


2 Failure can sometimes be prevented. If  it does occur detection is very likely Same op.


3 Failure / defect should be readily detected, but this could be at a later stage Subsequent op.


4 Detection is possible but unreliable, some fails / defects remain undetectable Customer


5 Detection dif f icult or unlikely w ith poor / no controls. Defects reach custome In-service


Figure 5 - Detection control scale. Source: Company’s internal documentation 2009. 


The previous assessment generates a RPN ("Risk Priority Numbers"), which consists in the multiplication of 
the three results obtained on each of the items evaluated. The purpose of risk assessment is simple - it is 
to decide which risks the project must pay attention to and allocate resources to manage; and which risks 
are lower priorities. Hence, the main risks are classified at intervals of "High to Critical (HC)" when RPN 
is>= 25 "Medium to High (MH)," RPN <25, but the severity is >= 4. (Figure 6). 


 
Figure 6 – Process flow according to risks RPN. Source: Company’s internal documentation 2009. 


As a result for the Operational Risk Management, after performing Workshops with all main stakeholders 
from Logistics team of every different facility, it was possible to classify many potentials failure mode  and 
propose some action to mitigate those risks. The sheet template below (figure 7) is a summarized result of 
the Risk Analysis Workshops performed by the department and it was created with the aim of Risk 
Analysis Manage / control and follow Risks evolution on a global view. 
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0 Risk N°
(Traceability)


Top Ten' Risks RPN Risk Owner Criticality
Overall Status


Trend Central Risk Management Comments
N° of SQCD items 


Impacted


1 2.5.1
Mix between goods and paperwork (right material , 


wrong paper)
27 HC 3


2 2.3.4 Early production order preparation 27 HC 2


Logistics Risk Summary Template 


Purpose: This Document is a result of the Risk Analysis performed by TMTL. It was created with the aim of Risk Analysis Manage / control and follow Risques evolution on a 
global view. 


•The objective is, to provide a global and detailed overview of the Major Company Risks (‘Top Ten’), that is current, updated and approved by the business area accountable person. 


3 2.3.1 Wrong quantity prepared 27 HC 2


4 1.3.5 Late start in issuing the purchase request 27 HC 1


5 1.3.1
Missing people with Buy side access to raise  Preq (ie : 


holidays, out of office..)
27 HC 1


6 2.9.1
I.T. break down (INTERFACE BETWEEN SAP AND 


PSI)
5 MC 3


7 2.7.3 Wrong handling of hazardous goods 4 MC 5


8 2.2.5 Missing documentation for Dangerous Goods 4 MC 4


9 2.7.4 Missing of best practice solutions/offers/support 4 MC 4


10 2.7.5 No continous improvements 4 MC 4


Sort By Criticality


 
Figure 7 – List of 'Top ten' major risks. Source: Company’s internal documentation 2009. 


These risks can lead to greater dysfunctions and therefore must be handled in a short / medium term. The 
total risks raised can easily be seen in the figure 8. 
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N° Total of risks Identified 7 5 6 4 6 7 6 3 1 2 5 4 56


N° of (HC) 2 0 0 2 0 1 0 0 0 0 0 0 5


N° of (MH) 2 1 2 0 1 3 5 3 1 0 0 2 20


Legend: High to Critical (HC) Risks:


Med to High (MH) Risks:


Low to Medium (LM) Risks:


RPN>= 25


RPN<= 25 but SEV>=4


RPN < 25 and SEV < 4 
Figure 8 - Amount of risks by its critical activity. Source: Company’s internal documentation 2009. 


Risk management has value only when it results in action - and only when those actions clearly contribute 
to management’s ability to achieve their objectives. Steps in risk action management include:  


 Identify the risk owner (and confirm that he or she accepts ownership) 
 Ensure the action plan is agreed between the risk owner and the action holder 
 Ensure the action holder understand what they have to do and by when 
 Make sure there is some form of action tracking in place 
 Ensure that action status is periodically reviewed 
 Use all types of action plan as appropriate - take, transfer, terminate or treat and 
 Make sure the risk gets closed before the risk event 


 
There are 4 ways to act on and mitigate a risk: take (Accept the risk), transfer (Pay someone else to take 
the risk), treat (Prevent the risk from occurring and reduce the impact if it occurs) or terminate (Avoid the 
risk by adopting an alternate strategy) 


The mitigation plan may contain 3 types of actions: (a) Preventive actions, which are undertaken to 
eliminate a potential risk (reduce the probability of occurrence). (b) Contingency actions, which are 
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undertaken to reduce the impact of a risk. (c) Detection actions, which are undertaken to discover as soon 
as possible if a risk will appear. 


The continuously loop is essential toward solving problems. While apparently easy to understand, it is 
often difficult to accomplish on an on-going basis due to, distractions, loss of focus, lack of commitment, 
re-assigned priorities, lack of resources, etc. Is important to make sure the action plan is executed before 
the risk becomes the event. 


5 Finals Considerations 
The present study attempted to identify the concepts of risk and vulnerability, as well as to present the 
process of risk management in SC. Notably, the topic has gained relevance in the academy, because it 
consists of a current problem in terms of supply chains. It is perceived that dealing with risk management 
at the enterprise level is different from treating risk, specifically in the supply chain. 


On the other hand, the practice in supply chain management also requires new attitudes of practitioners 
such as: (a) considering that risks of the company may not be the same as those on SC, (b) the shared 
management of risks goes by sharing information on SC, (c) understand the SCRM as a process, (d) 
mitigation strategies must be developed to the SC level and (e) enhance demand, suppliers and 
information management capabilities in the company and in the SC. 


Therefore, the implementation of risk management, would enable an organization, for example: 
Encourage proactive management; Being aware of the need to identify and address risks throughout the 
organization, improving the identification of opportunities and threats; Improve stakeholder confidence, 
establish a reliable basis for decision making, control and planning; allocate and use resources efficiently 
for the treatment of risks; improve operational effectiveness and efficiency; improve performance in health 
and safety, as well as environment protection; improve loss prevention and incidents management and 
minimize losses. 
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Abstract 


The author’s manufacturing process improvement activities in various industries have shown that, on average, 80% of 


all manufacturing operations are NVA (Non-Value-Added). These observations combined with the author’s historical 


case study research concluded that there are 54 controllable forms of inefficiency and waste that can plague any 


manufacturing operation. All of these inefficiencies are self-inflicted and therefore preventable and repairable. These 


54 Inefficiencies form a linked network of destructive chain reactions that hold organizations back from achieving 


greatness. Each of these 54 forms of waste and inefficiency has been given a playing card and rank (Ace, King, Queen, 


Jack & Joker), which defines the tiered cause and effect relationship in the interrelated network of waste & 


inefficiencies. Aces are the main root causes of waste in an organization and the top tiered barriers to success. The 


Jacks are the final effects. The higher ranked inefficiencies on the cards (Aces, Kings, Queens, etc.) are the root causes 


for the lower ranked cards. 52 playing cards and 2 Joker cards imitate a secret network of inefficiencies that can play 


out every day at work. These cards can be used in various ways to identify waste in an organization and can be played 


as a war game to test the skills of management and professionals to address various inefficiencies that might be 


present in an organization. These cards are also used by the author for Pictorial Process Analysis (PPA), which is an 


expanded form of process mapping with 10 layers of efficiency analysis.  


Keywords: bpm; business process management; lean; lean manufacturing; process management; industrial 


engineering; operations management. 


1 Introduction 


Decades of advancements in Lean Manufacturing, Industrial Engineering and Operational Management 


has created an impressive array of tools, software, methodologies and techniques capable of dramatically 


improving the efficiency of any manufacturing operation. A detailed listing of this cumulative Body of 


Knowledge is even available on the web for anyone to download, study and apply to their operations. 


Unfortunately, high levels of manufacturing quality, performance and efficiency are not as widespread as 


the knowledge available to attain this high level of performance. 


A detailed value stream map or Pictorial Process Analysis (PPA) of any current-day manufacturing process 


will show that on average, 80% of all efforts in a manufacturing operation are non-value activities. Why is 


there such widespread and dismal performance levels in the modern age of manufacturing? I believe it is 


because of the weakness in the inefficiency assessment tools used to identify waste and inefficiency in an 


organization. Most tools focus on the waste present in the manufacturing operations area, assuming that 


this waste is the root cause of an operation’s inefficiencies and lackluster performance. Tools such as 


spaghetti charts, balance charts, cycle time worksheets, downtime worksheets, time and motion 


worksheets and other tools focus on the identification of inefficiencies in operations. These tools do not 


focus on the weaknesses in operations management that can spread havoc in their organization and hold 


it back from greatness. Joseph M. Juran lists 12 common strategies in “Juran’s Quality Manual” that make 


companies successful in achieving high quality. None of these 12 strategies mention tools like Value 


stream maps or other tools. What Juran does list are management behaviors and attitudes required to 


drive quality and efficiency in an organization. Juran successfully trained top management from many 


companies in Quality Management starting in the 1950’s. He believed such training should start with 


management, which was a concept rejected in the USA at the time.  
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Most of the Lean efficiency improvement tools assume that top management has flawless behaviors and 


attitudes, ready to remove any roadblocks in the way of efficiency gains. Operations Management is not 


always up to this task of driving continuous improvement from the top down. When a manufacturing 


operation is not Lean, it is not the fault of the employees, it almost always comes back to shortcomings in 


Operations Management. Lean-thinking Leadership is required to drive a Lean organization. The spark 


and drive for enterprise-wide efficiency improvements has to come from the top. Deming drafted his 14 


Key Management Principles for business transformation, which were noted in his book “Out of the Crisis”. 


He wrote that most causes of low quality and low productivity belong to the system and thus lies beyond 


the power of the work force but it is controllable by management. 


The major barriers that hold organizations back from greatness are mostly internal and self-inflicted. 


Operational Management decisions that are made and even the ones that are not made have massive 


repercussions throughout a manufacturing operation. Every manufacturing organization is made up of an 


invisible set of domino chain reactions. The chain reactions can be good, neutral or self-destructive. 


Operations Management controls the domino effects and silently pre-destines their organizations for a 


path towards excellence or puts their organization on a path of mediocrity, agony, frustration, customer 


dissatisfaction or dismal performance. Manufacturing organizations are subject to the laws of efficiency 


and the chain reactions that impact all employees and customers every day. Any successful business 


improvement effort should first address its 13 Reckless Management Behaviors and Attitudes (The Aces), 


when they are present and then focus on other obvious forms of waste and inefficiencies in the 


operations. These 13 top-tiered barriers to success are in line with the teachings and publications of 


Deming, Juran, Jack Welch and other successful consultants and executives. 


There are 54 main forms of waste and inefficiency potentially present in operations, not just 7 or 8 as 


mentioned in the teachings of Lean Manufacturing. When an organization starts their official search for 


various forms of waste, this search must not be limited to waste identification just in the production 


processes. The identification of waste must be an enterprise-wide search that spans all levels of the 


organization and not just focuses on working level employees. If an operation strives to be “Lean”, the 


behaviors and attitudes of all levels of the organization should be scrutinized.  


The 54 forms of waste and inefficiency shown in Figure 1 are depicted on playing cards. They are aligned 


to 5 tiered domino groups of waste and inefficiency. These domino groups are listed here in rank order of 


their impact on an organization, from high impact to low impact.  


13 Reckless MBAs (Management Behaviors and Attitudes), which can hold any organization back from 


greatness (These are the 13 Aces in the deck of Waste & Inefficiency cards). 


11 inefficient aspects of the work environment (These are the 11 Kings in the deck of Waste & Inefficiency 


cards). 


21 inefficient work habits (These are the 21 Queens in the deck of Inefficiency Icons). Most of the 7 classic 


forms of Lean waste are listed here. 


7 key efficiency metrics (These are the 7 Jacks in the deck of Waste & Inefficiency cards). They are 


impacted by the intensity of inefficiencies in the organization mentioned in upstream domino waves. 


2 resulting bad practices of not being able to prioritize important tasks correctly and applying ineffective 


and chaotic fire-fighting, which too often addresses the symptoms of a problem and not the true root 


causes (These are the 2 Jokers in the deck of Waste & Inefficiency cards). 


Every manufacturing organization should launch a vigorous self-assessment of their organization to check 


if these inefficiencies are present or not. If they are present, they need to be addressed. William Deming, 


Joseph Juran, Jack Welch (GE), Larry Bossidy (Honeywell) and many other prominent executives and 


consultants have all stressed the need for excellence in an organization starting with its leadership. Any 


flaws in the efficiency or quality in a manufacturing organization can be traced back to self-inflicted 


reckless behaviors and attitudes of its top management. 
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Yasuhiro Monden in his book “The Toyota Production System” often stresses the mandatory roles that top 


management, not middle management, must play in rolling out innovation and process improvement 


efforts in an organization. This is why the 13 Aces, controlled by management, are deemed as the most 


dangerous inefficiencies in an organization.  


 
Figure 1: The 54 forms of waste and inefficiency that could be present in any manufacturing operation. 
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2 The 5 Major Domino Chain Reactions Present in Operations  


These 54 forms of waste and inefficiency are timeless. They have existed since the beginning of 


manufacturing operations and they are a constant threat that must be taken very seriously today and in 


the future. Technology has done little to minimize these inefficiencies since they are just as common in 


high-tech companies as low tech companies. Each of these forms of waste occupies specific positions in 


the domino chain reactions that can be present in any organization. These chain reactions are poised to 


present major roadblocks and barriers to success and can create excessive levels of risk to any 


organization. Figure 2 shows the 5 domino chain reactions that can threaten any organization from within. 


If you fully understand your internal weaknesses, you have a chance at starting a battle against your own 


inefficiencies. If you live in a state of blissful and naive optimism, these internal roadblocks will hold you 


back from success and greatness. 


While Lean Manufacturing techniques have been effective in identifying 7 valid forms of waste, it has not 


done a good job at identifying the root causes and domino effects leading up to these forms of waste. 


The chain reaction positions of the highly publicized “7 forms of waste” are also shown on Figure 2. As 


shown here, they are not the root causes of waste, they are the 3
rd


 or 4
th


 chain reaction down from the 


real root causes of waste and inefficiency in an organization. Deming also wrote that most causes of low 


quality and low productivity belong to the system and lies beyond the power of the work force to control. 


 
Figure 2: The 54 forms of waste & inefficiency are aligned to 5 domino chain reactions that can threaten any 


operation. The greatest threats and also the greatest hopes for any operation are its leaders who have the power and 


authority to create either greatness, mediocraty or chaos in an organization.   


3 The 7 Classic Lean Forms of Waste  


The following "seven wastes" were identified by Toyota's Vice President, Taiichi Ohno, and became part of 


the Toyota Production System, which he helped to create.  These 7 forms of waste are activities in 


manufacturing processes that do not add value to the customer. An easy way to remember the 7 forms of 


wastes is to remember the term TIMWOOD. 
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The 7 classic Lean forms of waste follow: 


 T: Transportation 


 I: Inventory 


 M: Motion 


 W: Wait 


 O: Over-processing 


 O: Over-production 


 D: Defect 
 


The issue in following this attack on just 7 forms of waste is that at Toyota, many other cultural problems 


were already resolved over decades of hard work by top management. That is not true for the rest of the 


world. Lean manufacturing has helped very many companies reduce inefficiencies and waste in their 


processes but many other companies still struggle with implementing lean. Part of the problem in 


implementing Lean is the misconception that if your organization just addresses the 7 forms of waste, 


productivity and profits with soar. Lean requires enterprise-wide attitude changes from the top to the 


bottom of an organization before it can really have a positive effect on performance levels. Yasuhiro 


Monden in his book “Toyota Production System” (TPS) talks about the prerequisites required to 


implement TPS. He states: “Step 1: Upper management plays a key role”. Yasuhiro confirms that the first 


step lies with top management, not in the identification of the 7 forms of waste at the worker level. 


If top down attitude changes do not happen in an organization, progress to achieve a lean organization 


will not be easy. This is because the 7 forms of waste are the not the root causes of waste, they are the 


symptoms and effects of other lurking issues in the organization. A simple root cause analysis for each of 


the 7 forms of waste would yield many reasons for the presence of these lurking issues. An open and 


honest 5 Why brainstorm, which Taiichi Ohno was a big fan of at Toyota, would reveal that the 7 forms of 


waste are not the root causes of high costs but the symptoms of other wasteful management and cultural 


habits. This paper will demonstrate such an analysis to identify the real root causes of the Lean 7 forms of 


waste. Many companies in Japan are beyond that required work because they were trained and coached 


by Deming, Juran and others, which allowed them to create the Japanese quality revolution in the 1950s. 


3.1 The Root Causes of Excessive Transportation and Motion Forms of Waste 


Figure 3 shows that the Lean forms of waste called Excessive Motion & Transportation are represented by 


Queen 10 in the card deck of waste and inefficiencies. It is the card on the left of the illustration in Figure 


3. These forms of waste are part of the 3
rd


 domino wave of bad things that can happen to manufacturing 


operations, which are work habit related. The inefficiencies called Kings 3 & 6 in the next upstream 


domino, to the right of Queen 10, which are the causes of excessive transportation and motion. King 3 is 


named Flawed Decisions & Execution. King 6 is named Flawed Problem Solving Skills. 


The root causes of these 2 work environment shortcomings (Kings 3 & 6) lie in the top tiered domino of 


waste chain reactions, which are the Aces 1, 6, 8 & 12 shown on the far right in Figure 3. They are the 


main root causes for the work environment shortcomings and the classic Lean forms of waste named: 


Excessive Transportation and Motion.  


 Ace 1 is named Over-Confidence 


 Ace 6 is named Loudness (Decisions based on the loudest opinions, not accurate Data and its 


Analysis).  


 Ace 8 is named Flawed Benchmarking 


 Ace 12 is named Reckless Expansion 


Operations Management is responsible for the Aces and thus carries the responsibility for excessive 


transportation and motion. It is their responsibility to prevent it from happening and also initiate the 


actions required to eliminate it. 
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Figure 3: Two shortcomings in the work environment are responsible for the excessive transportation and motion 


forms of waste but the final and true root causes of this waste are 4 reckless MBAs (Management Behaviors and 


Attitudes) that only Operations Management has the power and authority to correct. 


3.2 The Root Causes of Over-Production & Excessive Inventory Forms of Waste 


Figure 4 shows that the Lean forms of waste called Over-Production & Excessive Inventory are 


represented by Jack 3 in the card deck of inefficiencies. It is the card on the left of Figure 4. These forms of 


waste are part of the 4th domino wave of bad things that can happen to manufacturing operations, which 


are key performance metrics. Two Queens in the next upstream domino to the right are inefficient work 


habits, which are to blame for these forms of waste. Two Kings in the next upstream domino to the right 


create inefficiencies in the work environment, which are the root causes of the inefficient work habits. Two 


Aces in the next upstream domino on the far right of the illustration are the root causes of the work 


environment shortcomings. These two Aces are the Management Behaviors and Attitudes responsible for 


the forms of waste to the far left on Figure 4, which is Over-Production & Excessive Inventory. Again we 


see that Operations Management has the responsibility to prevent and eliminate this form of waste. If 


they are not capable of doing the task, they should seek the expertise required to eliminate these major 


forms of waste. 


 
Figure 4: Two inefficient work habits and two shortcomings in the work environment are responsible for Over-


Production & Excessive Inventory waste but the true up-stream root causes of this waste are 2 reckless MBAs 


(Management Behaviors and Attitudes) that Operations Management should address. 
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3.3 The Root Causes of the Waiting Form of Waste 


Figure 5 shows that the Lean form of waste called Excessive Waiting is represented by Jack 5 in the card 


deck of waste and inefficiencies. It is the card on the left of the illustration in Figure 5. This form of waste 


is part of the 4th domino wave of bad things that can happen to manufacturing operations, which is part 


of the group that represents performance metrics. Nine Queens in the upstream domino to the right are 


inefficient work habits, which are to blame for this form of waste. Three Kings in the next upstream 


domino to the right, which include work environment shortcomings, are the root causes of the inefficient 


work habits. Seven Aces from the next upstream domino to the right are the root causes of the work 


environment shortcomings. These seven Aces are the Management Behaviors and Attitudes to blame for 


the form of waste to the far left on Figure 5, which is Excessive Waiting. Again we see that Operations 


Management has the responsibility to prevent and eliminate this form of waste.  


 
Figure 5: Nine inefficient work habits are responsible for waiting waste followed by three shortcomings in the work 


environment. Seven reckless MBAs (Management Behaviors and Attitudes) on the far right of the graphic are 


ultimately responsible for waiting waste, which only Operations Management has the authority to address. 


 


5.4  The Root Causes of Over-Processing Form of Waste 


Figure 6 shows that the Lean form of waste called Over-Processing is represented by Queen 12 in the card 


deck of waste and inefficiencies. It is the card on the left of the illustration in Figure 6. This form of waste 


is part of the 3rd domino wave of bad things that can happen and they are part of the inefficient work 


habits domino wave. One King from the upstream domino to the right, which includes work environment 


shortcomings, is the root cause of this form of waste. Four Aces from the upstream domino, which 


includes the Reckless MBAs, are to blame for the work environment shortcomings. These four Aces are the 


Management Behaviors and Attitudes that are ultimately responsible for the form of waste to the far left 


on Figure 6, which is Over-Processing. Again, Operations Management has to act first in order to 


eliminate this waste. 
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Figure 6: One shortcoming in the work environment is responsible for Over-Processing waste but the true root causes 


of this form of waste are 4 reckless MBAs (Management Behaviors and Attitudes) that Operations Management must 


address in order to stop Over-Processing from happening. 


3.4 The Root Causes of the Defects Form of Waste 


Figure 7 shows that the Lean form of waste called Defects, which is represented by Jack 4 in the card deck 


of waste and inefficiencies. It is the card on the left of the illustration in Figure 7. This form of waste is part 


of the 4th domino wave of bad things that can happen to manufacturing operations, which is part of the 


group that represents performance metrics.  


Eight inefficiencies in the next upstream domino to the right, which are inefficient work habits (The 


Queens), are responsible for this form of waste. Five upstream work environment shortcomings (The 


Kings) on the right are the root causes of these inefficient work habits. Eight Aces from the next upstream 


domino on the right are the root causes of the work environment shortcomings. These eight Aces are the 


Management Behaviors and Attitudes responsible for the form of waste to the far left on Figure 7, which 


is Defects. Again we see that Operations Management has a variety of responsibilities that can prevent or 


eliminate this form of waste. 


 
Figure 7: Eight inefficient work habits are responsible for defects in manufacturing operations but the root causes of 


those inefficient work habits are five shortcomings in the work environment. The root causes of the shortcomings in 


the work environment are eight reckless MBAs (Management Behaviors and Attitudes) shown on the far right of the 


graphic. Operations Management must address those reckless MBAs in order to stop Defects from happening. 


3.5 Summary of the Root Causes of the 7 Lean Forms of Waste 


Figure 8 shows a Frequency Diagram (Histogram) for the number of times that a certain work 


environment shortcoming was responsible for the 7 forms of waste in the previously shown analysis. Work 


environment shortcomings are the 2
nd


 domino in the chain reactions of events that can harm an 
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organization. As shown here, the main work environment shortcoming in a manufacturing responsible for 


the 7 classic lean forms of waste is a lack of proper root cause analysis skills of the organization, followed 


in 2
nd


 place by the root cause of flawed decision making, planning and deployment skills. 


The good news is that the top 2 flaws in a work environment that allow the Lean 7 forms of waste to exist 


are preventable with the right training. If this training is flawed in its quality, success will not be achieved. 


If an internal or external expert coach does not lead the efforts and coach newly trained employees to 


eliminate waste, success will not be achieved. 


 
Figure 8: The top two flaws in the work environment responsible for the 7 forms of waste are flawed decisions & 


execution and weak problem solving skills. 


Figure 9 shows a Frequency Diagram (Histogram) for the number of times that certain reckless MBAs 


(Management Behaviors and Attitudes) were responsible for the 7 forms of waste in the previously shown 


analysis. These MBAs control the work environment and are the #1 domino in the chain reactions of 


events that can harm an organization. As shown here, the main Management Behavior and Attitude in a 


manufacturing operation that is responsible for the 7 classic lean forms of waste is a 2-way tie. An 


arrogant and over-confident attitude that dismisses the need for continuous process improvements and 


continuous innovations is one of the two most common reasons for waste. It is tied with the fact that 


management has to have a greater appreciation for the need to efficiently benchmark the competition 


before it is too late. There is a 2-way tie for the 3
rd


 biggest flawed Management Behavior and Attitude 


shown in Figure 9. First of all, decisions should not be allowed to be made by the loudest voices that do 


not have accurate data to back up their opinions. also, the business should not recklessly expand their 


operations based on a flawed foundation. 


In total, 9 root causes were identified here as the main root causes of the 7 forms of Lean waste. If these 


top 9 flaws are present in the attitudes of Operations Management, Lean Manufacturing and other efforts 


to improve efficiency levels will be out of reach for those organizations. This would represent an 


unfortunate competitive handicap. The opposite is also true. The right attitudes exhibited by Operations 


Management can allow them to win great victories over the 54 forms of waste and inefficiencies. It must 


be understood that the battles against waste and inefficiencies are not won once. They have to be fought 


every day to prevent them from coming back. 


Tom Peters states in his book “Re-Imagine”: “My overall rant, in brief: People, in enterprise, in government 


are by and large well intentioned. They’d like to get things done. To be of service to others. But they are 


thwarted at every step of the way by absurd organizational barriers and by the egos of petty tyrants (be 


they corporate middle managers, or army colonels, or school superintendents).” Reckless organizational 


MBAs and a low performance work culture is the reason why companies have so much NVA in them, not 


because they do not focus on the 7 forms of Lean waste. 
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Figure 9: The top 2 Reckless MBAs (Management Behaviors and Attitudes) responsible for the 7 forms of waste are 


Over-Confidence, tied with Flawed Benchmarking. There is a 2-way tie for 3rd place: Loudness (Decisions based on 


loud opinions, not accurate facts & data) and Reckless Expansion of a business.  


4 Conclusion 


The author’s independent research combined with his wide-ranging professional and consulting activities 


in manufacturing operations of companies from dozens of different industries have shown that 54 


common forms of waste and inefficiency commonly plague manufacturing operations. These forms of 


waste hold organizations back from creating great value for their customers and great competitive value 


for themselves. Manufacturing Operations who just focus on the Lean 7 forms of waste will be addressing 


the symptoms of waste and not their true root causes. The presence of waste and inefficiency in 


operations is not always the fault of the workers; it is almost always the fault of management, when they 


lack the right attitudes, behaviors, skills and insights to create a continuously improving work environment 


to address waste and inefficiency. Employee training and empowerment are also important to identify and 


banish waste and inefficiencies but this is no substitute for management first addressing their reckless 


MBAs (Management Behaviors and Attitudes), when present. Deming was pivotal in helping Japan create 


their quality revolution in the 20
th


 century. He did so by teaching their management what change they 


had to drive themselves and what other activities they should empower to employees. Employee 


empowerment only works if management exhibits healthy behaviors and attitudes and creates a work 


environment that can sustain high levels of performance and efficiency. 
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Abstract 


Health care systems are generating costs above reasonable limits. Assuring high service levels, especially in remote 


zones, leads to even higher costs. Based on a lean approach, this research aims at identifying if lean management can 


be used on more uncertain environments and developing a proposal for a more efficient and effective hospital 


purchasing process. A case study of a public hospital in a remote European area with high levels of demand 


uncertainty is used. The most common purchasing process is mapped and analysed, and waste is identified. 


Conclusions show that it is possible to use lean management in more uncertain environments as long as backup 


solutions are in place and that it is possible to reduce the purchasing process time by more than 98 per cent. A new 


overall organizing model for the analysed purchasing option is presented. 


Keywords: lean management, process activity mapping, hospital, process, services. 


1 Introduction 


The public sector is becoming a research focus and hospitals in particular have been the target of much of 


this effort (see, for instance, Mutter et al., (2010) or Werner et al., (2011)). Although cost reduction has 


already been analysed (see, for instance, Chandra et al., (2011)), it has been usually approached from the 


perspective of efficiency of employees or even the management of flows (see, for instance, Hanne et al., 


(2009)). Not much research has been performed in terms of purchasing processes, and even less in terms 


of these processes in hospitals with location constraints. 


The purpose of this research is to analyse the purchasing process of a public hospital with special 


characteristics – located in an island the middle of the Atlantic, with a very unpredictable demand level, 


physically distant from its suppliers, and dependent on unreliable transportation, - and identify how that 


process may be improved in order to increase speed and reduce cost. 


Taking into consideration the purpose of this research, focussed on improving value and waste reduction, 


a lean approach will be used. Process activity mapping is required as it allows the analysis not only of how 


the purchasing process is performed, but also where wasted time emerges and may be reduced. 


As the scope of the research is the purchasing process in a specific hospital, Hospital do Santo Espírito in 


the Azores Islands, the methodology adopted is case study research. As the topic is recent, and focussed 


on an isolated situation, according to Yin (2003), this is the most appropriate research methodology. 


Accordingly, this article starts with a brief literature review on lean management and the identification of 


the research questions, as well as the propositions to be analysed. Then the article continues with a 


condensed description of how the Portuguese Health System works, the natural singularities of the 


analysed hospital, the identification of the customers of the process and what they consider value, and the 


mapping of the process at its present situation. The analysis of the process and of its activities in terms of 


the time and resources used at each step is the following objective. Lastly, alternative proposals are 


developed and conclusions on the research questions and the purpose are developed. Also included in 


the conclusions are the limitations to the results obtained as well as topics for further research. 
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2 Literature review 


Lean Management, as initiated by Ohno (1988), identified by Schonberg (1986), and developed by 


Womack and Jones (2003), aims at customer value. It is focussed on what is relevant for the customer. 


From that point forward all efforts are made to reduce what does not contribute to this goal: waste. 


Many types of waste can be found (Ohno, 1988). Effectiveness is the measure of the customer, of how his 


requests are fulfilled. Efficiency only emerges if resources are used in a more rational way as long as 


effectiveness is fulfilled. 


Value is the critical point in lean thinking. Therefore, the provider can enhance value to the customers by 


adding features to the product or service and/or by removing wasteful activities. As value has to be 


defined by the customer, it cannot be seen as the opposite of waste. 


Activities have to be enhanced if the cost involved is higher than the increase in value they represent, or 


removed if no value is produced. It means that a cost-value proposition (Hines et al., 2004) should be 


analysed. The equilibrium represents the cost the customer is available to pay for the offering. Therefore, 


the higher the cost-value proposition offered the more attractive it will be to the customers. 


Although with Ohno (1988), the approach was focussed on lean operations management, contemporary 


approaches expand the concept of Lean Thinking to several other sectors, including the services area. In 


fact, it can be found in more obvious areas such as supply chain management (Simonsa and Taylor, 2007), 


but also in services such as healthcare (Papadopoulos, et al., (2011), universities (Hines and Lethbridge, 


2008), logistics (Jones et al., 1997), criminal investigation (Ahluwalia and Srinivasan, 2004), courts of law 


(Hines et al., 2008), municipalities (Arlbjorn et al, 2011), or government agencies (Radnor, 2010). 


Lean cannot be applied the same way in the manufacturing area and in the services area, but service 


companies can benefit tremendously from it (Allway and Corbett, 2002). Services natural characteristics 


require an adjusted attitude as referred by Johnston (2005). Nonetheless, the overall approach and goal 


remain the same. With the current situation of economic crisis and the need to reduce costs, going lean 


can emerge as an appropriate solution to keep (and even improve) effectiveness while costs are reduced. 


Hospitals and health services are an area that has been explored in terms of lean management. Many 


recent articles (for instance, Papadopoulos, et al., (2011), Stuenkel and Faulkner (2009) or Manos et al., 


(2006)) can be found in literature on this topic. All of them focus on quite stable processes and conditions. 


Although a lean approach is more adjusted to stable environments (Womack and Jones, 2003), it is 


interesting to analyse if it principles can be used to reach more value and less waste in more uncertain 


healthcare processes. Accordingly, an initial research question (RQ) is as follows: 


 RQ1: Is it possible to apply lean management principles in more uncertain healthcare processes? 


In order to do so, a case study of a hospital in the Azores islands will be analysed – Hospital do Santo 


Espírito. The purchasing process will be analysed as this hospital is geographically isolated and distant 


from its mainland suppliers and supply is dependent on weather conditions. 


If RQ1 is true, from a time perspective, and taking into consideration the purchasing process, it is also 


relevant to analyse the following research question: 


 RQ2: Is it possible to reduce time in the purchasing process of Hospital do Santo Espírito? 


3 Data and methods 


As a case study approach will be used, Yin’s (2003) recommendations will be followed. Initial data 


concerning the national purchasing system was obtained from the Portuguese laws. More detailed 


information on the details of the Hospital do Santo Espírito was collected from local interviews with both 


the Head of the Pharmaceutical Department and the Head of the Purchasing Department. Direct 


observation allowed verifying and adjusting the real process used by the hospital. 
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This research focuses on reducing time in the purchasing process. Taking this goal into consideration, 


according to Bicheno (2004), process activity mapping is the most appropriate lean tool to be used. 


Hospital consumptions were compared and analysed. Primary data from the hospital was used. 


Pharmaceutical products were found to be responsible for about 70% of all hospital consumptions.  


Several purchasing processes can be used, depending on the product and the specific situation. In the 


analysed hospital 52% of the purchasing situations were performed according to the “Competition 


coordinated by the Central Healthcare Administration” option. According to findings it was decided to 


map pharmaceutical products in a “Competition coordinated by the Central Healthcare Administration” 


purchasing process. 


The pharmaceutical products were analysed using a Pareto Rule. The A products were selected for 


analysis. A random A product was selected to be the basis for information on the time spent in each 


activity – Tenecteplase 10000 UI AMP. Latter it was found that several products are purchased at the same 


time. Therefore, the time frames identified apply to the other products purchased at the same time 


regardless their classification as A, B, or C. 


The sequence mapped starts when the information system is asked for shortages and ends when the bill 


from the supplier is sent to the Accounting Department. 


4 Case study characterization 


The analysed hospital, Hospital do Santo Espírito, is located in one of the Azores islands, “Terceira”. This 


hospital serves patients from the island and coordinates demand from four other islands. It is also the 


international referred location for patients on ships and planes crossing the North Atlantic Ocean. 


Demand is unstable as well as supply. Due to weather conditions the island can be isolated both by air or 


sea for several days during the winter. 


Products are usually transported using maritime transportation. There are three companies that assure 


maritime transportation from the main land to the island, each with a weekly shipment. The trip takes, on 


average, seven days. If weather conditions are favourable it might require only 6 days. 


Although the policy of the hospital is to keep inventory for three months of consumption, the variability 


of pathologies is such that urgent request are sometimes needed. These are usually transported by air 


from the main land and require about 1 day to arrive. 


There are also local suppliers but these do not have the full range of supplies. Their inventory also 


supplies local pharmacies and health centres. 


This hospital, as all other public hospitals in Portugal, does not negotiate directly with the suppliers. 


Although it can happen in specific situations it is not the standard procedure. Negotiations are performed 


by the Central Healthcare Administration and information concerning the products available and their 


prices is made available to all hospitals through their website. This is the reference all hospitals should 


follow. 


5 Process mapping 


5.1 Identifying the customer and value 


As each process is (should be) focussed on generating value according to its customer(s), these have to be 


identified. It is possible to identify customers for the pharmaceutical purchasing process at several 


different levels. The immediate customers are the hospital departments that will use the product to 


provide healthcare services. These require product availability. 
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A second level of customers are the patients of the hospital. Their families could also be included here to 


some extent. Both the patients and their families require product availability. The cost variable is not 


included here as the Portuguese healthcare system, at the level of materials consumption during services 


provided by hospitals, is free of charge for the patients. 


At a third and wide-ranging level, the overall population could also be considered a costumer of this 


process. These not only use the services, and therefore require availability and effectiveness, but also 


finance the system through their taxes, and therefore want the system to be as efficient as possible. 


Accordingly, the purchasing process of the hospital under analysis has to generate value to different levels 


of customers – internal departments, patients, and the overall population. To these costumers value is not 


only having products available on time, but also availability in a cost-efficient way. 


5.2 The purchasing process 


According to the “Competition coordinated by the Central Healthcare Administration” process and the 


specific product selected, the sequence of mapped activities is shown in Table 1. 


The process starts with a request on the information system to identify inventory levels (activity 1). The 


lists are then printed and manually analysed for shortages (activity 2). As activity 1 lasts for about one 


week, once it is produced data is no longer valid and has to be manually adjusted considering the 


consumption level of that week (activity 3). 


Once shortages are identified, an employee accesses the Central Administration website to identify the 


available suppliers, the price of the product and taxes applicable (activity 4). Data collected from the 


website is then analysed by the head of the Pharmaceutical Department. The most suitable suppliers are 


chosen and a “purchasing request” produced (activity 5). This document is physically sent to the 


Purchasing Department (activity 6) and the employee returns with a copy of the document stating that it 


was delivered. The employee of the Purchasing Department registers the document entry (activity 7). 


Some of the suppliers have local representatives. When it happens, that information is added to the 


“purchasing request” at the Purchasing Department. 


When all previous activities are fulfilled, the Purchasing Department employee adjusts the “purchasing 


request” with additional data on the supplier (activity 8) – location, fax number, unitary dose, etc.. Once 


these activities are concluded, the document waits for its data to be introduction on the Purchasing 


Department information system. 


The “purchasing request” information is then introduced into the Purchasing Department information 


system (activity 9). The printed output is now the “purchasing order”. 


Once printed, the “purchasing order” is sent to the head of the Purchasing Department who confirms it 


(activity 10) after analysing the available data. Afterwards the head of the department leaves it at the 


meeting room (activity 11) where it waits for approval by the vice-president of the hospital (activity 14). 


The vice-president passes by once every two weeks to access these orders. In case of emergency 


situations, the “purchasing orders” are sent directly to his office for approval. 


While the “purchasing orders” wait for approval, the purchasing employee prints copies (activity 12) which 


are sent to the Pharmaceutical Department (activity 13). These activities are performed so that in case of 


stock out the pharmacy will send an urgent order directly to the supplier according to the formal order. 


Once authorised by the vice-president, the document is left on the purchasing employee desk (activity 


15). She will then separate the sheets (activity 16), each to different purposes. Two copies are filed (activity 


17), one is delivered to the Pharmaceutical Department employee (activity 19) on one of her visits to the 


Purchasing Department, and the other one is sent by fax to the supplier (activity 18). 


The process was mapped during November. It is policy of the hospital that all orders must be placed no 


later than the 12th of December. Therefore all orders were announced as very urgent to the suppliers, 


which means that the quantity ordered should be delivered all at once. 
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Table 1 - Process Activity Mapping for product Tenecteplase 10000 UI AMP 


N. Activities
Type of 


activity
Area Distance Time Useful time


Wasted 


time


N. persons 


involved
Observation


17th Nov. 10:30h/


 24th Nov. 11:00h


24th Nov.


11:00h to 13:00


24th Nov.


14:00h to 16:00


4 Consult Central Administration 


website


NVA Pharm - 25th Nov            


9:00h to 11:00h


2 hours 1 hour 1


25th Nov. 14:00h/ 


26th Nov. 13:55h  


26th Nov. 13:55h


(5 min)


26th Nov. 14:00h


(5 min)


26th Nov. 14:30h 


(120 min)


28th Nov.


09:30 to 16:25h


02nd Dec


14:30h


02nd Dec


16:00h


2nd Dec.16:05h


(20min)


3rd Dec.


10:30h


09th Dec


15:30h to 16:45h


9th Dec. 17:00h


(15min)


10th Dec 9:00h


(90min.)


10th Dec.


10:30h


10th Dec 11:10h


(34s)


19 Send "sent purchasing order" 


to Pharmacy Department


NVA Purch 229mt 10th Dec 15:00h 5 min 2 hours and 


45 min


1 Pharmacy 


administrative person
20 Receive and register "sent 


purchasing order"


NVA Pharm - 11th Dec 9:30h 5 min 2 hour and 


30 min


1


11th Dec


(during the morning)


11th Dec


14:30h


11th Dec


14:40h


24 Intoduce "sent purchasing 


order" into information system


NVA Pharm - 15th Dec 30 min 1 day and 4 


hours


1


18th Dec


14:30h


26 Separate bill and duplicates NVA Purch - 4nd Jan 2 min 8 days 1


27 Introduce bill data into 


information system


NVA Purch - 6th Jan 10 min 2 days 1


28 Send bill to Accouting 


Department


NVA Purch 283mt 7th Jan 5 min 1 day 1 Purchasing 


administrative person


Total
1266,7 


mt


12 days        


+ 1 hours     


+ 3,5 min


26 days        


+ 7 hours     


+ 53 min


34


Legend: VA - value added; NVA - non value added; Pharm - Pharmaceutical; Purch - Purchasing


20 min 0 min


3 days and 2 


hours


5 min


2 min 0 min


0,5 min 40 min


1 day and 4 


hours


0 min


Pharmacy 


administrative person


1 hour5 hours 


and 55 min


2 hours 1 day and 


30 min


2 min 4 hours and 


28 min


2 min


25 Send bill to Purchasing 


Department 


NVA Pharm 229mt 1


23 Compare "sent purchasig 


order" and bill


NVA Pharm 10mt 1


10 min 0 min22 Reception of product by the 


Pharmacy Department


VA Pharm 5mt 1


21 Waiting for product reception NVA -


18 Send fax to supplier with 


"purchasing order"


VA Purch 4,9mt 1


17 Send copy of "purchasing 


orders" to archives


NVA Purch 1mt 1 Purchasing 


administrative person


1 hour and 


30 min


0 min16 Reception, separation and 


filling of "purchasing orders"


NVA Purch - 1


By the vice-president 


Once every 2 weeks


15 Send "purchasing orders" to 


purchasing area


NVA Purch 13,2mt 1 By the Purchasing 


Director


14 Authorize "purchasing orders" NVA Purch 9,5mt 11 hour and 


15 min


4 days and 4 


hours


15 min 15 min


13 Send list of "purchsing orders" 


to Pharmacy Department


NVA Purch 229mt 1 Purchasing 


administrative person


20 min 5 min12 Issue list of "purchasing orders" NVA Purch - 1


2 hours and 


30 min


5 min


Received purchasing 


order twice - at 9:00h 


and at 13:30h
11 Send "purchaing order" to 


meeting room


NVA Purch 8mt 1 By the Purchasing 


Director


1 hour and 


30 min


10 Confirm "purchsing order" NVA Purch 11,1mt 1


9 Introduce "purchasing request" 


into information system


NVA Purch - 1


8 Adjust "purchasing request" NVA Purch - 1


Pharmacy 


administrative person


7 Reception of "purchasing 


request"


NVA Purch - 20 min5 min


6 Send "purchasing request" to 


Purchasing Department


NVA Pharm 229mt 15 min 0 min


5 Produce "purchasing request" VA Pharm 2mt 1


3 Manual adjustment of 


quantities 


NVA Pharm 2mt 12 hours 0 min


0 min6 hours 


and 55 min


2 Identify shortages VA Pharm 1mt 7


0 min7 days1 Concult system looking for 


shortages


VA Pharm - 1


2 hours 0 min


 


At the Pharmaceutical Department, once the “sent purchasing order” is received, it is registered and filed 


(activity 20). From this moment on the Pharmacy Department waits for product reception (activity 21). 
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Once the products arrive they are checked in terms of quantity, reference, expiry date, and size of boxes 


and then stored (activity 22). The bill is checked by the administrative employee in terms of price and 


taxes, and then stamped (activity 23). Information is also introduced into the Pharmacy Department 


information system (which is independent from the purchasing information system) (activity 24). 


Once information is on the Pharmacy information system the bills are sent to the Purchasing Department 


(activity 25). Here the bill duplicates are separated (activity 26) and information introduced into the 


Purchasing Department information system (activity 27). Finally, an employee from the Purchasing 


Department sends it to the Accounting Department (activity 28). 


The mapping analysis allows the identification of several types of waste.  Using the waste classification in 


the services area by Hines and Martins (2005), the identified wastes are as follows: 


 Unnecessary movement: employees keep moving between departments, carrying documents; 


 Duplication: data is duplicated in independent information systems inside the same hospital; 


information from the “purchasing request” has to be corrected and adjusted at the Purchasing 


Department; 


 Unclear communication: official information in the Central Administration website has to be 


confirmed;  


 Delay: “purchasing orders” are sent to the vice-president for approval just for formality purposes; 


documents wait several hours, sometimes days, at desks before they are analysed. 


The full process requires over 39 working days to be fulfilled. Of these, only about 12 are in fact useful 


time. Of these 12 days, most of the time spent involves non-value adding activities. The inventory level of 


the hospital has to be increased to overcome such a long lead time and space needed is higher, involving 


higher costs, especially if the products involve short expiry dates. These extra costs from the present 


process forces the hospital to reduce the value it provides for the customer instead of increasing it. 


The initial problem of the pharmacy information system requiring 7 days to produce information so that 


the shortage list may be computed is but the waste iceberg tip. The software is out-dated and there is no 


other system to control entry or exit of products but manual control. In fact, although the hospital 


purchased barcode readers and appropriate software years ago, these are still in their original boxes. 


It is also relevant to highlight that for urgent request it is often used parallel processes to speed the 


system and assure availability as soon as possible. Products are directly ordered by phone and later 


confirmed by fax. The supplier and immediately sent from the main land to the island. Only then the 


internal formal process is initiated (a phantom purchasing process) so that the supplier may get paid. 


6 The proposals 


Taking into consideration a lean approach, the waste levels, and its consequences on the value provided, 


tentative processes were developed. Information technology is one of the main problems in the hospital 


process. Its improvement is one of the baseline suggestions the proposals assume. It is also assumed that, 


in the future, information available in the Central Administration website is correct. 


The proposals assume that delegation of decision power exist so that the processes may be faster and 


lead to a smaller inventory levels, reduced costs for the hospital, and more value to the customer. 


It is not possible to overcome the fact that the hospital is located in the middle of the Atlantic Ocean. 


Products have to be shipped from the main land. Nonetheless, with better forecasts and if more 


information concerning the demand level is shared with suppliers, those with local representatives may 


receive preference due to their ability to provide shorter lead times. In fact, it is not only the cost that 


dictated the choice of the supplier, lead time is also a relevant criteria. 


6.1 First proposal 


Taking the previous topics into consideration an initial proposal was developed. It is as shown in Table 2. 
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According to historical data and additional adjustments from the present, a forecast is produced. 


According to this data and the inventory level at the moment, an information system (for instance an ERP 


system) would produce the shortage list and suggest the orders (activity 1). Time required for this activity 


and for the remaining ones results from local simulation. 


Table 2 – Mapping of the first proposal to improve the process 


N. Activities Type of 


activity


Area Distance Time N. persons 


involved


Observations


1 Determine shortages and order size VA Pharm - 20 min 1


2 Consult Central Administration website NVA Pharm 2 mt 10 min 1


3 Produce "purchaing request" on the 


information system


NVA Pharm 2 mt 5 min 1


4 Send "purchasing request" to Purchasing 


Department


NVA - 0,5 min 1 Using E-doclink


5 Reception of "purchasing request" and 


issue "purchaing order"


NVA Purch - 5 min 1


6 Send "purchaing order" to Purchaing 


Director for approval


NVA - 0,5 min 1 Using E-doclink


7 Approval of "purchasing order" and send 


it to purchasing areas


NVA Purch - 5 min 1 Using E-doclink


8 Send "purchaing order" to supplier VA Purch - 0,5 min 1 By e-mail


9 Wait for product reception NVA 1 day and 4 


hours


10 Reception of product by the Pharmacy 


Department


VA Pharm 10 min 2


11 Compare "sent purchasig order" and bill NVA Pharm 20 min 2


12 Introduce "sent purchasing order" into 


information system


NVA Pharm 10 min 1


13 System informs purchaing department Using E-doclink


14 Send bill to Accouting Department NVA Pharm 412 mt 10 min 1


Total 416 mt 1 day             


+ 5 hours       


+ 36,5 min


14


Legend: VA - value added; NVA - non value added; Pharm - Pharmaceutical; Purch - Purchasing
 


The information system should be linked to the Central Administration website and be able to identify the 


proposed supplier. If several suppliers are available the Purchasing Department would have to check for 


specific requirements (activity 2). 


Once data is reunited, the head of the Pharmaceutical Department should correct/ accept the “purchasing 


request” on the information system (activity 3). Once concluded, this information should immediately be 


sent to the Purchasing Department through the information system, even if only the present e-doclink 


was in use (activity 4). E-doclink is an internal communication system that is already implemented. 


At the Purchasing Department the “purchasing order” should then be received and additional information 


of logistical nature would be added (activity 5). As the information about the suppliers should be already 


available in the system, this activity would require only a few minutes. A “purchasing order” would be 


issued and sent to the head of the Purchasing Department (activity 6) through e-doclink for approval. 


Assuming that the head of the Purchasing Department would have power to approve orders directly, she 


would be able to evaluate and confirm it (activity 7). Then it would be sent back to the department by e-


doclink and send to the supplier by e-mail (activity 8). Fax could also be used. 


From this moment on the hospital would be waiting for the product (activity 9). As no other changes are 


considered but the ones on the hospital process, it is assumed that the delivery time remains the same. 


Once the product is received it has to be checked (activity 10). If bar codes are used the technology 


already available at the hospital could be used. No additional costs would be required and although the 


time consumed in the activity could be the same, activity accuracy would improve. From this moment on 
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the hospital would be waiting for the product (activity 9). As no other changes are considered but the 


ones on the hospital process, it is assumed that the delivery time remains the same. 


Once the product is received it has to be checked (activity 10). If bar codes are used the technology 


already available at the hospital could be used. No additional costs would be required and although the 


time consumed in the activity could be the same, activity accuracy would improve. 


The “sent purchasing order” would then have to be compared with the bill to check for any discrepancies 


(activity 11) and information concerning the products received should have to be introduced into the 


information system (activity 12). 


Information concerning the receptions of the product would automatically and immediately be sent to the 


Purchasing Department through the information system (activity 13). Finally, the bill would have to be 


physically sent to the Accounting Department (activity 14). 


Comparing the present process and this proposal some differences are immediately identified: 


 The number of activities is reduced by half (from 28 to 14); 


 The number of times employees have to touch the process is reduced from 34 to only 14 


(reduction of 59%); 


 The total distance to be physically covered is reduced from 1266,7 meters to 416 meters, which 


represents saving of 67% in terms of distance; 


 The total useful time is reduced from more than 12 days to slightly more than a day and a half 


(reduction of 86%); 


 In the period of time waiting for the reception of the product is not considered (which, in fact, 


does not depend on the hospital), the time reduction is of 98%;  


 If only the activities up to waiting for product reception are considered (the ones involved in 


placing the order), saving are of 99% of the time spent. 


It should also be highlighted that of the non-value added activities involved in this proposal, almost all of 


them are support activities and not pure waste as in the current process described in Table 1. 


6.2 Second proposal 


This second proposal was developed according to a more radical approach. This proposal assumes a close 


relationship between the hospital and its several suppliers on a basis of a Vendor Managed Inventory 


(VMI) system (for further detail on VMI see, for instance, Harrison and van Hoek (2011)). Both entities 


(hospital and suppliers) would benefit (reduction in costs and improved service levels are the most 


common benefits of this arrangement) from this information sharing. 


The hospital would receive an improved service level from the suppliers (increased number of on-time 


deliveries) and a reduced number of stock outs. This would reduce uncertainty and require lower 


investment in inventory. Suppliers would benefit from the fact that they would continuously receive 


information concerning the level of demand and the inventory level at its customer (the hospital) and 


would be able to adjust its own purchasing orders accordingly, allowing it to carry less inventory. 


In this second scenario urgent orders could be issued according to the first proposal. In fact, there will be 


requests for special or urgent products as the demand level is unstable. 


This second proposal would require a purchasing process as described in Table 3 - Mapping of the 


second proposal to improve the process 
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N. Activities
Type of 


activity
Area Distance Time


N. persons 


involved
Obs.


1 System alerts for 


replacement need


VA Pharm. and 


supplier


- - - On the 


supplier


2 Wait for product 


reception


NVA - 60 min -


3 Product reception and 


storage


VA Pharm - 15 min 1


4 Send bill to 


administrative area


NVA Pharm 412 mt 10 min 1


412 mt 85 min 2Total


Legend: VA - value added; NVA - non value added; Pharm - Pharmaceutical; Purch - Purchasing
 


. Estimated time for each activity results from observation at the hospital. 


This proposal assumes that once a year there would be procedure according to the first proposal to 


establish costs, quantities, and service level. From that point forward the process in this second proposal 


should be in place. In fact, the moment the second proposal process is to begin would be established by 


the information system, on the supplier, according to a pre-defined the level of inventory. 


Table 3 - Mapping of the second proposal to improve the process 


N. Activities
Type of 


activity
Area Distance Time


N. persons 


involved
Obs.


1 System alerts for 


replacement need


VA Pharm. and 


supplier


- - - On the 


supplier


2 Wait for product 


reception


NVA - 60 min -


3 Product reception and 


storage


VA Pharm - 15 min 1


4 Send bill to 


administrative area


NVA Pharm 412 mt 10 min 1


412 mt 85 min 2Total


Legend: VA - value added; NVA - non value added; Pharm - Pharmaceutical; Purch - Purchasing
 


Whenever the level of inventory reaches a pre-defined limit it would issue an alert on the supplier. The 


alert would inform the supplier to send a specific product (or products) to the hospital and the most 


appropriate quantity (activity 1). After transportation (activity 2) the product is received at the hospital. 


Reception should be controlled by bar code readers so that the information system would immediately 


register all entered products (activity 3). The bill would then be sent to the administrative area (activity 4). 


It would be possible that no bill was issued and only a transportation document would be sent with the 


products as an arrangement between the hospital and the supplier could establish, for instance, a 


monthly payment of the level of consumption or deliveries. 


Comparing this second proposal with the present situation, some improvements are to be emphasised: 


 Only once a year the purchasing process from the first proposal would take place per product (a 


process with 14 activities) instead of a continuous process of 28 activities every time the product 


is required. Replenishment of the inventory level would require a 4 step process for the hospital 


and almost no effort. This would represent a reduction of 86% in the number of activities; 


 The number of times employees would have to interfere in the process is reduced from 34 (in the 


present process) to 2 (in the second proposal), which represents savings of 94%; 


 The distance covered inside the hospital during the process is reduced from 1266.7 meters to 412 


meters, which represents savings of 67%; 


 The total useful time required was reduced from more than 12 days to only 85 minutes. This 


represents a reduction of 99% of the total useful time; 


 If only the activities up to waiting for product reception are considered, time saving is infinite; 
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 If the time waiting for the reception of the products is not considered, time savings are from over 


10 days to only 25 minutes, which represents a reduction of 99,5%. 


7 Conclusion 


This research showed that it is possible to apply the main concepts of lean management in more unstable 


healthcare processes, even though the level of uncertainty in the specific case study is higher than usual in 


lean processes. This way it is possible to affirmatively answer to RQ1. 


The present purchasing process of Hospital do Santo Espírito was mapped. Proposals show a probable 


reduction in terms of useful time of up to 99%. This way it is possible to affirmatively answer to RQ2. 


It was not possible to implement the proposals, but these were based on reasonable assumptions and 


simulated activity time. This way the purpose of this research is considered as fulfilled. 


As this research focuses a single case study findings cannot be generalised (Yin, 2003). Nonetheless, 


several Portuguese hospitals use similar purchasing processes that might be improved through 


benchmarking. This way, the development of an overall purchasing model that could be used as a basis 


for every hospital and then receive minor adjustments to be able to fulfil specific requirements is set here 


as a topic for further research. 
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Abstract 


In  2004,  the  author  created  Pictorial  Process  Analysis  (PPA)  as  a  tool  to  improve manufacturing  and  non‐manufacturing 
business processes.  PPA  is a unique methodology which offers Ten  layers of additional analysis to standard process mapping 
techniques.  The goal of PPA is to identify and quantify all forms of waste and inefficiencies in a manufacturing process, starting 
with the assessment of the process management, work environment, work habits, performance metrics and general employee 
attitudes  towards  the  process.  This  detailed  process  assessment  and  analysis  is  carried  out  during  process  improvement 
brainstorming  efforts  and  Kaizen  events  to  identify  and  improve  the  efficiency  of  a  targeted manufacturing  process.    PPA 
creates a detailed visual efficiency assessment for each process step of a manufacturing process.  A selection of 54 Inefficiency 
Icons  are  available  to pictorially highlight major  inefficiencies  that  are present  in  the manufacturing process under  review. 
These  inefficiency  icons  were  identified  based  on  over  25  years  of  the  author’s  experience  in  improving  manufacturing 
processes and by researching the causes for business, quality and manufacturing disasters that have been published over the 
past 100  years. This paper will highlight  the  steps  required  to  conduct Pictorial Process Analysis on a  select manufacturing 
process. The author has  successfully used PPA  to dramatically  improve manufacturing processes  in over 20  industries  since 
2004 but this technique has not been published until now in this paper. As with any continuous improvement tool, PPA requires 
training in order for it to be implemented correctly and effectively. 


Keywords: process mapping; bpm; business process management; flow charting; workflow, process management; 
process flow; risk management; business process reengineering. 


1 Introduction 


In 1910, Frederick Winslow Taylor published “The Principles of Scientific Management”, which described 
the need for management to develop and document the science and definition for each element of an 
employee’s work to replace the old “rule-of-thumb” way of working. He firmly believed that it was up to 
management to determine the best way to do efficient work with the use of “time and motion” and other 
process analysis techniques.  


PPA incorporates Taylor’s Principles through an expanded version of standard process mapping, while 
assuring management involvement. Using PPA during business process analysis and mapping events is an 
enlightening and often enjoyable experience for the participants because it allows all of the constraints of 
a manufacturing process and the surrounding enterprise to be openly discussed and assessed.  When 
facilitated properly, all inefficiencies and waste are identified using the additional 10 layers of analysis in a 
process mapping exercise, which are added to a detailed process map, one layer at a time. 


When clusters of 54 available Inefficiency Icons are assigned to one process step, this offers a visual signal 
that this particular process step is in need of major re-engineering. The highly visual efficiency assessment 
of processes using PPA with its 10 layers of analysis allows the process analysis group to focus in on areas 
of the process that are not working well and are in need of immediate improvements.  
The use of PPA will be demonstrated in this paper with the analysis of a simple generic manufacturing 
process shown in Figure 1. Each of the 10 layers of Pictorial Process Analysis will be added to assess this 
manufacturing process and bring it to life and determine its true efficiency levels, including all aspects of 
process management and process work habit assessments. 


The manufacturing process shown in Figure 1 is very general and generic process map, which does not 
help us to assess the processes opportunities for improvement. Ten layers of process analysis will be 
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added to this simple process map to identify its true efficiency levels, which is necessary to critique, 
analyze, then optimize this manufacturing process.  


 
Figure 1: The simple manufacturing process shown here will be the basis for demonstrating how to conduct Pictorial 
Process Analysis of a manufacturing process to identify its forms of waste and inefficiency that should to be 
addressed.  


2 The 10 Layers of Pictorial Process Analysis 
A PPA event is best conducted with the use of a core team of less than 10 people. When more people are 
required, only bring them in on a temporary basis and politely dismiss them after their inputs are 
received. It is important that the core team never gets larger than 10 people who should almost always be 
fully engaged during the process analysis event. This will help to ensure that the process analysis efforts 
stay on track and maintain their momentum. Trained and competent PPA facilitators can achieve this goal. 
 


The 10 layers of Analysis used during PPA are listed below with a short explanation for each layer of 
analysis.  


1. Identify and add specific “Swim Lanes” to the process map to show each functional area 
or department that interacts with the manufacturing process. 


2. Identify all correction, redo, rework and repair loops on the process map, even if they do 
not happen all the time. Show how many times these loops actually happen. 


3. Identify how long (Low to high range) each process step takes. If there are extended 
waiting times, elevate the “Wait” step to an official process step so it can be targeted for 
improvement. 


4. Identify and note what percent of VA (Value Added) activities are included in each 
process step. If the VA% is less than 50%, note it as red. If the VA% is greater than 50%, 
note it as green. Use innovation techniques to pursue 100% VA. Focus on possibilities and 
solutions, not excuses.  


5. Note the estimated FTY (First Time Yield) of the process step and decision. In other words, 
what is the percent of the time that this process step is done right the first time? 


6. Show Red dotted boxes to depict redo, fix, rework or repair loops in the process 
necessary to correct errors. Also note the number of times each redo loop happens. 


7. Note if data is being collected for each process step that can be used for process 
efficiency and performance analysis purposes. 


8. Show which of the 54 Inefficiency Icons apply to this process and place them next to the 
process steps when they are present. This will highlight areas that need to be improved. 


9. Add a Total Process Efficiency Scorecard noting the ranges in efficiency from low end to 
high end, for the following criteria:  


1. Total Process Lead Time (How long does the process take?) 
2. Adjusted VA Time for the process (The true value present in the process)  
3. Total % VA Time for the whole process (The true process value in %) 
4. RTY (Rolled Throughput Yield) for the whole process (The probability that 


a product will make it through the process without any issues) 
10. Add a concise executive summary of the process analysis findings that PPA identified.  
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2.1 Analysis Layer #1: Adding Swim Lanes to align tasks to Departments  
Identify and add specific “Swim Lanes”, shown in Figure 2, to each functional area or department that 
interacts with the manufacturing process depicted in Figure 1. This is important so that the amount of 
department hand-offs are fully understood and displayed.  It might be discovered that certain department 
hand-offs create more delays and errors. This will help to determine if one department is too overloaded 
with work and if too many tasks are being done in series and not in parallel, which could slow down the 
process. 7 to 21 swim lanes will usually be required to represent smaller manufacturing processes to 
capture all of the actual department activities and interactions.  
 


Joseph M. Juran was a strong proponent of cross-functional process excellence as defined in his "Juran 
Trilogy". Most processes cross different functional and department lines. Juran stressed the need for 
cross-functional excellence, which includes quality planning, quality control and quality improvement in 
manufacturing processes. Management should not just let processes randomly develop on their own but 
help to design and manage processes to ensure an efficient, productive and competitive outcome. 


 
Figure 2: All activities should be assigned to the appropriate departments responsible for those activities. 


2.2 Analysis Layer #2: Identify and add all Redo and Correction Loops 
Add a description of all correction, redo, rework and repair loops to the process map, even if they do not 
happen all the time. Show what percent of the time they actually happen. Do the same for any decision 
point (diamond symbol). This will help you to assess the impact of all process decisions. Figure 3 shows 
what the manufacturing process looks like after the swim lanes, decision points and redo loops have been 
added to the process map. Figure 3 shows a simplified version of PPA since a real PPA event can typically 
include documentation of 50-100 process steps. Whenever decision points are listed, note the percent of 
the time for each of the optional outcomes of the decision, as shown in Figure 3. 


 
Figure 3: All correction, redo, rework and repair loops are added to the manufacturing process. 
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2.3 Analysis Layer #3: Identify how long it takes for each Process Step 


Add a time note on the process map for the duration of each process step and decision point. If there is 
variation in the time estimates, note the range of those times on the process map, from the best time to 
the worst time. Figure 4 shows what the process map now looks like when the times are added to the 
process steps. Unacceptable waiting periods are often identified during this analysis. When excessive 
waiting periods are identified, add them as an official process step. Do not just add those waiting times to 
the process step before or after the waiting periods in an indiscriminate manner. 


Carrying out time studies for manufacturing processes is an important analysis step, which was identified 
as early as 1910 by Frederick Taylor and others. It is also an important aspect of Value Stream Mapping as 
originally defined by Shingeo Shingo from Toyota and in later books from James Womack and others. 


 
Figure 4: Seperate notes are added to show how long each step in the process takes to complete.   


2.4 Analysis Layer #4: Identify the Percent of Value added for each Process Step  
Adam Smith was a Scottish economist and moral philosopher. He published a book in 1776 titled “The 
Wealth of Nations”, which argued that “productive labor” adds to the wealth of an entire nation and its 
economy, while "unproductive labor" does not. That drove the birth of the concepts for VA and NVA. 


PPA will identify and note what percent of VA (Value Added) activities are included in each process step. If 
the VA% is less than 50%, note it as red. If the VA% is greater than 50%, note it as green. The team must 
ask themselves 2 questions:  


 Does this process or decision point add any true value to the final customer (%VA external)?  
 How efficient is each of the process steps (%VA internal)?  


Efficiency estimates for each process step will have to be made. An example estimate follows. 
 


 Example #1: A certain manufacturing process activity is only 50% internally efficient but it is 100% 
important to the customer. In that case, the %VA would be 0.5 x 1 = 50% VA. 


 Example #2: A certain manufacturing process activity is 95% internally efficient but it is totally 
unimportant (0%) to the customer. In that case, the %VA would be 0.95 x 0 = 0% VA.  


 


The percent of value that should be added for each process step will be calculated as follows: The true 
efficiency of the internal activities (% internal VA/100) multiplied by the perceived value of this process 
step in the eyes of the final customer (% external VA/100). The results can range from 0% to 100%. 
 


It could be argued that quality checks are VA. In PPA, we argue, as Shingeo Shingo and others did from 
Toyota, that quality should be built into the product and manufacturing process and not inspected into 
the product. If manufacturing processes were rigorously error-proofed (poke-yoke), they would not need 
to be quality tested. Shingeo Shingo implemented this concept at Toyota and made it part of the Toyota 
Production System. Highly efficient manufacturing processes prevent mistakes from happening and do 
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not rely on imperfect quality checks to sort out defective products. Figure 5 shows how %VA information 
can be added to a PPA process map.  


 
Figure 5: The percent VA for each process step is added to the process map.   


2.5 Analysis Layer #5: Identify the FTY for each Process Step 
The estimated FTY (First Time Yield) should now be added for each of the process steps and decisions. 
The team is now being asked here to estimate what is the percent of the time that this process step is 
done right the first time. If exact data is not available for this required performance metric, the team 
should make a good estimate, which the team can agree on. See Figure 6 for how this information is 
added to the PPA process map. 


 
Figure 6: A note is added to each process step and decision to designate the FTY % for each process and decision.   


2.6 Analysis Layer #6: Add Red Boxes around Redo Loops  
Show red dotted boxes to depict redo, fix, rework or repair loops in the process necessary to correct 
errors. Also note the average number of times that each redo loop happens. The intent here is to identify 
how often these redo loops happen so they can be minimized or eliminated in the new and improved 
process. Figure 7 shows what this process map looks like when redo loops are highlighted with the red 
boxes. 
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Figure 7: This shows what the process map looks like when 2 redo loops are highlighted.   


2.7 Analysis Layer #7: Identify where Data is being collected in the Process 
Note if data is being currently collected for any of the process steps that can be used for process 
efficiency and performance assessment purposes (See Figure 8). If process data is available, analyze it to 
learn more about the process efficiency and performance levels over time and use that data to calculate 
efficiency and performance levels for different customers and products. Check if the efficiency and 
performance levels vary for different shifts, days of the week, times of the day and for other analysis 
groupings. 


 
Figure 8: Data collection symbols are added to show if process data is being colected for the process steps.   


2.8 Analysis Layer #8: Adding Inefficiency Icons to represent the forms of Waste 
and Inefficiency present in the Manufacturing Process 
The following "seven wastes" were identified by Toyota's Chief Engineer, Taiichi Ohno and became part of 
the Toyota Production System.  These 7 forms of waste are activities in manufacturing processes that do 
not add value to the customer. An easy way to remember the 7 forms of wastes is to remember the term 
TIMWOOD. 
 


T: Transportation, I: Inventory, M: Motion, W: Wait, O: Over-processing, O: Over-production, D: Defect 
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The under-utilization of the human mind is often added to this list of 7 in recent years as another 
recognized form of waste. Lean manufacturing has helped very many companies reduce inefficiencies and 
waste in their processes but many companies still struggle with implementing lean because identifying 
waste in a manufacturing process is easier than driving the cultural change to eliminate the waste.  


The reason why Lean has not made more breakthroughs into more companies and industries is not 
because organizations cannot comprehend a list of 7 or 8 forms of waste; it is because management in 
many organizations exhibits certain behaviors and attitudes that allow them to reject the logic and 
adoption of Lean Manufacturing concepts. The list of 7 or 8 forms of waste has accidentally created a 
huge and unrealistic perception that if this list is addressed, all manufacturing problems will go away and 
the company will be Lean. The list of 7 or 8 wastes are just the symptoms of an inefficient organization, 
not the root causes. In reality, the root causes of the Lean forms of waste lie in the management of the 
process and the work culture surrounding the process, not in the execution of the process.  


There are actually 54 forms of waste and inefficiency that can influence a manufacturing porcess, not 7 or 
8. The Inefficiency Icons used in PPA are shown in Figure 9 are ranked using playing card logic as to their 
negative impact on any organization. The top ranked cards (Aces) are management controlled Behaviors 
and Attitudes (MBAs). The lower ranked Inefficiency Icons (Kings, Queens, Jacks and Jokers) are the results 
of inefficient management decisions and an ineffective work environment, all of which is in the hands of 
management to ignore or address. 


The 54 Inefficiency Icons are aligned to 5 groups of waste and inefficiency. These groups are listed below 
in rank order of their impact on an organization, from high impact to low impact. They are also pictorially 
shown in Figure 9.  


 13 reckless MBAs (Management Behaviors and Attitudes), which can hold any organization back 
from greatness (The 13 Aces in the card deck of Inefficiency Icons). 


 11 inefficient aspects of the work environment (The 11 Kings in the card deck of Inefficiency 
Icons). 


 21 inefficient work habits (The 21 Queens in the card deck of Inefficiency Icons). 
 7 key efficiency metrics (The 7 Jacks in the card deck of Inefficiency Icons).  
 2 resulting bad practices of not being able to prioritize work correctly and ineffective fire-fighting, 


which attempts to address the symptoms of a problem and not the true root causes of a problem 
(The 2 Jokers in the card deck of Inefficiency Icons). 


Some of the best hands-on and iconic CEOs in the USA, like Jack Welch (GE) and Larry Bossidy (Allied 
Signal/ Honeywell) have written about their management philosophies and paths they followed that 
enabled their successes in business leadership. Jack Welch, at the end of his career, reflects in his book 
“Jack - Straight from the Gut” on what made GE a great company. He does not boast much about the 
great products they made but rather he states: “in the end, I believe we created the greatest people 
factory in the world, a learning enterprise, with a boundaryless culture”. Jack Welch knows that if you 
create great people, great products will follow, so he and GE addressed the root cause (people 
development), which in turn will drive the creation of great products. Any effective process analysis 
technique must be able to assess such cultural issues; PPA does. Jack Welch also states: “I stuck to some 
pretty basic ideas that worked for me, integrity being the biggest one”. PPA also has an inefficiency icon 
that helps identify any integrity issues that can have a negative effect on a manufacturing process. 


Larry Bossidy’s book “Execution – the discipline of getting things done” talks a lot about the right and 
wrong management behaviors and attitudes he observed later in his career. He saw manufacturing 
facilities where “plants were run by accountants instead of production people”. He also notes that “many 
people regard execution as detail work that’s beneath the dignity of a business leader. That’s wrong. To 
the contrary, it’s a leader’s most important job”. 13 of the 54 inefficiency icons in PPA focus on reckless 
MBAs (Management Behaviors and Attitudes) to avoid or correct. Leadership aspects of an organization 
have a paramount impact on the efficiency of their manufacturing processes. Other process assessment 
techniques avoid this sensitive issue of Operations Management assessment; PPA does not. 
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Figure 9: The 54 forms of waste and inefficiency that could be present in any organization.  


The previously listed 54 forms of waste and inefficiency are fully capable of holding organizations back 
from attaining high levels of Lean Manufacturing and process efficiency. Figure 9 shows the inefficiency 
icons available for use in PPA. For organizations with mature business process management techniques in 
place, the Ace and King Inefficiency Icons might not be required for the assessment of their organizations. 
These 54 forms of waste also incorporate the philosophy of Deming’s 14 Key Principles published in his 
book “Out of the Crisis”, which are actions required by management first to signal that they are capable 
and seriously engaged in the right activities to drive efficiency, stay in business and protect investor 
interests and employee jobs. These culture-shift activities must be driven by top management. 


Frederick Winslow Taylor also noted many strong opinions in his book “The Principles of Scientific 
Management” where he notes that management should take over all work for which they are better 
suited for than the workers, stating that in the past almost all of the work and responsibility was thrown 
upon the workers to struggle with. They usually did not have the proper level of expertise or management 
authority and support to deal with the challenges they were given.  


Figure 10 shows what the next level of a PPA process map could look like if all top to bottom aspects of 
the enterprise were assessed and not only the direct activities in which the production workers are active. 
The top row of Inefficiency Icons above the process map shows inefficiencies in the operations 
management. The second row of Ineficiency Icons assesses the weaknesses in the work culture and the 
resulting organization’s overall mode of operation. 
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Figure 10: The PPA team now assigns the Inefficiency Icons that relate to this manufacturing process.   


The Inefficiency Icons shown inside the process map identify the forms of waste and inefficiency inside 
this process. The icons above the process map highlight management and cultural issues to address. 


2.9 Analysis Layer #9: The Total Process Efficiency Scorecard 
A Total Process Efficiency Scorecard (Figure 11) should be added to the process mapping analysis, which 
includes key calculated efficiency performance metrics for the manufacturing process. This particular PPA 
assessment was supplemented with 3 Inefficiency Icons, which best described the manufacturing process 
under review. The RTY range shown here of 16 – 31% on the scorecard in Figure 11 is the Rolled 
Throughput Yield, which is the result of multiplying all FTY values against each other. RTY is best 
described as the probability that a product will make it through this manufacturing process without being 
scrapped, reworked or being defective in some way.  


This process scorecard is somewhat similar in nature with the Balanced Scorecard (BSC), which was 
popularized in the 1990s by Bob Kaplan and others. The PPA process efficiency scorecard, as with the BSC, 
is not meant to be a replacement for traditional financial or operational reports but is intended as a 
summary of the process metrics most relevant to efficiency and value-added aspects of a process. 


 
Figure 11: The Process Efficiency Scorecard and Inefficiency Icons that best describe the whole process. 
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2.10 Analysis Layer #10: An Executive Summary of the process analysis findings  
What follows is an example of an executive summary typically used to wrap up the PPA work.  


 


There are various management and work environment inefficiencies that handicap this process 
and hold it back from greatness.  Actual process activity inefficiencies include unsynchronized 
cycle times, low VA percentage process steps, low First Time Yield (FTY) activities and low quality 
levels, which result in low internal and external customer satisfaction levels. The organizational 
fire-fighting efforts are ineffective and only address the symptoms and not the true root causes. 
This leads to elevated employee stress levels, frustration and high employee turnover. 
 


Inefficient Operations Management is to blame here for the lack of performance stated above. It is not the 
fault of the employees who work in an ineffectively managed process. Jim Collin’s book “Good to Great” 
also describes beneficial and reckless management styles that can greatly influence the success or failure 
of entire companies. The next step for the PPA team would be to create a new and improved process, 
which is not shown in this paper. That new process map, supplemented with a detailed action plan list, will 
have to demonstrate how the PPA team will eliminate the waste and efficiencies in the current process. 


3 Conclusion 
Figure 12 shows how PPA surpasses the performance of 7 other process analysis techniques. PPA uses all-
encompassing and enterprise-wide assessment criteria. Each column in the matrix uses a 1-5 rating scale. 
The far right column shows the assessment scores for each of the mentioned techniques. PPA puts a 
strong spotlight on the health of the entire enterprise required for manufacturing process excellence. It is 
the only detailed process analysis technique that incorporates the 14 Deming Key Management Principles 
for business transformation. Deming wrote that most causes of low quality and low productivity belong to 
the system and thus lies beyond the power of the work force. PPA supports that philosophy by identifying 
the weaknesses in the whole “system” that hinders progress towards manufacturing excellence. 


Process Assessment Techniques


Top to bottom 


enterprise‐wide 


efficiency 


assessments


Integrated root 


cause analysis 


of low efficiency 


activities


Efficiency 


scoring of the 


whole process


Assessment of 


the 13  


management 


inefficiencies


Assessment of 


the 11 work 


environment 


inefficiencies


Assessment of 


the 21 work 


habit 


inefficiencies


Assessment of 


the 7 process 


efficiency 


metrics 


Assessment of 


the 2 efficient 


attitudes and 


organization 


priorities


Total score of 


Process 


Assessment 


Technique


Pictorial Process Analysis (PPA) 5 5 5 5 5 5 5 5 40


Value Stream Mapping (VSM) 3 2 4 1 1 2 3 0 16


Time and motion studies 0 2 3 0 0 2 3 0 10


Strengths, Weaknesses, 


Opportunities & Threats (SWOT) 


Analysis 1 1 1 1 1 1 1 1 8


Balance Scorecard 1 0 2 0 0 1 3 0 7


Spaghetti Charting 1 1 1 0 1 1 1 0 6


7 forms of Lean waste assessment 0 1 1 0 0 2 2 0 6


Basic Process Mapping 1 1 1 0 0 1 1 0 5  
Figure 12: PPA scores 40 points compared with a score of 5-16 points for seven other process analysis techniques. 
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Abstract 


The intensification of competition, globalisation and partnerships development led organisations to see their 
relationships from the viewpoint of enterprise networks. These networks, also known as supply chains, delivery chains 
or, more recently, supply networks, connect organisations from raw materials to delivery of final products to the 
customers. So, the client, when buying a product, supports these networks, whose object is the profit of all the 
partners through the satisfaction of buyers with their products and services. However, the large variety of products at 
current time is the biggest challenge to the management of enterprise networks and made the companies inquire if 
management strategies applied to these networks would have only a single characteristic, as, for instance, if 
management applied to the textile network may be the same as applied to the food industry network. In this context, 
this paper studies four well defined strategies of supply network management from the viewpoint of efficiency, 
flexibility, responsiveness and agility. These network management strategies take into account the type of product 
sold and the marketplace in which the companies operate. Furthermore, this paper describes a methodology to 
identify the correct supply chain strategy in relation to demand uncertainty and supply uncertainty. Finally, this paper 
propose a case study to apply the methodology. 


Keywords: Supply Chain, Lean Supply Chains, Flexible Supply Chains, Responsive Supply Chains, Agile Supply Chains. 


1 Introduction 
Relationships between companies have become consolidated as these start to understand the need to 
operate in networks to be able to compete on current markets. For an organisation, it does not suffice just 
to develop products and services: it is necessary to meet the requirements and also the desires of clients 
in relation to these requirements. 


For this purpose, and seeking competitivity in their markets, the companies have had to make an 
appraisal and also establish a position within their supply chains, including the flow of their products and 
services within these chains, with the aim of meeting all the requirements of their clients. 


Companies start to get to know their players on the network and systematically enhance their processes. 
They start to understand the real needs of the markets, so they can launch and produce products and 
services desired by the consumers, even if sometimes they do not even imagine such possibilities, as is 
the case with high technology products. In addition, they have started to understand that each consumer 
is different, as are the needs of each segment.  


If the consumers and the markets are different, how can there be only one strategy for supply chains? 


Thus, we can say that these strategies of the supply chain can be different according to the approach 
taken up by this network, which means the search for the elimination of waste, the ability to make the 
processes more flexible, and the capacity to respond to markets, not to mention agility in serving volatile 
markets. Effectively, these strategies relate to the characteristics of the products made by the network that 
could be of an innovative or functional character.  
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This way, the main purpose of this work is to present the different supply chain strategies that exist at 
present and show how to identify the network strategy which is most appropriate for the type of product 
made by the organisation. 


2 Supply Networks (Supply Chains) 
The study of supply networks has become an emerging topic within the universe of operations in which 
the relations between the companies and their clients have started to be monitored and appraised, to say 
how they could contribute to greater competitivity of the organisations. 


According to Slack, Chambers & Johnston (2009), no network exists independently, all operations being a 
part of a larger network, interconnected with other operations. A network consists of a set of relationships 
between clients and suppliers, responsible for the flow of goods, from the source of the raw materials 
through to the end user. Figure 1 shows a simple network with its flows. 


 


Figure 1: Supply Network.  Source: Adapted from Corrêa 2010. 


Corrêa (2010) points out that the management of supply chains involves a lot more than just cost 
management, as this affects other aspects, including performance, speed and reliability of deliveries, the 
quality of the products, and, finally, the flexibility with which the network can adapt. 


2.1 Supply Chain Strategies 
Along the 20th Century, the companies have implemented different strategies for production, such as 
agile, responsive, flexible and lean manufacture (Godinho Filho, 2004). 


These strategies have been implemented in order to reach the performance targets for production. These 
performance targets as presented by Slack et al. (2009) and Hill (1993) involve cost, flexibility, speed, 
quality and reliability, and are responsible for the competitivity of companies. 


However, the increase in competition led the organisations to surpass their borders, operating in supply 
chains and thus reaching out to suppliers and clients with the aim of continuing to reach their targets and 
remaining competitive. 
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This has meant that, over the last few years, many authors including Christopher (2000; 2007), Chase, 
Jacobs & Aquilano. (2006), Pires (2009), Corrêa (2010) have studied different types of management 
strategies for these networks, proposing that they are directly related to manufacture paradigms. 


Therefore, it is possible to say that these paradigms started to be part of the strategies to be adopted by 
the different supply chains. Thus, what is known as agile manufacture can be known as a supply chain 
which is agile when dealing with the companies present in the network as a whole.   


2.2 Lean Supply Chain (LSC) 
Lean thought was responsible for the major change of production paradigm in the 20th Century. Naylor, 
Mohamed & Berry (1999) said that this concept consists of development of a continuous flow of value to 
eliminate all the waste, including that of time. This thought can be translated in the Toyota Production 
Systems (TPS), whose focus, according to Agarwal, Shankar & Tiwari (2006), lies in the reduction and 
elimination of waste. 


Womack & Jones (2004) say that new ideas emerge from the set of conditions under which the old ideas 
seem to no longer work, which explains the fact that the Japanese car industry has made so many 
contributions to production. 


The TPS was presented to several Japanese companies and then, in the 1980s, it entered the West where it 
became known as Just in Time (JIT). However, it was the study of Womack & Jones (2004) which made the 
JIT popular in the West, where it became known as Lean Manufacturing (LM). 


According to Christopher (2007), one of the key characteristics of the business environment is that 
competition takes place between supply chains and not just between organisations. Similarly, the 
elimination of waste, as also the effects of LM, does not occur only in one company, but rather in the 
whole network of companies. 


Thus, this advancement of lean techniques for the whole network has become known as Lean Supply 
Chains – LSC. 


Fisher (1997) says that, in a study of the American food industry, it is estimated that the poor co-
ordination of the supply chain partners has led to losses of some 30 billion dollars per year. In many other 
industrial segments, the supply chain suffers from the excess of some products and the lack of others, due 
to the inability of forecasting demand. It is these losses that have led the organisations to pay attention to 
the implementation of lean network strategies. 


2.3 Flexible Supply Chains (FSC) 
The last few decades have been marked by an impressive rate of development of the markets. The 
appearance of new technologies and materials, as also the increase in income and in world demand, have 
generated an explosion of products and services, causing an enormous impact on the transformation 
industry.  


Gong (2008) says that the manufacture companies, faced with keen competition, have developed a skill of 
dealing with internal and external doubts making use of flexibility. This is a target to be sought within the 
organisations. 


The concept of flexibility, just like that of lean production, had the main publicity of its ideas in the Toyota 
Production System, as flexibility is an essential component of Just In Time. This came from the fact that 
the Japanese suffered from a scarcity of funds to produce, in the period after the Second World War. 
According to Costa Neto, Fusco & Reis (2009), the companies did not have enough capital to have the 
same quantities of machines and equipment as present in the mass production industrial firms in the 
West, meaning a need to introduce flexibility of productive activities. 


According to Upton (1994), flexibility can be defined as the skill of introducing change or otherwise 
reacting with little loss of time. Fusco (2004) says that flexibility corresponds to “the state” of a company, a 
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set of capacities that are intrinsic to the company, to the results or the final potential of facing changes 
(whether planned or not) within a wide scope of meaning. 


When we are talking about a network of companies, flexibility in operations is essential for the company 
to survive on the market. A supply chain must not be something unchangeable, and it is necessary that 
the company manages to introduce swift flexibilisation of operations, whether of production, logistics, 
marketing or supplies, which is made possible through the circulation of information at the different links 
of the chain. According to Vickery, Calantone & Droge (1999), the flexibility of supply chains can easily 
represent a potential source to improve the efficiency of the company, and is also a significant 
measurement of performance of the supply chain. 


According to Vickery et al. (1999), Supply Chain Flexibility (SCF) can be defined as different types of 
flexibility which have a direct impact on companies and clients (flexibilities which add value, as regarded 
by the clients) and involve the sharing of responsibility of two or more functions along the Supply Chain, 
whether in internal functions (marketing, manufacturing) or external functions (suppliers, members of the 
distribution channel) of organisations. 


Vickery et al. (1999) also analysed the dimensions of the SCF and their relationship within the environment 
of uncertainty, of performance in the business segment. The authors have defined five flexibilities for 
these networks: product, volume, introduction of new products, distribution and market responsivity. 


2.4 Responsive Supply Chains (RSC) 
According to Holweg (2005), “responsivity” is the ability to respond intentionally, and using an 
appropriate scale of time, to market demands and changes, thereby maintaining a competitive edge. 
Responsivity is a strategy that consists of their response time, which means that the shorter the response 
time of the network in catering to clients’ needs, the more responsive the network shall be. 


In this way, those organisations which compete in volatile markets and/or where the client is not willing to 
wait may obtain a sustainable competitive advantage through the reduction in the duration of their 
processes, be they productive, logistic, or for obtaining raw materials. 


Thus, to establish a responsive strategy it is necessary to direct the company to the clients that are most 
attractive and most time-sensitive (Stalk & Hout, 1990). In this context, time-sensitivity is taken as 
referring to those markets where the clients are willing to pay a bit more to get their products in less time, 
or where the delay in making the items available leads to a loss of sales. 


According to Christopher (2007), what allows a network to be more responsive is the use of the 
advantages of competition based on time, through the use of systems that are both responsive and fast. 


Indeed, among all the paradigms of manufacture, we can infer that responsivity was the strategy which 
most rapidly evolved, in the case of the supply chain network, as a response based on time can only be 
obtained if the whole network is able to reduce its service times and the cost of the processes, in order to 
remain competitive in this segment. 


Responsive networks combine the characteristics of flexibility to the conditions for response to the 
essential desires of the clients. Chase et al. (2006) established that responsive supply chains are chains 
that use strategies in order to be sensitive and flexible, in the light of the varied and dynamic needs of the 
clients. 


Thus, if the supply chain complies with these two aspects while also responding to external directors, 
which means responding to the uncertainties of demand and the variability of products, reducing the 
processing time, it can be considered as a responsive supply chain, provided it controls the quality of the 
products and services that get to the consumer market. 


2.5 Agile Supply Chains (ASC) 
Agility is born in the manufacturing process, where it becomes responsible for agile manufacture (AM). 
Kidd (1994) says that agile manufacture can be considered a structure within which each company can 
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develop its own strategies for business and also for products, being supported by three core pillars: 
organisation, people and technology. 


Agile manufacturing occurs when the company has the capacity of rapidly responding to the needs of the 
market (Ramesh & Devadasan, 2007). In markets where there is a continuous need for new products to 
meet the requirements of the clients, especially those in high-technology segments, AM comes about as 
an essential factor for the competitivity of organisations. 


Power et al. (2001) say that the requirements so that the organisations may be more responsive to the 
needs of the clients, to changes in competition and to increases in the levels of turbulence within the 
business environment are the main guiding factors that have led these companies to adopt the concepts 
of agility in their business operations. 


Martin Christopher, a British professor at the Cranfield School of Management, was one of the first people 
to introduce the concept of agility in the supply chain, in an article he wrote in the year 2000, “The agile 
supply chain” (Christopher, 2000), and also in his book “Logistics and Supply Chain Management” 
launched at the end of the 1990s (Christopher, 2007). These works were followed by a series of research 
studies which were published in several periodicals considered as of basic importance for the concept of 
the agile supply chain. These works are mentioned and also used by several researchers in a variety of 
periodicals, including, among others, the research studies conducted by Power et al. (2001), Ismail and 
Sharifi (2006), Ramesh & Devadasan (2007), Luo, Wu, Rosenberg and Barnes (2009), Wu and Barnes 
(2010). 


According to Christopher (2000), agility is the skill of companies, which involves organisational structure, 
information systems, logistic processes and particularly knowledge management. 


The idea of agility within the context of supply chain management focuses on the context of response to 
the market, being guided by demand, having the characteristic of a shorter lead time, based on 
information (Christopher, Lowson & Peck, 2004). 


Ismail & Sharifi (2006) define an Agile Supply Chain (ASC) as a network with the capacity of all its 
members to quickly come into alignment, to respond to the dynamic and turbulent requirements of the 
network demand. Its main focus is on the structure of the business environment, which should have an 
appropriate level of agility to be able to respond to change, as also to proactively anticipate these 
changes and find new emerging opportunities. 


Luo et al. (2009) and also Wu and Barnes (2010) both say that the ASC shall be highly flexible and skilful in 
quick reconfiguration, so as to respond to changes in the business environment.  


2.6 Functional and Innovative Products 
The strategies of the supply chains depend on the types of products and services that are commercialised, 
and also on the conditions of supply and demand. 


Fisher (1997), the creator of the concept of functional and innovative products, says that the supply chains 
suffer with the excess of some products and the lack of others, through the inability of forecasting 
demand, and that an effective supply chain strategy is more than just considering the nature of demand 
for the company products, needing to consider many more aspects, such as: life cycle of the product; 
predictability of demand. Variety of products; standardization of the market in relation to service time 
(percentage of demand served with the products in stock). 


Thus Fisher (1997) classifies the products, based on standards of demand, in two categories: 


 Functional products: these are the products which satisfy basic needs of the consumer and 
which do not change much over time, having stable and predictable levels of demand and long 
life cycles. This stability generates competition, which in turn leads to low profit margins. 


 Innovative  products: these are the products which, through innovation and technology, become 
popular at certain times and generate, for the consumer, an additional attraction to buy these 
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products. This leads to an increase in profit margins. However, the demand for these products is 
unpredictable, the life cycle is short (only a few months) and they suffer from imitations of other 
companies, which reduce or even eliminate the original competitive edge, making the company  
live in cycles of innovations. 


Fisher (1997) says that innovative products, due to their characteristics, require supply chain strategies 
that are different from those of products considered functional. Thus, this author explains that, to 
understand the performance differences between these networks, they shall be analysed based on 
physical functions and also on marketing. 


The physical function includes the conversion of raw materials into spare parts, components and finished 
products, as also the transport of all this to a point in the network. Less visible, the marketing function has 
the main purpose of making sure that the variety of products reaches the consumer market. Both these 
involve costs, one in costs for production, transport and storage, and the other inn costs for excess 
products or costs of loss of sales through lack of stock. 


Also according to Fisher (1997), for a company to create an ideal supply chain strategy it should: 


1. Establish if their products are functional or innovative: even though this could be done by the 
managers based on the products with unstable and stable demand (Table 1); 


2. Establish if the network is efficient or responsive to the market; 


3. Prepare the ideal strategy for the supply chain. 


Table 1: Functional versus Innovative Products. 


Features Functional Innovative 


Aspects of demand Predictable Unpredictable 


Product life cycle More than 2 years 3 months to 1 year  


Contribution margin 5% a 20% 20% a 60% 


Product variety 
Low (10 to 20 variants per 
category) 


High (often millions of 
variants per category) 


Average margin of error in the forecast at 
the time production is committed 


10% 40% to 100% 


Average stockout rate 1% to 2% 10% to 40% 


Average forced end-of-season markdown 
as percentage of full price 


0% 10% to 25% 


Lead time required for made-to-order 
products 


6 months to 1 year 1 day to 2 weeks 


Source: Adapted from Fisher 1997  


The functional products have predictable demand, generate a larger life cycle, with low variety which 
makes the productive process easier, as well as managing to eliminate the reductions in prices at the end 
of the season, all the more because the products are generally not quite so seasonal. However, their 
margin of contribution is small. 
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Innovative products, even though their demand is volatile and highly variable, have a greater contribution 
that would justify these losses. These products have a high risk of being lost through obsolescence due to 
the lack of demand, as well as having a high rate related to lack of stock. 


After the work of Fisher (1997), Lee (2000) presents a study on the uncertainties of demand and supply 
related to the supply chain strategies and also the types of products (Figure 2). Later on, authors such as 
Chase et al. (2006) and Corrêa (2010) gave great prominence to this contribution. 


  Demand Uncertainty 


  Low (Functional Products) High (Innovative Products) 
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Low (Stable Process) 


Grocery, basic apparel, food, oil 
and gas 


Efficient or Lean Supply Chains 


Fashion apparel, computers, pop 
music 


Responsive Supply Chains 


High (Evolving Process) 


Hydro-electric power, some food 
produce 


Risk-Hedging or Flexible 
Supply Chains 


Telecom, high-end computers, 
semiconductors 


Agile Supply Chains 


Figure 2: Uncertainties and Supply Chains Strategies. Source: Adapted from Lee (2002) and Chase et al. (2006). 


According to the model as proposed by Lee (2002), the supply chains are divided into four types: lean or 
efficient supply chains, here in this work called lean supply chains; responsive supply chains, here known 
as responsive supply chains; supply chains with minimum or flexible risk, treated as flexible supply chains; 
and agile supply chains, for which the denomination of agile supply chains shall be used. 


The matrix shows some products classified based on the type of supply chain strategy to be used and also 
the uncertainties of supply and demand. Thus, if the uncertainty of supply is high and the uncertainty of 
demand is also high, then there is a need for greater agility in the process and also the recommendation 
is for the use of an agile supply chain. This same line of reasoning is used for the other combinations. 


3 Methodology 
The methodology of this work has sought to describe a way of identifying the correct supply chain 
strategy to be applied to organisations. Thus, by using some simple steps it is possible to identify the 
correct strategy in a company which is to be analysed. 


1. The first step is an analysis of the organisation, collecting data about the processes. This survey is 
conducted in three different ways: interviews with managers, on-site visits for the analysis of 
operations, and also the survey of accounting and administrative documents. The important 
thing here is that the data collected allow the identification of the necessary information for the 
classification of the company and also the definition of strategies to be adopted. 


2. In possession of the data as collected, the next step is that of seeing if the products of the 
organisation are innovative or functional. It is important to stress that a company with innovative 
and functional products in its product portfolio shall need to use different strategies for these 
types of products, to maximise gain. However, there is nothing to prevent a company from using 
an appropriate strategy in the products that bring greatest gain, be they functional or innovative, 
with the organisation being responsible for the definition thereof. 


3.  Once it has been identified whether the products are functional or innovative, and also analysing 
the data obtained, it is then possible to identify, within a matrix, the most appropriate supply 
chain strategy for the operations of the organisation as here considered. 
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4. Once this stage has been finalized, the company already identifies what supply chain strategy can 
be applied to the network, but on the other hand to define to what extent the current chain is 
flexible, lean, agile or responsive it is necessary to carry out additional studies like that proposed 
by Reis and Costa Neto (2011). 


4 Discussion and Results 
To demonstrate the application of the methodology, among all studies carried out, the choice made was 
that of a demonstration in a steel-producing industrial unit belonging to a business conglomerate which 
is active in four different segments: mining, steel, steel transformation and capital goods. 


This steel-producing unit has two industrial plants in the Southeast of the country. The study was based in 
one of these units, where a total of 5,100 collaborators work, with an installed capacity of approximately 
9.5 million tonnes per year. 


The unit studied produces thick steel sheet and coils (both heat-laminated and cold laminated). The data 
was collected in the second half of 2011, in three different ways: interviews with managers, on-site visits to 
the premises to see how the operation is carried out, and also an analysis of the last management report. 
Table 2 identifies the type of product of the company based on the data obtained. For this purpose, an 
adaptation was made of the work of Fisher (1997), so as to allow each characteristic as researched to be 
classified in one of the two columns of Table 2. 


Table 2: Establishment of Type of Product at a Steel Production Unit.  


Item Features Functional Products Innovative Products 


1 Aspects of demand Predictable X Unpredictable   


2 Product life cycle More than 2 years X Up to 2 yeas   


3 Contribution margin Up to 20%   More than 20% X 


4 Product variety 
Low (10 to 20 variants 
per category) 


 
High (often millions of 
variants per category) 


X 


5 
Average margin of error in 
the forecast at the time 
production is committed 


Up to 10% X More than 10%   


6 Average stockout rate Up to 2% X More than 2%   


7 
Average forced end-of-
season markdown as 
percentage of full price 


Up to 10% - More Than 10% - 


8 
Lead time required for 
made-to-order products 


3 weeks or more X Up to 2 weeks   


Source: Author. 


The demand of the products is predictable over time, which can be confirmed by looking at the variation 
in consumption of these materials over the last few years. The product life cycle can vary, but there are 
some kinds of steel that are more than 100 years old. 


The margin of contribution, which is the sale value less variable costs and overheads, divided by total 
sales, has not been directly identified. Thus, we made an estimate based on the cost of the products sold 
and also the overheads in steel production in general. For this, we based ourselves on the annual report of 
2010 and also the establishment of variable costs estimated by the company at between 80 and 85% of 
total costs. 
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Thus, the margin of contribution came to about 24% with a tendency to be a characteristic of an 
innovative product. The variety of steels that have an influence on the product comes to about 180 
different types. The products may also have different technical characteristics, such as roughness, 
thickness and length, which increase this degree of variability even further. Thus, this item also has the 
characteristics of an innovative product.  


The average number of prediction errors came to 200 parts per million, which corresponds to 0.2$ 
between the demand and the volume produced. The rate of lack of stock was considered to be 0% by the 
company. This can be explained by the fact that raw materials go directly to the plant by rail and also by 
ships that dock directly at the unit. In addition, raw materials come in every day, and the manufactured 
products follow the clients’ specifications, which means that the products that are being laminated, for 
example, are produced according to the client’s order and specifications. 


It also needs to be considered that the use of a continuous and computerised form of production 
planning and control reduces the risk of lack or excess of materials in stock. Also in relation to this issue, 
one must stress that the continuous production of the furnaces brings a requirement that there be no lack 
of raw materials for production, lest there be an increase in costs. 


The reduction in price at the end of the period has not been identified, as currently it depends on the 
competition within this segment over the period. As the segment is highly fragmented, competition 
establishes the end price to the clients. 


Regarding the processing of a product to order, from the start of the process at the steel smelting unit 
through to delivery, this takes an average of 45 days for cold coils, which is considered by the company to 
be an excellent time frame. 


We therefore conclude that the product of the company is functional and not innovative, based on criteria 
as previously established that determine the type of product, when one column or another of Table 2 
contains more than five affirmative answers. 


Later, to establish what kind of strategy concerning supply chains is best suited to the type of product of 
the company, the data is shown in the matrix of Figure 3. 


  Demand Uncertainty 


  Low (Functional Products) High (Innovative Products) 
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Low (Stable Process) 
Lean Supply Chain Responsive Supply Chain 


X  


High (Evolving Process) 
Flexible Supply Chain Agile Supply Chain 


  


Figure 3: Supply chain strategy. Source: Author. 


The products considered functional and with low uncertainty of demand and similarly low uncertainty of 
supply may be included in the group of commodities.  


Also along this line, Christopher (2007) says that commodities are products that are the same from the 
consumer’s standpoint. Thus, a consumer who purchases DVD recording equipment and cannot 
distinguish it from other similar equipment, considering only the cost of the product and probably the 
quality, is facing a product that can be considered a commodity. 


Through the observations as here made, where the uncertainty of supply is low and the uncertainty of 
demand is also low (functional products), we understand that the best strategy is that of a lean supply 
chain, as quality is an important factor for the company and the product competes based on cost. Thus, 
any waste within the chain may lead to a loss of competitivity of the company and even the company’s 
demise. 
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5 Conclusion 
This work has presented different types of supply chain strategies and also a methodology so that 
organisations can identify the strategy which is most appropriate for the kind of product. To demonstrate 
this methodology, a study of a steel-producing company is here presented. The results have shown that 
the products were functional and therefore the most appropriate strategy for this business segment 
would be that of a lean supply chain. 
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Abstract 


Home Health Care (HHC) services are a growing sector in the medical service business. These services are based on a 


delivery network in which patients are hospitalized at their homes and health care providers must deliver coordinated 


medical care to patients. The fact that patients and medical staff's homes are considered as a component of the 


delivery network creates a difference from typical health care organizations and generates a greater complexity on 


logistics decisions. In this paper we provide a reference framework for HHC logistics management in order to identify 


research perspectives in the field. With this framework we present a brief review of the current literature in models 


and methodologies used to support logistics decisions and identify research gaps. In particular, we emphasize the 


need to develop and implement more integrated methodologies to support decisions at tactical and strategic 


planning levels and to consider key features from real systems. 


Keywords: health care; home health care; logistics management. 


1 Introduction 


Home Health Care (HHC) services are a growing sector in the medical service business. Social and 


economic factors have accelerated the expansion of these services. On one hand the increase on life 


expectancy and the ageing of the population have influenced on the demand for health care (World Bank, 


2011). This demand has increased not only in quantity but also in the diversification of pathologies and 


required medical treatments. On the other hand, resources for health care are limited and health care 


providers face the challenge to design and operate more efficient health care delivery systems (Brandeau, 


et al., 2005). In this context, HHC has appeared as an alternative to improve the performance of health 


care providers and the utilization of scarce resources. Having a patient receiving medical care at home 


instead of a hospital, results in a lower general cost for the health system (Borsani et al., 2006; WHO, 2000) 


and these services allow to improve life quality of patients and to reduce recovery periods (Ahlner-


Elmqvist et al., 2008). 


According to the U.S. Home Health Services Industry (Barnes Reports, 2011), the industry of HHC services 


comprises establishments primarily engaged in providing skilled nursing or medical care at home, under 


supervision of a physician. A HHC system can be viewed as a health services network that includes the 


patient; the person who asks for the home care (the patient, his family, the hospital or the physician); the 


people involved in the logistics implementation (coordinator in charge of the evaluation of material and 


human needs, pharmacy) or in the financial aspect of home care (health insurance); and the home care 


team (nurses, physicians, therapists, among others) (Bricon-Souf et al., 2005). The integration and 


coordination of this health service delivery network is a complex task and managers have to face many 


logistics decisions when designing, planning, and operating the system. HHC logistics management 


involves decision-making problems such as network design, transportation, inventory and staff 


management at the strategic, tactical, operational and real-time levels. Although these problems have 


been studied in the literature in different industrial contexts, few works report the use of models and 


methods to support logistics decisions in HHC services. 
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Most research found in the literature dedicated to HHC services refers to studies based on developed 


countries for operational decisions. Specifically studies have been conducted in Austria, Canada, Germany, 


Italy, Norway, Sweden, the Netherlands, the United Kingdom, and the United States. Brailsford and Vissers 


(2011) show the increase on the development of Operations Research techniques in health care in Europe, 


where HHC services have become a central element in the health policies. Despite these achievements, no 


scientific study focused on the design, planning, or operation of HHC has been carried out in developing 


countries. As stated by Doerner et al. (2007) and Flessa (2000), the majority of developing countries face 


severe health care crisis and the dilemma of very restrictive budget limitations for health care 


expenditures with a growing population. Health care systems vary among countries and the current state 


of the art on HHC cannot be generalized due to differences on health policies and funding structures. This 


suggests that models and methods for logistics management need to be studied and developed in order 


to reach more efficient HHC delivery networks. 


In this paper we provide a reference framework for HHC management, focusing on logistics decisions. 


Based on this framework we review the existing literature on methodologies and models used to support 


logistics decisions and identify research perspectives on the field. In particular, we emphasize the need to 


develop and implement more integrated methodologies to support decisions at tactical and strategic 


planning levels and to consider key features from real systems. The paper is organized as follows. In 


Section 2 we define three different dimensions from which HHC management can be viewed: planning 


horizon, management decisions, and services processes. For each management decision and each service 


process, we present a brief overview of the existent literature of models and methodologies used to 


support logistics decisions. In Section 3 we present a summary pointing out important decisions that have 


received little attention in the literature and give directions for future research. Finally, we conclude the 


paper. 


2 Home Health Care Characterization 


In order to provide a characterization, in this section we discuss three different dimensions from which 


HHC logistics management can be viewed. First, we identify the planning horizon according to the 


duration and impact of the planning decisions. Second we differentiate the logistics functions by groups 


of management decisions. Finally, we describe the services processes defined as the set of steps performed 


when the HHC service is delivered to a patient. 


We present an integrated scheme that illustrates the interaction of the three dimensions proposed in 


Figure 1. As it can be seen, the strategy definition corresponds to a set of decisions that determine in a 


long-term the structure of every logistics management function. This set of decisions define the service 


portfolio according to the market needs, the actions to undertake in order to push forward in the value 


chain and gain a competitive advantage, and the core competencies that will differentiate the HHC 


provider. Although we do not focus on models and methodologies to support the strategy definition, this 


planning process defines in every way how logistics functions should operate, and therefore should be 


considered in every management decision, for every planning horizon. 


2.1 Planning Horizons 


In HHC logistics management three levels of planning can be distinguished depending on the time 


horizon, namely strategic, tactical and operational (Ballou, 2004). The strategic level considers time 


horizons of more than one year and includes the design and allocation of long-lasting resources for long 


periods. Decisions at this level include the location and allocation of HHC central facilities, the patients 


districting, the fleet size and selection, the staffing levels, and the definition of service levels. The tactical 


level involves medium term decisions that are usually made for a year. The fleet assignment to patients’ 


districts, the shift scheduling, and the definition of inventory policies are considered as tactical. The 


operational level is related to short time decisions that need to be made daily. These decisions include the 


staff assignment and routing as well as the inventory control. A fourth level has been recently recognized 
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as the real-time level, and it refers to decision making situations in which operations must be undertaken 


or altered in a very short time according to the actual execution of the service processes of the system. 


For each of the logistics functions, the abovementioned levels define a hierarchy among management 


decisions that impose constraints in lower planning levels and influence the performance of the HHC 


delivery network. For example, in transportation management, the size and selection of the fleet used by 


medical staff to visit patients is a long-term decision that influences the way the fleet is then assigned to 


patients’ districts at the medium-term. Equivalently, the fleet assignment to districts influences staff 


routing decisions at the short-term. This hierarchy suggests that models and methods used to support 


logistics decisions at the operational level will not have a significant impact on the system performance, if 


decisions made at upper levels are not based on proper methodologies to design the network and to 


assign resources. 
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Figure 1: Home Heatlh Care Logistics Management Framework 


2.2 Logistics Management Decisions 


According to classical logistics functions, we can identify four groups of management decisions described 


as follows. 


2.2.1 Network Design 


This is a strategic function that requires managers to deal with two major issues. The first consists of 


locating HHC central facilities and then drawing their associated territory. This decision is known as the 


facility location problem and it consists of determining the number, location and capacity of HHC central 


facilities. As stated by Daskin and Dean (2005), this problem is critical in health care and its impact goes 


beyond cost and customer service considerations. If too few facilities are utilized or if they are not well 


located, it can result in increases in mortality and morbidity. Despite the large number of publications 


dedicated to this problem, the facility location seems to be of a minor importance in the case of HHC due 


to the inclusion of medical staff homes as departing points for service delivery and to the use of 


information technology. In fact, in our literature review we did not find published works that tackle this 


problem in the context of HHC.  
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On the contrary, the districting problem, which consists of partitioning each territory into suitable districts, 


is a major network design decision in HHC. The problem consists of defining districts made up of several 


territorial basic units in order to assure that the service is delivered to the patients location at the 


prescribed times, and to assign balanced workloads to the medical staff. Blais et al., (2003) study a 


practical districting problem in the management of public HHC services in Quebec, Canada. The authors 


model the situation as a multi-criteria optimization problem which is solved with a tabu search heuristic. 


Hertz and Lahrichi (2009) propose a patient assignment algorithm in the same context in Quebec, in order 


to improve the workload assignment to nurses and to avoid long travels to visit patients. The problem is 


addressed with a mixed integer programming model which is solved using tabu search. One of the 


improvements of this work is the differentiation of the workload in terms of the patient’s categories 


according to the required type of care. Usually this feature is not included in the analysis, since the major 


population of current HHC services are elderly people, and the portfolio of services is quite small. 


However, due to the diversification of the service, a HHC provider could offer from 50 to 200 different 


references of service, which makes the workload measurement a complex task. 


2.2.2 Transportation Management 


Three main decisions are part of this logistics function: fleet selection and sizing, fleet assignment and staff 


routing. The fleet selection and sizing includes determining the transportation model used by the medical 


staff, the selection of modes and their respective sizes. The transportation model defines who is 


responsible to assure transportation to visit patients: the HHC provider or the medical staff. The selection 


of an optimal transportation mode is a key factor in logistics management since it is a large portion of the 


total logistics cost. The problem consists of finding a favorable combination of every transportation mode 


so transportation requirements are satisfied and a balance between speed and cost of transportation is 


achieved. Rendl et al. (2011) study a HHC scheduling problem in a real setting and consider different 


transportation modes. With the objective to minimize travel time and operational costs, the authors 


propose a hybrid meta-heuristic solution model based on a routing problem. 


The second decision is fleet assignment, and it is valid when the HHC provider is responsible for 


transportation. Given the impact of fixed and variable transportation costs, managers should define the 


way the limited fleet is assigned to patients’ districts in order to balance the work load and maximize the 


number of visits performed respecting medical requirements. Finally, the staff routing decision is directly 


related to the vehicle routing problem which consists on designing optimal delivery routes from a central 


location to a set of geographically distributed patients subject to various constraints (Toth and Vigo, 


2002). In HHC, once patients have their medical treatment prescription and when time services, staff 


qualifications, frequencies and hours for each medical procedure are defined, the staff routing problem 


consists of building a schedule of activities for each staff member that must define the sequence of visits 


to the patients locations, so every medical procedure is performed within the given time interval, in the 


required frequency, in the prescribed sequence, and by the adequate staff member, while respecting work 


legal guidelines. 


The major set of publications of transportation and staff management in HHC is found in routing 


decisions. Although the managed resource corresponds to the medical staff, more focused has been 


placed on the routing-scheduling component. This problem has been studied by Begur et al. (1997), 


Cheng and Rich (1998), Gurumurthy (2004), Bertels and Fahle (2006), Eveborn et al. (2006), Akjiratikarl et 


al. (2007), Steeg and Schröder (2008), Bredström and Rönnqvist (2008), Justesen and Rasmussen (2008),  


and Rabeh et al. (2011). In most of these works the objectives include the minimization of travel distance 


and staff costs combined with a quality assignment related to patients and staff preferences. Common 


considered features include time windows, precedence and synchronization conditions among visits, 


different staff qualifications, multi-depots and shift guidelines.  


2.2.3 Staff Management 


Staff decisions play a key role in the logistics performance of a HHC delivery network. Commonly, medical 


staff is limited and expensive, and their performance directly defines the quality of the health service. We 


identify four decisions in HHC staff management. The first one, known as staffing, is usually made 
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between the strategic and the tactical level, and it involves determining the number of personnel of the 


required qualification in order to meet estimated patients demand (Schneider et al., 1975; Smith-Daniels 


et al., 1988; de Vries, 1987) . This is a complex problem given factors to consider such as organizational 


structure and characteristics, personnel recruitment, skill classes of the staff, working preferences and 


patient needs (Burke, et al., 2004). 


At the tactical level, the second decision is shift scheduling, which deals with the problem of selecting, 


from a potentially large pool of candidates, what shifts are to be worked, together with an assignment of 


the number of employees to each shift, in order to meet demand (Ernst et al., 2004). This problem 


becomes more complex when there is a large number of working rules, and when weekends, work 


stretches, vacation requests, and potential sick leaves have to be considered. Between the tactical and 


operational levels, the staff allocation decision refers to the need to employ temporary staff or to use float 


staff to handle unexpected large patient demands or staff shortages, during particular shifts and to assign 


individual staff to patients’ districts. As it was stated for the transportation management function, the 


hierarchy restrict shorter-term decisions, and longer term staffing and scheduling decisions impact the 


extent to which temporary staff is required to be employed (Turner et al., 2010). 


At the operational level the staff assignment decision is concerned with the assignment of visits among a 


given medical staff. In the staff scheduling literature the problem is known as task assignment and it is 


often tackled when working shifts have already been determined but tasks have not yet been allocated to 


individual medical staff (Ernst et al., 2004). In HHC this decision is influenced not only by the staffing and 


shift scheduling decisions made at upper levels, but also by the districting configuration given the 


geographical dispersion of patients. When a set of patients have been admitted in the system, the list of 


medical procedures is defined by the prescribed medical treatments, and procedures must be assigned to 


medical staff considering the patient location, the staff qualification and the medical requirements (e.g. 


hours, frequencies, precedences). 


The staff assignment is closely related to the staff routing decision and for some cases both decisions 


might be taken simultaneously. However, this approach is not applicable for every HHC service and the 


assignment and routing decisions have to be taken sequentially. For example, in the case of Basic Nursing 


Care or Respiratory Therapy, many patients require that auxiliary nurses and respiratory therapist spend 


12-hours shift at their location when monitoring vital signs is required. In this case, the assignment 


decision affects the performance metrics of the system in a higher level than the routing decision and 


therefore they are made separately. 


2.2.4 Inventory Management 


Inventory management is an important activity in the HHC delivery network and a complex logistics 


aspect of the health care sector. Investments in inventory are substantial and the control of capital 


associated with medicines and pharmaceuticals, supplies for medical procedures and devices, represent 


an improvement opportunity for the system, in which scientific methods for inventory control can give a 


significant competitive advantage (Axsäter, 2006). In HHC we identify three decisions related to inventory 


management. 


At the strategic level, the suppliers selection refers to the process by which the HHC provider identifies, 


evaluates, and contracts with suppliers of medicines, supplies and devices (Beil, 2010). This decision 


generally depends on a number of different criteria and needs to consider both qualitative and 


quantitative factors. At the tactical level, the design of inventory policies implies determining when the 


inventory levels of each reference of medicines and supplies should be reviewed, how much of each 


reference must be ordered from the supplier and when (Gutiérrez and Vidal, 2008). At the operational 


level, the inventory control consists of controlling the flow of medicines, supplies and devices as medical 


treatments are delivered to patients. This is a complex daily task that implies the coordination of medical 


prescriptions, medical follow-up, administrative tracing and orders to suppliers. 


To the best of our knowledge, the work presented by Chahed et al. (2009), is the first published paper that 


tackles the inventory problem in a HCC network. They studied the planning of operations related to 
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chemotherapy at home, focusing on the anti-cancer drug supply chain. The problem is tackled with an 


optimization model that seeks to minimize the production and delivery costs of medicines. The model 


also considers production scheduling and nurse routing decisions simultaneously and it is solved by an 


exact method. 


2.3 Service Processes 


We have defined services processes as the set of steps performed when the HHC service is delivered to a 


patient. In this set we identify five main processes classified into three types of services: medical services, 


patients services and support services. Our description of each service is presented as the sequential flow a 


patient follows when enters in the system. 


2.3.1 Medical Prescription 


The medical prescription is an entirely medical service, only restricted by the service policies declared at 


the strategic definition of the HHC provider. The medical treatment is prescribed by a medical staff, based 


on the patient pathology and the medical diagnosis. In HHC the prescription can be originated by two 


main types of patients: acute and chronic. The identification of the type of patient is a key task that 


directly influences on the estimation of the monthly workload and the required medical staff, as well as on 


inventory policies. 


The medical prescription of an acute patient can be given directly by a medical professional through an 


outpatient appointment or by a medical institution or professional through an early medical discharge. In 


both cases, the patient requires a set of medical procedures, over a defined duration, which can be 


performed at the patient residence, in order to complete a medical treatment. Once the set of procedures 


is completed, the patient is discharged. On the other hand, the medical prescription of a chronic patient is 


usually provided by a medical institution or professional after a medical treatment and when the health 


condition is persistent and it requires long-lasting care. These patients include people with limited 


physical mobility or with terminal disease that require palliative care. Usually a chronic patient requires at 


least three months of health care at home. During this time, periodic medical follow-up is required and it 


determines each month, a new medical prescription (or medical discharge) and therefore a new admission 


into the system. 


2.3.2 Patient Admission 


Once the medical prescription is defined, the patient admission must be performed by the HHC provider. 


At this point the coverage policy and the administrative nature of the health insurance play a determinant 


role in the way the service is delivered and charged. In developing countries, most of health services are 


provided by private companies which limit the portfolio of services and their monetary value due to 


budget constraints and financial objectives. When a patient is to be admitted into a HHC service, the set 


of medical procedures defined in the medical prescription, and their respective number of repetitions, 


frequency and duration, have to be validated with the type of insurance policy that covers the patient. 


Another criterion that has to be reviewed during the admission is the patient location according to the 


network design in which the patient districting has been defined. In urban settings, it is common that 


districting decisions limit the coverage of the service to certain areas or neighborhoods due to 


geographical or security reasons. Even for some urban areas, limits include hours of the day after entrance 


is not permitted. To finish the admission process, the list of medicines, supplies and devices has to be 


defined, according with each medical procedure. 


When the patient admission process is completed, an administrative entry must be done into the HHC 


system. This process implies the definition of all information fields required during the admission process. 


These fields must be registered into the information system since they will be later used to schedule 


appointments, assign medical staff, perform medical follow-up, and complete all support services related 


with administrative tracing and administrative discharge, which implies generating bills and performing 


payment collection process. Although these support processes are commonly seen as secondary ones, 


they play a key role in the operative and financial performance of the HHC system. 
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2.3.3 Appointment Scheduling 


The appointment scheduling process consists of determining for each medical procedure of each 


treatment of each patient, when the visit will be performed and by whom. This process is directly related 


to the staff assignment decision, and it must consider the districting configuration, the patient location, 


and the information fields of each medical procedure considered in the medical prescription process, as 


well as the medical procedure duration. All the information fields related to the medical staff (staff 


member location, qualification, and shift assignment) and the delivery date of medicines and supplies 


must be also considered. The appointment scheduling is a complex process since several factors defined 


in the network design, the transportation and the staff logistics functions have to be considered 


simultaneously. Moreover, the sequential set of decisions made in this process directly influences on the 


quality of the service and on the quality of workload assignment to medical staff. 


2.3.4 Visiting Patients 


Once all medical and administrative factors have been defined, and the appointments are scheduled, the 


medical staff is responsible for visiting the patients. This process is the actual performance of the medical 


procedures at the patient location, which must be executed according to the established medical 


protocols. In operative terms, the quality of the visits is defined by the accomplishment of the 


appointments according to the medical prescription, the scheduled days and hours and the performance 


by a qualified medical staff. 


2.3.5 Medical Discharge 


During the time the medical treatment is delivered to the patient location, a physician has to visit the 


patient at least once to do a medical follow-up. This visit has the objective to evaluate the evolution of the 


treatment and determine if new medical procedures are required or if a medical discharge can be 


prescribed. In the same way, during this period an administrative tracing has to be performed by the 


visiting and the administrative staff in order to keep an updated report or the medical procedures 


delivered. If a medical discharge is prescribed, an administrative discharge process has to be undertaken 


based on the reports made during the administrative tracing, in order to close the case, generate bills and 


perform the payment collection process. If new medical procedures are required, the physician must write 


a new prescription and the admission process should be performed again, starting a new cycle of the 


service processes. 


3 Summary, Conclusions and Research Perspectives 


In this paper we have presented a three-dimension framework to characterize HHC logistics management 


problems. The first dimension deals with the duration and impact of the planning decisions through three 


planning horizons: strategic, tactical and operational. The second dimension differentiates the logistics 


functions by groups of four management decisions: network design, transportation management, staff 


management and inventory management. The third dimension describes five main services processes, 


defined as the set of steps performed when the HHC service is delivered to a patient: medical prescription, 


patient admission, appointment scheduling, visiting patients and medical discharge. For each dimension we 


provide a sampling of the available literature of models and methodologies used to support logistics 


decisions. 


Three perspectives of future research emerge from this review. First, due to the limited nature of resources 


and the very restrictive budgets for health care, especially in developing countries, most of the critical 


management problems faced by HHC providers are not related to short-team or real-time scheduling 


decisions. Instead, the location and allocation of long-lasting resources at strategic and tactical levels are 


key decisions that determine in a large proportion the performance of the health delivery system. As life 


expectancy continue to increase, demands for health care will grow in quantity and diversification, and 


HHC providers will continue to face the challenge to design and operate more efficient health care 


delivery systems. These management problems do not rely only on short-term decisions to schedule 
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medical staff visits to patients. Therefore, more research attention should be placed on methodologies 


and models to support decisions of resources location and allocation. 


Second, few researches have focused on the inclusion of real features in the modeling process of HHC 


logistics management problems. The major interest observed in the literature consists of designing 


efficient solution methods to short-time decision problems. However, key real features as the 


diversification of patients’ pathologies and HHC service references, as well as work legal regulations for 


medical staff have received little attention in the research literature. The inclusion of these features in 


districting problems and staff management problems such as staffing and shift scheduling can provide 


significant improvements in HHC systems. 


Finally, more research attention should be placed on the study of the hierarchical integral structure of 


logistics management decisions in HHC. For example, at the staff management dimension, the staffing 


decisions and their allocation to districts are long-term decisions that are influenced by the distribution of 


patients’ demands. Nevertheless, these demands are dynamic over time and thus new hiring decisions 


and staff configurations for districts might be required in a medium-term. This suggests that an integrated 


analysis of logistics decisions among different decision levels can provide a better support, if the impact 


of long-term and medium-term decisions is integrally evaluated. 


References 


Ahlner-Elmqvist, M., Jordhøy, M. S., Bjordal, K., Jannert, M., and Kaasa, S. (2008). Characteristics and quality of life of 


patients who choose home care at the end of life. Journal of pain and symptom management, 36(3), 217-27. 


doi:10.1016/j.jpainsymman.2007.10.010 


Akjiratikarl, C., Yenradee, P., and Drake, P. (2007). PSO-based algorithm for home care worker scheduling in the UK. 


Computers & Industrial Engineering, 53(4), 559-583. doi:10.1016/j.cie.2007.06.002 


Axsäter, S. (2006). Inventory Control. (Springer, Ed.) (2nd ed., p. 336). New York: International Series in Operations 


Research & Management Science, Vol. 90. doi:10.1007/0-387-33331-2 


Ballou, R. (2004). Business logistics/supply chain management: planning, organizing, and controlling the supply chain. 


Pearson International edition, Pearson Prentice Hall. 


Barnes Reports. (2011). Home Health Care Services Industry. Health Care (p. 242). USA. 


Begur, S. V., Miller, D. M., and Weaver, J. R. (1997). An Integrated Spatial DSS for Scheduling and Routing Home-


Health-Care Nurses. Interfaces, 27(August), 35-48. 


Beil, D. R. (2010). Supplier Selection. In J. J. Cochran (Ed.), Wiley Encyclopedia of Operations Research and Management 


Science (pp. 1-13). John Wiley & Sons, Inc. doi:10.1002/9780470400531.eorms0852 


Bertels, S., and Fahle, T. (2006). A hybrid setup for a hybrid scenario: combining heuristics for the home health care 


problem. Computers & Operations Research, 33(10), 2866-2890. doi:10.1016/j.cor.2005.01.015 


Blais, M., Lapierre, S. D., and Laporte, G. (2003). Solving a home-care districting problem in an urban setting. Journal of 


the Operational Research Society, 54(11), 1141-1147. doi:10.1057/palgrave.jors.2601625 


Borsani, V., Matta, A., Beschi, G., and Sommaruga, F. (2006). A Home Care Scheduling Model For Human Resources. 


2006 International Conference on Service Systems and Service Management, 449-454. IEEE. 


doi:10.1109/ICSSSM.2006.320504 


Brailsford, S., and Vissers, J. (2011). OR in healthcare: A European perspective. European Journal of Operational 


Research, 212(2), 223-234. Elsevier B.V. doi:10.1016/j.ejor.2010.10.026 


Brandeau, M. L., Sainfort, F., and Pierskalla, W. (2005). Operations Research and Health Care: A Handbook of Methods 


and Applications. (M. L. Brandeau, F. Sainfort, and W. Pierskalla, Eds.) (p. 872). Kluwer Academic Publishers. 


Bredström, D., and Rönnqvist, M. (2008). Combined vehicle routing and scheduling with temporal precedence and 


synchronization constraints. European Journal of Operational Research, 191(1), 19-31. 


doi:10.1016/j.ejor.2007.07.033 


Bricon-Souf, N., Anceaux, F., Bennani, N., Dufresne, E., and Watbled, L. (2005). A distributed coordination platform for 


home care: analysis, framework and prototype. International Journal of Medical Informatics, 74(10), 809-25. 


doi:10.1016/j.ijmedinf.2005.03.020 


Burke, Edmund K. DeCausmaecker, P., and Berghe, G. V. (2004). Novel Meta-heuristic Approaches to Nurse Rostering 


Problems in Belgian Hospitals. Handbook of Scheduling: Algorithms, Models, and Performance Analysis 


(Chapman, pp. 44-1-44-18). 







 


Home Health Care Logistics Management Problems: Framework and Research 


Perspectives 


ID278.9 


Chahed, S., Marcon, E., Sahin, E., Feillet, D., and Dallery, Y. (2009). Exploring new operational research opportunities 


within the Home Care context: the chemotherapy at home. Health Care Management Science, 12(2), 179-191. 


Springer Netherlands. doi:10.1007/s10729-009-9099-6 


Cheng, E., and Rich, J. L. (n.d.). A Home Health Care Routing and Scheduling Problem. Sciences-New York. 


Daskin, M. S., and Dean, L. K. (2005). Location of Health Care Facilities. In W. P. Brandeau, M.L. Sainfort, F. and 


Pierskalla (Ed.), Handbook of OR/MS in Health Care: A Handbook of Methods and Applications (Vol. 47, pp. 43-


75). Kluwer Academic Publishers. 


Doerner, K., Focke, A., and Gutjahr, W. (2007). Multicriteria tour planning for mobile healthcare facilities in a 


developing country. European Journal of Operational Research, 179(3), 1078-1096. 


doi:10.1016/j.ejor.2005.10.067 


Ernst, A. T., Jiang, H., Krishnamoorthy, M., and Sier, D. (2004). Staff scheduling and rostering: A review of applications, 


methods and models. European Journal of Operational Research, 153, 3-27. 


Eveborn, P., Flisberg, P., and Ronnqvist, M. (2006). Laps Care—an operational system for staff planning of home care. 


European Journal of Operational Research, 171(3), 962-976. doi:10.1016/j.ejor.2005.01.011 


Flessa, S. (2000). Where efficiency saves lives: a linear programme for the optimal allocation of health care resources in 


developing countries. Health care management science, 3(3), 249-67. Retrieved from 


http://www.ncbi.nlm.nih.gov/pubmed/10907327 


Gurumurthy, P. (2004). Dynamic Stochastic Vehicle Routing Model in Home Healthcare Scheduling. University of 


Missouri-Columbia. 


Gutiérrez, V., and Vidal, C. J. (2008). Inventory Management Models in Supply Chains : A Literature Review. Rev. Fac. 


Ing. Univ. Antioquia, 43, 134-149. 


Hertz, A., and Lahrichi, N. (2009). A patient assignment algorithm for home care services. Journal of the Operational 


Research Society, 60(4), 481-495. doi:10.1057/palgrave.jors.2602574 


Justesen, T., and Rasmussen, M. S. (2008). The Home Care Crew Scheduling Problem. Computer. University of Denmark 


and University of Copenhagen. 


Rabeh, R., Saïd, K., and Eric, M. (2011). Collaborative model for planning and scheduling caregivers' activities in 


homecare. In I. F. of A. C. (IFAC) (Ed.), 18th IFAC World Congress (pp. 2877-2882). Milano, Italy. 


Rendl, A., Prandtstetter, M., and Puchinger, J. (2011). Multimodal Home Healthcare Scheduling using a novel CP–VND–


DP Approach. In T. Achterberg and J. C. Beck (Eds.), Eighth International Conference on Integration of AI and 


OR Techniques in Constraint Programming for Combinatorial Optimization Problems (CPAIOR) (pp. 30-33). 


Berlin, Germany: Konrad-Zuse-Zentrum für Informationstechnik Berlin. 


Schneider, Donald P. Kilpatrick, K. E. (1975). An Optimum Manpower Utilization Model for Health Maintenance 


Organizations. Operations Research, 23, 869. 


Smith-Daniels, V. L., Schweikhart, S. B., and Smith-Daniels, D. E. (1988). Capacity Management in Health Care Services: 


Review and Future Research Directions. Decision Scienes, 19, 889-919. 


Steeg, J., and Schröder, M. (2008). A Hybrid Approach to Solve the Periodic Home Health Care Problem. In J. Kalcsics 


and S. Nickel (Eds.), Operations Research Proceedings 2007 Selected Papers of the Annual International 


Conference of the German Operations Research Society (GOR) Saarbrücken, September 5–7, 2007 (2008th ed., 


pp. 297-302). Saarbrücken: Springer. Retrieved from 


http://www.springerlink.com/content/r82766653070t160/ 


Toth, P., and Vigo, D. (2002). The Vehicle Routing Problem. Philadelphia: Society for Industrial and Applied 


Mathematics. 


Turner, J., Mehrotra, S., and Daskin, M. S. (2010). Perspectives on Health-Care Resource Management Problems. In M. 


S. Sodhi and C. S. Tang (Eds.), A Long View of Research and Practice in Operations Research and Management 


Science: The Past and the Future (Vol. 148, pp. 231-247). Boston, MA: Springer US. doi:10.1007/978-1-4419-


6810-4 


WHO World Health Organization Study Group. (2000). Home-based long term care (p. 41). Geneva. Retrieved from 


http://whqlibdoc.who.int/trs/WHO_TRS_898.pdf 


World Bank. (2011). Life expectancy learning module. World Bank Development Education Program. Retrieved from 


http://www.worldbank.org/depweb/english/modules/social/life/ 


de Vries, G. (1987). Nursing workload measurement as management information. European Journal of Operational 


Research, 28(2), 199-208. 








 


ID164.1 


Maximizing Profits with the Improvement in Product 
Composition, Using Genetic Algorithms and K-Means 
Application to a Company of the Printing Industry 


María A. Guerrero, Rodrigo A. Batistelo and André F. H. Librantz 


Industrial Engineering Post Graduation Program, Nove de Julho University (UNINOVE), São Paulo, Brazil 


Email: malejandragh@gmail.com, rodrigo.batistelo@gmail.com, librantz@uninove.br 


Abstract 


In recent years, the printing industries have struggled to remain competitive due to increased concurrence and the 
appearance of new electronic media aimed at replacing the printed paper. In this context arises the need, as not only 
high technology, as optimization methods for such industries that can support decision making aiming cost reduction 
and profit improvements. In this context, it was proposed to maximize the profits of a Colombian printing industry by 
means of the best composition of their products to be sold, in order to improve its contribution margin (financial 
remainder of production of each product) and have a strategic vision for the sale of its many products. For this, the 
products were grouped by similarity, using clustering algorithm called K-Means and it was applied genetic algorithms 
technique for maximize the Contribution Margin. Results pointed that it was possible to achieve good increments in 
the revenues and contribution margin, as well.  


Keywords: printing industry; optimization methods; genetic algorithm; k-means algorithm. 


1 Introduction 


1.1 Definition of the Problem 
Over the last decade, the printing industry has been faced numerous problems, mostly because of the 
fierce competition, and the emergence of new communications, graphic and electronic media, which have 
replaced the printed product. However, lots of companies that are still working in this industry are day-to-
day seeking to become highly competitive and efficient. Investments in technology are often not sufficient 
and do not solve entirely the problem, it is also necessary to develop and apply methodologies in 
decision making to better use the companies’ productive resources. The high quality standards are not 
enough for competing. For most of the companies, their management boards have sophisticated quality 
control equipments that help to produce similar and high quality products making very difficult to obtain 
a remarkable differentiation from the competitors. 


The best way to compete is by offering the best prices, even sacrificing utility. Sales budgets are usually 
not specific, considering only sales by customer or geographic location, no matter in which products the 
company has the best efficiency and productivity, or those which the company has the bigger 
contribution margin. 


1.2 Company features  
The experiments were performed on a printing company located in Colombia. 


According to the processes classification defined by (Davis, Aquilano, Nicholas, & Chase, 2001), the type 
of process where this company can be classified is: Make to Order Production System, which focuses the 
production in highly customized products (the products are produced with the customer’s specifications). 
According to the same author, these types of processes require more flexibility than the Make to Stock 
Production System and as a result, tend to be slower, inefficient, and consequently more expensive. Due 
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to the high diversity in customer orders and the long list of products generated / produced, the tasks of 
classifying the products, taking into consideration the characteristics of contribution margin and 
productivity, become very difficult if only traditional methods are adopted by the company, i.e. Excel. 


The company has already made some classifications, based on the physical characteristics of the products; 
defining thirty-five possible product groups (clusters), but each one of these clusters could have 
important variations of productivity and contribution margins.  


2 Scope 
The goal of this study is to maximize the utility of the company and to determine which is the best 
composition of products, that provides the best contribution margin, and thus offer the Sales & 
Marketing departments, a solid basis for defining sales budgets and also guide them about the products 
to be sold, based on the best relation between costs and productivity impacting greatly the financial 
results. 


2.1 Relevant Variables for Analysis 
For establishing the best composition of products, are considered the two following variables: 


 Contribution Margin ($ - %) 


Contribution margin is equal to sales revenue minus variable expenses (both manufacturing and non-
manufacturing). In other words, the contribution margin means:  A measurement of the profitability of a 
product is the financial leftover of each product’s production; it is used for the amortization of fixed costs. 
Its understanding allows discussions and actions focused on the achievement of the expected utility. 


 Production Efficiency: Time Adding Value to the Product 


It is measure of the efficiency used by the company. It is the amount of time that the company employs 
for adding value to the product. 


3 Bibliographic Review 


3.1 K-Means Algorithm 
K-means is a well known clustering algorithm. It consists of a method for clustering analysis whose goal is 
to partition a set of samples into k clusters in which each sample belongs to the cluster with the nearest 
mean (Mitchell, 1997). Given a set of samples (x1, x2, …, xn), where each sample is a n-dimensional real 
vector, k-means algorithm aims to partition the set of samples into k sub-sets S = {S1, S2, …, Sk}, 
optimizing an objective function F that can be defined as: 


∑∑
1= ∈


μ=
k


i Sx
ij


ij


xF


                                                                                                       


 


where μi is the mean of points in Si. 


The most common algorithm uses an iterative technique that, in general, considers Euclidean distance as 
a similarity measure of vectors and variance as a measure of cluster scatter. Since the number of clusters k 
is an input parameter of the algorithm to define the k centroids, an inadequate choice of k can generate 
poor results. Thus, for using k-means, it is important to run diagnostic checks for determining the suitable 
number of clusters for the considered data set. 
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3.2 Genetic Algorithms 
The Genetic Algorithms (GA) consists in a technique of optimization inspired by natural evolution theory. 
It has been used for solving optimization problems in several areas over the last decades, mainly because 
its efficiency in irregular search spaces (Goldberg, 1989; Haupt & Haupt, 1998; Mitchell, M., 1998). The GA 
generally uses binary strings called chromosome or individual to represent solutions of the problem. At 
the beginning, a population of individuals is randomly generated. The size of population depends on the 
problem to be solved (Haupt & Haupt, 1998). By means of competition, the most able chromosomes of 
the population are selected and crossed each other, to generating new chromosomes better than those 
ones of the previous population. So, at each generation the probability of one or more individual to be a 
solution of the problem is increased (Goldberg, 1989; Haupt & Haupt, 1998; Librantz, Coppini, Baptista, 
Araújo, & Rosa, 2011; Santana, Araújo, Librantz, & Tambourgi, 2010). A GA can find the global optimum 
solution in a complex multi-modal search space without requiring specific knowledge about the target 
problem that it was developed for solve. Besides, a GA operates over the population in parallel, yielding 
various solutions at a time. Hence, this method has found applications in engineering problems involving 
complex combinatorial optimization (Librantz, Coppini, Baptista, Araújo, & Rosa, 2011; Santana, Araújo, 
Librantz, & Tambourgi, 2010). GA procedure involves four main operations: Evaluation, selection, 
crossover and mutation. In the evaluation operation fitness function is used to measure the aptitude of 
the individuals of the population, providing information such as the number of new individuals each one 
can generate according with its aptitude. The selection consists of the choice of the best individuals for 
reproduction. Hence, the individuals with better aptitudes are selected while the other ones are discarded, 
that is, each individual has a probability to be selected according to its aptitude. In the crossover 
operation, the genetic material of the best chromosomes is mixed to generate the individuals of the next 
population. Finally, a random change in a small number of bits, with some small probability, is performed 
in order to preventing the population of chromosomes becoming too similar to each other or, in other 
words, to preserve the diversity of the population. This operation is essential to avoid the premature 
convergence. 


It is important to remember that the suitable convergence of the GA depends on some parameters such 
as: size of chromosome, size of population, crossover points and mutation rate (Librantz, Coppini, 
Baptista, Araújo, & Rosa, 2011). Unfortunately, the determination of these parameters is a difficult task 
because and, in general, they are empirically defined (Pacheco, 1999). 


4 Methodology 
Here, it was described how we work with the data available, the application of optimization techniques, 
the objective function definition and the tools used in this work. 


4.1 Data 
In order to develop the experimental part of this project it was used historical data from 10 months of a 
company in the printing industry. These data were obtained from a corporate database ORACLE (Figure 1) 
and add a total of 2618 records with data on products, customers, vendors, business, revenue, product 
costs, contribution margin and time adding value to the product (sec / und). The classification of products 
was defined by the analysts of the product and classified into 35 groups (clusters), taking into account 
basically the shape of the product. 
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Figure 1: Sample of data from Oracle database (Colombian printing industry). 


4.2 Tools and Procedures 
Because of the wide variety of products and to better analyze the product portfolio, the project was 
divided in two stages: 


 Grouping by similarity of products, using clustering algorithm K-Means, which allowed grouping the 
products in nine different clusters. For this, it was used function K-Means of the MATLAB software. 


 Minimization of the objective function using Genetic Algorithms Toolbox of the MATLAB software. 


4.2.1 Application of K-Means Algorithm 
The number of clusters was defined and evaluated through graphics of silhouettes given by K-Means. 


 Graphics of Silhouettes 
The graphic silhouette is a graphical representation of the quality of generated clusters. This chart can 
give an idea if the resulting number of clusters was set properly. These graphics are shown in Figure 2. 


The silhouettes show a measure of how close is the point of a given cluster of points of neighboring 
clusters. This measure ranges from +1, indicating points which are distant neighboring clusters, through 0 
indicating which are difficult to classify, according to their cluster, to -1 indicating points which area 
assigned to the cluster probably wrong. 


The database was analyzed to be clustered in 10, 9, 8 and 7 clusters. 


 
Average Silhouettes for K-Means with 10 clusters = 0.6939 Average Silhouettes for K-Means with 9 clusters = 0.7303 
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Average Silhouettes for K-Means with 8 clusters = 0.6676 Average Silhouettes for K-Means with 7 clusters = 0.4527


Figure 2: The graphic silhouette for several cluster numbers. 


 Number of Clusters Definition  
Based on the results evaluated by the graphics of silhouettes for 7, 8, 9 and 10 clusters, it was obtained 
the following results (Table 1): 


Table 1: Average silhouettes for several cluster numbers. 


CLUSTER 7 8 9 10 
AVERAGE 
SILHOUETTES 


0,4527 0,6676 0,7303 0,6939 


It was chosen the cluster nine, once it showed the best average silhouettes values. 


 MATLAB K-Means function  
Based on the results evaluated by the graphics of silhouettes for 7, 8, 9 and 10 clusters, it was executed in 
MATLAB environment the command lines: 


1) X = textread ('C:/ICIEOM2012/Database_K-Means.txt'); 
2) v_options = statset ('Display', 'final'); 
3) [value, centroid] = kmeans (X, 9, 'Distance', 'city', 'Replicates', 10, 'Options', v_options) 


After that, it was possible to obtain the clustering by K-means. In Table 2, it was shown the labels for the 
values of centroids for each cluster, returned after the execution of MATLAB commands listed above. 


Table 2: Labels for the centroids. 


CENTROID1 CENTROID2 CENTROID3 CENTROID4 CENTROID5 


0.4500 0.3300 0.5500  0.2700 0.4900  0.3100 0.2500  0.4500 0.2900  0.4300 


CENTROID6 CENTROID7 CENTROID8 CENTROID9 
 


0.8400  0.0900 0.2100  0.4700 0.4600  0.3200 0.5800  0.2500 


The K-Means ranks with numbers between 1 and 9, the data whose centroids were calculated. The chat 
below (Figure 3) shows the clustering obtained by K-Means. 
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Figure 3: Clustering obtained by K-Means. 


These numbers were taken back to the database, to label the data and have a good classification to 
continue with the phase of minimization with Genetic Algorithms (GA). 


4.2.2 Application of Genetic Algorithms (GA) 
The project´s final goal is to maximize the profit of a printing company doing the best composition of the 
products to be sold to improve the contribution margin of the company. As the Genetic Algorithms 
Toolbox of the MATLAB works only by minimizing functions, we seek to minimize costs so as to maximize 
the profit. 


 Definition of Fitness Function / Objective Function 
Taking into consideration the purpose of the present work, understanding the problem as much as the 
business, we chose the following variables (Table 3) to compose our fitness function: 


Table 3: Variables chosen to compose the fitness function. 


P PRICE ($/unit) 
M CONTRIBUTION MARGIN ($) 
R EFFICIENCY (sec/unit) 
V VOLUME (unit) 
I CLUSTER 


Then the fitness function that minimizes the costs of the company was defined as: 


 
The volume for each cluster (Vi) is the variable that will be found by the GA and which will provide an 
ideal composition of groups of products, in other words, it will inform the volume of each group of 
products to form the preferred portfolio sales. This result could guide the sales department at the 
moment of product offering. 


 Fitness Function in MATLAB 
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Below is the function fitness.m, created in MATLAB for execution of its toolbox of genetic algorithms. It is 
that allows us to obtain, through a data file, the appropriate volumes of each of the groups (clusters) of 
product. 


function result = fitness (V) 
    X = textread ('C:/ICIEOM2012/Database_GA.txt'); 
    result = 0;   
    tam = length (X(:,1)); 
    for i=1:tam 
        R = X (i, 1); 
        M = X (i, 2); 
        P = X (i, 3); 
        result = result + (((P*(1-M)) / R) * V(i));         
    end 
end 
 
 Input Data 
The input data of the file used in the fitness function, are prepared as follows (Table 4):  


Table 4: Sample data used in applying the fitness function. 


EFFICIENCY 
(sec/unit) 


CONTRIBUTION 
MARGIN (%) 


PRICE PER UNIT 
PRODUCED ($/unit) 


0.26 0.464 2.29 
0.24 0.441 1.00 
0.38 0.253 0.44 
0.25 0.493 1.66 
0.24 0.482 2.26 
0.42 0.562 5.16 
0.43 0.271 0.58 
0.38 0.287 0.44 
0.30 0.421 2.61 


The principal historical data are summarized in the Table 5 below: 


Table 5: Principal historical data. 


REVENUES (BRL) 
PRODUCTION COSTS 


(BRL) 
CONTRIBUTION MARGIN 


(%) 
SALES VOLUME (units) 


$   90,194,579.1 $   51,012,304.6 43% 83,934,774 


 Restrictions 
In this work we have established a single primary constraint, which is the sum of the volume of the nine 
clusters limited to 84 million units, which is the maximum production capacity of the factory according to 
the information of the production’s analyst.  


 
 


 Definition of Chromosome 
The chromosome of the objective function is composed of 9 genes; each gene represents the volume of 
each cluster, which corresponds to the objective variables, those found by the genetic algorithm. 
The way in how the genetic algorithms are presented is based on the binary system, the number of alleles 
of each gene is defined by the function: , where k is the size of the gene, making the conversion to the 
decimal system should contain the value of 84 million (restriction of number of production units 
described above).  In this case, the k value for the gene studied is 26, so the number of alleles for the gene 
would be 27 ( , where ). All genes in the chromosome have the same structure as presented 
in Figure 4. 


1  0  0  1  1  1  1  1  1  1  1 1 1 1 1 1 1 1 1 1 1  1  1  1  1 1 1


Figure 4: Representation of the gene with k=26 
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In general it can be stated that all variables in this chromosome may represent a maximum of 84,000,000 
units, meanwhile the other variables are 0. 
The chromosome is composed of 9 genes (cluster), each with 27 alleles, totalizing 243 alleles, which can 
take values 1 or 0 of the binary system, respecting the constraint that the sum in decimal is less than or 
equal to 84,000,000. 


4.3 Results and discussion  
Some scenarios were analyzed by changing the values of the operators of the Genetic Algorithm. Each of 
the proposed scenarios is presented below.  They show the improvements obtained with respect to the 
current scenario / position of the company. 


4.4 Scenario One  
For scenario one, the operators were chosen, as shown in Table 6, both; the value of fitness function and 
the best individual of Genetic Algorithms for this scenario are shown in Figure 5. 


Table 6: Operators of genetic algorithms, referring to scenario one. 


Population Size: 50, Selection: Tournament, Crossover Fraction: 0,8,  
Crossover: Two Point, Mutation: Use constraint dependent default 


 
Figure 5: Value of fitness function and best individual obtained with genetic algorithms in scenario one. 


Below (Figure 6), we are presenting a comparison between the company's current situation and the result 
obtained in scenario one. 


 
Figure 6: Comparison between the current scenario and scenario one evaluated. 


This scenario generated an improvement of $ 20.131.710BRL in billing and a contribution margin increase 
of $ 11.518.607BRL, which corresponds to an improvement of 5.48%. 
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4.5 Scenario Two 
For scenario two, the operators were chosen, as shown in Table 7 and both; the value of fitness function 
and the best individual of Genetic Algorithms for this scenario are shown in Figure 7. 


Table 7: Operators of genetic algorithms, referring to scenario two. 
Population Size: 20, Selection: Stochastic uniform, Crossover Fraction: 0,8,  
Crossover: Scattered,  Mutation: Use constraint dependent default 


 
Figure 7: Value of fitness function and best individual obtained with genetic algorithms in scenario two. 


 
Below (Figure 8), we are presenting a comparison between the company's current situation and the result 
obtained in scenario two. 
 


 
Figure 8: Comparison between the current scenario and scenario two evaluated. 


 
This scenario generated an improvement of $ 32.161.698BRL in billing and a contribution margin increase 
of $ 19.361.426BRL, which corresponds to an improvement of 9.21%. 


4.6 Scenario Three 
The operators were chosen, as shown in Table 8, and both; the value of fitness function and the best 
individual of Genetic Algorithms for this scenario are shown in Figure 9. 


Table 8: Operators of genetic algorithms, referring to scenario three. 


Population Size: 20, Selection: Tournament, Crossover Fraction: 0,8, Crossover: Intermediate, 
Mutation: Use constraint dependent default 
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Figure 9: Value of fitness function and best individual obtained with genetic algorithms in scenario three. 


Below (Figure 10), we present a comparison between the company's current situation and the result 
obtained in scenario three. 


 
Figure 10: Comparison between the current scenario and scenario three evaluated. 


This scenario generated an improvement of $ 37.013.055BRL in billing and a contribution margin increase 
of $ 18.456.117BRL, which corresponds to an improvement of 4.13%. 


5 Conclusions 
In this work it was proposed to maximize the profits of a Colombian printing industry by using k-means 
clustering algorithm combined to GA technique.  


The printing industry is characterized by a high variety of products, because they are responding to 
customer specifications. Appraising the best mix of products and the quantity of units produced per 
product type is extremely important, but this analysis is technologically unfeasible and would result in a 
long list of objective variables to be be analyzed by the seeking algorithm, in this case, the genetic 
algorithm. The classification of these products requires that the patterns' identification is accurate and 
that leads to an effective as well as assertive classification to assist the decision taking. 


The use of clustering techniques with K-Means proved to be a good alternative when it is necessary to 
group this type of "population" as well as reducing the number of variables to be used and of course, 
evaluated by the genetic algorithm. This genetic algorithm is a robust and flexible approach to evaluate 
alternatives that improve and optimize the performance of the company and also adapt them to market 
conditions. 


These works contribute to improve the rentability of the companies, providing important information such 
as:  What products to promote/sell considering, not only their contribution margin, but also, which 
products have the best performance in production, so the company can improve both; financial and 
productive indicators.  
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The results of this research demonstrated the great importance of the combination of these two 
techniques for supporting the decision taking. The experiments allowed offering different alternatives for 
the mixture of products that enable the company to improve its financial performance and adapt its 
production to the market needs. 
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Abstract 


Innovation and total quality management (TQM) are regarded as key competitive factors and the impact of TQM on 
innovation has been studied by several authors. Many of them suggest that the impact of TQM on innovation 
depends both on the TQM dimensions considered and on the type of innovation. The existence of common elements 
to TQM and innovation raises the idea that the organization's commitment to innovation can have some impact on 
the establishment and development of TQM. In this context, it becomes relevant to investigate whether or not the 
systematic and sustained development of innovative activities fosters the adoption and implementation of TQM 
principles. The main objective of this paper is to explore the impact of innovation`s outputs on TQM. The conceptual 
model proposed considers 6 innovation`s outputs (research, development and technological innovation; product 
innovation; process innovation; organizational innovation; management innovation; marketing innovation) as factors 
that can have impact on 8 TQM`s variables (leadership; customer focus; involvement and development of people; 
management by processes; continuous improvement; relations with suppliers; measuring results; product design). This 
study is based on empirical data collected through a questionnaire answered by 218 ISO 9001:2008 certified 
organizations. Findings suggest that different innovation types have dissimilar impacts on TQM dimensions. 


Keywords: innovation; quality; TQM. 


1 Introduction 
The importance of total quality management (TQM) as a determinant factor in the innovative performance 
of the organizations has been addressed in the research studies of many authors (Prajogo and Sohal, 
2001, 2003, 2004 a,b; Sá and Abrunhosa, 2007; Abrunhosa and Sá, 2008; Martínez-Costa and Martínez-
Lorente, 2008; Prajogo and Hong, 2008; Perdomo-Ortiz et al., 2009 a,b). Different elements of the TQM 
will, however, have different impacts on innovation. The influence of TQM in innovation depends on the 
TQM principles, as well as on the type of innovation (Perdomo-Ortiz et al., 2009 a,b; Prajogo and Sohal, 
2001, 2004 a,b). The existence of common key elements of innovation and TQM, suggested by Prajogo 
and Sohal (2003, 2004 a,b), raises the idea that emphasis on innovation may translate the organization’s 
TQM interest. This study is focused within this context and the following research question can be 
identified: What type of impact does each innovation output have on the adoption of TQM principles? 


The main objective of this paper is to study the impact of innovation outputs in the adoption of TQM 
principles. Data was collected through a questionnaire answered by 218 ISO 9001:2008 certified 
organizations. 


Besides this first introductory section, the paper is composed by four chapters. In chapter 2 there is a brief 
literature review, where a reflection concerning the impact of innovation in the TQM is made and where a 
conceptual model is proposed. Chapter 3 presents the methodological approach of this study. Chapter 4 
contemplates data analysis, results and discussion. Chapter 5 presents conclusions and future work. 
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2 Literature Review  
The literature review shows that innovation has a substantial impact on the organizational performance, 
but there are many research gaps. This study contemplates the Oslo Manual (OECD, 2005) that typifies 
innovation in 4 different ways: product innovation; process innovation; marketing innovation; 
organizational innovation. 


Alongside, TQM is considered a management philosophy that contemplates the application and 
integration of 8 quality management principles within the organization (Dale et al., 2009). It refers to a 
management approach that aims towards organizational excellence (Han et al., 2007) having in 
consideration all the interactions between the elements of the organization and focusing on efficiency 
improvement and the capacity to attend customer needs (Fernandes et al., 2010).  


Next, several theoretical bases which support the hypotheses are presented. Although the literature 
review presents a substantial of innovation on TQM, there are evidences showing that the impact of a 
certain type of innovation in the quality management principles is far from being answered. 


2.1 Innovation as a determinant of TQM 
Innovation and quality are basic elements to the functioning of organizations and simultaneously focusing 
on both dimensions can be an enormous advantage for both. Quality can stimulate the innovation in the 
sense that it supplies adequate tools that become more efficient and guided towards customer 
satisfaction. Innovation is assumed as a vital process of success and organization improvement, there is 
no point in facing quality without an important part of innovation (Saraiva and Orey, 1999). The 
continuous improvement, the participation in the decision process, the support of top management, team 
work and “the open” culture of the organization, are common components of innovation and TQM 
(Prajogo and Sohal, 2003, 2004 a,b). Organizations focus on the systematic and sustainable development 
of innovative activities which can promote the adoption of TQM principles that have been efficient in the 
reply of organizations to the great and permanent challenge called innovation. 


It is known that the performance of organizations is associated to its innovative capacity. Innovative 
organizations can be twice more cost effective than non innovative organizations (Akgun et al., 2007; 
Gilmore, 2009). Mossey et al. (2002) point out two conditions organizations should necessarily consider, 
without which, focus on innovation may become totally efficient: efficient communication to all the 
organization of decision taking; development of long run strategic plans. These two aspects suggest that 
focusing on innovation implies the involvement of top management as a driving and dynamic factor of 
the innovation process. 


The capacity of the organization to access certain markets and attract customers can be strengthened by 
innovation. Discovering new ways to execute tasks makes collaborators more productive and involved in 
their activities (Lafley and Charan, 2008) and, innovative companies when compared to less innovative 
companies, show greater rates of productivity (Rogers, 1998). This suggests that the results of innovation 
will be able to exert some impact on management practices of the organization which lead to the 
possibility that focusing on innovation can stimulate TQM. In accordance to Lafley and Charan (2008), 
although the development of products is the most common type of innovation, there are other typologies 
that can show great importance for the organization: innovation in process organization; innovation in 
logistic activities; marketing innovation; innovation of the business model. Due to the multidimensional 
nature of innovation, it is important to think about the concepts associated to innovation outputs and the 
concepts associated to TQM. 


Satish e Srinivasan (2010) measured the innovative activity of the organization through 5 concepts: R&D 
and technological innovation; product innovation; process innovation; organizational innovation; 
management innovation. This study, additionally considers marketing innovation (OECD, 2005). 
"Innovation outputs" are seen as demonstrations of innovative activities, carried out by the organizations, 
in the context of the innovation typologies proposed in the Oslo Manual (OECD, 2005). A summary 
description of the 6 concepts is presented in table 1. 
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Table 1: Concepts associated to the Innovation outputs 


Research and development (R&D) and 
technological innovation 


Associated to the creation and existence of an inquiry department 
and technological development 


Product Innovation  
Associated to the introduction of a new service or good or which hás 
been significantly improved 


Process Innovation  
Associated to the implementation of a new or significantly improved 
production method or product delivery  


Organizational Innovation  Associated to the implementation of a new organizational method 


Management Innovation Associated to the implementation of a new management method 


Marketing Innovation Associated to the implementation of a new marketing method  


Han et al. (2007), Pine (2007), Hung et al. (2010) and Satish and Srinivasan (2009, 2010) associate TQM to 
several concepts that incorporate the principles of quality management identified by norm ISO 9000. Of 
those concepts used by the authors and associated to TQM, 8 are considered in this study and summarily 
described in table 2.  


Table 2: Concepts associates to TQM 


Leadership 
Associated to the commitment of top management with the culture 
of management through quality 


Customer Focus 
Associated to the way the organization determines the 
requirements, the needs, the expectations and the preferences of 
the customers 


Involvement and Development of the People 
Associated to the way the organization involves its collaborators 
and it foments its participation and persistence in the activities of 
the organization 


Process Management  
Associated to the way the organization identifies, generates and 
develops its processes 


Continuous Improvement 
Associated to the revision of the organization processes having as 
main aim their continuous improvement  


Suppliers Relationship Associated to the way the organization relates with its suppliers 


Result Analysis 
Associated to the way the organization selects, collects and 
analyses given data related to quality management 


Product Design 
Associated to the use of tools and quality techniques in the 
conception and development of products 


2.2 Research hypotheses and proposal of the conceptual model 
Robinson and Stubberud (2011) carried out a survey concerning the effect of innovation in 3233 
Norwegian companies showing 9 important effects: Increased range of goods and services; Improved 
quality in goods or services; Entered new markets or increased market share; Improved flexibility of 
production or service provision; Met regulation requirements; Increased capacity of production or service 
provision; Reduced labor costs per unit output; Reduced environmental impacts or improved health and 
safety; Reduced materials and energy per unit output. These effects of innovation can be easily 
incorporated in the effects companies want to reach with the TQM philosophy and suggest TQM as an 
organization’s answer to the innovation focus. 


The existence of an R&D department is very expensive for the organizations, in the sense that minimum 
resources are required and sometimes these organizations do not have them (Ramer et al., 2009). 
Financing these activities becomes particularly difficult due to the high risk associated to innovation 
activities. Due to these new limitations, organizations are not involved in research activities and 
development of new technologies, they do, however, invest in activities that are less expensive. They all 
place great emphasis in the management processes of innovation, exploring its innovative potential 
through the use of suitable management techniques where, for example, the use of external knowledge is 
included. In a study developed with Australian companies Gilmore (2009), showed that the external 
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contribution provides an increase of 70% of the innovation level. The constraints associated to research 
activities, development and technological innovation can stimulate the TQM approach that supports the 
organization in overcoming obstacles and achieving goals. Based on what was said above, the first 
hypothesis of this study is formulated: 


H1: Focusing on innovation, at R&D and Technological Innovation level has impact in the adoption of 
TQM principles by the organization. 


The installed competition world-wide compels to the development of new or significantly improved 
products. Quality techniques such as the Failure Mode and Effects Analysis (FMEA), the QFD – Quality 
Function Development, the Design of Experiences, the Taguchi methods, can be decisive in achieving 
innovative products. On the other hand, basic quality tools and Brainstorming can stimulate the creativity 
of the team and contribute towards product innovation. The application of Benchmarking techniques can 
play an excellent role in product innovation when allowing the comparison with better practices inside or 
outside the organization. The second hypothesis of this study is formulated by the above: 


H2: Focusing on innovation, at the level of Product Innovation, has an impact on the adoption of TQM 
principles by the organization. 


The introduction of new or significantly improved processes can basically create two types of effect: 
reduction of the unitary cost of production and increase of the productive quality process (Lafley and 
Charan, 2008). Managing a process implies the establishment of boundaries, attributing responsibilities 
and establishing performance indicators. Process innovation thus seems to foment management practices 
at the level of people’s involvement, continuous improvement, processes management and customer 
focus. Face to the displayed, the third hypothesis of this study is formulated by the above: 


H3: Focusing on innovation, at the level of Process Innovation, has impact on the adoption of TQM 
principles by the organization. 


Innovation management encloses a wide set of tools and techniques and comprises all the activities 
related to the innovation process of the organization. The aim is to maximize the results and it includes 
enabling measures at the level of the internal processes and connections with the exterior (Ramer et al., 
2009). Internally, the cooperation between departments can be improved and strengthened and 
methodologies that foment the creation of new ideas can be created. Externally, the existence of relations 
with customers, suppliers and organizations in general, is very important in identifying innovation inputs 
and sharing of knowledge, where the notion of open innovation (Chesbrough, 2003) has directed the 
attention of the organizations for connections with the exterior. Ramer et al. (2009) consider 4 areas of 
management innovation through which the organizations can improve their innovative performance: 
Human resource management - the increase of incentives can promote the participation in innovative 
activities; Team work - sharing knowledge and mutual trust can benefit innovation; Searching for external 
sources – identification of innovation inputs from customers, suppliers, competitors, university and other 
organizations; Co-operation - creation of partnerships and external sources of knowledge that allow the 
sharing of costs and risks associated to innovative activities. The fourth hypothesis of this study is 
formulated by the above: 


H4: Focusing on innovation, at the level of Organizational Innovation, has impact on the adoption of TQM 
principles by the organization. 


Besides the introduction of new organizational methods, the organization can implement new methods of 
management (administrative computerization; motivation systems; new departments) or introduce new 
systems of knowledge management. Similarly to what happens at the level of the organizational 
management, the fifth research hypothesis is suggested: 


H5: Focusing on innovation, at the level of Management Innovation, has an impact on the adoption of 
TQM principles by the organization. 


An example of marketing innovation is the increasing use of the Internet for expansion of marketing 
channels. This innovative aspect can facilitate the management of the organization focusing on TQM 







 
Innovation and Quality: impacts of innovation outputs on TQM principles adopted1 


ID109.5 


philosophy where certain aspects such as customer focus, continuous improvement and mutually 
beneficial relations with suppliers seem to become strengthened. The sixth research hypothesis is thus 
suggested: 


H6: Focusing on innovation, at the level of Marketing Innovation, has an impact on the adoption of TQM 
principles by the organization. 


In figure 1 is presented the proposed conceptual model is which aims at evaluating the eventual 
facilitating or inhibiting effect that each concept associated to innovation outputs may have in the 
concepts associated to TQM. 


 


 


 
 


 


 


 


 


 


 


 


Figure 1: Proposed conceptual model  


3 Methodology  


3.1 Sample and data gathering 
The study was developed from the information collected at 218 certified organizations. Certified 
organizations were considered to guarantee some organizational knowledge and interest on quality 
management as well as familiarity with the concepts used in the questionnaire sent to the organizations 
(Curry and Kadasah, 2002). The sample was constituted by organizations from several activity sectors and 
the invitation for participation in the research was made through an email sent to the general email 
address of organizations. In the body of the email there was a link to access an electronic questionnaire 
which was a basic instrument of information gathering. This methodological approach allows top 
management of the organization to answer the questionnaire and guaranties that there was internal 
validity in the study, in the sense that it allows an extensive knowledge of TQM and innovation in the 
entire organization (Taylor and Wright, 2003). 


With the questionnaire it was possible to collect information concerning the perception of top 
management in each organization in what refers to different aspects related to adoption of TQM 
principles and innovation. Since it is a Likert type questionnaire, the respondent selected, for each 
item/indicator, his level of agreement with a statement, among 10 possible alternatives (of 1 – In total 
disagreement to 10 – In total agreement). The questionnaire was submitted to some top managers for a 
pre-test. This procedure allowed some improvements related to interpretation of statements. 


3.2 Operationalization and validation of variavels  
The literature review focuses on the possibility that innovation outputs have an important role in the 
adoption of TQM. In such a way that it explores the impact innovation outputs might have in the adoption 
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of TQM. As it was presented, previously in Figure 1, th 6 innovation outputs are represented through the 
independent variables (variables X1 to X6) and the 8 concepts associated to TQM represented through 
the dependent variables (variables Y1 to Y8). 


The variables were submitted to reliability and validity tests. The reliability was measured through the 
Cronbach alpha, obtained with SPSS software. The lowest value obtained was 0.767, greater than the 
minimum value of reference, 0.70 (Hair et al., 2006), therefore considering it a reliable measuring 
instrument. 


The validity makes it possible to measure whether the set of items/indicators represent, with precision, the 
associated variable (Hair et al., 2006). Some authors (González-Alvarez and Nieto-Antolín, 2007; 
Abrunhosa and Sá, 2008) recommend an analysis of the main factors in order to find out if the factors and 
the respective items/indicators are in compliance with the literature review and the assumptions 
considered in the elaboration of the questionnaire. The fulfilment of the reference value (minimum of 
0.500) regarding the Kaiser-Meyer-Olkin test (KMO) (Hair et al., 2006) made it possible to consider factor 
analysis adequate for data treatment. Based on the factor analysis one concludes that only a factor should 
be considered for a set of items/indicators associated with each variable. In all cases, the Eigenvalue value 
(total variance explained by factor) obtained was superior to 1 (Hair et al., 2006). Additionally all the 
extracted factors represented more than 66% of the variance, this value was, in many cases, superior to 
80%. The variance explained from the extracted factors must be at least equal to 60% (Hair et al., 2006). 
According to what has been presented, variables can be considered unidimensional. In what refers to 
factorial loadings, with exception to an indicator regarding the variable Involvement and Development of 
People, removed in the first iteration, all items/indicators were considered relevant for the respective 
factors, in the sense that they fulfil the reference value (higher than 0.70), suggested by Hair et al. (2006). 


4 Analysis of data and discussion of results 


4.1 Multiple linear regression in data analysis 
In the multiple linear regression it is assumed that there is a linear relationship between a variable Y (the 
dependent variable) and at least one of k-1 independent variable. It is an adequate method of analysis 
when the objective is to determine the impact of two or more independent variables in a dependent 
variable (Hair et al., 2006). In the sense of determining the impact of 6 variables associated to innovation 
outputs in the 8 TQM variables, 8 multiple linear regression models were created in accordance to the 
following equation 1: 


Y = β0 + β1X1 + β2X2 + β3X3 + β4X4+ β5X5 + β6X6 +    (1) 


However, before performing the regression analysis and obtaining the models it is necessary to verify the 
fulfillment of the assumptions. The first assumption is related with the independence of the observations 
which was guaranteed by the fact that the sample was comprised of 218 questionnaires and answered by 
218 different organizations. The second assumption refers to the homoscedasticity of the residuals. The 
residuals must have a homogeneous variance around an average null value, where its value should remain 
constant in every range of observation. This assumption was verified through the observation of residual 
graphs, where, for the 8 models, a constant variance of residues was verified and therefore its 
homoscedasticity (Hair et al., 2006). The third assumption refers to the normal distribution of residuals. 
The observation of the normal probability plot made it possible to conclude, for the 8 models, that errors 
are normally distributed, in the sense that the values fall along the diagonal line without substantial or 
systematic deviations, indicating a normal error distribution (Hair et al., 2006). The fourth assumption is 
related to the existence of multicollinearity, which was evaluated through the Tolerance and of Variance 
Inflation Factor (VIF). Tolerance measures the amount of variance that is not explained by other 
independent variables. If others variables explain large part of the variance of a particular independent 
variable is a sign that there is multicollinearity. The reference value for tolerance is typically 0.10, where 
values inferior to 0.10 indicate multicollinearity problems. The VIF is the inverse of tolerance and has a 
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maximum acceptable value of 0.10 (Hair et al., 2006). The observed VIF values for independent variables 
are between the minimum value of 1.524 and maximum of 3.410, confirming the absence of 
multicollinearity. 


Multiple linear regression analysis was performed through SPSS software using the stepwise method. 
Analysis estimates for the 8 regression models can be found in table 3. 


Table 3: Estimates of the linear regression 


Model R R2 R2 adjusted  Anova sig. 
1 0.547 0.299 0.292 0.000 
2 0.493 0.243 0.236 0.000 
3 0.544 0.296 0.283 0.000 
4 0.517 0.267 0.253 0.000 
5 0.592 0.350 0.341 0.000 
6 0.374 0.140 0.132 0.000 
7 0.427 0.182 0.171 0.000 
8 0.492 0.242 0.232 0.000 
From the values of R2adjusted, one concludes that the 8 models have reasonable adjustment to the data. 
Based on the values of ANOVA sig.  it is possible  to reject hypothesis, H0: β=0, for all models. Therefore it 
safe to state that there is a linear relationship between the dependent variable and, at least, one of the 
independent variables. 


4.2 Discussion and Results 
The coefficients of the 8 linear regression models and respective levels of significance are presented in 
Table 4. Only H3 is not sustained by the data. It was not statistically proved that focusing on innovation, at 
the level of new or significantly improved processes, has an impact on the adoption of TQM principles. 
Lafley and Charan (2008) suggest the reduction of the unitary cost of production and the increase of 
quality in the productive process are the two main effects of the innovation process. The results of this 
study are, partially, in accordance with this perspective, and support the idea that process innovation does 
not have an impact on the management philosophy of the organization. The H1, H2, H4, H5 and H6 are 
supported by the empirical data making it possible to state that R&D and technological innovation, 
product innovation, organizational innovation, management innovation and marketing innovation have 
significant impact on the adoption of TQM. These results are generically in accordance with the literature 
review. It is however, important to refer that similarly to what happens with the impact of TQM principles 
in innovation activities (Perdomo-Ortiz et al., 2009 b; Prajogo and Sohal, 2001, 2004 a,b), the impact of 
each innovation output in TQM depends on the variable of the considered TQM. 


Table 4: Estimates of the multiple linear regression models 


Model Dependent Variable Independent Variables Β Standard Sig. 


1 Leadership (Y1) 
Organizational Innovation (X4) 0.348 0.000 


Management Innovation(X5) 0.252 0.001 


2 Customer Focus (Y2) 
Product Innovation (X2) 0.311 0.000 


Organizational Innovation (X4) 0.256 0.000 


3 People Involvement (Y3) 


R& D and Technological 
Innovation (X1) 


-0.143 0.046 


Product Innovation (X2) 0.260 0.000 


Organizational Innovation (X4) 0.256 0.003 


Management Innovation(X5) 0.233 0.002 


4 Process Management (Y4) 


R& D and Technological 
Innovation (X1) 


-0.177 0.016 


Product Innovation (X2) 0.314 0.000 
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Organizational Innovation (X4) 0.275 0.002 


Management Innovation(X5) 0.138 0.076 


5 Continuous Improvement (Y5) 


Product Innovation (X2) 0.272 0.000 


Organizational Innovation (X4) 0.199 0.012 


Management Innovation(X5) 0.258 0.000 


6 
Suppliers Relationships (Y6) 
 


Product Innovation (X2) 0.137 0.063 


Organizational Innovation (X4) 0.286 0.000 


7 Results Analysis (Y7) 


Product Innovation (X2) 0.185 0.011 


Organizational Innovation (X4) 0.157 0.078 


Management Innovation(X5) 0.184 0.025 


8 Product Design (Y8) 


Product Innovation (X2) 0.312 0.000 


Organizational Innovation (X4) 0.151 0.054 


Marketing Innovation (X6) 0.133 0.075 
 


Table 5 symbolically presents, the positive (+) or negative (-) impact, of each innovation output in each 
TQM variable.  


Table 5: impacts of innovation outputs in TQM variables 
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From analyzing table 5 we can verify a negative impact of R&D and technological innovation regarding 
the involvement and development of people in the management process. Positive results regarding the 
innovative activity seem to contribute to some disinvestment at the level of involvement and 
development of people and the process approach. This result is, in a way, in accordance with the literature 
since the organization managed to overcome the constraints associated to R&D activities, technological 
innovation and it does not feel so obliged to seek alternative ways of innovation. Thus, some lack of 
interest in adopting of TQM principles may be verified. The results support the initial idea that improving 
performance, at the level of product innovation, organizational innovation and management innovation, 
will promote the adoption of TQM principles. The results show that innovation outputs of marketing 
innovation promote the adoption of methodologies related to product design; suggesting that focusing 
on the organization, at the level of innovation in packing products, in communication techniques with the 
customer, in distribution methodologies and price policies, will have an impact on the level of product 
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design activities, such as the periodic revision of its characteristics considering the demands of clients and 
suppliers. 


5 Conclusion and proposal of future work 
The obtained results support the general literature suggestions. The most important difference of this 
study, when compared with other studies identified in the literature reviewed, is the simultaneous 
inclusion of innovation outputs along with TQM principles, assuming an integrative perspective either of 
the various demonstrations of innovative activities or the aspects of TQM. To the exception of the 
innovation process, all the other innovation outputs, considered in this research, have a positive impact in 
the adoption of TQM principles. In academic terms, this study represents an important contribution by 
bringing together innovation and TQM, more specifically by analyzing the impact of innovation outputs 
on the adoption of TQM principles. The purpose was to expand a little more the knowledge on these 
areas of the economic and social sciences and actively contribute to their development. On the other 
hand, in practical terms, by analyzing the impact of innovation outputs on the adoption of TQM 
principles, we seek to obtain information and knowledge useful for the organizations surveyed. As a result 
they may achieve profitable increases in organizational performance, with obvious benefits not only 
internally, at all levels, but also externally to all persons and institutions that relate to these organizations. 
The research presents some limitations. The empirical data refer to organizations of different activity 
sectors and for which, the generalization of the obtained results may not apply to certain activity sectors. 
Data gathering considers the perception of top managers that may not correspond completely to the 
feeling of the entire organization. Regarding future research, it could be interesting to divide the sample 
in different groups and analyze eventual impact differences in innovation outputs when adopting TQM 
principles. Dividing the sample could be made, for example, in accordance with the activity sector or with 
the dimension of the organization. Because there is a possibility of each innovation output being able to 
influence and be influenced by others outputs, and the same happens with variables associated to TQM, 
an evaluation of the cross impacts among variables associated with outputs of the innovation and 
variables associated with TQM is suggested. 
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Abstract 


Manufacturing cost minimization and productivity maximization are essential for the machining industries sector to 
survive in the market. The production shop floor is a source of achieving strategic data, providing information to 
assist cutting processes optimization and better help to use equipment and resources efficiently. In this sense, the 
objective of this work is to present the development of a New Cutting Process Operational Support System which is 
following the most modern computational architecture (this system is being known in Portuguese as SIAPU). Before 
starting the system development, a survey was conducted. For this purpose, a questionnaire was prepared and sent to 
approximately 3850 companies active in matters related to material cutting process. The number of respondents was 
208, or 5.40% of the total queried. This matter should be part of another specific job to analyze the answers. However, 
it was possible to understand that the industry in general is interested in having such a system like this one being 
developed in this work. The system development is being based on new optimization cutting process approaches. The 
expectation is that, at this final development, the system could offer characteristics as practicability, usability, mobility, 
beyond contain a help system intuitive on-line. Finally, this work has concluded that the use of the system in industry 
shop floor can contribute as a remarkable tool to minimize costs and maximize productivity, given to the industries, 
an opportunity to look for larger profits. 


Keywords: cutting process; operational support system; optimization. 


1 Introduction 
Machining process optimization is a very complex task and must be understood, in this work, as a 
procedure to promote cost minimization and productivity maximization of a given system workpiece, tool, 
machine and fixtures. To this end, the machining conditions used, must go through an optimization 
process. It is possible imagine that there is only one set of optimal machining conditions. However, it is 
quite impossible to achieve this level of refinement, both in research and practice of the process. So, 
instead of call the results as optimal, it is correct to call them as "optimized". 


To improve productivity or minimize costs the industries can purchase and or building equipment and 
devices over advanced and flexible. However this option represents high investments to companies. 
According to Baptista (2001), alternatively, you can use, with technical and economical advantages, 
solutions based on methods and procedures for optimizing the machining conditions. Respecting their 
limits, such procedures can avoid high costs of investments instead to replace machinery and tools. 


In this context, it is considered that, after having exhausted all the possibilities of rational analysis of tool 
cutting conditions selection based on tools suppliers catalogs, or on the experience of process planners 
and on the experience of machine tools operators, it is necessary to consider aspects that depend on 
manufacturing scenario involved (Diniz, Marcondes and Coppini, 2008). This is the main reason why 
companies have different delivery times for cutting process services, as well as, different manufacturing 
costs. 


Worldwide about 80 to 90% of CNC active machines are working below their limits, according to research 
published by the tool manufacturer Sandvik® during the 2000 years (Coromant, 2000). This information 
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demonstrates a field to be exploited and which should receive increased attention by researchers and 
industries workers belonging in the cutting process sectors. 


The optimization of feed rate and depth of cut should occur mainly with the analysis of the geometry 
involved between tool and workpiece to be cut. So, if the case is heavy roughing, or light roughing, semi-
finishing or finishing, or even, smooth finish, it is suggested to select major feed rate possible, for each 
instance, taking the care of attend the machine tool restrictions and some another eventual 
manufacturing restriction of the system. 


Thus, the best value for the feed rate must be as greater than possible, respecting the machine tool 
constraints and must be able to generate the final surface roughness desired for the workpiece being 
produced. Similarly, whenever an operation requiring large amount of material removal, it is 
recommended select a depth of cut as large as possible, once again, under the constraints of the machine 
tool. 


If feed rate and depth of cut selection follow these concepts, it is allowed to consider that these 
parameters were optimized. At this moment, it is possible to find several cutting speeds that could be 
used. Several of these cutting speeds will attend the process, and generate workpieces with design-
imposed quality. One of them is the best! SIAPU is being prepared just to determine which cutting speed 
is the best. 


According this context Liu et al. (2010), consider that computer systems based on modern WEB 
environment are of great value to work in the construction of decision support tools. Currently 
manufacturing industries are equipped mostly with CNC machine tool. This kind of machine tool can be 
supported by CAx systems such as: (CAM) Computer Aided Manufacturing, (CAD) Computer Aided 
Design, (CAPP) Computer Aided Process Planning, among others (Ding and Matthews, 2009). 


Among all the references found in this work, only two of them stand out by presenting opportunities to 
put together scientific and practical aspects related with cutting process, which are: MOS - Machining 
Optimizer System (Baptista, 2004) and MOS II - Machining Optimizer System II (Grivol, 2007). 


Based on the literature and computer systems related with cutting process, including the information 
existing in MOS and MOS II, this work proposes the construction of SIAPU, a new computational tool to 
support the cutting process, extending their functionality. However, the new system will take profit about 
much modern computational techniques, new optimization methods, including decision support tools 
and price formation, aiming to contribute to the improvement of cutting process optimization 
parameters. At this time the SIAPU development is around 70% concluded. 


2 Cutting Process Optimization Review 
Over the last years several researches dedicated to find how to optimize cutting process, have been 
developed ways to reduce costs, increase productivity, maximize profits, gain of agility and flexibility. 


The first author’s team publication on cutting process optimization published by Pallerosi and Cupini 
(1975) presents an analysis of trustworthiness in the use of the values "x" and "K" Taylor's life equation 
coefficients. The basic concepts that guided this study were: do not use data from the tools supplier’s 
catalogs like as optimized values; data must be obtained directly from the cutting process practice coming 
from the industry shop floor to determine the mentioned coefficients. These concepts were used by the 
authors of MOS and MOS II. 


According to literature, some authors have focused their work on building support systems for cutting 
process, using resources and computational techniques in different ways, applying scientific and or 
practical knowledge. Lee et al. (2000) featuring the use of polynomial networks as an option to determine 
the ratio between cutting parameters and quality of surface roughness, cutting force and tool life 
evolution in turning process cycles. 
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Focusing the conditions of minimum cost and maximum production, Meng et al. (2000) determined, 
based on cutting process theory, a procedure for determine cutting parameters to reach the highest rate 
of chip removal. Then, using a suggested change in extended of Taylor’s life equation and data from tool 
suppliers’ catalogs they found a way to determine optimal cutting speed condition. 


Following the same concepts, Muršec et al. (2000) developed a system using data from multiple tool 
supplier catalogs to determine the optimum cutting parameters conditions. 


Shabtay (2002) also proposed an optimization system for extending the concept of maximum gain. 
Following this subject this author proposed an equation based on “revenue per workpiece, cost per piece 
and cycle time and tool life as criterion”. 


Although based on the same conditions, Wang et al. (2002) developed a computational system for the 
optimization of turning process with a single pass, in which the user informs the maximum and minimum 
tool life values and the optimize cutting speed is determined by the system considering this tool life 
interval. 


Looking for another approach, Zuperl and Cus (2003) used neural networks for cutting parameters 
optimization, considering the technological, economic and organizational constraints. The approach was 
suitable for the quickly determination of cutting parameters during machining when there is enough time 
for deep analysis. 


Baptista (2004) developed the Web-Based expert system named MOS - Optmizer Machining System, 
aiming to assist in the optimization of turning, milling and drilling, based on Maximum Efficiency Interval 
(MEI) for several productive scenarios (Figure 1). According to the literature, this system was the first to 
introduce the cutting process scientific and practice aspects focusing real industrial applications. 


Continuing research and application of this system Baptista and Coppini (2007) validated the MOS in the 
optimization of machining parameters with data from the manufacturing environment, comparing the 
results with information processed by spreadsheet and data catalog suppliers. The results obtained in the 
experiments demonstrated that the system correctly identified scenarios, proving to be reliable for 
application in production environment. 


Grivol (2007) developed MOS II based on MOS and introduces new features such as: new approaches to 
optimizing; division of the system into hierarchies better defined; inclusion of data information for no 
optimize scenario, among others. These improvements have added benefits that make the system more 
consistent. 


Using the WEB platform Zheng et al. (2008) developed a system where users can select, in a database, 
machine tools and the appropriate cutting parameters as also evaluate the performance of machining by 
obtaining the cutting force, power consumption, system vibration and distortion level of the part in 
accordance with the cutting conditions, such as cutting material, workpiece material, workpiece hardness, 
heat treatment, depth of cut, etc. 


Within the same Web-Based concept, Hanwu and Yueming (2009) developed a virtual operation system 
for CNC machine tools in order to facilitate users to be trained and to make easy to follow the process by 
simulation. However, this system has some restrictive features relating to the technology applied, 
highlighting the dependence of the installation of auxiliary programs and use the browser Internet 
Explorer® for the operation of the system. 


Summarizing this item is possible to say that the literature review demonstrates that the proposed 
machining process optimization do not have focused on the possibility of practical applications. Only 
Baptista (2004), Baptista and Coppini (2007) and Grivol (2007) developed systems based on scientific and 
practical aspects related to the cutting processes. They used optimization procedure model following 
Pallerosi and Cupini (1975) to obtain the Taylor’s life equation coefficients. The coefficient x was 
determined applying Eq. (1) and K applying Eq. (2). 
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Where, T1 is the tool life for vc1 and T2 is the tool life for vc2, considering the same tool life criteria in both 
cases. T1 and T2 must be measured in shop floor during the process evolution. The vc1 is the current 
cutting speed selected from toolmaker catalogs before optimization and vc2 = (1.20*vc1) is the second 
cutting speed used to calculate x and K Taylor’s Equation coefficients Eq. (1) and Eq. (2). 
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Where: 
T = tool life [min]; 
vc = cutting speed [m/min]; 
K = constant of life Taylor equation; 
x = coefficient of life Taylor equation. 


3 SIAPU Characteristics 
The positive results achieved by MOS and MOS II encouraged the authors to perform SIAPU. This new 
system will bring improvements such as: 


 Use of modern computational techniques; (*) 
 Multiple languages; (*) 
 Compatibility with the most used internet browsers and mobile devices existing in the market; (*) 
 Inclusion of graphics support for decision making; 
 Generation of management reports in real time; 
 Tool for query historical; (*) 
 Dedicated module for identification of idleness, thus allowing maximization of production 


capacity through the effective use of this idle equipments. Idleness is an relevant impact factor on 
industrial competitiveness (Rosa, 2011); (*) 


 Module to assist in price formation of products and budgets presentation and its negotiation, 
based on the concept of contribution margin, which model was proposed by Carvalho (2007). The 
model is intended to provide information detailing the proposed price by the market of service 
providers in machining, it has some characteristics that differ from traditional models, such as the 
use of variable costs only for the formation of selling prices; setting the sales price based on 
variables directly linked to the process, simplification of the formulation of the sale price, using 
data optimized operation in manufacturing environment; (*) 


 advanced interfaces to facilitate and improve practical applications for optimization of cutting 
processes on shop floor environment industries; (*) 


 specific modulus to be applied to teach and to spread the knowledge abut cutting process and 
also its optimization; 


 Automatic cutting speed optimization for the following production scenarios and its respective 
cutting speeds (Table 1). 


(*) Items already implemented in SIAPU 
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Table 1. Cutting speed, scenarios and equations to be determined by SIAPU. 


Cutting Speed Environmental Industry Scenario Equation for each Cutting Speed determination 


[0.9*vc1, 1.1*vc2] 


validity interval 


Validity interval for all cutting speeds 
below. To be used during data 
collection. It is suggested 10% 
tolerance. 


Cutting speeds must be calculated by SIAPU in this 
interval validity otherwise could occur errors when 
applied in practice. 


vcmxp 


Maximum production 
cutting speed 


To be used for bottleneck machines 
or to ensure the maximum hour 
production possible. vcmxp can be 
major than vc2. In this case for 
bottleneck machines must be used vc2
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Minimum cost cutting 
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must be done under minimum cost 
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Sh = labour salary [$/hour]; Sm = machine salary [$];  
Ktf = tool edge price [$] 


vcmcLim 


Minimum cost limit 
cutting speed 


To be used in flexible manufacturing 
systems. In this case, the cutting tool 
edge exchange time is too fast or zero
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vcmxca 


Maximum Cost 
Admissible cutting 
speed 


To be used to improve the hour 
production and keep the costs not 
much larger than the minimum cost 
per piece. Kmxca is the maximum cost 
that can be offered to the market and 
still be competitive  
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d = tool or workpiece diameter [mm]; f = feed rate 
[mm/rev]; lf = feed length [mm]; C1 = passive costs 
[$]; C2 = (labor salary + machine salary) [$/hour]; 
C3 = tool edge price and cost to change tool edge [$]


Vcminca 


Minimum cost 
Admissible cutting 
speed 


To be used in idle machines. td is the 
total fabrication time by piece less 
than the maximum hourly production 
time. The respective vminca is limited by 
the cutting speed v1 of the validity 
interval. 


t1 = passive times [min]. 


vcmxg 


Maximum Gain 
Cutting Speed 


To be used when cutting process 
must be done under maximum gain G 
per piece possible. Maximum gain is 
calculated by d(G)/d(vcmxg) = 0 
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PVu = sell price [$]; MPu = raw work piece material 
price [$]; td = available time to produce the batch 
[min];  


All cutting speeds presented in (Table 1) are graphically shown in (Figure 1). The interval between vcmc and 
vcmxp is the Maximum Efficiency Interval (MEI). It may be that Vcmxp come to be larger than the cutting 
speed vc2 plus 10% above its tolerance value. This will occur whenever the tool edge exchange time ttf be 
very small or zero. In this case, the upper end of (MEI) would be 1.1*vc2. 


The internal structure and navigation system, showed in (Figure 2), has been made prioritizing and 
facilitating the user’s access. The modeling was developed to allow receiving new functions through new 
modules insertion, without the need to rewrite or adapted new sources codes. 


It will be developed a module provided with Artificial Intelligence (AI). The target will be to evaluate the 
behavior of optimizations performed, learning how it took place and thus, use the value already optimize 
to start a new optimization procedure, always an adequate level of similarity occurs between the last and 
current case. 
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Figure 1: Maximum Efficiency Interval (MEI). Source: Adapted from Diniz et al. (2008) p. 142. 


 
Figure 2. Diagram of the internal structure of SIAPU. 


4 Technological Base 
The WEB platform is the market tendency, as demonstrate in the work of Liu et al. (2010) and Li (2011). 
This platform offers an environment that can be easily accessed using a Web browser on computers and 
mobile devices, requiring only an internet connection or local network where the proposed system is 
found installed. This platform has many characteristics such as flexibility, speed deployment and 
maintenance, as well as, provides cost savings on infrastructure for Information Technology (IT). 


SIAPU was built under the paradigm of object oriented programming (OOP), a term that describes the 
software organization as terms of collections and independent objects with behaviors strongly coupled 
according to Murthy et al. (2011). 


This paradigm differs from the traditional approach of structured programming development. This 
structured programming is based on routines and data structures of weak coupling, making it difficult to 
maintain and add new features quickly. 
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The code fragment (simulated), presented in (Figure 3), shows the preparation of an operation to be used 
for optimizing a process of turning written in PHP 5.3 (OOP) to script language  programming. 


.  


Figure 3. Code fragment example of a turning operation. 


It was used PHP 5.3 scripting language to develop SIAPU. This language has advantages for being free 
software and simple syntax, high speed processing, reliable security and stability, and is compatible with 
the paradigm of object orientation (OO) according to Mercer et al. (2004). For storage data was utilized 
the database MYSQL 5.1, a database management system (DBMS) plus SQL - Structured Query Language, 
that main characteristics are stability, reliability, portability and high performance (Batista, 2009). 


4.1 Methodology Development and Software Quality 
In order to develop proposed software keeping quality it was used the international standard ISO/IEC 
12207, which according to Dias et al. (2010) provides a high level structure for life cycle software 
processes. It was also used the eXtreme Programming (XP) methodology (Abrahamsson et al., 2002). Its 
main features are project control prioritization in aspects of cost, time, quality and scope of the project, 
using a life cycle divided into six phases: Exploration, Planning, Iterations to Release, Production, 
Maintenance and Death (Figure 4). This methodology proposes a set of best practices such as standards 
codes, test-driven development, refactoring, continuous integration and acceptance testing. 


 
Figure 4: Life cycle XP processes. Source: Adapted from Abrahamsson et al. (2002) p. 21. 


The SIAPU main interface (Figure 5) follows standards for usability, as shown in (Figure 6), described by 
ISO 9241 - Ergonomics of Human System Interaction parts: 100 - Introduction to standards related to 
software ergonomics, 151 - Guidance on World Wide Web interfaces, 171 - guidelines on accessibility 
software. It was also followed the recommendations of W3C (World Wide Web Consortium) - 
International Standards Organization for the World Wide Web for system development. In addition, it was 


... 
 $op = new SIAPU_Optimize(); 
 
 $op->setProcess(‘P1’); 
 $op->setOperationType(‘TURNING’); 
 $op->setOperationCode(‘OP1’); 
 $op->setMachine(‘M1’); 
 $op->setTool(‘F1’); 
 $op->setVcIni(110); 
 $op->setFeedRate(0.25); 
 $op->setMachiningDepth(1); 
 $op->setTaylorX(4.156376); 
 $op->setTaylorY(50396117944.56); 
 $op->Execute(‘OP1’); 
... 
 $op->getResult(‘OP1’); 
... 
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applied an interactive help system in order to assist users to use SIAPU properly and take the system 
maximum efficiency. 


 
Figure 5: SIAPU Control Panel. 


 


Figure 6: Diagram of Usability Human-computer interaction. 


5 System Validation and Tests 
The mathematical models showed in (Table 1) and the optimization model procedure used in the SIAPU 
was validated by simulations based on data from the turning, milling and drilling industries shop floor and 
or in laboratories by adopting the same production shop floor routine (Pallerosi and Cupini, 1975); 
(Coppini and Baptista, 2006); (Baptista and Coppini, 2007), (Santos, 2011) and (Da Rosa et al., 2009). The 
obtained results in the experiments will be matched to each other by means of a spreadsheet in order to 
establish the validation of routine calculations and the correct identification of productive scenario.  


The entire SIAPU validation will follow the proposed method described in Rocha and Baranauskas (2003), 
probably before the ICIEOM 2012 conference. 


6 Final Considerations 
SIAPU is being developed to presents modern architecture, faster data access and a friendly and more 
intuitive interface, following the standards concepts of WEB 2.0. It was used PHP 5.3 which is excellent tool 
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for programming and is compatible with object orientation paradigm (OOP). The data storage is done in 
MySQL 5.1 database that has portability, stability and high performance. SIAPU was developed in WEB 
platform and was validated by W3C. The system presents usability and compliance with all main browsers 
existing in the market. It can be also accessed by mobile devices, which is a feature that provides flexibility 
especially on shop floor. Their interfaces were built under user-friendly and flexible conditions and it 
allows the inclusion of extra features according with each user interest. It also has a multi-language option 
available. 


SIAPU, as described in this work, is an Operating Support System specifically developed to be used in 
practical applications to optimize cutting process parameters with the target of minimize costs or 
maximize production. Two main characteristics can be pointed out: it was used a deterministic 
mathematical model to find Taylor’s tool life equation coefficients and the data to be used for this 
propose, must be collected in industries shop floor in real time with workpieces production. Tool life data 
taken from tool manufacturer’s catalogs can be used, however, are not recommended by the system 
authors for not having adherence with the scenarios’ users. 


Besides being possible to perform the cutting processes optimization, SIAPU also allows to: 


 identify bottlenecks and idleness machines in manufacturing cells; 
 cutting process service suppliers can use the system to prepare price formation based on 


contribution margin concepts and organize budgets to be presented and discussed with their 
costumers; 


 be used for education and teaching classes about cutting process; 
 be used for dissemination of knowledge in the area of cutting process and related matters. 
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Abstract 


This work presents a new perspective for analysing the risk management at infrastructure projects, focusing at the 


interface between risk management performed by managers and investors.  As result it is presented a case study that 


apply a qualitative model of this interface which makes explicit the main elements acting at this activity.  This work is 


the result of a deep research over the structures required to finance big projects at the infrastructure industry.  The 


main themes explored are project and risk management; corporate governance; and investment in big infrastructure 


projects. The data was collected directly with companies and professionals acting at this kind of business and also 


secondary data from public websites, publications and other bibliography. It's an interesting overview for 


professionals acting on this subject and it is also interesting for outsiders to have a notion about how complex can be 


the development of countries infrastructures. 


Keywords: risk analysis; infrastructure; project finance. 


1 Introduction 


The development of country’s infra-structures, as power generation and supply; transport; water supply 


and waste treatment facilities, is a challenge all around the world.  This is specially challenging because of 


technical, financial and political issues.  Big and complex projects require and may generate large amounts 


of money and may also affect social communities, country development and the surrounding 


environment.  It is a technical challenge because it may involve the use of complex technologies and 


management procedures, and a financial challenge because it requires finding sources for the projects 


once the State is no longer able to do it all by himself (GRIMSEY; LEWIS; 2002).  This last characteristic open 


space for the participation of private investors aiming either to diversify their portfolios and/or venture 


themselves as specialized firms at one specific sector, as it will be dissertated during this article.  The 


technical and managerial complexity of these projects gave impulsion to important developments on the 


project management field making available several techniques, tools and methods applied by specialized 


firms and professionals.  So, these projects have been developed in a context where specialized firms 


make partnerships with or are contracted by different investors to explore opportunities at the 


infrastructure industry.  These specialized firms can be, for instance, engineering companies contracted to 


execute and operate the project, acting as agents (JENSEN, 1976) taking many actions and decisions on 


behalf of investors.  Conflicts may appear when investors want to make sure that the project managers are 


conducting the project to achieve the rewards expected by the investors.  Related to that, among the 


many duties of project managers, the risk analysis and management are a special concern for sponsors 


and stakeholders because it identifies possible situations that may take the project from its expected 


results and than plan and execute actions to avoid, mitigate these situations and also keep investors up to 


date about the project’s real circumstances. 


This work has as main contribution to present a new way to represent elements that are directly related 


with the risk management done by infra-structure project managers and investors.  These elements may 


be processes, organizational structures, financial system’s institutions and tools, regulatory agencies, 


contracts, and also, social and cultural relationships acting at the boundaries of a company created 
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specifically for the project enhancing the adherence between the two different worlds of project 


managers and investors.  This border is a virtual place where conflicts related to the risk management 


between these two actors are solved.  It is also presented a case of a power generation plant developed at 


the very south of Brazil. 


2 Projects 


Projects can be present in different sectors like industrial projects (as product research and development), 


infrastructures projects (as mentioned before), and services (as software development, market analysis, 


etc).  Here we are working with infrastructure projects that, in the Brazilian case, are more and more been 


handled by creating a specific company for then.  This company is so called Specific Purpose Company 


(SPC) and it may be used when the project has many sponsors and it may represent an advantage to 


separate the projects organization and it’s creditworthiness from sponsors.  This is especially common in 


Project Finance structures that, according to Finnerty (1998), happen when a project is financed without or 


with limited recourse to sponsors, taking the predicted cash flow as main guarantees for lenders. 


Projects usually have three main objectives that are product, price and term (CASAROTTO, 1999), these 


objectives are also known as the "Iron Triangle", cost, quality and time (ATKINSON, 2006); but big 


projects, like infrastructure projects may have other objectives according to the different aims of 


shareholders and stakeholders participating at the project.  For instance, the objectives of sponsors would 


be dividends and products; for lenders it would be interest and amortization; suppliers would be 


interested in quantity and price; for costumers, quantity, price and quality; and for government it would 


be quality, price, quantity and taxes.  Those objectives are related to opportunities and risks that each 


participant is ready to take. 


Professionalism is a key to the project success; engineering contractors, business and their existence rests 


notably on developing their capabilities at project management.  A project is naturally a planned thing, 


once someone aims a future objective, he must believe that there is a viable path to reach this objective.  


The tasks required for the project must be identified and the necessary resources must be quantified.  


Although planning is not the guarantee of success, not planning can determine the failure of a project 


(DEVIR, 2003).  Also related with the planning activity is the fact that we have imperfect knowledge of the 


future as a consequence of changes (KNIGHT, 1921).  This imperfection brings uncertainty as says Bussey 


(1978), that in the real world it is impossible to be sure about all the outcomes of a project.  So project 


development and investment is directly related with taking risks, in other words, profits are, in part, the 


reward for successful risk taking in business (TURNBULL GUIDENCE, (2005), as it will be discussed at the next 


item. 


3 Risk Analysis and Management 


The risk management as stated by Kerzner (2003) is an organized way to identify and evaluate the risks 


and develops, selects and manages the alternatives to control them.   


Concerning the different types of risks, the PMI (2004) uses four different categories to identify risks which 


are: Technical, quality and performance risks; Project management; Organizational risks; and External risks.  


This last risk is often considered as systemic risk (BONOMI, 2002).  It is an important point of view that 


may link project management risks to the classical financial risks (MARKOWITZ, 1952), (SHARPE, 1964): 


systemic and diversifiable risks.  The others three risks mentioned before would be diversifiable. 


Smith (2003) mentions the key risks specific for Project Finance projects.  This risks are: Construction and 


project development risks; Project planning and preparation risks; Implementation risks; Shareholder/joint 


venture risks; Site risks; Technology risks; Supply risks; Market risks; Operating and maintenance risks; 


Financing and foreign risks; Environmental compliance risks; Consents and approvals risks; Insurances risks 


and Loan syndication risks.  Grimsey and Lewis (2006) have a similar classification. 
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These and other classifications are very important for the risk management once the activity of risk 


identification is present many risk management models.  Assembling three models (PMI, 2004), (SMITH, 


2003), (Picard; Thouvenin; 2005) from different lines, it is possible to have a summary of the main activities 


and stages of the risk management as presented at the table 1. 


Table 1.  Main stages of the risk management 


Risk Management Planning 


Risk Identification 


Hierarchization of risks through quality and quantity analysis. 


Treatment actions definition 


Treatment actions following 


Tableau de Board development 


Source: Santa Catarina (2008) 


Knowing the type of risks and the main project risk management stages is very important to identify the 


main elements that would be acting between managers and investors and also to analyze which function 


would they be playing.  The next section analyses the investment and risk analysis at infrastructure 


projects. 


4 Investment and risk analysis in Infrastructure Projects 


This section explores the investment in infrastructure projects, reviewing concepts, showing the main 


investors and ways of investing in order to define the investment context where investors perform their 


risk analysis at this kind of projects.   


Most of authors consider that the only possibility to invest in projects is by providing capital as a sponsor, 


participating at the project’s equity.  The present work considers as investment all capital sources for the 


project including equity and debt.   


 Debt securities with recourse to sponsors – as these sorts of investments are usually rewarded by 


an interest rate over the principal with the possibility of recourse over sponsors, the risks lies over 


the projects payment capability and the sponsor’s creditworthiness and debt level. 


 Debt securities with limited or without recourse to sponsors – that are also rewarded by an 


interest rate over the principal, have their guarantees related to the projects capability of 


generating net cash flow, depending on projects operational and commercial performance, thus 


risks are related to these points.  These kinds of securities are characteristics of Project Finance’s 


structures.  In this case is usually created a specific account, the Scroll Account, where project’s 


revenues must arrive, instead of the SPE account.  Investors may have recourse to this account in 


case of payment failure. 


 Selling future contracts – that is a quite common way to finance infrastructure projects that 


happens when costumers pay when the project is under construction expecting to have projects 


outcome (like energy and water supply for instance) in the future.  In this case, risks are related to 


projects operational performance and market future behaviour.  Depends also on the guarantees 


that are given. 


 Supplying future contracts – that happens when a partner supply the project with goods or 


services expecting future payment.  Have its main risks at the project’s capability of payment and 


the given guarantees in case of failure on payment. 


 Equity securities – rewarded usually through the payment of dividends or by negotiating the 


securities at the stock markets.  These investments depends on the company’s capability of 


generating net cash flow for the payment of dividends or/and by the behaviour of the company’s 


stock prices at the market and also the market systemic behaviour.  This is a sort of investment 


that holds all the risks that were not assumed by any other project’s participants, which is the 


residual project’s risk. 
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All these investments possibilities also represent alternatives for investors with different non-engineering 


profiles like: commercial banks, leasing companies, insurance companies, pension funds, governmental 


bond authorities, finance companies, export credits, international financing agencies, private lenders, 


customers and suppliers as mentioned by Farrel (2003).  This “non-engineering profiles” means that some 


investors are ignorant (not pejorative) on the engineering processes those are usually present in infra-


structure projects.  More than this, infra-structure projects represent investment alternatives for non 


institutional investors, which mean that they may do not even know about finance and investment.  It is 


likely to have these kinds of investors once they increase the capital available for infra-structure projects 


that are so important for the countries development.  Nevertheless, it is also a challenge for project 


sponsors and financial system’s institutions and rulers to limit the risk assumed by those investors creating 


a trustful investment scenario.  The return depends mainly on the project’s force, which means the 


possibility of generating a future cash flow to pay operational costs, debt and finally equity.  The risk 


depends on the projects characteristics as well on how the project society deals with them and that is why 


the risk management is so important to the investment.  In the next section a discussion is developed 


about what is Corporate Governance and how it’s related with project investment and risk management. 


5 Corporate Governance and Risk Management 


The Corporate Governance describes all the influences affecting the institutional processes, aiming to 


mitigate the agency problem (TURNBULL, 1996).  It also develops methods and mechanisms to minimize 


this problem by assuming some important principles like disclosure, accountability, equity, and 


corporative responsibility, which should be taken in account when developing an attractive environment 


for investment, fomenting companies and countries development.  The Sarbanes-Oxley act - SOX, 


assigned in 2002 by the United States Government aimed to apply some of these principles in response to 


the scandals involving some important US companies like Enron, Tyco International e WorldCom.  These 


and other companies published untruth financial reports bringing loses for investors and, consequently, 


uncertainty to the investment markets.  The act focused at the responsibility of the company and its 


directors on communicating truly accounting and financial information and at effective internal controls.  


Different methods are available to improve this internal controls, one of them is suggested by the 


Committee of Sponsoring Organizations of the Treadway Commission – COSO, considered by Deloitte 


(2003) as the most used one, and that has five components as shown bellow. 


 Control environment 


That is the base for the control activities, including ethical values and competencies. 


 Risk Analysis 


That includes the identification and analysis of the risks that can avoid the business to achieve its 


objectives. 


 Control activities 


That means de definition of actions to deal with the identified risks. 


 Information and communication 


This component is related to the information paths and tools used between the different layers of 


the company. 


 Internal control monitoring 


That represents the ways that the firm has to evaluate and follows the performance of the 


controlling actions that were taken. 


The second, the third and the last components showed at the list before are directly related to the internal 


risk management showing how related is the risk management with investment.  This relation between 


risk management and the internal controls is also present at the Turnbull Guidance (TURNBULL 


GUIDENCE, 2005) that is also an important reference for internal control.  At the next item, these 


Corporate Governance procedures and some others are assembled to characterize the interface between 


project managers and investors. 







 


Project Risk Analysis: Adherence Between Investors and Managers Risk Management 


ID312.5 


The governance is also a critical matter when projects must take in account stakeholders that, more and 


more get involved in infrastructure projects because of sustainability issues. Atkinson et al (2006) make a 


point when they say that the degree of stakeholder involvement and expectations in terms of interaction 


will affect the definition of strategies that must arrive from sense making and agreements with them.  


Santa Catarina and Stephano (2010) checked that by indenting the main actions taken by big 


infrastructure companies to cope with those sustainability issues.  So, although investors and managers 


are the main actors, others participants should not be left apart.  The next section discus the interface 


between investors and project managers. 


6 Interface between Investors and Project Management risk management 


This work is worried about the system formed by the project, the investors and the other players at the 


investment environment as illustrated below. 


 


Outside – Inv. Environment. Inside – Project Management Environment. 


Project 


Management 


Risk Management 
Investors 


 


Source: Santa Catarina (2008). 


Figure 1: System formed between project investors and managers. 


When visualizing this illustration we must understand that there is a network that connect project’s tasks, 


risk management and project following by the investors.  This network across the boundaries of the 


project and reaches investors, but this interface is not only a line, it is made by all the processes, 


organizational structures, financial system’s institutions, regulatory agencies, contracts, and also, social 


and cultural relationship’s “sub-networks”.  From the Corporate Governance literature like Turnbull (1996) 


and also those internal control documents mentioned before (DELOITE, 2003);(TURNBULL GUIDENCE, 


(2005) it is possible to identify mechanisms, tools and organizational structures to mediate the 


relationships between agents and investors, integrating the interface between them.  The next table 


summarizes the informations concerning the interface from five different Corporate Governance models. 


Table 2.  Corporate Governances mechanisms, tools and organizational structures at the interface between project 


management and investors from five Corporate Governance models. 


From the Finance Model 


(TURNBULL, 1996). 


Management agreements; bonding managers; providing reports to investors; 


Investors playing strategic roles at the project management, and board of directors. 


From the Stakeholders 


Model (TURNBULL, 1996). 


Supply agreement; selling agreements; concession contracts; shared planning; equity 


investment (bonding); and the participation of governments, society and others 


institutes. 


From the Stewardship Model 


(TURNBULL, 1996). 


Trust and executive directors. 


From Political Model 


(TURNBULL, 1996) 


Sector regulatory agencies; laws; financial systems institutions (SEC). 


From SOX (DELOITE, 


2003);(TURNBULL 


GUIDENCE, (2005) 


Information Technology; non-executive members at the board of directors (like 


investors); independents external and internal auditors; Financial and Executive 


directors responsible for internal control and accounting information communication. 


Source:  Santa Catarina (2008). 
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The finance model is focused on developing constraints and rewards for managers, defining their roles 


and responsibilities by contracts, and by submitting important decisions to an administrative board 


formed also by non-executive members.  The elements related with the stakeholder’s model would serve 


to obtain stakeholders best efforts to the project accomplishments.  Besides contracts and agreements 


that would define their technical and financial responsibilities, shared planning and bonding may be 


important tools to develop commitment and realistic planning.  Almost in an opposite sense, the 


stewardship model considers agents, in this case, project managers, as the best “guardians” of the project.  


According to this model, they would be the most prepared professionals to take all decisions concerning 


the project’s development, justifying the formation of boards of directors purely by executives, avoiding 


non-executive (non-technical, non-professional) participation.  The political model considers the project 


governance is influenced by political issues like laws and other institutions related to the public policies 


and power as security exchange commissions and sector regulatory agencies that impose rules over the 


firms.  What is considered here as a model of governance, the SOX act, as already mentioned before, 


brings some other quite important elements.  Many authors may consider the analysis of all these models 


together a mistake, but in real cases is really hard, if not impossible, to find situations where the models 


are used isolated, without any influence by the others.  All these models definitively cover a wide range of 


situations; nevertheless, it is still possible to find important elements not considered by these models as it 


is shown next (SANTA CATARINA, 2008). 


 Risk Agencies: Risk evaluation agencies also play an important role once they are contracted by 


issuers to evaluate their securities so investors can use that evaluation as a reference about the 


risk that they would be taken when investing at some project.  The risk evaluation agencies are 


important because they classify project’s securities indicating the level that investors would be 


exposed when acquiring them. 


 Derivatives for covering some specific risks.  These are some financial “tools” that are used to deal 


with part of the financing and foreign exchange risks, like interest and exchange rates movement.  


The most common derivatives are hedges, swaps and options that are available with Trust 


Companies. 


 Insurances.  Insurances are really important tools to deal with some risks like: Site Risks (Unknown 


ground conditions, environmental disasters, whether conditions, etc); Market Risks, Country and 


political risks (WOERTHER, 2007); environmental risks; and compliance risks. 


 Scroll Account: that is a specific account created for the cases where the project’s revenues may 


be given as guarantee in case of failure of debt payment. 


 Agent Bancs.  Bancs responsible for some arrangements like the scroll account and the marketing 


of part of the securities like debentures and term contracts. 


 Sponsors Agreement (BONOMI, 2002).  That is an agreement where investors define how to deal 


with situations that involve shareholders that leave; additional members; conflicts of interest; 


failure on performing agreed roles and capital subscription; and other situations. 


 Construction Contracts.  For projects with technical and engineering complexities theses contracts 


are key to set who is going to bear those risks related with the construction like cost overrun; 


poor utility’s performance and delays. 


 Specific Contractual Clauses and Covenants: that are clauses that gives extra guaranties to 


lenders, like, for instance, a cash flow’s lower limit to cover debt services. 


 Technical advisors (evidences availability) (SMITH, 2003).  Some risks are deeply related with the 


lack of knowledge in specific fields like laws complexities; the need of specific consents and 


approvals; engineering and technical procedures; and other technological issues. 


 Meetings between project managers and investors at the planning stages of the project, to define 


objectives, procedures for risk management, and many other needs from investors on their risk 


management. 


These elements are represented at the illustration presented at the next section.  They are not applied to 


all investors and not either to all projects.  Between investors, it depends a lot about their knowledge at 


the respective project field and it depends as well on the amount of resources available to follow and 
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control the project’s development.  Investors participating at the project as sponsors usually are 


engineering companies participating at the management, sharing responsibilities with other companies 


contracted to perform engineering services.  This participation is usually defined at construction contracts.  


Non-engineering investors, while “powerful” institutions may have technical or/and professional advisors 


to mitigate the risks related to the lack of knowledge.  Investors without resources available to cover these 


risks require the participation of the financial system to develop low risk securities and procedures to 


apply governance principles like those mentioned while disserting about SOX act model.  At the 


illustration it is possible to identify some elements related with that, like independent auditors, executive 


and financial directors responsible for the preparation and communication of accounting reports, and yet 


the control performed by financial system.  Among different projects, it may depend on how complex are 


de capital structures, the presence of important stakeholders, and about the types of risks identified.  As it 


is possible to see at the illustration, the project may have different types of equity and debt participants 


with the respective structures and procedures to correctly treat the risks between them and the project 


society.  These risk treatment can happen through the risk agencies and agreement between sponsors, 


but also by the usage of financial system structures as it is either presented at the illustration. 


The interface elements related with stakeholders get importance when the stakeholders represent 


constraints for the project development or play important roles.  Constraints may be related with social 


and environmental risks which are strong enough to delay the project or even turn it unviable to develop.  


The government is one of the most important stakeholders once infra-structure projects are frequently 


attached to concession contracts or playing public private partnerships. 


7 Case Study – Lages Bioenergética Ltda. 


Aiming to analyse the interface between the risk management done by managers and investors in a real 


situation, this section studies a power co-generation plant that have been developed in the city of Lages 


at the State of Santa Catarina in the south of Brazil.  This and other cases were deeply studied by Santa 


Catarina (2008) that developed the model to perform this analysis. Lages Bioenergética Ltda. is a company 


successfully created some years ago with the specific purpose of building and operating the project that 


has some interesting features.  It is a thermoelectric plant that uses wooden materials that would be 


wasted by wood companies (that process renewable wood) placed near to the plant’s site and has as main 


outcomes electric energy and superheated vapour that is directly applied in to the processes of two wood 


companies placed close to the plant.  By using this biomass that would be wasted, the company brings 


benefits for the environment, reducing the CO2 and CH4 emissions representing extra revenue by the 


selling of carbon credits.  The total investment was around $ 55 million US dollars which had been 


financed with 45% equity, by the company Tractebel/Suez Energy International, and by a long term loan 


from de Brazilian National Development Bank – BNDES/BRDE.  The electrical energy generated is sold 


mainly for one costumer, the CELESC, or Centrais Eletricas de Santa Catarina S.A., that is the electricity 


utility for the southern Brazilian state of Santa Catarina.  The Power Purchase Agreements (PPA) signed 


are the main guaranties given for the credit bank so the project can be considered a case of Project 


Finance, but there are many other elements in the security package designed for this operation. 


This study has identified the main elements acting at the interface between the risk management done by 


investors and managers and representing them at the figure at the next page. 
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Figure 2.  Graphic representation of the interface between Lages Bioenergética Ltda. and the main stakeholders.  Source: Santa Catarina (2008). 
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This figure represents the interface between the special purpose company created for the project and the 


investors, represented by the Equity and Lenders boxes, and the stakeholders that also play an important 


role at this organization, like the local government, the markets where the products are sold, the 


suppliers, the financial systems institutions and the financial markets where the investor’s securities are 


available for institutional and non institutional investors. 


The little boxes within the grey and yellow patterns represent the elements that play some sort of role at 


the risk management of the project outside or within the SPC structure respectively.  The roles played for 


each element are related with actions for risk treatment for avoiding and mitigating risk or transferring 


the risk’s responsibilities to a third part.  For instance, the supplying contracts that are place around the 


up left quadrant act at the risk management defining who’s going to bear the supplying risks.  The three 


boxes together placed at the left bottom named as site studies, market analysis and technical meters 


represents professionals and institutions hired to advise investors on this subjects, mitigating (reducing) 


risks.  The lending contracts, covenants and the real guaranties, connected directly with the lenders boxes 


are elements with management risk functions related with then.  At the right it is possible to see on the 


top, elements related with the public power like the national regulation agency for the electrical energy 


(ANEEL) and the national operator of the electrical system (ONS), those play important roles on defining 


operational rules and political issues mitigating operation, maintenance and political risks.  At the right 


bottom there are elements related with the cash entries like the Power Purchase Agreements and the 


thermal selling agreements which are directly related with the commercial risks and also the scroll account 


that represent a risk mitigation tool for lenders.  Right up the financial markets box there are two 


corporate governance elements with the functions of defending investors securities owners from the 


project’s risks. 


8 Conclusions 


This article presented the interface between the risk management done by project managers and 


investors representing the main relations between then and also between the SPC and the main 


stakeholders.  It is a systemic approach of the risk management, analysing its relations with external 


partners of the project focusing at the elements that turn the relations between all these partners possible 


and not at the SPC as some others representations do.  The model was applied to the case studied 


representing graphically its main tools, contracts, organizational structures and institutions that exist to 


satisfy the investors expectancies about the risk treatment. 


The contracts and insurances are the most important tools to transfer the risks between each partner 


while reports, the participation of investors at the SPE Organogram and the Financial System institutions 


work to mitigate the risks and to provide alternatives to control the project performance and 


development.  Yet, it has became also clear the importance of the Corporate Governance, especially if 


regarded through different points of view (different models), to manage and organize the investment in 


infrastructure projects. 


The systemic approach applied gives an overview of the community created around a big project like 


Lages Bioenergética Ltda. It also shows the complexity of the relationships that must be settled to create 


an investment at structure for financing projects that rely mainly over its cash flows as guarantee.  The 


structure built must take in account not only investors e sponsors but also stakeholders that can have a 


big influence over the project as it is possible to see in big projects like, for instance, Belo Monte 


Hydroelectric plant (Norte Energia S/A) that have been facing big challenges because of the public 


opinion. 
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Abstract 


To ascertain if the worker perceives the risks in the workplace he or she operates in, which is increasingly relevant for 
companies looking to improve their Health and Safety Management and to strengthen their public image in the 
competitive modern marketplace. To investigate and analyse worker Perceptions of Risk as a factor behind causing 
accidents in the workplace, make it possible to adopt specific administrative measures in the area, consequently 
reducing the number of accidents. This research, therefore, has the general aim of analysing worker perceptions of 
risk in the workplace. To carry out this research, one of the Operation Units of the Storage and Transport of Petroleum 
and By-products belonging to the Brazilian Energy Company was chosen, after being identified as the Unit with the 
largest number of accidents between 2008 and 2010. A structured Questionnaire was used as the main tool for field 
research. It was divided into two parts: Part I – Information about the collaborator and Part II – Perception of Risk. Part 
II of the Questionnaire was based on data, Information about Features, Impacts, Dangers and Consequences in the 
Operation Unit being researched, related to the Industrial Paint Service. The results of the research revealed that only 
a minority of workers perceive all the risks in their working environment and that the Risk Communication Programs 
implemented in the unit are not sufficient to prepare the worker so that he perceives these risks and develops safe 
attitudes in the workplace.  


Keywords: Work Accident. Safety Management. Perception of Risk. 


1 Introduction 
Concern with the number of accidents and problems related to health in the workplace, and the search for 
mechanisms capable of preventing them, is a global issue. An accident in the workplace has a negative 
impact on the life of the worker and the costs involved have considerable economic consequences. 


Estimates provided by the International Labour Organization (ILO) reveal that nearly 6,000 workers die on 
a daily basis worldwide due to accidents in the workplace or occupational illnesses. Furthermore, it is 
estimated that 270 million non-fatal accidents occur every year and lead to at least a three day absence 
from work, and there are 160 million new cases of work related illnesses. The total estimated cost of these 
accidents and illnesses according to the ILO is the equivalent of 4% of the global GDP, or more than 20 
times the global amount for public help for development (ILO, 2008). 


In Brazil, data from the 2009 Annual Statistics of Accidents in the Workplace, from the Ministry of Labour 
and Employment (MTE) and the Ministry of Social Welfare, record a total number of 723.452 accidents of 
which 528.279 contacted the Labour Accident Communication (CAT). Of the total number of accidents 
with CAT, 79,7% were typical accidents (421.141). The Ministry of Social Welfare, through the National 
Health and Safety Institute (INSS), is responsible for the majority of accident-related benefits. In 2009, 
Social Welfare awarded 4,5 million in benefits, of which 83,9% were social security and pension benefits, 
7,9% for victims of accidents and 8,1% went towards health care, totalling R$ 3,18 billion. This represents 
growth of 8,3% on the previous year, and urban benefits also grew 7,0% and rural benefits 15,8%.  
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In light of this alarming data, it is important to take action aimed at preventing accidents in the workplace 
to ensure the economic wellbeing of companies. Additionally, companies must honour the Brazilian 
Federal Constitution (1988), which in Chapter II, Article 7, section XXII confirms the right of all urban and 
rural workers to the reduction of inherent labour risks, through the application of health, hygiene and 
safety standards. Furthermore, in the competitive modern marketplace, companies that are visibly 
committed towards social and environmental responsibility generally obtain a greater competitive 
advantage in the eyes of wider society and investors. The health and safety performance of a company is 
included within this context of social and environmental responsibility.  


The search for excellent in Health, Safety and Environmental Management (SMS), has become a strategic 
goal for companies that aim to guarantee participation in an increasingly competitive market that is 
dictated by an increasingly demanding society (THEOBALD 2007, p. 50). 


In accordance with the ILO (2011) the implementation of Health and Safety Management Systems in 
companies over the last decade has been fundamental in terms of improving labour standards and 
conditions in the workplace. In this sense, companies are increasingly seeking Certification for their Health 
and Safety Management by applying the BS OHSAS 18001 standard. Therefore preventing accidents in 
the workplace is key to the performance of a company. To improve results in health and safety, it is 
becoming increasingly important to carry out more extensive research and analysis of accidents in the 
workplace with the aim of identifying the cause(s) and of proposing measures capable of preventing these 
accidents from reoccurring and minimizing their impact and damage.  


According to Hollnagel (1998), between 80-85% of accidents that occurred in nuclear power plants in the 
1980s and in the National Aeronautics and Space Administration (NASA) between 1990 and 1993 were 
due to human error or erroneous human actions. Extending this analysis, one of the variables related to 
human error or fault identified in literary sources as a factor that contributes towards accidents in the 
workplace is the perception of risk by the worker. Oliveira (2007) states that the relationship between 
accidents in the workplace, a climate of safety, and safe behaviour, is influenced by variables such as the 
perception the worker has of a determined risk he or she identifies in the workplace, or by his or her 
knowledge of safety issues in this same context.  


In this sense, the problem identified for the purpose of this research is: How is the perception of risk by 
the worker a contributing factor in improving the SST Management System?  


The main objective of the article is to analyse the perception of the worker of the risks he or she is 
exposed to in the workplace. To achieve this, the aim is to study the perception of workers operating in 
Industrial Painting Services from an Operation Unit of a Business Area of a Brazilian Energy Company, 
which was identified as the Unit with the largest number of accidents in the workplace between 2008-
2010, given that several of their Accident Investigation Reports stated that one of the causes of these 
accidents was the lack or failure of the Perception of Risk in the worker. Using the information compiled, 
the objective is to identify the contribution of perception of risk for the SST Management System.  


One of the reasons for choosing an Operation Unit of a Business Area of a Brazilian Energy Company for 
research purposes is that, in Brazil, this sector is an area of activity that is considered essential for the 
supply of Petroleum by-products in the internal market. Add to this fact the following reasons: the record 
of accidents in the workplace between 2008 and 2010, meaning the Unit had the largest number of 
accidents of any Operation Unit in the aforementioned Business Area; the number of employees that 
make up the workforce; the size of the Unit in relation to the express quantity of products turned over; the 
accessibility of information from the Unit. Extending the analysis of accidents in the workplace that 
occurred in the Unit, the Industrial Painting Service, coordinated by Maintenance Activity, was identified 
as the Service that suffered the largest number of accidents between 2008 and 2010 and that, in the 
majority of cases, the respective Accident Investigation Reports stated that one of the causes of these 
accidents was the lack or failure of the Perception of Risk in the worker. 
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Therefore the public aim of this research is to study the workers operating in the Industrial Painting 
Service, including one of our own employees, an employee loaned from another Operation Unit of the 
Brazilian Energy Company and the contracted employees of the company.  


The issue of Perception of Risks was defined after observing the express frequency with which the lack or 
failure of Perception of Risks in workers was stated as a cause of accidents in the workplace in Accident 
Investigation Reports from the Storage and Transport of Petroleum and By-products Unit being 
researched. This research does not aim to identify and study the factors that may influence the perception 
of workers regarding risks in the workplace.  


According to Mullen (2004, p.276), “few researchers have studied if the individuals are aware of the risks 
involved in their activities” [...]. Therefore this research aims to contribute and expand knowledge in the 
academic field about the issue of Perception of Risks by workers, considering the lack of studies 
previously undertaken in Brazil. Furthermore, this research will help companies operating in the 
competitive modern marketplace to take a greater interest in understanding the perception of workers of 
risks in the workplace, and has the aim of applying effective measures to prepare the worker for 
perceiving risks, consequently improving SMS performance.  


2 Literary Review 
In the literature dealing with the analysis and research of accidents, human error appears as a key factor in 
the cause of accidents, ahead of the possible conditions that may lead to the accident happening.  


2.1 Human Error/Human Fault 
Human error has been diagnosed since the beginning of the industrialisation that originated with the 
Industrial Revolution, due to the migration of workers from agricultural activities to working in factories 
without the necessary training.  


According to Trepess (2003), research about human error has been carried out across several different 
fields, such as psychology, sociology, medicine, ergonomics, computing and anthropology, with each one 
adopting a slightly different focus in their analysis of human error. Going back to the oldest literature, 
probably the first record that recognised the importance of human error in the analysis of industrial 
accidents was made by Heinrich (1931) through the Domino Theory that included terms such as unsafe 
acts coming from human actions and unsafe conditions. The concept of human error has suffered 
changes as a consequence of technological advances and the growing interaction between man and 
machine, yet there is still no universally accepted definition (SALMON, et al 2010).  


According to Dekker (2002), there are two different visions of human error and human contribution to 
accidents. In the “old vision”, human error was considered to be the result of a fault and in the “new 
vision”, human error was considered to be a symptom of fault. Researchers involved in the study and 
analysis of accidents support the new vision (REASON, 1997; SHAPELL and WIEGMANN, 2000).  


Despite this trend, it appears the idea of erroneous human actions recorded by Heinrich still survives in 
the research of accidents associated with unsafe acts. REASON, 2000; ALMEIDA, 2006; KOROLIJA AND 
LUNDBERG, 2010).  


2.2 Theories, Cause Models and Accident Research Methods  
Theories and accident cause models provide a base for the process of accident research and analysis, 
because they allow the amelioration of the conclusions drawn from these accidents and, therefore, the 
improvement of safety systems in companies. (BALLARDIN, et al, 2008).  


Among the literary sources, one of the most accepted and widely used models of Human Error is that put 
forward by Rasmussen (1987). The most recent models of analysis and classification of human errors 
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include the model developed by Shappell and Wiegmann (2000). This model is based on the Swiss Cheese 
Model by Reason (1990) that expands the categorisation of errors into errors of decision, errors in ability 
and errors of perception in virtue of defining the error and failure proposed by Reason (1990), which has 
been inadequate for the research and study of aviation accidents. Errors of decision refer to intentional 
behaviour that proceeds as planned, but in reality the method is inadequate or inappropriate for the 
situation. Errors of ability are those that occur inconsistently, and are related to a lack of attention, 
memory or technical skill.  


Already we can see that errors of perception occur when that which is perceived by a person differs to a 
real situation. These errors take place when sensory entry is damaged or unusual, as in the case of visual 
illusion, spatial disorientation or error in judging distance, height and speed in the case of aviation 
accidents. Visual illusions occur when the brain tries to fill in the “holes” or “faults” which may seem 
normal in an environment of reduced visibility.  


According to Correa and Junior (2007), the model of analysis and classification of human errors proposed 
by Shappell and Wiegmann (2000) can be applied to the analysis of industrial accidents, and can 
contribute significantly towards effectively eliminating the view that accidents happen due to chance, and 
promote the view that only proactive management focused on “labour safety” is capable of reducing the 
economic and social costs of industrial accidents.  


2.3 Health and Safety Management Standards  
Systems of Health and Safety Management in the workplace are managerial tools that contribute towards 
improving performance in companies regarding issues of Health and Safety in the workplace. In the 
modern world, it is extremely important for companies, workers and societies at large to all work together 
towards achieving the goals mentioned above. In the literary sources, it is clear that few organisations aim 
to develop standards for management systems of health and safety. Among the most commonly applied 
standards we can mention: standards BS 8800, ILO-OHS 2001, BS OHSAS 18001. 


2.4 Perception of Risk 
The issue of the Perception of Risk emerged in the 1960s when it became the object of popular public 
opinion against the implantation of nuclear technology that scientists considered clean energy. The 
scientific and governmental communities did not understand why the public perception went against the 
use of nuclear energy, when scientists were declaring how safe the new technology was.  The first study of 
the Perception of Risk was carried out in 1969 by Chauncey Starr titled “Social benefit versus 
technological risk” that examined in great detail the risks and identified what were socially acceptable 
risks by the extent to which they were associated with benefits.  


Slovic (1987) in Perception of risk, one of the most quoted articles in this field of literature, declared that 
while analysts employ sophisticated techniques to assess risk, the majority of citizens have an intuitive 
judgement of risk commonly called “Perception of Risks”. According to Bley (2007, p.113) “the Perception 
of Risks speaks of the ability of the person to identify danger and recognise risks, attaching significance to 
them, in the workplace, or in traffic, or in the air” [...]. The ability of people to perceive risks is influenced 
by their state of health, their attention, and their emotional state. The mapping of worker Perceptions of 
Risks allows us to assess, to a certain extent, the importance these factors have in SST management 
processes within a company. On many occasions, the worker performs unsafe actions because he or she is 
unaware of the risks these actions may entail in the workplace. According to ABNT/ISO/IEC Guide 73 
(2005, p.3) Perception of Risks is defined as “the way in which the party involved perceives a risk based on 
a collection of values or interests.”  


For Masini (2009, p.16) “the psychometric paradigm represents an approach in which risk is specifically 
defined and perceived by individuals who are influenced by several psychological, social, institutional and 
cultural factors”. Slovic (2000) states that these questionnaires systematise and predict the Perception of 
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Risks, identifying similarities and differences among groups, demonstrating that different people conceive 
and perceive risks in different ways.  


According to Oliveira, the Perception of Risks is related to how a worker interprets a determining factor 
that he or she considers to be a risk. While this factor may genuinely be a risk or, conversely, may not 
represent an actual threat, it is still seen by the worker as something that places him or her at risk. 
(OLIVEIRA, 2007, p.16) 


For Gordon (2006), the literary sources do not provide a great amount of information about how risk is 
perceived by the individual, and instead focus more on how these perceptions are influenced. Despite a 
risk being considered a combination of probability multiplied by severity, as is generally accepted, it is 
impossible to measure this physically. Since risk does not have a unit, any attempts to label it with a 
clearly worded definition quickly demonstrate how intangible an idea risk is. Given they cannot be 
measured, feelings, experiences, social and cultural factors, individual past experiences such as social 
background, lifestyle and culture can all inevitably influence the process of evaluating risk (as is the case 
with insurance specialists) and the way in which risk is perceived. According to the aforementioned 
author, this study shows that permanent safety measures implemented by health and safety managers in 
the sector under analysis (for example, the use of seatbelts and helmets) were not taken into 
consideration as agents of risk perceived.  


2.5 Risk communication 
One of the most important mechanisms for developing worker perceptions of risk is the communication 
of risk – a stage in the process of risk management that contributes towards the creation and reception of 
the necessary information so the interested parties not only understand the initiatives, the processes of 
decision making by organisations to manage their risks, either occupational or environmental, but also in 
order to promote and develop the perception these parties have regarding the existing dangers and risks 
as a consequence of the activity being carried out. (RINALDI, 2007, p.15. Emphasis made by the author). 
According to Meneguetti (2010), as part of the risk communication program titled Behavioural Audit that 
aims to raise awareness and educate the worker, there is a trend towards changing cultures of worker 
safety, due to improving Perception of Risks, which encourages the exchange of experiences between the 
auditor and the worker being audited.  


3 Case Study  
In Brazil, the Brazilian Energy Company which owns the Operation Unit of the Storage and Transport of 
Petroleum and By-products being researched is increasingly installing more adequate managerial tools 
for risk in all its Operation Units by adopting several mechanisms, such as using advanced technology in 
their processes, the certification of their Management System for Safety, Environment and Health, the 
implementation of specific guidelines for Safety, Environment and Health (SMS) with the aim of achieving 
excellent in SMS. With this, as evidenced over several years, we have seen a considerable improvement in 
SMS performance, but accidents in the workplace still happen.    


One of the instruments employed in companies that support the prevention of accidents is the process of 
studying accident Investigation and Analysis. As evidenced in recent years, Accident Investigation Reports 
have shown a significant frequency in attributing the lack or failure of worker Perceptions of Risks as the 
cause of accidents in the workplace. The Operation Unit of the Storage and Transport of Petroleum and 
By-products of the Brazilian Energy Company being researched is made up of four areas: Operation, 
Maintenance, SMS Operational and Conformity and standards certification ISO 14001:2004, ISO 
9.001:2008 and BS OHSAS: 18001:2007.  


To analyse if the workers perceive the risks they are exposed to in the workplace, field research was 
carried out with workers directly operating with the Industrial Painting Services that had the largest 
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number of accidents in the workplace between 2008 and 2010, as revealed by the results of the Annual 
Statistics of Accidents in the Workplace for the aforementioned period, and also taking into consideration 
the fact that, in the majority of cases, the Accident Investigation Reports indicated that the lack/failure of 
perception of risks was one of the causes of these accidents.  


As a research instrument, a Questionnaire divided into four sections was used. Part I was titled 
Collaborator information, aimed at identifying the worker characteristics necessary for research, such as 
sex, age, working experience, employment relationship with the Operation Unit under research, 
educational background, role inside the company, position held and history of accidents in the Unit. The 
questions are multiple-choice, except one of a dichotomous nature.  


Part I of the Questionnaire includes instructions explaining how to fill it out. The information provided 
must correlate with the information obtained in the Questionnaire Part II – Perception of Risks, consisting 
of questions that aim to identify, at the time of the research being carried out, the Perception of Risks 
workers have of dangers existing in the workplace and if the programs of risk communication (Daily 
Safety, Environmental and Health Dialogue – DDSMS, Behavioural Audit, Preliminary Risk Analysis, 
Integration Lecture, Painting Services Procedure and/or Working Permit) used in the Operation Unit being 
researched, help to perceive the risks (identify the dangers and recognise the risks) in their workplace. 
Twenty-four (24) workers operating in the Industrial Painting Service took part in the research, of which 23 
were outsourced. They were asked to fill out Part I (Collaborator Information), and Part II (Perception of 
Risks) of the Questionnaire.  


4 Results Analysis 


4.1 Questionnaire Part I – Collaborator Information  
The information of the collaborators obtained through the questionnaire is presented as follows.  


Sex: The male sex is dominant in the Industrial Painting Service. Only one woman was identified as 
working in the position of safety technician, aged between 22 and 32. Due to the low number of women, 
it was not possible to provide a comparison between Perception of Risks in Men and Women.  


Age range: Graph 1 reveals balance (29%) between the age ranges of 22 to 32 years old and 44 to 54 
years old, representing an adult team with an average age of 38 years old. It must be remembered the 
average itself is not enough to characterise the maturity of the team. There are other factors that need to 
be taken into consideration. 


Length of time working in the Operation Unit being researched – A minor predominance of workers who 
have been employed between 11 and 15 years by the Operation Unit being researched was recorded. 
Despite the predominance of workers who have been with the company for between 11 and 15 years, 
according to the statistical data for accidents that occurred in the Operation Unit being researched 
between 2008 and 2010, 62.3% of the accidents involved workers who had been with the company for up 
to 6 years. This information leads us towards the creation and implementation of measures aimed at 
worker education with the objective of improving the Perception of Risks and developing safe attitudes.  


Employment relationship with the Operation Unit being researched – Of the twenty-four (24) workers 
operating in the Industrial Painting Service that took part in the research, twenty-three (23) were 
contracted by the company (95,8%) and one (1) employee had been loaned by another unit of the 
Brazilian Energy Company. This information is worrying considering the high level of rotation of 
outsourced employees and means the business must increase investment in training with the aim of 
ensuring workers are able to identify and recognise the risks in their workplace.  


Level of educational background: Fifty-nine (59) % of the workers in the Industrial Painting Service who 
took part in the research had completed up to the 1st grade. Not one worker who participated in the 
research had higher-level studies. This is another worrying piece of information that emphasises the 
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urgent need to train workers and may influence the perception of risks and the understanding of the 
importance of risk communication programs.  


Action Areas – Of the workers operating in the Industrial Painting Service, the painters (58%) were those 
who suffered the most accidents between 2008 and 2010.  


Level of accidents – Of the twenty-four (24) workers who took part in the research, nineteen (19) said they 
had never suffered an accident, whereas four (4) answered that they had suffered an accident, and one 
did not reply. The accidents recorded happened in 1980, 2008 and 2010, and one of the workers did not 
specify the year of the accident. It must be recorded that only 2 of those who suffered accidents included 
in these statistics currently continue to work in the company contracted by the Industrial Painting Service. 
The analysis of the information provided by each worker in the Questionnaire Part II – Risk Perception is 
detailed below.  


4.2 Questionnaire Part II – Risk Perception 
For the analysis of Risk Perception, the information obtained in Part II of the Questionnaire is used to 
verify if the workers manage to identify the dangers associated with the working environment in the 
Industrial Painting Service, and is compared to the “Level of Risks defined for each danger identified for 
the Operation Unit being researched” as the “Risk perceived” by workers.  Questionnaire Part II – 
Perception of Risks revealed a total of 29 risks and only 23 are related to the Industrial Painting Service.   


Quantity of dangers perceived by the worker -  Graph 1 shows that of the 24 workers who took part in 
the research, only 5 or 21% identified all 23 dangers in the Industrial Painting Service workplace, as 
referred to in the AIPC Database of the Operation Unit being researched. The others identified less than 
23 dangers, and 9 or 38% identified less than 20 dangers. This result reveals that 79% of the workers did 
not identify all the dangers in the Industrial Painting Service workplace.  


 


Source: Questionnaire Part II – Perception of Risks compiled by the author - 2011. (BOTTOM = Risks, LEFT = Worker) 


Figure 1: Quantity of dangers identified by the worker in the Industrial Painting Industry of the Operation Unit being 
researched.  


Dangers identified but unrelated to the Industrial Painting Service – Chart 01 describes the 6 dangers 
from other tasks that were recorded in the Questionnaire – Part II, but that are unrelated to the Industrial 
Painting Service as defined in the AIPC Database. Therefore, the workers were not expected to identify 
these dangers.  


Table 1: Risks unrelated to the Industrial Painting Service.  


Code Danger Task 


PR 3 Being exposed to contact with sharp/piercing materials  Administrative Service 
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PR 9 Being exposed to visual discomfort Inspections for Safety, Environment and 
Health  


PR 11 Being exposed to inadequate/insufficient lighting  Inspections for Safety, Environment and 
Health 


PR 16 Being exposed to infection by microorganisms, bacteria, 
viruses and fungus 


Inspection and maintenance for 
network of sanitary and water drains  


PR 19 Being exposed to adverse climate conditions (e.g. strong 
winds, rains, gales, floods, etc.)  


Maintenance of electrical industrial 
equipment  


PR 25 Being exposed to risk of contact with rotary parts of 
machines  


Maintenance of loading machines 


Source: AIPC Database of the Operation Unit being researched (2009) 


The information obtained shows that on average, 77% of workers perceive the risks detailed in Chart 01 as 
being related to the Industrial Painting Service. In this sense, the information highlights the need for 
Maintenance Activities in the Operation Unit being researched to reassess the information entered in the 
AIPC Database related to the Industrial Painting Service alongside with the workers and to encourage a 
revision of the aforementioned Database and the retraining of workers, if this is deemed necessary.   


Levels of Risks perceived by workers in the Industrial Painting Service -. Based on the answers from the 
Questionnaire referring to (Severity + Probability) each dangerous event, the level of risk perceived by 
workers was identified, as was the percentage of answers in which the level of risk was considered by the 
workers to be high.  


According to the information, 48% of the workers perceive on average a Low level of risk for the issues 
contained in the questionnaire, whereas 52% perceive on average a Moderate level of risk. It is important 
that, on average, none of the levels of risk were considered to be High by the workers, however, it is worth 
emphasising that some of the questions, twenty-eight (28%) dealing with Perception of Risks, were 
considered to be of a “High” level of risk by (20% or more) or the workers, these being: exposure to the 
risk of contact with moving hoses / depressurised jet equipment; being exposed to risk resulting from 
inadequate posture; being exposed to risk of explosions; being exposed to risk of contact with and/or 
inhaling gasses and fumes; being exposed to risk of inhaling aerodispersoids (dust); being exposed to risk 
of contact with chemical products; being exposed to contact with high levels of noise (above 85 decibels) 
and being exposed to risks resulting from fires.  


Another point to be highlighted is that none of the questions about Perception of Risk not included in the 
AIPC Database, despite the high incidence of such answers (on average 77%), revealed a notable 
frequency of answers of “High” risk level. Furthermore, only one of them (being exposed to the risk of 
infection by microorganisms, bacteria, viruses and fungus) revealed on average a “Medium” level of risk, 
whereas for the others the level of risk was “Low” We can therefore infer, without drawing conclusions, 
that these 6 issues are not really needed in the questionnaire. In other words, the workers themselves, 
despite having responded that they perceive these risks, consider them to represent, on average, a “Low” 
level of risk.  


Worker versus Operation Unit being researched – levels of risks perceived The result of the level of risk 
perceived by the workers for each danger recorded in the Questionnaire Part II – Perception of Risks was 
compared to the level of risk defined for each danger in the AIPC Database of the Operation Unit being 
researched for the Industrial Painting Service. Graph 16 reveals that only 4 levels of risks from the 23 
stated in the AIPC Database for the Industrial Painting Service were perceived by the workers as having 
the same level of risk as defined in the AIPC Database. Furthermore, 4 levels of risks were not perceived.  


What is most noteworthy is the fact that 10 levels of risk were perceived by the workers as having a higher 
level than that defined by the Operation Unit being researched. Furthermore, 5 of them have a rating that 
was below the levels of risk defined by the unit, which is very worrying, because it means that some 
workers are not fully aware of the real consequences of the dangers they are exposed to.   
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NÍVEL DE RISCO PERCEBIDO PELOS TRABALHADORES 
VERSUS NÍVEL DE RISCO DEFINIDO 


PELA UNIDADE DE OPERAÇÃO OBJETO DA PESQUISA 
Serviço de Pintura Industrial


4; 18%


10; 44%
5; 23%


4; 15%
Mesmo nível de percepção


Maior nível de percepção


Menor nível de percepção


Não percebeu nível de risco


 


Source: Questionnaire Part II – Perception of Risks compiled by the author – (2011) (Blue = Same level of 
perception/Red = Higher level of perception/Green = Lower level of perception/Purple = Did not perceive level of 
risk) 


Figure 2: Level of risk perceived by workers versus Level of risk defined by the Operation Unit being researched – 
Industrial Painting Service.  


With the aim of extending the analysis of the risks perceived versus the risks defined by the Unit being 
researched, the information obtained and detailed below shows the distribution of answers relating to the 
same level of risk, higher or lower level of risk and when the worker who took part in the research did not 
perceive the risk.  


Total number of workers versus the same level of risk defined by the Operation Unit for the Industrial 
Painting Service: Analysing the information obtained we can see that the worker who has the closest level 
of perception to that considered adequate by the Operation Unit, has 11 identical levels of perception of 
risks. After this worker, two more had 9 identical answers. 


Total number of workers versus the higher level of risk defined by the Operation Unit being researched 
for the Industrial Painting Service: from the information gathered, it is clear that the workers generally had 
levels of perception of risks that were higher than those considered real by the Operation Unit being 
researched. One worker stated in the questionnaire that he had 19 levels of perception of risks higher 
than those considered adequate by the Unit and another responded with 17.  


Total number of workers versus the lower level of risk defined by the Operation Unit being researched for 
the Industrial Painting Service: the information gathered reveals that for the levels of risk that were lower 
than those defined by the Operation Unit being researched, there was a worker that classified 12 levels of 
risk below those defined as real by the unit. 4 workers responded with 10 levels of risk lower than those 
defined by the unit as being real.  


This information is extremely worrying, as it demonstrates that some workers are perceiving risks below 
what is considered real by the unit, and this could lead to greater exposure to risk due to the lack of 
worker awareness of the real consequences of these risks.  


Total number of workers versus the level of risk not perceived – Industrial Painting Service: Finally we can 
observe, as mentioned above, that some levels of risk that should be perceived by workers are not being 
perceived. One worker did not perceive 9 levels of risk and another 4 did not perceive 8 levels of risk that 
ought to have been perceived. This is of great significance, because not perceiving some levels of risk can 
lead to the worker being exposed to a greater risk of suffering accidents. We cannot draw conclusions 
from this information if the level of educational background can influence the perception of risk.   


Regarding the risk communication Programs, the Operation Unit being researched has several 
mechanisms for communicating risks to the work force and the interested parties that are included in 







 
ICIEOM 2012 - Guimarães, Portugal 


ID30.10 


their Health and Safety Management System. Within these mechanisms, the most recognised and 
employed in the Operation Unit being researched, with the aim of developing worker perceptions of risk, 
are the Daily SMS Dialogue, Behavioural Audit, Preliminary Risk Analysis, Integration Lecture, Working 
Permit and standards for performing tasks. The questionnaire Part II contained a multiple-choice question 
in which the workers answered which program(s) helped them to perceive risks in the Industrial Painting 
Service workplace.  


Table 2 shows that 21 of the workers (88%) perceive the DDSMS as the program that provides the most 
help for workers in terms of perceiving risks in the workplace.  


Table 2: Risk Communication Program applied in the Operation Unit being researched.  


Risk Communication Program Number of references Percentage of references 


DDSMS 21 88% 


Behavioural Audit 8 33% 


Integration Lecture 11 46% 


Working Permit 19 79% 


Preliminary Risk Analysis (APR) 16 67% 


Procedure of Painting Service 6 25% 


Source: Questionnaire Part II – Risk Perception compiled by the author (2011) 


5 Conclusions 
The analysis of the results of the study demonstrates that the majority of workers in the pilot-sample 
managed to identify all the dangers they were exposed to in the workplace. Other information obtained 
and considered of relevance includes the discovery that for some dangers the levels of risk perceived by 
workers are less than those defined by the unit or, what is even more serious, are not perceived at all by 
the workers. Based on this information, we can see that the Risk Communication Programs implemented 
by the Operation Unit being researched are not capable of preparing the worker to perceive the risks he 
or she faces in the workplace and of developing safe attitudes. Furthermore, not all the programs are 
recognised by the workers as being important in terms of improving the perception of risks. This 
information means that these programs currently incorporated in the SST Management System of the unit 
need to be improved. Additionally, the mechanisms of risk communication must be reconsidered so that 
the messages reach the workers and the population in a reliable and adequate manner. It is therefore 
necessary, in the first instance, to find ways of identifying the differences and the individual needs of the 
workers and include information about the worries felt by the internal and external public. It is important 
that the worker understands the message communicated.  


Regarding the level of educational background, the data shows that the workers with lower levels of 
education tend to suffer more accidents. This information, along with additional information gathered in 
Parts I and II of the Questionnaire, confirm the continuing need on behalf of the unit leadership to invest 
in training for the workforce, but also to make decisions alongside the companies contracted in order to 
improve the training given to their employees, mainly in relation to working standards when performing 
tasks.   


It is important to include within these task standards the dangers, and the consequences related to these 
dangers, and to train workers in these standards using the correct training material together with 
patterns, figures for improving worker understanding of the task to be carried out, and the risks entailed 
in performing the task.  
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The proposals for improvements in the risk communication programs adopted in the unit can contribute 
towards improving worker understanding of risks in the workplace, and this can support the continual 
improvement process in the SST Management of the unit. The analysis of the perception of risks by the 
worker includes as a component the causes of accidents in the workplace, allowing specific administrative 
measures to be adopted in this area, with the consequence of reducing the occurrence of accidents, and 
leading to the amelioration of SST Management inside the company. Therefore the suggestion of 
including a Questionnaire of Perception of Risks in the analysis and investigation of accidents affords the 
researcher more reliable information to determine if perception of risk is the real cause of an accident. 
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Abstract 


Control charts based on the 
2T  and  


S
 statistics are common used for monitoring multivariate processes. However, the 


2T  


and 
S


 statistics are not well known by the users. As an alternative to the use of these charts, in this article we propose a new 
chart  for monitoring  the mean  vector  and  the  covariance matrix  of  bivariate  processes,  named  as  the MRMAX  chart.  The 
monitoring statistic associated to the MRMAX chart is based on the sample means and sample ranges. As the practitioners are, 
in general, more  familiar with means and  ranges,  they will not have difficult  to use  the proposed  chart. Following  the  rule 
proposed by Shewhart,  the MRMAX chart signals when a sample point  falls  in  the action  region. The MRMAX chart has  the 
classical disadvantage of all the control charts that adopt the rule proposed by Shewhart: it is not efficient to detect small shifts 
in the process parameter being monitored. This way, we investigate the efficiency of the MRMAX chart in detecting shifts in the 
mean vector and/or in the covariance matrix under the use of supplementary and synthetic runs rules. In terms of efficiency, 
we can  say  that,  the MRMAX charts with  supplementary or  synthetic  runs  rules have better performance  than  the MRMAX 
without  runs  rules.  However,  it  is  important  to  highlight  that  the  synthetic  runs  rule  is  simpler  for  the  users  than  the 
supplementary runs rules. Markov chain models are used to obtain the properties of the proposed control charts. 


Keywords: control charts; mean vector; covariance matrix; bivariate processes; supplementary runs rules. 


1 Introduction 
The control charts proposed by Shewhart were designed for monitoring the mean and the variance of 
univariate processes. Nowadays, an increasing number of processes is requiring the monitoring of two or 
more than two quality characteristics. In this context, Hotelling (1947) proposed the 2T  chart to detect 
changes in the mean vector of multivariate processes, and Alt (1985) proposed the generalized variance 
S  chart to detect changes in the covariance matrix Σ .  


After the works of Hotelling and Alt, a growing number of researchers has been dealing with the statistical 
control of multivariate processes. For example, Costa and Machado (2008) and Champ and Aparisi (2008) 
considered the use of the double sampling procedure with the chart proposed by Hotelling. Costa and 
Machado (2008a, 2009), Machado and Costa (2008) and Machado et al. (2008) considered the largest 
value among the sample variances of the quality characteristics to control the covariance matrix of 
multivariate processes. Costa and Machado (2011) also proposed a chart based on sample ranges, the 
RMAX chart, for monitoring the covariance matrix of multivariate processes. 


The joint control of the mean vector and the covariance matrix of multivariate processes has also been 
studied by several authors. Chou et al. (2002) have considered the control of the mean vector and the 
covariance matrix by using log-likelihood ratio statistics. Takemoto and Arizono (2005) considered the 
Kullback–Leibler information to control multivariate processes.  


Khoo (2005) studied the joint properties of the 2T  and S  charts. The speed with which these charts 


signal changes in the mean vector and/or in the covariance matrix was obtained by simulation. Chen et al. 
(2005) proposed a single EWMA chart to control both, the mean vector and the covariance matrix. Their 
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chart is more efficient than the joint 2T  and |S| in signaling small changes in the process. Zhang and 
Chang (2008) proposed two EWMA charts based on individual observations that are not only fast in 
signaling but also very efficient in informing how the assignable cause affected the process; if only 
changing the mean vector or only changing the covariance matrix or changing both.  


Machado et al. (2009) proposed two statistical tools for monitoring the mean vector and the covariance 
matrix of bivariate processes: the MVMAX chart, which only requires the computation of statistics familiar 
to the users, that is, sample means and sample variances and two charts for joint use based on the non-
central chi-square statistic (NCS statistic). The joint NCS charts are recommended to identify the out-of-
control variable instead of the nature of the disturbance, that is, the one that only affects the mean vector 
or only affects the covariance matrix or both.   


In this article, we propose the MRMAX chart to control the mean vector and the covariance matrix of 
bivariate processes. The sample points correspond to the maximum among the values of the standardized 
sample means (in module) and ranges (weighted) of two quality characteristics. User´s familiarity with 
sample means and sample ranges is a point in favor of the MRMAX chart. Following the rule proposed by 
Shewhart, the MRMAX chart signals when a sample point falls in the action region. 


The MRMAX chart has the classical disadvantage of all charts that adopt the rule proposed by Shewhart: it 
is not efficient to detect small changes. This handicap of Shewhart control charts was recognized at the 
very beginning by the Western Eletric Company who suggested in 1956 the adoption of supplementary 
runs rules in order to make the charts more sensitive to small changes. Since then, various authors have 
studied the properties of the control charts with supplementary runs rules. For the univariate case, the 
most referenced are Champ and Woodall (1987), Champ (1992), Zhang and Wu (2005), Celano et al. 
(2006), Koutras et al. (2007), Kim et al. (2009), Antzoulakos and Rakitzis (2008) and Riaz et al. (2011). 
Regarding to the multivariate case, Aparisi et al. (2004) and Koutras et al. (2006) are the most referenced. 
The numerical evaluation of the performance of such rules can be easily achieved by the aid of Markov 
Chains, as indicated in Champ and Woodall (1987) and Champ (1992). 


This way, we study the MRMAX chart with supplementary runs rules. We also compare the supplemented 
MRMAX chart with the synthetic MRMAX chart.  


The paper is organized as follows. In Section 2 we present the properties of the MRMAX chart. We also 
present the properties of the synthetic MRMAX chart and the MRMAX chart with runs rules. The proposed 
charts are compared in Section 3. Conclusions are in Section 4.  


2 The MRMAX Chart 
In this section we propose a new chart based on sample means and sample ranges for monitoring the 
mean vector μ  and/or the covariance matrix Σ  of two quality characteristics that follow a bivariate 
normal distribution. The sample point plotted on the proposed chart corresponds to the largest value 


among ), |,||,(| 2121 WWZZ , where iiii XnZ  /)(   and iii kRW / , 2,1i . As the 


monitoring statistic is the maximum value among standardized sample means and weighted standardized 
sample ranges, the chart is called the MRMAX chart. 


The parameter k is required to attend the imposed condition that, during the in-control period, the 
statistics ), |,||,(| 2121 WWZZ  have the same probability to exceed CL, the control limit of the MRMAX 
chart.   


The process is considered to start with the mean vector and the covariance matrix on target  (μ =  0μ  and 


Σ= 0Σ ), where  );( 21
'
0 μ and 
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Σ .  The occurrence of the assignable cause changes 
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   is not affected by the 


assignable cause. After the occurrence of the assignable cause it is assumed that at least one || i  


becomes larger than zero and/or at least one ia  becomes larger than one, 2,1i . 


If the MRMAX statistic falls beyond the control limit, CL, the control chart signals an out-of-control 
condition. Once the MRMAX chart signals, the user can immediately examine the sample means and the 
sample ranges of the two quality characteristics to discover which variable was affected by the assignable 
cause, that is, the one with the sample mean and/or the sample range larger than the control limit.  


 


2.1 The Properties of the MRMAX Chart 
To obtain the false alarm risk and the power of detection P of the MRMAX chart, we use the property 
that the sample means are independent of the sample ranges. Therefore, the MRMAX chart has 
probability P of signaling: 


   


    DMDM PPPPP                                                               (1) 


 


Regarding to the sample means, the probability MP  of || 1Z  and/or || 2Z  exceeding the control limit is 
given by: 
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where  21 ,ZZf  is a standardized bivariate normal distribution function, reminding that CL is the control 
limit of the MRMAX chart.  


Regarding to the sample ranges, the probability DP  of 1W  and/or 2W  exceeding the control limit is: 


 


    CLWCLWPD  21Pr1                                                  (3) 


 


where 111 /kRW   and 222 /kRW  , being    iniiiniii xxxxxxR ,,,min,,,max 2121   , 2,1i   
the sample ranges of two quality characteristics 1X  and 2X .  


We have that  iiii aNx  ,~ , with 2,1i . Then, 


                                                                   21 ,1 wwFPD                                                                   (4) 


being 11 aCLw   and 22 aCLw  . CL was divided by ia  to hold the condition that 


 1  ,/~ iiiiii aNax  , with 2,1i . 


Costa and Machado (2011) present the probability DP  for the bivariate and trivariate cases.  


Table 1 shows the average run length (ARL) for the MRMAX chart when = 0.0, 0.5, 0.7, 1a  and 2a =1.0; 


1.25; 1.5 and 1  and 2 =0.0; 0.5; 0.75; 1.0. A type I risk of 0.5% is adopted. The correlation coefficient has 
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minor influence on the properties of the MRMAX chart. The other Tables of this article were built fixing 
= 0.5. 


 


 


 


 


 


Table 1: The effect of ・ on the ARL for the MRMAX chart (n=5). 


   Shifts (mean vector) 


Shifts 
(covariance 


matrix) 


 || 1  0 0 0.5 0.5 0 0.75 0.5 0.75 0.75 0 1.0 1.0 


1a  2a  ・ || 2  0 0.5 0 0.5 0.75 0 0.75 0.5 0.75 1.0 0 1.0 


1.0 1.0 0.0  200.0 47.3 47.3 27.0 15.6 15.6 12.6 12.6 8.4 6.1 6.1 3.4 
         


  0.5  200.0 47.3 47.3 27.0 15.6 15.6 12.6 12.6 8.4 6.1 6.1 3.4 
         


  0.7  200.0 47.3 47.3 27.0 15.6 15.6 12.6 12.6 8.4 6.1 6.1 3.4 


1.25 1.0 0.0  32.2 21.4 15.0 12.3 11.3 7.9 8.2 7.1 5.6 5.4 4.3 2.8 
         


  0.5  32.2 21.4 15.1 12.3 11.3 7.9 8.2 7.1 5.6 5.4 4.3 2.8 
         


  0.7  32.1 21.3 15.0 12.2 11.3 7.9 8.2 7.1 5.6 5.4 4.3 2.8 


1.5 1.0 0.0  9.0 7.9 6.3 5.8 6.1 4.5 4.8 4.3 3.7 3.9 3.2 2.4 
         


  0.5  9.0 7.9 6.3 5.8 6.1 4.5 4.8 4.3 3.4 3.9 3.2 2.4 
         


  0.7  8.9 7.9 6.3 5.8 6.1 4.5 4.8 4.3 3.4 3.9 3.2 2.4 


1.25 1.25 0.0  17.7 11.0 11.0 8.1 6.7 6.7 5.5 5.5 4.3 4.0 4.0 2.5 
         


  0.5  18.1 11.1 11.1 8.1 6.7 6.7 5.5 5.5 4.3 4.0 4.0 2.5 
         


  0.7  18.5 11.3 11.3 8.2 6.8 6.8 5.6 5.6 4.3 4.0 4.0 2.5 


1.25 1.5 0.0  7.4 5.6 6.0 4.8 4.1 4.5 3.7 3.8 3.2 3.0 3.2 2.1 
         


  0.5  7.6 5.6 6.1 4.8 4.2 4.6 3.7 3.9 3.2 3.0 3.2 2.1 
         


  0.7  7.7 5.7 6.2 4.9 4.2 4.6 3.8 3.9 3.2 3.0 3.2 2.1 


1.5 1.5 0.0  4.8 4.0 4.0 3.5 3.3 3.3 2.9 2.9 2.6 2.6 2.6 1.9 
         


  0.5  5.0 4.2 4.2 3.6 3.4 3.4 3.0 3.0 2.6 2.6 2.6 1.9 
         


  0.7  5.2 4.3 4.3 3.7 3.4 3.4 3.1 3.1 2.6 2.7 2.7 1.9 
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2.2 The synthetic MRMAX Chart 
The signaling rule of the synthetic chart requires a second consecutive point beyond the control limit not 
far from the first one. The number of samples between them can not exceed L, a pre-specified value. The 
growing interest in using this rule may be explained by the fact that many practitioners prefer waiting 
until the occurrence of a second point beyond the control limits before looking for an assignable cause 
(see Wu and Spedding (2000, 2000a), Calzada and Scariano (2001), Wu et al. (2001, 2001a), Davis and 
Woodall (2002), Costa and Rahim (2006), Machado et al. (2008), Aparisi and De Luna (2009), Costa et al. 
(2009), Castagliola and Khoo (2009), Khoo et al. (2009), Khilare and Shirke (2010), Pawar and Shirke (2010), 
Zhang et al. (2010), Khoo et al. (2011, 2011a) and Zhang et al. (2011)). 


According to Davis and Woodall (2002) the proper parameter to measure the performance of the 
synthetic chart is the steady-state ARL, that is, the ARL value obtained when the process remains in-
control for a long time before the occurrence of the assignable cause.  


The following transition matrix of the Markov chain is used to obtain the steady-state ARL. 


 


100...0000


00...0000..100


0...00000..010


0...00000..001


..........................


00...000010..0


00...000001..0


000...0000...00


0..1000..010...100..0010..0001..000..00


Signal


BA


BA


BA


BA


BA


BA


Signal


                          (5) 


 


The transient states describe the position of the last L sample points; “1” means the sample point fell 
beyond the control limits, and “0” means the sample point fell in the central region. For instance, the 
transient state (010..0) is reached when the second of the last L points falls in the action region and all 
others points fall in the central region. The events “0” and “1” occur with probabilities A and B=1-A, 
respectively.  


The steady-state ARL is given by  


                                       S x ARL                                                                         (6) 


where S is the vector with the stationary probabilities of being in each nonabsorbing state and ARL is the 
vector of ARLs taking each nonabsorbing state as the initial state. 


We have that 


                                                                    1RIARL 1)(  ,                                                                (7) 


where I is an (L+1) by (L+1) identity matrix, R is the transition matrix given in (5) with the last row and 
column removed, and 1 is an (L+1) by one vector of ones. The vector )/,...,/;/1( CBCBC'S , with 
C=1+LB, was obtained by solving the system of linear equations:  


                                                  SRS adj , constrained to 1S1 .                                                          (8) 


The matrix adjR  is an adjusted version of R, where A and B in the first row are held and the remaining As 


are switched by 1 s. The matrix adjR  follows: 
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00...0001


10...0000


01...0000


.....................


00...1000


00...0100


00...00BA


                                                          (9) 


 


Table 2 shows the influence of the design parameter L on the MRMAX performance.  As L increases the 
speed with which the synthetic MRMAX chart signals also increases. The gain in speed is more significant 
when L increases from 1 to 6. For instance, when 121  aa  and 5.021   , the ARL reduces 18.0% 
(from 21.4 to 17.5). On the other hand, as L increases from 6 to 10, the ARL reduces 1.0% (from 17.5 to 
17.3), see Table 2. For this reason, Table 3 in Section 3 was built fixing L equal to 7. 


Table 2: The influence of L on the synthetic MRMAX chart’s performance (= 0.5, n=5). 


 


 


   L= 1 2 3 4 5 6 7 8 9 10 


    CL= 2.350 2.469 2.536 2.582 2.617 2.644 2.667 2.687 2.703 2.719 


1a  2a  || 1  || 2       ARL      


1.0 1.0 0 0  200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 


  0 0.5  45.3 40.9 39.1 37.9 37.2 36.8 36.3 36.1 35.8 35.8 


  0.5 0.5  21.4 19.2 18.4 17.9 17.7 17.5 17.4 17.3 17.3 17.3 
        


1.25 1.25 0 0  15.4 13.6 12.9 12.5 12.3 12.1 12.1 12.0 12.0 11.9 


  0 0.5  9.67 8.43 7.98 7.74 7.60 7.5 7.5 7.4 7.4 7.4 


  0.5 0.5  6.95 6.06 5.75 5.59 5.50 5.5 5.4 5.4 5.4 5.4 
        


1.5 1.0 0 0  9.82 8.28 7.69 7.36 7.17 7.0 7.0 6.9 6.8 6.8 


  0 0.5  7.42 6.40 6.03 5.84 5.73 5.7 5.6 5.6 5.6 5.6 


  0.5 0  7.02 5.90 5.49 5.27 5.14 5.1 5.0 5.0 4.9 4.9 


  0.5 0.5  5.68 4.89 4.60 4.46 4.38 4.3 4.3 4.3 4.3 4.2 


 


2.3 The MRMAX Chart with Supplementary Runs Rules 
In this article we also propose the MRMAX chart with runs rules. A runs rule causes a signal if s of the last 
m values of the statistic being plotted fall in the interval  CLw, , where ms 1  and CLw  , being 


w the warning limit and CL the control limit. The notation  CLwmsT ,,,:  is used to represent this runs 
rule. According to this notation, the basic Shewhart rule (C1) can be expressed by C1: (1;1;CL; ) or (1;1;-
 ;-CL). This article focuses on the performance of two supplemented MRMAX charts. The first one with 
the supplementary runs rule C2:(2;3;w;CL) and the second with the supplementary runs rule C3:(3;4;w;CL). 
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Figure 1 shows the three points positions that lead the MRMAX chart with the supplementary runs rule C2 
to signal. 


 


 
 


1        2        3         4        5         6   
       
                     Sample Number 


(C2) 


(C2) 


(C1) 
MRMAX 


CL 


w 


 


Figure 1: MRMAX chart with the supplementary runs rule C2. 


The steady-state ARL of the MRMAX chart with supplementary runs rules C2 can be obtained with the aid 
of the Markov Chain represented by the matrix (10). It is a Markov Chain with 3 transient states (A, A1, B) 
and one absorbing state (C). These states are defined according to the position of the sample points on 
the control chart: 


 


State A: the last two sample points belong to the interval (0;w); 


State A1: the previous sample belongs to the interval (w;CL) and the current one belongs to the interval 
(0;w); 


State B: the previous sample belongs to the interval (0;w) and the current one belongs to the interval 
(w;CL); 


State C: the absorbing state C is reached when the last transient state is state A and the current sample 
falls beyond CL or the last transient state is state A1 or B and the current sample falls beyond  w.  


Let p1=P[next observed sample point will be in the region (0;w)], p2= P[next observed sample point will be 
in the region (w;CL)] and p3 =1-p1-p2 =P[next observed sample point will be in the region  ,CL ]. Thus, 
we have that:  
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                                                (10) 


The vector S consists of three non-absorbing states, that is,  321 ,, SSSS , and it can be obtained by 


solving the system of linear equations in (8). With S, we only need to compute the inverse of (I-R) in order 
to obtain the steady-state ARL, see expressions (6) and (7).  
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Following the same approach, we obtain the vector S for the runs rule C3. 


In the next section we will compare the MRMAX with supplementary runs rules with the synthetic and 
standard MRMAX charts. The performance of the supplemented MRMAX chart depends on the values of 
p1 and p2. We investigated for which values of p1 and p2 the MRMAX chart has a better overall 
performance and we obtained the ARL values under this condition. 


3 Comparing Charts 
In this section we compare the standard MRMAX (MRMAX-1), the supplemented MRMAX charts based on 
the runs rules C2 and C3 (MRMAX-2 and MRMAX-3, respectively) and the synthetic MRMAX chart 
(MRMAX-4).  


Table 3 presents the ARLs for the MRMAX charts, where   ・ = 0.5, 1a  and 2a =1.0; 1.25; 1.5 and 1  and 


2 =0.0; 0.5; 0.75; 1.0. A type I risk of 0.5% is adopted.  


The MRMAX charts with the supplementary or the synthetic runs rules have better performance than the 
standard MRMAX. 


If it is well known that the assignable cause only affects the covariance matrix, then the MRMAX-2 and 
MRMAX-3 charts are the best option and present similar performances. The same behavior is observed for 
small changes in the mean vector. In the other cases, the MRMAX-4 chart is similar in performance to the 
MRMAX-2 and MRMAX-3 charts. However, it is important to highlight that the synthetic runs rule is 
simpler for the users than the supplementary runs rules.  


 


 


Table 3: ARL for the MRMAX-1, MRMAX-2, MRMAX-3 and MRMAX-4 charts (n=5 and = 0.5). 


  Shifts (Mean vector) 


Shifts 
(covariance 
matrix) 


|| 1  0 0 0.5 0.5 0 0.75 0.5 0.75 0.75 0 1.0 1.0 


1a  2a  || 2  0 0.5 0 0.5 0.75 0 0.75 0.5 0.75 1.0 0 1.0 


1.0 1.0  200.0(1) 47.3 47.3 27.0 15.6 15.6 12.6 12.6 8.4 6.1 6.1 3.4 


   200.0(2) 36.3 36.3 17.4 10.8 10.8 7.9 7.9 5.1 4.3 4.3 2.3 


   200.0(3) 34.8 34.8 16.3 10.8 10.8 7.8 7.8 5.3 4.6 4.6 2.6 


   200.0(4) 34.0 34.0 15.3 10.5 10.5 7.5 7.5 5.1 4.6 4.6 2.7 
        


1.25 1.0  32.2 21.4 15.1 12.3 11.3 7.9 8.2 7.1 5.6 5.4 4.3 2.8 


   25.2 14.0 11.4 8.2 7.1 6.0 5.2 5.0 3.8 3.6 3.4 2.1 


   22.8 13.6 11.0 8.0 7.2 6.0 5.3 5.1 3.9 3.8 3.6 2.3 


   22.8 13.2 10.8 7.8 7.0 6.0 5.2 5.0 3.9 3.8 3.6 2.4 
        


1.5 1.0  9.0 7.9 6.3 5.8 6.1 4.5 4.8 4.3 3.4 3.9 3.2 2.4 


   7.0 5.6 5.0 4.3 4.1 3.7 3.4 3.3 2.8 2.7 2.7 1.9 


   5.5 4.7 4.2 3.7 3.6 3.3 3.1 3.0 2.6 2.6 2.5 1.9 


   5.5 4.6 4.2 3.7 3.6 3.3 3.1 3.0 2.7 2.6 2.5 2.0 
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1.25 1.25  18.1 11.1 11.1 8.1 6.7 6.7 5.6 5.6 4.3 4.0 4.0 2.5 


   12.1 7.5 7.5 5.4 4.7 4.7 3.9 3.9 3.1 3.0 3.0 2.0 


   10.9 7.1 7.1 5.3 4.7 4.7 3.9 3.9 3.2 3.1 3.1 2.1 


   10.8 7.0 7.0 5.3 4.7 4.7 3.9 3.9 3.2 3.1 3.1 2.2 
         


1.25 1.5  7.6 5.6 6.1 4.8 4.2 4.6 3.7 3.9 3.2 3.0 3.2 2.1 


   5.4 4.2 4.3 3.5 3.2 3.3 2.8 2.8 2.4 2.5 2.4 1.8 


   4.4 3.5 3.6 3.1 2.9 2.9 2.6 2.6 2.3 2.3 2.3 1.8 


   4.3 3.5 3.6 3.1 2.9 2.9 2.6 2.7 2.3 2.3 2.3 1.8 
         


1.5 1.5  5.0 4.2 4.2 3.6 3.4 3.4 3.0 3.0 2.6 2.6 2.6 1.9 


   3.6 3.1 3.1 2.7 2.6 2.6 2.3 2.3 2.1 2.1 2.1 1.6 


   2.8 2.5 2.5 2.3 2.2 2.2 2.0 2.0 1.9 1.8 1.8 1.5 


   2.8 2.5 2.5 2.3 2.2 2.2 2.1 2.1 1.9 1.9 1.9 1.5 
(1) MRMAX-1; (2) MRMAX-2  (L=7); (3) MRMAX-3  (p2=0.03); (4) MRMAX-4 (p2 = 0.07). 


4 Conclusions 
In this article we proposed a single chart based on the standardized sample means and sample ranges 
(MRMAX chart) for monitoring the mean vector and the covariance matrix of bivariate processes.  


User’s familiarity with the computation of these statistics is a point in favor of the MRMAX chart.  We 
compared the supplemented MRMAX chart and the synthetic MRMAX chart with the standard MRMAX 
chart.  


The supplementary and the synthetic runs rules enhance the performance of the MRMAX chart. However, 
the synthetic runs rule is simpler to administer if compared with the supplementary runs rules.  
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Abstract 


The study evaluated the information contained in the Service reports workplace accidents recorded by the Reference 


Center on Occupational Health in the city of Araraquara/Brazil in the period of January to December 2010. We 


performed a quantitative desk research. Through these numbers is possible to diagnose a profile closer to the reality 


of accidents that affect workers in the region. During the period under review were reported 3160 cases of 


occupational accidents being the month of December with the largest number of records. From 3,160 accidents, 2637 


(83%) are the registered workers, 2,374 (75%) were typical accidents and 2,155 (68%) minor accidents. The industry 


sector contributes strongly and negatively in the incidence of occupational accidents occurred, with 964 cases in 


Araraquara. The contusion was the most pronounced injury (917 cases). The results also revealed that, accidents and 


illnesses recorded in the country, occurred in young people (18 to 30 years old), and most of them are males. Those 


workers have an accident rate almost four times larger than females, registering 2,512 (79%). By these analyses of the 


most affected victims’ profile, we can implement an intensive care policy, promoting a closer inspection, getting 


better facilities, checking and educate employees about the importance of using safety equipment. This can be a way 


to decrease or even eliminate these accidents. 


Keywords: Accidents at work, quantitative analysis, Araraquara. 


1 Introduction 


“The work is considered by many scholars as an elevated human socialization, that represents learning 


and a permanent contact between people. It means a dialectical comprehension, provides creativity, 


imagination and progress for some people and for others, the suffering, the dissatisfaction and the 


disease ". (MIELNIK, 1976, p.49). 


The history of humanity has some interesting moments, but these have never been treated as historical 


facts and they changed the meaning of human trajectory. One of them, for sure, concerns the imprecise 


time when some men decided to use hands to do things and called this work (...). In fact, what the man 


could see, was the job as slavery practice and worst: that work would kill, maim and make (O`NEIL and 


MORAES JR, 2004, apud MONTEIRO, 2007) 


According to Hale & Glendon (1987), the accidents point that the capacity of control of the system was 


exceeded and, frequently, as last preceding factor to the injury, can be identified some aspect of the 


behaviour of the victim.  


According to Zocchio (2001), preventing accidents at work is the duty of all; all of us have obligations to 


fulfil with regard to accident prevention; entrepreneurs and business leaders of all sizes and branches 


activity, employers and workers, professionals of all categories and the simple citizen. 


According to the Brazilian Standard for Registration of Accidents (NB18), the work accident is identified as 


a discrete occurrence and undesirable, related to the performance of work, which causes personal injury 


or taking place near or remote risk of injury (ABNT, 1975). 
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Barata, Ribeiro and Moraes (2000), reviewing the occurrence of accidents at work in municipalities in the 


State of São Paulo with more than 80 thousand inhabitants, it was pointed out that only 28.9% of the 


cases were reported through the CAT (Work accident report). In relation to employees governed by the 


consolidation of labor laws, the proportion of cases registered was 42.1%, which corresponds to less than 


half of the cases with obligatory issuance of CAT.  


The present work aims to identify, quantify and evaluate the occurrence of accidents at work by releasing 


the information contained in the Report of Damaged Care Labour (RAAT), provided by the database of 


the Reference Center on Occupational - CEREST Araraquara, a midsize city in the State of São Paulo/Brazil, 


with approximately 200,000 inhabitants, describing the profile of workers who suffered accidents in the 


period of January to December 2010. 


One of the main contributions to assist the understanding of work accident is the treatment of 


information from data made available; the research will contribute to complement to official statistics on 


accidents at work that have occurred in the municipality of Araraquara/SP, that was registered through 


the Reference Center on Occupational - CEREST of the municipality. 


For Bedrikow (1996) "count the number of accidents at work, distribute them according to the 


characteristics of the occurrences and victims and present the results through the indispensable basis for 


statistics constitute an indication, application and control of measures prevencionistas". 


1.1 Methodological Procedures 


This is a quantitative descriptive documentary research approach, that based on registered data about 


worker accidents by CEREST Araraquara. 


According to Barros and Lehfeld (1986), descriptive research is one in which the researcher observes, 


records, analyzes and correlates facts or phenomena (variables) without manipulating them, trying to 


discover the frequency with which a phenomenon occurs, its nature, characteristics, causes, relationships 


and connections with other phenomena. 


Trindade (2003) mentions that the analysis of quantitative data and the crosses between the various 


information collected, will produce something of quality, enabling the researcher to draw conclusions that 


could not be drawn without lifting and crossing of quantitative information. 


2 Work Accidents  


The first law of work accidents in industrial Europe came in the third quarter of the nineteenth century, 


giving employers the liability for accidents at work; in 1884, a German law established the obligatory 


insurance against accidents (LOPES, 1983). 


The work presents constantly serious risks for the population despite of the fact that it being important.   


In a study conducted by Sivieiro et. al. (2009), some information related by labour, from the International 


Labour Organization (ILO) on accidents at work are presented, as for example, the daily death of 


approximately 5,000 people. 


"The roots of the problem reside in the formation of the imperfect men. Accidents do not happen, are 


caused. By lack of communication, lack of supervision, by faulty planning, human errors, such as 


aggression, distraction, fatigue, indiscipline, arrogance and avarice. (LIMA, 1976, p. 67) 


2.1 In the World 


According to the International Labour Organization – ILO, it has been occurring approximately 250 million 


of work accidents and 160 million occupational diseases or of work per year, throughout the world; the 


equivalent of 685 thousand accidents of work per day, 475 per minute and 8 per second. (BARTOLOMEU, 


2002) 
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According to ILO estimates (MPAS / SPS, 2004), in 2004, the case fatality index (per 100,000 workers) was 


5.3 deaths for countries of the industrialized economies. In China the figure was 11, 1, and in India 11.0. In 


Latin America was around 13.5 and the rest of Asia and Africa it was registered above of 20.0 deaths. 


2.2 In Brazil 


According to Revista Proteção (2002) in Brazil, there is a sum of problems of sub-registries or failures of 


notification, that makes 63% of the 70 million workers who represent its Economically Active Population 


are excluded; therefore, the annual statistics of occupational accidents is based on the number of workers 


enrolled in the National Social Security Institute (INSS), which represents only 27% of workers in Brazil.  


The reasons to explain the high number of occurrences of the work accidents are diverse, involving 


failures in projects of work systems, equipment, tools, and disability in maintenance processes of various 


elements working components. The Human Factor occupies a very important place as cause related to 


work accidents, including psychosocial characteristics of the worker, negative attitudes towards the 


prevention activities, aspects of personality, lack of attention, among others. (DI LASCIO, 2001) 


Diesat (2008) also demonstrates the concern about Brazil, which is in fourth position in relation to deaths 


due to accidents at work; according to data from the International Labour Organization (ILO) there are 2.2 


million deaths worldwide every year. 


3  Classifications of Workplace Accidents 


Alpha 


The classification applied by the National Social Security Institute (INSS), (2009) to differentiate the types 


of accidents at work is as follows: 


 Typical Accidents - accidents that arise from the characteristic of the professional activity carried 


out by accident. 


 Accidents on the way to work - accidents that have occurred on the route between the residence 


and the place of work and vice versa. 


 Occupational disease – deseases ou illnesses that are caused by special conditions at work and 


with which the workers are in contact. According to Sciencedaily (2005) Ill-health and illness 


caused by work can have a major impact upon the injured person . Unlike workplace accidents 


which arise from a single incident, industrial disease and occupational ill health is caused over a 


period of time, sometimes even over many years. The most common workplace illnesses are 


cancers from exposure to hazardous substances, musculoskeletal diseases, and respiratory 


diseases caused by exposure to pathogens, and hearing loss.  (Injury Board, 2012) 


4 Methods and Materials 


It was analyzed the information from the database produced by the Report of Damaged Care Labour 


(RAAT), provided by the Reference Center on Occupational in Araraquara - CEREST, for the period January 


to December 2010. The distribution of accidents was made using the following characteristics: gender, 


function, type of accident, branch of activity, age, nature and type of injury . 


The Municipality of Araraquara, place of execution of this research, is located in the interior of the State of 


São Paulo, and in 2010 had a population of 208,725 inhabitants. It was considered the first Brazilian city in 


the ranking IFDM (Human Development Index), which takes into account the criteria of employment, 


income, education and health. (IBGE, 2010). 


Alpha 
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The CEREST of Araraquara receives the information directly from the health units that assist the injured. 


The Reports of Damaged Care Labour- RAAT are opened at the units, communicating and completing a 


detailed questionnaire about the work accident. The RAAT is an instrument of monitoring in work 


accidents, that makes possible a base of data about the occurrences of accidents; this is the base for the 


accomplishment of monitoring to the workstations, aiming at to the implantation of corrective and 


preventive measures to prevent new occurrences.  


During the collection of data, the forms need to be filled in two copies: one is destined to the CEREST, in 


case that suspicion of occurrence of illnesses related to the work for statistical data, and another to the 


victim exists. Then, the Communication of the Accident at Work - CAT must be filled by the company or 


by the workers and delivered in an Agency of Social Security by the issuer. (MPS, 2011) 


In the study have been used 6 health units in which the letters A,B,C,D,E and F replace the names. 


According to CEREST, 3,160 accidents were notified by RAAT, but only 349 were investigated and 252 


were notified in reportable information system Notification-SINAN where are forwarded workers who 


suffered serious work accident or with minors injuries; accident at work by exposure to biological material; 


cancer related to the work; occupational dermatitis, injuries for repetitive efforts; induced auditory loss for 


noise; upheaval mental related to the work; pneumoconiosis; poisonings exogenous.(CEREST,2011) 


The Work accident reports - CAT were not used, because these are filled by workers injured or firms 


responsible for the direct route to the INSS.  Some instances were filled without sufficient information 


compromising in some cases the proper identification of the event. 


5 Results 


5.1 Annual Statistics 


In Table 1, it is the annual closing for unit of health and are demonstrated the monthly numbers obtained 


through analysis of RAATS for the period from January to December 2010. 


Table 1: Number of RAAT opened in the city of Araraquara / SP in 2010 (N = 3160) 


Unit January  February March April May June July August September October November December 


A 123 133 214 177 132 193 183 220 184 234 173 259 


B 37 36 63 73 43 64 78 78 106 108 63 99 


C 9 2 1 2 9 7 2 1 0 3 4 2 


D 0 1 0 0 0 0 0 6 10 0 8 2 


E 0 0 2 0 5 1 3 1 0 0 0 0 


F 2 0 2 5 1 1 1 0 0 2 2 0 


TOTAL 171 172 282 257 190 266 267 306 300 347 250 362 


The normal working week in Brazil is 44 hours over a six-day period that represents a 220 working hours a 


month. (Deloitte,2010) It is possible to observe that the biggest taxes of work accidents had occurred 


between the months of October and December; 347 and 362 respectively. As opposed to these findings, 


the smallest indexes were in January (171) and February (172). An explanation for these numbers can be: 


initially because in the end of year, characterized by increased sales, there is an increased flow of 


production in various fields of activity and refracting proportionately in increase of temporary hires, 


mostly inexperienced workers. 


The analysis indicates the October month as one of most critical, fact that coincides with the beginning of 


the acts of contract of the temporary workers, characteristically of little experience. The month of 


December is the most hires flow due to the end of time-limits for end-of-year festivities; these are 


indications of an environment more susceptible to errors. Compared to the months of January and 


February, the explanations for the drop in accidents may be related to decreased production activity 
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according to the natural decline in sales at the end of the year, coinciding with the end of temporary 


contracts, as well as being this a period traditionally used for vacation time. 


 


Figure 1: Statistics of Accidents according to month of occurrence. (N = 3160), Araraquara, SP, 2010 


5.2 Distribution of injured workers, according to gender. 


The occurrence of accidents at work by gender shows the male as dominant, with a total of 2512 (79%) 


compared to 648 (21%) were female, as can be seen in Figure 2. 


 


Figure 2: Distribution of injured workers, according to gender. (N = 3160), Araraquara, SP, 2010 


For a better understanding of the problem, it will be placed on topics some important information taken 


from International Labor Organization published in the year 2009, which reports that men carry out their 


duties with greater exposure to the risks of accidents at work as well as have a higher probability of being 


victims of fatal accidents and other types of work-related deaths; tend to be more exposed to the risks 


posed by substances which are carcinogenic or allergenic circulatory and respiratory diseases; adopt 


preventive and protective methods of job execution less than women. 


5.3 Distribution of injured workers, according to the function. 


It identified in the present study that the occurrences of industrial accidents with professionals with 


registers correspond the 2,637 (83%) cases. That's about eight times the second index, which are 


accidents were classified as professionals that don´t have specific function 333 (11%) occurrences. Then it 
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comes the autonomous workers who registered 101 (3%), other with 57 (2%) and 32 (1%) domestic cases. 


The results mentioned above are showed in Figure 3. 


 


Figure 3: Distribution of in injured workers, according to the function. (N = 3160), Araraquara, SP, 2010 


5.4 Distribution of injured workers, according to the type 


Among the types of work injuries identified, the typical accident that occurred during the time of exercise 


of professional activity is much higher in occurrence than all the others. In the study of Barata, Ribeiro e 


Moraes (2000) were also analyzed the occupational accidents according to nature, and it was found that 


typical accidents were more common than accidents on the way to work. 


 


Figure 4: Distribution of injured workers, according to the Type. (N = 3160), Araraquara, SP, 2010 


5.5 Distribution of injured workers, according to activity branch 


According to Silveira et al. (2005) occupational accidents occur in any type of institution, industry and 


profession, however some workers are more susceptible to suffer accidents than others. In Araraquara, the 


branch of activity which was the largest number of cases of accidents reported by RAATt was the industry 


with 964 cases. 
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Figure 5: Distribution of injured workers, according to activity branch. (N = 3160), Araraquara, SP, 2010 


5.6 Distribution of injured workers, according to age 


Figure 6 shows the frequency of occupational accidents according to age. The group with the highest 


number of accidents is what comprises workers between 18 and 30, in which 1654 cases are registered. 


Secondly, the group 31 to 40, in which are recorded 793 accidents. 


 


Figure 6: Distribution of injured workers, according to age. (N = 3160), Araraquara, SP, 2010 


The largest index established (aged 18 to 30 years) have the complication that often are inexperienced 


workers and often unaware or existing risks discrediting the work environment, therefore, the main victims 


of accidents at work. 


5.7 Distribution of injured workers according to the nature of the accident. 


Considering the analysis of the nature of accidents in the municipality reported, it can be seen that light 


accidents have the largest index of 2155 (68%) cases with injured. Fatal accidents have the lowest index 


with 16 (1%) cases, as shown in Figure 7. 







 


ICIEOM 2012 - Guimarães, Portugal 


ID110.8 


 


Figure 7: Distribution of injured workers, according to the nature of the accident. (N = 3160), Araraquara, SP, 2010 


5.8 Distribution of injured workers, according to type of injury 


According to Whiting and Zernicke (2001), the lesion is accompanied by physical, emotional and 


economic costs are unavoidable, as well as loss of normal function and time, beyond the physical 


suffering, disability and caused disorder.  The survey points out that the most common type of injury is 


the contusion with 917 cases; Ferreira (1986) defines contusion by "tread; grind; wound in the fall; 


seriously injure; hurt themselves". 


 


Figure 8: Distribution of injured workers, according to type of injury. Araraquara, SP, 2010 (N = 3160). 


6 Conclusion 


This study contributed to a better understanding about the distribution of accidents that took place in the 


Araraquara city. It was possible to highlight the importance of the work accident reports and the analysis 


of their indicators. The information in RAATs are sufficient and they have large number of information, but 


the municipality of Araraquara must to promote training to its professionals who working at health units , 


public or private; they should be taught how to fill in RAATs up, properly, in order to obtain better results. 
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To do this it would require hiring a larger number of employees to do severe inspection in the units of 


health; this is not easy in a public administration with no much resource to use.  


According to Herzer (1997), the description of the incident should contain as much data as possible to 


carry out a correct analysis allowing identification the causes of the accident. 


With the verification of the sectors most affected, we can implement a policy of intensive care, 


promoting close inspection, getting better facilities, checking and educating employees about the 


importance of using safety equipment. Training should encourage the employee to prevent themselves 


and pay more attention in the activities, especially with young males, who are suffering more at risk of 


harm at work, once they lack maturity; special attention must be given to that segment. 


One of the important evidences that were showed in this research is that the correct filling out the 


reports, by the companies and the care units, can help to understand the nature of the accidents besides 


of developing an efficient data base. Many accident events are omitted by the companies in order to 


avoid preoccupations with the public administration related to human labor. In order to get a better 


condition to analyze this scenery and understand the real characteristics of occupational accidents, some 


appropriate measures can be taken, as public actions and programs about the problem, beside the 


increase the public control on the reports. 
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Abstract 


This study aims to present the differences between the use of QFD and its association with CVCA tool in the 
development of a CPM machine for elbow and forearm rehabilitation. To achieve this goal, the study was divided into 
three steps. The development of a conceptual model that integrates the proposed CVCA + QFD tool, for application 
in the development of health equipment occurred in the first step. The second step consisted of applying the 
proposed model, referring to the QFD method using 8 matrixes: quality matrix, product, characteristics of the parts, 
process, process parameters, human resources, infrastructure and costs matrix. The proposed conceptual model was 
employed fully in the third step, allowing the comparison between the methods. The results enabled to identify a 
discrepancy between the clients considered critical in the use of the methods mentioned. Customers were limited to 
the direct and indirect users in the QFD application: patient, doctor and physiotherapist. This list got a considerable 
increase when CVCA was applied: clinical engineering, product engineering, process and reliability engineering, 
project and product managers, financial sector, quality system and regulatory issues. These results show the 
importance of analyzing the supply chain systemically in order to consider all stakeholders at the development of 
CPM equipment. Thus, it is possible to delineate the needs and relationships of all process customers. 


Keywords: quality management; QFD; CVCA; product development; continuous passive motion. 


1 Introduction 
New technologies are revolutionizing services delivery since the last half century. The health sciences seek 
to resolve research problems integrating multidisciplinary teams involving engineering skills and other 
physical sciences into life sciences (SHINE, 2004). This integration is visible in the development of health 
products, such as equipments for the application of continuous passive motion (CPM) in the human 
body’s joints, such as the elbow and forearm. These devices are used in post-operative, post-trauma of 
joint injuries and cartilage avascular healing (MAVROIDIS et al., 2005) and (CALLEGARO, 2010). 


According to Gadelha (2006), developed countries that compete in better conditions with advanced 
countries have associated endogenous basis of knowledge, learning and innovation with a strong 
industry. Zago (2004) states the acquisition of itself experience is central to the planning of scientific 
development in health. As a result, Brazil needs to develop national technology to be able to compete or 
replace the imported technology.  


Shine (2004) emphasizes the development of new equipment for health, requires, besides 
multidisciplinary teams, client involvement in the value chain of the product. A Martin et al. (2006) point 
out the identification of needs, when they are performed early in the process, is important to the 
development of new products. These needs can ensure the incorporation of new features to prototypes 
with greater facility and lower cost. According to Rozenfeld et al. (2006), needs become functional 
requirements of a new product and, in accordance with Silva (2004), they contribute for the development 
of products with higher quality, safety and reliability.  
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Andrietta and Miguel (2002) believe that the understanding the Voice of Customer (VOC), in others words, 
their needs, expectations, requirements and desires is a step of fundamental importance. It is in this stage 
that the VOC are translated on technical requirements, specifications, products, processes and services. Its 
understanding and exact translation can be obtained by using the Quality Function Deployment Method 
(QFD Method). Cheng (2003) asserts the QFD method seeks to coordinate the control and quality 
improvement, integrating them with the market. This method is widely known and applied in the 
development of several products in the world and it aims at the consensus attainment of agreed actions 
in development projects to facilitate participants’ learning and understanding. 


The involvement of customers of the product value chain in product development for health can be 
understood by the systemic approach of the value chain. This approach allows the viewing of the group of 
actors that integrates their knowledge and skills to develop products focused on individuals and 
organizations (KRUCKEN, 2009). Thus, the association of Customer Value Chain Analysis tool (CVCA) to 
QFD can assist in innovation and consequent creation of value to the health products. The CVCA tool 
helps in understanding the business unit, product value chain and identification of critical customers 
(DONALDSON et al., 2006), while the QFD method assists the requirements management, one of the 
fundamental activities in the product development process (ROZENFELD et al., 2006). 


In this context, the need to indentify the differences between the QFD method application in relation to 
its association with the CVCA tool is justified when they are used in the development of CPM equipment 
for elbow and forearm rehabilitation. Emphasizing differences in the identification of critical customers of 
the equipment value chain and business units of this product, as well as, the quality demanded and results 
of deployment of QFD matrices.  


Thus, this paper aims to present differences between the use of QFD and its association with CVCA tool in 
the development of CPM equipment for elbow and forearm rehabilitation. The structure comprises the 
following sections: section 2 – the literature review on the research topic; section 3 – procedures used to 
reach the proposed objective, section 4 – results and discussion, and section 5 – study conclusions. 


2 Literature Review 
This section presents definitions and theoretical foundations on the development of products in health, 
CVCA and QFD, which support this study. 


2.1 Product Development for Health 
The growing technification procedures for health makes this area one of the most dynamic in relation to 
the absorption of new technologies produced and consumed according to the market logic. 
Technological advances are related to the introduction of information technology, modern and 
sophisticated equipments that benefited and allowed speed in the fight against diseases (BARRA et al., 
2006).  


The equipment industry related to the health field is characterized by a strong interdisciplinary content, in 
which the involvement of health specialists is crucial to the making of innovations. They give a support to 
identify needs and possibility of new equipment, creating the first prototype and decisive improvement in 
the development of the equipment (ALBUQUERQUE and CASSIOLATO, 2002). Furthermore, Back et al. 
(2008) assert that differentiated products of high quality are achieved primarily with the high quality of 
the product design, which is only achieved with teams that integrate different knowledges relevant to 
product design development. 


The use of various forms of technology has increased in Physical Therapy as well as the increasing interest 
of professionals in the field. Physical Therapists use equipments from simple to complex to assist in 
the kinetic-functional diagnostics, in the prescription, the planning, the managing, the analyzing, the 
monitoring and the evaluation of treatment (WALDROP, 2003). According to Cooper et al. (2008), the 
technology used to assist the physical therapeutic treatment qualifies the therapy received by the subject 
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and it improves his engagement with the treatment. The computerized technology assists the patient in 
performing movements that require assistance of the Physical Therapist. Continuous Passive Motion 
equipments (CPM) are used in the rehabilitation of patient’s limb joints (LENSSEN et al., 2008). The use of 
these equipments assists the performing of passive joint movements continuously in the initial phase of 
rehabilitation (HEBERT et al., 2003). A prototype of CPM equipment for elbow and forearm rehabilitation 
can be viewed in the Figure 1 (1); Figure 1 (2) shows how the patient positions his arm in the equipment. 


 
Figure 1: (1) Prototype of Computerized CPM Equipment for Elbow and Forearm Rehabilitation; (2) Arm positioned on 
CPM. Source: Callegaro (2010). 


Studies about CPM equipments are more advanced for lower limb joints, especially the knee (SPERB, 
2006) and (MAVROIDIS et al., 2005). But there is a demand by professionals responsible for elbow and 
forearm rehabilitation for CPM equipment to treatment of these joints, indicating the need for researches 
focused on the upper limbs (MAVROIDIS et al., 2005) and (CALLEGARO et al., 2011). 


2.2 Customer Value Chain Analysis – CVCA 
Value is a concept created by the own value chain that guides each organization or tool management, it is 
crucial to the survival of a business model (PETETIN et al., 2010). Economy, intellectual capital and 
intangible assets are included in the values networks of  the business model knowledge (ALLEE, 2000). 
Miccoli (2004) adds there are two types of influencers interfering in the life and values of organizations: 
external - owners, associates (suppliers, customers, partners and competitors), the employees' 
associations, trade unions and the various audiences that surround them all; and internal – members of 
the organization themselves. 


When it comes to an innovative product, values that will be created or destroyed by it are key factors in 
deciding upon its release. It is, therefore, essential the design team early in the process of product 
development define precisely what types of values a business model has (PETETIN et al., 2010), as well as 
parties involved in the product’s life cycle - stakeholders - and their relationship with the product. That’s 
because interested parties often have different perceptions, including when it concerns about 
understanding the value assigned by project management (DONALDSON et al., 2006). The CVCA is a tool 
allows, in the product definition phase, the identification in a comprehensive manner of relevant 
stakeholders, relationships with each other and their role in the life cycle of the product. This increases the 
team’s ability to recognize the diverse requirements of the product and priorities to define the product. 


2.3 Quality Function Deployment – QFD 
Quality Function Deployment (QFD) can be defined, according to Akao (1996), as a method aims to 
establish the quality of the project and also to obtain customer satisfaction. The complete conceptual 
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model, originally developed in Japan, consisted of a total of 22 matrices in 27 implementation steps, 
covering the deployment of four dimensions: quality, technology, cost and reliability. Since its 
construction depends entirely on the project objectives and the product nature, among other 
characteristics, has the possibility to adapt it (CHENG and MELO FILHO, 2007). An example of adaptation 
is the model of 7 matrices proposed by Ribeiro et al. (2001). 


Particularly, in the medical field, subject of the present study, some applications were found as follows: i) 
application of the method in an approach to improving the service offered by a podiatry clinic to relocate 
operations to provide services more comprehensive and satisfactory for both physicians and patients 
(MAZUR et al., 1995); ii) understanding of customer requirements and their inclusion to continuous 
improvement of the quality of the services provided by the health care system (RADHARAMANAN and 
GODOY, 1996); iii) QFD employed in developing a computational network service support for 
occupational therapists (HALLBERG et al., 1999); iv) method used in the design and development of a 
range of simple medical diagnosis with a high degree of precision (LIU et al., 2009); v) verification of the 
ability to plan for quality in family health units, through the use of QFD (VOLPATO et al., 2010); vi) 
application of QFD in order to improve outpatient services for elderly patients (KUO et al., 2011). 


Thus, all the applications listed relate to the services sector in the medical field. A similar situation occurs 
in the studies developed in Brazil, and not just in this particular area, but in general. Sassi and Miguel 
(2002) have shown that the use of QFD in Brazilian territory is more frequent in the service sector with the 
goal of improving the provision of services and, consequently, increase customer satisfaction. 


3 Methodology 
This research is characterized as a qualitative study. Based on its overall objectives, it is classified as 
exploratory as it aims to provide greater familiarity with the problem and thus make it more explicit (Gil, 
2002). The definition of methods and techniques involves the methodology used to achieve each specific 
goal and, consequently, the overall goal of the research. To achieve this goal, the study was divided into 
three steps. The first step consisted of applying the proposed model, referring to the QFD method using 
eight matrices: quality, product, parts characteristics, process, process parameters, human resources, 
infrastructure and costs. The development of a conceptual model that integrates the proposed CVCA + 
QFD tool for application in the development of health equipment occurred in the second step. The 
proposed conceptual model was employed fully in the third step, allowing the comparison between the 
methods.  


3.1 First Step - Application of Adapted QFD  
The first step consisted of using a conceptual QFD model adapted from Ribeiro et al. (2001), which 
employs the use of seven matrices, as follows: quality, product, parts characteristics, process, process 
parameters, human resources, infrastructure and costs (Figure 2). In this research, instead of seven 
matrices, eight were applied because the human resources and infrastructure matrix was deployed into 
two, i.e. human resources matrix and infrastructure matrix. The identification of the target population to 
be studied occurred prior to the application of the matrices, and relied on the criteria of prior knowledge 
of equipment or possible relationship to the value chain of the equipment in question, according to the 
perception of researchers. 
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Figure 2: QFD conceptual model adapted from Ribeiro et al. (2001). Source: primary. 


3.2 Second Step - CVCA+QFD: The Proposed Conceptual Model of the CVCA 
Associated with QFD  


In this step, it is proposed a model that integrates CVCA and QFD tools (Figure 3). The CVCA tool 
facilitates the identification of critical customers and carries out analysis of the value chain. 


 
Figure 3: CVCA+QFD model for health product development. Source: primary. 
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First, one analyzes the value chain using the steps of the CVCA. To that end, there was an adaptation of 
the steps proposed by Donaldson et al. (2006), i.e. used the first five steps that actually related to the 
customer's value chain. The last two refer to the use of information obtained in the definition of product 
evaluation and design process. Therefore, the steps were followed: 


 Define the initial business model and assumptions; 
 Delineate the pertinent parties involved with the product; 
 Determine how the parties are related to each other; 
 Identify the relationships among the parties by defining flows between them; 
 Analyze the resulting Customer Value Chain to determine critical customers and their value 


propositions (DONALDSON, 2006). 


After identifying critical customers, the remaining steps which coincide with the conceptual model of QFD 
adapted from Ribeiro et al. (2001) were applied normally until the construction of the quality matrix. 


3.3 Third Step – Application of CVCA+QFD 
The application of the proposed model CVCA+QFD in the development of a CPM machine for elbow and 
forearm rehabilitation was in a medical, physiotherapy and hospital products company of a city in the 
State of Rio Grande do Sul, Brazil. The company was selected because of the technologies of products 
developed and the market areas provided synergies with those of the above-mentioned equipment. 
Discourse on the results in the following section. 


4 Results & Discussion 
This section presents and discusses the main differences identified in the QFD application related to its 
association with CVCA in the following steps: critical costumers definition; demanded quality survey; 
demanded quality deployment, deployment of product and its parts, deployment of process and its 
parameter. The human resources deployment, infrastructure deployment and costs deployment won’t be 
discussed because there were no differences when compared with the first application. In other words, in 
the human resources matrix deployment, it was noted in both applications the production supervisor and 
the process and quality engineers play crucial roles to ensure compliance with the process specifications. 
In the infrastructure matrix, cutting machines were identified as the most important resources, because its 
excellence will provide quality in the essential parts of the final product. In the costs matrix, the molding 
process and the cuts finishing, assembly, polymers and fabrics cuts and finishing had the highest monthly 
costs. 


4.1 Critical costumers definition 
The present study revealed a discrepancy between the costumers considered critical in the use of 
methods mentioned. In the QFD application, the costumers were limited to what was considered direct 
and indirect costumers: patient, doctor and physical therapist. In the CVCA application (Figure 4), this list 
had a considerable increase: clinical, product, process and reliability engineering; project and product 
managers; financial sector; quality systems and regulatory issues.  
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Figure 4: Results of CVCA application to product development in the health area. Source: primary. 


4.2 Demanded Quality Survey 
The primary attributes ‘aesthetics’, ‘material’, ‘components/elements’, ‘handling’, ‘ergonomics’ and 
‘functions’ identified in the QFD application were the same in the CVCA+QFD application. Secondary 
attributes differ in both applications (see Table 1). Differences were emphasized in the following 
attributes: i) ‘aesthetics’, in the first application appeared the ‘neutral color’, missing in the second 
application, in which was identified the secondary attribute ‘innovator’; ii) ‘material’, points the item 
‘trustworthy’ in the second application, which are related to the reliability of the material used at the 
production; iii) ‘components/elements’ had in the first application ‘reduced numbers of components’, 
‘transport and storage container’ and ‘different energy sources’, while in the second application, there 
were identified ‘safe components’, ‘replacement parts guaranteed’ and ‘reduced maintenance’; iv) primary 
attribute ‘handling’, presents as secondary attributes ‘silent’ in the first application and ‘dismountable’ in 
the second; v) ‘ergonomics’, the main difference is between ‘harmonic movements’/’lateral supports for 
alignment’ and ‘patient’s comfort’/’effective performance’; iv) ‘functions’, differ mainly at ‘programmable 
functions’ and ‘applicable to various joints’. 


In the QFD application, between the secondary levels, the attribute ‘functions’ has the greatest product’s 
relative importance (22,87%), and it is deployed in ‘possible physiological range’ (5,93%), ‘assistive, active 
and resistive programs’ (5,67%), ‘programmable functions’ (5,42%) and ‘simple interface’ (5,85%). The 
attribute ‘ergonomics’ (21,46%) is deployed in ‘not pose a risk to the user’ (5,72%), ‘anthropometric adjust’ 
(5,44%), ‘harmonic movements’ (5,39%) and ‘lateral supports for alignment’ (4,92%), (see Table 1). 


In the CVCA+QFD application, between the secondary levels, the attribute ‘ergonomics’ had the greatest 
product relative importance (19,13%), deployed in ‘patient and operator safety’ (4,88%), ’effective 
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performance’ (4,88%), ‘anthropometric adjust’ (4,78%), ‘patient’s comfort’ (4,58%). This attribute is 
followed by ‘functions’ and ‘aesthetics’, both with product is relative importance of 17,93%. The attribute 
‘functions’ is deployed in ‘possible physiological amplitude’ (4,67%), ‘multiple functions’ (4,35%), 
‘applicable to various joints’ (3,67%), ‘simple and intuitive interface’ (5,72%), while the attribute ‘aesthetics’ 
is deployed in ‘innovator’ (3,88%), ‘organic design’ (4,37%), ‘compact and portable’ (6,62%) and ‘discrete’ 
(1,84%) (see Table 1). 


Table 1: Comparison of attributes identified in the demanded quality in both QFD and CVCA+QFD 


Attributes Demanded Quality (QFD) Ra
te


 P
rim


ar
y 


Le
ve


l 
Q


FD ID
i*


 Q
FD


Demanded Quality (CVCA + QFD) Ra
te


 S
ec


on
da


ry
 L


ev
el


 
CV


CA
+


Q
FD


ID
i*


 C
VC


A 
+


 Q
FD


Aesthetics Neutral color (similar to the skin) 0.114 0.0161 Innovator 0.179 0.0388
Organic form 0.0277 Organic design 0.0437
Compact 0.0397 Compact and portable 0.0662
Discrete 0.0154 Discrete 0.0184


Material Soft surface skin contact 0.138 0.0480 Soft, breathable and not alergic surface skin contact 0.151 0.0511
Breathable surface skin contact 0.0342 Trustworthy 0.0410
Easy to clean / Asespsis 0.0350 Easy to clean / Asespsis 0.0361
Resistant to conditions of use and maintenance 0.0488 Resistant to conditions of use and maintenance 0.0534


Components / Reduced numbers of components 0.134 0.0477 Safe components 0.130 0.0491
Low weight of the equipment 0.0651 Low weight of the equipment 0.0540
Transport and storage container 0.0164 Replacement parts guaranteed 0.0276
Diferentes fontes energéticas 0.0322 Reduced maintenance (do not require specific technical care) 0.0399


Handling Easy to store 0.171 0.0280 Easy to store 0.169 0.0267
Transport through wheels or car 0.0418 Easy to transport (accessory) 0.0427
Silent 0.0550 Dismountable 0.0344
Intuitive use 0.0632 Easy to assembly, to install, to configure, to adjust and to use 0.0486


Ergonomics Anthropometric adjust 0.215 0.0544 Anthropometric adjust 0.191 0.0478
Harmonic movements 0.0762 Patient and operator safety 0.0488
Lateral supports for alignment 0.0603 Patient’s comfort 0.0458
Not pose a risk to the user 0.0572 Effective performance 0.0488


Functions Possible physiological range 0.229 0.0593 Possible physiological amplitude 0.179 0.0467
Assistive, active and resistive programs 0.0567 Multiple functions 0.0435
Programmable functions 0.0542 Applicable to various joints 0.0367
Simple interface 0.0717 Simple and intuitive interface 0.0572


IDi* = corrected importance index


Source: primary 


4.3 Demanded Quality Deployment  
In the QFD application, it was observed main demanded qualities are ‘harmonic movements’ and ‘simple 
interface’, associated with ‘ergonomics’ and ‘functions’, respectively. The least valued qualities demanded 
by the costumer are related to the ‘aesthetics’, and they are ‘discrete’ and ‘neutral color’. Thus, according 
to the results, it’s not necessary to make great efforts towards the appearance of the product, since this is 
little appreciated by the customer and will not contribute to its further acceptance in the market. 


In the application of the CVCA+QFD, main demanded qualities are ‘compact and portable’ (‘aesthetic’) 
and ‘simple and intuitive interface’ (‘functions’). The least valued qualities demanded by the critical 
customers are ‘discrete’ (‘aesthetic’), ‘easy to store’ (‘handling’), and ‘replacement parts guaranteed’ and 
‘reduced maintenance’, both associated with ‘components/elements’. This application differs from the first 
one especially because of the fact that the demanded quality ‘aesthetic’ was not valued. 


4.4 Deployment of Product and its Parts 
In the product matrix at the QFD application, it was observed the necessity to prioritize the following parts 
of the product: ‘support shaft’, ‘joystick’, ‘arm support’, ‘forearm support, ‘base support’, ‘electronic 
system’, ‘mechanic system’ and ‘software’. After the deployment and the prioritization or the parts, 
characteristics of parts matrix were filled and the greatest parts were crossed with their quality 
characteristics. Thus, it was possible to identify which characteristics must be controlled in the critical parts 
to provide the product quality. Through characteristics of the parts matrix, it was observed the necessity 
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to prioritize the following characteristics of the parts of the product: ‘support shaft angle’, ‘height 
adjustment’ and ‘shaft thickness’. 


In the CVCA+QFD application, the descending order of priority of the parts is as follows: ‘arm support’ 
and ‘forearm support’, ‘shaft support’, ‘joystick’ and ‘base support’, ‘mechanic system’, ‘electronic system’ 
and ‘software’. The main characteristics of parts must be prioritized in the equipment development are: 
‘arm support dimensions’, ‘shoulder angle adjustment’, ‘forearm support anthropometric adjust’ and ‘arm 
and forearm support congruence’. 


4.5 Deployment of Process and its Parameters  
The process matrix deploys the product manufacture process, aiming to highlight the process associated 
with quality characteristics. In QFD application, it was identified the following descending order of priority 
of the manufacture process: ‘aluminum profile cuts’, ‘assembly’, ‘receiving components’, ‘polymers and 
fabrics cuts’, ‘steel materials cuts’, ‘software programming’, ‘molding and cuts finishing’, ‘finishing’, 
‘certification processes’ and ‘expedition’. 


In the CVCA+QFD application, it was observed the same processes to be prioritized, but in the following 
descending order: ‘aluminum profile cuts’, ‘assembly’, ‘polymers and fabrics cuts’, ‘receiving components’, 
‘steel materials cuts’, ‘molding and cuts finishing’, ‘finishing’, ‘software programming’, ‘certification 
processes’ and ‘expedition’ 


The results of the process parameters matrix, which are directly related to the process’ parameters and the 
stages of the manufacturing process of the CPM equipment under study, differed especially in the order 
of importance of four parameters when both QFD and CVCA+QFD applications are compared. In other 
words, after the matrix deployment it was observed, in the first application, the following descending 
order of importance of process parameters: ‘cuts dimensions’, components positioning’, ‘cutting angle’, 
‘number of failures/lack of compliance’, ‘quality of the received components’, ‘possibility and time of 
programming’, molding angle’, ‘percentage of on-time deliveries’, ‘ANVISA’s evaluation result’, ‘programs 
storage capacity’, ‘shipping time (logistics)’ and ‘percentage of well packaged equipment’, respectively. In 
the second application, there was an exchange of order between ‘cutting angle’ and ‘number of 
failures/lack of compliance’, and between ‘possibility and time of programming’ and ‘molding angle’. 


5 Conclusion 
This study aims to present the differences between the use of an adapted method of QFD (compound of 
eight matrices) and its association with CVCA tool in the development of a CPM machine for elbow and 
forearm rehabilitation. Results allowed the identification of a discrepancy between the critical costumers 
and differences in the demanded quality attributes, as well as its prioritization. The importance of the 
product value chain analysis in a systematic way can be highlighted, considering all the involved parts in 
the development of a CPM machine, besides the ones determined by the researchers themselves. Thus, 
the proposed association between the CVCA+QFD methods was effective to identify needs of all 
costumers of the process, incorporating them in the product design and in the production process. 
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Abstract 


Technological advancement has influenced all aspects of daily life. Since the adoption of Information Technology (IT) 
/ Information Systems (IS), that represents the key issue for the success of most organizations, management of the 
quality of its products, services and business processes with established quality certification under ISO 9000, also 
represents a critical aspect in organizations. Organizations are forced to use advanced technologies and become 
more efficient in internal organization in order to be more competitive and closer to their customers and partners. In 
the face of increasingly demanding markets, interventions for organizational improvement through the adoption of 
quality management are becoming very common. 


The organizations are concerned with the development and implementation of information systems tailored to their 
specific needs, rather than buying in the market software applications. By the other hand, organizations acquire 
software certificates on the market to meet some specific requirements of the Quality Management Systems (QMS), 
such as auditing and document management. 


Synergies between the IS and QMS according to ISO 9001 standard, allows the association between these two 
systems, so that the IS can support and influence the processes related to the QMS, not only limited to the collection 
and documentation management. The joint development of these systems allows organizations to use only a 
methodology and a team intervention. 


The potential benefits of active participation of the organizational processes associated with the IS / QMS raises the 
need to develop a method that articulate/integrate interventions for improvement motivated by IT / IS with the 
improvement interventions motivated by the QMS. 


Keywords: Information System; Quality Management System; ISO 9000, Synergy. 


1 Introduction 
External forces, such as globalization, more demanding customers, trade barriers reduction, IT and other 
innovations, have increased the rhythm of competition between organizations, and have changed the way 
that they are planned. The emergent change management approach, has become an increasingly popular 
approach in organizations. It becomes crucial for the organization to develop excellence in their adaptive 
capability, to understand what is going on and how to respond to changes (Biedenbach and Soderholm, 
2008). According to these authors, new product development, business processes reengineering, fusion of 
organizational divisions, expanding the business to another location or new market and IT 
implementation, are some examples of change efforts. These efforts, involve a re-appraisal of structures, 
systems and processes, and serve to better understand the nexus between these elements including how 
they impact on workplace practices (Graetz and Smith, 2005). With increasing globalization of markets 
and policies, organizations must find ways to increase productivity and improve performance at all levels, 
so as to continuously create new sources of competitive advantages to mitigate the advantages of its 
competitors (Biedenbach and Soderholm, 2008).  


IT/IS represent the main motor of the business and organizational base (Željka, 2006), and functions as a 
catalyst for organizational change (Abraham and Junglas, 2011). On the other hand, the adoption of QMS 
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according to ISO 9001, represent an increasingly decisive factor for organizations negotiate at a global 
level (Figueiredo and Cunha, 2005). Both system are organizational change efforts that require an 
intensive strategic analysis and requirements engineering, but systematically are analyzed and 
implemented with independent efforts, different teams and implementation methodologies (Figueiredo 
and Cunha, 2005). 


The feasibility and usefulness of the research topic, it is founded by the need to articulate the 
implementation of these two systems in organizations. The aim of this paper, is to reflect issues related 
this articulation: (i) the adoption of IT/IS, (ii) the adoption of QMS according to ISO 9001, (iii) the potential 
synergies between IT/IS and QMS and (iv) the integration of these two systems. The purpose is to justify 
through a literature review, the need to develop a method that articulate/integrate interventions for 
improvement motivated by IT/IS with the improvement interventions motivated by the QMS. 


The paper is organized as follows: section 2, is related to the adoption of IT/IS in organizations. In Section 
3 is stated a reflection on the adoption of QMS according to ISO 9001. The potential synergies and 
integration between IT/IS and QMS, is presented in Section 4. Finally, section 5 is composed by the main 
conclusions reacted so far. 


2 Adoption of Information Technology / Information Systems  
Organizations are constantly adapting to changes in their environment. These changes tend to be 
dramatic, because they interfere with standards, processes, structures and even the strategic goals of 
organizations (Zaidan and Jamil, 2009).  


Organizations are forced to use advanced technologies and more efficient processes to be more 
competitive in the global market (Željka, 2006). According to these authors, the survival of the 
organization depends on the use of efficient and customized IT, that satisfy the specific needs and 
requirements of the organization.  


Osterle (1995), apud Željka (2006), refers that the use of IT, allows the organization to efficiently use all 
available resources, as well as to adjust to and to change their internal processes according to the market 
conditions, seizing business opportunities. 


When an organization decides to adopt some IT application, it must define the objectives it wants to 
achieve (Lee, Lee and Kang, 2008), carefully plan each step of the implementation, and evaluate the results 
achieved during and after the implementation process (Željka, 2006). Ferrat, Ahire and De (2006), apud 
Lee, Lee and Kang (2008), refer that it is easier the business processes to adapt to the ERP system 
implemented, when the objectives are predefined by the organization. 


The organizational change efforts motivated by IT adoption have been an perplexing topic among 
authors (Devadoss and Pan, 2007; Crowston and Myers, 2004). Abraham and Junglas (2011), describe how 
the IT adoption process contributed to organizational transformation in a business context that is rapidly 
moving to the center stage of societal importance. The analysis made to the IT adoption process, suggests 
that the process itself, isn't just the result of an artifact, as it also contributes to organizational change, in 
terms of changes in the coordination, culture and learning: (i) Linking the IS implementation with the 
organizational strategy forefronts the need and requirements for information interdependence and 
efficient processes to bring about changes in coordination; (ii) The planning strategy that stresses 
collaboration and involvement of all stakeholder is foundational for changes to come in professional and 
organizational culture; (iii) The analysis of problems collectively amongst stakeholders, uncovers role and 
process transparency that needs to be addressed to change culture; (iv) Process-re-generation is an 
opportunity for educating and raising the collective acumen to promote changes in learning and (v) 
Improvement is an opportunity to:  ensure the appropriateness of the process owners for enhanced 
coordination; deter complacency or reliance on the system as a complete replacement for needed 
communication for enhanced coordination; understand the limitations of codification of data and 
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compromise system requirements to afford better data analysis and provide a means for enriched and 
continual learning that can be the basis for innovation. 


Lee, Lee and Kang (2008), report that the process of implementing an ERP system goes beyond the 
computerization of existing processes in the organization. It is also necessary to change them to 
understand what are the true benefits of implementation. The implementation of an ERP system 
represents the most important factor for organizational success. However this successful depends mainly 
on factors intrinsic to the organization, such as: adequate support in the project development, continuous 
improvement of business processes and especially the commitment and involvement of all employees of 
the organization.  


Edmondson, Bohmer and Pisano (2001) and Davenport (1998), apud Abraham and Junglas (2011), share 
the same opinion: IT adoption processes require great effort by all executive leadership, especially by all 
professional levels (from top managers to line operators). In fact, one of the success factors in 
implementing ERP systems is the participation and involvement of all users. 


The strong and consistent support from top management in planning the implementation of the ERP 
system and the promotion of teamwork, provides the project success (Berchet and Habchi, 2005). 
According to the study of these authors, the implementation project allowed a strategic vision of 
business, achieve organizational efficiency, respond to changing needs and grow the business, increasing 
productivity and competitive advantage. 


The question of competitive advantage through the IS implementation process, is a matter that merits 
attention both in the academic field as in the professional field of SI. This question is especially relevant in 
the case of ERP systems, since they are software packages (Anderson, Banker, Menon and Romero, 2011). 
Davenport (1998), referenced by this autors, consider that if all organizations can buy the same software 
package, the software alone doesn't confer a competitive advantage. The issue of organizational fit, 
defined by Hong and Kim (2002), should be taken into account, before of the IS implementation in 
organizations. The organizational fit, represents the level of alignment between the existing software 
package and organizational needs in terms of data, processes and users. Only one IS appropriate to the 
organization can effectively support the business processes and provide competitive advantage 
(Anderson, Banker, Menon and Romero, 2011). The IS implementation process resulted from the need to 
promote synergies and integration between internal resources and existing systems, in contrast to initial 
strategy of the organization's business focused on the acquisition of a multitude of different 
environments in your area of action (Abraham and Junglas, 2011). According with this autors, a proactive 
behavior in the IS implementation process, is the behavior that the organization should have to take 
existing opportunities. It reflects in organization activities, such as (i) understanding the information 
interdependence; (ii) rationalize the processes; (iii) redefine the tasks to an appropriate procedure; and (iv) 
promote the SI as a substitute for communication that synthesizes the verbal and nonverbal. 


The implementation time of a process of SI, the costs of hardware and software licenses, the dysfunctions 
of a different nature in the launch of the operating system, fear and rejection of the system by users, are 
reasons why the contribution of the implementation of these systems is not achieved in the organization 
with the necessary antecedence (Berchet and Habchi, 2005). Although, the adoption and diffusion of new 
business processes through the implementation process of ERP system is a complicated task, because of 
resistance by the workers accustomed to previously existing processes, opens the question innovation in 
the organization rather than to ignore (Lee, Lee and Kang, 2008), and reflected in an innovative business 
strategy involving the improvement of business processes (Berchet and Habchi, 2005). The endless cycle, 
to optimize the effective use of IS, takes the organization to create innovative activities to redefine 
processes that previously failed. These new activities translate into new services and are an impetus for 
innovation. According to the study Abraham and Junglas (2011), the approval of the IS implementation 
process, wasn't initially due to financial returns but due the need for organizational progression. 


The organizational change should be structured in terms of models or processes of change. Abraham and 
Junglas (2011), used the business process change model (BPCM), to describe the steps followed in IS 
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implementation and to structure the insights that resulting of the applicability of each of these steps, 
while Berchet and Habchi (2005), proposed a five-stage deployment model: (i) selection of the vendor and 
software; (ii) deployment and integration; (iii) stabilisation; (iv) progression and (v) evolution. 


3 Quality Management Systems according to ISO 9001 
The quality of manufacturing products has become one of the most important factors that influence 
national and international business and economic patterns. Numerous quality standards have been 
developed and adopted over the years, with the ISO family of standards representing an international 
consensus on good management practices with the aim of ensuring that an organization can deliver 
products or services that meet the customer’s quality requirements (Aggelogiannopoulos, Drosinos and 
Athanasopoulos, 2006). ISO 9000 standards, appears initially, by the necessity of building trust between 
suppliers and manufacturers in business transactions and international trade (van der Wiele, Iwaarden and 
Williams, 2005). The aim is to facilitate the international exchange of goods and services and develop 
cooperation in the fields of intellectual activity, scientific, technological and economic (Bhuiyan and Alam, 
2005). Since that, the ISO 9000 family was issued, it is unlikely that any other standards had more impact 
on international trade, on the relationship between suppliers and their customers and on the 
management of quality (Aggelogiannopoulos, Drosinos and Athanasopoulos, 2006). The ISO 9000 
standards help organizations to follow specific procedures, which are well documented in the preparation 
and/or delivery of products or services. These procedures, shall be those deemed necessary to make the 
products and / or services of an organization in accordance with customer specifications (van der Wiele, 
Iwaarden and Williams, 2005). 


The ISO 9000 standards are highly prescriptive, specifying minimum requirements that an organization 
must meet in order to provide confidence that their processes are consistent (Lambert and Ouedraogo, 
2008). When the organization proves to an independent audit entity that complies with the prerequisites 
of this standard, occurs the certification (Figueiredo and Cunha, 2005). These authors mention that ISO 
9001 distinguishes between the organization "certified" and "accordance". In this latter situation the 
organization implements the ISO 9001 standard only for the benefits it brings without necessarily seek 
certification by a third entity. However, when the decision to implement the ISO 9001 standard is imposed 
by a big customer the certificate becomes an end in itself and the organizations can spend a lot of money 
and efforts without necessarily obtain improved products and better results (Lambert and Ouedraogo, 
2008). If the adoption of ISO 9001 represents only a demand from customers, the top management may 
be tempted to apply it in a superficial way, thus producing minimal disruption in the organization, 
forgetting the internal potential benefits and implications that comes with certification. The ISO 9001 
standard becomes an end in itself instead of being a management tool that aims to promote quality 
practices (Boiral and Roy, 2007). The organization should plan and implement the QMS in order to benefit 
from all internal and external advantages that comes from certification. 


The reasons for the adoption and implementation of a QMS according to the ISO 9001 standard, are 
pointed out by some authors: (i) The adoption of a QMS according to the requirements of ISO 9001, 
should be a strategic decision of an organization (Aggelogiannopoulos, Drosinos and Athanasopoulos, 
2006); (ii) One of the methods used by modern organizations to compete with its competitors that 
operate in different parts of the world, is the implementation of a QMS according to the requirements of 
ISO 9001 (Magd, 2006); (iii) The adoption of a QMS according to the requirements of ISO 9001 as an 
opportunity to obtain international recognition and establishment of the trade (Sakthivel et al, 2008); (iv) 
The main objective through ISO 9001 quality system implementation is to satisfy customers, while the 
development of knowledge and innovation is not a really main objective for most organizations (Lambert 
and Ouedraogo, 2008); (v) The decision to obtain a quality certificate, arises from the need to find a new 
source of competitive advantage through quality (Viada-Stenger, Balbastre-Benavent and Redondo-Cano, 
2009) and (vi) The adoption of a QMS according to the requirements of ISO 9001, for better service and 
operational performance (Chen, 2011).  
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The process of implementing a QMS according to ISO 9001, involves changes in the organization and 
requires involvement and commitment of the company top management. If this support doesn’t exist, 
organizational changes won't create the necessary roots and won't be considered a priority to guide the 
organization to reach the benefits of this implementation  (Viada-Stenger, Balbastre-Benavent and 
Redondo-Cano, 2009). Top management performs a fundamental role in ensuring that the QMS is applied 
in the organization as initially planned (Aggelogiannopoulos, Drosinos and Athanasopoulos, 2006) and 
must be conscious of the basic and essential aspects of the process of implementing a QMS. The lack of 
involvement and commitment of the company for QMS implementation process is appointed as the main 
cause of failure associated with this type of project  (Viada-Stenger, Balbastre-Benavent and Redondo-
Cano, 2009). 


The organization should be consciously of the problems that comes from implementing a QMS according 
to ISO 9001, and consider changes in the organization at different levels, such as: 


(i) Changing the cultural level - requires the involvement and compromise of members of the 
organization, which means that all employees, no matter their place in the hierarchy are informed about 
the organization's goals and policies related to quality in order to be motivated to play an active role in 
this change (Viada-Stenger, Balbastre-Benavent and Redondo-Cano, 2009); 


(ii) Changes at the structural level - the ISO 9001 promotes the adoption of the process approach, to 
developed, implement and improve the QMS implemented. While a traditional structure organizes and 
manages work activities vertically by function, with quality problems frequently occurring at the 
boundaries of the functional departments, the process approach organizes and manages work 
horizontally (Aggelogiannopoulos, Drosinos and Athanasopoulos, 2006), so ensure that the organization 
determines the processes needed for the QMS, as well as the resources, information, criteria and methods 
needed for its management (Figueiredo and Cunha, 2008). 


(iii) Changes the coordination level - the organizational management must ensure that each department 
of the organization has a clear vision of the organizational mission and of the business strategy in order 
to facilitate cooperation between different areas. The business strategy and objectives of the strategy 
ensures that all initiatives of different departments are constantly guided and coordinated by a shared 
purpose (Viada-Stenger, Balbastre-Benavent and Redondo-Cano, 2009). 


(iv) Changes the learning level – the first implication of ISO 9001 implementation is the codification of 
knowledge. Employees are invited to describe their practices and knowledge (Lambert and Ouedraogo, 
2008). The lack of experience and knowledge in relation to ISO 9000 and the implementation of a QMS by 
the organization is overcome through training programs to understand the actual process of day-to-day 
(Aggelogiannopoulos, Drosinos and Athanasopoulos, 2006). The learning of the norm makes the 
operational skills are more visible in the organizations processes (Lambert and Ouedraogo, 2008).  The 
training includes: a general understanding of the vocabulary of ISO 9000, the role played by the records 
and document required by the QMS, individual responsibilities and benefits derived from implementation 
of the QMS (Aggelogiannopoulos, Drosinos and Athanasopoulos, 2006). 


The implementation of a QMS according to ISO 9001 allows us to distinguish three types of processes in 
the organization: (i) Management processes - to define the strategic direction of the organization, 
establish quality goals and policies and implements them throughout the organization (processes, 
leadership, human resource management, business strategy, planning, organization, coordination and 
quality management); (ii) Realization processes - operating to amount of the value chain in the detection 
of the needs of the customer and then, the product realization ending downstream in customer 
satisfaction. This type of process is the heart of the business organizations (examples of processes, 
markting, design, production and delivery); (iii) Support processes - to provide necessary resources, such 
as human, material and financial resources for other processes (processes, logistics, IT, maintenance, 
testing and measurement equipment). In each type of process, learning occurs (Lambert and Ouedraogo, 
2008). The right resources are the basic requirement for implementing a QMS, as well as people, facilities 
and equipment (Bust, 2011). 
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Figure 1 presents the model of a QMS based on process approach: 


 


 
Figure 1: Model of QMS based on process approach. Source: Adapted from EN ISO 9001:2008. (ISO, 2008). 


The use of a process approach emphasizes the importance (i) of understand and meet customer 
requirements, (ii) the need to consider processes in terms of added value, (iii) to obtain performance 
results and the effectiveness of processes, and (iv) of the continuous improvement of processes. The 
model illustrates the interconnection of different processes according to ISO 9001: (i) QMS; (ii) 
Management responsibility; (iii) Resource Management; (iv) Product realization and (v) Measurement, 
analysis and improvement. 


4 Synergy and Integration between IS and QMS 
The implementation of a IS and a QMS according to ISO 9001 are catalysts for changes in the 
organization at different levels, as mentioned in sections 2 and 3. Both systems are complex, involving 
profound changes in the organization (Figueiredo and Cunha, 2005). The decision to implement these 
systems must be consistent and reasoned in order to achieve the organizational success (Zaidan e Jamil, 
2009; Viada-Stenger, Balbastre-Benavent and Redondo-Cano, 2009; Aggelogiannopoulos, Drosinos and 
Athanasopoulos, 2006). The IS implementation in an organization involves technological aspects because 
its existence depends on the technology in terms of hardware and software (Figueiredo and Cunha, 2005), 
to aggregate resources for data processing, and generate information for customers, suppliers and users 
(Zaidan and Jamil, 2009). However the implementation of a QMS according to ISO 9001 doesn’t require 
the use of technology. None information management system is mentioned in chapter 4 of the ISO 9001 
standard. Just the clause 4.1 - General requirements, point d) of this chapter, mentions the necessity of 
providing information to support the operation and monitoring of the processes included in the QMS 
(Sakthivel et al, 2008). But according to these authors, the development of an information management 
system could act as a lever mechanism to improve the performance of the aspects required in chapter 4 
of ISO 9001, to providing organizations synergistic benefits between technologies and ISO 9001. Both 
systems consider the human dimension as key elements for reaching their success. The existence of this 
systems depends on the needs of each organization, which are made by people that exert influence on 
them (Figueiredo and Cunha, 2005).  


While IS implementation process it is important to know the organization strategy, the QMS 
implementation process depends directly on the mission and objectives of the organization (Figueiredo 
and Cunha, 2005). The implementation of an IS should be aligned to organizational strategy, providing 
the interaction between all the functions of the organization (Zaidan and Jamil, 2009), and the process of 
implementing a QMS according to ISO 9001 represents the best management practices for the 
organization to ensure that the organization provides products / services that meet the quality 
requirements demanded by customers (Aggelogiannopoulos, Drosinos and Athanasopoulos, 2006).  
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The detailed analysis of ISO 9001 allows one to more some conclusions concerning the possible 
association of the IS with QMS, including the compatibility of the requirements of the standard with the 
existence of an IS. The concepts of "product" and "clients" are used in the broadest sense of the ISO 9001 
standard: the first includes services, software and hardware and processed materials, and the second, 
clients, employees, suppliers and shareholders (Figueiredo and Cunha, 2005). Both systems involve much 
more than technical issues, involve the organization itself, including tasks and management skills 
(Figueiredo and Cunha, 2008).  


Figure 2 illustrates the vision of both systems that overlap in the thinking of these authors and the 
organization model based on process approach, according to ISO 9001 standard. 


 


  
 


  


  


Figure 2: Main components of the QMS and SI, and Model of the organization based on process approach according 
to ISO 9000 (Figueiredo and Cunha, 2008). 


Considering the process approach staked by ISO 9001 its possible to view the organization as a large-
scale process or macro-process, where its activity by using a set of resources managed properly provides 
the processing of incoming and outgoing. The IS is both an infrastructure and part of the QMS 
organization, becoming the main vehicle for implementing the procedures of the organization. The 
information circulating in the organization is vital to regulate the functioning of both systems, and 
therefore it is logical that treatment occurs in a symbiotic way. The association of these two systems in the 
organization can occurs in one of the following scenarios: (i) Implementation of QMS, existing a IS, (ii) 
Implementation of IS, existing a QMS, and (iii) Implementation of the QMS and IS at the same time 
(Figueiredo and Cunha, 2005). 


5 Conclusion 
Organizations are forced to operate in a globalized and highly competitive market, where customers are 
demanding and mutable (Viada-Stenger, Balbastre-Benavent and Redondo-Cano, 2009). On the one 
hand, the IS represents a critical component of the backbone of organizations and on the other hand the 
quality management of products, services and business processes is a key issue for the success of most 
organizations when they operate in global contexts (Figueiredo and Cunha, 2008). The information 
circulating in the organization is vital to regulate the functioning of both systems, and therefore it is 
logical that your treatment occurs so symbiotic. Organization, IS and the QMS pursues common goals, 
provide a "product" and satisfy "costumers", which leads the association of these systems in a relationship 
of mutual benefits (Figueiredo and Cunha, 2005). 


The organizational benefits of active participation of IS in the QMS processes, the synergies between the 
two systems, the lack of alignment between the development and implementation of a QMS with the SI 
and the lack of a joint project that allows the articulation between these two systems, so that they 
depend, supports and reinforce each other, justifies the problem explored in this article.  
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Considering this problem, reflect on issues relating to the relationship between IS and QMS, this article 
seeks to justify through of a literature review the need to develop a method that articulate/integrate 
interventions for improvement motivated by IT/IS with the improvement interventions motivated by the 
QMS. 


The research project in progress is framed in the field of TSI and aims to search scientific contributions 
anchored in the following main research question: How to conciliate the organizational improvement 
interventions driven by IT/IS with organizational improvement interventions motivated by the SGQ? 
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Abstract 


This article's main objective is to report the results after conducting an Ergonomic Work Analysis (EWA) in a small 


business located in Porto Alegre. The subject company is a shoe store located in the city center. The ergonomic 


intervention was performed in accordance with the recommendations of Guerin et al. (2001) and aimed to analyze the 


organization of the company's work, in which the focus was to observe how the flow of information ran from the 


entry of an order until the final stage of repair of a product. The starting point was the account of the need that the 


owner had to hire one more shoemaker, but with the restriction that there is no possibility of increasing the 


company's physical space, thus justifying the application of EWA with a focus on work organization. By making the 


diagnosis it became evident that the company's main problems were related to the shop assistants dependence on 


the shoemakers to provide budget information and delivery time to customers and the organization of the layout. 


Among the results, it was performed a temporal analysis of two recurrent activities of the company in order to 


ascertain possible losses related to the displacement and the search for material. It was also proposed a new layout 


scheme, aimed at organizing the work stations, facilitating the stock and the removal of tools and equipment, and 


providing space so the hiring of a new shoemaker became possible within the present boundaries of the company. 


Keywords: ergonomics intervention; work organization; shoe business. 


1 Introduction 


Ergonomics is drawing attention of many productive sectors because its application is a way to raise 


overall productivity and workers satisfaction. These aids conquering better quality on the final product 


and lowering both error index and occupational accidents (MOURA, 2001). 


According to Messing et al. (1998), task efficiency is directly affected by the interpretation of supervisors 


when developing a process or an array of activities for a worker. For example, the exclusion of the workers 


from the process and the ambient layout may carry over many difficulties to people involved on cleaning 


and maintaining that area. This can result in loss of efficiency during these tasks or even worse, work 


related diseases may harm the workers due to unnecessary movements when performing their job. 


A great advantage of the ergonomic approach is the combination of the current situation analysis and the 


functional analysis of possible improvements. If this analysis is revolving around the processes, there is a 


possibility of re-thinking a concept layout with process and task demands (REMIJN, 2006). 


Pohjonen et al. (1998) explains that the ergonomic work analysis (EWA) can have good results related to 


the workers and, consequently, to the business as a whole. The explanation for such achievement is that 


the EWA is a great method to develop work content and to reduce the load on heavy demand tasks. The 


EWA also helps workers learn to use their own abilities and necessities to adjust work frequency, not to 


mention it raises their self-confidence and interest on ergonomics itself. 


In short words, among a great diversity of positive effects of the ergonomic work analysis, comfort and 


raise of productivity are the most current on literature (VINK et al., 2006). This makes EWA and process 


organization a must for improvement studies on any enterprise that wishes to achieve a bigger share of 


the available market. 
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The goal of this research was to analyse ergonomically the process organization of a shoe store located in 


Porto Alegre’s downtown (Rio Grande do Sul, Brazil) and the layout of the shoemakers work stations, and 


to provide improvements to these areas. The article structure follows as: the second session presents the 


bibliographic research, session three contains methodological procedures, session four describes the 


results and the fifth session presents the study conclusions. 


2 Bibliographic Research 


In a most recent perception work is organized by managers and workers, based in part on the workers 


perceptions, their abilities and tasks characteristics (Messing et al., 1998). Relating to this perception, 


Wilson (2000) affirms the contemporary vision of any work activity is part of a supply chain, in which every 


element is both a supplier and a client to the other elements. In this system, interactions happen in a wide 


net and they are the true focus of the ergonomics. 


In the context of interactions, Parsons (2000) affirms ergonomics can be defined as the application of the 


knowledge of human characteristics on system conception. People inside work systems behave confined 


in a determined ambient, and ergonomics is concerned in analysing how they interact in this ambient 


(with an ergonomic perspective). 


Reinforcing this concept, ergonomics can be understood as the fundamental knowledge of human 


behavior and performance while interacting with socio-technical systems and the application of this 


knowledge on interaction concept on a practical context. Inside this definition, socio-technical systems 


can be anything from someone using a tooth brush to an entire residential complex, or an operator 


monitoring a video display of a complete train station (WILSON, 2000). 


Among the attribution of a researcher, Guerin et al. (2001) make it clear that the job of the ergonomist is 


to verify and analyse, through the study of current work tasks, or simulation of future tasks, the 


incoherence and risks that may harm workers health and their activity dysfunction. That being said, the 


practice of ergonomics is only viable if it aims the transformation of work situations. 


Ergonomics, sometimes, have a negative connotation for being related to diseases or guidances that 


hinders innovations on the work ambient (VINK et al., 2006).  According to Carayon and Smith (2000) its 


goal is to improve both efficiency and safety of everyone involved. That being so, the concept of work 


organization is directly related to ergonomics. However, some work organizations are more efficient than 


others, on the perspective of reaching goals related to performance and safety. 


In search of a higher industrial competitiveness, new approaches about work organizations has appeared, 


appreciating the human being and promoting its development, improving the performance on work tasks 


(MOURA, 2001). Carayon and Smith (2000) propose the Equilibrium Theory emphasizes a systemic 


approach where every element of the work system must be considered in order to achieve gains related 


to performance and safety and health of the workers. In the following lines there is a brief description of 


each element of the work system proposed by this theory. 


 Ambient: special attention to aspects related to the physical characteristics as stressors, including 


noise level, luminosity, temperature, air quality and layout. 


 Task: many of the psychosocial factors fall inside this aspect: work demand, activity rhythm and 


cognitive demands, and the content of work, where the monotony or challenge levels are 


evaluated. 


 Technology: the lack of adequate abilities to handle current technologies, and the fear of losing 


the job by replacement due to automation, leads to lack of motivation, stress and diminished 


performance. On the other hand, when new technologies are correctly applied, abilities and work 


content can be improved, leading to better motivation, better performance and stress reduction. 


 Organizational factors: the organizational context in which tasks are performed often have 


considerations that relate to motivation, stress and overall work performance. The way that 


workers are introduced to changes, and organizational support that they receive – such as 
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training and acclimation time – have strict relation to stress and performance, and to the 


possibility of getting better and being promoted.  


 Individual: some personal worker characteristics can affect how they are going to interact with 


other elements of the system. They are included, but not limited to, personality, physical health, 


anthropometry, skills and competence and previous experiences. 


Reinforcing the importance of new approaches to the analysis of work organization, Battini et al. (2011) 


suggest that at least two types of variables must be studied. They include the technological variables – all 


variables related to product characteristic, factoring processes, industrial market and available plant space 


– and the ambient variables, which are all those related to work force and physical and mental safety, also 


considering psychosocial factors. 


Vink et al. (2006) indicate that it is necessary to have knowledge of some factors that must be taken into 


consideration in order to apply ergonomics with success. Some of them are: 


 promote direct worker participation; 


 organize support for management; 


 maintain a good inventory; 


 utilize a step-by-step approach; 


 promote the creation of a leading group with responsibilities; 


 evaluate the effects, including the negative ones, on an early stage; 


 not focus on health questions only; 


 describe the cost-benefit relation in monetary terms and also in non quantitative measures. 


The first and the second factors are about the group participation and stakeholders (including managers, 


engineers, ergonomists and workers), and are an essential topic for project success. The next four items 


concern with the approach and the process, aiming to evaluate early if it is possible or not to apply the 


ergonomic intervention and create a support group to lead the study. The last two focus on content and 


objective, promoting a way to present to final user the results of health, comfort and productivity found. 


Smith and Carayon (1995) drag attention about the revolution of technology in relation to work that 


caused a huge change on how work is managed and organized. Starting from this integration, emerges 


the necessity of work and layout organization to attend to real worker necessities both on macro and 


microergonomic level. That organization can be made easier, according to Johnson (1996), by using 


computational tools. They can aid the user interface development, layout sketches, and many others. 


Wahlström (2005) add to the matter that interventions which include layout and task technique 


optimization reduce physical load. As consequence, there is a better worker performance and a reduction 


of work related diseases. 


3 Methodological Procedure 


Guerin (2001) recommendations were used in this research, because the methodology of Ergonomic Work 


Analysis (EWA) permits the production process characterization by means of open and systematic 


observations and interviews. These tools contribute to the improvement of working conditions proposed, 


while taking into account the objectives of maintaining the workers health and the range of productivity 


expected by the shoe store.  


On a first stage the research was based on observations that, according to Moura (2001), are important to 


the EWA and allow the understanding of the fabrication process by the man and the utilization of the 


devices and tools in the process. On the first visit to the shoe store there has been made free observations 


and interviews with the employees and the owner, in order to familiarize with the business, service system, 


organizational logic and general problems. Photographic resources were used to register the layout. 
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After the first visit a primary diagnosis has been made and guided focused observations and open 


questions made on the second visit to the shoe store. The second visit was focused on the conclusions of 


the researchers found on the primary diagnosis, which were the organizational process and layout. 


It was also registered on the second visit two work cycles of a shoe maker with the aid of a digital 


chronometer. Also, questions to the workers and the owner were made to better understand their 


necessities for future confrontations with the ergonomic analysis made by the researchers. 


The data collected on both free and focused observations, interviews and other employees and owner 


verbalizations were registered on a field notebook. The registry was analysed, along with the 


photographs, via quantifications, comparisons and inferences.  


The analysis was grouped on big categories related to i) demand characterization and process 


characterization; ii) process organization analysis; iii) layout analysis; and iv) temporal analysis of activities. 


It is worth adding to the matter that the analysis of tasks correspond to the real work identified executed 


by the employees. Not only being essential for its understanding, the ergonomic analysis allows task 


break down in many parts. In a different way, the sum of the parts means the representation of the real 


work, observed by the analyst and described by the operator, who in this study is the shoe maker 


(MOURA, 2001). 


When the ergonomic analysis finished, a general diagnosis was formulated, containing improvements 


propositions. 


4 Results 


This section presents the demand characterization and process demand, the primary diagnosis, the 


procedure organization analysis, the layout analysis, the temporal analysis of activities, the general 


diagnosis and proposals for improvements. 


4.1 Demand Characterization and Process Demand 


The microenterprise being studied in this research is a shoe business from the service sector, localized in 


Porto Alegre’s downtown. The microenterprise control is based on family. Three shoemakers, two clerks 


and two owners are part of the human resources. The employees are between 20 and 50 years old. One of 


the shoemakers is in the company for 24 years, the other one for four years and the others are recent. The 


company has another clerk in training for the shoemaker position. Owners intend to organize the 


environment to place a workstation for a fourth worker. 


There is no division of work among shoemakers, but there is division between shoemakers and clerks. In 


times of very large demand, on winter for example, shoemakers provide support for clerks on schedule 


customer service. 


The process demand involves the repair around two hundred pairs of shoes per week. Each of the two 


employees responsible for the sector provides around twenty pairs per day. There are no pre-defined 


goals, but shoemakers must comply with the deadlines for product delivery to customers.  


Employees work eight hours per day. Their work schedules are from Monday to Friday, nine a.m. to seven 


p.m. They have a break hour during this period. According to the interview, employees work on Saturdays 


when deliveries tend to delay.  


Each shoemaker accomplishes the full repair of the pair of shoes; the type of repair varies from the other. 


A complete cycle of work broadly includes the following steps: removal of parts of the damaged shoe 


repair activities that include cutting, gluing, drilling, sewing, polishing, fixing of the parties and painting. 
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4.2 Primary Diagnostic 


According to the free observations, interviews, business owner's goals and workers’ views, the main 


problem sectors are related to the process organization and the environment layout, where the 


workstations are placed.  


From the viewpoint of employees, ventilation, lighting, organizing the bench, the workstations and the 


shelves could also be improved. The distribution of workstations between clerk and shoemaker should 


also be redefined. 


The main problem related to the process organization focuses on the interdependence of employees 


responsible for customer service to those responsible for the repair. That is, the clerks rely on information 


from shoemakers to provide budget and delivery period of products subject to repair. Shoemakers 


depend of provided requests by the clerk to perform the proper repair. 


4.3 Process Organization Analysis  


The process organization includes a flow of tasks that are performed for the provision of the shoes repair 


(Figure 1). This organization involves order entry repair, a repair type setting, budget and delivery date, 


communication between clerk and shoemaker, shoe storage in boxes to organize the demand as the day 


of the week to be delivered, the repair itself, subsequent storage of the repaired product on the shelf and 


delivery of product to the customer. 


The main problem diagnosed in the process organization focuses on communication between clerks and 


shoemakers. Clerks move from the service desk to the workstation to request information about the type 


of repair, budget and delivery date. The delivery date is predefined at the beginning of the work shift, but 


when customers request a different date from pre-determined, clerks require date definition by 


shoemakers.  


The difficulty is related to the interruption of the work cycle of the shoemaker to provide information to 


the clerks. This determines a dependency relationship that is constantly being modified; in this case the 


time of the shoemakers would be optimized.  


 


Figure 1: Flowchart of tasks process.  


4.4 Layout Analysis  


The layout has problems related to disorder and physical space (Figure 2). Materials are arranged in pots 


positioned on the shelf between the two workstations. 
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Figure 2: Workstations and shelf with materials organizers pot. 


There is sanding machine used in all repairs located in a room near the workstations (Figure 3-A).  Thus, 


shoemakers need to move from your workstations. There is a painting station in another environment 


(Figure 3-B) that is used by both shoemakers. The painting station is used only on specific repairs. 


 


Figure 3: A- Sanding machine station; B - Painting station. 


This analysis allows the construction of the scheme for the microenterprise layout as Figure 4. 


Workstations 1 and 2 highlighted are the same illustrated in Figure 2, they belong to the primary 


environment. This environment is the subject of the ergonomic analysis of this study, where owners want 


to organize the production process to insert other two workstations, i. e., one to the shoemaker in training 


and another one to a new shoemaker. 


 


Figure 4: Scheme of the microenterprise layout. 


Shelf Workstation 1 Workstation 2 Organizer Pots 
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4.5   Temporal Analysis of Activities 


In order to organize the shoemakers’ workplace layout, in addition to observations and interviews, two 


work cycles of two types of repairs of a shoemaker were considered, timed during the second researchers 


visit. This assessment is focused on the possibility of organizing the tools used by the employee in a 


better way, optimizing the execution time of the task, reducing the displacements to catch these tools and 


losses due to the layout organization. 


Therefore, it was shown graphically (Figure 5) the total execution time of the repair activity of heel height 


of a pair of shoes, divided into task time, displacement and loss. The displacements refer to the up from 


the workstation and move to the sanding machine. The losses are indicative of the search time, catching 


the tools and necessary materials for repairs and preparation of material to be used in the activity. 


In the case of this first activity, it can be seen that the losses correspond to 7% of the execution total time 


of the heel height repair, which equals 41 seconds of the total time (10 minutes and 4 seconds). This loss 


specifically refers to the searching time for the hammer and material used for the repair by the 


shoemaker.  


 


Figure 5: Temporal distribution of the heel height repair activity. 


The displacement that correspond to 8% of total time of the activity execution (46 seconds) includes two 


displacements: the first realized until the sanding machine localized in the environment beside 


workstations, and the second displacement from sanding machine station to the shelf to store the ready 


product for delivery. 


The work cicle of the second activity analyzed (Figure 6) refers to the reinforcement and shoe heel tip 


repair, the most frequent types of repairs in the shoe business, with the execution total time of 22 minutes 


and 3 seconds. The percentage refers to the loss (6% - 1 minute and 22 seconds) and displacements (4% - 


50 seconds) are lower than first work cycle analyzed. The losses in this second case include the search for 


material, the actions to catch and prepare the material, as well as the failure to perform.  


 


Figure 6: Temporal distribution of the reinforcement and heel tip repair activity. 


4.6 General Diagnostic and Proposals for Improvement 


Based on these analyzes, it can be inferred that the more specific findings confirm the primary diagnosis. 


That is, the general diagnostic clarifies that the main failures are in the process organization, the 


shoemaker-clerk interdependence specifically and the layout organization. Both malfunctions affect the 
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shoemakers’ productivity. Thus, proposals for improvements are based on the general diagnosis, the 


study of workers interaction with objects they use in the practice of their tasks, along with the work 


environment. 


First it is proposed a pre-determination by shoemakers of specific numbers for exceptions relating to the 


delivery date, with the possible maximum anticipation for those customers who request urgency. This 


definition must be stated before the schedule of service in order to solve the problem related to the 


interdependence shoemaker-clerk. Second, it is appropriate a table with the types of concerts and their 


prices, which should be available to clerks to avoid interruption of shoemakers work. Thus, the 


shoemakers will only be interrupted in cases of extreme necessity. 


Based on the layout and activities analysis, it can be proposed a layout organization that provides better 


arrangement of tools and materials needed for repairs. Each operator should have their tools in order to 


reduce the search time and minimize losses. Materials of common use must have pre-defined places for 


both shoemakers to know where to find them as quickly as possible, minimizing the search time. 


As displacements are due to the need of using the sanding machine and, according to interviews with the 


owners and employees, there cannot possibly put it closer to Workstations. Then, it is suggested that the 


shoemaker perform task steps that does not require the use of the sanding machine in more than one 


pair of shoes. When the shoemaker goes to the sanding machine station, the station’s task steps will be 


performed in at least two pairs of shoes, reducing the total number of daily displacements in half. 


Taking all these aspects into consideration, compared with employees and owners’ goals, a scheme for 


layout organization of the workstations environment is suggests (Figure 7).  


According to this proposed scheme (Figure 7), owners need to invest in a further bench, replacing the 


counter current by the shelf which is originally placed along of the workstation 1. The shelf shown in 


Figure 2 positioned between the Workstation 1 and 2 would be replaced by another bench. The new 


bench will be placed together to that existing one, because this second bench on the wall would leave the 


original position and it would pair with the new bench.  


 


Figure 7: Organization proposed to the workstations environment. 
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Materials’ organizer pots should be placed on these benches available to all shoemakers. The shelf’s 


constituent material, shown in Figure 2, could be used for the production of shelves above the bench. 


Thus, each worker could organize their tools and materials. Emphasizing that each shoemaker should 


have their own tools and materials needed to repair on an operating range to avoid frequent 


displacements and search for materials.  


The box for the demand organization that is positioned within the shoemakers’ working environment 


would be repositioned on the opposite wall to its original position. This new proposal for organizing the 


layout, the lighting requires review to provide the shoemakers visual comfort on their workstations. 


5 Conclusions 


The ergonomic analysis is essential to adapt the workplace to the main subject, the employee. Therefore 


this study conducted an ergonomic analysis of the process and environment layout organization of a 


small shoe business in Porto Alegre city, proposing improvements. 


According to the research, the main failures observed found in the task organization process, i. e., the 


clerks needs to communicate with shoemakers requesting information about the type of concert, delivery 


time and budget of the service to help themselves about the kind of concert, delivery time and service’s 


budget frequently. Layout problems were also identified, because there is a need to improve the  work 


environment and workstations for current employees, as well as creating two other workstations to new 


employees. 


It was proposed to the shoe business a better organization of communication between shoemakers out of 


opening hours and making a handy table with types of frequent repairs and their prices. It was suggested 


furniture and workstations arrangement to reorganize the layout, such as replacing a shelf for a new 


bench, organizing shoemaker’s tools and materials available. These suggestions would assist workers and 


reduce the time required for each repair with consequent losses reduction.  


This study can also be continued with a focus on the proposal of making possible official proposals to 


reorganize the layout with the relevant furniture provisions, as well as tools and materials distribution. 


Other ergonomics analysis with differentiated approaches aiming noise, lighting and ventilation analysis 


can be performed.  Problems like these were also found in this small shoe business and they are being 


resolved by the owner, but that could be supported by an ergonomist. 
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Abstract 


An important aspect in the process of glass production is the difficulty to predict all possible problems or defects 
before finalizing the product, being necessary a continuous inspection process of products to ensure their qualities. In 
addition, in the glass industry some defects transcend the product quality issues. It is the case of glass products to be 
used in food packaging, which can bring some risk to consumers such as a loose shard of glass or a sharp edge that 
can cause an injury. Despite the importance of the visual inspection processes of glass products, many of them are 
still performed manually. The problem is that human inspection presents some drawbacks such as the time 
consuming, high cost and the fact that the efficiency of human labor can be easily affected by environmental and 
personal factors. In this context, automated inspection processes are desirable. In this paper we proposed a computer 
vision system to identify a defect known as glass particle in glass products used for food packaging. Experiments 
using a low cost apparatus to simulate a real line of production were conducted to evaluate the efficiency of the 
proposed system.  


Keywords: computer vision system; visual quality inspection; glass products; glass particle; glass sparkle. 


1 Introduction 
The production of glass, due to its characteristics of foundry and temperature, requires a constant 
production. Another relevant aspect in the process of glass production is that is not possible to predict all 
possible problems (defects) before finished product. Thus, it is necessary to keep an inspection process to 
improve the quality of the final product. 


Many manufacturers are concerned about the appearance of their products since customers often assign 
the appearance of product with its functional quality. Thus, to ensure the success of a product in a long 
time market, it is desirable to perform a visual inspection of its appearance before packing and shipping 
(Vernon, 1991). 


In the glass industry, the preoccupation with defects transcends the issue of product quality, mainly in the 
case of glass products used for food packaging, which can bring some risk to consumers such as a loose 
shard of glass or a sharp edge that can cause an injury. 


Nowadays many products of the glass industry are inspected by manual process, which presents the 
inconvenience of time consuming and high cost (Nishu & Agrawal, 2011). Besides, the efficiency of human 
work is affected by environmental and personal factors (Pesante-Santana & Woldstad, 2000). 


In most manual inspection processes in the glass industry, the incidence of defective products that are 
rejected usually is related to the fact that there is an incompatibility between the velocity of production 
and the analysis capacity of human workers. In these cases, the parameter that can be changed to human 
inspection is the number of workers, based on the speed of production, but this action is not interesting 
because of involved costs and necessity of adaptation in the production lines. In this context, automatic 
inspection machines arise as an alternative to improve quality of products and reduce costs (Vernon, 
1991; Wang & Asundi, 2000; Batchelor & Whelan, 2002; Nishu & Agrawal, 2011). 
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Nevertheless, it is observed that many of automatic processes need a dedicated machine with many pre-
established settings, which requires adjustments in the whole production line, such that only products 
that are constantly produced and in large scale justify these agreements and investments. 


In the last years many computer vision systems (CVS) for quality inspection of glass products have been 
reported in the literature. Among them, we can found a system for detection of foreign materials included 
in LCD Panels proposed by Shimizu et al. (2000); a CVS for inspection of defect in wineglass developed by 
Wang & Asundi (2000); an application for inspection of defect in mouth of beer bottle developed by 
Yepeng et al. (2007);  a method for automatic inspection of float glass fabrication proposed by Peng et al. 
(2008);  a low-cost inspection system for online defects assessment in satin glass presented by Adamo et 
al. (2009); a system for glass defect detection developed by Nishu & Agrawal (2011) and a method for 
detection and recognition of glass defects in low resolution images proposed by Zhao et al. (2011). 
However, none of these works consider glass products used for food packaging.  


The objective of this paper is to propose a CVS to identify a specific defect in glass products used for food 
packaging, called glass particle or glass sparkle. In the performed experiments a low cost apparatus 
including a conveyor belt and a camera controlled by a PC were used to simulate a real line of production. 


2 Glass Products Defects  
For glass products used as packaging there are different types of defects that are classified in the norm 
NBR 14910:2002 by Brazilian Association of Technical Norms  ABNT. 


Among the main types of defects are: Calcined fund, Sewing salient, Bubble, Stuck, Sewing mismatch, 
Fold, Hammered and Micro bubbles, as can be seen in Figure 1. 


Figure 1: Examples of defects in glass products (ABNT, 2002). 


The defects shown in Figure 1 represent only aesthetic problems. The CVS proposed in this paper is 
specific to deal with defect particle of glass, illustrated in Figure 2, which constitutes a risk to the final 
consumer since the particles can be detached and incorporated into food product, causing injury or be 
accidentally ingested.  


 
Figure 2: Defect particle of glass (ABNT, 2002). 


As glass packages are not inspected by food industry before the food product packaging, there is the 
possibility of a consumer to purchase a food product in a package with glass fragments. 
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3 Computer Vision System Techniques 
Computer Vision could be defined as a sub area of image processing whose main goal is the study and 
development of methods and techniques that allow machines to interpret digital images, imitating some 
capabilities of the human visual system (Conci et al., 2008). An efficient CVS must be able to accurately 
describe the scene with a processing time that makes feasible the development of practical applications 
such as robot vision systems, surveillance systems, automatic license plate recognition, industrial 
inspection and biometrics patterns recognition (Araújo, 2009). Some of computer vision techniques well 
as the definition of digital image are described throughout this section. 


3.1 Representation of Digital Images 
Mathematically, an image can be defined as a bidimensional function f(x, y) with (x, y)  R2, where x and y 
are spatial coordinates that identify a point and the value of f at any point (x, y) indicates the intensity of 
the gray level value at that point. 


A digital image is an image f(x, y) discretized both in spatial coordinates and gray level values and may be 
represented by a matrix in which the index of lines and columns identify an image element (pixel) and 
element value identifies the gray level (Gonzalez & Woods, 2002; Conci et al., 2008). 


In binary images the values of f  {0,1}, while in grayscale images typically the values of f  [0,255]. For 
color images, each pixel is represented by a set of three or four values depending on the considered color 
system. In RGB (Red, Green and Blue), for example, a color image can be viewed as a set of three grayscale 
images, each one representing one of the color components (Araújo, 2009). 


3.2 Edge Detection 
In an image, the edge of an object can be defined by an abrupt change in grayscale, that is, a 
discontinuity in the intensity of grayscale. Derivative-based operators are sensitive to these changes and 
are widely used as edge detectors. Based on the value of the gradient magnitude at a given point of the 
image it is possible to determine if that point belongs to the edge of an object. The gradient of an image 
point f (x, y) is defined as: 
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The magnitude and gradient direction (perpendicular to the edge) can be obtained by equations 4 and 5. 


22


∂


),(∂


∂


),(∂
),(∇ 























y


yxf


x


yxf
yxf  (4)















x


yxf


y


yxf
yx


∂


),(∂


∂


),(∂
tan),( 1 -  (5)







 
ICIEOM 2012 - Guimarães, Portugal 


ID7.4 


Using a threshold Lm we can determine that every point where mLyxf ),(∇  is a point belonging to an 


edge. It is valid to remember that the equations 2 and 3 can be replaced by known and widely used 
gradient operators such as Roberts, Prewitt and Sobel (Gonzalez & Woods, 2002).  


3.3 Binarization 
The binarization (equation 6) consists in converting a grayscale image into a binary image, in which pixels 
with value 1 (white) represent the objects and pixels with value 0 (black) represent the background or vice 
versa (Gonzalez & Woods, 2002). 
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where: b is the output binary image, f is the input grayscale image and Lb is the threshold selected as 
reference for the grouping of pixels. 


3.4 Connected Components 
The concept of connectivity between pixels is largely explored in the characterization of regions in an 
image. Two pixels p and q are connected if they have any adjacency relation and their gray levels satisfy 
some criterion of similarity (Gonzalez & Woods, 2002). The two most common ways to define connectivity 
between pixels are connectivity-of-4 (Figure 3a) and connectivity-of-8 (Figure 3b). 


(x,y‐1)


(x‐1,y) (x,y) (x+1,y)


(x,y+1)
 (a) 


(x‐1,y‐1) (x,y‐1) (x+1,y‐1)


(x‐1,y) (x,y) (x+1,y)


(x‐1,y+1) (x,y+1) (x+1,y+1)
 (b) 


Figure 3: Neighborhood between pixels. 


In connectivity-of-4 are considered the four neighboring pixels connected horizontally and vertically, in 
terms of coordinates, i.e. (x+1, y), (x-1, y), (x, y+1) e (x, y-1). In connectivity-of-8, pixels connected 
horizontally, vertically and diagonally are considered, i.e. (x+1, y+1), (x+1, y-1), (x-1, y+1) e (x-1, y-1). A set 
of connectivity-of-4 or connectivity-of-8 pixels is called connected component. 


3.5 Hough Transform for Detecting Circles 
The Hough Transform (HT), proposed by (Hough, 1962), is a method widely used in image processing and 
computer vision for detecting parameterized shapes such as lines, circles and ellipses. HT is usually used 
after the detection of edges in images you want to detect shapes. 


For detection of circles, which is the shape of interest in this paper, they may be parameterized by (x, y, r), 
where (x, y) indicates the central position of the circle and r the length of its radius, as shown in Figure 4. 


 


Figure 4: Parameters of the circle. 
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The radius of the circle is defined as follows: 


22 )-()-( yjxir   (7)


where: (i, j) denote spatial coordinates of any edge pixel and (x, y) coordinates of the pixel that represents 
the center of the circle. 


Assuming you want to find circles in the image I of size M × N, with maximum radius (rmax) = NM + , 
the HT algorithm can be described by the following steps: 


1) For each pixel (x, y) of image I, an accumulator vector with size rmax is created and all elements are 
initialized with value zero. 


 2) For each pixel (i, j) classified as edge in the image I, is calculated its distance r (equation 7) for all other 
pixels of the same image, increasing 1 in the element value of the vector assigned with the pixel (x, y), 
located at position r. 


At the end of these two steps, the maximum values of the vectors indicate the centers and radii of the 
detected circles. For example, if a value above the threshold Lc is found at position 30 of the vector 
associated with pixel (50, 50), this indicates the occurrence of a circle with radius 30 centered at position 
(50, 50) of image I. 


Clearly, the implementation of the described algorithm becomes its use prohibitive in most cases. Thus, 
some authors like (Ballard, 1981) and (Davies, 1986) proposed enhancements to the method. However, 
the HT algorithm for circles can be accelerated when you have some prior information. For example, 
location of possible regions of center of circles, minimum and maximum radius. 


4 Methodology 
This paper is based on a case study from a real problem of a Brazilian industry, in which were considered 
defects in glass products used for food packaging, the deficiency in the manual inspection process and 
the difficult adaptability of automated equipment for visual inspection in some lines of production. 


The considered company currently produces around 10 thousand tons of finished products per month, 
including glass products for domestic use and packaging. 


To choose the product to be inspected (cup of 405ml, ø 97 mm), we took into account the speed of 
production and variety of glass products for packaging produced by the company, based on historical 
information. 


In the implementation of the proposed CVS it was used the C/C++ programming language and the 
libraries for image processing and computer vision ProEikon (Kim, 2010) and OpenCV (Intel, 2007). 


For the experiments described in this paper we used a low cost apparatus composed by a conveyor belt 
and a camera controlled by PC (Figure 5), to acquire and process 80 images of glass packages varying the 
amounts of particles inside them.  


The acquisition of images was conducted considering a focal length of approximately 40cm from glass 
product placed on the conveyor belt. 


The exact moment for acquiring the image of the product placed on the conveyor belt is computed by 
analyzing the signature generated by gradient variation along the columns in each frame. This technique 
is widely used by systems of license plate vehicles recognition, to determine the plate position.    
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Figure 5: Apparatus used to simulate the production line. 


5 The Proposed Computer Vision System  
The input of the proposed CVS, whose the interface is illustrated in Figure 6, is an RGB color image 
acquired by using the apparatus previously described. 


 


Figure 6: Interface of the proposed CVS. 


The working of the system can be described by following steps of processing:  
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The first step is responsible to convert the acquired color image to grayscale one, by averaging the RGB 
components of each pixel, as showed in Figure 7. 


 


 


 
(a) Input color image  (b) Grayscale image 


Figure 7: Conversion of the input image to grayscale. 


In the sequence, it is performed the edge detection using the information of the gradient magnitude 
(equation 4) and, based on the found edges, the detection of the circle that represents the bottom of the 
glass package (Figure 8) using HT algorithm.  


 


 


 
(a) Output of edge detection process  (b) Detection of the glass package bottom by HT 


Figure 8: Steps to detect edges and the bottom of glass package.  


For these two steps it was determined Lc = Lm = 128. To accelerate HT algorithm it was determined that 
only pixels within a region of 20 × 20 pixels in the center of the image could represents the circle center. 
Moreover, in all cases the radius should be approximately ¼ of the width of the image with a standard 
deviation of 10 pixels. 


In the following steps, illustrated in Figure 9, the region of interest (ROI) is finally segmented (Figure 9a) 
and binarized (Figure 9b). 


  


 


 
(a) Segmentation of the ROI  (b) Binarization of the ROI 


Figure 9: Segmentation and binarization of the bottom of the glass. 
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In the last step of the algorithm, the connected components considered too small or too large are 
removed since that these components probably represent noise. Then, the reminder components indicate 
the existence of sparks. 


If the final output image contains white pixels, there is the incidence of sparks and the CVS print a red 
message on the screen indicating the rejection of the product, as depicted in Figure 6. In the contrary 
case, a green message is displayed to indicate that the product was accepted.   


6 Results 
The experiments were conducted as follows: for each product put on the conveyor belt, the algorithm 
should acquire the best frame (when the product was positioned in the center of the image), perform the 
analysis of the acquired image and indicate if the product was accepted or rejected, as illustrated in Figure 
6. 


In the performed tests the hit rate was 90.0%. The cases of false positives (Figure 10) and false negatives 
(Figure 11) were originated, in general, by errors of circle detection and the low contrast between pixels 
representing the particle and others representing the bottom of the glass, due lighting conditions. 


 


 


(a) ROI marked in green  (b) Result of ROI binarization 


Figure 10: Example of false positive case.  


As can be seen in Figure 10, because of lighting problems, false circles are originated decreasing the 
robustness of HT algorithm and affecting the proposed CVS output. The false negative example, 
illustrated in Figure 11, is a typical case of low contrast problem. However, the results show that even in 
non-ideal lighting conditions, the CVS presented a good hit rate validating the proposed approach. 


 


 


 
(a) ROI marked in green  (b) Result of ROI binarization 


Figure 11: Example of false negative case. 


False Positive
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Concerning the time processing the proposed CVS took, in average, 1.5 seconds to process each acquired 
image. It is valid to remember that this time can be accelerated by adjusting some parameters such as 
location of possible regions of center of circles, amount of candidate pixels to compute HT, minimum and 
maximum radius, among others. 


7 Conclusion 
In this paper, it was proposed a CVS to identify a defect called glass particle in glass products used as 
food packaging. Based on the experiments, we can conclude that the proposed CVS can be used for the 
investigated purpose, considering its hit rate (90%) and the cost in time to process an image. 
Unfortunately, as we did not find other methods with the same goal than the proposed CVS, we could not 
compare the obtained results. 


It was observed that lighting conditions and the choice of some parameters may affect drastically the 
performance of the CVS. Thus, we are currently working to improve its robustness, mainly regarding 
lighting conditions. 


Concerning the apparatus used to conduct the experiments, since we used controlled conditions such as 
velocity of the conveyor belt and the position to put the glass product in the belt, no problems were 
detected.  


In future works we intend to adapt the proposed approach to deal with other glass products such as 
dishes and bottles, investigate a way for automating some CVS configuration parameters, conduct a set of 
exhaustive experiments and, finally, apply the proposed CVS in a real situation in the company used as 
case study. 
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Abstract 


Food contamination such as mad-cow disease (BSE) and Avian Influenza (H5N1), is imposing new concepts for the 
production, distribution and marketing of food. A common feature of this problem is that the cause and focus of 
contamination were not detected in the short term, which highlights the need for greater control over product 
information and processes from origin to consumption. This growing concern has stimulated the adoption of 
mechanisms for identification and traceability. The objective of this research is to discuss the importance of 
traceability to identify potential sources of contamination or contaminated products in the food chain. The research is 
based on the case study in a large granulated sugar producer in Brazil, which has a tracking system for agro industry 
products in operation over the last five years as an aid to the food safety management system. The national sugar-
alcohol sector was chosen due to its leadership in production and exportation of sugar cane. Traceability plays a 
fundamental role in ensuring food quality and must be agile, accurate and reliable in order to provide reassurance to 
the consumer. This paper shows the ability of the studied traceability system to identify the source of a chemical 
contamination verified in the final product analysis or the identification of contaminated product when a fault occurs 
in the decanting process. 


Keywords: traceability, sugar, Brazil, case study, agro industry. 


1 Introduction 
Since the 90´s, legal requirements and disputes involving food contamination and issues generated by the 
mad cow disease (BSE), genetically modified food (GMO) and the risks of proliferation of Avian Influenza 
(H5N1) are imposing new concepts. A high quality food has to be safe, which means it cannot cause 
health problems (Machado, 2005). 


According to Meuwissen et al. (2003), these scandals involving food contamination had a common factor: 
the cause and the focus of the contamination were not identified within a short period. The consequence 
of such episodes triggered suspicion about the true safety of food in regards to the production and 
storage of it. 


On the other hand Silveira et al. (2006) points out that the concerns regarding food safety and the current 
requirements and tendency of the consumer cause a demand for information from the start of production 
to the final consumer. However, to ensure and transmit information about the production process, it 
requires coordinated actions in the agribusiness supply chain; demanding a structure of management of 
production systems appropriate to these needs.  


Nevertheless, according to Machado (2005), the growing concern about food safety has stimulated, in 
particular, the introduction of identification and traceability´s mechanisms. Therefore, this paper aims to 
discuss the importance of traceability in identifying potential sources of contamination or contaminated 
product in the food chain and to demonstrate through a case study how the traceability system for crystal 
sugar of Usina São José da Estiva S/A is capable of helping its food safety management system.  


The employed methodology was the exploratory-descriptive study through literature search and the use 
of secondary data from publications and results from researches on the specific issue (Vergara, 2007). 
Various sources, such as, books, scientific articles, master´s dissertation and standards were used.  
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This study was based in a qualitative research, therefore, the evidence of the relationship between the 
management systems employed and the obtained results were only sought for, without concerns about 
statistic tools. It assumes the shape of a case study and dada collection. The case studies have 
characteristics of evaluation which allow exploring the possible connections of intervention in real life. It´s 
the chosen strategy when analyzing contemporary events because it allows direct observations of the 
studied events and of the interviews of the people involved in them (YIN, 2003). 


The Industry São José da Estiva was chosen because it has a system of safety of food management 
implemented more than five years ago and because of its importance of the sugar and alcohol sector for 
the Brazilian economy: “Brazil is the largest manufacturer of sugar of sugar cane in the world, with the 
lowest production costs and also the largest exporter of the product”. (ÚNICA, 2008) 


2 Food Safety 
Food safety refers to the use of certain measures that allow the entrance control of any agent that 
promotes risk to the consumer´s health or physical integrity. Thus, it´s a consequence of the control of 
several stages of the production chain, from farm to fork (Lima, 2009). 


From the year 1990, the importance of the quality and safety of the food increased significantly among 
consumers, especially Europeans. This concern is related, mostly, to serious incidents of food 
contamination which caused intoxication, infections and death of several people around the globe 
(Vinholis; Azevedo, 2002). 


In face of this scenario, public and private actors start to instigate more strict policies and measures of 
control for the production and importation of food, where the introduction of identification and 
traceability systems, adherence to standards, protocols and certification by third part gained momentum 
with the intention of providing greater control, and mainly, to avoid or minimize the risks associated with 
consumption of contaminated food (Leonelli, 2007). 


According to the same author, in an international scope, the regulation of safety standards for food is 
institutionalized, initially, from the determinations of the Codex Alimentarius, the international code aimed 
to guide the food industry for protecting the consumers´ health, created in 1963, by the initiative of the 
United Nation Organization for Food and Agriculture (FAO) and by the World Health Organization (WHO). 


In 2000, the Commission of the European Community published the White Paper on Food Safety which 
leaded to the origin of General Food Law in 2002. Through this measure the European Community 
establishes principles and general standards seeking food safety, where the need for identification and 
mandatory traceability is one of the main technical requirements. Since then, some European countries 
have tried to develop programs and coordinated actions with the private industry – in a communitarian 
scope – for different productive chains in order to fulfill the demands of the General Food Law (Sarig, 
2003). 


Furthermore, the International Organization for Standardization (ISO) edited a set of standards which 
establishes the requirements for the Management of Food Safety Systems, published on September 1st, 
2005. The standard ISO 22000:2005 harmonize the requirements for a global approach of food safety, 
which will facilitate the implementation of HACCP systems (hazard analysis and critical control points), 
according to the principles of the Codex Alimentarius, independently of the country or product type. 
Within the series ISO 22000, the standard ISO 22005 deals specifically about the traceability of the animal 
and human´s food chain. 


3 Traceability 
According to the standard ISO 8402, the concept of identification and traceability consists in the ability to 
trace the history, application or location of an item using information previously recorded.  
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Pallet (2003) defines traceability as the management of information by the continuous synchronization of 
flows of goods and related information. He classifies the traceability according to the logistic of the 
product, such as the capacity to follow it in time and space, and according to the content, such as the 
capacity to provide all information about the life of this product. The same author still defines the 
principle of traceability as the process to ensure the maintenance of the characteristics of food providing 
safety and quality throughout its life flow. As far as the goals are concerned, he describes that reliable 
information subsidize a safe labeling, providing reliability to the food. Labeling is also a tool to point out 
the quality of a regional product protecting a captive or promising market.  


Vinholis & Azevedo (2000) define: 


“a system of traceability, computerized or not, allows to follow, track information from different types (refered to 
the process, product, staff and/or service), the downstream or upstream of a chain link or from an internal 
department of a company. The traceability allows a history of the product, and the complexity of the content 
depends on aimed goal. This goal can be affected by the adopted strategy and by the external environment in 
which the company is inserted”. 


According to Moe (1998), the systems of identification and traceability are supported by a comprehensive 
system of management of quality which purpose is to monitor the product attributes and/or process and, 
specially, to enable the return to the control phases throughout the production chain, by means of 
procedure and registries.  


According to Grunert (2001) it must be part of the traceability system: 


- Identification: identification of the products and standardization of information and of the parts 
which influence the quality of a product; 


- Link: the management throughout the supply chain among the lots and logistic units happens 
because of the link generated by the own production; 


- Registry:  the data and the information recorded throughout the production and logistic process 
are tools which will bring real mapping conditions to the supply chain; 


- Communication: the larger the association and alignment of the information with the physical 
flow, the larger will be the capability of management.  


Therefore, in order to the traceability to be really effective it´s necessary for the process to be properly 
identified and documented, in such a way that allows the access to the history of the production, paths 
and changes that the product may suffer along the way until it´s final consumption. Some information 
about the production process need to the carefully cleared and followed (monitored), as well as, 
integrated to a proper information system. Techniques for enterprise modeling are essential tools for 
survey information of the production process and the determination of the sectors involved in the task of 
identification of the important points for the traceability of the products as well as the identification of its 
critic points and its possible undesirable changes (flaws or contaminations) in the change or formation 
process of the products (Souza e Campos, 2008). 


According to Yugue (2003), besides the technical motives, there are three arguments which justify the use 
of traceability systems. The first one is that its use is an added value and a source of differentiation of the 
product through certification of origin and labeling. The second argument talks about the protection of 
exportation through precise and quick information and answers to the frequent questions about the 
conditions of manufacture and distribution throughout the production chain, knowing that mere 
suspicion can take to the rescission of many contracts and, evidently, hamper the closure of other 
contracts. The third argument is the relationship of trust that all companies must maintain with the 
consumers that are more and more conscious of its rights and prerogatives, demands and predisposed to 
recognize and value the posture of the organizations that respect them as citizens. 


According to Juran & Gryna (1993) mentioned in Souza (2001), traceability has several purposes, such as: 


 to ensure that only high quality products and components be part of the final product, 
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 clearly and specifically identify products that are different but that at the same time  they look 
alike so much that they might be mistaken, 


 to allow the return of a suspicious product in a safe basis, and 
 to identify troubleshoot and take corrective measures at minimum price. 


Machado (2000) defines the importance of traceability for the distribution and retail sector and for the 
food industry: 


 it´s a competitive edge, 
 strengthens the corporate image, 
 assists in positioning the brand in the market, 
 encourages competition by quality differentiation, 
 improves the relationship with the suppliers, 
 contributes to building the company´s competitive strategies and, therefore, start to define 


vertical structures of coordination.   


And, finally, to the State, the author concludes that traceability: 


 minimizes the risk of contamination and facilitates the identification of focus of issues of this 
gender, 


 reassures de population and gives credibility to the State itself. 


The traceability systems include the logistics traceability which makes de quantitate monitoring (location) 
of the products and determines as much as its origins as its final destination, and it´s substantially used 
for recall and discard, or to locate the origin of the product and it´s based on the geographical location of 
the logistic units. Qualitative traceability (of the products) means to follow it up to find out the qualitative 
failures and their causes, to identify the sources of quality deviation and to determine whose responsibility 
it is. As shown in figure 1 it may be either downstream or upstream. Downstream would be the 
identification of the products´ destination (from company forward) and the upstream would be the 
identification of the inputs and raw materials´ suppliers used in the development of the product. The 
traceability of the product is essentially based in the characteristics of the products (consumer´s unit), 
knowing that the internal traceability deals with the production and storage of the product within the 
company (EAN Brasil, 2003). 


 
Figure 1: Traceability Classification. Source: Zanatta & Hendges, 2010 


However, Leonelli (2007) ensures that a sized system which can be used to trace various “inputs” and 
processes, tend to be huge, complex and very expensive in order to satisfy each and possible goal.  In this 
way, the company can determine the correct breadth, depth and precision of the traceability system that 
will be shared between the links and agents of the supply chain. On the other hand, the determination of 
the breadth, depth and precision of the traceability systems depends on the characteristics of the 
production process and, especially, of the goals of the traceability system being used (Golan et al., 2004). 


According to Golan et al. (2004), such concepts can be defined as: 


a) Breadth: describes the collected amount of information, including the steps and agents of the 
supply chain that will be embraced by the traceability system. For the authors, an information 
storage system that is able to catalogue all the attributes of the food production is not only 
expensive and complex, but also unnecessary. Therefore, the information to be collected will 
depend on the traceability system that is being used.  
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b) Depth: it´s understood as the system´s ability to follow the relevant information, either 
“tracing”(upstream)  or “tracking” (downstream) of the place where it originated. 


c) Precision: reflects how accurate the traceability system can locate the handling and/or relevant 
characteristics of a specific food. The level of precision can vary according to the goal of the 
traceability system.    


Figure 2 summarizes the concepts shown on the work of Golan et al. (2004) and Opara (2003). 


 
Figure 2: Sequence of concepts from Golan and Opara.  Source: Leonelli (2007), from Golan et al. (2004) and Opara 
(2003). 


According to Opara (2003), there are six important elements that, when worked together, constitute an 
integrated system of traceability for agroindustrial chains. The underlined elements of the author´s 
suggested typology are described below: 


a) Traceability of product 
The traceability of the product has the purpose to determine the physical location of the product in any 
level of the supply chain in order to facilitate the logistic and inventory management, the products´ recall 
and the information´s propagation. 


b) Traceability of process 
Traceability of process aims to verify the type and sequence of activities by which the product has 
traveled, including the stages of vegetative growth and post-harvest operations, trying to describe what, 
where and when it was done.  


c) Genetic Traceability 
In this type of traceability, they try to find out the genetics of the product, either from animal or vegetal. 


d) Traceability of inputs 
Traceability of inputs aims to  determine the type and origin (characteristics and supplier) of inputs, such 
as: fertilizers, agrochemicals, irrigation´s water, information about the herd, feed, presence of chemicals 
and additives used in the preserving and/or processing of the raw material into new food products 
reconstituted products.  


e) Traceability of pests and diseases 
This kind of traceability is used for tracing the epidemiology of pests and diseases, also seeking to 
highlight the biotic risks such as the presence of bacteria, viruses and other emerging pathogens that can 
contaminate food and other animal/vegetal raw material´s products. 


f) Traceability of measures 
This type of traceability ascertains the individual actions´ result when using a calibration system as 
standard reference. In order to achieve this, the measures, equipment and tests used, should be calibrated 
according to national and international standards; ensuring the traceability. Another aspect of the 
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measures´ traceability is related to the characteristics of the measures (dada and calculations) generated 
throughout the supply chain, and with the intention of meeting the quality requirements.  


According to Silva (2004), traceability works as a complement to the quality management and when it´s 
singly applied it doesn´t reflect safety neither to the product nor to the process. Traceability must be 
aggregated to other quality control systems, such as the HACCP (Hazard Analysis and Critical Control 
Point) and the codes of practice, like EureGAP in the case of fruits.    


4 Case Study 
Usina São José da Estiva S/A – Sugar and Alcohol, or simply Usina Estiva, is located in the municipality of 
Novo Horizonte, to the northwestern region of São Paulo´s State. It produces sugar, alcohol and 
electricity. It´s considered a large-sized company with the international quality certification ISO 9001:2008, 
and it´s in the middle of the process of getting the certification ISO 22000:2005. The industrial process of 
the company is entirely documented within the information standards of ISO 9001:2008, forming a 
database of documents describing each individual activity that was held throughout the production 
process, such as, physical, physic-chemical or biologic processes, maintenance activities, calibration of 
equipment and corrective actions for the equipment and tools. And all this data can be used for processes 
consultation.  


Figure 3 presents the flowchart of the crystal sugar production process of Usina Estiva. 


 
Figure 3: Chartflow of the Crystal sugar production process of Usina Estiva. Source: Usina São José da Estiva S/A, 2010. 


In 2003, the Quality Management Supervisor developed a traceability system for Usina Estiva in order to 
atend the 7.5.3 requisites (Identification and Traceability) of the ISO 9001:2000. On October 2004, Usina 
Estiva had its Quality Management System by the Bureau Veritas Certification. From 2007 on, a System of 
Food Safety Management based on the standard ISO 22000:2006 started to be developed at the company 
and its Traceability System was revised to attend the 7.9 requisite (Traceability System). 


In the management system of food safety of Usina Estiva, a multitask team trained in food safety 
identified potential hazards that can be in the sugar. In order for them not to occur over the acceptable 
levels, Critical Control Points (CCP) were established, with the help of the HACCP plan, and they must be 
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monitored and the monitoring must be verified to ensure its efficiency. Chart 1 presents the identified 
hazards and its stages of control.  


Chart 1:  Summary of the HACCP plan for crystal sugar of Usina Estiva 


Source: Usina São José da Estiva S/A, 2011 


The traceability system of Usina Estiva was developed in the program Microsoft Excel, it´s based on the 
knowledge of the process and its scope goes from the raw material (sugarcane) to the distribution of the 
final product, taking into consideration all the inputs and variables of the process. In this system it´s 
possible to accomplish the traceability of the product, process, inputs and measures of the downstream 
and upstream.  


To demonstrate de capability of this Tracking System in establishing the causes of nonconformities of 
downstream and upstream, we presented the result of the application of the system in two different 
moments: one with a chemical contamination in the final product (chart 2) and the other one with the 
identification of a potential contaminated product when a flaw occurs in the decantation process (chart 3). 


 


Chart 2: Application of the Traceability System (upstream) 
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Decanting  
Of the 
Broth 


 
 


Physical 
Ferrous metal, 


nonferrous metal and 
sand 


Chemical 
Excesso f Polymer and 


Phosphoric Acid. 


Temperature, pH , flow of 
the broth; flow of the 
metering pump of the 
polymer and phosphoric 
acid. 


Analysis of filling in the worksheets of 
the FAB-RQ - 031 conformities and 
internal audit processes. 


Evaporation  
Of the 
Broth 


 


Biological 
Salmonella and 
Escherichia Coli 


Monitoring the 
temperature of the broth 
with the thermometer line 
PT 100. 


Analysis of  Salmonella and E. Coli in 
the final product, analysis of the filling 
in of the worksheets FAC-RQ-031- 
Control of the CCPs – Sugar Factory 
and – Internal Audit of the processes. 


Flotation of  
Syrup 


Physical 
Bagacilho 
Chemical 


Excess of Polymer and 
Phosphoric Acid. 


Temperature, pH , flow of 
the syrup and flow of the 
metering pump of the 
polymer and phosphoric 
acid. 


Analysis of the filling in of the 
worksheets FAC-RQ-031 – Control of 
the CCPs – Sugar Factory and Internal 
Audit of the processes. 


Sugar 
Screening 


Physical 
Fouling and Nonferrous 


metal 


Integrity of the sieve 
screen. 


Analysis and if necessary repair in the 
sieve, analysis of the filling in of the 
worksheets ENS-RQ-017 and internal 
audit of the processes. 


Magnetic 
Separation 


Physical 
Ferrous Metal 


Volume of materials in the 
separators. 


Analysis of the filling in of the 
worksheets ENS-RQ - 007 and internal 
audit of the processes. 
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Storage ENS-RQ-011 
 


Lot, bag number, date 
of production. 


   Conforming 
 Nonconforming 


Dryer ENS-RQ-018 
FAC-RQ-027 
CPI-RQ-004 
ENS-RQ-017 


Change of filter, 
Parameters of the 
process (color, in., 
moisture, dextran, 
insoluble starch, 
turbidity, average 
opening, coefficient of 
variation and bottom). 


00:30 ± 02:00 
 


11/04/09 5:30 


11/04/09 3:30 
até 


11/04/09 7:30 


 Conforming 
 Nonconforming 


Centrifugation FAC-RQ-006 
FAC-RQ-018 


Stops of the 
centrifugation, change 
de filter. 


00:30 ±02:00 
11/04/09 5:00 


11/04/09 3:00 
até 


11/04/09 7:00 


 
 Conforming 
 Nonconforming 


 
 


Cooking FAC-RQ-007 
FAC-RQ-021 


Duration of cooking 
and cleaning of the 
cookers 


03:30 ±04:30 
11/04/09 1:30 


11/03/09 21:00 
até 


11/04/09 6:00 


 Conforming 
 Nonconforming 


Syrup flotator  FAC-RQ-022 
FAC-RQ-025 


Quantity of polymer 
and phosphoric acid, 
parameters of process 
(temperature and pH) 


00:30 ±02:00 
11/04/09 1:00 


11/03/09 23:00 
até 


11/04/09 3:00 


 Conforming 
 Nonconforming 


Source: Usina São José da Estiva S/A, 2011 


The traceability develop on chart 2 identified that during the reduction of the processed syrup volume 
(intermediate product) there was no reduction in the applicability of the polymer and acid in the same 
proportion, which determined the chemical contamination of the product. 


Chart 3: Application of Traceability System "downstream" 


PLACE OF NONCONFORMITY  DECANTING  DATE/TIME 07/25/2011 18:00 


Stage of 
the Process 


Records Information Time 
Reference 


Verification 
Period 


Result of the 
Verification 


Decanting FAC-RQ-022 
FAC-RQ-025 


Quantity of polymer, 
quantity of 
phosphoric acid, 
specifications, 
parameters of the 
process (temperature  
and pH) 


03:00 ±04:00 
07/25/11 18:00 


07/25/11 14:00 
até 


07/25/09 22:00 


 Conforming 
 Nonconforming 


Evaporation FAC-RQ-002 Cleaning of the 
evaporators 


00:30 ± 02:00 
07/25/11 18:30 


07/25/11 16:30 
até 


07/25/11 20:30 


 Conforming 
 Nonconforming 


Syrup 
Flotator 


FAC-RQ-022 
FAC-RQ-025 


Quantity of polymer 
and phosphoric acid, 
parameters of process 
(temperature and pH) 


00:30 ±02:00 
07/25/11 19:00 


07/25/11 17:00 
até 


07/25/11 21:00 


 Conforming 
 Nonconforming 


Cooking FAC-RQ-007 
FAC-RQ-021 


Duration of cooking 
and cleaning of the 
cookers 


03:30 ±04:30 
07/25/11 22:30 


07/25/11 18:00 
até 


07/26/11 3:00 


 Conforming 
 Nonconforming 


Centrifugati
on 


FAC-RQ-006 
FAC-RQ-018 


Stops of the 
centrifugation, 
change of filter 


00:30 ±02:00 
07/25/11 23:00 


07/25/11 21:00 
até 


07/26/11 1:00 


 Conforming 
 Nonconforming 


Dryer ENS-RQ-018 
FAC-RQ-027 
CPI-RQ-004 


Change of filters, 
Parameters of the 
process (color, in., 


00:30 ± 02:00 
07/25/11 23:30 


07/25/11 21:30 
até 


07/26/11 1:30 


 Conforming 
 Nonconforming 
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ENS-RQ-017 moisture, dextran, 
insoluble starch, 
turbidity, average 
opening, coefficient 
of variation and 
bottom). 


Storage 
ENS-RQ-011 
 


Lot, bag number, date 
of production. 


Lots E2507112200 e 
E2607111000 – bags de nº 
11030475 a nº 11030626 – 
Warehouse 4 


 Conforming 
 Nonconforming 


Source: Usina São José da Estiva S/A, 2011 


The traceability developed on chart 3 identified the produced lot and its location (warehouse 4). The bags 
from the lot were segregated and identified as (potentially unsafe product) until a corrective action could 
be taken. 


5 Conclusion 
During the last decade not only the productive process and technology developed but also the 
commercial demand and costumes requirements increased. Nowadays it is not enough to be productive 
companies, they also have to be efficient in all marketing aspects and dimensions. And when it comes to 
companies that produce or hand food, these dimensions are more and more linked to the food safety. 


On this context it gets clearer and clearer, be it for legal demand or market demand, that the tracking 
availability has a major role when it comes to ensuring food safety. This traceability must be agile, 
accurate and trustworthy in a way that it will transmit confidence to consumers. 


The ISO 22005:2007 – Food Chain Traceability, establishes the general principles and basic requirements 
for the design of tracking system, but it doesn´t present any methodology of development. As a 
contribution of this paper, we will describe below the methodology used on the development of the 
tracking system of Usina Estiva. We would like to point out that the process used here is continuous 
therefore it is necessary to work with periods of time to establish bundles of intermediate products. 


a) Determine the scop of the tracking system; 
b) Describe the chart flow within this defined comprisement; 


c) Establish the steps of the process that allow you to determine the time spam that the 
intermediate product remains kept in the process and/or between processes;  
d) Establish the average time of retention in those steps of the process; 
e) Establish safe deadlines for these periods of time; 
f) Establish the sequence and the relationship of these steps according to the chart flow; 
g) Establish bundles of finished products and identify them; 
h) Determine the information required for the safety of the food in each step (waste material, 
activities, parameters of process, etc) and keep reports available; 
i) Make the tracking so that you can identify possible flaws. 
The traceability system of Usina Estiva is integral and fundamental part of the System of Quality 
Management and System of Food Safety Management, so it is up-to-dated and validated periodically 
through making situations even though there are flaws that should be analyzed and solved as occurs at 
the sugar bulk shipment. The sugar silo (where sugar bulk is stored) is fed and discharged simultaneously 
what causes the loss of identification of the sugar frequently. 


This way we can conclude that the tracking systems should be developed, implemented and assessed 
continuously and improvements should be proposed in order to accomplish the requirements of food 
safety, to ensure costumers satisfaction and the continuity of the company. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID145.10 


References 
EAN BRASIL. Diretrizes de Rastreabilidade para Produtos Hortícolas. <http://www.eanbrasil.org.br>. (08 ago.2003) 
GOLAN; E.,et. al. Traceability in the U.S. food supply: economic theory and industry studies. United States. Dept. of 


Agriculture. Economic Research Service. in Agricultural Economic Report, n. 830, 2003.  
GRUNERT, K. G.. Current issues in the analysis of consumer food choice. 71 st EAAE Seminar- The Food Consumer in 


the early 21 st Century: 2001. 
JURAN, J.M.; GRYNA JR, F.M. Controle de qualidade. Handbook. São Paulo: Makron Books, v.3. 1993. 
LEONELLI, F. C. V. Identificação e rastreabilidade: proposição de um modelo para o gerenciamento de grãos. Tese 


(Doutorado) -- Universidade Federal de São Carlos – UFSCAR. São Carlos, 2007.  
LIMA, M. A. C. Segurança de alimentos. Brasília: Agência de Informação EMBRAPA.  
MACHADO, R.T.M. Rastreabilidade, tecnologia de informação e coordenação de sistemas agroindustriais. São Paulo, 


2000. 239p. Tese (Doutorado) – Faculdade de Economia, Administração e Contabilidade, Universidade de 
São Paulo. 


MACHADO, R. T. M. Sinais de qualidade e rastreabilidade de alimentos: uma visão sistêmica. Organ. rurais agroind., 
Lavras, v. 7, n. 2, p. 227-237, 2005. 


MEUWISSEN, M. P. M. at al. Traceability and Certification in Meat Supply Chains. Journal of Agribusiness 21(2):167-
181, 2003. 


MOE, T. Perspectives on traceability in food manufacture. Food Science & Technology v.9, 1998, p.211-214. Elsevier, 
U.K, 1998. 


PALLET, D. (2003) – Considerações sobre a Rastreabilidade dos Alimentos. <www.pallet@cendotec.org.br>. (16 
mar.2004). 


SARIG, Y. Traceability of Food Products. Agricultural Engineering International: the CIGR Journal of Scientific Research 
and Development. Invited Overview Paper. Bologna, v. V, dec. 2003. Presented at the Club of Bologna 
meeting, Italy November 16, 2003. 


SILVA, R. A. S. da. A implantação de um plano APPCC em um abatedouro de aves : Produto: frango inteiro desossado 
congelado. 2004. 48 f. Monografia (Especialização em Qualidade em Alimentos)-Universidade de Brasília, 
Brasília, 2004. 


SILVEIRA, J. V. F.; RESENDE, L. M. M.; PILATTI, L. A.. Rastreabilidade: uma Exigência da Cadeia Agroindustrial para 
Produtos Especiais. Revista Produção On Line. Universidade Federal de Santa Catarina Florianópolis – SC. 
ISSN 1676 - 1901 / Vol. 6/ Num. 1/ Abril de 2006. 


SOUSA, E.L.L. Preservação da identidade de grãos e a coordenação dos sistemas agroindustriais. Piracicaba, 2001. 
177p. Tese (Doutorado em Economia) – Escola Superior de Agricultura “Luiz de Queiroz”, Universidade de 
São Paulo. Piracicaba. 


SOUZA, V. J.; CAMPOS, R. de. Mapeamento de processo de produção de açúcar visando a rastreabilidade do produto. 
XXVIII Encontro Nacional de Engenharia de Produção. Rio de Janeiro, RJ, Brasil, 13 a 16 de outubro de 2008. 


OPARA, L.U. (2003). Traceability in agriculture and food supply chain: a review of basic concepts, technological 
implications, and future prospects. Food, Agriculture & Environment Vol.1(1): 101-106. WFL Publisher.  


UNICA – União das Indústrias de Cana-de-Açúcar. Dados disponíveis em <www.portalunica.com.br>, acessado em 25 
mar. 2008. 


VERGARA, S. C. Projetos e Relatórios de Pesquisa em Administração. 9 ed. São Paulo: Atlas, 2007 
VINHOLIS, M. de M.B. e AZEVEDO, P. F. de Efeitos da Rastreabilidade no Sistema Agroindustrial da Carne Bovina 


Brasileira. Grupo de Estudos e Pesquisas em Trabalho, Agroindústria e Políticas Públicas: Departamento de 
Engenharia de Produção – UFSCar – SP, 2000. 


VINHOLIS, M. M. B.; AZEVEDO, P. F. Segurança do alimento e rastreabilidade: o caso BSE. Revista de Administração de 
Empresas. São Paulo, v. 1, n. 2, jul./dez. 2002. Seção: gestão de operações.  


YIN, R. K. Estudo de Caso – Planejamento e Métodos. Porto Alegre – RS: Editora Bookman. 2003. 212 p. 
YUGUE, R. A necessidade de sistemas de rastreabilidade. 01 julho 2003 Disponível em 


<http://www.eanbrasil.org.br/servlet/ >. Acesso em 03/07/2003. 
ZANATTA, T. S. da C.; HENDGES T. L. Implantação da Rastreabildiade na Multiplicação de Sementes de Soja - Revista 


Científica da Faculdade de Balsas, Ano I, número 1, 2010. 








 


ID137.1 


Methods of evaluating low back injury overload caused by 


unfavorable working conditions among nursing professionals. 


Roberta Schlossmacher 
*
, and Fernando Gonçalves Amaral 


+
 


*
 Physiotherapist, MSc in Production Engineering on UFRGS. Porto Alegre (RS), Brazil. 


+
 PhD in Ergonomics, Professor in PPGEP / UFRGS. Porto Alegre (RS), Brazil. 


Email: fisio.robertas@gmail.com, amaral@producao.ufrgs.br 


Abstract 


The work of nurses has physical and mental demands inherent in the characteristics peculiar to this type of work; the 


evaluation of these demands in the stress responses determines the requirements imposed to the working conditions 


as well as identifies the specifications and prevalence of specific lesions. In this context, the objective of this study is 


to make a systematic review about the methods used, their characteristics identifying whether these methods can 


characterize and assess the work overload related to low back injuries, present in unfavorable working conditions. A 


systematic review of the literature was performed based on the search for terms such as: occupational overload 


assessment, work overload, evaluation of occupational low back pain, ergonomics evaluation methods, evaluation of 


work organization. After reading the articles, twelve studies were selected as representatives of the problem, since 


they contain evaluation methods of physical and / or mental overload caused by occupational exercise. The analysis 


of the methods shows that the physical demand of work is the most evaluated characteristic. Two factors (individual 


characteristics of the worker and biomechanical labor risks), and two cofactors (stress inherent in the work and work 


organization) were identified as essential for turning the assessment method capable of identifying work overload, 


however eight of these methods only consider the biomechanical risks in their evaluation, not taking into account the 


organization of work. Thus, it is possible to conclude that for a complete assessment of the existence of overload in 


the work of nurses it is required a combination of these methods in a systematic way as an ergonomic evaluation 


program of unfavorable working conditions. 


Keywords: assessment, overhead ocupacional, lumbar overhead, nursing 


1 Introduction 


Studies show that nurses are exposed to unfavorable working conditions 
(1-10)


. Besides, researches show 


activities related to patient care as the most painful ones 
(4, 5, 8 - 10)


, such as, the positioning of the patient 


in bed and his transference from bed to chair. 


Some peculiarities are inherent in the work of nursing professionals 
(1-10)


 as follows: the characteristics of 


jobs’ post, postures taken as well as physical strength, repetitive gestures and movements performed 


during the occupational exercise of this group of professionals. For ergonomics, the conditions of work 


are represented by a set of interdependent factors, which acts directly or indirectly on the quality of life of 


people and on the results of the work itself where the man, the activity and the environment are the 


elements of the work situation 
(3, 10, 11)


. In this context, ergonomic factors are those ones that will directly 


affect the relation activity versus worker 
(10)


. For nursing professionals these risks are lifting load (patient), 


poor access to materials, imposing unfavorable postures in biomechanical point of view, excessive 


working demand, psychosocial factors, etc. 


In the work of nursing professionals, in addition to physical factors there are also psychosocial factors 


inherent in the stress as a result of the nature of this job, such as, poor working conditions in terms of 


human and material resources, the double work shift, conflicts in the relationship among team members, 


family and patients, control of emotion, perception of the devaluation of their work by others 
(12,13)


. These 


psychosocial factors can also cause a decrease in concentration, therefore increasing the chances of 


accidents at work 
(4, 12, 13)


. In this context of overload, whether physical and / or mental, that the 
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ergonomics acts through the characterization of the demands of working conditions imposed on workers, 


and the identification of specifications and prevalence of specific lesions, which can be correlated to 


certain factors intrinsic to the characteristics of each job, always aiming a better adaptation of work 


organization for workers. 


The evaluation of demands or environmental motivations on the responses of stress, whether physical or 


mental, has dominated the investigations of occupational stress 
(14)


. Regarding the back injury disorders, 


the scientific literature shows several methods 
(15,19,20,22-30)


 to evaluate the associated overload as well as its 


relation to the work situation. However, an important element in any prevention program based on 


ergonomics in health institutions would also need the identification of the risks and the presentation of 


methods to minimize them afterwards (16). Consequently, these data and knowledge can support and 


guide the planning and implementation of preventive measures of work accidents and occupational 


diseases 
(16)


. 


Considering the labor demand of nursing professionals, the goal of this study is to make a systematic 


review about the methods used, their characteristics identifying whether these methods can characterize 


and assess the work overload related to low back injuries, present in unfavorable working conditions. For 


this study, a work overload means every task that can affect the ability of the worker to perform his work 


according to its requirements (related to the individual and to the company), his health conditions, and 


his physical and mental capacities 
(16, 17, 18)


. 


2 Methodological Procedures 


A systematic literature review was accomplished based on the concepts developed by Sampaio and 


Mancini, 2007 
(31)


. The review was based on the search for terms as follows:  occupational overload 


assessment, work overload, evaluation of occupational low back pain, ergonomics evaluation methods, 


evaluation of work organization, found on data bases such as Google Scholar, Scielo Brazil and Pubmed. 


From this search carried out by two researchers, 41 studies were classified as original articles and 


bibliographic reviewed. After reading the articles, twelve studies were selected as representatives of the 


problem, since they present evaluation methods of physical and / or mental overload caused by 


occupational exercise. The study included information about year and place of the creation of the method 


as well as its main characteristics. For this study, the methods analyzed were the ones that had already 


been used to evaluate the work of nurses, according to the literature. 


3 Results 


After the selection of the articles, those methods that could evaluate in a distinct way the physical and / or 


mental overload related to unfavorable working conditions had been analyzed. Table 1 shows the 


evaluative components measured in each method. These components were separated into five categories: 


physical demand of work, mental demand of work, general health condition, functional capacity and 


presence of risk factors. This classification allows a better understanding about the characteristics of each 


method as well as the comparison among them. 


According to Table 1, the physical demand of work is the most evaluated characteristic by the methods. 


Only one of them considers mental demand of work in its analysis, demonstrating, this way, the difficulty 


of keeping together these two types of overload in a single analysis.  This situation indicates that the 


existing methods in the literature tend to evaluate just the physical demands of work, neglecting 


individual factors which may indicate a predisposition to the development of some diseases. This 


predisposition determined by genetic characteristics and lifestyle of the worker, when associated with 


biomechanical factors and organizational factors may contribute to the development of occupational 


injuries. 
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Table 1 - Components evaluated by the methods 


 


Table 2 shows the number of methods created following a chronological sequence per decade, as well as 


their origins. Regarding the origin, Finland, the United States of America and the United Kingdom present 


two methods each, however in distinct decades in all three cases. This table also shows that no country 


has developed evaluation methods of working conditions in a single period. 


Table 2 – Number of methods created in relation to time 


 


The use of methods to measure the work overload can help to prevent the development of 


musculoskeletal injuries in nurses. However, musculoskeletal overload may be associated to three main 


factors: professional, organizational and personal 
(15)


. The musculoskeletal problems are related to  


individual factors (stress, sex, age, medical history, etc...),  to business (organization of work such as 


duration of cycles, breaks, schedule structure, social atmosphere; and to biomechanical factors such as 


repeatability, effort, posture, etc..) 
(35)


. These risk factors are not independent, presenting interaction 


among them 
(36)


. Other authors also support the importance of evaluating organizational factors to 


illustrate the work overload 
(37.38-40)


. 


Based on literature 
(15, 35, 36)


, it was possible to identify two factors (individual characteristics of the worker 


and biomechanical risks of labor), and two cofactors (stress inherent in the work and work organization) 


as essential for turning the assessment method capable of identifying the work overload. The stress 


inherent in the work can be physical or mental, that is, it represents a biomechanical or emotional 


overload capable of changing the individual's ability to work. On the other hand, the characteristics 


genetically inherited or determined by personal habits of life are called personal characteristics. In health 


institutions, the work of their professionals is highly specialized, complex and difficult to be measured, 


where autonomy is necessary to run it, creating an environment favorable to conflict, being essential a 


process of constant negotiation 
(39)


. The cofactor organization of work appears in this context, that is, in 


structuring the necessary organization to accomplish the work, as shown in Figure 1. 
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Figure 1 – Factors and cofactors related to individuals and to the company, according to literature 
(15,35,36)


 


The 12 methods of evaluation analyzed in this study were applied in a context that does not take into 


account the characteristics of work organization as shown in Table 3; eight of these methods only 


consider the biomechanical risks in their evaluation. Though, the scale of Borg 
(23)


 assesses biomechanical 


risks from the individual's perception of effort. 


Table 3- Factors and cofactors included in each method 


 


4 Discussion 


As demonstrated in the results of this paper, the methods have distinct analyzes about physical and 


mental work overload (Table 1). Since the activity of nurses presents unfavorable situations in terms of 


both physical point of view (characteristics of job’ posts and positions taken, as well as physical strengths, 


repetitive gestures and movements adopted) (10), and mental point of view (poor working conditions in 


terms of human and material resources, the double shift  of work, conflict in the relationship among team 


members, family and patients, the control of emotion, perception of the devaluation of their work by 


others) 
(12.13)


, the evaluation of these two variables is important, given that musculoskeletal overload may 


be associated with three main factors: professional, organizational and personal 
(15)


. 


A study by Malchaire carried out in 2001 (15) classifies 19 evaluation methods on low back injury overload 


related to work, but differently from what was developed in this study, the author does not compare the 


characteristics of the methods, but he makes a description of each method. He does not contextualize the 


methods with the work of nursing professionals though. The evaluation of work organization factor is 


crucial for identifying the work overload of the nursing professionals, along with other factors that are 
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also related to the company (biomechanical risks), to factors and co-factors related to workers 


respectively (individual characteristics of the worker and stress inherent in the work) 
(15, 35, 36)


, according to 


the result in Figure 1. 


The diseases related to work are multifactorial, i.e., biomechanical factors of the work should be evaluated 


along with the individual characteristics of the worker and with the organizational matters of the company 


at issue 
(35)


, supporting the idea presented in this paper in Figure 1. Agreeing with this idea, a study from 


2001, states that evaluating only biomechanical factors of the work is not sufficient to characterize them 


as the cause of musculoskeletal overload injuries, especially in the spinal column 
(40)


. For the authors, it is 


essential to know the psychological and organizational characteristics. 


Corroborating figure 1, the evaluation of the role of the demands and motivations in the work 


environment in the stress responses helps to characterize occupational overload. For the same author, 


from the systematization of these aspects, whether physical or psychological factors help to characterize 


the occupational overload 
(41)


. 


Table 3 shown in this paper presents factors and co-factors included in each method by the identification 


in the literature of which features should be analyzed to characterize work overload. According to 


literature 
(15, 35, 36)


, the work ability index (WAI) 
(19 )


 is the most complete method. Although like the other 


methods reviewed in this study, WAI  can not characterize the organization for work, in disagreement with 


APTEL 1993 
(35)


, who states that the organization of work along with other factors and cofactors shown in 


figure 1 , when evaluated in group, are effective to establish the existence and characteristics of labor 


overload. 


5 Conclusions 


According to the results of this study, the evaluated methods when used alone can not identify overload 


related to work, because the context in which they were applied did not consider all the factors identified 


in the literature and shown in Table 3 in this paper. This way, it is possible to conclude that for a complete 


assessment of the existence of overload in the work of nurses it is required a combination of these 


methods in a systematic way as an ergonomic evaluation program of unfavorable working conditions. 
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Abstract 


This article presents the effects of considering the probability distributions that come from measurement uncertainty 


in control charts. It was developed a model of control charts in which is inserted the variability of measurement 


uncertainty in the form of uncertainty regions that affect the points in the charts and also the control limits. Thus, the 


control chart has its probabilities of type I and II errors altered, and the operator uses the total probabilities that the 


process has gone out of control, based on data from both central tendency and variability charts. 


Keywords: quality control; statistical process control; measurement uncertainty. 


1 Introduction 


Online control methods are primary tools for enhancing performance and reducing the variability of 


processes (MONTGOMERY, 2004). Thus, control charts are largely used for monitoring processes in the 


manufacturing and services area due to its ease of understanding and operation (ZHANG; WU, 2005). 


Even though control charts present a satisfactory performance as to the effects of random errors, their 


sensitivities are shortfall for detecting systematic errors (EPPE; DE PAUW, 2009) and, consequently, other 


process control charts were introduced in order to complement the existing ones, such as the 


exponentially weighted moving average (EWMA), the cumulative sum (CuSum) and the multivariate 


control charts (VARGAS, 2004).  


Classic rules of statistical control consider a process as out of control when one of its samples is out of the 


control limits of the used chart, however, the values represented by the samples as well as the control 


limits are considered deterministic when they are essentially stochastic (GÜLBAY; KAHRAMAN, 2007). 


Studies made by Zarandi et al. (2008) and Gülbay and Kahraman (2007) show the effects of considering 


control limits as value ranges with probability distributions associated, achieving better results in 


comparison to traditional charts. 


Although other works discuss supplemental rules to classic control limits (MARGAVIO et al., 1994; ZHANG; 


WU, 2005; GAURI; CHAKRABORTY, 2009), variation of models (VARGAS et al., 2004; EPPE; DE PAUW, 2009) 


and the different applications (HANSLIK et al., 2001; DULL; TEGARDEN, 2004), there are very few studies 


on the effect of the measurement system (specifically the uncertainty of this system) on the process 


statistical control and, with the fast development of the automatic data acquisition systems, there is a 


concern with using effectively and efficiently the great amount of data available on the process (CHEN, 


2010). 


All the value obtained from the measurement (or series of measurements) are subject to the intrinsic 


properties of the measurement system used, which are responsible for making it not a deterministic value, 


but a range of values distinguished by a probability distribution.  This distribution characterizing the value 


of a measurand is called measurement uncertainty (MU) and can alter significantly the decision making 


based directly or indirectly on the measures (CARBONE et al., 2003). 


The uncertainty is a measurement system that expresses the range in which the true value of the 


measurand is and also represents the degree of confidence on the result (DÉSENFANT; PRIEL, 2006). Since 
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the publication of the Guide to the Expression of Uncertainty in Measurement (1993), there has been a 


growing recognition that the MU is not less critical than the value of the measurement itself (REZNIK; 


DABKE, 2004). 


This paper focuses on studying the effect of the MU on the creation of control charts regarding the 


detection of special causes, considering probability distributions associated with control limits as well as 


to samples and their impact on the sensitivity and the rate of false alarms. The effect on type I and II 


errors due to the MU is also showed. Therefore, the aim of this work is developing a methodology to 


calculate the individual probability of each sample in a control chart to indicate that the process is actually 


in or out of the statistical control, considering not only its position on the chart, but also the probability 


distribution of this position resulting from the MU. This probability is associated with an important 


indicator that increases even more the strength of the control chart.  


This paper is organized as follows. On Section 2, reviews on the subject of control charts and uncertainty 


of measurement are presented. The methodological procedures used on the research follow on Section 3. 


On Section 4 the mathematical development for obtaining the expressions which indicate the 


probabilities of samples being out of control are presented. Section 5 has an example of application and 


discussion of results, followed by the conclusion, on Section 6. 


2 Theoretical Framework 


The concept of uncertainty as a quantifiable attribute is relatively new in the history of metrology, 


although the error analysis is a practice of this science for years. Even when all error components are 


studied and their corrections are applied, an uncertainty still remains on the value of the result, generating 


doubt on how well this result represents the value of the quantity being measured (ISO GUM, 2008). 


The International Vocabulary of Metrology (1993) defines measurement uncertainty as the parameter 


associated with the measurement result, which characterizes the dispersion of values that could be 


reasonably attributed to the measurand. For Désenfant and Priel (2006), every time decisions are made 


based on measurements, the MU is the simpler and more accepted way to express confidence on the 


result, besides being required on international quality standards.  


In 1993, the International Organization for Standardization (ISO) published the first version of Guide to 


the Expression of Uncertainty in Measurement (GUM), unifying a method for calculating uncertainty, 


based on the first-order Taylor series expansion and on the law of propagation of uncertainty, described 


in equation (1). 


 


(1) 


Where  and  represent the random variables on which the measurand depends,  and  the 


individual uncertainty of these variables,  represents the standard uncertainty of the measurand, 


 and  are the coefficients of sensitivity of each variable and  the uncertainty of the 


correlated variables  and . 


With equation (1), all measurement uncertainties are propagated to the measurand, using as base the 


mathematical model relative to the measurement system used. Based on the central limit theorem, it can 


be assumed that the final result of the measurement takes an approximately normal distribution (or t-


student) centered on the measurements average and with a standard deviation equal to the standard 


uncertainty. 


In order to obtain a high coverage probability (usually 95%) on the uncertainty estimate, it is necessary to 


multiply the standard uncertainty by a coverage factor k, which depends on the degrees of freedom of the 


sources that contribute to the uncertainty, resulting in expanded uncertainty, hence, the equation (2). 
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The experimental standard deviation is an important contribution to the MU; however, other elements 


may influence the result and should be studied, e.g. repeatability, reproducibility, inherited uncertainty 


and equipment technical specifications. If all uncertainty sources are not studied and considered, there is 


a risk of underestimating or even overestimating the MU of the measurand (JORNADA; CATEN, 2007). 


According to Pendrill (2006) when there are uncertainties in measurement, there are also the risks of 


making a wrong decision, and to these risks there are always associated costs. To Rossi and Crenna (2006), 


when guarantying compliance of a process with technical requirements, the MU strongly affects the 


decision making process. When the uncertainties of measurement are not considered in procedures of 


quality control, the potential costs of the process could increase due to the use of an inefficient control. 


When acquiring data for control chart by variables, all data gathered are subject to uncertainties of their 


measurement systems and, according to Gülbay and Kahraman (2007), even control charts by attributes 


have an associated stochastic property. When building both stages of the control chart application 


(implementation stage and monitoring stage), the values are traditionally considered deterministic and 


the presence of a value out of the control region is considered a special cause, without there being 


concern with the confidence that this value is actually in the specific region of the chart and what is the 


probability of the process being in or out of control, focusing only on the classic indicators of type I and 


type II errors. 


When building any control chart it is necessary to calculate at least three control limits: UCL, CCL, LCL 


(upper, central and lower control limit, respectively), traditionally calculated with three standard deviations 


of distance from the average for both sides. To each one of these limits, as well as the points that 


represent the samples, there are intrinsically associated sources of uncertainty of measurement. If these 


uncertainties are not correctly studied and considered, the conclusions made concerning the control chart 


could be mistaken, generating potential unnecessary stops in production, rework or discarding 


(MONTGOMERY, 2004). 


Control charts have two kinds of associated errors (CARBONE et al., 2003). Type I or α errors are 


associated with the risk of the chart indicating that the process is out of control when that is not true 


(false alarm). Type II or β errors correspond to the probability of the process becoming out of control 


without the chart indicating so. Unlike type I, type II errors cannot be determined without knowledge of 


the real average of the process, however, the sampling strategy should be determined in such a way to 


minimize the probability of the chart not detecting changes of considerable magnitude in the process. 


Thus, larger sample sizes can detect deviations in the average more rapidly and easily.  


The distance in the control limits related to the average is directly related to the error probabilities α and 


β. According to Montgomery (2004), when moving the limits to the central line, the risks of type I errors 


are increased and type II decreased, while when moving them away, the opposite is true. Different control 


charts have different sensitivities to false alarms for points outside the limits (ZHANG and WU, 2005); 


however, these analyses do not consider the uncertainty associated with calculations of their different 


parameters, focusing only on supplemental rules of control.  


When considering uncertainty of the measurement system, probability intervals are considered both for 


control limits and samples, which results in an alteration in the risks of type I and II errors. When 


evaluating uncertainty in the control chart it is possible to estimate the probability of the process being in 


or out of control limits for each point of the sampling average, regardless of their location on the chart, or 


even, the probability that a false alarm occurs due to type I and II errors. 


According to Chen (2010), the presence of false alarms is one of the main factors that lead to operators 


rejecting the employment of certain types of control charts. Therefore, when providing a probability 


estimate of making a wrong decision when investigating the occurrence of a special cause, the operator is 


offered an important tool to help them in this decision. 
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Consequently, it is important to correctly evaluate the MU associated with control charts and their 


potential impact on the statistical process control, quantifying its benefits and the efforts required to 


achieve this goal. 


3 Methodological Procedures 


The work was developed in three structured stages: (i) research on literature for publications related to 


the subject matter; (ii) study of which effects of uncertainty would be addressed from the control chart 


standpoint; (iii) preparation of the systematics to evaluating uncertainty in control charts and the 


evaluation of its impacts on the statistical process control. 


On the initial stage searches were done the Science Direct, Emerald and SciELO online databases for 


scientific papers containing relevant contributions on the MU and control charts in a correlated way. In 


addition to these publications, books considered relevant for the area related to the research were 


included. 


Subsequently, on the first stage, a study based on the gathered bibliography was done on which 


approaches of the topic required more attention and where were the methodological gaps that should be 


developed. Based on this research the stage of developing the methodology to consider the effect of the 


MU on the statistical process control was started. Once the methodology was defined, an example of the 


application that would facilitate the visualization of the method and provide a discussion of the results 


was elaborated. 


4 Effect of Uncertainty of Measurement on Control Charts 


When incorporating the uncertainty variation sources and probability distribution, both on individual 


samples of the control chart and on their control limits, one starts working with value ranges for both of 


them, which represents the doubt, or uncertainty, of their real values, i.e., uncertainty regions are used to 


define the samples and the limits on the control chart, and not the deterministic values. This effect of the 


MU on the control charts can be observed on Figure 1. 


  


(a) (b) 


Figure 1 – Control chart considering uncertainties of measurement 


It is possible to observe on Figure 1 that both the control limits and samples of the control chart acquire 


an uncertainty region around them, what defines the doubt of their real positioning on the chart. 


If part of the uncertainty region of a sample outside the limits is comprised inside the critical control 


limits, this sample starts having the probability of belonging to that region and, therefore, of the process 


being under statistical control (type I error). Likewise, a sample within the control limits that has part of its 


uncertainty region outside the limits has a probability of being out of the region under control (type II 


error). In Figure 1(a) there is a sample out of the control limits (considered a special cause), however, when 


the uncertainties involved in the measurement system are considered, it starts having a probability of 


being under the upper control limit. Similarly, on Figure 1(b) there is a sample located within the limits 
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that starts having the probability of being considered out of the control region when the uncertainty is 


evaluated. 


In order to evaluate whether the process is under statistical control, it is necessary to obtain the real 


probability that each sample is in or out of the control region, based on their uncertainty regions.  


The probability of a specific sample being comprised inside the control limit uncertainty region (region 


where the probability of representing the special cause starts) is determined by the integral of the of the 


probability distribution functions of the sample and the limit. 


 
(3) 


Where  is the function of the probability distribution of the random variable . 


With the aim of obtaining this probability in real time and maintaining the online process control, the user 


responsible for the control chart would have to calculate the integral of the equation (3) or solve it 


numerically. Since this calculation would make the method operationalization in real time harder, it is 


possible to use critical control limits alternatively, which corresponds to extremity values of the control 


limits uncertainty region, defined as the following: 


 
 


(4) 


The user might work using external (adding the uncertainty portion to the upper limit and subtracting 


from the lower limit) or internal (doing the opposite procedure) critical limits. The criterion of using 


external or internal critical limits for the control limits should be achieved weighting on the client's and 


producer's risk. When using internal critical limits the control of the chart becomes stricter, as it comes to 


be the worst uncertainty case associated with the limits and, therefore, the chance of type I error is 


increased and the chart indicates the process as out of control with a higher frequency (producer's risk). 


Similarly, when using external critical limits, more type II errors occur and the process may be falsely 


considered under control more frequently (client's risk). 


When using critical limits, the integral of the equation (3) is reduced to the comparison of the sample 


uncertainty region (characterized by a normal distribution) to the critical limit value used, exempting the 


convolution integral calculation and enabling the use of the tabulated values or electronic spreadsheets. 


Whatever the user-defined critical control limit is, the probability of the sample being out of the control 


limits due to the MU distribution comes to be: 


 (5) 


Where  is the probability of the ith sample being out of the control limits according to its uncertainty 


region,  is the upper critical control limit and  the lower critical control limit. 


And the equation (5) may still be rewritten using the standard normal distribution: 


 (6) 


Where  is the probability of a normally distributed variable being under . 


Since the variability due to the MU is much lower than the process variability, in a real application only 


one of the uncertainty region tails will be able to have the region out of the control limits at the same 


time, thus, the equation (6) may be rewritten as follows: 


 


(7) 
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Since the graphical position of the sample represents its average, to samples graphically out of the control 


limits, the probability  will be in the interval between 0.5 and 1, otherwise, in the interval between 0 and 


0.5. 


4.1. Type I and II Errors Considering Measurement Uncertainty  


A sample out of the control limits is subject to the risk of being a false alarm, defined by α (usually 0.27% 


on traditional control charts), however, when the MU is taken into consideration, this risk comes to 


depend on the critical control limits used. The type I error is defined as a probability of a sample out of 


the control limits deriving from a common cause, i.e., the probability of a false alarm occurring. However, 


when using critical control limits, the probability α is altered, resulting in a αcritical, which represents the 


probability of a sample normally distributed being out of the critical control limits, without the process 


being out of the statistical control, calculated according to (8). 


 
(8) 


The opposite of a false alarm could also occur, i.e., the process might be out of the statistical control, even 


when all samples are within the control limits (type II error). The probability of occurrence of such an error 


is defined by β. Since the probability of β also depends on the critical control limits calculated based on 


αcritical. When using critical control limits, the probability of occurrence of type II errors is also redefined:  


 


(9) 


Where  is the point of the standard normal distribution corresponding to the upper percentage 


,  is the distance relative to the average to which a special cause is to be detected and  is the 


process standard deviation. 


Once the type I and II errors are calculated taking into account the critical limits, it is necessary to 


calculate when the control chart will correctly indicate the special cause when considering the MU. 


According to the equation (7), when considering the uncertainties of measurement, the samples have a 


probability of being out of the limits (represented by their uncertainty regions); however, according to the 


equation (8), a sample out of the limits may still be a false alarm. The probability of a sample being 


effectively located out of the control limits ( ) and this representing the fact that the process is out of 


control, , is given by the combination of equations (7) and (8): 


 (10) 


The process may still be out of control even when the sample is graphically inside the control limits, 


, in this case this probability of type β error is combined with the probability of the sample being 


inside the limits : 


 (11) 


Finally, the probability of any sample − regardless of their graphical location on the control chart − 


represent a special cause due to process out of the statistical control, , is given by the sum of the 


probabilities of equations (10) and (11). 


 (12) 


Table 1 presents the probabilities the samples graphically inside and out of the control limits actually 


representing common causes resulting from under control processes and special causes resulting from 


processes out of control, both for traditional control charts and control charts that consider the MU. 


Table 1 − Comparison of probabilities between traditional control charts and those that consider the measurement 


uncertainty 


 Traditional Control Chart Control Chart Considering the MU 
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Sample Graphically Out of the Control Limits 


Process Out of Control   


Process Under Control   


Sample Graphically Inside the Control Limits 


Process Out of Control   
Process Under Control   


 


The final probability of the process being out of control considering the charts of central tendency and 


the variability of a specific sample being out of control is given by the combination of independent 


probabilities of the two charts: 


 (13) 


Where  is the probability referring to the central tendency chart and  the probability referring to 


the variability chart. 


It can be observed that in the traditional control chart the probabilities referring to the rejection of the 


hypotheses of the process control are generalists (i.e., applied to the whole chart and not the samples) 


and are also different for the samples inside and out of the limits. On the control chart considering the 


MU the opposite is true, each control chart sample has its own probability of representing the process out 


of control, and the expression for calculating this probability is the same, regardless of the sample's 


graphical position. 


5 Application and Discussion 


Figure 2 exemplifies a  and  control chart with sample size 5, considering the uncertainty of the 


measurement system. For demonstrative effect, the example considered only the effects of the standard 


deviation from the mean, the instrument inherited uncertainty and the instrument resolution. The 


contributions for the calculation of uncertainty are presented on Table 2. For the example presented, the 


external critical control limits were adopted. In order to simplify the method operationalization, the 


standard deviation from the average component may be considered the same for all pieces, making 


standard uncertainties of every piece equivalent, i.e. . 
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Figure 2 − Control Charts  and  considering measurement uncertainty 


The uncertainty of the points on the control charts and of the critical control limits for the  and  charts 


of the Figure 2 were calculated with the use of equations (14) to (17) (see Appendix A). 


 
(14) 


 (15) 


 
(16) 


 
(17) 


Equations (16) and (17) were used to compose the critical limits (external) according to equation (4). 


Table 2 − Contributions to the uncertainty calculation of each sample 


Effect Variation Distribution Divisor 
Contribution to Unc. 


(ui) 


Degrees of 


Freedom 


Std. Dev. from the 


Avg. 
0.01 t  0.007 2 


Inherited Uncertainty 0.01 t 2 0.05 ∞ 


Resolution 0.01 Uniform  0.00287 ∞ 


 


On Figure 2 it is possible to notice that the uncertainty regions of the samples for the range chart are 


greater than those for the average charts, due to the fact that uncertainty for the averages has in its 


denominator the sample size. Consequently, greater sample sizes tend to reduce the average chart 


samples' uncertainty region, in addition to reducing the probability of type II error. These two reasons 


increase the recommendation for greater sample sizes when planning control charts. 


Using equations (1) and (2) with the data from Table 2 and later equations (7) to (13), the probabilities for 


each sample of the process being out of control were obtained. The estimate of β was obtained 
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considering a deviation from the average of two standard deviations. The results are in Table 3. The first 


column identifies the sample number, columns 2 and 3 their average and range and the fourth column 


presents the probability of the sample being a special cause, considering its average and range. The 


columns 7 to 12 are the second part of data. The last row has the magnitudes of uncertainty regions of 


average and range. 


Table 3 − Probabilities of the process in Figure 2 being out of control 


#       #      


1 
24.99


4 


1.81


1 


0.024


% 
0.024% 0.049% 


 1


4 


25.19


9 


1.46


7 


0.024


% 
0.024% 0.049% 


2 
24.90


4 


1.11


9 


0.024


% 
0.024% 0.049% 


 1


5 


25.02


3 


1.12


5 


0.024


% 
0.024% 0.049% 


3 
24.76


3 


0.34


1 


0.024


% 
1.259% 1.283% 


 1


6 


24.93


5 


0.66


5 


0.024


% 
0.025% 0.049% 


4 
24.74


2 


0.64


3 


0.024


% 
0.026% 0.050% 


 1


7 


25.31


5 


1.06


6 


0.024


% 
0.024% 0.049% 


5 
24.94


1 


1.50


8 


0.024


% 
0.024% 0.049% 


 1


8 


25.08


5 


2.82


8 


0.024


% 


38.866


% 


38.881


% 


6 
25.36


7 


1.23


1 


0.024


% 
0.024% 0.049% 


 1


9 


24.78


1 


0.31


4 


0.024


% 
1.952% 1.976% 


7 
24.72


4 


1.54


2 


0.024


% 
0.024% 0.049% 


 2


0 


24.80


3 


0.68


0 


0.024


% 
0.025% 0.049% 


8 
24.79


2 


0.91


9 


0.024


% 
0.024% 0.049% 


 2


1 


24.61


3 


0.72


2 


0.024


% 
0.025% 0.049% 


9 
24.76


2 
0998 


0.024


% 
0.024% 0.049% 


 2


2 


25.03


8 


1.66


6 


0.024


% 
0.024% 0.049% 


1


0 


25.23


6 


1.92


6 


0.024


% 
0.024% 0.049% 


 2


3 


24.79


1 


1.54


0 


0.024


% 
0.024% 0.049% 


1


1 


25.00


1 


2.74


7 


0.024


% 


20.756


% 


20.775


% 


 2


4 


24.94


7 


0.98


6 


0.024


% 
0.024% 0.049% 


1


2 


24.52


7 


1.74


1 


0.024


% 
0.024% 0.049% 


 2


5 


24.96


8 


1.14


4 


0.024


% 
0.024% 0.049% 


1


3 


25.33


9 


1.76


3 


0.024


% 
0.024% 0.049% 


       


0.096 


 


 


 


 


 


 


Through Table 3 it is possible to observe that the samples with greater probabilities of being out of 


statistical control are numbers 11 and 18 (20.77% and 38.88%, respectively). This is due mainly to the high 


variability inside the sample (range), and also to the fact that the expanded uncertainty of range has a 


great magnitude when compared to the uncertainty of the average. 


The traditional control chart does not consider type II error in the identification of special causes, since 


according to its approach this probability is the same for all chart points. On the other hand, when the MU 


is considered, the probability of occurrence of a type II error is different for each sample, since it is 


associated with the probability of the sample actually being inside the control limits and, thus, it is 


modified by the sample uncertainty region and the position of its central tendency. Alternatively it is 


possible to use the control chart with uncertainties disregarding the β error, in order to maintaining the 


same methodology used by the traditional control chart. In this case, the probability of the samples being 


out of control is reduced in all of the chart's points. 
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A facilitator in the operationalization of control chart considering uncertainties is that uncertainties of type 


B depend of factors intrinsic to the measurement process and for that reason are not altered. Similarly, 


uncertainty of type A may be considered equivalent in all measurands (according to the example), 


enabling uncertainties to be kept on a database and only altered when the production is altered or the 


measurement system undergoes some calibration or alteration. 


6 Conclusions 


The effect of the measurement system and its uncertainty is generally disregarded in the use of control 


charts. Consequently, this work presented a study of the effects of measurement uncertainty on traditional 


control charts, aiming at developing a methodology to calculate the probability of a control chart sample 


representing a special cause, considering not only its position on the chart, but also the uncertainty of 


probability associated with it due to the MU. 


Through the law of propagation of uncertainty and the control chart properties, an equation that 


determines the probability of each sample in a control chart representing a special cause was presented, 


considering type I and II errors in both control charts. With this equation, the control chart user needs 


only the measurement system data used to calculate the uncertainty. 


As an example, the  and  control charts considering the effects of the MU were presented, 


demonstrating the probabilities of a sample inside the control limits representing a special cause. In this 


example, it was observed that the uncertainty of measurement has a greater effect on the range chart, 


due to the equating. A way of reducing the uncertainty region for both charts is increasing the sample 


size, what would also contribute to the reduction of type II error.  


In the future, we suggest a comparison between the traditional control chart and the control chart with 


uncertainties, in order to determine which are best suited for specific situations and also comparing their 


average run length (number of samples needed until there is a false alarm) for the different parameters 


used. We also suggest incorporating the MU in the supplemental rules of control charts (tendency, points 


in sequence over or under the central limit, alarm limits etc.). It could also be investigated the effect of 


considering or not the type II error in the control chart with uncertainties. The sensitivity study of the MU 


in the capacity analysis is also very promising, since it directly impacts the costs to the manufacturer. 
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Appendix A. Development of Equations 14 to 17 


Following the hypothesis that the standard deviation from the average uncertainty is approximately the 


same for every part produced, , the sample uncertainties for the average and range charts 


can be obtained applying equation (1) on the equations for average and range:: 


 
(A.1) 


 (A.2) 


The limits of the average chart are calculated as follows: 


 (A.3) 


Where  is the constant that depends on the sample size. 


Applying (A.3) in (1): 


 (A.4) 


The uncertainty of  is calculated as presented in (A.1) and the uncertainty of  is calculated as follows: 


 
(A.5) 


Thus, applying (A.1) and (A.5) in (A.4), one obtains: 


 
(A.6) 


The control limits of the range chart are calculated as follows: 


 (A.7) 


Applying (A.7) in (1): 


 (A.8) 


Applying (A.5) in (A.8): 


 
(A.9) 
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Abstract 


A firm´s growth model is described, which simulates a no-access to credit context and maximizes the Gross Value 


Added (GVA), finding an optimal growth path. It builds on both the fundamental accounting identity and an A.C type 


production function. The former is written as the GVA equal to labour costs plus capital multiplied by a management 


factor. The growth model computes GVA depending on estimates of financial and depreciation factors and on a 


decision concerning a change on labour cost, decision that equally affects investment. A number of constrains are set 


to assure minimum values of available cash, appropriate values of the constant A and of unit labour costs, depending 


on the firm’s history and best practices in the sector.  Validation was made using 15 Portuguese industry divisions’ 


data, for the period 1995-2005: From 1995-2000, data was used to calibrate the model; then, estimations were 


simulated for the period 2001-2005 and compared with actual data.  Results indicate that the model predicts the GVA 


with average yearly deviations below 8% on the first three years. For capital, the errors were below 25%. This quasi-


experience is not perfect because real data reflects a context where credit was used. This effect was analysed and the 


error was found to be positively correlated to the amount of credit used in reality. 


Keywords: economic growth model; gross value added; optimization 


1 Introduction 


In the pursuit of sustainable growth, firms may experiment different strategies such as organization 


management, lean production, marketing strategies, R&D efforts and others. These strategies may align 


the firm with multiple drivers of growth such as overall increase in demand for the segments in the firm’s 


portfolio, gains in market share or the expansion into new markets. 


Underlying all specific choices of strategy the essential decision in a firm regards the allocation of the 


value it has created. Managers are faced with two fundamental options: The distribution of value to the 


owners and/or to the workers, for one, and, alternatively, investment in capital and technology. From a 


macroeconomic view, distribution originates the consumption that is necessary to maintain and increase 


the level of knowledge in individuals, and investment generally triggers value creation (Fernandes, 2005). 


From the sectorial and firm level views, the same reasoning applies but distribution to workers and 


owners has more direct impact on work force productivity and capital attractiveness. Finding the right 


balance between these two options, distribution and investment, is equivalent to finding an optimal 


growth path, which maximizes added value in a given period of time. 


Many macroeconomic models have addressed the issue of growth, concerning society as a whole. Those 


macro models can be transferred to the firm’s level. As such, modelling gross value added (GVA) for a 


firm, considering the dichotomy between investment and distribution, has the potential to be used as a 


tool for an objective assessment of alternative growth strategies and as a guide to managers for making 


successful decisions. 


The main issue this communication addresses is the decision between investment and distribution, taking 


into account probable evolutions of other economic and social variables, at firm and sectorial levels. 


The objectives of the study are to find the answers to the following questions: i) How to build an 


economic growth model for a firm or a sector that accurately describes the process of adding value, 


centred on the dichotomy of distribution/investment? ii) How to maximize value added in a given time-
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period, defining an optimal growth path? And iii) how successful is the model expected to be, measuring 


by its application to past real economic data? 


In section 2 the main macroeconomic growth models are reviewed. Section 3 describes the methodology, 


the model and algorithms used in this study. In section 4 the results of a theoretical evaluation of the 


model’s behaviour are discussed. Section 5 describes a linear program, in which the optimal growth path 


is computed; and in section 6 the model is validated using data from divisions of the Portuguese 


economy. Finally conclusions are taken in section 7.  


2 Review of Literature  


Macroeconomic models provide a simplified version of the real economy, studying the parameters and 


conditions for growth and progress in society. These models are applied to countries’ economies and aim 


at understanding why some have witnessed prolonged periods of growth and others have not. In a macro 


system such as a country’s economy, growth is measured by the increase in gross domestic product, 


which results necessarily from the increase in value added within each one of the firms present in the 


economy. For this reason it can be said that firms and sectors are a fractal representation of a whole 


economy and, consequently, the conclusions taken from macroeconomic models can be used for the 


study of growth at the firm level.  


Macro models have as framework a treble identity stating that aggregate output equals aggregate 


income and aggregate expense. After the works of Keynes, it became established that saving (S=s.Y) 


equals investment (I) and that this parameter sets up the value of GVA (Y) through ∆I=s.∆Y, where s stands 


for the saving coefficient. 


Marking the beginning of modern growth theory, Harrod (1952) and Domar (1946) proposed a model 


that used a production function in which output grows in proportion to capital, and defined the rate of 


growth ( ) as being proportional to the saving coefficient  and to the accelerator σ=∆Y/∆C, such that = 


σ.s. 


In the fifties, Solow (1956) and Swan (1956) developed a model that uses two equations: a neoclassical 


production function with inputs capital C and labour N (nº of workers); and a capital accumulation 


equation. The model described assumes diminishing returns to capital resulting that an economy would 


only grow if its number of workers increased, while output per capita remained constant. Solow 


introduced one exogenous parameter in the production function:  a technical progress parameter that 


serves as the engine of growth, allowing for a positive growth rate of output per capita.  The model 


concluded that an economy converges toward a balanced growth path where the model’s parameters 


grow at constant rates. 


Later came along models of endogenous growth. These used production functions such as Y=A.C, in 


which output Y is proportional to capital C, and A represents a parameter with no dimensions 


proportional to technical progress, whatever form this progress may take. Romer (1990) made the 


technical progress parameter endogenous and many other models more complex and more complete 


surged, giving centre-stage either to R&D expenditure, household consumption, human capital and so on. 


The models mentioned above established fundamental rules which are still core to current 


macroeconomic models. These are that (1) aggregate demand equals aggregate supply; (2) output equals 


income and expense; (3) saving equals investment; (4) investment plus final consumption equals expense; 


(5) capital depreciates with time; and (6) output is somehow proportional to increases in capital. 


3 Methodology 


A new model for a firm’s growth will be here proposed, what can be linearly extrapolated to economic 


sectors. It presents a production function based on production factors that are simultaneously accounting 
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variables, and considers GVA as the output. The dynamics of growth for this model are described next, 


along with initial conditions and inputs, intermediate variables, calibration variables, and the algorithm 


that computes the yearly values of GVA. 


The building and validation of the model consists of the following three steps: 1- A theoretical study, 


depicting different cases in which the effects of different input values are observed over a 10 year period. 


2- An optimal growth path is determined, computed by an optimization program developed with linear 


programming. 3-The model is validated comparing its results with actual data from chosen Portuguese 


economic divisions; Data from 1995 to 2000 is used to calibrate corrective variables, and data from 2001 


to 2005 is compared with the model’s results. For each division yearly average relative errors are 


calculated for GVA and correlated with the use of debt in the division.  


3.1 A Model for a Firm 


Basically, a firm uses inputs, which are resources obtained in the market, it has a production function that 


represents how those inputs interrelate with the management structure and how they integrate the 


production process, and delivers an output product, which is returned to the market.  


A firm’s GVA (Y) can be computed by adding labour costs (L) with capital costs (Cm), the latter calculated 


as the sum of capital depreciation, financial costs and profits from ordinary activity. On the other hand, 


the GVA equals income R, which is the sum of labour income (L) with the return on capital (m.C), where m 


will be described as the management factor. From the expense view, Y also equals expense D, given by 


the sum of investment (I) with final consumption (Cf). Identity (1) represents the model’s production 


function written from the three view points of the economic process.  


Y=L+Cm=R=L+m.C=D=I+Cf                                                    (1) 


The level of investment controls how much new capital will be available for production. This condition, 


coupled with the principle of GVA being somehow proportional to increases in capital, results on how 


investment affects GVA. However, the inputs of labour and capital do not give a full explanation of the 


output value. The yield and efficiency of the productive process vary according to the management 


structure of a firm, insofar as two firms with the same labour force and the same capital value may have 


different outputs. 


The value of workers’ knowledge and skills, which is the labour value, fixes the value of their contribution 


to production. Management decides the average wage (w), which, multiplied by the number of workers in 


the firm (N), returns the value of labour L=N.w. Additionally, managerial decisions govern what forms of 


capital to acquire and use and how it should be organized. They also control how workers use capital, 


consequently impacting the value of the use of capital. This overall impact of the management structure is 


represented in the production function by the factor m, which is referred to as the management factor 


(Fernandes, 2009) and represented as Y=L+m.C. 


Considering the multiple ways management impacts the value of capital, we can disaggregate the 


management factor (m), making explicit each component contribution to value added: 1- A depreciation 


factor (δ) is the average asset’s depreciation rate, such that (δ.C) represents the amount of capital that is 


added to production every year; 2- A financial factor (f) such that (f.C) represents the cost of financing the 


firm’s assets; and 3- An organization factor (o) representing the remaining part of GVA (o.C) that is 


proportional to the contribution of the firm’s organizational structure to value added (Serzedelo & 


Fernandes, 2011). Identity (2) shows the production function, with the management factor divided into its 


different constituent factors. This production function is based on the accounting identity and every one 


of its terms can be identified rigorously in the firms’ financial maps. 


Y=L+m.C=L+(δ+f+o).C                                                             (2) 


This production function enables not only an analysis of the quantity of investment but also of the quality 


of investment, the latter in terms of how investing in different forms of capital, with a higher or lower 


degree of technological components, impacts value creation. 
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3.2 A Growth Model for a Firm 


Y0 represents GVA in year zero; Y1 represents GVA in year one and so on. When given the initial conditions 


for an economy to perform, which establish the static identities that characterize year zero Y0=R0=D0, the 


model is able to compute each set of static identities that characterize the following years, Yn=Rn=Dn. 


Figure 1 shows a schematic view of how the model operates. Table 1 shows the other inputs, intermediate 


variables and specific equations reflecting the dynamics of growth. 


Algorithm
Annual 
Inputs


(ΔL, f1, δ1)


Main Outputs
(Y1, KP1, o1)


Growth Conditions


Functioning Equations


Static 
Identities – 


Year 0


Static Identities – Year 1Initial 
Conditions


L0
C0
f0
o0
δ0
s0


cash0


Y0 = R0 =D0
Y0 = L0 + Cm0


R0 = L0 + m0.C0
D0 = Cf0 + I0


Y1 = R1 =D1
Y1 = L1 + Cm1


R1 = L1 + m1.C1
D1 = Cf1 + I1


Inter-Static Phase


Figure 1: The static identities and the inter-static phase 


 


Table 1: The model’s variables  


Input Variables
Intermediate 


Variables - Year 0
Growth Conditions


Output Variables -


Year 1


· m0=f0+δ0+o0 –  


Management factor


· Cm0=m0.C0 – Capital 


Costs


· f0.C0 – Financial costs


· δ0.C0 – Depreciation 


Costs 


· o0.C0 – Profits from 


ordinary activity


· Cf0=(1-s0)D0 – Final 


consumption


· CP0=Y0/C0 – Capital 


Productivity


· KP0=Y0/L0 – Knowledge 


Productivity


· KPref – Reference 


Knowledge Productivity


· cc1 – calibration coef. 1


· cc2 – calibration coef. 2


· Y=CP.C


· CP1=CP0 +ΔCP1+ΔCP2  


· Δca= (L1+f1.C1)-cash0


· ΔL/L=ΔCf/Cf · Cf1’=Cf0.L1/L0


· Cf1=Cf1'+Δca – 


Corrected final 


consumption


· Cf1=Cf1'+[L1+(f1).(C0-δ 


1.C0+D0-Cf1')]-cash0 


· I1=D0-Cf1 
· In1=I1-δ1.C0 – New 


investment
· C1=C0-δ1.C0+I1 


· ΔCP1: IF(KP’≥Kpref, 


cc1(KPref-KP), 0)  


· ΔCP2=Δ (L/C)/cc2


· Cm1=Y1-L1


· o1.C1=Cm1-(f1+δ1).C1 


· m1=f1+δ1+o1


· cash1=cash0-L1-


f1.C1+Cf1 – Available 


cash
 


The first assumption for growth, which relates income to expense, is that the rate of change of labour 


income ∆L/L equals the rate of change of final consumption ∆Cf/Cf. The second assumption, which relates 


to the production side of the economic process, is that GVA is proportional to capital Y=CP.C. The third 


and fourth assumptions are that the firm does not distribute profit to owners and does not have access to 


credit. 


For investment there are two equations: The first one splits investment (I) into two components: One that 


equals capital depreciation (δ.C); and the other representing new investment (In). The second equation is 


used in the inter-static phase and represents the assumption that investment in year one is equal to the 


difference between the expense of year zero (Do) and the final consumption of year one (Cf1). 


The following steps summarize how the model works: 1
st
 – given initial conditions (L0; C0; s0; f0; δ0; o0 and 


cash0); 2
nd


 – When (L) changes, (Cf) changes, (I) changes and the model computes the value for the new 


investment (In); 3
rd


 – Accordingly, C1=C0-δn.C0+I; 4
th


 – C1 establishes the new value added (Y1), considering 
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the new capital productivity (CP1). 5
th


 – The model also computes the new value of knowledge 


productivity (KP1), and the new value of the organization factor (o1).  


From the initial conditions we have the amount of cash the firm has at its disposal. To prevent it from 


being idle, the model uses it either to increase or decrease final consumption and consequently to 


decrease or increase investment. The model works this out calculating the difference between cash and 


the sum of labour cost with financial costs. If cash exceeds these costs, then that difference is subtracted 


from final consumption and therefore investment increases. The exact opposite happens if cash is not 


sufficient to cover these costs. 


The model has two other corrections, both affecting CP. One reflects the effect on CP of an excessive 


reduction of labour income (L) relative to Y. For each economic sector or division, the highest value of 


knowledge productivity found amongst its firms is set as the reference knowledge productivity (KPref). For 


a firm to increase its value of KP over the reference value could be equivalent to excessively decreasing 


labour costs and creating an unsustainable social situation for its workers or a situation where capital 


could not be used adequately. This correction (ΔCP1) is calculated as shown in Table 1, and in it we find 


the model´s variable cc1 which is calibrated for each division. The other correction (ΔCP2) reflects the 


effect that changes in the ratio of labour to capital have on CP. How much a variation in this ratio affects 


CP will depend on a coefficient cc2, which should be calibrated for each division. 


4 Theoretical Results 


Putting the model to work, we depict different situations along periods of 10 years. Initial conditions are 


the following: L0=50; C0=500; f=0.018; δ=0.094; o=0; s=0.41; cash=60. Consequently the model computes 


m0=0.112; Cm=56; f0.C0=9; δ0.C0=47; o0.C0=0; Y0=106; Cf0=63; CP0=0.212 and KP0=2.12. The calibration 


coefficients are constant with cc1=0.2, cc2=2.5 and KPref=3. This is a balanced path. All figures are in units 


of value except CP, KP, f, δ, o and the calibration coefficients which are dimensionless. Now we change the 


inputs and watch how outputs change:  


A. From the third year on, labour costs increase at a constant rate and the financial and depreciation 


coefficients stay unchanged. 


The firm follows a balanced growth path along the first two years, showing a constant GVA. On the third 


and subsequent years we introduce a constant annual increase rate of 2% for labour costs (ΔL/L=0.02). 


Figure 2 shows the results. The GVA declines every year, starting a downturn. 


B. From the third year on, labour costs decrease at a constant rate and the financial and depreciation 


coefficient stay unchanged. 


The firm follows a balanced growth path along the first two years, showing a constant GVA. On the third 


and subsequent years we introduce a constant decrease rate of 2% for labour costs (ΔL/L=-0.02). Fig. 3 


shows the results. The GVA increases every year, starting an expansion period. 


C. Depreciation coefficient with a one-year increase and back to the initial value. Labour and the financial 


coefficient stay unchanged. 


The firm follows a balanced growth path along the first three years, showing a constant GVA. On the third 


year we increase the value of the depreciation coefficient approximately 30% from 0,094 to 0.124. In the 


subsequent years the value of the depreciation coefficient returns to its original value of 0.094. Fig. 4 


shows the results. The GVA by the firm starts to decline and keeps decreasing every year. 


D. Financial coefficient with a one-year increase and back to the initial value. Labour and the depreciation 


coefficient stay unchanged. 


The firm follows a balanced growth path along the first three years, showing a constant GVA. On the third 


year we increase the value of the financial coefficient approximately 30% from 0,018 to 0.024. In the 


subsequent years the value of the financial coefficient returns to its original value of 0.018. Fig. 5 shows 
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the results. The GVA by the firm declines on the third year and stays at that new value in the subsequent 


years.  


         


Figure 2: Case A                                                                     Figure 3: Case B 


 


         


Figure 4: Case C                                                         Figure 5: Case D 


5 The Optimal Growth Path  


A linear program was developed with the software GAMS, maximizing the sum of annual values of GVA 


for a given time-period. Sets were created to represent each year, the initial conditions were defined as 


scalars and the model’s growth conditions and functioning equations described as parameters. At each 


year there were several hypotheses h concerning the annual labour growth rate, each one representing a 


different path that computed new values of the model’s outputs. In the program, if the number of 


hypothesis is h and the number of years is n, the number of solutions is h
n
. All these solutions are 


calculated for all years and the optimal solution is considered to be the path that maximizes the 


accumulated GVA. Growth was simulated using the same initial conditions used in the theoretical results 


chapter. The simulation was for a period of four years, given three hypotheses of annual labour growth 


rates ΔL/L (h1=+0.05, h2=0, h3=-0.05) and keeping the values of the other annual inputs of the model, f 


and δ, constant. The optimal path was found to maximize the sum of annual GVA at 531 value units. It 


consists of the sequence of three consecutive years of labour negative growth rates h3=-0.05 followed by 


a labour positive growth rate h1=+0.05 in the fourth year. Fig. 6 shows the optimal path of L and Y, 


represented by the dark dashed line and dark solid line, respectively. 
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Figure 6: The Optimal growth path 


6 Model Validation  


The source of data for the study was the European Communities BACH database (BACH, 2012), which 


contains aggregated and harmonized information on the annual accounts of non-financial economic 


activity sectors of European countries. The sectorial breakdown is at the two digit level (NACE Rev. 2). The 


data used is from thirteen divisions of section A - Manufacturing (10, 12, 13, 14, 15, 16, 18, 20, 21, 22, 25, 


27, 31) and two divisions of section F – Construction (42, 43), of the Portuguese economy, considering 


firms of all sizes. 


6.1 Initial Conditions and Calibration  


Data from 1995-2000 was used to calibrate the model, finding cc1 and cc2, while actual data from 2001-


2005 was used to compare with the model’s predictions for the same period. 


Considering the initial conditions shown in fig.1, we find explicit in the database the values of GVA, capital 


and labour costs. Investment is computed adding capitalized production to the net acquisitions of 


intangible and tangible fixed assets. The depreciation factor is computed dividing depreciation on 


intangible and tangible fixed assets by the value of fixed assets. The financial factor is computed dividing 


the total financial charges by fixed assets, and the organizational factor is computed dividing the profits 


from ordinary activity by the value of fixed assets. 


According to how the model computes capital productivity, the calibration coefficient cc2 was 


determined. Using the data of all 15 divisions, CP was correlated with the labour/capital ratio. It was found 


a high linear correlation (R
2
=0.917). The correlation between CP and L/C was also found for each division 


individually, and, from there, cc2 was defined as the inverse of the slope of the linear regression line.  


As for cc1, it was found that the calibration period did not provide a reliable measure of how capital 


productivity should be affected in cases where knowledge productivity exceeded the reference value KPref. 


For this reason, in the model’s estimations, any potential correction to the capital productivity due to KP 


exceeding KPref was not taken into account. 


The year 2000 was set as year zero of the estimation period. Additionally, for each of the following years, 


the actual values of ΔL, δ and f were given as inputs. 


6.2 Validation 


As an example of the model’s performance, the results of the model’s estimations for four divisions are 


shown in figures 7 to 10. The dark grey and light grey columns refer to actual GVA and estimated GVA, 


respectively. The solid lines and the dashed lines refer to actual capital and estimated capital, respectively, 


while the solid lines with triangle marks refer to labour costs. Results indicate that the model estimates 


GVA more accurately than it estimates capital. Table 2 shows the average relative errors found for GVA 


and capital estimations at each year. For GVA, errors are less than 9% in the first 4 years, and for capital 
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they are less than 25%. According to the model’s condition of GVA being proportional to capital, the 


deviations between actual and estimated capital productivity, which were on average 20%, explain how 


the average relative errors of the GVA estimations can be lower than the average relative errors of the 


capital estimations. 


 


Figure 7: Estimations vs. Real Data: NACE Divison C20         Figure 8: Estimations vs. Real Data: NACE 


– Chemical Industry      Division C27 – Electric Equipment Manufacturing 


 


Figure 9: Estimations vs. Real Data: NACE Division C14     Figure 10: Estimations Vs Real Data: Nace Division C16 


– Clothing Industry     – Wood and Cork Industry 


 


Table 2: Yearly Average Relative Error of the GVA and Capital Estimations 


 Year 1 Year 2 Year 3 Year 4 Year 5 


GVA  0.064 0.062 0.082 0.066 0.105 


Capital 0.136 0.175 0.230 0.236 0.330 


 


This validation method implied comparing results from a model where credit is not allowed with a reality 


where that condition does not exist. As such, the differences between actual and estimated capital may 


reflect how the model’s context differs from reality in terms of access to credit. To better understand how 


capital expenditures relate to credit, we used real data to correlate variations in capital relative to total 


assets (ΔC/Total Assets) with variations in credit relative to total assets (ΔCredit/Total Assets). To analyse 


how this correlation relates to the errors of our capital estimations, the divisions were divided into two 


groups according to the error of capital estimation in year one. What we found was that, for divisions 


where the error of capital estimation is higher than 15%, there is a high linear correlation (R
2
=0.76) of the 


variation in credit with the variation in capital (Fig. 11). In divisions where the error of capital estimation is 


lower than 5%, there is a low correlation (R
2
=0.29) of the variation in credit with the variation in capital 


(Fig. 12). 


The results seem to explain why in divisions where credit assumes a stronger role as a driver of capital 


expenditure the errors of the model’s estimations were higher. 
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Figure 11: Correlation between variation in capital with     Figure 12: Correlation between variation in capital 


 variation in credit for divisions with error of capital  with variation in credit for divisions with error of 


 estimation higher than 15%.    capital estimation lower than 5%. 


7 Conclusions  


A growth model for a firm was proposed, assessing the implications of management decisions between 


investment and distribution of the value created. Abstract situations were modelled and an optimal 


growth path found by a linear program. The model was applied to different divisions of the Portuguese 


economy, its estimations compared with the division’s actual economic performance. Results showed that 


GVA was predicted within a 9% inaccuracy and capital within a 25% inaccuracy. The estimation error for 


capital correlated well with the use of debt, which existed in reality but was not allowed in the model. 


The success of this model seems to underline the effective importance of the management decision on 


what to do with the value created – either distribute it by workers and/or owners; or invest it in the 


production line. The model shows clearly the benefits and dangers of either, and allows for finding an 


optimal growth path. 


The realities of the market, such as sales and disposal of assets, and many other fiscal, legal, financial and 


organizational issues are far more complex in reality than what was simulated by the model. Still, we 


conclude that the model contributes to the clarification of the fundamental conditions that are necessary 


but by no means sufficient for growth. 
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Abstract 


This paper aims to investigate and discuss the concepts constituted by the competencies deriving from tacit and 


explicit knowledge of the operational work, a critical factor in the transfer and retention of knowledge in an 


organization of agricultural activities, as well as their relationships. Thus, this article contains a study through literature 


research to understand the relationship between worker’s competencies and work in agricultural units linked to 


teaching and research institutes in Brazil.  It is understood by agricultural units, the experimental farms belonging to 


the Higher Education Institutions, which are intended to serve as a work for teaching, research and extension 


activities. This research is also based on the specific characteristics of work in an organization that fits in situations of 


high variability. The final product of an experimental farm includes not only research results and generated 


knowledge, but also the development of operational activities. In terms of achieving an outcome (product), it is 


emphasized that the processes in the execution of activities related to the set of operation procedures, control and 


data collection, as well as the results of research, teaching and extension and knowledge production are the final 


product of an organization linked to the research and development.  This paper, finally discusses the relationship of 


competencies necessary to develop this kind of agricultural unit of teaching and research. 


Keywords: competencies; work; experimental farm; agricultural activities; knowledge production. 


1 Introduction 


Studies about the work on farms in the agriculture sector are scarce. The researches done about this 


sector focus on cases of private properties intended for the market, unlike experimental farms linked to 


teaching and research institutions.  The themes covered over and developed in a research of this nature, 


are linked to workplace safety and accident risks, toxicology, projects, design and, evaluation of 


agricultural equipment, agricultural work processes, work organization and development of new 


technologies (Montedo, 2001; Guimarães, 2007 & Gemma, 2008). 


Guimarães (2007) was concerned on investigating the context of agricultural production, with its demands 


and effect on rural workers. The author emphasizes that in this context, the human being is an integral 


factor in the production process, being overlooked as a subject, and has rarely been the object of analysis 


and the central focus in researches.  


By identifying the existence of gaps regarding the study of the human being in agricultural organizations, 


it is proposed to study about the competence of the worker, having as a focus the crowed operational 


agent in agricultural units, particularly chosen, the experimental farm of a higher education institution.  


Thus this paper aims to discuss through a literature review, although limited, the concepts constituted by 


the operational competence at work, arising out tacit and explicit knowledge. Still in this context, a unique 


characteristic was searched for, where the operational competence needs to be investigated so that we 


can understand the relationship between the competence of workers and the work in units of agriculture, 


where the organization’s characteristic’s main objective is the work directly related to teaching and 


research.  
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Magnani (2004) highlights that studies and researches concerning the loss of organizational competencies 


established in companies that produce knowledge are still little discussed and explored by researchers 


from different countries. In the academic literature such thing is seen considering the fact that the 


majority of studies are oriented towards the “knowledge management”, and attempts at characterization 


and evaluation of the produced knowledge, the so called “intangible assets” (Magnani, 2004). 


This study also finds support in specific working patterns in an organization that fits in situations of high 


variability. The final product of an experimental farm comprises not only research and knowledge 


generated results, but also the development of operational activities. In terms of achieving an outcome 


(product), it is emphasized that the processes in the execution of activities related to the set of operating 


procedures, control and data collection, as well as, to results of research, teaching and extension activities 


and knowledge production, represent the final product of an organization linked to the research and 


development.   


At the end, this work discusses this relationship of competencies necessary to develop this type of 


agricultural unit of teaching and research, also distinguished as an organizational generator of knowledge 


and with specific management needs on such knowledge. 


2 Competency at Work – theoretical contribution 


When searching with theorist the meaning and sense that is outlined by competence, Resende (2000 cited 


by Magnani, 2004) characterizes it, as the one that deals with the transformation of knowledge, skills, 


abilities, interest and willingness to achieve practical results. The concept of competence is closely related 


to the tasks performed by the individual and the concept of qualification. The author proposes a very 


broad classification of competence, which refers to the individual and organizational competence where 


there are all the attributes, requirements and factors namely: technical, intellectual, cognitive, relational, 


social and political, educational teaching, methodological and leadership. The author adds that the 


development of competencies occurs through individual and collective learning, involving three 


dimensions of the model: by assimilating knowledge, integrating skills and by the adoption of attitudes 


relevant to a particular organizational context. 


Fleury and Fleury (2010) reinforces that the notion of competence was associated with verbs and 


expressions such as knowing how to act, mobilize resources, integrate multiple and complex knowledge, 


know how to learn and engage, take responsibility and have a strategic vision, whose concepts are 


stratified in Table 1. Within the context of the organization, competencies must add economic value to 


the organization and social value to the individual as outlined in Figure 1.  


 


Figure 1: Competencies as a source of value for the individual and for the organization (Fleury & Fleury, 2010.). 


 


Individual 


Knowledge 


Abilities 


Attitudes 


Know how to act 


Know how to mobilize 


Know how to transfer 
 


 


Know how to engage 


Have strategic vision 


Take responsibilities 


 


Organization 


Add value 


 


Know how to learn 


 


Social Economic 







 


Competencies of work in agriculture units of support for the teaching and research: case 


study in Brazil.   


ID194.3 


Table 1: Competencies for the professional 


Know how to act Know what to do and why 


Know how to judge, choose, decide 


Know how to mobilize resources Create sinergy and mobilize resources and competencies 


Know how to communicate Understand, work, and transmit informations, knowledge 


Know how to learn Work with the knowledge and experience, review mental 


models, know how to develop 


Know how to engage and commit Know how to understand, take risks, commit 


Know how to take responsibilities Be responsible, taking risks and assume the 


consequences of his actions and being recognized for 


this 


Have strategic vision Know and understand the organizations “business”, its 


environment, identifying opportunities and alternatives 


Source: Adapted from Fleury & Fleury (2010) 


According to Zarifian (2001) competence is the practical intelligence for situations that rely on the 


acquired knowledge, and transform them with as much more strength, as the longer increases the 


complexity of the situations. The author focuses on three main changes in the workplace, which justify the 


emergence of the competence model for the management of organizations: 


 The concept of event – is what occurs in a partly unexpected not programmed way, exceeding the 


routine ability to ensure its self-regulation, this means that the competence cannot be contained 


in the pre-settings of the task. The professional competencies consist in confronting the event in 


a relevant way and knowingly, mobilize resources to address the new work situations. 


 Communication: the central organizational issue requires understanding the other and oneself; 


means to agree on organizational goals, and share common standards for its management. 


 Service: the concept of service of attending an internal or external client of the organization must 


be central and be present in all activities, for such, communication is essential. The work is no 


longer the set of tasks associated with the descriptive title, but it becomes a direct extension of 


the competence that the individual mobilizes in the face of a professional situation more and 


more mutable and complex. This complexity of situations makes the unexpected increasingly 


more of an everyday life and a routine. 


Magnani (2004) when researching and discussing the critical success factors and formulating strategies 


aiming to minimize the effect of circumvention of competencies in a public agricultural organization of 


PD&I, investigated the identification of the problem, analyzing documental the quo status of the 


organization under the point of view of its competencies, organizational memory, vision, structure, 


relationships, policies and management system.  


According to Magnani (2004) there is a consensus in the contemporary organizational literature that, in 


the knowledge age, critical factors are the competency of employees, internal and external relationships, 


and no longer the capital, the natural resources, nor labor. The literature has also highlighted that the 


competence as an intangible asset, cannot be stored by the organization, it lies in people’s head and 


leaves the company after working hours. When people leave an organization is not only their skills that 


are lost, it includes elements such as intuition, commitment, image, experience and formal and informal 


relationships with internal and external clients. Just as management tools were developed suitable to the 


context of the industrial age, new tools and procedures are being developed to meet the particularities of 


the assets of the knowledge age.  
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3 Competency at work – epistemological contribution of ergonomics 


Falzon (2007) clarifies that the specificity of ergonomics lies in its tension between two goals: focusing on 


organizations and their performance (seized under different aspects: efficiency, productivity, reliability, 


etc...), and focused on people (unfolded in different dimensions: health, safety, ease of use, interest in 


work, etc...). The way in which these goals are expressed evolved over time, with regards to the physical 


health it has gone from a palliative preventive vision to a constructive one. On the other hand, the idea of 


a cognitive health was proposed by Montmollin (1993 apud Falzon, 2007), in a development perspective, 


where the issue is not only the need to design a job that allows a fruitful exercise of the thought, but also 


that favours the development of competencies.  


This duality of purpose is illustrated in the ergonomics of the activity, which requires two previously 


integrated elements: the difference between task and activity, and the concept of regulation. The task is 


what one should do, which is prescribed by the organization. The activity is what is done, which mobilizes 


the individual to perform the task. The activity is completed by the goal the individual sets to himself, 


starting from the goal of the task (know how to mobilize). 


Regarding the concept of regulation, Falzon (2007) defines it as a control mechanism that compares 


results of a production process with a required production, and sets this process in relation to the 


difference. The concept of regulation in ergonomics is used in two ways, depending on the object on 


which the regulation relates to: the regulation of a system and the regulation of the human activity itself 


(know how to act). 


The activity produces effects related to the operator and related to the task. Falzon (2007) highlights that 


the effects of the activity on the operator concern to: health (fatigue, wear and tear over time, accidents at 


work) and competencies (learning, consciously or not, more or less easy and possible under constrains 


coming from the task) (know how to learn).  


Garrigou et al. (2007) highlights that in work situations there are different forms of variability, whose 


ergonomic approach distinguishes the variability in individual, organizational and contextual. The 


individual ones are: intraindividual (changes in the psycho physiological functioning of a person) and 


interindividual (diversity in characteristics of a population of operators). The contextual variability, 


according to the authors, may be related to variations in raw materials, products, procedures, 


environmental variations, etc. Regarding organizational variability there are:  absences for various reasons, 


variation in the composition of the staff, different schedules, seasonal, etc. Under these conditions, the 


actual organization needs to constantly replenish, rebuild, relying on professional competencies both 


individually and collectively, which can fluctuate greatly.  


Under the terms of ergonomics, Weill-Fassina and Pastre (2007) discuss the competencies in their 


relations to the activity. Competencies are stabilized sets of knowledge and know-how, standard of 


conduct, standard of procedures, types of reasoning that can be implemented without the use of new 


learning, and which consolidate and structure the acquisition of a professional history: they allow the 


antecipation of the phenomena, the implicit in the instructions, the variability in the tasks (to have 


strategic vision) (Montmollin, 1984 cited by Weill-Fassina & Pastré, 2007). The authors show how the 


ergonomical analysis of competencies methodologically take place in several stages, such as: task analysis, 


a description of the operational modes of the behavioural kind, first inference in terms of representations 


and strategies put into action and a second inference based on an assessment of the characteristics of 


those representations and strategies. 


Daniellou (2004) proposes a reflection on the statutes of knowledge in ergonomics, to know whether 


scientific knowledge might be produced about human’s functioning at work, about the work, or that if 


they are useful for its positive transformation. The author mentions that the practice of ergonomic work 


analysis and the confrontation with other disciplines has led ergonomists from the French school to a set 


of realizations, whose focus is in the discovery of work, such as: the difference between work assigned and 


real work, to show cognitive activity and competence of workers, the complexity of reasoning in many 


situations, the size of the grading of activity – shown mainly by the anthropo-technology, the complexity 
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of the commitments established by the workers and their effect in terms of performance and cost, the 


complexity of the factors of collective nature that come into play when developing strategies for workers: 


production of collective rules, ethical dimensions, collective ideologies of defense, the complexity of the 


mechanisms of harm to the health and the positive role, which work can have in the construction of 


health. 


Thus, the interpretation of competence takes distance from functionalistic and contingent currents and 


seeks approach from the analysis on work processes, which favour the time dimension of such action 


processes, as well as, the relative contribution to decisions of individuals and social connotations of 


individual action (Maggi, 2006). 


When entering the understanding of the agricultural work, the tasks are poorly structured in most cases 


they request considerable physical effort, awkward postures, work under unfavourable environmental 


conditions, exposure to chemicals (phytosanitary), seasonality, etc. The variety of classes of risk present in 


agricultural work settings appear compatible with the high degree of diversity of tasks and workstations in 


those activities, where many accidents occur on the harvesting fronts, in the maintenance of ballots of 


hay, in the ensilage of corn, etc (Abrahão, 20--; Sagory & Cerf, 2007). 


Sagory and Cerf (2007) quote that the work in agriculture takes place frequently in an area of large 


extension and that this implies the need to think besides the time organization of tasks, but also in their 


spatial distribution. This is the case for activities conducting the crops and livestock breeding (different 


lots of animal must be allocated to the adequate locations and confinements).  


4 Competencies in the organization of knowledge  


The organizations of knowledge are basically comprised of knowledge structures, not capital. Therefore 


they have the potential to create new knowledge structures based on their staff/personnel (Kaplan & 


Norton, 1997 cited by Magnani, 2004). 


The tacit knowledge is considered in the management of knowledge as the most important one for the 


competitiveness of organizations and the basis of all knowledge where companies should operate in the 


creation of organizational memory from established organizational competencies. 


For Starbuck (1992 cited by Magnani, 2004) on knowledge organizations, knowledge is a supply of 


competencies. In intensive knowledge organizations the bureaucratic model does not prevail, yielding to a 


flexible model, where relationships are valued. There the managers, researchers, and consultants 


professional knowledge is deeply permeated by a common process of socialization, in which these 


professionals and their clients create final solutions together (Magnani, 2004). 


In these companies also called organizations of intensive knowledge, the struggle for power takes place 


between the representatives of two traditions in knowledge: professional and organizational. Within these 


structures, the organization employs four major participants: the professional, manager, support staff and 


the leader, as shown in Figure 2. 


 


Figure 2: Personnel categories in the organizations of knowledge. Source: Sveiby (1998 cited by Magnani, 2004) 
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Durand (1998), in turn has built a concept of competence based on three dimensions – knowledge, skills 


and attitudes – encompassing not only technical questions, but also the cognition and attitudes related to 


work, as shown in Figure 3.  


 COMPETENCE 


 


Figure 3: Dimensions of competence. Source: Adapted from Durand (1998) 


In this case, competence is the range of knowledge, skills and attitudes needed to achieve a given 


purpose. The author also adds that the development of competencies occurs through individual and 


collective apprenticeship, involving the three dimensions of the model, i.e., by the assimilation of 


knowledge by integrating skills and by adopting attitudes relevant to a particular organizational context. 


Magnani (2004) considers that the qualification comprises the formal study, postgraduate studies, 


master’s and doctoral degrees as basic attributes of competence for a professional from an institution for 


P&D Agriculture (intensive organization in knowledge generation), mainly directed to researchers (main 


focus of their studies). However, the author concludes that this attribute is revealed as necessary but not 


sufficient. Other attributes, such as the ability to “read” the reality, know how to identify the demands of 


society, commitment, perseverance, relationship skills and social responsibility, were consistently 


perceived as essential attributes for a researcher to be considered competent. It is observed therefore, 


also in this level, the dichotomy in the qualification (formal and informal) of professionals in the technical-


scientific area. It is here ratified that the notion of theorists of the area, as shown in the reasoning that: the 


individual competence is necessary but not sufficient for the organization to be competent, since personal 


qualities, individual attitudes, values and peculiarities of social relations within the organization and its 


surroundings are crucial for the real sense of competence. It is noteworthy, however, that in this study the 


operating agent is not at the center of its analysis, nominated by Sveiby (1998 cited by Magnani, 2004) as 


support staff.  


5 Experimental Farm (EF) – Organizational Characterization 


To achieve its purposes and goals EF relies primarily in education and training for students attending 


undergraduate and graduate courses connected to the Center of agricultural, biological and technological 


sciences, provides infrastructure and existing personel/staff to support the teaching, research and 


extension activities; acts as a center for disseminating technologies for the region covered by Higher 


Education Institution (HEI), gets revenues from the surplus of agricultural production of research and / or 


extension, as well as the other activities developed, fosters scientific activities in the area of Agricultural 
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Sciences, aimed at achieving integration with other Educational, Research and Extension Institutions ( FEI, 


2010; Gralha Azul, 2011; Ressacada, 2011; UFAM, 2011). 


The agricultural industry or vegetable production is responsible for planting many annual crops, orchards, 


coffee plantations, forestry, grazing and soil conservation, Also in this sector, EF generally relies on the 


Seed Analysis Laboratory, Centre for Agricultural Mechanization Training, Laboratory of Entomology, 


besides providing support and developing along with the research departments in different areas of 


Agronomy (FEI, 2010; Gralha Azul, 2011; Ressacada, 2011; UFAM, 2011). 


The zootechnical sector (livestock production) is divided and structured according to the specialties of the 


course. For that, usually with the area of Apiculture, Poultry – white and red lineage, Dairy Cattle, Cutting 


Cattle, Goat Husbandry, Cotorni-Culture, Rabbit Breeding, Equine  Breeding, Sheep and Swine Production. 


It also has an Embryo Transfer Laboratory, Forage Production, Pisciculture, Aquaculture, Rations Mill that 


complement the activities developed in the Head office Campus with reference to teaching and research 


(FEI, 2010, Gralha Azul, 2011; Ressacada, 2011; UFAM, 2011).   


5.1 Methods  


The present study is characterized by a qualitative approach, supported by the activity analysis, with the 


investigative focus on operational competences inserted in a context of high variability.The research 


method used as investigative proposal, in organization specified below, is the case study. Yin (2010) 


defines the case study research method “as an empirical inquiry that investigates a contemporary 


phenomenon in depth, within its real-life context; especially when the boundaries between phenomenon 


and context are not clearly evident” (p. 39). The research techniques used were multiple sources of 


evidence (data triangulation) and the Ergonomics Work Analysis (EWA) gave support to this research. 


According Guérin et al. (2008) the understanding of the work begins construction of ergonomic action 


from of point of view of activity, to identify their differences on the work and in favor of confrontation 


between them. The data coming from documents, semi-structured interviews, tape recorded, systematic 


observations and later transcribed and analyzed. The work ergonomics analysis is restricted to 


understanding and analysis of the environment surrounding the task, with a focus on operators, who work 


in the care, management animal and agricultural experiments. 


5.2 Organizational Structure  


For the purpose of achieving its goal the EF is characterized with a structure in three organizational levels 


with positions and functions assigned to: Board / advisory Services (Executive), Advisory Council 


(Deliberative), Technical Coordinator (Coordinator of Crop Production and Coordination of Animal 


Production), the Administrative Secretariat and support units (Maintenance, General Warehouse, 


Mechanization, Rations Mill, Transport and Surveillance) (Figure 4) (FEI, 2010). In this organization, which 


serves as an example, it identifies the figure of the professional (researcher), the manager (director / 


advisor), the leader (coordinator) and the operating agent (allocated to the sector and support units) 


nominated by Sveiby (1998 cited by Magnani, 2004) as support personnel. 


 


Figure 4 – Functional Organogram - The work and profile of the operational characteristics  
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The work at the experimental farm is characterized by a scattered work and has a great diversity of 


operations, its activities are not constant and in most cases there is no defined order of execution. 


Operations are performed according to the need of the experiment, with cases in which the activities of 


handling and control are performed daily varying from short, medium and long term in accordance to the 


establishment or research. It is also characterized by being a work of the non-structured, where the 


operating agents do not have just one activity demanding regular displacement during the execution of 


the tasks. 


The organogram outlined in Figure 4 shows the organization being stratified in three levels and it shows 


the operational staff as an active and very influential participant in the activities included in the 


operational level, relating to both a formal and informal way at the experimental farm. This employee 


hierarchically responds directly to a technical coordinating body and simultaneously deals in a direct link 


with the researcher (Students and Faculty of HEI) (knowing how to communicate). 


At the operational level the operator is the executor of the farm routine tasks, as well as, the individual 


who is in charge of (implied and explicit competence) the trust in the process of performing a search 


(know how to act, engage and take responsibility).  At times he is inserted in a process with direct contact 


with the researcher, established through formal and informal communication (being able to 


communicate), sometimes he is found in routine tasks and acts without intensive monitoring, making 


decisions by himself (Know how to engage and commit), despite the setting established by the 


organizational structure in terms of hierarchy, position and tasks. It was found between the activities of 


the operating employee some flexibility in conducting wearing daily routines (know how to mobilize 


resources, know how to act). When a sector is crowded, he becomes at times a specialist in specific chores 


or not (know how to learn). There are features that refer to the intrafunctional variability, which requests a 


participatory contribution in conducting a project, or even in understanding the stage of implementation, 


for what purpose and importance is a specific research (have strategic vision, know how to take 


responsibility).  


Guimarães (2007) reinforces that the operating agent performed activities that require techniques 


domains and imposes, for several moments, a wearing daily routine; extremely strict schedules, long 


working hours, discipline in the performance of tasks; accuracy and attention to protocols according to 


the research or work safety, work outdoors subject to weather changes and go through long distances 


during a working day.   


6 Considerations  


The description and characterization of this scenario (experimental farm) and the operating agent, 


common to different farms surveyed, it is essential to understanding the experiences and job demands of 


workers who perform this activity. Such activities require effort, postures and demands, regulations, and 


variability similar to those found in other types of organizations of agricultural activities and identified 


also as unhealthy and harmful, yet still raises no interest for discussion in the area of ergonomics. 


Specifically on an experimental farm, the operating agents carry demands that go beyond a routine, in 


which new technologies, procedures in accordance to research, demand new knowledges (new learning, 


new forms of work and tasks organization, Know how to perform, know how to engage and commit 


themselves, take responsibilities), and a new form of organization. Guimaraes (2007) states that for the 


operating agent, his knowledge is called into question, at the same time that requires new qualifications 


and being often exposed to risks of accidents and occupational disorders.  
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Abstract 


This article explores the analysis of measurement system with correlated characteristics through the study of 
repeatability and reproducibility. The main contribution of this research is to propose a method for multivariate 
analysis of a measurement system by considering the weighted principal components (WPC).  To prove its efficiency, 
we generate simulated data with different correlation structures for measurement systems that are acceptable, 
marginal, and unacceptable. The proposed method is compared with classical univariate and multivariate methods. It 
was observed that, compared to the other methods, the WPC was more robust in estimating the assessment indices 
of a multivariate measurement system. 


Keywords: measurement system analysis, repeatability and reproducibility, principal component analysis, correlated 
quality characteristics. 


1 Introduction 
Quality improvement projects are often characterized by their objective to reduce variability and achieve 
zero-defect production. If a product fails to conform, analysts generally attribute the failure to the 
process. The analysts then act to improve process capability. In some instances, however, there may be 
nothing wrong with the process capability. Yet the measurement error, when compared to the variability 
of the process, remains unacceptable (Al-Refaie & Bata, 2010).  Hence, before a team of analysts tries to 
improve a process, they should investigate both the variability of the measurement process as well as the 
variability of the manufacturing process. In manufacturing, a measurement system is not used to 
producing the exact dimension of a part. It provides measurements that, due to errors (random and 
systematic), vary from the true value (AIAG, 2010). In any activity involving measurements, some of the 
observed variability is due to the product itself, 2


P , while the remainder is due to measurement error or 
variability in the measurement system, 2


MS (Li & Al-Refaie, 2008; Senol, 2004; Woodall & Borror, 2008).  


In measurement system analysis (MSA), the study used to measure the components of variation is 
called Gage Repeatability and Reproducibility (GR&R). Repeatability is the variation in measurements 
obtained with one measuring instrument when used several times by an appraiser while measuring the 
identical characteristic on the same part. Reproducibility is the variation in the average of measurements 
made by different appraisers using the same gage when measuring a characteristic on one part (Awad et 
al., 2009; Burdick et al., 2003; Erdmann et al., 2010; Polini & Turchetta, 2004). GR&R aims to determine that 
a measurement system’s variability is less than that of the monitored process (Al-Refaie & Bata, 2010). 


In assessing measurement systems that measure multiple characteristics, univariate approach may prove 
unsatisfactory, as might the strategy of prioritizing the CTQ. In such systems, an analysis must consider 
the correlation structure of the CTQs, a task more suited to multivariate methods. For GR&R studies, the 
literature reveals few multivariate studies (Wang & Chien, 2010). This article deals with a multivariate 
analysis of a measurement system through studies of repeatability and reproducibility of the 
measurement process. Its main contribution is to propose a new method for multivariate analysis of a 
measurement system based on principal component analysis. The new method Weighted Principal 
Components (WPC) ponders the principal component scores by their eigenvalues. To prove the efficiency 
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of the method, simulated data are generated with different correlation structures so as to measure 
systems that are unacceptable, marginal, and acceptable. The results obtained by WPC will be compared 
to those obtained by Principal Component Analysis (PCA) and Multivariate Analysis of Variance 
(MANOVA) methods. The simulation study concludes that the proposed method is more robust than 
MANOVA (Majeske, 2008) and PCA (Wang & Chien, 2010). 


The remainder of this paper is structured as follows. Section 2 shows a brief review about how to obtain 
principal component scores and how to evaluate a measurement system using the WPC method 
proposed by the authors. In Section 3, a simulation study is conducted to evaluate the performance of the 
multivariate methods for different correlation structures and for unacceptable, marginal, and acceptable 
measurement systems. Finally, Section 4 presents the main findings involving the analysis using the 
multivariate methods MANOVA, PCA, and WPC. 


2 Multivariate GR&R study based on PCA and WPC 
According to Wang & Chien (2010), to deal with multiple CTQs in a GR&R study, PCA is an alternative 
method to the MANOVA proposed by Majeske (2008).  Principal component analysis is one of the most 
widely applied tools used to summarize the common patterns of variation among variables. Furthermore, 
this statistical technique is also able to retain significant information in the first axes of the PCs, since the 
variation associated with experimental error, measurement error, rounding error is summarized in the last 
axes of PCs (Paiva et al., 2007).  Principal components are algebraically a linear combination ℓ of q random 
variables q21 CTQ,,CTQ,CTQ  . Geometrically these combinations represent a new coordinate system 


obtained during the rotation of an original system (Johnson & Wichern, 2002; Paiva et al., 2008). The 
coordinates of the axes now have the variables q21 CTQ,,CTQ,CTQ  and represent the direction of 


maximum. The principal components are uncorrelated and depend only on the variance-covariance 
matrix Σ (or the correlation matrix R) of variables q21 CTQ,,CTQ,CTQ  and their development does not 


require the assumption of multivariate normality. Since the matrix has pairs of eigenvalues-eigenvectors 
     qq2211 e,λ,,e,λ,e,λ  , where 0λλλ q21   , then the ith principal component is: 


qi ,,2,1   qqi22i11i


T


ii YeYeYeYePC


    


(1) 


The ith principal component can be obtained according to: 
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An original set of variables can be replaced by an uncorrelated linear combination called principal 
component scores. Considering Z, the matrix of standardized data, and E, the matrix of eigenvectors of 
the multivariate set, each principal component scores can then be obtained from (He et al., 2011; Johnson 
& Wichern, 2002): 
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Eq. (4) represents a complete model for a multivariate GR&R study with q quality characteristics, p parts, o 
operators, and r replicates that can be analyzed by PCA. This model is similar to the univariate model. The 
original responses, however, are replaced by the principal component scores. 


  rkojpi ,...,2,1;,,2,1;,,2,1  ijkijjiq εαββαμPC


   


(4)


 
The variable μ is a constant and αi, βj, (αβ)ij, εijk are independent normal random variables with zero mean 
and variance, 2


 , 2
 , 2


 , and 2
 , for parts (process), operators, part*operator interaction, and error term, 


respectively. In their analysis of measurement systems, Wang and Chien (2010) compared the PCA with 
two other methods. However, the authors conducted the analysis separately for each principal 
component. This methodology may be inappropriate because the individual analysis of each component 
can provide different interpretations. When responses have very high correlations (%PC1>95%), analysis 
of the first principal component explains reasonably well the variability of the measurement system. When 
correlations between the responses are not very high, however, it becomes necessary to analyze more 
than one principal component. Indeed, the first principal component alone cannot explain the whole data 
set. Therefore, we propose in this article, a method of a multivariate GR&R study using weighted principal 
components. In this case, the response of the model is principal components scores weighted by their 
respective eigenvalues. This proposal is based on the work of Paiva et al. (2010), who used a technique of 
multi-objective optimization based on a weighting of the principal components. They used the technique 
to study a process of welding with a multiple set of responses moderately correlated. Therefore, the 
proposed model is given by: 


  rkojpi ,...,2,1;,,2,1;,,2,1  ijkijji εαββαμWPC


   


(5)


 


where: 


   q21


q


1i
ii PCPCPCPCλWPC q21 λλλ 






    


(6)


 
That is, the response used in model (5) is the result of a pondering of the principal components by their 
eigenvalues, according to Eq. (6). The variable μ is a constant and αi, βj, (αβ)ij, εijk are independent normal 
random variables with zero mean and variance, 2


 , 2


 , 2


 , 2


 , respectively. In Johnson and Wichern 


(2002), it appears that there are a variety of rules to estimating the appropriate number of non-trivial PCA 
axes (PC scores) that can be taken to represent the original data set. However, due to the weighting of the 
principal components by their eigenvalues, all principal components can be included in the model. The 
components with eigenvalue of greater importance will, in the model, be weighted more, and whole 
information will be included in the study. The components of variance in model (5) can be translated into 
GR&R notation by: 


or


MSPOMSP
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 22 ˆˆ


       (7) 


MSEityrepeatabil  22 ˆˆ        (8) 


r


MSEMSPO
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MSPOMSO
σσσ αββilityreproducib







 222 ˆˆˆ     (9) 


222 ˆˆˆ
ilityreproducibityrepeatabilMS        (10) 


222 ˆˆˆ
MSPT         (11) 


MSP, MSO, MSPO, and MSE are, respectively, the mean square for the factors part, operator, interaction, 
and the error term. If the interaction effect is not significant, the complete model can be reduced to Eq. 
(12) and its components of variance can be translated into a GR&R notation by Eqs. (13)-(17). 


rkojpi ,...,2,1;,,2,1;,,2,1  ijkji εβαμWPC    (12) 


or


MSEMSP
σ P



2ˆ       (13) 
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MSEσσ εityrepeatabil  22 ˆˆ       (14) 


pr


MSEMSO
ilityreproducib



 22 ˆˆ       (15) 


222 ˆˆˆ
ilityreproducibityrepeatabilMS        (16) 


222 ˆˆˆ
MSPT          (17) 


The assessment index of measurement system used to compare the performance of the methods is %R&R 
(repeatability and reproducibility percentage) in Eq. (18). The acceptance criterion for the measurement 
system of the multivariate %R&Rm index is the same for the univariate %R&R index (Majeske, 2008; Wang 
& Chien, 2010). If %R&Rm is less than 10%, the measurement system is considered acceptable. If %R&Rm is 
between 10% and 30%, the measurement system is considered marginal—acceptable depending on the 
application, the cost of the measurement device, the cost of repair and other factors. If, according to the 
index, the measurement system exceeds 30%, then it is considered unacceptable and should be improved 
(AIAG, 2010; Al-Refaie & Bata, 2010; Burdick et al., 2003; Woodall & Borror, 2008). 


%100&% 












T


MS
mRR






      (18) 


3 Simulation 
The purpose of this simulation is to evaluate almost all possible situations in multivariate analysis of a 
measurement system and to compare the results achieved through multivariate methods. Simulated data 
will be generated for measurement systems that are unacceptable (%R&R>30%), marginal 
(10%<%R&R<30%), and acceptable (%R&R<10%), as well as correlations that are very low (%PC1≤65%), 
low (65%<%PC1≤75%), medium (75%<%PC1≤85%), high (85%<%PC1≤95%), and very high (%PC1>95%), 
a total of 15 scenarios and 1800 simulated measurements. %PC1 is the result obtained from  


q
i i11  . 


Figure 1 exemplifies two extreme cases, very high correlations (Figure 1a) and very low (Figure 1b) 
between two response variables CTQ2 and CTQ4.  It is observed that the greater the similarity pattern of 
change of factor levels (parts and operators), the greater the correlation between the characteristics.  Also, 
if you set very different mean values for two operators measuring the same part, the analysis of variance 
indicates statistically significant differences between operators and/or interaction term (part*operator). 
Figure 2 shows a flowchart that details how to obtain the simulated data. According to this flowchart, the 
simulated data were generated from the information in Table 1, according to the same amount of parts 
and operators in Majeske (2008), p=5, o=2 and r=3.  The data for the 15 simulated scenarios can be found 
in http://www.pedro.unifei.edu.br/download/tables.rar. 


This simulation study will focus only on the comparison of multivariate methods. To understand how to 
calculate univariate %R&R index using ANOVA method, see AIAG (2010). The calculation of multivariate 
%R&Rm index through MANOVA and PCA methods can be found in Majeske (2008) and Wang and Chien 
(2010), respectively. Thus, the %R&Rm and %R&R indices were calculated to compare the multivariate 
methods. For each scenario we tried to obtain close %R&R index values for CTQ1, CTQ2, CTQ3, and CTQ4. 
It is expected that the indices obtained by multivariate methods are close to those obtained by ANOVA 
method. The criterion used in this work to determine if the estimated multivariate index, %R&Rm, is 
correct is based on confidence intervals for mean calculated from data obtained by ANOVA method. The 
lower (LLCI) and upper (ULCI) limits of the confidence intervals are calculated using Eqs. (19) and (20): 


 NstCTQLLCI N 2,1       (19) 


 NstCTQULCI N 2,1       (20) 


where CTQ  is the mean of %R&R between CTQ1, CTQ2, CTQ3, and CTQ4; s is the standard deviation; N is 
the sample size and ,1Nt  is the th100)1(   percentile of a t distribution with (N-1) degrees of freedom. 
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Figure 1: Xbar charts by operators: (a) example of a very high correlation (0.999) between the responses CTQ2 and 
CTQ4; (b) example of a very low correlation (0.088) between the responses CTQ2 and CTQ4 
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Figure 2: Detailed flowchart explaining how to obtain simulated data to a multivariate GR&R study 
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Table 1: Mean vectors and variance-covariance matrices used to generate simulated data with different correlations 
and measurement systems (MS) 


Scenarios 
Mean vectors 


Variance-covariance matrix 
P1O1 P2O1 P3O1 P4O1 P5O1 P1O2 P2O2 P3O2 P4O2 P5O2 


1 
Very Low corr. 


Unacceptable MS 


4.00  8.00  6.00 10.00  5.00 4.10  8.10  5.90  9.90  4.90 
























10.292.176.150.1
92.180.163.139.1
76.163.150.127.1
50.139.127.110.1


 8.00  6.00 13.00  9.00 11.00 7.90  6.10 12.90  9.10 10.90 
9.00 10.00 13.00 16.00  7.00 9.10 10.10 12.90 15.90  7.10 
7.00 11.00  5.00 10.00 15.00 7.10 10.90  5.10 10.10 15.10 


2 
Low corr. 


Unacceptable MS 


4.00  8.00  6.00 10.00  5.00 4.10  8.10  5.90  9.90  4.90 
























10.292.176.150.1
92.180.163.139.1
76.163.150.127.1
50.139.127.110.1


 8.00  7.00  9.00 12.00 11.00 7.90  6.90  9.10 12.10 10.90 
9.00 10.00  7.00 13.00 15.00 9.10 10.10  6.90 13.10 14.90 
7.00 13.00 11.00 14.00 17.00 7.10 13.10 11.10 13.90 16.90 


3 
Medium corr. 


Unacceptable MS 


9.00  7.00  5.00 12.00 10.00 9.01  6.99  5.01 12.01  9.99 
























10.292.176.150.1
92.180.163.139.1
76.163.150.127.1
50.139.127.110.1


 8.00  7.00  9.00 12.00 11.00 7.99  6.99  9.01 12.01 10.99 
9.00 10.00  7.00 13.00 15.00 9.01 10.01  6.99 13.01 14.99 
7.00 13.00  9.00 17.00 14.00 7.01 13.01  8.99 16.99 14.01 


4 
High corr. 


Unaccpetable MS 


6,00 4,00 8,00 10,00 12,00 6,01 4,01 7,99 9,99 12,01 
























90.183.178.167.1
83.180.173.163.1
78.173.170.158.1
67.163.158.150.1


 3,00 6,00 9,00 11,00 15,00 3,01 6,01 9,01 10,99 14,99 
6,00 8,00 11,00 15,00 13,00 6,01 8,01 11,10 15,10 13,10 
8,00 10,00 12,00 16,00 14,00 7,99 10,01 12,01 16,01 14,01 


5 
Very high corr. 


Unacceptable MS 


4.00  6.00  8.00 10.00 12.00 4.01  6.01  7.99  9.99 12.01 
























10.292.176.150.1
92.180.163.139.1
76.163.150.127.1
50.139.127.110.1


 5.00  7.00  9.00 11.00 13.00 5.01  7.01  9.01 10.99 12.99 
6.00  8.00 10.00 12.00 14.00 6.01  8.01  9.99 11.99 13.99 
8.00 10.00 12.00 14.00 16.00 7.99 10.01 12.01 14.01 15.99 


6 
Very Low corr. 
Marginal MS 


4.00  8.00  6.00 10.00  5.00 4.10  8.10  5.90  9.90  4.90 
























42.038.035.030.0
38.036.033.028.0
35.033.030.025.0
30.028.025.022.0


 8.00  6.00 13.00  9.00 11.00 7.90  6.10 12.90  9.10 10.90 
5.00  8.00  9.00 14.00 12.00 5.10  8.10  8.90 13.90 12.10 
7.00 13.00  5.00 10.00 17.00 7.10 13.10  5.10 10.10 16.90 


7 
Low corr. 


Marginal MS 


6.00  8.00  4.00 11.00 10.00 6.10  8.10  3.90 10.90  9.90 
























42.038.035.030.0
38.036.033.028.0
35.033.030.025.0
30.028.025.022.0


 8.00  7.00  9.00 12.00 11.00 7.90  6.90  9.10 12.10 10.90 
7.00 13.00 10.00 11.00 15.00 7.10 13.10  9.90 11.10 14.90 
9.00 11.00 14.00 13.00 17.00 9.10 10.90 14.10 12.90 16.90 


8 
Medium corr. 
Marginal MS 


9.00  7.00  5.00 12.00 10.00 9.01  6.99  5.01 12.01  9.99 
























42.038.035.030.0
38.036.033.028.0
35.033.030.025.0
30.028.025.022.0


 8.00  7.00  9.00 12.00 11.00 7.99  6.99  9.01 12.01 10.99 
9.00 10.00  7.00 13.00 15.00 9.01 10.01  6.99 13.01 14.99 
7.00 13.00  9.00 17.00 14.00 7.01 13.01  8.99 16.99 14.01 


9 
High corr. 


Marginal MS 


6,00 4,00 8,00 10,00 12,00 6,01 4,01 7,99 9,99 12,01 
























42.038.035.030.0
38.036.033.028.0
35.033.030.025.0
30.028.025.022.0


 3,00 6,00 9,00 11,00 15,00 3,01 6,01 9,01 10,99 14,99 
6,00 8,00 11,00 15,00 13,00 6,01 8,01 11,10 15,10 13,10 
8,00 10,00 12,00 16,00 14,00 7,99 10,01 12,01 16,01 14,01 


10 
Very high corr. 
Marginal MS 


4.00  6.00  8.00 10.00 12.00 4.01  6.01  7.99  9.99 12.01 
























42.038.035.030.0
38.036.033.028.0
35.033.030.025.0
30.028.025.022.0


 5.00  7.00  9.00 11.00 13.00 5.01  7.01  9.01 10.99 12.99 
6.00  8.00 10.00 12.00 14.00 6.01  8.01  9.99 11.99 13.99 
8.00 10.00 12.00 14.00 16.00 7.99 10.01 12.01 14.01 15.99 


11 
Very Low corr. 
Acceptable MS 


4.00  8.00  6.00 10.00  5.00 4.10  8.10  5.90  9.90  4.90 
























07.006.006.005.0
06.006.006.005.0
06.005.005.004.0
05.005.004.004.0


 8.00  6.00 13.00  9.00 11.00 7.90  6.10 12.90  9.10 10.90 
5.00  8.00  9.00 14.00 12.00 5.10  8.10  8.90 13.90 12.10 
7.00 13.00  5.00 10.00 17.00 7.10 13.10  5.10 10.10 16.90 


12 
Low corr. 


Acceptable MS 


6.00  8.00  4.00 11.00 10.00 6.01  8.01  3.99 10.99  9.99 
























07.006.006.005.0
06.006.006.005.0
06.005.005.004.0
05.005.004.004.0


 7.00  5.00  9.00 13.00 11.00 6.99  4.99  9.01 13.01 10.99 
7.00 13.00 10.00 11.00 15.00 7.01 13.01  9.99 11.01 14.99 
6.00 10.00 14.00 12.00 17.00 6.01  9.99 14.01 12.01 16.99 


13 
Medium corr. 


Acceptable MS 


9.00  7.00  5.00 12.00 10.00 9.01  6.99  5.01 12.01  9.99 
























07.006.006.005.0
06.006.006.005.0
06.005.005.004.0
05.005.004.004.0


 8.00  7.00  9.00 12.00 11.00 7.99  6.99  9.01 12.01 10.99 
9.00 10.00  7.00 13.00 15.00 9.01 10.01  6.99 13.01 14.99 
7.00 13.00  9.00 17.00 14.00 7.01 13.01  8.99 16.99 14.01 


14 
High corr. 


Acceptable MS 


6,00 4,00 8,00 10,00 12,00 6,01 4,01 7,99 9,99 12,01 
























07.006.006.005.0
06.006.006.005.0
06.005.005.004.0
05.005.004.004.0


 3,00 6,00 9,00 11,00 15,00 3,01 6,01 9,01 10,99 14,99 
6,00 8,00 11,00 15,00 13,00 6,01 8,01 11,10 15,10 13,10 
8,00 10,00 12,00 16,00 14,00 7,99 10,01 12,01 16,01 14,01 


15 
Very high corr. 
Acceptable MS 


4.00  6.00  8.00 10.00 12.00 4.01  6.01  7.99  9.99 12.01 
























07.006.006.005.0
06.006.006.005.0
06.005.005.004.0
05.005.004.004.0


 5.00  7.00  9.00 11.00 13.00 5.01  7.01  9.01 10.99 12.99 
6.00  8.00 10.00 12.00 14.00 6.01  8.01  9.99 11.99 13.99 
8.00 10.00 12.00 14.00 16.00 7.99 10.01 12.01 14.01 15.99 
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Table 2 presents the results of calculations of the %R&R index as well as the mean value and the 95% 
confidence interval, obtained by ANOVA method. Table 3 show the results of calculations of the mean 
value, 95% confidence interval and %R&Rm index, obtained by PCA, MANOVA and WPC methods. The 
analysis and comparison will be performed in two ways: intra- and inter-methods. The intra-method 
analysis will provide an overview of the methods’ performance to estimate the %R&Rm index. The inter-
method analysis will seek to justify the methods’ deviations of estimates of the %R&Rm index from the 
confidence intervals. 


Table 2: Results for calculations of the %R&R index, mean and 95% confidence interval. 


SCENARIO  UNIVARIATE (%R&R)  MEAN CI 
S MS Correlation  CTQ1 CTQ2 CTQ3 CTQ4  Mean LLCI ULCI 
S1 


Unacceptable 


Very Low  49.9 39.3 38.3 34.1  40.42 29.69 51.14 
S2 Low  42.2 55.5 44.3 39.8  45.44 34.42 56.47 
S3 Medium  40.8 52.4 42.6 36.9  43.18 32.63 53.72 
S4 High  45.3 33.2 41.2 47.8  41.86 31.70 52.03 
S5 Very High  31.1 34.9 37.8 41.1  36.21 29.45 42.97 
S6 


Marginal 


Very Low  15.8 14.1 13.7 10.2  13.48 9.75 17.21 
S7 Low  18.6 27.2 21.3 24.1  22.82 16.95 28.69 
S8 Medium  15.5 23.7 17.0 14.6  17.69 11.16 24.21 
S9 High  13.2 10.3 13.6 16.9  13.50 9.19 17.80 
S10 Very High  15.2 19.0 19.7 20.9  18.70 14.80 22.59 
S11 


Acceptable 


Very Low  8.4 6.3 4.9 5.3  6.22 3.67 8.77 
S12 Low  5.6 4.6 6.7 5.4  5.54 4.15 6.92 
S13 Medium  6.2 9.6 6.6 5.9  7.07 4.37 9.76 
S14 High  5.7 4.5 5.9 7.3  5.84 4.00 7.69 
S15 Very High  6.5 7.6 8.6 9.2  7.95 6.07 9.83 


Table 3: Results for calculations of the mean, 95% confidence interval and %R&Rm. 


  MEAN CI  MULTIVARIATE (%R&Rm) 
S  Mean LLCI ULCI  PC1 PC2 PC3 PC4 MANOVA WPC 
S1  40.42 29.69 51.14  52.24 (55.8) 19.55 (29.1) 15.32 (14.1) 42.08 (1.0) 10.78 39.71
S2  45.44 34.42 56.47  53.84 (70.7) 10.48 (17.5) 20.91 (8.1) 19.32 (3.7) 13.30 52.84
S3  43.18 32.63 53.72  47.79 (79.4) 11.21 (9.4) 17.65 (7.5) 9.64 (3.7) 11.32 47.87
S4  41.86 31.70 52.03  44.38 (88.3) 8.94 (8.4) 29.62 (3.1) 75.92 (0.2) 28.15 44.03
S5  36.21 29.45 42.97  36.10 (99.7) 97.05 (0.2) 100.00 (0.0) 100.00 (0.0) 64.09 36.11
S6  13.48 9.75 17.21  18.46 (44.9) 6.92 (29.9) 2.79 (23.5) 32.43 (1.7) 4.97 12.65
S7  22.82 16.95 28.69  24.97 (66.2) 2.77 (17.8) 8.37 (15.9) 46.89 (0.2) 10.04 26.98
S8  17.69 11.16 24.21  19.71 (79.8) 6.01 (9.2) 11.78 (7.5) 7.19 (3.5) 5.40 19.86
S9  13.50 9.19 17.80  14.17 (89.8) 6.01 (7.6) 9.99 (2.5) 54.07 (0.1) 14.31 14.00
S10  18.70 14.80 22.59  18.63 (99.9) 93.87 (0.1) 100.00 (0.0) 100.00 (0.0) 47.23 18.63
S11  6.22 3.67 8.77  6.41 (45.5) 6.39 (35.9) 4.59 (17.4) 15.83 (1.1) 4.08 4.10 
S12  5.54 4.15 6.92  6.69 (67.6) 1.15 (18.3) 2.25 (13.8) 5.33 (0.4) 2.01 6.89 
S13  7.07 4.37 9.76  7.87 (79.7) 1.95 (8.9) 5.75 (7.8) 3.08 (3.6) 2.28 8.04 
S14  5.84 4.00 7.69  5.99 (90.3) 3.34 (7.1) 3.96 (2.6) 33.24 (0.1) 7.22 5.91 
S15  7.95 6.07 9.83  7.92 (100.0) 96.68 (0.0) 100.00 (0.0) 100.00 (0.0) 39.35 7.92 


In the intra-method analysis is verified that, in the estimation of the %R&Rm index, the WPC was more 
robust than the MANOVA and PCA. The MANOVA method was able to estimate the multivariate index 
within the confidence interval only in scenarios S9, S11 and S14. For PCA method, Wang and Chien (2010) 
evaluated the principal components that had a cumulative percentage of explanation at least 95% for the 
original variables. Thus, the PCA method was capable to estimate the multivariate index within the 
confidence interval only in scenarios S5, S10, S11 and S15. As seen in Table 10, WPC estimated %R&Rm 
index within the confidence interval for all 15 scenarios evaluated. 


For the inter-method analysis by PCA, Table 3 presents the analysis of measurement systems simulated to 
the four principal components. The values in parentheses show the explanation percentage of variability 
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of the CTQs for each principal component. It is recommended evaluate the scores of principal 
components that represent at least 95% of cumulative variability for CTQs. Therefore, scenarios with 
correlation structure: 


 Very low, low and medium: PC1, PC2 and PC3 were analyzed; 


 High: PC1 and PC2 were analyzed; 


 Very high: only PC1 was analyzed. 


In S5, S10 and S15, only PC1 was analyzed, the results showed that PCA was capable to estimate %R&Rm 
within the confidence interval. For other scenarios, PC1 was insufficient to provide a reasonable 
explanation of variability of the CTQs. Thus, when other principal components were analyzed, %R&Rm 
index was estimated outside the confidence interval (except for S11). In short, when the correlation 
structure between the CTQs requires that other principal components are analyzed, besides PC1, the PCA 
method may fail (see Table 3). 


For the inter-method analysis by MANOVA, Table 4 presents how the %R&Rm index was estimated for the 
15 simulated scenarios. It verifies that this method was capable to estimate the multivariate index within 
of the confidence interval only in S9, S11 and S14. This index was obtained by MANOVA using geometric 
mean of TMS   according to the amount of quality characteristics. This simulation study dealt with four 


characteristics. Therefore, four eigenvalues of the MŜ  and T̂  matrices were extracted.  If the individual 


relationship TMS   for each pair of eigenvalues, 1, 2, 3 and 4, in MŜ  and T̂ , provide different 


interpretations, the %R&Rm index estimated by MANOVA may not represent well the performance of the 
measurement system. This is due to the fact that the geometric mean provides the same degree of 
importance in the analysis of each pair of eigenvalues. However, it is known that the first eigenvalues have 
a greater percentage of explaining the measured phenomenon greater than the last eigenvalues. 
Therefore, the need is confirmed that some form of weighting for the calculation of this index should be 
used. 


Table 4: %R&Rm index for the inter-method analysis by MANOVA 


S  Mean LLCI ULCI  
1


1


T


MS






 
2


2


T


MS






 
3


3


T


MS






 
4


4


T


MS






  
4


1


4


1 


















i


iT


iMS






 


S1  40.42 29.69 51.14  49.07 (61.2) 3.29 (27.4) 5.13 (10.5) 16.34 (0.9)  10.78 
S2  45.44 34.42 56.47  45.90 (74.6) 9.35 (13.9) 8.32 (7.7) 8.76 (3.9)  13.30 
S3  43.18 32.63 53.72  45.97 (80.4) 5.81 (10.8) 7.80 (5.2) 7.87 (3.6)  11.32 
S4  41.86 31.70 52.03  43.30 (87.3) 52.70 (8.6) 14.66 (3.1) 18.78 (1.1)  28.15 
S5  36.21 29.45 42.97  37.75 (99.8) 51.77 (0.2) 98.97 (0.0) 92.13 (0.0)  64.09 
S6  13.48 9.75 17.21  15.94 (53.4) 2.14 (29.0) 2.40 (16.3) 7.43 (1.3)  4.97 
S7  22.82 16.95 28.69  27.39 (67.7) 4.44 (18.3) 3.37 (13.9) 24.73 (0.2)  10.04 
S8  17.69 11.16 24.21  18.15 (81.2) 3.00 (11.0) 4.45 (4.6) 3.51 (3.2)  5.40 
S9  13.50 9.19 17.80  14.50 (90.4) 14.24 (6.9) 10.03 (2.6) 20.27 (0.1)  14.31 
S10  18.70 14.80 22.59  16.92 (99.9) 56.75 (0.0) 70.15 (0.0) 73.86 (0.0)  47.23 
S11  6.22 3.67 8.77  7.27 (50.4) 2.80 (34.5) 2.21 (34.5) 6.14 (14.2)  4.08 
S12  5.54 4.15 6.92  6.23 (71.5) 0.95 (15.5) 0.73 (12.7) 3.80 (0.3)  2.01 
S13  7.07 4.37 9.76  7.11 (81.5) 1.34 (10.6) 1.69 (4.6) 1.68 (3.3)  2.28 
S14  5.84 4.00 7.69  6.59 (90.8) 7.39 (6.4) 4.10 (2.8) 13.63 (0.1)  7.22 
S15  7.95 6.07 9.83  7.78 (100.0) 38.19 (0.0) 98.44 (0.0) 82.04 (0.0)  39.35 


In the inter-method analysis by WPC, Table 3 shows that the %R&Rm index was estimated within the 
confidence interval for the 15 simulated scenarios. WPC was more robust than PCA and MANOVA 
because it overcame some shortcomings of these methods. For PCA, when PC1 is insufficient to explain 
the whole variability of CTQs, other principal components can provide evaluations for the measurement 
system outside the confidence interval. MANOVA provides a general interpretation for the measurement 
system, however the strategy of using geometric mean was not satisfactory. In WPC, the strategy of 







 
Simulated Analysis for Multivariate GR&R study 


ID232.9 


weighting the scores of principal components by their eigenvalues proved to be sufficient to correct the 
shortcomings previously mentioned. Moreover, the simulation study showed that the higher correlations 
between the CTQs, the closer to the mean value will be the estimates of %R&Rm using the WPC method. 


4 Conclusion 
This article addressed the multivariate analysis of measurement systems through studies of repeatability 
and reproducibility of the measurement process. The main contribution of this paper is its proposal for a 
new method for multivariate analysis of the measurement system by weighting the principal 
components.  To prove the efficiency of the method, simulated data were generated with different 
correlation structures for measurement systems considered acceptable, marginal, and unacceptable. The 
results obtained by WPC method were compared to those obtained by the multivariate methods (PCA 
and MANOVA).  Moreover, statistical analysis provided the following conclusions: 


 PCA method may fail when correlation structure between CTQs is not considered sufficiently high 
and more than the first principal component is required to be analyzed; 


 MANOVA method uses geometric mean to estimate multivariate index for evaluating the 
measurement system. This approach may be incorrect when the relations TMS  for each q pair 


of eigenvalues provide significant difference for their calculations; 


 Taking all situations of this simulation study into account, WPC method showed more robust than 
PCA and MANOVA method. WPC was able to overcome shortcomings such as: to provide an 
single assessment for all CTQs in multivariate GR&R study; to estimate the multivariate %R&Rm 
index inside the confidence interval even when the correlation structure of CTQs is considered 
low; and to provide a strategy of weighting that guarantee greater importance for principal 
components most statistically significant to estimate the %R&Rm index. 
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Abstract 


The hedge strategies allow negotiators that have short and long positions in the market protection against price 
fluctuations. This paper examines the performance of bivariate volatility models for the crude oil spot and future 
returns of the Western Texas Intermediate – WTI type barrel prices. Besides the volatility of spot and future crude oil 
barrel returns time series, the hedge ratio strategy is examined through the hedge effectiveness. Thus this study 
shows hedge strategies built using methodologies applied in the variance modelling of returns of crude oil prices in 
the spot and future markets, and covariance between these two market returns, which correspond to the inputs of the 
hedge strategy shown in this work. From the studied models the bivariate GARCH in a Diagonal VECH and BEKK 
representations was chosen, using three different models for the mean: a bivariate autoregressive, a vector 
autoregressive and a vector error correction. The methodologies used here take into consideration the denial of 
assumptions of homoscedasticity and normality for the return distributions making them more realistic than other 
methodologies used in the financial literature. The data used is logarithm returns of daily prices quoted in dollars per 
barrel from November 2008 to May 2010 for spot and future contracts, in particular the June contract. 


Keywords: Bivariate Volatility Models; Minimum Variance Hedge Ratio; Hedge Effectiveness; Crude Oil Market. 


1 Introduction 
All countries consume crude oil or oil products. Both producers and consumers are highly concerned 
about crude oil prices. The crude oil prices are being directly affected by several economic, political, 
geopolitical, technological factors, and also oil reserves, available stocks and weather conditions, among 
others. On other hand the crude oil price fluctuations influence directly the world economy. Compared to 
financial assets crude oil prices have had an elevated volatility in recent years. Studies of crude oil price 
movements and co-movements are highly complex. Therefore the academics and practitioners are 
developing many studies about themes related with crude oil prices.  Economic agents indirectly involved 
in crude oil negotiations, such as firm or government planners, are looking for related petroleum price 
forecasting models, while the agents directly involved are looking for the hedge strategies studies as well. 
The hedge strategies allow negotiators that have short and long positions in the market, protection 
against price fluctuations. 


Another motivation for this work is the relevance of crude oil international market growth, the biggest 
market among the commodity markets. This led to a development of derivative markets of this 
commodity, in particular, future contract markets, or simply future markets. This development brought 
sophisticated strategies. Among them strategies there are many for risk reduction of physical positions, 
investments in crude oil or others related to this commodity movements.    


In an informational efficient market, future and spot prices must be associated. Consequently these prices 
are determinant for hedge strategies studies. The hedge strategies allow negotiators that have short and 
long positions in the market protection against prices fluctuations. In this study the minimum variance 
model, the most widespread hedge strategy, was selected among several models for hedge strategies. 
The risk part that could be eliminated with minimum variance hedge ratio, or MV hedge ratio, can be 
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determinated using a measure from the hedging effectiveness introduced in the finance literature by 
Ederington (1979).  


The aim of this paper is to examine the performance of two bivariate volatility models for the crude oil 
spot and future returns of the Western Texas Intermediate – WTI type barrel prices, and for the mean a 
bivariate autoregressive, a vector autoregressive and a vector error correction models.  Besides that it 
assesses the volatility of spot and future crude oil barrel returns time series and the hedge ratio strategy 
that is evaluated through the hedge effectiveness.   


The remaining of this work is organized in the following form: the hedge and volatility models are covered 
in section 2; the sample used and the methodological approach are presented in section 3 and 4, 
respectively; the empirical results are presented in section 5; and to conclude the final remarks are given 
in the section 6.  


2 Hedge and Volatility Models: a Brief Overview 
A hedge strategy can be accomplished with future contracts. A large number of researches has been 
contributing for the hedge theory development and application in several markets. Among the works 
done some of the most important studies about hedge theory and applications in financial assets and 
commodities markets, must be highlighted. Working (1953) developed and formalized concepts on this 
subject.  Johnson (1960) and Stein (1961) introduced in the literature the calculation for the number of 
contracts for an investment position hedge, or the optimal hedge ratio. Ederington (1979) presented the 
hedge effectiveness as a reduction of risk. Figlewski (1984) studied the hedging performance and basis 
risk.  These studies have a strong assumption of homoscedasticity. In other studies elaborated after these, 
this assumption stopped being considered. Studies presented by Baillie and Myers (1991), Myers (1991), 
Ghosh (1993) and Park and Switzer (1995) took into consideration the time-varying feature of hedge ratio. 
Additionally other works continue improving hedge theory and application, as an example Castelino 
(1992) and Chance (1998). Among recently accomplished hedge works it can be mentioned that: Lien and 
Wilson (2001) used volatility models, such as Stochastic volatility (SV) and Generalized Autoregressive 
Conditional Heteroskedasticity (GARCH), for hedge strategies in crude oil markets; Javali-Naini and 
Manesh (2006) showed application of multivariate volatility models in the formulation of hedge; Lautier 
(2010) studied dynamic hedging strategies in crude oil market; Lee (2010) investigated petroleum futures 
through speculative and hedging activities, or relation of futures trading and volatility; and Chang et al. 
(2011) who examined the performance of multivariate volatility models in crude oil markets calculating 
optimal hedge ratio. While these models appear adequate for efficient markets, other models were 
presented in the finance literature for inefficient markets. However the Engle and Granger (1987) study 
emphasized that two price time series of efficient markets are not cointegrated. Several suggested works 
used models that take into consideration the stochastic trend between spot and future prices, or the 
cointegration of these prices. Lien and Luo (1994), Ghosh (1993) and Lien (1996) highlighted this.  
Regarding the long-run cointegrating relationship between spot and future markets Lien (1996) proposed 
the vector error correction model, a vector autoregressive model with the cointegration term or the error 
correction term. 


For the determination of hedge ratio estimate, volatility is fundamental. Several methods allow the 
volatility, or variance, estimates of crude oil return distributions. These estimates can be accomplished 
with univariate or multivariate volatility models. These models must take into consideration the 
heteroskedasticity of returns time series, or return distributions of crude oil prices. That is, taking into 
consideration the time-varying characteristic of hedge ratio. In a study about the United Kingdom´s 
inflation behaviour, Engle (1982) presented a more realistic volatility model than previously presented in 
financial literature: the Autoregressive Conditional Heteroskedasticity Model – ARCH model. This seminal 
work elaborated by Engle (1982) shows the way to estimate conditional variance observing the 
heteroskedasticity characteristic of financial time series. There is a family of models constructed from 
ARCH model. Bollerslev (1986) introduced a generalization of ARCH model designated by Generalized 
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Autoregressive Conditional Heteroskedasticity Model – GARCH model. Engle and Bollerslev (1986) 
proposed another model, similar to an Exponentially Weighed Moving Average (EWMA) model, the 
Integrated GARCH – IGARCH. And Engle et al. (1987) suggested the ARCH in mean or ARCH-M, in which 
the conditional variance influences the mean. Besides estimating the variance it is necessary to estimate 
the covariance between spot and future returns. Bollerslev et al. (1986) generalized the ARCH-M model 
proposing VECH, the multivariate model. An important constraint of the VECH model refers to a 
covariance matrix which must be definite positive. For that reason Engle et al. (1995) proposed another 
parameterization for multivariate GARCH model named BEKK. The BEKK model has fewer restrictions and 
is easier to implement than the VECH model. Another multivariate model constructed was the Dynamic 
Conditional Correlation (DCC), which is a different model built from the one Bollerslev (1986) proposed. In 
this model the covariation is dynamic and the correlation coefficient is not. According to Engle (2002), this 
model consists of estimating the arguments in two steps: univariate GARCH series and after that the 
correlations. Baillie et al. (1991) applied the univariate and multivariate models, specifically the ARCH 
model in the VECH version, with several parameterizations, to estimate hedge ratio of selected 
commodities. Bollerslev (2009) presented a glossary of ARCH acronyms that were present in the financial 
literature. 


3 The Data - Sample Used 
To reach the objective of this work the collected data consisted of daily crude oil prices of WTI type in the 
spot and future markets, specifically the June contract, quoted in US$ per barrel from November 2008 to 
May 2010, while the spot price series were obtained from Energy information Administration – EIA, the 
official Energy Statistics from United States of America. The future prices of June contract were obtained 
from Bloomberg web site. The plot of these time series is shown in Figure 1. 
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Figure 1: Spot and Future WTI Prices 


The plot presented indicates a strong association between crude oil spot and future prices. It can also be 
observed the basis variation and the convergence of prices at the contract expire date. From these daily 
prices time series the return time series are calculated as follows: 
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ln
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t
t price


price
R      ,                                                         [ 1 ] 


where Rt  refers to return of the price at time t,  pricet = quote the price at time t,  pricet  = quote price at 
time t – 1. 


The spot and future return time series are the data used in this work to estimate the volatility models 
implemented for hedge strategies that were calculated. Table 1 presents the statistics of returns summary. 
The descriptive statistics for the returns series of crude oil prices, presented in Table 1, shows a very low 
average for spot and future returns, near zero. But the standard deviation for the two time series is higher, 
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once these markets volatility are very high. Another characteristic here and in the financial assets time 
series in general is the high kurtosis, which indicates fat tails distributions. The skewness coefficients are 
positive which demonstrate that these series have a longer right than left tail therefore have greater gains 
than losses. This occurs for spot prices that are slightly higher. It is must be highlighted that the normality 
can not be accepted as expected, as generally occurs with return time series of financial assets or 
commodities. Moreover it can be observed that Jarque-Bera statistics of crude oil returns in spot and 
future markets are statistically significant, therefore the distribution of these series is not normal. 


Table 1: Statistics of Returns Summary 


Statistics           Spot     Future 
Mean  0.00084  0.00006
Median -0.00014  0.00044
Maximum  0.13546  0.08055
Minimum -0.12743 -0.07244
Std. Deviation 0.03458 0.02187
Skewness 0.17081 0.04586
Kurtosis 5.79999 3.99820
Jarque-Bera 123.32780 15.57447
(p-value) (0.000000) (0.00000)
N       372              372 


4 Methodological Approach 
The hedging procedure consists in mixing or associating short or long positions in a constructed portfolio 
trying to reduce. That is, to minimizing the returns variations of an asset, or barrel of crude oil as dealt in 
this work. The return of portfolio with spot and future position, can be formulate in the following form: 


                                                         FttStPt RhRR    ,                                                         [ 2 ] 


where RPt is the portfolio return at time t, RSt is the spot return at time at time t, RFt is the future return at 
time t. The variance of the hedged portfolio conditioned on the information available at time t – 1 can be 
represented by the expression: 


                     )(),cov(2)()( 1
2


111   tFtttFtStttSttPt IRVarhIRRhIRVarIRVar  ,              [ 3 ] 


where Var(RSt | It-1) and Var(RFt | It-1) are variance conditional and cov(RSt, RFt | It-1) is the covariance 
conditional of the spot and futures returns, respectively. The optimal hedge ratio is the ht which minimizes 
the conditional variance, or the risk, of the hedged portfolio. As showed Baillie and Myers (1991), the 
partial derivative of the conditional variance with respect to ht is the optimal hedge ratio at time t 
conditioned on the information available at time t -1, given by:  


                                                     )(
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For compare the performance of optimal hedge ratio between the models, or methodologies, used in this 
work as suggested in Ku et al. (2007) it can be used the hedging effective index HE given by:  


                                                       unhedged


hedgedunhedged
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,                                              [ 5 ] 


where  Varhedged   represent the variance of hedged portfolio and Varunhedged  is the variance of spot returns, 
or unhedged portfolio.  As observes Tansuchat et al. (2010): “a higher HE indicates a higher hedging 
effectiveness and larger risk reduction, such that a hedging method with a higher HE is regarded as a 
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superior hedging strategy”. Another definition for the hedging effective index – HE* is the proportion of 
the variance eliminated thought a hedge strategy and can be denoted as (see Hull (2005)): 


                                                       )(
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.                                                   [ 6 ] 


In this way, the better hedge effectiveness is closed to one. And the number of future contracts necessary 
to accomplish the hedge at the time t is given by:   


                                                        eFutureQuot


SpotQuote
hN tt *


  
.                                                   [ 7 ] 


To estimate the parameters presented here volatility models must be used. The volatility models used in 
this study were estimated taking into consideration the Student´s t distribution as described below. To 
estimate the variance or volatility and covariance this work implemented two bivariate GARCH models. 
The first bivariate GARCH model applied here is the VECH diagonal presented by Bollerslev et al. (1988) 
that consists of estimating the follow equation proposed in Ding and Engle (2001): 


                                                 111   t
T
ttt HGeeDCH   ,                                            [ 8 ] 


where • is the Hadamard product and Ht represents the variance-covariance matrix at time t. The bivariate 
case to the ARCH(1) and GARCH(1,1), respectively, can be denoted as follows: 
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The other bivariate GARCH model employed in this work is the BEKK model which can be expressed in its 
general ARCH variation as follows: 
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For the mean three different models were applied. The first one was the autoregressive model AR(1) 
which can be expressed as follows for the bivariate case: 
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The second model applied was the vector autoregressive (VAR) model, presented in the econometric 
literature by Sims (1980). The VAR with lag 1 can be represented by the expression:  
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The third model applied was the vector error correction (VEC) model presented by Engle and Granger 
(1987). In its the simplest form, the VEC model with lag 1 can be described as:  
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The θ in the previous expression is the difference between future and spot prices and represents the 
cointegrating variable (see Lien (1996)). As proposed by Kroner and Sultan (1993), the VEC model can also 
be expressed in the following form:   
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where S and F refers to future and spot prices. These two forms of VEC models were estimated for this 
work. This way the hedge ratio can be calculated in the following manner:  
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The autoregressive model (AR), and vector autoregressive model (VAR), appear to be adequate in efficient 
markets. When the efficient market hypothesis cannot be accepted the cointegration variable must be 
included the VAR model. Consequently the vector error correction (VEC) is the adequate model to 
determine the hedge ratio. The models suggested here were constructed assuming a bivariate Student's t-
distribution to spot and future returns, and the freedom degree was jointly estimated with the models. 
This way for each AR, VAR and VEC model types different models were estimated and among these a 
model of each one was selected. The Akaike criterion was chosen in order to select a model from each 
type, that is, among the models with parameter estimates considered statistically significant. The 
determinations of hedge ratio were accomplished from each type of model selected and to compare the 
different methods, hedge effectiveness were calculated. That is, this was done to elaborate the 
comparison among the model types used in this work. 


5 Empirical Results 
The selected volatility model was the VECH diagonal, used here for the three different models estimated. 
The first was the autoregressive model for the average, without intercept or the parameter a, as 
mentioned before. The variance equation was a GARCH model and the matrix C, matrix D and matrix G 
are rank one, indefinite and indefinite, respectively. The t distribution was used with 7 degrees of freedom, 
estimated in the model. The results of the volatility obtained from the AR model are shown in Figure 2 
through the variance of the spot and future returns. The volatility plot shows that the crude oil market was 
greatly affected by the 2008 global crises. This becomes clear in the volatility peak periods near the end of 
2008 and the period that followed it shows a slump in the volatility returning to a high volatility by the 
end of January 2009 falling steadily after April 2009. A slight rise can be noted after July 2009 and from 
April on the average volatility shows level well bellow the one observed on the semester following the 
global crises as shown in Figure 2 both for the spot market and future market, where the volatility is 
always higher than the spot. 
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Figure 2: Spot and Future Returns Volatility of the WTI Prices  
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Figure 3: Minimum Variance Hedge Ratio – AR Model 


Figures 3 and 4 present the hedge ratio and the hedge effectiveness obtained respectively. As these 
figures show, both the hedge ratio and the hedge effectiveness picture what happens to volatility of the 
markets once these volatilities are important parameters in determining these two measures. Concerning 
the hedge effectiveness, the focus of this work, it must be observed that in the first semester post-crises 
this measures showed a decrease that became more accentuated in January and February 2009. The 
hedge effectiveness nears one in the period between June 2009 and the end of the studied period, except 
in the month of July 2009, when a sharp fall was observed in November 2009 and April 2010 following the 
volatility of the spot and future markets. 


H* -- Hedge Effectiveness - AR Model
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Figure 4: Hedge Effectiveness (H*) – AR Model 
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Hedge Ratio - VAR Model
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Figure 5: Minimum Variance Hedge Ratio – VAR Model 


Figures 5 and 6 show the hedge ratio and hedge effectiveness of the second or the VAR model results. 
The variance equation of the GARCH model, or VECH diagonal model, of the VAR model presented the 
same characteristics of the autoregressive model while the degree of freedom of the Student’s t-
distribution was close to 7. In the third model the VEC model proposed by Kroner and Sultan (1993) 
showed in equation 17 was selected. And the results were similar to the VAR models and the degree of 
freedom of the Student’s t-distribution was close to 8. Figures 7 and 8 present the hedge ratio and the 
hedge effectiveness of the VEC model respectively. Figure 8 indicate that the best results were obtained 
with the VAR model. It is possible to infer, from these plots, that the hedge ratio and the hedge 
effectiveness prompt reply to the market volatility, specially, the spot market volatility. The crude oil 
market was much affected by the 2008 global crisis until April 2009, as the plots presented here show. 
After this period the hedge effectiveness is close to one except around July 2009. It is important to 
observe that the VEC model presented relevant results as from April 2009 when the worst period of the 
global crisis for the financial markets occurred. Akin the estimated hedge effectiveness with the AR model, 
when the VAR and VEC models are used the hedge effectiveness shows a variability directly influenced by 
the spot and future markets volatility. 
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Figure 6: Hedge Effectiveness (H*) – VAR Model 
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Figure 7: Minimum Variance Hedge Ratio – VEC Model 
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H* -- Hedge Effectiveness - VEC Model
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Figure 8: Hedge Effectiveness (H*) – VEC Model 


The effectiveness of the hedge average estimated with the AR, VAR and VEC models were around 0.8 in 
the studied period. It must be highlighted that the VAR model presented the smallest variability, and 
degree of freedom was in the 7 to 8 interval for the three models selected.  


6 Final Remarks 
The aim of this paper is to show hedge strategies for the crude oil market, the volatility estimates and how 
to perform it. This way, classical models were implemented to carry out and compare the minimum 
variance hedge obtained. 


Among several methodologies this work implemented some alternatives using the bivariate 
autoregressive model, the vector autoregressive and the vector error correction models for the average of 
the future and spot returns. While a bivariate GARCH model was used for the volatility, or the variance. 
The GARCH model was used in the VECH diagonal and the BEKK parameterization. Therefore the results 
presented here were obtained from the selection of these implemented models. The results of the 
effectiveness hedge indicate that the VECH diagonal and the vector autoregressive model presented the 
best results. Despite its relevance the results obtained in this study can be generalized considering the 
sample used here only. Therefore other studies should be conducted using different approaches. 


Given the relevance of the theme dealt here, hedge of crude oil prices, it is import point out that the 
inferences can be enlarged with the utilization of other models, other methodologies or other samples. 
Bayesian and other classical models may improve hedge ratio estimates.  
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Abstract 


One of the engineering economics objectives is to do economic analysis of investment decisions. It has quite 
extensive applications since the investment may come from private companies or government entities. The analysis or 
evaluation of projects involves a set of techniques that establish feasibility parameters. These parameters are 
expressed by PBP (Payback Period - number of years to recover the investment), IRR (internal rate of return) or NPV 
(Net Present Value). Thus, it has an important role on investment analysis or to buy a capital good, checking all 
technically feasible investment alternatives.  


This research is based on a case study, namely a project of extension of a micro enterprise, whose data was collected 
on Bank of Amazon. The Bank of Amazon is an agent for the application of policies and programs of the Federal 
Government in the Amazon region, as well as its feasibility and the potential to carry out the project. Based on these 
facts, it was studied the role of engineering economics in the evaluation of investment projects by the Bank of 
Amazon, located in the northern region of Brazil. It was concluded that the Bank relies on the economic feasibility and 
engineering economics to analyses the submitted projects, having as a reference a IRR parameter between 4% and 
12% and a PBP of 4 to 12 years in the investment projects less or equal to R$ 400,000.00. Some opportunities and 
suggestions to extend and improve investment analysis procedures and tools are discussed at the end of this paper. 


Keywords: Bank of Amazon; engineering economics; investment projects; analysis tools; decision making. 


1 Introduction 
Engineering Economics is considered as a set of techniques that allow the monetary quantification and 
economic evaluation of investment alternatives, enabling the manager to have the necessary information 
knowledge to support decision-making. The engineering economics techniques used for analyzing 
projects are intended to clarify and quantify the advantages and disadvantages of each alternative of 
investment. The whole investment project consists of the identification and analysis of the consequences 
that result in decision-making to apply capital resources (Gonçalves, 2009). 


These consequences vary from one project to another, but generally include the financial and economic 
ones. In this context, the analysis or evaluation of projects involves a set of techniques that establish 
feasibility parameters. These parameters are expressed in terms of PBP (Payback Period - number of years 
to recover the investment), IRR (internal rate of return) or NPV (Net Present Value). NPV is the sum of 
discounted cash flows (i.e. future values are expressed in terms of their equivalent present values) 
subtracted from the initial investment. 


Engineering economics has an important role on investment analysis, especially in the case of expressing 
advantages and disadvantages in monetary terms, when you want to invest a capital or buy a capital 
good, checking all technically feasible alternatives of investment. 


In terms of investment policy, it is important to note that in the northern region of Brazil, Bank of Amazon 
is responsible for policies, plans and programs which should reflect the Federal Government policy in the 
Amazon region, acting as a strategic element to support projects. Amazon's economy, in its dynamics of 
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growth and modernization, has been going through a renovation process, evaluation, analysis and 
definition of the feasibility of new enterprises and businesses. In this regard, the Bank of Amazon has 
been focused on a new development model based on sustainable business, directing their actions to 
support ventures, entering in local productive arrangements, structuring and sustaining projects, so as to 
enhance the local potential (BRASIL, 2011). 


But, for this to become a reality, it is necessary a correct allocation of private and public resources to 
support the best investment projects. Based on these facts, this research aims to examine the role of 
engineering economics in evaluating investment projects by the Bank of Amazon, located in the northern 
region of Brazil. 


The paper begins with an introduction, followed by the basic conceptualization of engineering economics, 
their fundamentals and methods of analysis. In the sequel it is described the methodology used in the 
research. It is presented the case study of a company and the characterization of the Bank of Amazon and 
his performance as a promotion agent, as well as a presentation of the tools that the financial institution 
uses to review or assess the feasibility of investment projects directed to fundraising. The discussion of the 
results, the presentation of suggestions and opportunities for further research and the conclusions are 
presented at the end of the paper. 


2 Engineering Economics 
In the early 20th century, E.L. Grant and W.G. Ireson apud Gonçalves (2009) have made a systematization 
of productive investment analysis and the term engineering economics arose from this study. The term 
was born in fact, because engineers were the first ones who tried to deal, in a systematically way, with the 
problems of investment alternatives inherent in large engineering projects. However, its implementation 
always depends on the analysis of macro and microeconomic aspects, because factors such as inflation 
and taxes significantly influence the results (Gonçalves, 2009). 


Engineering economics throughout the twentieth century was being developed by incorporating concepts 
from other disciplines. According to the Institute of Industrial Engineers (IIE), engineering economics is 
defined as the application of economic analysis and synthesis or mathematics or engineering decisions to 
a body of knowledge and techniques involved in the assessment of the value of goods and services in 
relation to the cost and methods to estimate the data. In this sense, it is understood as a set of techniques 
that allow the monetary quantification and economic evaluation of investment alternatives, providing the 
necessary information and knowledge for decision-making (IIE, 1998). 


The decision-making process in alternative investments is comprised of steps, being considered a useful 
procedure for the analysis of alternatives and the selection of options. It begins with the identification and 
presentation of a problem to be solved or a function to be executed, followed by the presentation of a set 
of technically and economically feasible alternatives, including the decision to do nothing. The next step is 
to set each alternative, highlighting the main features, limitations and the expected results for each 
alternative created in the previous step (Liesi, 2008). 


The main engineering economics objective is the economic analysis of investment decisions and has quite 
extensive applications because the investments can either be from companies, individuals or government 
agencies. It is also known that economic factors are considered strategic in most engineering activities. 
Because of that, the widespread acceptance, among engineers, of the responsibility for assessing whether 
the engineering proposals are solid, from a technical as an economic point of view and for examining the 
proposals in terms of cost and value, contributed to the increased confidence in the profession of 
engineering (Thuesen; Fabrycky, 1984). 
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2.1 Fundamentals of Engineering Economics 
The foundations of engineering economics are the set of principles or concepts that form a solid basis for 
the development, study and application of the tools used for analysis and/or evaluation of projects 
(Brealey; Myers, 1998):  


 Recognize and define alternatives: decisions are between alternatives; 


 Need to consider the consequences: decisions must be based on the expected consequences of 
various alternatives. All of these consequences can occur in the future; 


 Before establishing procedures for project formulation and evaluation, it is essential to decide 
what is the point of view to be adopted; 


 Irrelevance of aspects common to all alternatives: only the differences between alternatives are 
relevant in its comparison; 


 Separation of decisions: as far as possible, separable decisions should be made separately; 


 Need of decision criteria: it is desirable to have a criterion for decision-making, or, possibly, 
multiple criteria; 


 Choose main criterion: the choice between alternative investments in tangible goods must take 
into consideration the best use of limited resources; 


 Need for a systemic viewpoint: often, there are side effects that tend to be overlooked when 
individual decisions are taken. To consider these side effects properly, it may be necessary to 
examine the interrelationships between of the different decisions, before it can be taken any 
individual decision. 


Another related point, is that the whole foundation of engineering economics relies on financial 
mathematics; to support cost, investment, and sensitivity analysis, the time value of money must be taken 
into consideration. 


2.2 Equivalent Time Value of the Money 
The concept of equivalence is closely linked to the ability to generate money or the cost of the money (i.e. 
the interest rate). One cannot compare absolute values of money on different dates or times. This 
comparison will depend on the interest rate that is assigned to the money. It can be assumed that the 
money can be invested in any productive activity that will provide a certain amount of interest that will be 
an investment performance. The minimum rate of return on investment is evaluated in relation to the 
situation of the financial market and considering the risk of the investment. The minimum “attractive rate 
of return” of an investment is, therefore, totally subjective and may vary from one company to another, 
from business to business, etc. (Degarmo et al., 1993). 
In this sense, engineering economics is necessary to recognize the time value of money: a monetary unit 
on a date is not directly comparable with the same monetary unit in another date. Hence the relevance of 
the chronology of the monetary cash flows in engineering economics. The interest rate can be defined as 
the money paid for the use of borrowed money. On the other hand, interest is the consideration that one 
can obtain by the productive investment of capital (Wernk, 2004). 


2.3 Methods of Analysis 
The primary tools or methods of analysis used by engineering economics to make decisions between 
investment alternatives are (Black et al., 2011): 


 Payback time (PAY BACK): consists of determining how much time (the time unit is generally 
considered a year) is required for an investor agent to recover the invested capital. A rough 
estimative for the payback may be obtained by dividing the sum of investments, costs and 
expenses incurred by the sum of income/profit earned. 
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 Net Present Value (NPV): is defined as the algebraic sum of the discounted cash flow values 
associated with the project. In other words, it is the difference of the present value of income less 
the present value of costs. It should be highlighted that the project will be viable if the NPV is 
positive. This indicator of feasibility of the project is estimated using the following formula: 


 


 


 


Where: F0 = initial investment; F1, F2, F3, ….Fn = cash flow during the periods of the 
project life; r = discount rate: cost of capital/ opportunity cost of the investment.  


 Internal Rate of Return (IRR): is calculated from the cash flows of the project, with no need to 
arbitrate a discount rate. It is a demonstration of the profitability of the project, and the higher 
the IRR is, the more advantage the project is in financial terms. A project, to be acceptable, must 
have an IRR exceeding the opportunity cost, at least the basic rate of interest established by the 
monetary authorities (Central Bank of Brazil). The IRR can be evaluated with the aid of financial 
calculators, computers and/or through a process of trial and error, when the net present values of 
outflows (cost of investment) and cash inflows (net profits) is equal to zero. It is estimated from 
the following formula: 


 


 


Where: r* matches the desired internal rate of return, and F0, F1, F2, …Fn are the cash 
flows of the project. 


 The Benefit/Cost Ratio (BC ratio): it is extensively used and its interpretation as it is relatively easy 
compared to the other indicators. It is calculated dividing the discounted benefits by the 
discounted costs of the project. The project would be rejected by this criterion if the BC ratio is 
below the unit (i.e. B/C <1). 


 Breakeven point: is the minimum level of production associated with the level of sales which cover 
the costs i.e. without losses. It is the point that defines the exact amount of sales (or production 
quantity) in which a productive unit neither gains nor loses money: above this point, the 
productive unit begins presenting profits; below, suffers losses. Thus, the lower is the breakeven 
point, the greater is the stability of the project against the fluctuations in income and costs. The 
breakeven point is estimated from the following formula: 


 


 


         Where: Contrib. Marg. % = (Revenues – Variable Costs) / Revenues 


 Sensitivity and Risk Analysis: approach in which a model/projection is examined again by 
changing the value of one of its variables to see what would happen with the end result. It allows 
knowing how the variations of the main productive factors can influence in the expected results of 
the project. It allows to know the importance of each input and each variable on the performance 
of the productive unit. The sensitivity analysis allows to define the project's profitability in 
function of each one of its variables, and to observe the change that will occur on profitability for 
each change in the variables. In other words, one can determine the sensitivity of the project (the 
profitability) to each variable (Blank; Turquin, 2007). 


 Financial analysis: it is an important tool to support the decision-making process. It is through it 
that it is possible to find out the impact of certain facts over the company's financial situation, in 
relation to the financial aspects of what makes the manager aware of all variables regarding 
payment capacity, liquidity and solvency of the company (Watts; Chapman, 2012). 


 


IRR = F0 + F1/1 + r* + F2/(1+r*)2 +......+ Fn/(1+r*)n = 0 


NPV =  F0 + F1/(1+r) + F2/(1+r)2 + F3/(1+r)3 +......... + Fn/(1+r)n 


Breakeven point (value) = Fixed Costs / Contribution Margin in percentage 
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 Cost-benefit analysis (CBA): in a cost-benefit analysis, the present value of all costs and benefits 
for all stakeholders should be combined to produce an NPV. Externalities which result from the 
project should be considered. These consist of social costs or benefits that manifest themselves 
beyond the realm of the project and influence the welfare of third parties without any monetary 
compensation. Where the project needs or deserves an evaluation by a public entity, the 
externalities generated should be taken into consideration. The evaluation of the project from the 
private perspective does not consider the effects on third parties arising from associated 
externalities. Nevertheless, the externalities generated by a project are in many cases difficult to 
quantify.   


Thus, besides the perspective of the firm, external factors should also be considered. A project must have 
as a goal to provide goods and services that may enhance the well-being of the society. Supporting the 
decision-making with a cost-benefit analysis can fulfill these requirements, by assigning social value to all 
the effects of a particular project (Valentin, 2012). 


3 Research Methodology 
This research was based on qualitative and quantitative variables, discrete and continuous, in a 
retrospectively way, in the form of bibliographical research, namely on the database of the Bank of 
Amazon. 


A descriptive and exploratory case study was undertaken, allowing researchers to understand the 
strategies adopted by the Bank of Amazon in relation to the use and the role of engineering economics in 
investment projects evaluation that are targeted by the entrepreneurs to capture the available financial 
resources of the Federal Government. 


The case study analyzed was a project submitted for the expansion of a bakery, located in the State of 
Rondônia, which falls into financing program FINAME MODERMAQ, which finances machines and 
equipment for micro-businesses with Annual Gross Operating Revenues of up to R$ 1,200,000.00 and 
Small Businesses with Annual Gross Operating Revenues of up to R$ 10,500,000.00, framed in the National 
Classification of Economic Activities-CNAE disclosed by the Brazilian Institute of Geography and Statistics 
(Instituto Brasileiro de Geografia e Estatística – IBGE) as extraction industry (Section B), manufacturing 
industry (Section C), heavy construction (Section F) or human health care activities (Section Q 86), except 
health management support activities (Section Q 86.6). The funding ceiling is up to 90% of the value of 
the goods. The forward transaction is up to 120 months, included the grace period of up to 24 with fixed 
interest rate up to 12% p.a.; or a variable interest rate-up to long-term interest rate (TJLP) up to 4% p.a. 
The guarantee required is banking bail, pledge, chattel mortgage, guarantee, endorsement, warranty 
insurance, and other types of guarantees, at the discretion of the Bank, under prior consultation and the 
direct debit payment at Bank of Amazon. 


4 Case Study 


4.1 The Bank of Amazon 
The Bank of Amazon was created in 1942 under the name of Banco de Crédito da Borracha (BCB). Its role 
was to promote the development of incentives for exploration of natural rubber, in support to the allied 
forces during World War II. In 1950, the BCB was transformed into Banco de Crédito da Amazônia (BCA) 
and it went on to participate in wider regional development processes by funding all economic segments 
of the region. From 1966, as Financial Agent of the Federal Government's credit policy for the Amazon 
region, it has assumed the name of Bank of Amazon (Banco da Amazônia). 


The main mission of the Bank of Amazon is to "create solutions to enable Amazon to reach sustainable 
development” unpublished indexes from conscious entrepreneurship" having as focus the promotion of 
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the region's economic and social development on a sustainable basis through the exploitation of regional 
potentials, with strategic actions aimed at reducing intra and interregional inequalities and improving the 
quality of life of the local population (BA, 2011). 


Through its Social and Environmental Policy, the Bank of Amazon seeks to incorporate the economic, 
environmental and social sustainability components in the entire spectrum of its activities, in order to 
promote solidification of innovative local productive arrangements, inserted into projects aligned with 
sustainable development assumptions and articulated to the flows of domestic and international markets. 
The categorized ventures under this view receive preferential treatment, considering its contribution to 
the regional development and the demonstration of the supporter effect over other projects (BA, 2011). 


4.2 Investment Projects Supported by the Bank of Amazon 
The Bank of Amazon is the agent of the policies, plans and programs of the Brazilian Federal Government 
for the Amazon region, acting strategically to support projects, in this context, with the following ten 
priorities (BA, 2011): 


 Supporting the National Policy of Agrarian Reform financing productive activities in the region; 


 Contributing to National Policy of Technical Assistance and Rural Extension (PNATER) with its own 
budget resources to official bodies of service providers of technical assistance and rural extension 
in the States of the North Region. This represents a pioneering partnership with the Ministry of 
Agrarian Development; 


 Promoting the growth acceleration program (Programa de Aceleração do Crescimento - PAC) of 
the Federal Government by financing projects for strategic sectors of the regional economy, such 
as transportation, sanitation and energy generation; 


 Supporting the development of tourism on a sustainable basis through the publication of 
Encouraging Tourism Plans in the Amazon; 


 Contributing to the encouragement of the Amazonian culture, through the program "Amazônia 
mais Cultura", which represents an important anchor for the recovery of the Amazonian culture; 


 Giving incentives to micro and small enterprises through the participation in the Permanent 
Forum of Micro and Small Enterprises, under the coordination of the Ministry of Development, 
Industry and Foreign Trade (Ministério do Desenvolvimento, Indústria e do Comércio – MDIC), and 
the partnership with National SEBRAE – (Serviço Brasileiro de Apoio as Micro e Pequenas 
Empresas); 


 Contributing to the National Policy of the Local Productive Arrangements by participating as a 
membership of the Permanent Working Group for Local Productive Arrangements (Grupo de 
Trabalho Permanente para Arranjos Produtivos Locais - GTP/APL), coordinated by MDIC and 
composed by 33 institutions; 


 Encouraging the development of scientific and technological research in the Amazon; 


 Stimulating the development of integrated activities to regional agribusiness production chain of 
biodiesel production and fisheries and aquaculture; 


 Supporting the Productive Oriented Microcredit Program (Programa de Microcrédito Produtivo 
Orientado) of the Federal Government, through the deployment of the Program “Amazônia 
Florescer”. 


4.3 A Summary of a Project Submitted to the Bank of Amazon 
The project selected for analysis in this research project is of a micro company dedicated to the 
production and sale of bread and other products derived from wheat flour to the region of influence of 
the project. This project is located in a small town in the State of Rondônia, with a high economic growth 
rate due to an industry of production of mattresses and its proximity of rural properties, of which there is 
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an exodus of the rural population to the city. The project's goal is the acquisition of new equipment that 
will modernize and increase production, giving better performance to the production activity, undertaken 
growing demand. 


In the description of the project submitted in 2010 to the Bank of Amazon, it is seen that the company 
was formed in 2007, composed by two partners, having one of them 95% of the share, with a capital of R$ 
40,000.00 (forty thousand reais - brazilian money). The value of the investment is of R$ 191,954.00 (one 
hundred and ninety-one thousand, nine hundred and fifty-four reais) having as goal the magnification of 
the production capabilities. This project is under the support of FNO (Fundo Constitucional de 
Financiamento do Norte/PROGRAMA AMAZÔNIA SUSTENTÁVEL) program, with a total time of payment 
of 144 months, 48 months amortization and a grace period of 96 months. The warranty is a ground of the 
company in the amount of R$ 100,000.00 (one hundred thousand reais). Projected production/annual 
sales are R$ 339,840.00 (three hundred and thirty-nine thousand, eight hundred and forty reais). In term 
of costs they were estimated fixed costs of R$ 46,902.15 (forty-six thousand, nine hundred and two reais 
and fifteen cents) and variable costs of R$ 241,069.12 (two hundred and forty-one thousand, sixty-nine 
reais and twelve cents).  


4.4 Investment Project Design and Submission –the Perspective of the Firm 
The investment project presented above, according to the proponent, fills a gap existing in the region, 
since, despite the great concentration of townhouses, commercial shops, leisure and service, yet there is 
no a bakery offer that fulfills satisfactorily consumers’ needs. The accelerated growth of demand provides 
a guarantee for consumption of new products for those who come to this enterprise, enabling fulfill the 
commitments and responsibilities given to the prestigious financial institution, with the aim of getting the 
resources required to the deployment of the enterprise. 


The company and its partners first have registered in an agency of the Bank of Amazon. After that, they 
drew up the project in its technical, economic and financial aspects through an enabled professional who 
is registered in the Bank for this type of activities. The presentation of the project in the agency of the 
Bank of Amazon where the company is registered was made in 2 copies in paper and an electronic one. 
Along with the projector it has been presented clarifications and further information requested by the 
Bank, and it has been scheduled the visit of the bank representative to the location of the project.  


Once the project was approved, the company has been reported to provide the necessary documentation 
to the hiring/releasing of the claim, showing it to the bank agency, signing the guarantees, the credit 
ballot and providing its registration on a competent public notary, returning it to the Bank. Completed 
these steps, the company has waited only to receive the credit for the first plot according with the 
schedule previously defined through financial credit in current account, whose availability was directly to 
the suppliers and service providers, through physical and documentary evidence of its execution (BA, 
2011). 


4.5 The Process of Investment Project Evaluation – the Perspective of the Bank of 
Amazon 


To facilitate analysis and checking of the projects sent to the Bank of Amazon, some criteria must be 
observed as: 


 The use of the appropriate nomenclature; the proposal must contain all information and be 
accompanied by the necessary documents required for consideration. 


 Wherever necessary, they may be added others that are strictly and specifically related to the 
company or the producer; 


 The verification of the guarantees in terms of construction plans and other buildings, unhindered 
and free of any charge or charges. 


 The value of the pre-existing guarantees shall correspond to the following: 
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o Minimum of 100% of the value of the financing investment and 130% for costing (FNO), 
except for mini and small producers that can be admitted the progressive guarantee, 
according to the regulatory of the Bank; 


o At least 130% to BNDES – Banco Nacional de Desenvolvimento Economico Social; 


o Minimum of 167% for Mandatory Features and Amazon Savings. 


 The grace periods and amortization of financing shall be stipulated on the basis of the ability to 
pay scaled by the analysis within the limits allowable by the sources of usable resources; 


 Tenderers are warned that they will be responsible for the accuracy of the information provided 
(BA, 2011). 


 


4.6 Tools and Concepts used in Project Evaluation 
For the economic and financial analysis of the projects, the Bank of Amazon has created a series of 
worksheets in Excel, with instructions to facilitate the preparation of the business plan or technical project. 
Among the scripts are tools of engineering economics, namely the net Present Value Method, the Internal 
Rate of Return and the Recovery Time of the Capital (i.e. the Payback Time), plus a sensitivity analysis to 
identify the variables that interfere with the project's feasibility (BA, 2011). 


 


5 Discussion 
The Bank of Amazon like other development institutions uses several tools for the evaluation of 
investment projects directed to them, seeking to select the projects that best fit the region needs, its 
opportunities and particularities. 


This case shows how important is the role of engineering economics for the design and the evaluation of 
such projects. It was realized that engineering economics concepts and toolset helps in the application of 
mathematical techniques in financial decision-making problems, showing quantitatively the situations 
presented in projects and providing opportunities for the evaluator to check the veracity and 
appropriateness of the technical and economic assumptions and expected results and their impact in 
terms of the assumed return on investment. 


Engineering economics analysis is also useful for sensitivity and risk analysis of investment projects what is 
about the possibility of modifying variables through simulations which permit to perform the risk 
assessment of the project.  


It is important to notice that in the northern region of Brazil, the Bank of Amazon has the responsibility to 
invest capital for development purposes, in agrarian reform projects, technical assistance and rural 
extension projects using the growth acceleration program -, as well as supporting projects for the 
development of tourism, giving incentives for projects on Amazon culture as well as to help micro 
companies and small business, scientific and technological research in the Amazon. Thus, the cost-benefit 
analysis and the estimation of external positive and negative impacts (externalities) of private and public 
projects shall be considered. 


In the project presented above, the verification of what tools the Bank of Amazon uses to perform its 
feasibility analysis, it was found the existence of an extension of the business plan which refers to an 
investment in land in the amount of R$ 50,000.00 (fifty thousand reais), improvements in the amount of 
R$ 75,000.00 (seventy five thousand reais), machinery and equipment in the amount of R$ 66,954.00 
(sixty-six thousand, nine hundred and fifty-four dollars). The used spreadsheets refers to a company's 
annual net income of R$ 34,949.95 (thirty-four thousand, nine hundred and forty-nine reais and ninety-
five cents), which is equivalent to 10% of gross revenues. 
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In terms of the common project assessment indicators proposed by engineering economics, the 
information obtained in this research project showed that the evaluators, after eliciting all data described 
in spreadsheets, have check the Internal Rate of Return (IRR) and the Payback Time, but did not used the 
Net Present Value (NPV), because in most projects with values below or equal to R$ 400,000.00 (four 
hundred thousand reais) they do not use this indicator.  


In this observed project the designed gross operating revenues is R$ 339,840.00 (three hundred and 
thirty-nine thousand eight hundred and forty reais) at an operational cost of 85% on this gross revenue, 
which would determine the net income of 10%. In this way, the return rate on initial investment was 18% 
whereas the values with average occurrence probability of products to be marketed, and return on 
investment time, if the projected profit remained on the value described and also gross revenues 
remained on the same level, would be of 5.6 years. 


The sensitivity analysis should be done to verify which variables have greatest impact on costs, deadlines 
or other project results in practice, i.e., those which the project is sensitive to. In the project under 
consideration, changes have been made to the projections of the revenues. A decrease of 20% on the 
revenue was considered, because of economic policy influence, such as increased inflation and taxes, what 
would increase the inputs and finance charges. Even so, the return of this investment was considered by 
the Bank's technicians as compensator. The project was approved because of the 48 months grace period. 
It would provide the company the enlargement conditions, and an increase in sales, achieving a sufficient 
income to meet the payment schedule, without affecting the other financial commitments. Another 
incentive that the company has considered was the interest rate charged for this type of financing that is 
8.75% per year, which is below the financial market when compared to the same financial transaction in 
other banks. 


Other information passed was that the development portfolio of Bank of Amazon, in the granting of long-
term funding, which requires the demonstration of either the technical feasibility, economic and financial, 
as well as social and economic benefits arising out of the investment funded, i.e. a cost-benefit analysis 
considering the externalities of the project. The level of detail of these statements depends on the size of 
the undertaking project and of the volume of resources that will be up to the Bank's participation in the 
investments to be made. 


Finally, it was found that in the case of the Bank of Amazon, besides the tools provided by economic 
engineering to viability evaluation of investment projects, it was realized that the institution adds further 
criteria for approval of such projects, verifying information in worksheets available for professionals 
responsible for the elaboration and implementation of projects such as the truth in relation to the 
company's characterization, discrimination on the funding as requested value, payment deadlines, 
justification of the request, the plan of implementation of the inversions, ability to own resources 
contribution, technical, economic and financial aspects, and finally items relating to charges, taxes, 
production cost structure and other additional attachments such as documentation of the company and 
directors, balance sheet, negative debits and other certificates. It also emphasizes questions about 
guarantee values to be financed, grace periods and amortization of investment on the basis of ability to 
pay. 


6 Conclusions 
Economic conditions are considered strategic in most engineering activities, hence the widespread 
acceptance, of engineering economics for verifying whether the engineering proposals are solid, either 
from a technical and an economic point of view through their evaluation in terms of revenues and costs. 


This is the case of investment projects submitted for funding to the Bank of Amazon. The case presented 
here showed that engineering economics concepts and tools are important for both investors and bank 
analysts. Nevertheless, other aspects are also important for the global assessment made by the bank and 
the promoters should be aware of them. Furthermore, engineering economics must be viewed as 
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complementary and interlinked with these additional evaluation parameters. In fact, the relative role of 
engineering economics, cost-benefit analysis, balance sheet analysis, financial requirements and 
constraints and other project conditions will vary in function of the nature of the different projects. How 
and why the relative role of engineering economics is different deserves further research.       


Thus, to extend and improve investment analysis procedures and tools engineering economics tools 
should be combined with other tools and approaches as the case presented showed. This is a challenging 
and promising area of research with potential contributions to both practitioners and academics. Further 
studies must be conducted to encourage somehow researchers, managers and other professionals to 
adapt new tools of financial calculations, to facilitate the analysis of the viability of investment projects in 
Amazon region, taking the opportunity of resources provided by the Federal Government, through the 
Bank of Amazon.   
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Abstract 


The sampling of the users comfort, allows observing and predicting the level of comfort on the HVAC (heating, 
ventilation, and air conditioning) systems. The development of online sampling systems assists in the recognition of 
the behavior patterns that occur in the offices. 


This paper presents a user-friendly tool designed and developed in order to make easier knowledge extraction and 
representation to make possible decisions about which demand that must prevail, the user comfort or saving into a 
central system. This decision may depend on the occupation and feeling of comfort of its occupants.  


Some studies have put neutral thermal conditions outside the ranges of comfort of the ASHRAE standard. The actual 
rules of the HVAC systems are based on studies carried out on specific populations in a specific space, which are not 
valid in certain situations. This is a dynamic idea of the comfort based in real data. 


The methodology used provides important and useful information to be able to select the comfort set-point of the 
rooms of a central heating system without the need to use fixed values based on programmed time schedules or any 
other methodology. The response to comfort in an area of a building throughout the day can be seen in this study. 
The users were assessed using a standard set of key questions in order to measure the level of satisfaction with 
environmental factors, thanks to a questionnaire of imprecise answers. We seek an improvement in the building users, 
regardless of their particularities. 


Keywords: comfort, expert system, HVAC, fuzzy logic, sampling. 


1 Introduction 
Many human comfort models were developed in the last years attempt to predict a better approximation 
to reality, such as a human feels in a given environment. In general, the patterns of thermal comfort 
models are based on studies carried out on specific populations in a specific space, which are often 
analysed using models that follow the idea that these can be used in all building types in the same 
manner. This happens in many research studies which focus on how to reach or maintain a room's 
temperature based on the PMV index (Predicted Mean Vote) (Soyguder, 2009). Table 1 shows some 
model of the existing advanced control systems based on energy saving and comfort management in 
buildings. The temperature controls are based on the PMV in most studies. However, many authors are 
critical of this (Van Hoof, 2008), although it is not fully applicable to all parts of the globe, PMV models 
approaches us the reality, but can be improved with one design for each building. 


These systems obviously need to have sufficient decision-making ability to be able to take action on the 
level of comfort while saving as much energy as possible. However, there are certain situations where 
maximising comfort must take precedence over savings. Adjusting comfort in order to maximise savings 
may result in a lower quality of comfort; nevertheless, maximising comfort during a period of time to 
allow the users to adjust to the environment, waiting and then reducing it to values which maximise 
savings may help improve the quality and acceptance of these savings. This will improve the building’s 
energy efficiency along with a high level of acceptance from the users compared to the energy that is 
wasted in buildings at the moment.  
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Table 1: Several studies in the past 


Authors Methods & variables 


 PM
V 


PID
 


Fuzzy Logic 


N
eural N


etw
orks  


G
enetic A


lgorithm
 


A
gents and M


A
S 


Learning 


Fixed or reactive preferences 


Survey preferences 


Tem
perature 


H
um


idity 


V
entilating 


CO
2  Q


uality
 


Lighting 


Energy Consum
ption 


Argiriou et al., 2000 x x - x - - x x - x x x x - x 


Argiriou et al., 2004 x x - x - - x - - x x x x - x 


Calvino et al., 2004 x x x - - - - - - x x - - - x 


Dalamagkidis et al., 2007 x x x - - - x x - x x x x x - 


Davidsson y Boman, 2005 - - - - - x - x - x x - - x x 


Doctor et al., 2005 x - x - - - x x - x x x x - x 


Dounis y Manolakis, 2001 x - x - - - - - - x x x - - x 


Dounis y Caraiscos, 2008 x - x - - x x x - x x x x x x 


Duangsuwan y Liu, 2009 - - - - - x x x - x x - - x x 


Gouda et al., 2006 - x x x - - x x - x x - - x - 


Guillemin et al., 2002 x - x - - - x x - - - x x x x 


Hagras et al., 2003 - - x - x x x x - x - x - x - 


Hagras et al., 2004 x - x - x x x x - x x x x x x 


Hamdi y Lachiever, 1998 x - x - - - - x x x x - x x x 


Huang y Lan, 1997 - x - - x - - x - x - - - - - 


Kolokotsa et al., 2001 x x x - - - x - - x x x x x x 


Kolokotsa et al., 2002 x x x - - - - x - x x x x x x 


Kolokotsa, 2003 x x x - - - - - - x x x x x x 


Liang y Du, 2005 x - x x - - x - - x x x x - x 


Liang y Du, 2008 x - x x - - x x - x x x - - x 


Magnier y Haghighat, 2010 x - - x x - x - - x x x - - x 


McCartney y Nicol, 2002 - - - - - - x - x - x x x x - 


Mo y Mahdani, 2003 x - - - - x x x - x x x x x x 


Moon y Kim, 2010 x - - x - - x x - x x x - - x 


Morel et al., 2001 x - x - - - x - - - - - - - x 


Nicol y Humphreys, 2010 - - - - - - x - x x x x - - - 


Qiao et al., 2006 x - - - - x x x  x x x x x x 


Rutishauser et al., 2005 x - x - - x x x - x x x x x x 


Shahnawaz Ahmed et al., 2007 - - x - - - - - - x x x - - x 


Shepherd y Batty, 2003 - - x - - - - - - x x - - x - 


Soyguder y Alli, 2009 - x x x - - x - - x x - - - - 


Soyguder y Alli, 2010 - x x - - - - - - x x x - - - 


Tripolitakis et al., 2004 x x x - - - - - - x x x x x x 


Wang et al., 2000 - - - - x - - x - x x x x - x 


Wang et al., 2002 x - - - - - - x - x x x x x x 


Wang et al., 2004 x - - - - - - x - x x x x - x 


Wright et al., 2002 x - - - x - x x - x x x - - x 


Yalcitas y Akkurt, 2005 - - - x - - x x - x x - - - x 
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Due to differing perceptions of what is ‘comfortable’, that occur because some people are more tolerant 
to broader climatic conditions than others. Obviously, whether the standard is accepted or not clearly 
depends on the place's weather and the building's conditions. Therefore, without questioning the 
standard, comfort systems whose ventilation and air-conditioning is based on personalised comfort 
models must be developed. 


The energy saving should not take precedence over comfort, especially in certain situations comfort 
should take precedence over energy saving as the users have to adapt to the changes in temperatures 
caused by the variations in the building’s occupation, low body temperature at the beginning of the day 
(Almirall, 1995), after breakfast and meals, etc. These all have an effect on human’s thermal sensation and 
usually occur in conjunction with one another. 


There are different examples both in printed or internet-based studies, where the sampling was based on 
surveys using sampling methods. The aim of these surveys was to obtain the staff’s general level of 
comfort at the start or end of the day. These studies, that included many different types of buildings, used 
information on the physical characteristics of the buildings and the work spaces. However, comfort values 
associated with the room were not taken into account in these studies (Huizenga, 2002; Young, 2011). But 
as Brager says “An important premise of the adaptive model is that the person is no longer a passive 
recipient of the given thermal environment, but instead is an active agent interacting with the person--
environment system via multiple feedback loops.” (Brager, 1998). As seen in (Aparicio, 2011), a previous 
experimentation has developed through a system based on a fuzzy logic system. 


2 Online comfort survey 
It has been proved that there is often an acute discrepancy between the objective and subjective comfort 
(Meir et al., 2009). In contrast to the objective of comfort presented by ASHRAE thermal comfort in this 
study is used the survey as a fundamental element of subjective data collection. 


The survey allows knowing the different perceptions of the users about indoors comfort levels. The system 
stores information relating to the comfort related to the temperature and humidity at the moment when 
the survey data are collected. We used the international standard ISO 10551:1995 which looks at the 
ergonomics of the thermal environment as a basis employing subjective judgement scales. Even so, in 
spite of the requests of those surveyed, all systems must be limited to certain norms whether determined 
by the ergonomics expert or by the laws or regulations of a country. The survey was performed using 
seven judgement values: three based on personal thermal condition (perceptual and emotional evaluation 
and temperature preferences), two based on the thermal environment (personal acceptance and 
tolerance) and two based on emotional state (level of stress and worker’s mood). The information from 
the perceptual evaluation was used in the system developed. The main questionnaire is shown in Table 2. 
The users filled in a second survey in addition to these questions, which was performed at the same time 
as the first one. Both surveys were performed only once during the day. The second survey contained 
questions which focussed on personal information, sex, age, height, weight and type of clothing. 


Table 2: Main questionnaire with subjective answers 


Personal thermal condition 
Perceptual evaluation How do you feel just now? 


Hot, warm, slightly warm, neutral, slightly cool, cool, cold. 
Emotional evaluation How do you find the temperature right now? 


Clearly acceptable, acceptable, unacceptable, clearly unacceptable. 
Temperature preference How do you want the temperature to be? 


Higher, unchanged, lower. 
Thermal environment 


Personal acceptance How do you find the air quality right now? 
Clearly acceptable, acceptable, unacceptable, clearly unacceptable. 
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Personal tolerance How strong do you find the smell to be right now? 
No smell, weak smell, moderate smell, strong smell, very strong smell, overwhelming smell.


Emotional condition 
Level of stress The activity that you are carrying out... 


Is stressful, is normal, is relaxing. 
Mood At the moment you are... 


Happy, optimistic, excited, normal, uninterested, depressed, sad. 


3 The designs based on fuzzy logic 
The reasoning of fuzzy logic (FL) are very simple and flexible, the "naturalness" of its approach and not its 
far-reaching complexity. FL is suitable with imprecise data as comfort, this is used in everyday language, 
but the same vocabulary to different people may have different values, these values are known thanks to 
a questionnaire of imprecise answers, in this case the fuzzy logic is the easiest methods to use. In direct 
contrast to neural networks, which take training data and generate opaque, impenetrable models, fuzzy 
logic allows to ensure the reaction of the system on based to the experience of people who already 
understand and know the system. 


The main objective of the design is to provide an online reliable pattern detection system but at the same 
time, an easy implementation. The situational patterns search permit to obtain useful information in takes 
decision; this suggests the use of the artificial intelligence techniques. The fuzzy logic is especially suitable 
for the combination of changes in demand very different features. This technique consists of a series of 
general rules (or directives), therefore the problem to be solved does not correspond univocally with a 
determined model of fuzzy logic, so is versatile as regards to implementations and performance. Even so, 
as expected, all systems based on fuzzy logic present similar characteristics: They are robust systems, they 
require little information input, and their process usually consists on the following three phases (Figure 1): 
fuzzification (conversion of the value of the input variables in fuzzy values), process of inference based on 
the logics rules; and defuzzification (conversion of the value of the fuzzy variables and decision making). 
The rules applied in the systems that use the fuzzy logic are expressed or are proposed out through the 
experience of the expert. 


Nowadays, there is a standard for implementing fuzzy logic, especially for fuzzy control, called Fuzzy 
Control Language (FLC) that facilitates the development with APIs which allow implementation in different 
languages (IEC, 1997). 


 
Figure 1: Basic configuration of a fuzzy logic system. 


Through sensors and thanks to the current technological tools with Internet access, the users could be 
assessed and their comfort could be personalized, in all situations and wherever. In addition, they can 
register the measure changes desired about the room states. The objective of the model is to provide a 
reliable system with an easy implementation, hence the simplicity of the inputs required (variables): 


Fuzzification Inference 


 Aggregation 
 Activation 
 Accumulation 


Defuzzification 


 Y X 
X 


Rule Base 
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percentage and variation of occupancy, the evaluation may be dissatisfied by heat, satisfied and 
dissatisfied by cold. First, the fuzzy logic system converted the variables to fuzzy variables (fuzzification). 
Once the components of each variable are obtained, a set of logical rules is calculated considering the 
variation from the previous period (inference process). An example of rule is, "The preference that should 
be given to the saving energy if the occupation of the building is low, its variation is negative (the users 
are leaving the rooms), the number of users dissatisfied by heat is decreasing and its variation is also 
negative". The answers of the fuzzy rules (comfort, neutral and savings) are used to show that a significant 
change in global level exists of comfort and represents the configuration to which the system must give 
preference. Finally, to make a decision about which demand that must prevail (the user comfort or saving 
into a central system), it is necessary to transform the previous results of the inference process into a 
single interpretable result mathematically in the form of probability (defuzzification).  


Furthermore, as not only the flow size is considered but also this variation in a period before, through the 
careful preparation of the rules, not only the pattern of comfort can be detected, but also the error in next 
period can be predicted with a very small probability. All this, using a little amount of possible information 
and independently of temperature or the particularities of each user. The decision logics rules, in case that 
several types would be detected, the answer would be given with greater probability value. This analysis is 
always made after a specific time period and a subsequent decision is made with regard to the climate 
setting type. 


4 Experiment and results of fuzzy logic system 
The model has been validated in one real case scenario in two work spaces of the Higher Technical School 
of Engineering of the University of Seville. The area was heated by two fan-coil units which were part of a 
central heating system. For this experiment the study was performed with a single central heating system 
and the same temperature decision was taken for all the equipment of the different areas. The area had 
16 workspaces installed overall. The study was carried out between 8:30am and 2:30pm. The ages of the 
users studied ranged from 25 to 29 years old, who were all healthy and physically fit. On the whole, the 
users were wearing suit trousers, long-sleeve shirts, long-sleeve jumpers, thick socks and shoes. The 
outside conditions during the day remained between 9-13ºC and over 80% humidity. The temperature 
and relative humidity inside the work area was measured during the study. In (Aparicio, 2011) could be 
seen an example of survey result as comfort condition, personal and thermal condition or the emotional 
condition. 


 
Figure 2: Chronological results of the fuzzy-logic system (Aparicio, 2011). 


The answers to each question as well as the level of occupation are shown in Figure 2. The solution’s 
weighting is shown where a one represents maximise saving and a zero maximise comfort. Furthermore, 
this figure presents the results of occupation and the answers of comfort, dissatisfied by hot and by cold. 


For these results to arise there needs to be very large difference between the answers. This may have 
happened at 9:45am. However, given that many users found the temperature acceptable, the request to 
maximise comfort was lower, meaning the need for this was decreased. However, moments when comfort 
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took precedence were seen at 11:15am, 12:15pm and 12:45pm, compared to the beginning and end of 
the working day when the building occupation meant that the system tended clearly towards energy 
saving. 


This system reflects the need to look for savings and comfort, although the tendency leant more towards 
comfort due to the high occupation of the space, which was modified according to the users' answers to 
the questionnaire. 


The trend in the system, allows you to be away from specific situations, due to psychological factors, 
health (body temperature), the menstrual cycle in women (Figure 3b), etc. For these reasons, some people 
may require a specific temperature due to the difference in the corporal temperature as you can see in 
(Figure 3a). However, in the building the user should adapt to the group. The needs of comfort are related 
to the body thermal curve, and at the beginning in the morning, the results in (Figure 2) is shown needs of 
comfort which are reduced in the same way as body temperature increases.  


  


Figure 3: (a) The figure at left shows the core body temperature waveforms averaged with respect to time 
of day for young and older subjects. Source: Duffy, 1998. (b) The figure at right shows the rectal 
temperatures in men, women taking hormonal contraceptives, and women in the phases of their 
menstrual cycles. Source: Backer, 2001. 


5 The system architecture 
The structure of the system is being investigated, as shown in the Figure 4, it is based on the user's 
response to the surveys, rather than being controlled by a remote control to select the setpoint of the 
temperature. This allows to control the humidity, which generally could not be choosen by users. 


The survey information together with the data of temperature, humidity and occupation given by the 
sensors are stored in a database. The fuzzy logic system gets the information to examines the criteria for 
selecting the proper temperature and humidity. 


In a second phase of the system, taking into account the outcome of the fuzzy logic system, and 
information stored in the comfort of each individual, together with the data or cost function of the change 
of condition, the change value is the value at which the change in the measurement result is considered 
desirable due to the comfort and saving criterias. This second system takes the decision on the HVAC, it 
must be preserved and implemented in the following periods of time. 


Young 
 
  
      
         Older 
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Figure 4: The system architecture 


Individual user values are grouped in the system, generating rates of states of comfort regarding different 
climatic conditions of the rooms (after training the system). In Figure 4, based on these values, it is known 
the difference of comfort regarding the current room status. Furthermore, if it is known the consumption 
differential for a temperature change in a room. The most interested change is selected with respect to 
the criterion given by the fuzzy logic system. 


The survey responses are stored individually for each user, the system learns the individual results, and 
these can be compacted into a general model or for each room. 


It is stored for each interval of temperature and humidity, the average acceptance by the user group. After 
the first day, we find temperature and humidity ranges for which we would not know any data, in (Figure 
5) is represented by crosses. 


 
Figure 5: First Day 


But over time, we will found similar comfort models which will follow the Fanger comfort curve (Figure 
6a), but certainly more real to user comfort (Figure 6b). 
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Figure 6: (a) The figure at left shows the comfort curve of Fanger. Source: Mondelo, 1995. (b) The figure at right shows 
a possible degree of comfort in a building. 


As shown in Figure 6b, assuming that we are at a point (22°C, 50% RH) only has to calculate the 
differential of comfort with respect to the closest points. The amount of energy that must be applied, 
must be lower due to evaporative systems, those systems can significantly reduce the energy consumed 
to a change in the degree of comfort. This kind of systems has shown around 15% savings in annual 
energy consumption of the building, while maintaining the comfort most of the hours in the year. 
(Khandelwal, 2011). 


The architecture of this system aims to bring new decisions to be taken on such systems, where users are 
aware of the humidity, but they will not be able to control their changes. 


6 Conclusion 
There is a need to assure that the saving energy perspective is explicitly present, without prejudice to the 
comfort in the building. Nowadays, these two perspectives are not connected; this research is a chance to 
balance the scales a little. The HVAC systems efficiency and flexibility need to be balanced with 
considerations of users. A new HVAC control strategy and decision criteria that regulates thermal comfort 
levels was presented. Fuzzy logic is applied to the user’s evaluation and the actual status. To obtain a 
criteria that is the way in which is decided to change the system in order to create indoor thermal comfort 
and saving energy. 


The system will dynamically adapt to changes in comfort, will store the user responses dynamically to 
meet your individual comfort. This allows knowing the effect of changes in the decisions of the system. 


Logically, we are developing a technique in order to prevent the problems and infighting for the selection 
of temperature within a workspace, where the air conditioning is not to everyone's taste. 


The architecture of the proposed control system allows easier evaluation of the indoor climate by using 
surveys. It is expected that the outcome of this project will show that the control based on thermal 
comfort surveys provides better comfort at a lower cost than that provided by thermostatic control 
techniques. 
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Abstract 


Thermography has been increasingly used in various areas of knowledge. Equipment, components and systems are 
still the main focus of this technique. Currently items of thermographic equipment have become more accessible thus 
enabling new applications. This article explores thermography as a means to make an ergonomic evaluation of a job 
in metal casting, an area that involves activities that are energy sapping wearisome and uncomfortable for workers. 
Use was made of the method of macro-ergonomic analysis of work proposed by Guimarães (1998), in a medium-
sized industry, in the sectors of manual molding and finishing. 27 workers were evaluated. Based on this method and 
statistical analysis, the finishing sector was identified as the most critical one, in which thermograms were collected 
during the work activity of a volunteer. There was a 1.8 oC increase in the average skin temperature of the regions 
examined, before and after 1.5 hours of activity. This variation represents a great exertion required in the workplace. 
The results indicate that the analysis of thermograms assists in the evaluation of work activities, as the physical 
exertion expended is quantified. This technique can potentially aid the study and improvement of jobs in the industry, 
particularly those that most weary the human body. 


Keywords: ergonomics; thermography; physical load; smelting. 


1 Introduction 
The use of thermography can still be considered new and even innovative because new applications for 
the technique have emerged or were only possible in recent years due to the improvement in the quality 
of thermal images generated by modern infrared cameras. 


Industrial applications are still the main focus of this technique such as those linked to industrial 
maintenance in detecting defects in electrical and mechanical components. Another industrial application 
is to check thermal insulation systems of pipes and tanks and a further on is to analyze thermal leakages 
from products such as oven stoves for household use. 


In recent years, new studies and a downward trend in the cost of pieces of equipment that generate 
thermal images have led to new possibilities. Specific applications of thermography carried out in 
ergonomics can be seen (Ashwin (2007) and Guimarães, Fischer and Bittencourt (2004). 


The objective of this article is to analyze jobs in metal smelting, an area that workers find is energy 
sapping and uncomfortable, especially for non-automated molding operations, the discharge of liquid 
metal, emptying casting molds and for finishing. The company studied, which is within the foundry 
industry, is of medium size and is located in the state of Paraná, in the south of Brazil. The main focus of 
this study was the use of thermography as a tool for ergonomic evaluation. 
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2 Theoretical Background 
William Herschel proved that heat could be reflected and refracted under certain conditions. His son, John 
Herschel, succeeded in generating an image using solar radiation. He called this image a thermogram, a 
term still used to describe the image generated by thermal radiation (Ring, 2007). 


Known of since the 1970’s, thermography has received new attention in recent years. It is a technique that 
captures radiation in the long infrared band (7.5 to 13 µm) emitted by the human body, thus providing an 
image of the thermal distribution of the skin surface. The temperature of the skin, under carefully 
controlled environmental conditions, is mainly influenced by its microcirculatory activity and by the 
production of heat conducted to the surface which has been generated in deeper tissues. Thermography 
has more recently been called Infrared imaging (II), due to the new ultra-sensitive infrared detectors 
(Brioschi et al., 2007). 


The maintenance of body temperature by the human body is a complex phenomenon. Man is 
homeothermic and produces heat that should be lost to the environment. The interface between the 
environment and the production of heat is the skin. This dynamic organ is constantly adjusted to balance 
the external and internal conditions, thus offsetting the physiological demands of the body. Sympathetic 
motor fibers control cutaneous microcirculation by means of vasoconstriction or vasodilation, causing the 
skin to be irrigated to a greater or lesser extent. This phenomenon of controlling the transfer of heat 
through the skin is defined as thermoregulation and is dependent on controlling the autonomic nervous 
system. Cutaneous thermometry by infrared imaging is the most efficient way to study the distribution of 
skin temperature today. It is a diagnostic method that evaluates the microcirculation of the skin and, 
indirectly, also evaluates the sympathetic nervous system closely related to the skin (Brioschi et al., 2003). 


The use of thermography in medicine is broad and includes the detection of diseases of the breast, 
lumbar disk hernia, and deep vein thrombosis. Cherkas et al. (2001) examined the use of thermography to 
diagnose Raynaud's phenomenon, and this was shown to be promising. There is a recent renewed interest 
in using infrared images for medical use in the detection of tumors (QI et al., 2000). 


Yoon et al. (2004) proposed an algorithm for analyzing thermal images with a view to identifying 
physiological problems in the forearm region. They conclude that by analyzing the images it is possible to 
estimate the thermal features of human forearms efficiently. 


A study seeking the recognition of facial expressions using geometric characteristics based on thermal 
infrared images is given in Jiang et al. (2005). This study shows that facial temperature always changes at 
the same time as the expression does. It also showed that it is possible to recognize facial expressions 
based on thermal imaging, which can be used when monitoring in real-time and thus help medical 
diagnoses. 


Ring et al. (2004) present a database for the distribution of temperature of the skin in normal human 
beings who are 10-75 years old. They used digital infrared thermal imaging. Despite the many different 
applications and studies, a normal base was not found to be available, especially for clinical use in 
hospitals. 


Merla and Romani (2006) describe an innovative method of obtaining quantitative diagnostic tools based 
on thermal images. They show that high resolutions of infrared thermography, combined with modeling 
bio-heating, have a wide variety of applications. With such studies, it is becoming possible to give a better 
and more complete description and understanding of the functional processes involved in the presence of 
interferences such as cutaneous thermoregulation. The successful application of diagnostic procedures 
needs to be supported by several important elements: effectively designated diagnostic protocols and 
paradigms; control of accuracy and standardization of experimental conditions; analysis of appropriate 
data and image processing; and a multimodal approach, if possible. All of these are equally essential for a 
quantitative and effective infrared thermal image. 


However, the infrared technique has been applied with equal or greater success in monitoring peripheral 
circulation in the presence of disorders of the tissues. Variations in temperature due to inflammation in 
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the arms, hands, legs and feet are detected by the influence of the "thermal reservoir" formed by the 
trunk of the body (Jones; Plassmann, 2002). 


According to Jones and Plassmann (2002), thermal images for medical use are acquired in various ways 
and are classified according to the temporal sequence of the images. They report four methods which are 
described below: 


 Method 1: A static image of the patient is acquired at a given instant and is used to identify hot 
and cold spots, emphasis being given to areas of the image where the temperature gradients are 
high or to measure  asymmetries in the distribution of skin temperature 


 Method 2: Static images are captured at times which are separated by a substantial time interval 
of an order such as to monitor the progress of an infirmity or a treatment or even to detect the 
severity of inflammation (heat is one of the five classical symptoms of inflammation) 


 Method 3: A series of images is captured for a period of minutes to monitor the recovery of skin 
temperature after an external provocation such as thermal stress (heat or cold), mechanical stress 
(vibration) or chemical stress (vasodilators or vasoconstrictors) 


 Method 4: A series of 1,024 images is captured at a rate of 100 frames per second for 11 seconds 
during which time the patient is seated and holds his/her breath 


According to Ashwin (2007), human thermal images obtained from infrared cameras: 


 Establish a baseline measurement to evaluate the ergonomics program of companies 
 Assist in evaluating the risk of injuries that arise from work 
 Help determine the worker's physical capacity in relation to the physical requirements of the 


activity 
 Identify work-related osteomuscular disorders (RSI-WRMD) efficiently 
 Help reduce indirect costs such as false complaints 


The use of thermal imaging technology is fairly recent. In the literature, new applications are gradually 
emerging. Linked to cutaneous thermometry, much has been related to the identification and diagnosis of 
problems and diseases. However, with respect to ergonomics, especially the analysis of workload and 
exertion, the number of references is still relatively small. This paper seeks to make use of this application 
that can both assist health at work professionals as well as those directly related to ergonomics, thus 
minimizing the suffering of workers who carry out exhausting or even superhuman activities. 


A study on the exertion involving workload performed by employees carrying out their routine activities, 
can be found in Guimaraes, Fischer and Bittencourt (2004). In their study, in addition to other techniques, 
they used thermography to prove and even to quantify the variation in the skin temperature of linesmen 
before and after they performed the task of climbing poles. It was based on that study that the motivation 
came to undertake this study in the field of metal casting. 


3 Company Under Study 
The company studied is a small foundry in Brazil. It manufactures parts in gray and nodular iron. It started 
up in 2001, and serves clients nationally and in Chile and Argentina. It is structured to focus on the 
production of technical parts for the automotive and agricultural industries, real estate, heavy machinery 
for railroads, sanitation and telecommunications. It also supplies its products to Brazilian organizations in 
the segment of household appliances, and the manufacture of silos and warehouses.  


The built area of the company is 4,600 m2 and includes two furnaces, one is of the cubilôt type and the 
other by electric induction, a molding machine, modeling and a laboratory for evaluations and product 
development. It has approximately 38 employees and works in two shifts (05:00 - 14:00 and 09:00 - 18:00). 
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4 Method of Macroergonomic Intervention 
The analysis of the foundry employees' work covered the first three steps (assessment, diagnosis and 
proposing solutions) of the method of macro-ergonomic analysis of work proposed by Guimarães (1998), 
which provides for the workers’ participation in all project phases. The method adopted also follows the 
study by Guimarães, Fischer and Bittencourt (2004) who made an assessment of the workload imposed by 
three systems on power linesmen regarding how they climb up and down electricity poles. We also used 
the article by Bridges (2005) which deals with the incidence of pain in the lower back for a better 
understanding of working conditions in the company studied. 


It should be noted that this study is focused on the use of thermography to evaluate workload in industry. 
As indicated in the section on the theoretical background, applications for measuring and analyzing 
thermal images generated by irradiation of human skin temperature are still recent and concentrated in 
medical applications, with trials in controlled environments. The phases and conduct of the research are 
described below. 


4.1 Ergonomic Evaluation 
A preliminary survey was carried out on visits to and observation of the workplaces. The industrial 
director, the materials engineer and workers were encouraged to raise problems relating to the working 
conditions of the workers, who were also heard. 


According to the Industrial Director, until 2005 the activities were performed without rotating jobs with 
regard to the molding sector, in which most of the employees (approximately 20) are concentrated. There 
was a high rate of complaints particularly about back pain and consequent removal of workers from such 
posts. After this period to the present, a rotation of activities was implemented in this sector and there 
was a significant reduction in the index referred to. It was observed that this rotation exists only in the 
molding sector. In the other sectors, the jobs are fixed. 


Following Pontes (2005), work in the manual molding sector in the company studied can be divided into 
seven phases: fashioning and compacting the sand molds; opening the forms; transporting the crucible 
and placing the liquefied metal in the molds; removing the product after it has cooled (semi-finished); and 
finally the preparation of sand for re-use. 


During the preliminary fieldwork, it became clear that the manual molding sector should be dealt with in 
the research, even though conditions have improved in recent years. Another sector that attracted the 
attention of the researchers was the finishing sector, particularly those workers who remove burrs in 
grinding stones. The environment is noisy and the removal of burrs in emery stone requires considerable 
compression exertion against the grind-stones. 


The study was limited to the staff of the manual molding and finishing sectors because the other sectors 
showed no signs of overload. The methodological tools used in this phase were observation of 
workplaces, a camera, interviews and questionnaires. 


4.1.1 Ergonomic Constraints in the Manual Molding Sector 
The manual molding workers carry out their activities on a rotating basis, which according to the industrial 
director has reduced the problem of sick leave and transfers. The ovens are in the same environment as 
the molding. Because the ovens are relatively small and there is good convection, temperatures do not 
reach very high levels anywhere in this sector. 


The activities demand physical exertion especially when handling molds when they are being fashioned. 
Larger pieces can weigh up to 150 kg. At the time of demolding the weight is increased by the solidified 
metal. During the manufacture of the molds, workers use an awkward posture, which was the causal factor 
for higher rates of pain in the lower back and sick leave/ transfers until 2005, prior to which there was no 
rotation of duties, as reported in Pontes (2005). 
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Loading the crucible also requires considerable exertion. Approximately 70 kg are distributed between 
two workers. The activity does not appear to be critical, because it is fast (lasting a maximum of 30 
seconds). It is found that one of the workers has only one point at which to hold the crucible with one 
hand. This worker walks all along his route with the load and his posture out of balance. 


The main safety aspect is the risk of burns, a risk inherent in the activity. The liquid metal, around 1500 0C, 
offers serious risks from when it is unloaded from the furnace to the crucibles, through its transport and 
casting in the molds. 


4.1.2 Ergonomic Constraints in the Manual Molding Sector 
The activities of those who work on finishing are not performed in rotation. What is most striking is the 
high level of noise, in the range of 108 decibels. All employees use appropriate ear muffs. The exertion in 
grinding is the most tiring. The worker needs to press the part with considerable force to remove the 
burrs. Some parts are heavy, around 30 kg. Their posture is static which together with the use of 
protective masks suggest an activity that is uncomfortable and exhausting. 


Safety is not really a problem in this sector. The use of goggles, masks and gloves minimize the likelihood 
of injuries should metal particles spray out, which is the main risk factor in this location. 


4.2 Diagnostics 
The ergonomic assessment conducted served as the basis for identifying activities that require greatest 
attention in the study. As previously mentioned, the other sectors showed no signs of overload. The study 
was limited to the manual molding and finishing sectors, particularly the activity of removing burrs from 
the grinders. 


An assessment was made of the workers’ perception of the both in manual molding and in finishing, using 
a two-part questionnaire: general perception of mental and physical fatigue (part 1) and the perception of 
discomfort or pain on a body map divided into 28 parts (part 2). 


In part 1 some general data were collected such as age, height, weight shift, length of service in the 
company and in the sector.  Another two questions were added regarding physical and mental fatigue, 
using a continuous scale of 150 mm with two anchors at the ends ("none" and "a lot"). The part 2 on the 
perception of pain and (or) discomfort uses a continuous scale of 90 mm with two anchors at the ends 
("none" and "a lot"). The responses consisted of marking the workers in visual scales, which enabled data 
on their perceptions to be collected continuously, since marking could be made at any point of the scale. 
These continuous data were used for statistical analysis. This form of collection was based on the paper by 
Werner, Lindem and Ribeiro (2003). 


4.2.1 Subjective Analysis of Exertion 
The group analyzed consisted of 27 workers, of whom 15 were in the manual molding sector and 12 in 
the finishing sector and this is the total number of staff in these sectors. The averages for the general data 
of the group are 32.8 years old, 1.74 m tall and weigh 75.7 kg, the standard deviations being 9.5 years, 
0.08 m and 12.6 kg. The general perception of physical and mental fatigue is shown in Figure 1, which 
clearly shows that the activities make large physical demands. 


The initial analysis of perception of discomfort and (or) pain was made of the two sectors together, as 
shown in Figure 2. In this Figure (and in Figs 3, 4 and 5), besides the average values, what is shown is the 
LSD (Least Significant Differences Intervals) visualizing the significance of the F test. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID251.6 


 


102.8 


54.8 


0.0 50.0 100.0 150.0


Physical 


 Mental 


 
Figure 1: General perception of physical and mental fatigue in manual molding and finishing. Source: authors 


The variance analysis (ANOVA) revealed at the 5% level of significance that there are differences in the 
discomfort and (or) pain perceived. The back, legs and arms are the parts of the body that presented the 
highest rates, and form a homogeneous group, i.e., they do not differ from each other in intensity. The 
second group consisting of the hips, feet, hands and neck are also homogeneous and comes next. The 
homogeneity of the two groups was also verified by variance analysis (ANOVA) at a 5% significance level. 
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Figure 2: Perception of discomfort and (or) pain in manual molding with finishing. Source: authors 


The same analysis was carried out separately for the sectors and the result is shown in Figures 3 and 4. For 
the manual molding sector (Figure 3), the variance analysis (ANOVA) revealed at the 5% level of 
significance that there are differences in the perception of discomfort and (or) pain. The back, legs and 
arms are the parts of the body parts that had the highest rates and form a homogeneous group, i.e., they 
do not differ from each other in intensity. The second group consists of the feet, hands and neck, which 
are also homogeneous, comes next. The homogeneity of the two groups was also verified by the variance 
analysis (ANOVA) at a 5% significance level. The statistical analysis showed that the hops could belong to 
either of the two groups. 
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Figure 3: Perception of discomfort and (or) pain in the manual molding sector. Source: authors 


For the finishing sector (Figure 4), the variance analysis (ANOVA) revealed that at a level of significance of 
5% there are differences in the perception of discomfort and (or) pain only as regards the hips, where the 
perception of discomfort and (or) pain is at a lower level. 


Figure 5 shows a comparison of the times that employees have been working in the sectors of manual 
molding and finishing. The average values were respectively 49.4 months and 14.8 months with standard 
deviations of 47.8 months and 18.3 months. 
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Figure 4: Perception of discomfort and (or) pain in the finishing sector. Source: authors 
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Figure 5: Time during which the employees have been working in the sectors (in months). Source: authors 


On analyzing Figures 3 and 4 it is seen that the finishing sector, in its present state, is more critical than 
the manual molding sector. The perception of discomfort and (or) pain in this sector presented higher 
levels and in virtually all parts of the body. The time spent in the sector, shown in Figure 5, confirms this 
claim because there is a statistical difference at a significance level of 5% which suggests a higher 
turnover in this sector. 


4.2.2 Physiological Evaluation of the Exertion 
The physiological assessment of exertion was the main tool of thermography analysis, the focus of this 
work, which explored the potential of this technique in Ergonomics. The conclusions obtained from the 
thermography have aspects that are still controversial when it is a question of measuring human beings’ 
skin temperature. These aspects are linked to the ongoing and complex mechanism of thermoregulation 
of the organism and the influence of the environmental conditions on the thermograms collected. 


The equipment used for obtaining thermograms is a FLIR portable device, model InfraCamtm. The 
equipment adequately met the requirements for analyzing human thermograms. Thermograms were 
collected from a volunteer in the finishing sector, which is considered the most critical one, who works at 
one of the grinders. It should be noted that we chose the sample size of one unit. This decision was made 
because of difficulties to remove the employees of the jobs.  The tasks had to be interrupted to allow the 
collection of thermograms. The collection method is described below: 


 Each collection consisted of acquiring thermal images of the arms (wrists to shoulders) and hands 
 The reference measures (baselines) were collected at the beginning of the working day. The 


internal baseline was acquired in an air-conditioned environment in which the temperature and 
humidity were controlled as per Selfe et al. (2006). The external baseline was collected in the 
workplace 


 The other measurements were taken after approximately 1.5 hours of activity and also in two 
ways, namely internally and externally as described above 


 The measurements of the arms were taken at a distance of two meters and of one meter from the 
hands 


The collection method was based on the thermograms for medical use in the collections in an air 
conditioned environment (internal baseline). Taking measurements in the workplace was an option for the 
researchers in order to investigate the validity of such measurements. Although there are restrictions to 
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this practice, the need for air-conditioned environments may be a factor limiting the use of the technique. 
The company in question has a laboratory for metallographic analysis, which is air conditioned, which 
facilitated the work. The option of collecting thermograms from the arms and hands was made for 
reasons of practicality. Taking Figure 4 into consideration, it is clear that these parts are at the same level 
of discomfort and (or) pain as the others (except the hip). Figure 6 presents the analysis regions of arms 
and hands in which the criterion of collection was that of the maximum value of each region. The three 
thermograms presented are from the internal baseline. 


 
Figure 6: Analysis regions of the thermograms. Source: authors 


The statistical analysis was performed with two factors (MANOVA). Condition of physical activity was one 
of the factors (at rest and working) and regions of the arms was the second factor. The response analyzed 
is the maximum skin temperature of the regions analyzed of the arms and hands. The variance analysis 
(MANOVA) showed at the 5% level of significance that there is an influence of the condition (at rest or 
working) and between the regions analyzed, as shown in Figures 7 and 8. In these same figures, besides 
the average values, the LSD (Least Significant Differences) intervals appear which assist in visualizing the 
significance of the F test. 
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Figure 7: Skin temperature before and after 1.5 hours of activity. Source: authors 


Figure 7 clearly shows the increase of the average skin temperature of the regions analyzed before and 
after 1.5 hours of activity. The average difference is 1.8 oC. A question to be interpreted is how much this 
difference represents in terms of physical exertion. For this case, it is understood that the difference 
represents great exertion demanded from the employee, because of the following arguments:  


 An analysis of perceived pain and discomfort from the finishing sector (Figure 4) shows that the 
regions analyzed are in great demand 
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 The article by Guimarães, Fischer and Bittencourt (2004) made an analysis of an activity that 
requires great physical exertion and the biggest difference presented was 1.4 °C, before and after 
the activity 


When questioned, the volunteer said that during the 1.5 hour activity only small parts had been worked 
on the emery grinding stones. Therefore the situation tends to be worse when heavier and larger parts are 
handled, and besides their being heavy, the parts are difficult to handle. Figure 8 shows the symmetry 
between the regions of the body, which was expected. It also shows a trend for the temperature to 
decrease from the shoulders to the extremities of the hands. 
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Figure 8: Skin temperature and the regions analysed. Source: authors 


4.3 Proposals for Improvements in the Sectors Studied  
The ergonomic analysis should be directed to the improvement in working environments. In this sense for 
the manual molding sector, the suggestions for improvements are as follows:  


 Rotation: The rotation schedule of activities adopted by the company has brought about 
advances, but can still be enhanced. The rotation is still informal 


 Weight of the molds and parts: some molds and parts are very heavy. It is suggested that the 
molds in the sector should be redistributed. New operational standards for molding operations 
should be drawn up with the prediction of the molds using the existing overhead crane 


 Posture: all molds are on the ground and workers need to be bent over in many of the jobs. It is 
suggested that alternatives be sought that enable the elevation of the work area 


For the finishing sector, the suggestions for improvements are as follows: 


 Rotation: there is no rotation. The finishing operations are done in static positions and with 
repetitive movements. The high turnover of the sector reinforces this work as being the most 
critical in the company. It is suggested that a rotation system for these activities should be drawn 
up and implemented 


 Jet of sand: it is suggested that this machine should have an acoustic enclosure or be removed to 
the external environment Posture: all molds are on the ground and workers need to be bent over 
in many of the jobs. It is suggested that alternatives be sought that enable the elevation of the 
work area 


 To study a form of support and (or) bench that may facilitate the handling of parts and reduce the 
exertion against the grindstone 


 Very large and heavy parts, these parts are deburred on the ground with hand sanders. Work 
benches (tables) can be planned so that the posture for this activity may decrease back pains 


5 Conclusions 
The sectors studied may have improved their working conditions with relatively simple actions that do not 
require many resources. The survey had a character that investigated the potentialities of thermography 
as a tool for analysis of physical exertion in energy sapping, such as a non-automated foundry. The results 
shown by the thermograms collected were consistent with the subjective analysis of discomfort and (or) 
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pain made in the sectors of molding and finishing. The cost of infrared cameras has been gradually 
reducing. However, technical issues of how to run trials on humans and how to analyze the results still 
hinder the proliferation of this technique in ergonomic analysis. We tried to help with this work has 
sought to make a contribution in this direction.  


Future work in this area can be undertaken made to study trialling methods and collections of 
thermograms that target ergonomics. In sequence, reference values should be sought to assist in the 
analysis of thermograms before, during and after the physical activities demanded in work tasks. 
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Abstract 


Developing efficient energy generation technologies has become essential due to scarcity and high prices of fossil 
fuels and environmental concerns. The purpose of the present study is to develop a conceptual model based on a 
cost-benefit analysis applied to a cogeneration system for a micro-scale application, considering the Portuguese 
framework. The economic viability assessment of a micro-CHP system is of utmost importance in the decision making 
process when considering a new investment. The micro-CHP systems offers some benefits that underlie their 
economic viability: the capacity of producing heat and power at consumption place; allows the reduction of 
transmission and distribution losses; maximizes the utilization of primary energy by reducing waste heat; and finally 
offers significant contribution to pollutant emissions reduction. The development of optimization models has proven 
to be a valuable tool for the design and techno-economic assessment of micro-CHP systems. 


Keywords: Micro-CHP system; Optimization; Economic viability. 


1 Introduction  
Combined Heat and Power (CHP) is a well-known technique for producing heat and power simultaneously 
onsite from a single primary energy source. The changes occurred in the energy sector during the last 
decade, particularly concerning to the increase of electricity consumption in the building sector, have led 
to several innovations and the research focused on high efficiency technologies. These high efficiency 
decentralized plants have been applied to small and micro-scale level applications (residential and 
commercial services) where the cogeneration systems can supply both power and thermal needs of the 
buildings (Jackson, 2007; Cardona et al., 2006; Alanne et al., 2010). Additionally, its potential is well 
recognized in terms of energy saving when comparing them with the separate production. 


This process triggered new challenges for the development of new strategies towards the diffusion of new 
energy systems, regulatory measures, incentives related with the power production from renewable 
sources and the promotion of more sustainable environmental-friendly energy generation solutions.  


Performance assessment is an approach to the evaluation of the viability of micro-cogeneration systems 
in comparison with alternative options for residential energy supply. Several approaches have been 
conducted in order to study the thermo-economic performance of a number of technologies in this field. 
Some authors established that the introduction of CHP system in the residential sector requires the 
development of compact, cost efficient and easily installed systems. In fact, it is believed that only with the 
development of more energy-efficient systems, which are able to reduce life-cycle costs, primary energy 
savings and CO2 emissions, it is possible to increase its market competitiveness (Alanne et al. 2010). 


Lazzareto & Toffolo (2004) developed a study with the objective to identify the best option to optimize 
thermal systems where single- or multi-objective optimization approaches are discussed. The study was 
performed using evolutionary algorithms to optimize the design parameters of a CHP plant defining an 
assessment model based on energy, economic and environment issues. De Paepe et al. (2006) compared 
different commercial available residential CHP systems and concluded that the system cost is the main 
obstacle against the introduction of cogeneration systems in the residential sector.  
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Pilavachi et al. (2006) defend that the development, construction and operation of small and micro-CHP 
systems must be evaluated according to economic, social and environmental aspects in an integrated way 
and the results of the evaluation should be compared by means of the sustainability scores. Huangfu et al. 
(2007) present a study in which an evaluation and analysis of a micro-scale combined cooling, heating 
and power system were performed. The economic efficiency of the system is discussed in terms of 
different criteria: payback period, initial costs, annual savings, annual profits, operating cost, interest rate 
calculation, time of payment and net present value. Alanne et al. (2010) presents a techno-economic 
strategy to evaluate the performance of different configurations of a Stirling engine-based residential 
micro-cogeneration system. The study was performed modelling and simulating the micro-cogeneration 
system in the IDA-ICE (Indoor Climate and Energy) building simulation program to identify the system 
configuration, in order to minimize the annual thermal losses. In the evaluation procedure, the variables 
considered were the annual costs, primary energy use and CO2 emissions. In this study, the economic 
viability of the system is based on the capacity to recover the capital investment costs by the annual 
savings during a certain period of time. Shaneb, Coates & Taylor (2011) developed a deterministic linear 
programming model to minimize the annual costs of the system considering the systems sizing. The 
investigation was conducted considering the most used technologies for this kind of application: the 
internal combustion engine, the Stirling engine and the fuel cells. The authors concluded that the 
electricity and heat demands are essential inputs for any sizing model and that different technologies lead 
to different sizes. The consideration of environmental costs/concerns in the design of energy conversion 
plants aims to achieve the maximum efficiency at minimum cost and with the minimum environmental 
impact. The process of quantifying the impacts (direct and indirect) on the environment is extremely 
complex and not always easy to accomplish. 


Gullí (2006) presented a social cost-benefit analysis of small CHP distributed generation system. The 
analysis is based on the determination of internal (calculation of optimal electricity and fuel prices) and 
the external costs by applying the ExternE methodology. The ExternE methodology includes the weighting 
of the external impacts using quantitative procedures in order to transform these impacts into monetary 
units. The author developed a comparison between the centralized and the decentralized energy supply 
concluding that the implementation of these decentralized power production systems in residential sector 
still does not represent a competitive solution. Pehnt (2008) studied the environmental impacts of 
distributed energy systems for micro scale applications. On his research, the potential of different 
cogeneration systems was investigated by evaluating their impacts through a Life Cycle Assessment (LCA). 
The author concluded that the performance of micro cogeneration with respect to environmental 
concerns depends mainly on the overall conversion efficiency and the type of energy sources that the 
CHP plants work with. 


The purpose of the present study is to develop a conceptual model based on a cost-benefit analysis 
applied to a cogeneration system for a micro-scale application, considering the Portuguese framework. 
The model should include the identification of the objective function and the terms involved in the 
financial analysis across the lifetime of the system as well as the economic evaluation of costs and benefits 
from this combined heat and power production. The motivation for this research was the necessity to 
develop a tool able to determine the economic viability of a micro-CHP system. This tool presents a 
decision making process based on accurate data to assess the real economic costs of a particular 
cogeneration system. In this paper, a methodology is presented to evaluate the economic sustainability of 
a CHP system. 


2 Background for Micro-CHP Portuguese Scenario 
The current national energy scenario is characterized by a strong external dependency, with an energy 
sector heavily dependent on fossil fuels (fuel oil, natural gas and coal) as primary energy sources. In 
addition, a growth of the energy demand is verified although Portugal has one of the EU’s lowest 
electricity consumption levels per capita (DGEG, 2012). However, the electricity consumption greatly 
increased in recent years, mainly in the building sector. In fact, the Portuguese economy is dominated by 
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the services sector (63%). Therefore, the Portuguese government has been implementing and promoting 
energy efficiency policies, most of them based on subsidized schemes for renewable energies. 
Cogeneration has benefited from this political push and it contributes with more than 12% of total 
national electricity production. In 2002, the Decree-Law 68/2002 allowing the power production in low 
tension: at least 50% of the produced electric energy must be self-consumed and the maximum power 
that can be delivered to the power utility is 150 kWe. So, the fact that consumers can reach incomes from 
selling electricity to the national grid opened a good opportunity for the application of cogeneration to 
micro-scale. 


The European Directive 2004/8/EC states the energy efficiency and improves security of supply by 
creating a framework for promotion and development of high-efficiency cogeneration of heat and power, 
based on useful heat demand and PES. The Directive distinguishes “small-scale cogeneration” as the units 
with an installed capacity bellow 1 MWe and the “micro-cogeneration unit” as the systems with a 
maximum capacity bellow 50 kWe, and indicates that member states may particularly facilitate these two 
classes of smaller size systems. This directive, which came into force in 2006, identified the technologies 
covered by the methodology for calculating the electricity from cogeneration and a methodology for 
determining the efficiency of cogeneration process. According to the Directive 2004/8/EC, cogeneration 
systems for micro-scale applications can be classified as high-efficiency cogeneration systems if it 
provides Primary Energy Savings (PES). 


In 2010, the Decree-Law 23/2010 established the guidelines for high-efficiency cogeneration based on 
useful heat demand, which is considered a priority due to its potential primary energy savings and thus 
reducing CO2 emissions. This Decree-Law also established the remuneration scheme for the cogeneration 
production. Moreover, the Directive 2010/31/EU introduced the philosophy that buildings should become 
energy producers and outlined a goal for 2020 in which the new building energy requirements should be 
near to zero. It is expected that the rising costs of fossil resources and the future economic incentives 
associated with this legislation, will lead to a strong growth of CHP systems in the building sector. 


3 Micro-CHP Model Development 
A number of different conversion technologies have been developed for the application in the residential 
scale. Some of these technologies are still in the development phase and so the economic viability 
analysis at mini-and micro-scale level is incipient. In this section, the most common micro-CHP 
technologies and their performance characteristics (electrical efficiency, heat recovery capacity, gas 
emissions) will be summarized. Then, the conceptual cost-benefit model applied to a cogeneration system 
for a micro-scale application will be presented. 


3.1 Overview on Current Technology 
The actual technologies include Internal Combustion (IC) engines, micro-turbines, Fuel Cells, Organic 
Rankine Cycle (ORC) systems and Stirling engines. IC engines have been successfully commercialized for 
all sizes including the CHP systems, ranging in size from a few hundred kW to several MW of electrical 
output. In CHP systems, the engine drives an electric generator and the exhaust heat, as well as the heat 
from the oil and engine cooling, is recovered using heat exchangers. Micro-turbine systems provide 
reasonable electrical efficiency of about 30%, have the capacity to work with several fuels and have a 
great potential for heat recovery. Micro-turbines for cogeneration applications can achieve an overall 
efficiency above 80%. There are micro-turbine systems in the size range from 25 to 80 kW, a range 
suitable to meet the thermal and electrical requirements of multi-family residential, commercial or 
institutional buildings. Fuel Cells technology is an under development technology with a great potential 
for both electricity and cogeneration applications through the conversion of chemical into electrical 
energy. The advantages of this technology are related to their low emissions and noise levels, which are 
particularly suitable for residential and commercial buildings. According to some researchers (Onovwiona 
& Ugursal, 2006; Alanne et al., 2010) Fuel Cells for cogeneration applications in the range of 1-50 kW 
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present an overall efficiency of about 80% and a reduced environmental impact. A recent technological 
development is the Organic Rankine units. The most familiar Rankine engine is the steam engine, in which 
water is boiled by an external heat source, expands and exerts pressure on a piston or turbine rotor, 
producing useful work. Some of these systems use an organic fluid and operate at temperatures and 
pressures much closer to conventional heating and refrigeration purposes. The electrical efficiency of the 
units is around 12-15%, with overall efficiencies up to 80%. The Stirling engines have been developed in 
recent years as external combustion engines with regeneration suitable for cogeneration applications. 
They can be operated from a variety of sources: natural gas, biomass, solar energy, geothermal, or waste 
heat, which represents a great advantage of this technology. Stirling technologies have two principles of 
operation, the kinematic driven and free-piston that immediately produce electricity. The Stirling engines 
have an electric efficiency that varies between 10% and 35% and a total efficiency in the range 70–90% 
(Monteiro el at., 2009). Comparing the technologies, it seems that Stirling engines have a great potential 
to achieve high overall efficiencies despite the moderate electrical efficiency. The reciprocating engines 
are the technology with higher maturity, which represents a great advantage with respect to their 
diffusion in the market. Reciprocating engines theoretically requires more periodic maintenance 
representing a cost increase when compared with other technologies. Fuel Cells and Rankine engines are 
still under development with some pilot plants being currently tested. The major potential of these two 
technologies lies in the highest electrical efficiency and the almost zero pollutant emissions (Pehnt et al., 
2006). The comparison of the electrical efficiency (electrical output (kW)/fuel input (kW)), the total 
efficiency (useful heat (kW) + electrical output (kW) /fuel input (kW)) and the energy sources used for 
each technology is shown in Table 1. 


 


Table 1: Comparison of different micro cogeneration technologies 


Technology Electrical 
Efficiency (%) 


Total  
Efficiency (%) 


Energy Source 


 
IC Engine 
 


 
20 – 30 


 
75 - 85 


 
Natural Gas, Diesel 


Micro-Turbines 
 


26 – 30 75 - 80 Natural Gas, Diesel 


Fuel Cells 
 


28 – 30 80 - 85 Hydrogen, hydrocarbon 


Organic Rankine Engine 
 


12 - 15  70 - 85 Any type of Fuel 


Stirling Engine 
 


10 - 35  70 - 90 Any type of fuel, solar
radiation 


    
Sources: Onovwiona & Ugursal, 2006; Pehnt, 2008; Thomas, 2008 


3.2 Conceptual and Mathematical Model Formulation 
The development of a micro-CHP model aims the construction of an effective way to globally analyse a 
thermal system from the techno-economical point of view. The micro-CHP system sizing depends on the 
requirements for the application. This means that the system components have to be sized according to 
the thermal and power demands of the consumer (Shaneb, Coates & Taylor, 2011). The identification of 
energy demands has a great importance in the definition of technical characteristics of the CHP unit. The 
definition of energy consumption profiles is determinant in finding out the appropriate relationship 
between the power production and its consumption. So, for residential scale applications, it is important 
to define if the system can satisfy the energy needs of a single and/or multi-family dwelling. 


The optimization involves the definition of the objective function, the decision variables and the 
constraints. The complexity of the thermal systems design results in the definition of non-linear numerical 
models whose objective function is usually associated with two main purposes: 
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 Maximization of micro-CHP efficiency by meeting the energy demands; 


 Maximization the annual worth of micro-CHP system operation. 


Considering these two purposes (the best output in terms of efficiency and the maximization of the 
annual worth of the system operation), a possible approach is to define an objective function that 
encompasses both aims, assigning them a weighting parameter, k1 to the efficiency ( CHP  ) and k2 to the 


Annual Worth ( CHPAW ). The objective function can be expressed by Equation (1), 


1 2CHP CHPMax k k AW       (1) 


where k1 and k2 varies between 0 and 1, according to the value assigned to each objective function terms. 


The thermal power ( CHPQ ) and the electrical power ( CHPW ) are usually defined as decision variables 


of the optimization model as well as other thermodynamic variables, which are specific to each type of 
technology. The optimization mathematical model should include physical and economic constraints: the 
decision variables should be bounded and the thermodynamic relationships can be translated as equality 
and/or inequality constraints. As the objective is to optimize a high-efficiency micro-cogeneration system, 
the primary energy saving should be a problem constrain.  


The CHPAW  results from the balance between the Revenues (R) and the Costs (C) from the micro-CHP 


system operation accordingly to Equation (2),  


ReCHPAW venues Costs     (2) 


In terms of revenues, one of the most advantages of micro-CHP systems is the possibility of selling the 
surplus energy to the power distribution network due to the “producer-consumer” profile contemplated 
by the legal framework. The income (Rsell) from selling power to the net grid represents the power 
produced by the CHP system (Eprod) multiplied by the selling price (psell). This relation is expressed by the 
Equation (3).  


sellprodsell pER 
 (3) 


Under the current legal framework in Portugal, the selling price of electricity to the grid of the micro-
cogeneration energy systems (with the exception of biomass cogeneration systems) is equal to the 
purchase prices of the tariff applicable to the consumer. This means that the owner of the CHP system can 
choose whether to sell all the power produced to the network. 


When the combined production by the micro-CHP systems is compared with the conventional power 
generation, it is clear that a full separate system (typically a boiler) to produce heat it is not required. In 
fact, one of the most important economic benefits of micro-CHP systems over conventional ones is 
related to their capacity to use the waste heat from electrical power generation (Lazzaretto & Toffolo, 
2004). Thus, as an economic advantage, it can be considered in the model the avoided cost (Cavoided) to 
produce the same useful thermal energy by the CHP system (HCHP) to fulfil thermal needs of the building 
(space heating or hot water) as expressed by Equation (4), 


CHP
avoided fuel


boiler


HC p 
         (4) 


where fuelp represents the fuel price for the boiler operation and boiler is the efficiency of reference for 


conventional boilers, usually considered equal to 90%. 


The residual value of the equipment at the end of its useful lifetime, Rres should be considered as revenue. 
From the economic point of view, the residual value of equipment is usually estimated as a percentage of 
the initial investment cost in the system. Therefore, the revenues in the financial analysis can be expressed 
as Equation (5): 
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Re sell avoided resvenues R C R     (5) 


In terms of costs, the following parcels may be considered: the purchase cost of each component of 
micro-CHP system, which corresponds to the investment costs (Cinv) which should include the acquisition 
and installation of the equipment; the fuel costs for the micro-CHP unit operation (Cfuel); the costs with 
power imported from the grid for the CHP system starting (Cegrid); the costs for the acquisition of a backup 
boiler (Cbb) when the system is not able to fulfil the thermal needs. The maintenance costs (Cop) should 
also be included in the cost accounting. The value of maintenance costs, usually a cost per unit of power 
produced depends on the type of technology. Thus, the cogeneration costs may be defined as Equation 
(6): 


inv fuel egrid bb opCosts C C C C C         (6)
 


The critical step in the financial cost analysis is the simulation of optimal prices of electricity and fuel 
taking into account that the energy demands varies significantly over the time, and so, it is important to 
perform a sensitivity analysis of the feed-in-tariffs, gas and electricity prices. The micro-CHP economic 
lifetime for this application field should be assessed carefully. According to Pehnt (2008), the economic 
evaluation of micro-CHP systems should be performed for a period between 15 and 20 years. 


In addition to this operational analysis, it is important to consider some aspects that differentiate the 
cogeneration systems from the centralized energy production and which can be relevant in cost-benefit 
analysis. Cogeneration systems reduce the imports of the fossil resources due to more efficient fuel 
conversion, which represents a gain not only for the CHP system owner but also for the economic balance 
of a given country. Another benefit from using cogeneration plants is the reduction of transmission and 
distribution losses, which should also be considered in the economic balance.  


However, monetized these parameters is a complex but important task. Combining internal and external 
costs in the development of an economic model provides a total cost evaluation of this decentralized 
energy systems. Then, the results of this evaluation may be compared with the total costs involved in the 
centralized energy supply in order to achieve the benefits of decentralised technologies.  


4 Methodologies for Economic Costs and Benefits Evaluation 
The most explicit way to compare costs and benefits in an economic evaluation is monetized both. A 
fundamental basis for an economic assessment of a CHP system is a complete methodology that takes 
into account all decision relevant facts (Solino et al., 2009). According to Solino et al. (2009), when 
examining a CHP system for potential application, it should be noted that both economic and 
environmental costs and benefits affect the decision-making process. Therefore, the implementation of 
CHP systems requires cost-benefit analysis including investment, operation, maintenance and 
environment costs that have intrinsic relation to the Environmental Performance Evaluation (EPE). In this 
section, the methodology proposed for the economic assessment of a CHP residential system is 
presented. 


4.1 Cost-Benefit Analysis 
The CHP system variables monitoring are the basis for the environmental and economic assessment, 
mainly for the cost-benefit studies developed.  The external costs are based on the quantification of the 
resources consumption and pollution emission, particularly CO2, before and after CHP system 
implementation. Environmental benefit calculus considers the avoided emissions or reduction of resource 
consumption. Especially for energy intense consumption (decrease), the cost of the energy avoided 
(conversion technologies) is firstly quantified. Secondly, the emission factor is used to evaluate the benefit 
according to the type of energy employed. 
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The evaluation of the economic feasibility of a CHP residential system could include three main steps: (1) 
assessment of environmental effects, (2) costing methodology, (3) evaluating the economic viability of the 
CHP residential system. The information on the economic costs involved and environmental benefit 
should lead to a decision concerning the economic viability (EUROPEAN COMMISSION, 2006). 


1) Assessment of Environmental Effects 


The impact assessment determines which alternative offers the greatest level of protection of the 
environment as a whole. The initial step of the process is to identify the scope and the alternatives that 
are available and could be implemented, followed by the formulation of the inventory of emissions 
(releases of pollutants, consumption of raw materials, energy consumption and waste) for each CHP 
system in consideration.  


The emission inventory enables the calculation of environmental effects. This step allows the user to 
express the potential environmental effects (grouped into 7 topics: human toxicity (NOx, SOx emissions), 
global warming (CO2, CH4 emissions), aquatic toxicity, acidification (presence of NOx, NH3, and SOx), 
eutrophication, ozone depletion, potential for photochemical ozone creation) provided for each of the 
pollutants, so that a wide range of pollutants can be directly compared or aggregated and expressed as 
an overall effect. The most common environment effects identified for the CHP residential system and 
analysed in this project are: reduction in consumption and emission of pollutant gas emissions, the 
reduction in energy and water consumption. In the specific case of this study, as it is intended to optimize 
a micro-CHP system based on Stirling engine with a renewable energy source, a solar collector, the 
challenge is apportioning costs (money) to the avoided emissions when compare to centralized energy 
production. Emissions from current Stirling engine burners can be ten times lower than those of internal 
combustion (IC) engines based on Otto or Diesel cycles without catalytic converters (Aliabadi, 2009). So, a 
possible approach is to determine the Cost Effectiveness (CE) of the annual reduction of emissions by the 
micro-CHP system by attributing a monetary value on this reduction. This could be a path to monetize an 
environmental benefit from the use of micro-CHP systems. 


2) Costing Methodology 


Estimation has to be made of the cost drives of the investment associated with the implementation of a 
particular CHP system. The cost methodology allows the user to define the costs in a transparent manner, 
so that options can be validated and compared in an equitable manner. Firstly, there is the need to gather 
and validate the cost data. For this, one can collect cost data from literature, technology suppliers and 
consultants. Secondly, the cost components have to be defined and allocated into investment cost, 
operation and maintenance costs, revenues and avoided costs. Finally, it is necessary to use some 
parameters such as exchange rates, inflation, and discount and interest rates, in order to enable a fair 
comparison of different CHP residential systems. These data are used to estimate whether the annual 
worth (AW) of the investment is positive or negative. A positive AW indicates that investment in the 
candidate CHP residential system is cost effective (EUROPEAN COMMISSION, 2006). 


3) Evaluating the economic viability of the CHP residential system 


This step addresses ways to express the cost-effectiveness and how the environmental benefits can be 
valued. This is useful because it allows the economic cost to be balanced against the benefit that a CHP 
residential system offers to the environment, and it can also help to clarify whether or not the execution 
of a technique is cost-effective in terms of environmental benefits. 


The external impacts can be divided into costs (negative externalities) and benefits (positive externalities) 
depending on the impacts being negative and positive, respectively (Solino, 2004).  The incorporation of 
environmental externalities into the assessment of CHP residential systems offers the advantage of 
expressing all costs and benefits (whether private or external) into a common measuring unit (i.e. 
monetary value), and thus provides a single measure of the attractiveness of an alternative option.  


For a better understanding of the external costs related to the CHP residential system analysed, a division 
into five main groups was carried out, through research and collection in the literature of the main 
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environmental and social impacts of the CHP systems. The (number) groups of externalities are classified 
as follows: air, water, soil, natural resources and social impacts. 


4.2 Sustainability of Micro-CHP Systems 
The performance of micro CHP technologies with respect to environmental aspects depends mainly on 
the total conversion efficiency that can be accomplished. The introduction of these systems in the 
residential sector intended the replacement of gas-condensing boilers as their competing heat-supply 
technology.  The actual challenge is to make those technologies more competitive.  The emission-
reduction and potential of micro-CHP could partially be offset by a “rebound effect”, implying that energy 
savings achieved by a more efficient technology are compensated, by an increase in energy demand. This 
depends, among other aspects, on the degree to which micro-CHP possession is perceived as ecologically 
relevant, and on an understanding of its effects. Micro-CHP systems have mainly relied on natural gas, 
although other fossil fuels, and in a limited extent, renewable energy carriers, can be used in most 
technologies. One of the most important questions that arise nowadays is if most micro-CHP systems, 
which operate on fossil sources, may compete with renewable energy supply systems, for example, solar 
collectors or biomass boilers. Although micro-CHP and solar collectors require different integration in the 
respective building, for a new building that can be equipped with a micro CHP plant, this could improve 
the competitiveness for developing renewable-fuel-based technologies for operating micro CHP systems, 
particularly Stirling engines (Chicco & Mancarella, 2009). 


Therefore several important advantages with regard to key sustainability criteria can be summarized: 
micro CHP reduces greenhouse gas emissions and resource consumption compared to average energy 
supply and even compared to efficient and state-of-the art separate production of electricity in power 
plants and heat in condensing boilers; micro-CHP systems are part of the transformation process for 
power generation, since the use of micro CHP allows more flexibility solutions when compared to 
centralized power production; micro CHP plants can have positive effects on the supply security of 
electricity grids, particularly where heat storage facilities exists and an integration with smart grids is 
possible; and finally, micro-CHP reduces the external energy dependency through cuts in fossil fuel 
imports (Pehnt, 2008).  


5 Discussion 
The implementation of a CHP residential system can contribute significantly to the reduction of 
environmental problems. Yet, it requires additional expenses (namely, in terms of investment costs and 
operation and maintenance costs), while providing environmental and, in many cases, also economic 
benefits. 


The technical and economic challenges in the development of thermal plants are significantly higher for 
micro-CHP than for larger scale systems, because the costs per unit of power tend to rise exponentially as 
size reduces. On the one hand, the economic viability of the micro-CHP systems is associated with the 
capacity of design systems at a cost that can be recovered from the savings and incomes during its useful 
lifetime. The financial analysis depends on both the capital investment and the value of electricity 
produced by the unit, which represents the most valuable income from the systems operation. For any 
given system, the payback relies on the unit’s operating hours and consequently the total electricity 
produced annually. Clearly, it is not only the system purchase costs that are important to calculate. The 
installation and the frequency of the maintenance service over the system-working lifetime have to be 
quantified. In fact, the capital cost of micro-CHP units is an essential parameter and fluctuates according 
to the system sizing. 


The economic viability of micro CHP mainly depends on achieving savings to recover the investment 
costs, but it is evident that a more comprehensive assessment is required. Therefore, a cost-benefit 
analysis can be applied for the economic evaluation of micro-CHP systems by assessing the monetary 
socio-environmental costs and benefits of a capital investment over its useful lifetime. The principles of a 
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cost-benefit analysis have to incorporate externalities into the mathematical model, i.e., the social and 
environmental impacts, as well as economic costs and benefits. In this way, cost-benefit analysis can be 
used to estimate the social welfare effects of an investment.  


Some costs are easy to value such as the capital, operating and fuel costs of the CHP unit; however, other 
costs are more difficult to achieve. The value attached to the visual impacts or the noise levels can be 
considered “priceless”. Costs are also subject to change over time – imposition of different interest rates, 
political changes, fluctuations of fuel and electricity tariffs – requiring a sensibility analysis of the payback 
period to the fuel price and feed-in-tariffs. 


The so-called high-efficient power plants, such as the cogeneration systems, generate a positive 
environmental externality given the decrease of air pollutants emissions. Pollutant emissions are difficult 
to account for the evaluation of the environmental externalities. Usually, the evaluation of this 
environmental benefit is made by two factors: the reduction of total consumption of primary energy and 
the reduction in CO2 emissions.  


6 Concluding Remarks 
Summarizing, and besides the cash flow analysis, it is important to note that the micro-CHP systems offers 
some benefits that underlie their economic viability: the capacity of producing heat and power at 
consumption place; the reduction of transmission and distribution losses; maximizes the utilization of 
primary energy by reducing waste heat; and finally offers significant contribution to pollutant emissions 
reduction. Concerning to the Portuguese scenario, the development and optimization models for micro-
CHP systems may be justified by a few reasons: (1) the specificity of Portuguese policies for the energy 
field thought the definition of producer-consumer profile allowing each consumer to sell electricity to the 
grid; (2) the potential of the building sector for cogeneration systems due to the increase of energy needs; 
(3) the increase of the search for high-efficient energy solutions. 
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Abstract 


This article presents the results of a study conducted in a small textile company. The study aimed to characterize the 
state of quality management in the company highlighting weaknesses and areas for improvement. The methodology 
employed makes use of a set of tools for data collection and analysis such as interviews, flowcharts, process analysis 
diagrams, defects registry matrix, Failure Modes and Effects Analysis (FMEA) and cause-effect matrix. Based on the 
gathered data, the company procedures in quality management and the production process performance are 
described and analyzed. Besides reflecting the quality state in the organization, the study also allowed to prioritize the 
elimination of causes that are responsible for poor performance. 


Keywords: Self-assessment, Diagnosis, Quality Management, Continuous Improvement, SMEs. 


1 Introduction 
Quality management self-assessment is a useful tool for supporting the continuous improvement of 
organizations (Benavente et al., 2005). The ISO 9004 (2009) defines self-assessment as a comprehensive 
and systematic review of an organization’s activities and results, referenced against a chosen standard. 
Ahmed et al. (2003) emphasize the holistic nature of the self-assessment process. It must be implemented 
to improve the overall performance of the organization and not only to improve the products or services 
quality (Zink and Schmidt, 1998). Through self-assessment the organization is constantly questioning the 
way things are being done, which helps to keep up the company competitive level (Benavente et al., 
2005). Thus, an organization should use self-assessment to identify improvement and innovation 
opportunities, set priorities and establish action plans with the goal of sustained success (ISO 9004, 2009). 


Self-assessment reports should focus on weaknesses and relevant causes, since the aim is to plan 
remedies (Conti, 1997). The information obtained from self-assessment can also be used to stimulate 
comparisons and share learning across the organization. Comparisons can be made between the 
processes of the organization, between its different units or with other organizations (ISO 9004, 2009). 


According to Conti (2007), self-assessment conducted by organizations autonomously, to achieve their 
own purposes and following their own rules, is divided into two kinds: management audits and diagnostic 
self-assessment. Karapetrovic and Walter (2002) stress that the traditional audit methodology designed to 
test the quality assurance systems falls far short of enabling continuous improvement. In turn, Conti 
(2007) emphasizes that diagnostic self-assessment aims performance improvement. This author also 
points out that self-assessment should never be enslaved to the Excellence Models rules. 


Most of self-assessment tools available (surveys, audit list, etc.) do not enjoy universal acceptance, since 
they are developed based on the requirements of a particular type of industry and their assessment 
criteria are derived from specific quality models advocated by a quality specialist or a combination of 
quality models (Lee and Quazi, 2001).  


Conti (2007) underlines that excellence requires differentiation and competition also in the area of 
organizational assessment models and argues that, even if starting with a "standard" model, the 
adaptation to the characteristics of the organization should be always pursued. In other words, the 
models should be customized.  
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The choice of self-assessment approach depends on diverse factors such as the time that the company 
wants to spend, the monetary cost it is willing to accept, the quality of the results, the company's culture 
or the objective to be achieved by this exercise (Benavente et al., 2005). These factors are particularly 
important when intending to apply self-assessment in SMEs context. 


Sturkenboom et al. (2001) highlight that the self-assessment instruments to evaluate the performance of 
SMEs should not be too complex. According to these authors, in order to develop an assessment 
instrument appropriate to SMEs the following have to be considered: 


 The larger the number of key elements, the more complex becomes the instrument; 


 The more criteria of the instrument are related to the "ideal TQM" organization, the larger the gap 
between the criteria used and the current situation; 


 Most SMEs do their job pretty well, however, their definition of quality is more or less static, 
aimed at satisfying their current customers.  


The adequacy of self-assessment based on Excellence Models to the reality of SMEs, companies that often 
reveal low maturity in quality management has been questioned by several authors. According to Biazzo 
and Bernardi (2003) the adoption of this type of self-assessment is an inappropriate choice for SMEs due 
to their level of complexity. After carrying out a study in seven SMEs in northern England, Wilkes and Dale 
(1998) concluded that the language of the EFQM Excellence Model needs to be simplified to better fit the 
SMEs specific characteristics and observed that these companies do not know how to take advantage of 
self-assessment based on its criteria. Sturkenboom et al. (2001) stress that the self-assessment tools based 
on Excellence Models are too sophisticated for most SMEs due to the informal way that quality related 
initiatives are developed in this type of organizations. Sometimes, less experienced organizations tend to 
attribute too high scores, creating an optimistic image, or may be discouraged by obtaining low scores 
(Van der Wiele and Williams, 2000). 


In this article, the state of quality of a non certified small business is depicted through the use of a set of 
tools that provides a quick and easy reading of the data. The main goal was to identify gaps that must be 
resolved primarily in order to increase the level of quality and achieve cost reduction.  


The presented study was undertaken as part of the Master's thesis in Industrial Engineering concluded at 
University of Minho (Teixeira, 2011). The study uses a set of processes and sub-processes to analyze 
companies’ performance in quality planning, control and improvement (Juran Trilogy). Based on the 
literature review, it was found that there is a very small number of quality management diagnostic models 
adapted to the specific needs of SMEs. Therefore, it is expected that the methodology used in this study 
may contribute to achieve progress in this area. It should be noted that the study focuses only on quality 
management and not on the entire business process. 


At first, a survey of all relevant information about the company was conducted, including the number of 
employees, the main sections and departments, the types of products manufactured, the raw materials 
used and the main activities (operations and controls) of the production process. Flowcharts, diagrams of 
process analysis, defects registry matrix have been drawn, after understanding the sequence and the 
relationship between productive activities. Then, individual interviews were conducted to a group of 
employees. Interview guides were created from the list of quality management processes for analysis, 
previously defined. During the distribution of the questions, the functions performed by the interviewee 
were taken into account. Later, some of the quality management processes and sub-processes have been 
subject to a FMEA analysis. Based on the information collected through the FMEA form, cause and effect 
matrices were developed, in order to summarize the causes and effects of failures (problems) and 
prioritize the elimination of the causes. Finally, the description and analysis of the information gathered 
through several tools was performed. 


The study description begins with a brief presentation of the company and its production process. 
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2 Company and production process presentation 
This work was performed in a small company that manufactures and sells woven fabrics. The firm has 13 
employees in its workforce. The organizational chart presented in Figure 1, shows the departments in 
which the company is divided and the main activities undertaken in each department. 
 


 


 


 


 


Figure 1 – Organizational chart. 


The company produces Tulles and Laces. While in Tulle the woven is smooth, the structure of lace fabrics 
may have several types of drawings. Tulles and Laces are usually sold unfinished, in rolls of 200 meters 
with the width of the loom. However, the Laces can also be cut into strips or bands with variable width 
and length. The raw materials used in production process may include yarn with different measures, 
compositions and properties. Polyamide, polyester and cotton yarns are the most frequently used.  


The Lace strips process production flowchart is presented in Figures 2. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 2 – Lace strips production process flowchart. 


The flowchart shows the main activities of the production process. These activities can be classified into 
three types: operations (O), controls (C) and combined operations (CO). The activities illustrated in the 
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flowchart are sequentially numbered by type. All product realization activities are combined operations, in 
other words, operations in which quality control actions are performed while the product is manufactured. 
These operations are Warping, Weaving and Cut. The remaining operations include tasks that do not 
modify the raw material or the product, such as Yarn reception, Packaging and Storage/Shipping. In the 
flowcharts, activities in which only control actions occur (C) are also represented, namely the visual 
inspection of the raw material, the visual inspection of the final unfinished products (Tulles and Laces) and 
the inspection and testing of the finished products (Laces) before starting the cut. In addition to the visual 
inspection for verification of color and design, the control actions of the finished product may involve 
tests to determine the percentage of shrinkage, the width measurement and the grammage (weight per 
m2). 


3 Quality Management Processes 
The quality management processes have been defined with reference to the Juran Trilogy (Table 1). These 
processes are used to analyze the company performance in Quality Planning, Quality Control and Quality 
Improvement. 


The information concerning the processes of quality management was collected through interviews. The 
interviewees were the manager, the administration employee, the Commercial Department employee, the 
Warehouse Responsible and the Production Responsible.  


Table 1 – Considered processes for quality management 


Quality Planning Quality Control Quality Improvement 


A.1. Suppliers qualification  
A.2. Definition and communication of the raw materials/components 


or subcontracted services requirements to the supplier 
A.3. Definition of the specifications/acceptance criteria and critical 


features of the product 
A.4. Customer requirements survey and product features validation 


to meet customer requirements 
A.5. Survey and verification of the compliance with the statutory and 


regulatory requirements applicable to the product 
A.6. Preliminary studies on the processes capacity (products) or 


aptitude (services) and operating conditions 
A.7. Ensure that who is involved in the processes have the necessary 


capabilities and knowledge to the products realization 
A.8. Identification of potential problems (that may arise in the 


product realization) and solutions 


B.1. Planning of  inspection and testing in the production 
B.2. Inspection and testing of raw materials/components 


and control of subcontracted services 
B.3. Calibration /verification of measurement, inspection 


and testing equipments 
B.4. Identification and treatment of nonconforming 


product 
B.5. Corrective actions to sporadic problems 
B.6. Verification of the process capability 
 


C.1. Identification of improvement 
opportunities 


C.2. Priorities definition  
C.3. Analysis of opportunities for 


improvement 
C.4. Definition and planning of 


improvement actions 
C.5. Verification/ monitoring of the 


effectiveness of  improvement actions  


 


Despite not having a formal quality management system, the company shows efforts in order to carry out 
an effective quality control during and at the end of the production process. 


The collected data show that the quality planning tasks are mostly defined and disclosed in an informal 
way by the company’s Management. It was found that documented procedures or work instructions are 
not used by the company. Although the quality planning is being considered relevant by the main 
company's employees, the time dedicated to it is far less than the time spent on quality control activities. 
The main reason for this fact is related to the human resource costs. Employees would have less time to 
perform other tasks considered as priority by the company’s Management.  


It was found that the organization does not establish mechanisms for the evaluation and classification of 
its suppliers. Raw materials and subcontracted services approval requirements are not documented, nor 
are defined acceptance criteria or specifications. In addition, the acceptance criteria and the critical 
features of the products manufactured by the company are also not recorded. Employee performance is 
continuously evaluated under operating conditions. However, the evaluation results are not registered, 
nor is it evaluated the effectiveness of the training initiatives. Physical and human factors that can affect 
product conformity, and solutions that minimize or eliminate these problems, are identified on a daily 
basis. Nevertheless, registries of such cases are not kept.  


Quality control is mostly seen as a critical process to the company’s success. The control actions aim to 
identify and prevent the occurrence of defects. When defects are identified in the production phase the 
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causes are investigated. During the product control actions defects registry forms are filled, however, the 
recorded data are not statistically treated and no records of corrective actions are maintained. It was also 
found that the company does not have an Inspection and Test Plan (ITP), nor documented procedures 
describing the control actions. In addition, the planning of calibration/verification is not being performed 
and, although the calibration certificates are archived, the obtained results are not verified in order to 
demonstrate whether the measurement, inspection and testing equipments (MITEs) works within the 
defined limits.  


During the interviews, it was found that the quality improvement concept is still poorly understood by 
most employees, since the corrective actions have sometimes been mistaken for improvement actions. 
Nevertheless, it was observed that the company strives to continually improve its performance (reducing 
the number of defects and improving productivity) through machine testing and through the increase of 
employees’ awareness of the need to prevent problems. After the improvement actions implementation, 
their effectiveness is verified, however, no records are maintained. 


The analysis of the quality management processes allows to obtain a deeper understanding of the 
company which was useful to carry out one of the step of diagnosis study, the FMEA (section 5). 


4 Defects registry matrix 
A Matrix designated by defects registry matrix was used in order to represent, for a given period, the 
number of defects caused by each workplace or activity and by the company's suppliers, as well as the 
sites where the defects are detected.  


The first step was to collect information about defects in the different control workplaces of the 
process. Once the defect records available in the company did not provide enough information, the 
origin, the nature and the detection location of each defect identified in the company products were 
registered during three days in the workplaces where production is controlled in order to completely 
fill the matrices.  In the data collection period, the company did not produce Lace strips, therefore 
only the Tulle and Lace defects were recorded. The process analysis diagrams of Tulles and Laces are 
presented in Figures 3. 


After compiling the data, defects registry matrices were filled (Figure 4 and 5), in order to get an 
overview of how defects are distributed throughout the production process. The matrices columns 
present the locations or activities where defects are caused, whereas in the rows are the locations or 
activities where defects are usually detected.  
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Figure 3 – Tulle and Lace process analysis diagrams. 


The defects identified by visual inspection of raw material were soiled yarn bobbin and damaged 
bobbin. It was identified that these defects have been generated by the supplier or during the yarn 
transportation. Yarn breaks occurred both in the warping to organs and warping to pens. The yarn 
breaks are usually related to the quality of the yarn, therefore they were registered in the external 
suppliers column. Defects such as missing yarn, bites and holes were detected both during the 
products weaving and the 100% inspection. The missing yarn resulted from yarn breaks occurred in 
the yarn warping, whereas the bites and the holes that are found in the woven fabric are caused by 
failures during the looms operation. 
 


Figure 4 – Tulle defects registry matrix. 


The data concerning defects identified during both the Weaving and the 100% inspection, refer to 
ten rolls of Tulle (2610 m2 of fabric) and ten rolls of Lace (2288 m2 of fabric). 
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Figure 5 – Lace defects registry matrix. 


In the case of raw material defects, the matrices show the ratio of the number of defective yarn 
bobbins per number of organs, the ratio of the number of defective yarn bobbins per number of 
pens, the ratio of the number of yarn breaks per number of organs, and the ratio of number of yarn 
breaks per number of pens. The values concerning soiled yarn bobbin, damaged bobbin and yarn 
breaks during Warping to organs that are shown in the Tulle matrix (Figure 4) and those found in 
the Lace matrix (Figure 5) were obtained in the same way, since the organs can be used in both 
manufactured product families. Regarding the defects identified during both the Weaving and the 
100% inspection, the matrices present the number of defects per roll, per 100 meters of product and 
per 100 m2 of product. 


During the defect registration period, neither defects were identified during the product packaging, 
nor occurred customer complaints concerning product defects. Therefore, the matrix rows 
corresponding to the Packaging and the External costumers appear blank. 


The analysis of the matrices data reveals that the number of defects detected in the Laces Weaving 
and 100% inspection is higher than those that were detected in the Tulle products during the same 
activities. However, both in the Tulle and Lace the defects average per linear meter of product is 
below the maximum number of defects allowed by the company (1 defect per 10 meters of fabric). 
This requirement is the same for all the company products, regardless of the woven fabric width.  


Although the inspected products have a number of defects lower than the maximum number of 
defects allowed, it is considered that the company should make efforts to reduce the number of 
defects. All defects have associated costs, namely inspection costs and defects correction costs. 
Looms are monitored by the production inspectors while the weaving is being performed, in order to 
identify any defects in the product. When a defect is found, the loom is turned off and the causes that 
originated such defect are determined. However, some problems are only identified later, after verifying, 
during the 100% inspection that a product contains an excessive number of defects. For this reason is 
important to prevent inspector’s inattention. The most frequent problems are generated by poor quality 
yarn, loom failures and too high or too low operating temperatures. It should be noted that during the 
data collection period the production process worked under favorable temperature and relative 
humidity conditions. 


5 FMEA 
In order to measure the company procedures effectiveness, some of the quality planning and quality 
control processes and sub-processes (Table 2) were subjected to a FMEA. This analysis has counted with 
the contribution of all the interviewees. For each of the analyzed processes and sub-processes failure 
modes were determined, as well as their effects, causes and frequency. The selected processes and sub-
processes are those that are related to more practical aspects of the companies’ performance and at the 
same time, those that represent tasks (repeatedly or periodically executed in the products development) 
which if not well executed might have a negative effect on the product quality. As an example, Table 3 
presents the FMEA of the sub-process A.1.2. (Implementation of suppliers qualification method).  


Table 2 - Processes and sub-processes to be considered in FMEA  


Quality Planning Quality Control 


A.1. Suppliers qualification 
A.1.2. Implementation of suppliers qualification method  
A.2. Definition and communication of the raw materials/components or subcontracted services 


requirements to the supplier 
A.2.3. Communication of the raw materials/components requirements to the supplier 


B.1. Planning of inspection and testing in the production 
B.1.3. Capacity verification of measurement, inspection and testing 


equipment  
B.2. Inspection and testing of raw materials/components and control of 


subcontracted services 


 D
S External Customers 


       







 
ICIEOM 2012 - Guimarães, Portugal 


ID259.8 
 


A.2.4. Communication of the subcontracted services requirements to the supplier
A.6. Preliminary studies on the processes capacity (products) or aptitude (services) and operating 


conditions 
A.7. Ensure that who is involved in the processes have the necessary capabilities and knowledge to 


the products realization 
A.8. Identification of potential problems (that may arise in the product realization) and solutions 


B.2.1. Inspection and testing of raw materials/components 
B.2.2. Control of subcontracted services 
B.3. Calibration /verification of measurement, inspection and testing 


equipments 
B.3.2. Implementation of the calibration / verification plan 
B.3.3.Validation of the calibration /verification results 
B.4. Identification and treatment of nonconforming product 
B.4.1. Identification of nonconforming product 
B.4.2. Treatment of nonconforming product 
B.6. Verification of the process capability 


Since the company does not maintain records of occurrences affecting the product quality, the frequency 
of each failure mode was determined based on employee opinions. Therefore, in some cases the values 
can be imprecise. The failure modes that are both considered most frequent and of the most concern to 
the company are “non detection of noncompliance or incomplete services in the finished product, before 
it is sent to the customer”, and “to operate in inadequate temperature or relative humidity conditions”. 
As noted above, the first failure mode is due to the fact that the company did not conduct a 100% 
inspection of the finished product in order to avoid damaging the fabric. The second failure mode takes 
place mainly in the summer and winter months, when heat or cold peaks occur. At this point, the number 
of defects may significantly increase. Acquiring an equipment to assist the finished product inspection and 
installing an air conditioning system are solutions that are being considered by the company. 


Table 3 - FMEA of the sub-process A.1.2. 


Process or Sub-process Failure Modes Failure Effects  Failure Causes  Frequency 


A.1.2. Implementation of  
suppliers qualification 
method  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Acquisition of poor quality 
raw materials. 


Increase of the yarn breaks during the Warping; 
Increase of the number of defects in the 
Weaving;  
Downtime increase; 
Production breaks. 


Absence of a supplier’s 
qualification method; 
Fault of the raw materials 
supplier. 


About 1 
occurrence per 
year.  


Poor quality subcontracted 
services. 


Finishing with imperfections  
(e.g. stained or burned fabric); 
High shrinkage percentage; 
The color does not match with the request; 
The drawing does not match with the request; 
Incorrect width; 
Changed grammage. 


Absence of a supplier’s 
qualification method; 
Fault of the subcontracted 
supplier. 


About 1 
occurrence per 
month. 


Delays in the delivery of raw 
materials. 


Failure to meet the deadlines agreed with the 
customer; 
Orders cancellation; 
Renegotiation of the product sale price. 


Absence of a supplier’s 
qualification method; 
Fault of the raw materials 
supplier. 


About 2 
occurrences per 
year. 


Delays in the delivery of 
subcontracted services. 


Failure to meet the deadlines agreed with the 
customer; 
Orders cancellation; 
Renegotiation of the product sale price. 


Absence of a supplier’s 
qualification method; 
Fault of the subcontracted 
supplier. 


About 1 
occurrence per 
month. 


6 Cause and effect matrix 
In this study the cause and effect matrix is used as a synthesis tool, which aims to identify areas for 
improvement through the analysis of the root causes that are responsible for performance gaps and 
prioritizing the elimination of the causes. 


The causes and effects identified in the FMEA analysis were represented in a cause and effect matrix. An 
extract of the resulted matrix is presented in Table 4. The matrix presents the scores assigned by the 
company manager to each effect and cause and effect relationship. The effects were scored according to 
the severity level, using the weights 1 (low), 3 (middle) and 9 (high). In the case of the cause and effect 
relationships, the degree of the relationship between the effect and each one of the causes associated 
with it was scored using again the weights 1 (weak relationship), 3 (average relationship) and 9 (strong 
relationship). Afterwards, a rating named the cause elimination priority level (EPL) was calculated. This 
indicator is determined by multiplying the weight assigned to each effect by the weights located in the 
same row of the matrix and the values are then summed column by column. The causes ELP results are 
presented in the last matrix row. 
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Table 4 – Extract from the cause and effect matrix 
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Failure Effects 
 


Service repetition 
3   3            3 1 1 3 3   9 3 


Failure to meet the deadlines 
agreed with the customer 9 3 3 3                   3  


Return the order to the supplier 
3  3                      


Waste of raw materials 
 3    9 3 9 1     1 1   3 3 3 3     3 


Delay in the production order  
 1 3 3   


Losses resulting from the 
occupation of people and machines 3    9 3 9 3                 


Increase of the consumption of 
wear material 3 1 1 1 3 3 3 


Mechanical failures in the 
equipment 3 1 1 1 3 3 3 


Errors in the verification of the 
received yarn quantities 3 1 3 3   


Errors in determining the 
grammage 3 1 3 3   


Errors in determining the shrinkage 
percentage  3 1  3   


Errors in the quantities sent to the 
costumer 3 1 3 3   


Errors in monitoring the operating 
conditions 3  3   


  129 117 138 57 21 63 39 24 24 24 36 33 33 19 90 87 87 135 135 27 45 162 87 117


 
In the last row of the matrix, the cells were flagged with the yellow, orange and red colors. Table 5 
establishes the correspondence between the colors and results for this case study.   


Table 5 – Color codification based on Elimination Priority Level 


Result Priority Level Color 


1-50 Low Yellow 


50-100 Average Orange 


> 100 High Red 


The cause and effect matrix showed that “serious finishing defects in the product” is the cause which has 
the higher EPL. This cause is related with some high severity effects, such as “failure to meet the deadlines 
agreed with the customer” and “orders cancellation”, both of which can result in significant losses to the 
company.  


The other high EPL causes are the following:  
 Absence of a supplier’s qualification method; 
 Fault of the raw materials supplier;  


 Fault of the subcontracted supplier;  







 
ICIEOM 2012 - Guimarães, Portugal 


ID259.10 
 


 Absence of documented inspection and testing procedures;  


 Lack of understanding of the inspection and testing procedures;  


 Inspectors’ inattention. 


These causes have in common the fact that they all can lead to the defects appearing in the product. 
Some occurrence such as “serious finishing defects in the product” may appear as both a cause and an 
effect.  


7 Conclusion 
 


The present study intended to characterize the quality state in a small company. The tools used in this 
diagnosis study highlighted strengths, weaknesses and areas for improvement in the way the company 
manages quality.  


The processes and sub-processes for the quality planning and control analysis, which concern more 
practical aspects were subject to a FMEA process aimed at determining failure modes in the company’s 
performance, as well as the respective effects, causes and frequency. However, it is considered that this 
analysis can be improved if records of occurrences that affect the product quality are maintained. Based 
on the cause and effect matrix, it is possible to see simply and directly all the cause and effect 
relationships revealed by the FMEA and prioritize the elimination of the causes. However, it should be 
noted that the scores presented in the matrix resulted from a subjective evaluation performed by the 
company manager. Therefore, the matrix should be periodically reviewed by the manager, involving also 
each department responsible. Thus, this tool can provide important guidelines towards the organization 
performance improvement. 


The company evaluates the production process performance based on the records of the defects found in 
the control actions. However, the data are not statistically analyzed. The defect registry matrices show the 
main defects found in the raw materials and products, as well as the sites where defects are caused and 
detected. Based on this information, it is possible to conclude that the production process is generating 
an acceptable number of defects when considering the company goals. However, the data collection time 
period should be longer in order to obtain a more complete and reliable representation. 


The approach used in this study is substantially different from most assessment models available in the 
literature, since its purpose is not to score the organizations performance, nor determine their maturity 
level. It is intended that its implementation will mainly contribute to highlight weaknesses, particularly the 
performance gaps that can affect product quality and their causes, providing companies with information 
to enable them to set priorities for improvement. 
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Abstract 


The control room of a nuclear power plant (NPP) is a complex system that controls a nuclear and thermodynamic 
process used to produce electric power. The operators interact with the systems using graphic interfaces and panels 
that have implications to the safety of nuclear plant and influence in the operator activity. The ergonomic analysis 
considers the operation strategies, the operator’s interaction, the system-operator interaction and the support groups 
and operator’s interaction. The aim of this article is to describe how game engines can be used to model a NPP 
control rooms for ergonomic evaluation. The evaluation results provide information and data used to verify whether 
the control room complies with the legal requirements from the regulatory authority, aiding the nuclear licensing 
process. 


Keywords: Ergonomics; human factors; control room; nuclear power plant; virtual reality. 


1 Introduction 
The control room contains the systems and the necessary instructions to control an industrial plant, to 
ensure its reliable operation and safe shutdown in normal situations and in accidents (ISO 11064, 
2002).The control rooms of nuclear reactors are constituted of systems that controls nuclear fission 
process and thermodynamic processes used in the electric power production.  Operators who are trained 
to monitor and control the plant systems use the main control room to operate the plant. The operators` 
interaction with the control room happens through interfaces and various monitoring stations. The 
interfaces must be arranged to assist operators in their handling, for both routine operations and for 
accident conditions. Control room operations are based in procedures used for starting and stopping the 
nuclear reactor, to handle emergency situations, to deal with alarm systems, communication systems, 
control systems, safety systems and to verify failures diagnosis. The control room systems were 
computerized with a considerable redundancy and interconnectivity and the high degree of reliability.  


According to International Ergonomics Association IEA (2000), the ergonomics can be defined as the 
adaptation of work to man or, more precisely, as the application of scientific knowledge develop tools, 
machines and devices that can be used by people with maximum comfort, safety and efficacy. For Santos 
and Vidal (2003), the ergonomics uses the activity analysis of the operators to deal with the complexity of 
operators' work decomposing this activity into measurable and observable aspects such as posture, visual 
exploration, communication, and identification of parallel activities, which are not formulated within the 
framework prescribed in tasks and procedures. Santos e Vidal (2000b) proposed a broader approach, 
emphasizing the need for the incorporation of ergonomics and human factors in the life cycle of the 
control rooms of nuclear reactors. Santos (2003) suggests the use of the proposed methodology for 
evaluation of control rooms with more advanced technologies. 


Considering the importance of ergonomics evaluations for a safer operation of NPP contro rooms this 
research has the following objectives: 







 
ICIEOM 2012 - Guimarães, Portugal 


ID254.2 


 Evaluate the use of a game editor UnrealEd in modeling the main control room of a nuclear 
power plant;  


 Propose the use of the game tool UnrealRuntime in the evaluation of a NPP control room layout 
trough the observation of operators’ movements when they perform their tasks using emergency 
procedures; 


 Use the UnrealRunTime to calculate the time of needed for each task during a postulated 
accident scenario. 


2 Human factors  
According to Nureg 711, the human factors human factors refer to the abilities, limitations and other 
human characteristics that belong to the system design. The human factors requirements involve items 
related to control room, such as layout, design of interfaces, operator training and procedures to be 
performed by them. Currently, the concepts ergonomic and the human factors are complementary, so 
that 1993 the Human Factors Society changed its name to Human Factors and Ergonomic Society. The 
definitions of ergonomic and the human factors refers to working activities of human being emphasizing 
the adaptation of working environment and the improvements that may occur. 


3  Ergonomic evaluation of control rooms  
According to Iida (2000), the ergonomics is the study of the adaptation of work to human, where the work 
involves the human being, the technical systems and the work organization.  Wisner (1995) pointed out a 
series of factors that affect the human performance such as conditions of the workplace, conditions of the 
work practice, the furniture layout, equipment design, work organization, training, management policy, 
and policy in general.  


The main methodologies used for control rooms’ ergonomic design are set out below: 


 Analysis of the future activity: according to Luquetti e Vidal (2003), the analysis of the future 
activity aims to evaluate the work in a situation similar to the future design to understand how 
real operators’ should cope with constraints and variability in this new setting. 


 Ergonomics work analysis: this methodology has three major phases: demand analysis, activity 
analysis/task analysis, and validation. The analysis of demand should aims to understand the 
representativeness of the demand, its origin, which are the real problems and possible courses of 
action to solve the problems. Activity analysis is based on careful observation of work activity, 
identifying how work is actually performed. Task analysis includes the prescribed work and the 
conditions necessary to perform them. The validation occurs after the presentation and discussion 
of the analysis results with the workers. 


4 Virtual Reality  
The virtual reality describes a set of techniques and modes of interfaces that allow integration between 
the user and sensitive environment presented by the computer system. This combination leads the feeling 
of reality to one or more individuals (Augusto et al., 2007). 


The scenarios replicated in virtual reality are called virtual environments, where an avatar can move 
around and interact with objects and elements, as well as interact with other avatars. The simulation of 
reality is made in the virtual environment where representative idealized scenarios are made (Stanney and 
Kay, 2002).  


The program for modeling virtual environments chosen to meet the objectives of this study was the 
Unreal Engine from Epic Games, Inc., a game engine that can be modified to be adapted to different 
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projects (Augusto et al., 2007). The game engine was chosen for the following reasons: (i) it's free to be 
used for educational purposes and non-commercial objectives); (ii) it has a 3D engine of good quality and 
performance, producing virtual environments with sufficient realism, and (iii) the physical quantities are 
represented in good approximation, for example, the collision between solid and gravity. 


5 Evaluation of a NPP control room 
The control room chosen for the ergonomics evaluation controls a Pressurized Water Reactor (PWR) that 
uses light and pressurized water to uranium atoms fission, and subsequent electric power production and 
is located in Angra dos Reis, Rio de Janeiro. 


5.1 Control room of nuclear plant PWR  
The main control room of PWR nuclear plant performs the following functions: 


 Allow the control and monitoring of the plant in normal and emergency situations; 
 Recognize and diagnose the transients that affect the safety; 
 Initiate actions to maintain the safety condition of the nuclear reactor; 
 Detect failures and start automatic action to reactor shut down. 


The control room operators perform the following activities: 


 Monitors the actual operational sequence, comparing them with predetermined functions; 
 Check the individual functions and its relationship with other systems; 
 Observe the variables representing the process; 
 Interfere in the levels of certain variables, if there are deviations in set points; 
 Have to be informed about the process using meters, gauges, dials and computer monitors, and 


adjust the process using controls. 


The main control room under study has the following areas: primary control, turbine or secondary control, 
auxiliary control, communication, acquisition of data through computer processing, and documentation. 
Figure 1 shows a schematic view of the control room where the main control panels we use during the 
evaluation are presented. 


 
CWA: MAIN CONTROL CONSOLE 


CWB: AUXILIARY CONTROL CONSOLE 


CWF: NUCLEO MONITORING 


CWG: VENTILATION 


CWH: NUCLEO INSTRUMENTATION 


CWJ: REACTOR PROTECTION 


CWK: ISOLATION OF CONTENTION 


CWL: SECURITY SYSTEMS 


 


CWM: PRIMARY AUXILIARY SYSTEMS  


CWN: INDIVIDUALS CONTROLS  


CWP: SECUNDARY SYSTEMS 


CWQ: ELECTRIC SYSTEMS 


CWZ: RESERVE 


STV: SYSTEM PRESENTATION OF TREND OF VARIABLES 


SAC: COMPUTERIZED ALARM SYSTEM  


 


Figure 1: Diagram of a control room of a PWR nuclear power plant, showing the main control area, in 
orange, and auxiliary control area in yellow. 
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5.2 Choice of postulated accident for the simulation 
The accident chosen for this simulation was the Small-Break Loss of Coolant (LOCA), with an area of 
30 cm2 leak (internal diameter drain approximately 60 mm), consider the following boundary conditions: 


 All systems operate normally; 
 No power supply in an emergency; 
 All systems of residual heat removal operate normally. 


The LOCA accident occurs when there is a leakage of the reactor coolant due a rupture of pipe or 
malfunction of valve, as occurred in the Three Mile Island accident. Under such situation the reactor is 
shut down and the heat removal system is used to refrigerate the reactor. 


5.3 Data for the simulation script 
To handle a postulated accident as a LOCA, the operators use several instructions and procedures. 
Therefore, to develop the simulation script we used data from: 


 The instructions regarding a postulated LOCA accident type "Small - Break", appearing in an 
operations manual (Angra 2 NPP - Operating Manual, 1999); 


 Texts describing the tasks to be performed by workers for the control room; 
 As a time reference for comparison was used the data published by Oliveira (2001) for the same 


accident. 


5.4 The control room modeling 
First, we analyzed some pictures of the reference control room and the together with room floor plan. The 
analysis took place at all angles of the control room, including their equipment. The objective of this 
analysis was to estimate the measures to be used to draw the control room. The preparation of 
these drawings was the basis for modeling the control room in UnrealEd 2.0. Figure 2 shows the main 
screen in UnrealEd modeling of the control room. 


 


Figure 2 - UnrealEd editor showing the environment modeling. 


After modeling, the Unreal Runtime is used for “navigation” in the modeled environment, using one or 
more avatars. At this time, the objective is to use the virtual environment to evaluate the ergonomic 
aspects of control room trough the observation of movements that operators perform during emergency 
procedures.  For this purpose, each avatar is controlled by one user (one plant operator) who defines the 
path depending on the action to be performed. The figure 3 illustrates the Unreal Runtime avatar inserted 
into the environment, and figures 4 (a), 4 (b), 5 (a) and 5 (b) show view of the control room. 
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Figure 3: Illustration showing the Unreal Runtime avatar inserted into the environment already modeled.  


             
            (a)                    (b)   


Figure 4: (a) View of the control room, where it can be seen the left auxiliary panel, the auxiliary panel plant, 
the CWA and CWB; (b) View of the control room, where you can see the central auxiliary panel and part of 
the auxiliary right panel. 


             


 


 


(a) (b) 


 


Figure 5: (a) View of the control room where the right auxiliary panel and the supervisor’s door room (the smallest 
one, to the right) are viewed; (b) View of the control room where the left auxiliary panel and access door to the 
control room (the biggest one, to the left) are viewed.  


6 Simulation Procedure and Results 
Initially the time an operator spent to carry out each action prescribed for the LOCA simulation 
were measured. We perform five simulations, and for each simulation, the actions were recorded 
separately.  


The actions defined in the Small-Break LOCA emergency procedure are: 


1. Verify the state of the plant. To do so the operator has to move to the following places: Main 
Control Console, Nuclear Instrumentation System, Safety Systems, Auxiliary Systems, Electrical 
Systems, Ventilation System, and Reactor Protection System. Therefore to accomplish their task, 
the operators move themselves along the entire control room many times; 


2. Verify if the plant is in electric emergency feeding, visualizing the Main Control Console. The two 
operators have to pass by the control room furniture to reach this console; 
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3. Verify the existence of LOCA looking at the pressurizer data. The two operators have to look at 
the Main Control Console; 


4. Verify if the primary circuit temperature is less than 160 ºC and if the steam pressure is less than 4 
bars. The primary circuit operator visualizes this information in the Main Control Console; 


5. Verify if Residual Heat Removal pumps are in operation, that is, if the pressure fell below of the 9 
bars. The primary circuit operator visualizes this information in the Primary Auxiliary Systems, 
passing few times by the furniture; 


6. Verify if LOCA occurs according to pressurizer information. The primary circuit operator visualizes 
the information in the Main Control Console, passing by the furniture; 


7. Verify if the level of the pressurizer is minor that 2,28 meters. The primary circuit operator 
visualizes this information in the Main Control Console; 


8. The operations are made by the primary circuit operator in the Reactor Protection System, and he 
passes few times by the furniture; 


9. The operators have to raise the pressurizer level using Extra Borating System spray. The 
operations are made by the primary circuit operator in the Reactor Protection System and Safety 
Systems. He needs to pass some times by the furniture;  


10. The class S alarm is activated. The primary circuit operator visualizes the information in the Main 
Control Console, Ventilation System and the Security Systems. He executes longer passages by 
the furniture to recognize the alarm; 


11. The pressurizer is full and the operators have to stop spray from the Extra Borating System. 
Moreover, a pump of borating additional is disconnecting. The primary circuit operator walks until 
the Safety Systems, passing some times by the furniture; 


12. The operator has to rearm the Safety Coolant Signal. The information is visualized by the primary 
circuit operator in the Reactor Protection System, and to do so he passes few times by the 
furniture; 


13. Verify if the plant is with electric emergency feeding. This task is carried out  by secondary circuit 
operator in the Electrical Systems, and he passes by the furniture; 


14. The operator has to start the Residual Heat Removal system pump. This task is carried out by the 
primary circuit operator in the Safety Systems, and he needs passes by some furniture; 


15. The operator has to disconnect the first Safety Injection pump. This task is carried out by the 
primary circuit operator in the Main Control Console, Safety Systems, Primary Auxiliary Systems 
and Reactor Protection System. The operator also needs to pass by the furniture. 


16. The operator has to disconnect the second Safety Injection pumps. This task is carried out by the 
primary circuit operator, passing by the same places of the previous action. The operator also 
needs to pass by many furniture. In the end of this action, it is necessary to wait 5 minutes for the 
pressurizer level to fall; 


17. Operations were carried out to turn off the third Safety Injection Pump. The task are made by the 
primary circuit operator, through actions in the same places of the actions 15 and 16. The 
operator must walk through  furniture; 


18. Operations were carried out to raise the pressurizer level using the Extra Borating Spray System, 
"JDH". This task is performed by the primary circuit operator in the Main Control Console, Safety 
Systems and Auxiliary Primary Systems. The operator must walk through furniture.  


19. Operations were carried out to stop the pressurizer level raise, disconnecting the Extra Borating 
System spray "JDH". This task is performed by the primary circuit operator in the Main Control 
Console and Safety Systems; 


20. Operations were carried out to turn off the fourth Safety Injection Pump. These tasks are 
performed by the primary circuit operator in the Main Control Console, Safety Systems, Auxiliary 
Systems, and Reactor Protection System.  


The Table 1 presents the time in seconds for each action. The script time was taken as a benchmark, and it 
was obtained using a different simulation method (Oliveira, 2001; Carvalho et al., 2009).    
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Table 1: The simulation times, measured in seconds.  


ACTION SCRIPT TIME SIMUlATION 1 (sec)     SIMULATION 2 (sec) SIMULATION 3 (sec) SIMULATION 4 (sec) SIMULATION 5 (sec) AVERAGE TIME OF SIMULATIONS (sec)


1 805,4 809,2 809,2 810,2 799,2 822,2 810
2 28,5 29,5 28,5 29,5 29,5 27,5 28,9
3 12,9 16 15 15 14 14 14,8
4 41,8 43,2 45,2 44,2 44,2 40,2 43,4
5 31,2 28,5 30,5 28,5 27,5 27,5 28,5
6 27,9 24 26 25 26 25 25,2
7 15,8 16,2 17,2 16,2 16,2 15,2 16,2
8 211,2 188 172 177 220 236 198,6
9 146 136,2 136,2 133,2 136,2 137,2 135,8
10 113,7 111,3 107,3 106,3 106,3 114,3 109,1
11 264,2 250,5 245,5 242,5 247,5 249,5 247,1
12 93,9 75,4 75,4 74,4 71,4 77,4 74,8
13 38,4 40,5 38,5 38,5 37,5 38,5 38,7
14 47,6 40,8 40,8 38,8 38,8 37,8 39,4
15 464,5 467,9 467,9 459,9 461,9 463,9 464,3
16 467,1 455,9 443,9 436,9 436,9 442,9 443,3
17 252,4 252 254 248 253 250 251,4


18 463,8 456,7 456,7 450,7 449,7 452,7 453,3
19 362,4 360,7 360,7 350,7 354,7 356,7 356,7
20 193,3 189,9 190,9 182,9 184,9 187,9 187,3


TOTAL 4082 3992,4 3961,4 3908,4 3955,4 4016,4 3966,8


The table 2 presents the relative error of each action compared with the benchmark in the 
following fields:  


 Actions; 
 Script time- time of each action which was developed in the script; 
 Average time of the simulations – average time of 5 (Five) simulations, separated by each action.   
 Relative error – error in relation to the benchmark script, for each action, and the medium time for 


each simulation (percent unit). 


Table 2: Relative error in each action 


1 805 810 0,57%


2 28,5 28,9 1,40%


3 12,9 14,8 14,73%


4 41,8 43,4 3,83%


5 31,2 28,5 8,65%


6 27,9 25,2 9,68%


7 15,8 16,2 2,53%


8 211,2 198,6 5,97%


9 146 135,8 6,99%


10 113,7 109,1 4,05%


11 264,2 247,1 6,47%


12 93,9 74,8 20,34%


13 38,4 38,7 0,78%


14 47,6 39,4 17,23%


15 464,5 464,3 0,04%


16 467,1 443,3 5,10%


17 452,4 251,4 0,40%


18 463,8 453,3 2,26%


19 362,4 356,7 1,57%


20 193,3 187,3 3,10%


TOTAL (sec 40 3966,8 ______


 


7 Conclusions 
Complying with procedures is one of the most cultivated values in the nuclear industry. NPP operators like 
to have everything under control in advance (planning) and to know exactly what to do in a timely 
manner (follow the procedures). However, sometimes, the operators faced situations where it was very 
difficult to follow the procedure as a script in a timely manner, and in many of these situations, the 
problems are in the procedures. This research addresses the modeling and ergonomic evaluation of NPP 
control rooms and specially the time available to the operators to control such safe-critical system. Time 
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availability is clearly a factor that influences control, and it is not considered in most of the operators’ 
tasks modeling research that focus on problem solving strategies, decision making, human error 
modeling, and so forth. However, operators’ activities takes place in time and the available time is one of 
the most important determinants of whether an action is going to be successful or not. Few research 
address the actual work situation and problems faced by the operators of safe-critical systems that have 
to follow procedure scripts rapidly, and understand the plant evolution at the very same moment. In some 
situations, due to the complex nature of the work, already prepared plans and procedures, does not met 
the dynamic requirements of the operators cognition, making the operators’ control tasks unnecessarily 
difficult. To achieve the active monitoring attitude to become a good operator, he/she needs spare time 
to think about the situation and plant processes. Therefore, time is always in short supply and more 
research on the subject is still needed. This applies to many different areas, such as industry, military 
operations, traffic, etc. The results we obtained indicated that the UnrealEd is useful to modeling control 
rooms, using the small resources normally available to research. The comparison of the operators’ action 
times measured in our simulation with the reference action times showed that the UnrealRunTime can be 
a valid tool for estimating the operators’ action time during a scenario of postulated accidents. 


8 Acknowledgements 
The authors gratefully acknowledge the support of the National Council of Scientific and Technological 
Development (CNPq- Conselho Nacional de Desenvolvimento Científico e Tecnológico), and the support 
of the Rio de Janeiro Research Support Foundation (FAPERJ – Fundação de Amparo a Pesquisa do Rio de 
Janeiro). 


References 
Augusto, S. C., Mol, A. C. A., Jorge, C. A. F., et al. (2007). Use of virtual reality to estimate radiation dose rates in nuclear 


plants, 2007 International Atlantic Conference – INAC 2007, Santos, São Paulo, Brasil. 
Burdea, G., Philippe, C. (1994). Virtual Reality Technology. John Wiley & Sons, New York, USA. 
Carvalho, P. V. R., Oliveira M., Santos, I., (2009). A computerized tool to evaluate the cognitive compatibility of the 


emergency operational procedures task flow.Progress in Nuclear Energy 51, pp. 409-419. 
Francis, G. A., Tan, H. S. (1999). Virtual Reality as a training instrument, The Temasek Journal (v. 7).  
Iida, Itiro (2005). Ergonomia Projeto e Produção. São Paulo: Editora Edgard Blucher. 
International Organization for Standardization (2000). ISO 11064 – Design of Control Centers – Part 1: Principles for 


the Design of Control Centers. 
Oliveira, M. V. (2001). Modelagem Cognitiva de Operadores de Usinas Nucleares, Relatório Técnico – Instituto de 


Engenharia Nuclear – 40/01, Rio de Janeiro. 
Santos, I. J. A. L.(2003). A Ergonomia no Licenciamento e na Avaliação de Salas de Controle de Reatores Nucleares,  


Coordenação dos Programas de Pós-Graduação de Engenharia, Universidade Federal do Rio de Janeiro, Rio 
de Janeiro. 


Santos, I.  J.  A.  L. e Vidal, M. C. (2000b). Ergonomia e fatores humanos no projeto de salas de controle de reatores 
nucleares, Anais do XII Congresso Internacional de Física de Reatores, Poços de Caldas, Minas Gerais. 


SIEMENS/ELETRONUCLEAR. (1999). NPP Angra 2 – Operating Manual, Loss of Coolant Acident with Emergency Core 
Cooling Criteria Met”(Part 3, Chapter 3.2). 


Stanney, K. M. (2002).“Handbook of virtual environments: design, implementation and applications”, New Jersey, USA: 
Lawrence Erlbaum Associates. 


U. S. NUCLEAR REGULATORY COMMISSION (2002). NUREG 711 (Revision 1), Human Factors Engineering – Program 
Review Model, Office of Nuclear Regulatory Research Washington, DC 20555-0001. 


Wisner, A. (1995). Situated cognition and action: implications for ergonomic work analysis and Anthropotechnology. 
Ergonomics, 38(8) pp 1542-1557. 








 


ID263.1 


Worldwide Evolution of ISO 9001 and 14001 Certified 


Companies: an Exploratory, Comparative Ten-Year Study 


Blênio César Severo Peixe
*
, Andréa Cristina Trierweiller*, Antonio Cezar Bornia*, Rafael Tezza


+
, Lucila Maria de Souza 


Campos
*
 


*
 Production Engineering Department, Federal University of Santa Catarina, Campus of Florianópolis, Zip Code 88040-900, 


Florianópolis, Santa Catarina, Brasil 
+ 


Department of Business Administration, Santa Catarina State University, Florianópolis, SC, Brazil 


Email: bleniocsp@gmail.com, andreatri@gmail.com, cezar@deps.ufsc.br, rafaeltezza@yahoo.com.br, lucila@deps.ufsc.br 


Abstract 


The evolution of emissions certifications over the last ten years evidences a concern for aspects related to the quality 


of Brazilian company environmental management services, considering the ISO 9001 and 14001 norms from a 


worldwide perspective. The objective of this study is to provide evidence of the consolidated information based on 


evolutionary analysis per continent from 2000 to 2009 of the certifications awarded in order to identify visibility in 


conjunction with stakeholders of worldwide environmental quality and management systems. This study is 


bibliographic in nature, as well as documental, descriptive, and exploratory, given the investigation carried out, using 


a qualitative and quantitative approach.  The results of this study identify the evolution of certification and provide 


evidence there is visibility from the current number of company certifications. Further, this study verifies that 


companies utilize certification as a prerequisite to improving competitive and innovation indicators, thus eliminating 


the barriers imposed upon importing and exporting countries. In so doing, they guarantee the quality of products and 


services through the importance of conformity of their internal and external processes, where they concentrate their 


business among a majority of globalized companies. 


Keywords: certification evolution; quality management system; environmental management; companies; continents. 


1 Introduction 


Studies that provide evidence towards the impact of conducts and attitudes in fulfilling environmental 


and quality norms, together with economic agents which resound in policies and business strategies in 


the private sector are fundamental in the process of verifying company certification. On the other hand, 


the institutional fragility of organizations motivates towards a reevaluation of the currently recognized 


model for certification in hopes of evidence concerning quality management and environmental 


management policy, which conciliates the irremovable role of client interests with consumer demands in 


all their reach. As to competition among companies and countries it provides a decisive role in improving 


quality and environmental management system strategies in productive operations among emerging 


economy countries. Such countries have denoted advances in terms of universalizing required 


certification. The current economic-technological scenario imposes the need for continual changes upon 


organizations in the way they operate and generate their business in order to adequate themselves to 


newer realities in which they maintain themselves competitive (Oliveira, Serra, 2010). 


Certification demands as a voluntary form of business sustainability management have contributed in an 


effective manner towards defining parameters which establish well-defined principles in attending these 


norms. One verifies that pressure from diverse entities which exercise power through inspection structures 


and are responsible for confirming certification claims. The large number of legal norms concerning the 


environmental and quality question from stakeholder pressure has indicated to diverse authors the 


difficulties of its application. However, there is academic consensus concerning motives towards 


implementing Quality Management System (QMS), which seems motivated among the majority of 


organizations through external factors such as stakeholder pressures and interests to improving the 
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company’s image.  Other organizations are especially motivated through internal factors, such as 


improved products or services, reduced costs associated to a lack of quality and improving the company’s 


internal efficiency (Casadesus, Heras, 2005, Shannon, Robson, Sale, 2001).  


The objective of this study is to provide evidence for and to discuss consolidated information based on 


evolutionary analysis of certification per continent from 2000 to 2009 in order to provide visibility 


together with stakeholders of quality and environmental management systems all over the world.  The 


terms of investigation which guided the development of this study are defined with respect to the 


following question: How can one provide evidence and discuss the evolution of quality and environmental 


management systems in relating them to worldwide certification emission? However, demonstrating the 


importance of continental progression of worldwide certification based on data available in the ISO 9001 


and 14001 series norms, which are responsible for the international control system policy for company 


quality and environmental management. Such control may provide evidence towards the level of 


evolution of worldwide certification emission in a consolidated fashion as an indicator of competitiveness 


and innovation, demands which have grown both in internal and external markets. Headquarters are 


located in Geneva, Switzerland, since 1946. The abbreviation ISO refers to the Greek word, “iso”, meaning 


equality. The International Organization for Standardization contains more than 159 member states. The 


ISO works with 180 Technical Committees (TC) and hundreds of subcommittees and workgroups. It is 


fundamental to show the relevance of certification evolution based on the database from a competent 


organization responsible for company environmental and quality management evaluation policy as a 


reference for competitiveness, innovation, and attending the demands of the market. For Lelis and Seiffert 


(2008) the dissemination of environmental management practices certainly has contributed to greater 


awareness within society and a maturity in management which has produced positive effects on company 


behavior and stimulated pro-active attitudes in favor of quality and environmental management. With 


respect to the QMS, the impact its implementation in companies is evidenced in academic literature, thus 


reflecting the fact that this system has offered benefits to diverse sectors. However, there is also a variety 


concerning its application in indicating product and service quality policy. Evidence related to the 


connection between ISO 9001 and ISO 14001 is fundamental to research which shows that companies 


which have adopted ISO 9001 are more likely to adopt the ISO 14001 (Delmas, 2002,  Potoski, Prakash, 


2004), while other analyses haven’t found a consistently positive relationship between both norms (King et 


al, 2005). This article presents the following structure: methodological procedures, environmental 


management, quality management system, results and discussion and conclusion. 


2 Methodological Procedures 


This study is classified as qualitative and quantitative with respect to the object of the study. The nature of 


this study is classified as applied, with a descriptive and exploratory approach. Gil (2010) adds that 


exploratory and descriptive research utilizes inductive and deductive methods. The data were presented in 


graphs and tables, within the outline of the two thematic axes, as seen in Figure 1: 


As to the data collection procedures, this study is carried out based on secondary data and thus is 


characterized as bibliographic and documental. To Marconi and Lakatos (2007), such research involves 


empirical investigation seeking to formulate questions or a problem in order to describe an intervention 


within the real context in which the fact occurs.  In axis 1, the qualitative nature of the study is presented, 


based on the bibliographic selection of scientific articles and periodicals with the objective of identifying 


and exposing the theory in an objective form within the theme under study: environmental management, 


environmental management systems, and quality management systems. 


As to axis 2, the quantitative character of the study is revealed in gathering consolidated information 


surrounding the ISO 9001 and 14001 norms given the acquisition of the database supplied by the ISO – 


International Organization for Standardization, entity responsible for overseeing and disclosure of all the 


certified companies in the world.  This study was carried out through data analysis of graphs which show 


the number of certified companies per country, continent, and other classification. The objective was to 
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identify the evolution of quality and environmental management systems among companies based on the 


certification reports from 2000 to 2009.  However, it is exactly this characteristic in which the limitation of 


this study resides, as it is based on information made available from the ISO 14001 database. 


 


 


3 Environmental Management 


In this approach, the terms of investigation related to the question which will guide its development in the 


theoretical foundation are defined:  environmental management, environmental management system, 


environmental certification, evolution of worldwide emission certifications. While the principle objective of 


a company is its own profitability environmental questions have become more and more important with 


regard to increased consumer consciousness and its growing interest in the form of the products and 


services produced, utilized, and discarded, as well as their effect on the environment; from demands from 


large partner organizations towards cleaner production practices and towards internationally recognized 


certification; from exhausting natural resources. 


Environmental consciousness is opening paths towards developing new business opportunities.  With this, 


it also facilitates the inclusion of Brazilian companies in the international market (Silva, Medeiros, 2004). 


However, many of them have not sufficiently perceived the benefits and difficulties of the ISO 14001 


implementation, certification, and systems management process. However, scientific studies developed to 


better understand this reality and to promote their disclosure and use are needed.  Beyond this, social 


factors (consumer demands and non-governmental actions) and economic and political factors (imposed 


restrictions, fines, and new legislation) exercise additional pressure in introducing company environmental 


management. An environmental management system can be described as a methodology in which 


organizations act in a structured fashion concerning their operations in order to secure environmental 


protection. They define the impacts of their activities and thus propose actions to reduce them. 


Environmental Management (EM) however, seeks to continually control and reduce these impacts 


(Rowland-Jones, Cresser, 2005). 


It is in the creation of legislation and systems which may identify opportunities to reduce material and 


energy use as well as improve productive process efficiencies (Chan, Wong, 2006). In this sense, the 


success obtained cannot overshadow the inherent difficulties to a theme of recent visibility.  To the more 


skeptical, it is defined as a fad. The large number of legal norms due to stakeholder interests involved in 


environmental questions creates difficulties towards its application. A company’s Environmental 


Gathering information together with ISO – database 
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Figure 1: Research outline. Source: Authors 
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Management System (EMS) may be used to plan, implement, and manage environmental policy.  It 


includes interdependent elements such as organizational structure, the division of responsibilities, 


planning the necessary practices, procedures, processes, and resources to determine the policy in 


question and its objectives (Melnyk et al., 2002, Fortunski, 2008). Among studies and research concerning 


adopting EMS across diverse countries, we highlight the following: Hong Kong (Hui et al., 2001), Germany 


(Morrow, Rondinelli, 2002), USA (Babakri et al, 2003), Australia (Zutshi, Sohal, 2004), Canada (Boiral, 2007), 


Switzerland (Lundberg et al, 2007), Japan (Nakamura et al., 2001),England (Bernardo et al., 20110), China 


(Zeng, Tian, 2009), Italy (Franceschini et al, 2010, 2011), Espanha (González et al, 2008), Brazil (Albuquerque, 


2009, Souza, 2009, Seiffert, 2008, Jabbour 2010, Trierweiller et al., 2011, Peixe et al., 2011), and others. 


For Harrington and Knight (2001, p. 34), an environmental management system is “part of the global 


management system which includes organizational structure, planning activities, procedures, processes, 


and resources to be developed, implemented, acquires, critically analyzed, and to maintain the company 


environmental policy.” This evidence permits the company to have a management system structured 


under various perspectives, conducive to adopting efficient and effective management.  


Integrating concepts provides a comparative market recognized and valued difference for the company in 


question. However, it cannot be represented nor directly measured in a single measurement.  Rather, its 


evaluation is considered through a set of attributes which may evidence competitive advantage and 


innovation. Certified EMS have gained highlight (Link, Naveh, 2006, Viadiu et al., 2006, Albuquerque et al., 


2007, Salomone, 2008). Under the normative perspective, ISO 14001:2004, defines an EMS as a set of 


inter-related elements, part of a company’s management system utilized to develop and implement its 


environmental policy in managing its environmental aspects. Implementing an EMS with ISO 14001:2004 


not only strengthens some guarantees to the environment, but performance and credentials also offers a 


manner of demonstrating these external achievements to interested parties (Trevor, 2007). Nascimento et 


al. (2008, p. 208-209) defines an EMS as, “the set of procedures which will help the company to 


understand, control, and diminish the environmental impacts of its activities, products, and/or services.” 


The Management System implementation process consists of 4 (four) phases: (1) defining and 


communicating the project; (2) EMS planning; (3) installing the EMS; (4) registry and evaluating the 


company’s EMS policies. Many approaches in recent years have been presented by (Lagodimos et al, 


2007, Specchiarello, Giagnorio, 2009, Bodas, 2009), in order to better understand the diffusion of studies 


through the most varied research concerning environmental management norms from ISO 14001:2004, 


due to its growth around the world. The most commonly known norms are: (1) EMAS, (2) BS 7750, and (3) 


ISO 14001. The European Union Eco-Management and Audit Scheme (EMAS) were adopted by the 


European Council (EC) in June of 1993.  It has been open to voluntary company participation since April of 


1995.  Its primary objective is to promote continued improvements in environmental performance of 


industrial activities based on establishing and implementing environmental policies, programs, and 


management systems among organizations; of systematic, objective, and periodical performance analysis 


of the elements contained in the regulations; of the information provided to the community about a 


company’s environmental performance. A list of all the units registered is published annually in the EC 


official journal.  Such a registry could be considered, however, to be a “certificate” of good environmental 


performance to the company who earns it. The EMAS, on the other hand, has a principle difference from 


other systems.  It demands for presentation an environmental, auditing, and eco-management self-


declaration as regulated by the European Community (EC) through official publication in the EC’s official 


journal (Shigunov Neto, et al, 2009). 


The BS 7750 arose in the United Kingdom in 1994. As the norm from the British Standard Institute, it 


presents specifications for EMS development, implementation, and maintenance in order to secure and 


demonstrate conformity with the declarations companies make concern with their policies and 


environmental goals. The BS7750 served as inspiration for the ISO (International Organization for 


Standardization) in 1996 to release the ISO 14001, the most famous among EMS norms. It is an 


international environmental norm from the ISO 14001:2004 series which specifies the relative 


requirements of a EMS.  As such it permits the company to formulate its policy and objectives, taking into 


account the legal and informational requirements referring to significant environmental impacts which 
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must be comprehended by everyone in the company who participate in the EM, involving the 


stakeholders (Martins, Laugeni, 2006). A company typically seeks certification when: (1) it feels compelled 


to do so for economic reasons or market-based demands; (2) it possesses a high capacity and the 


necessary competencies to obtain such certification; (3) it possesses adequate knowledge of the norm, of 


the impacts of its activities (internal and external), and identifies certification to be a strategic action for 


the company (Melnik et al, 2003)  


4 Quality Management System  


Since its introduction in 1987, the ISO 9001 series for quality norms has implanted itself the world over.  


An indirect sign of the popularity of these patterns is the large number of scientific articles in academic 


literature directed to them. Some of the more relevant concerns are founded on the following points: (1) 


analysis of the motivation for certification (Poksinska et al, 2002, Douglas et al, 2003, Magd and Curry, 


2003, Williams, 2004, Heras, 2006, Heras et al, 2006); (2) analysis of the benefits to certification, the  


evolution of organizations, perceptions of such benefits, and advantages/ disadvantages of certification 


(Gotzamani and Tsiotras, 2002, Llopis and Tari, 2003, Tari and Sabater, 2004, Casadesus and Karapetrovic, 


2005a, Boiral and Roy, 2007, Zeng et al, 2007, Karapetrovic et al, 2010); (3) the impact of quality 


certification on an organization, and company financial performance (Alvarez et al, 2002, Chow-Chua et al, 


2003, Conca et al, 2004, Casadesus and Karapetrovic, 2005b, Dick et al, 2006); (4) the possibility for 


integration and/or competition between quality certification and TQM (Dwyer, 2002, Martinez-Lorente 


and Martinez-Costa, 2004, Karapetrovic et al, 2006), and (5) analysis and preview of the diffusion of 


certification (Franceschini et al, 2004, 2006, Albuquerque et al, 2007, Franceschini et al, 2008, 2010). 


Sampaio et al. (2009) further add in their corroboration of their studies with contributions concerning the 


aforementioned topics in this outline rather punctually with a recent literature review surrounding this 


theme.  


In this sense, a worldwide analysis points out two indications that make necessary distinctions: (1) one 


verifies that in recent years the number of certified companies in Eastern countries such as China and 


India have quickly increased – compared to European countries at the end of the previous century 


(Corbett, 2008). A representative example is Pakistan (Malik, Yezhua, 2006); (2) the tendency for saturation 


and/or decline was observed in countries where certifications were traditionally more widespread in terms 


of percentages of certified organizations (International Organization for Standardization, 2009). There is 


the future tendency of this occurring in other European countries in which certification is popular and 


widespread, such as Belgium, France, Germany, and Sweden (International Organization for 


Standardization, 2009; Franceschini et al., 2010). One observes possible reasons for this initial decline to 


be: (1) the perception of little incentive for the majority; (2) the bureaucratic weight of application for the 


ISO 9001 norms; (3) the apparent lack of advantages for an organization with a well-defined culture of 


quality.  However, a more detailed explanation becomes necessary at this point, when one presents the 


relevant literature review carried out for this theme (Casadesus, Karapetrovic, 2005a, Marimon et al, 2009). 


The basic instruments of this model are: (1) to create the conditions for autonomous norm diffusion 


growth; (2) credibility of the quality management certification system; (3) to create interest in certification 


among countries where it seems to have diminished; and (4) to favor the effective application of quality 


management (Karapetrovic et al, 2010).  


There is debate in scientific literature concerning the benefits of quality certification (Corbett et al, 2002). 


The benefits of quality management certification are classified with respect to ISO 9001 and ISO 14001, as 


there are differences in the scope of responsibility. ISO 9001 has become a norm for organizations which 


intend to certify its service quality management practices, procedures, and products. ISO 9001 seeks to 


improve quality and facilitate business objectives. ISO 14001 seeks to improve environmental 


performance and to improve stakeholder relationships, not only market relationships, but also non-


commercial public interests, such as regulating agencies and non-governmental organizations. The 


benefits have been identified to be: (1) Internal-(productivity improvements, product defect rate 


decreases, quality awareness improvements, definition of the personnel responsibilities and obligations, 
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delivery time improvements, Internal organization improvements, Access to new markets Productivity 


improvements), (2) external – (access to new markets, Corporate image improvement, ISO 9001 


certification as a marketing tool, Customer relationship improvements, market share improvement, 


customer satisfaction, customer communication improvements)  (Sampaio et al, 2009).  


One verifies that with the globalization process, international commercial relationships have provided for 


the appearance of some strategic aspects which should be taken into account when observing systematic 


evaluation of the mechanisms for certification. For the mass of society, one observes a large number of 


clients who demand certification from their suppliers for their products/services as a demonstration of its 


qualification, as well as a guarantee of the best customer services towards contractual requirements and 


other pressures from different parties interested in the certification process (Szyzka, 2001). For Coscarelli 


(2004, p. 79) “[...] new forms of promoting the protection of internal markets have arisen, the so-called 


technical barriers [...]. It is in this context of quality and competition that the technical question becomes a 


strategic question, that the theme of Conformity Evaluation [...] is found to be inserted and gains 


notoriety”. With the heterogeneity of evaluation, even with training, the rules given for accrediting to 


authorities and periodical controls, it is not so rare to observe heterogeneity and a lack of objectivity on 


behalf of the audits/ evaluations (Karapetrovic, Willborn, 2002, Franceschini et al, 2007). 


5 Results and Discussion 


Since the release of the first versions of ISO 9001 and 14001, one perceives a consistently growing 


number of certified companies worldwide (Bansal, 2003, Balzarova, Castka, 2008). The demand for 


conformity as a voluntary form of quality and environmental management has contributed in an effective 


manner towards defining parameters which establish defined principles towards attending these norms. 


There are also ever increasing studies which have investigated the global spread of this norm (Corbett, 


Kirsch, 2001, Ávila, Paiva, 2006, Gavronski et. al., 2008, Salomone, 2008). One verifies that the number of 


certifications prior to 2009 was 1,064,785 for companies with ISO 9001 and 223,149 companies with ISO 


14001 certification. 


5.1 Worldwide Certification Evolution  


One can see in Figure 2 that from the period of 2000 to 2009, the norms present a growing number of 


certifications, considering the evolution of the dominion in percentages for continents such as: 


Australia/New Zealand (265.76%), North America (115.14 %), Europe (53.83%), Central / South America 


(29.56%), Africa / West Asia (26.07%), and Far East (20.57%).  


 


Figure 2: ISO 9001 and 14001 Certifications. Source: Data from the ISO series (2009) 


The general growth over all continents was 43%, which offers evidence that the norms in the period 


analyzed grew at percentages which indicate and evolution of the ISO 9001 certifications.  From 2000 to 


2009, norm ISO 14001 certifications presented a percentage growth, considering the evolutions on 


continents like: Australia / New Zealand (68.52%), North America (22.91%), Central / South America 


(14.17%), Central / South America (12.29%), Africa / West Asia (7.39%), and Far East (7.02%). One verifies 


that the percentage growth over this period was 10.24%. 
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It was not possible to compare relative numbers, as there are approximately 5 times more ISO 9001 


certifications in use than ISO 14001 certifications.  For every ISO 14001 issued, there are approximately 5 


ISO 9001s issued. The graphs expose percentages in order to offer a more specific perspective on the 


evolutionary nature of the comparative growth of the norms.  Another aspect which deserves note is 


during the period of 2002 and 2003, which presents an accentuated peak of growth for both norms, in 


terms of certification received, showing predominance of the ISO 9001 norm over the ISO 14001s. 


5.2 Evolution of ISO 9001 and ISO 14001 – Certification per Continent  


The evidence suggests that the Far East and Europe were the continents that most grew. The remaining 


continents did not offer a growth indication, which reveals stability among ISO 9001 certification 


confirmation. It is important to highlight that the continents which stood out presented a tendency for 


growth as of 2003, in other words, the Far East and Europe, as shown in Figure 3: 


 


Figure 3: ISO 9001 Certifications by Region. Source: Data from the ISO series (2009) 


Figure 4 gives evidence that the continents which grew most were the Far East and Europe. In fact, 


between 2006 and 2007, the Far East passed Europe. The remaining continents presented indications of 


stability in ISO 14001 certification emission. It is important to highlight that the continents which did the 


best presented a tendency for growth as of 2006.  


 


Figure 4: ISO 14001 Certifications by Region. Source: Data from the ISO series (2009) 


Table 1 presents the countries with highlighted growth, as can be seen below. It becomes clear that the 


Russian Federation leads the increased growth in certification and countries like Spain and the USA had 


reduced levels of growth among the certification process in 2008 and 2009, even while presenting overall 


growth with respect to the remaining countries highlighted for their growth in this area.  


Table 1: Rank Certifications ISO 9001 by Countries 


Rank Countries No. of Certificates ISO 9001 in 2009 Growth over 2008 (%) 


1 China 257,076 12.63 


2 Italy 130,066 9.04 


3 Japan 68,484 8.38 


4 Spain 59,576 -15.37 


5 Russian Federation 53,152 69.80 


6 Germany 47,156 -2.48 


7 United Kingdom 41,193 0.10 
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8 Índia 37,493 -1.22 


9 USA 28,935 -11.98 


10 Korea, Republic of 23,400 1.56 


Source: Data from the ISO series (2009) 


Table 2 provides the ranking of countries with highlighted growth, as can be seen below.  It is clear that 


the Czech Republic and China lead the growth for ISO 14001 certification and countries like Spain, 


Germany, and the USA had smaller percentage growth among the certifications received in their 


respective countries during 2008 and 2009. However, overall growth was shown with respect to the 


remaining countries highlighted in this ranking.  


Table 2: ISO 14001 Certification Ranking by Countries 


Rank Countries No. of Certificates ISO 14001-2009 Growth over 2008 (%) 


1 China 55,316 29.14 


2 Japan 39,556 10.07 


3 Spain 16,527 0.51 


4 Italy 14,542 11.14 


5 United Kingdom 10,912 13.35 


6 Korea, Republic of 7,843 9.05 


7 România 6,863 43.41 


8 Germany 5,865 2.66 


9 USA 5,225 4.80 


10 Czech Republic   4,684 29.16 


Source: Data from the ISO series (2009) 


5.3 Growth Sectors for the Period Analyzed 


The sectors that showed the greatest growth in ISO 9001 certification during the period under study were 


motor vehicles, motorcycles, personal, household goods civil construction, construction, Basic metal and 


fabricated metal products, with their respective percentages highlighted in the ranking.  The sector which 


grew the least during the period studied was Machinery and equipment. Such evidence indicates that the 


increased demand for certification is related to economic growth, especially among emerging economies 


such as China, Brazil, and others, as seen in Table 3. 


Table 3: ISO 9001 Certification ranking by Sector 


Rank Sectors No. of Certificates  ISO 9001 - 2009 Growth over 2008 (%) 


1 Construction 116,672 65.18 


2 Basic metal, fabricated metal products 107,253 60.15 


3 Electrical and optical equipment 85,357 49.91 


4 Machinery and equipment 63,523 47.75 


5 


Wholesale, retail trade; repairs of Motor 


vehicles, Motorcycles, personal and 


Household goods 


63,015 73.28 


Source: Data from the ISO series (2009) 


The sectors which most grew in terms of ISO 14001 certifications during the period were Vehicles, 


motorcycles, personal and household goods, Basic metal, fabricated metal products, and Rubber and 


plastic products, with their respective percentages highlighted within their ranking. The sector which least 


grew was Construction over the period of this study, as seen in Table 4. Such evidence indicates that the 


increased demand for certification is generally related to economic growth, especially in emerging 


countries such as China, Brazil, and others. 


Table 4: ISO 14001 Certification ranking by Sector 
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Rank Sectors No. of certificates ISO 14001-2009 Growth over 2008 


1 Construction 28,711 33.77 


2 Basic metal & fabricated metal products 18,728 56.10 


3 Electrical and optical equipment 17,660 52.88 


4 


Wholesale, retail trade; repairs of motor 


Vehicles, motorcycles, personal and household 


goods 


11,632 67.26 


5 Rubber and plastic products 10,397 53.25 


Source: Data from the ISO series (2009) 


The company environmental management evaluation process, considering the evolution of certificate 


emissions in recent years, serves as a parameter of the indication of EMS improvements. It demonstrates 


the importance of the evolution of certification, based on a database from the organization responsible 


for company environmental management evaluation policies as a reference for competitiveness for the 


growing demand, both from the market and from society in general. 


6 Conclusion 


The evolution of worldwide certifications per continent from 2000 to 2009 has been presented here in a 


country ranking that is highlighted by company receipt of appropriate certification.  The fundamental 


question guiding the development of this study was to consider the evolution of concepts concerning 


quality and environmental management with the authors consulted and studied in order to briefly and 


objectively present the state of the art in terms of this analysis. Thus, this study characterizes the analysis 


of the data consolidated within the quality and environmental management system, as it was possible to 


identify and visualize the principle points outlined in the general objective of this structured study.  


The results of this study identified the evolution of certification and provided evidence that there is 


visibility concerning the current stage of the number of company certificates. One verifies that companies 


utilize the certifications as a prerequisite to improving their competitive and innovation indicators, thus 


eliminating the barriers imposed by importing and exporting companies. As such, they guarantee the 


quality of products and services through the importance of conforming to internal and external processes, 


where their business is concentrated, as most of the companies are globalized. 


The objective of this study was to provide consolidated information as evidence based on the 


evolutionary analysis of certifications given per continent from 2000 to 2009 in order to identify visibility 


together with the stakeholders of quality and environmental management systems worldwide. It is evident 


that the evolution of certification presents relevant contributions to better understanding the business 


scenario, considering that countries which have more certified companies under each of the norms. One 


point that proved itself to be interesting within the period analyzed was the tendency for growth among 


ISO 14001 certification and the tendency for slowed growth among ISO 9001 certifications during the 


period under study.  We expect these trends to continue in the near future. It is important to highlight 


that there is current concern for the ISO 14001 certification, which goes beyond market questions and 


into environmental responsibility on behalf of the company, as has been evidenced in studies and data 


from the ISO and ratified in the literature studied herein. In the evaluation process of comparing 


companies’ EMS and QMS, it became clear that increased growth of the certification emission system 


gives greater visibility to stakeholders.  However, this study did not seek to examine all the possibilities of 


research due to the richness of the data available which may be analyzed under diverse aspects, according 


to the interest of the researcher. 
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Abstract 


Investment is an important economic variable and, therefore, it is important to have an understanding of the factors 
that determine its evolution over time. One aspect that has been highlighted in recent research is that corporate 
investment behavior is influenced by the financial structure of firms. In fact, if the hypothesis of imperfect capital 
markets holds, there is no perfect substitutability between the various sources of funds, which may affect the 
investment expenses of firms and lead to a situation of underinvestment. In this paper, a brief overview of different 
explanations for the relationship between financing patterns and investment behavior of firms is presented.  


Keywords: corporate investment; financing patterns; financing constraints; agency costs. 


1. Introduction 
An important aspect in the dynamics of world economies is the behavior of investment. In fact, the study 
of investment is important for several reasons (HASSETT, 2007). Firstly, investment is a source of economic 
growth for it expands the productive capacity of an economy leading to an increase in aggregate supply, 
employment levels and income. Secondly, investment is the more volatile component of aggregate 
demand and therefore is responsible for much of the variation in GDP of a country over the business 
cycle. Thus, knowing how investment may evolve in the future may prove extremely useful in defining 
economic stabilization policies. Thirdly, investment contributes to an increase in productivity, since it leads 
to a rise in the level of capital per worker. This is even more important when a country is near full 
employment, given that in this case, economic growth depends largely on increases in the productivity of 
inputs (especially labor). Simultaneously, additional investment usually means the adoption of new 
technologies or encourages transfers of technology. Finally, it is through capital expenditures that a 
number of economic policy measures affect the economy (e.g. changes in interest rates, the investment 
tax credit or accelerated depreciation allowances). 


When analyzing investment behavior, a relevant question is whether the way it is financed, influences the 
amount of investment. In other words, it is important to understand whether planned investment by 
companies is constrained by available funding. In fact, in perfect capital markets, firms are always able to 
get funds to finance their investment projects, provided they have a positive NPV. By contrast, in 
imperfect capital markets, there is no perfect substitutability between the various forms of financing, 
which may affect the investment expenses of firms and lead to a situation of underinvestment. In this 
second situation, the financial structure of the firm becomes relevant and might have an impact in firms’ 
investment decisions. 


This paper analyses the link between corporate investment and financial structure of a firm, presenting 
possible explanations for the pattern of its corporate financing structure. 


The remainder of the paper is organized as follows. Section 2 presents a brief overview of corporate 
financing patterns. Section 3 and Section 4 discusses in more detail possible, and alternative, explanations 
for these patterns respectively. Section 5 comprises the main conclusions and future research prospects.  
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2. Financing Patterns 
This section presents data on how firms finance their investment expenditure. Figures from Table 1 
suggest that firms tend to rely, to a large extent, on internal funds to finance their investments. 


Table 1: Corporate financing patterns 


2003 2004 2005 2007 2008 2009 
SOURCE OF FUNDS       
  Internal Funds 0,51 0,60 0,57 0,49 0,46 0,52
       Net Income 0,19 0,23 0,24 0,26 0,11 0,17
       Depreciations 0,32 0,32 0,34 0,21 0,27 0,35
       Variation of adjustments and provisions 0,00 0,05 -0,01 0,02 0,07 0,00
  
  External Funds 0,49 0,40 0,43 0,51 0,54 0,48
       Increases of equity 0,09 0,04 0,00 -0,09 -0,13 -021
       Decrese in financial investments 0,07 0,11 0,19 0,23 0,27 0,27
       Decrease in medium/long term debtors 0,10 0,00 0,00 0,01 0,00 0,00
       Increases in medium/long term debt to credit institutions 0,14 0,06 0,00 0,10 0,14 0,08
       Increase in other medium/long term debts 0,02 0,07 0,15 0,16 0,07 0,16
       Decrease in fixed assets 
       Sale of fixed assets 0,08 0,12 0,09 0,09 0,12 0,16
       Decrease in working capital 0,08 0,03


Source: Banco de Portugal - Central Balance-Sheet Database 


The question that arises is why firms adopt this behavior to finance their investments. One possible 
explanation relates to the existence of imperfections in capital markets. In this case, the decision on 
funding sources is relevant, since the cost of using internal or external funds may differ, giving rise to 
situations of financial constraints on companies. It can be said that a company faces financial constraints 
when it cannot obtain all the funding they need, regardless of their cost. In other words, financial 
restrictions refer to the situation in which profitable investment projects, that would be undertaken if 
there were sufficient internal funds, would be abandoned since the availability of external funds for the 
company may be limited, due to information imperfections in capital markets, and to the fact that the cost 
of external funds is greater than that of internal funds (KIM, 1999). 


Thus, firms face a hierarchy of financing sources, which invariably start with the use of the cheapest funds 
(internal funds), then debt financing and, finally, the issue of new shares (or equity capital) (MYERS, 1984). 


The following section presents a more detailed explanation of the meaning of financial constraints.  


3. Financing Constraints 
One possible explanation for companies to face financing constraints is based on the assumption that 
information in capital markets is not perfect. 


In the case of companies’ investment plans, the basic idea is that asymmetric information problems 
between borrowers and lenders may lead to a situation of credit rationing, with the consequent limitation 
of investment expenditure, at least for certain types of companies. In fact, banks do not know with 
absolute certainty what would be the results obtained by companies with the money that they borrow. In 
this context, Stiglitz and Weiss (1981) showed that an increase in the interest rate charged to borrowers 
will generally increase the average risk of projects. This is due to two effects. Firstly, borrowers tend to 
move to more risky projects (adverse selection effect). Secondly, because less risky projects become 
relatively less attractive, therefore investors with safer projects are not applying to obtain bank credit 
(moral hazard effect). These two effects may cancel the direct gain that the bank could obtain by charging 
a higher interest rate. For this reason, the bank's profits are actually maximized at a rate at which there is 
an excess of quantity demanded. That is, there is market equilibrium with quantity rationing. 







 
Financing Patterns and Corporate Investment Relationship: A Brief Overview 


ID329.3 


This concept of asymmetric information was applied to both debt markets (e.g. Stiglitz and Weiss, 1981) 
and equity markets (e.g. Myers and Majluf, 1984, Greenwald, Stiglitz and Weiss, 1984). 


For a better understanding of the financial constraints model, based on Hubbard (1998), Bond and Meghir 
(1994), and Schaller (1993), a graphical analysis is presented that seeks to illustrate the link between the 
amount of capital of a company and its investment decisions. 


Let us assume a company with net worth in the amount of W0. The company faces two investment 
possibilities. The first is to invest the funds W0 in a financial asset with interest rate r. Thus, after one 
period the firm obtains the amount W0(1+r). The second alternative is to invest in fixed capital. It is 
assumed that: (a) the production output occurs in the following period; (b) to produce it is necessary, 
among other things, capital, K; (c) if the project is undertaken, a positive output is expected; (d) in the next 
period two scenarios can happen: good and bad (this means that the quantity actually produced may be 
higher or lower than expected), (e) payments to external investors cannot be greater than the value of the 
output obtained in any of the two scenarios. 


A neutral risk investor will choose the second investment alternative if the return will be greater than the 
return of the first alternative investment. In other words, in this case a company will not continue with an 
investment project if the value of output minus repayments to external investors exceed (1+r)W0. In turn, 
if external investors are risk neutral and operate in a competitive market, they will require a rate of return 
on funds lent to the company of r. 


Consider, now, what happens to the demand for capital when there are perfect capital markets and 
imperfect capital markets. In the case that a company can access a perfect capital market, the supply 
curve of funds, S, in Figure 1, is horizontal and cross the vertical axis for an interest rate r. This means that 
regardless of the source of funds (internal or external to the company), the cost to the company is exactly 
the same. This is the result obtained with the neoclassical investment model (e.g. Tobin-Q model, 1969), in 
which the equilibrium would occur at the intersection of the demand, D (with the typical decreasing 
configuration) and supply, S (with horizontal configuration) curves, i.e. we would have a capital stock K0 
for an interest rate r. 


 


Stock of capital


Cost of 
funds 


r 


K0
 


D 


S


W
0  


Figure 1: Relationship between a firm’s net worth and the cost of funds, for the case of perfect capital markets 
(adapted from Hubbard, 1998). 


 


In the case of an imperfect capital market (due to information problems) the supply curve of funds for 
investment is no longer horizontal and it has two segments. The first is a horizontal segment at the 
interest rate r, up to a level of funding W0, corresponding to the net worth of the company. 
Simultaneously, it is assumed that information problems do not affect the investment decisions of 
companies, provided that the amount needed to finance the investment does not exceed the company’s 
net worth. Moreover, as these can serve as collateral, the rate of return required by lenders equals the 
market real interest rate. 


The second segment of the supply curve, S, starts when the level of funds exceed W0 and is upward 
sloped. That is, the shadow cost to the company's external financing exceeds that of internal financing. 
The slope of supply curve, S, reflects information costs incurred by lenders to ensure they lend to 
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companies with good credit record. The higher the marginal cost of information the more inclined the 
ascending portion of the S curve will be. It can be seen, by looking at Figure 2 that, in the presence of 
information costs, the equilibrium capital stock for the company, K1, is less than the equilibrium capital 
stock in the case of perfect capital markets, K0. Therefore, the fundamental result of the financial 
constraints theory is that there is underinvestment in relation to the situation where there are no 
information problems in capital markets. 


 
Cost of 
funds 


Stock of capitalW0


r


  K1   K0


D


S(W0) 


 
Figure 2: Relationship between a firm’s net worth and the cost of funds, for the case of imperfect capital markets 
(adapted from Hubbard, 1998). 


 


Figure 3 shows how the theory of financial constraints proposes to solve the problem of under-
investment by companies in a scenario of imperfect information in capital markets. Again, the equilibrium 
capital stock in perfect markets is K0. However, due to information costs and the amount of net worth of 
the company, W0, the equilibrium capital stock is K1. Assume now that net worth of the company increases 
from W0 to W1, keeping information costs constant. In this case, the supply of funds curve moves from 
S(W0) to S(W1). If the investment opportunities remain constant, the demand curve remains in D. 
Consequently, the increase in net worth, holding constant the cost of information and investment 
opportunities increases the capital stock from K1 to K2. 
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Figure 3: Effect over the financing costs of an increase in the company’s net worth (adapted from Hubbard, 1998). 


 


Note that for a company that does not face information costs or has an amount of net worth sufficient to 
finance their desired capital stock, the equilibrium stock of capital remains at K0. That is, for firms facing 
negligible information costs, an increase in equity, regardless of changes in investment opportunities, has 
no effect on investment. For companies facing high investment costs, an increase in net worth leads to 
greater investment, ceterius paribus, while a decrease in net worth leads to less investment. 


The model of financial restrictions has been tested empirically with encouraging results. Some examples 
are: Fazzari, Hubbard and Petersen (1988); Palenzuela and Iturriaga (1998); Goergen and Renneboog 
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(2001); Carpenter and Petersen (2002); Gelos and Werner (2002) Bo, Lensink and Sterken (2003); Bond, 
Elston, Mairesse and Mulkay (2003); Guariglia (2004); Mizen and Vermeulen (2004). 


4. Alternative Explanations 
Although, the explanation for the financing pattern of Portuguese firms shown and presented in the 
previous sections is robust, other explanations for the financial structure of firms can be found in the 
literature namely, the agency theory, flotation costs, distortions of the tax system, costs of financial 
distress, free cash flow. 


4.1 Agency Theory 
Agency relationships arise in companies that, due to their legal nature, motivates a separation between 
who is the owner (principal) and who in fact manages the company (agent). 


The key point of the agency theory is that although managers of a company act as agents of the owners, 
it is likely that there is no coincidence between their own objectives. This difference of objectives, which 
ultimately arise naturally if it is assumed that both seek to maximize their utility, can lead to what is known 
as agency costs. For example, Jensen and Meckling (1976) used an agency model in order to obtain a 
theory of the structure of ownership of a company. In developing the model, those authors identified two 
types of agency costs, resulting from conflicts of interest that are generated according to the sources of 
funding that the company uses. 


The first conflict arises as a result of the issue of external equity financing and arises between managers 
and shareholders. If managers have a portion of the company less than one hundred percent, they have 
an incentive to use the resources of the company in order to obtain personal benefits (either monetary or 
non-monetary) or by making over-investments, which increases the size of the company, regardless of its 
profitability. One way to overcome the conflict of interests between managers and shareholders would be 
for the company to be owned and managed solely by the owner-manager. In this case, if more funds were 
needed, the owner-manager could resort to debt issuance. 


However, this leads to the second type of conflict of interest, which is established between shareholders 
and bondholders. The implicit reasoning here is that the owner-manager tends to opt for investment 
projects that provide a high yield but are simultaneously more risky. If successful, the shareholders are left 
with most of the income generated by the project, whereas if they are unsuccessful, creditors would also 
support, the consequences. This stems from the limited liability that is associated with credit agreements. 
To the extent that bondholders anticipate this behavior by shareholders, they require a premium on the 
issuance of debt and/or the inclusion of clauses in the credit agreement that restrict the future behavior 
of management in various ways. These are the agency cost of debt. 


4.2 Flotation/Issuing Costs 
One reason for companies to prefer finance capital expenditure using internal funds is related to the costs 
of issuing new securities (either shares or bonds). These costs are reflected in aspects such as 
underwriting commissions of the issue, registration fees, taxes, and various administrative, accounting and 
legal costs. 


On one hand, the issuance costs vary inversely with the size of the issuance of securities. Specifically, the 
lower the supply of securities the higher the unit costs of issuance. On the other hand, the costs of 
issuance tend to be higher for IPOs than for regular offerings of larger history of use of the capital market 
(BREALEY et al., 2008). 


Thus, it can be concluded that the costs of issuing and trading of new securities may be particularly 
important in creating a hierarchy of financing sources for small and medium enterprises (OLINER and 
RUDEBUSCH, 1992). 
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4.3 Tax Advantages  
Another justification for the importance of the company's financial structure, relates to possible 
distortions caused by the tax system, benefiting certain sources of funding in particular. 


In this context, one can distinguish between two possible situations (POTERBA and SUMMERS, 1983). The 
first one is related to the choice of resorting to equity financing, either internal or external to the 
company. If the rate of personal tax levied on income from capital gains is below the rate of personal tax 
levied on dividends, then individuals prefer to obtain income through capital gains. Thus, the demand for 
shares by investors is addressed mainly to companies that reinvest most profits, as this will tend to 
increase firm value and thus lead to an appreciation of its share price. For the company, this translates 
into an advantage in terms of the cost of equity financing by internal sources over external equity. 


The second distortion caused by the tax system is related to the choice of funding by new external equity 
or debt. To the extent that interest expenses on a loan are accepted as a cost for tax purposes and the 
same does not apply for the cost of equity, there is a bias in favor of debt financing. In fact, the actual cost 
of debt financing becomes lower than equity financing, since the state subsidizes a portion of the costs 
incurred with the debt (debt service). 


In conclusion, if these two distortions caused by the tax system are met in practice, it reinforces the 
possibility of a company facing a hierarchy of financing. In this context, and faced with the need to obtain 
funds, companies follow the following order of preference: internal funds, debt, and issuance of new 
equity. 


4.4 Cost of Financial Distress  
Another justification that has been advanced in the literature to explain the importance of the financial 
situation of a company on their investment behavior is related to the possible negative effects of over-
indebtedness. These are reflected, for example, in situations of financial stress and, ultimately, the 
bankruptcy of the company. 


This explanation appears strongly influenced by the debate generated around the effects that high levels 
of indebtedness of firms might have on economic activity in general. In fact, a high level of debt leads to 
an increased likelihood of defaults on debt by firms. The question that arises is what happens to 
companies that enter a state of financial difficulties. If the company has good economic prospects for the 
future, financial distress has no significant real impact given that the company's debt will be renegotiated 
in order to guarantee the company survival. However, if such renegotiation is difficult, due to conflicting 
rights of creditors, there may be a tendency to liquidate the company, even if it is socially inefficient 
(HOSHI, KASHYAP and SCHARFSTEIN, 1990). 


As the debt of a company increases, ceterius paribus the likelihood of a company facing financial distress 
increases. In this case, the company may incur in direct costs of bankruptcy, such as legal expenses, and 
indirect costs, such as the interruption of operations, loss of suppliers and customers and the imposition 
of restrictions on funding. The present value of these costs must be reflected in the cost of funding. 
Therefore, in order to minimize these costs and avoiding the risk of bankruptcy, firms may choose to 
finance, preferably, with internal funds. 


4.5 Free Cash Flow  
Jensen (1986) proposed a different explanation for the impact of debt over companies. For this author, a 
high level of debt forces firms to become more efficient, avoiding waste of resources and contributing to 
improved economic performance. 


In fact, if managers distribute most of the income generated by a company to shareholders, few resources 
are left on which to exercise a discretionary management. Thus, managers see their power reduced. 
Furthermore, this reduction in power is even more pronounced when they need new financing, because 
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managers become more subject to monitoring activities by external investors, which may involve an 
increase in the cost of external funds. 


In this sense, it is reasonable to assume that managers may be tempted to finance investment projects 
based on retained earnings and not distribute them to shareholders. This allows managers a greater 
control and flexibility over the company’s resources. One consequence of this type of behavior is a 
possible decrease in the efficiency of the company, which may arise from investments in projects with 
negative NPV but that lead to the growth of the company. 


While competition in product and input markets can be a disciplining force for companies seeking greater 
efficiency, since that competition tends to drive prices towards the minimum average cost, Jensen (1986) 
considers that these disciplining forces are often weaker in new activities and activities that involve 
substantial economic rents. In these cases, monitoring by the internal control system of the company and 
by the corporate control market may be more important. 


Thus, the fundamental problem is how to motivate managers to return money to shareholders rather than 
invest below the cost of capital or wasting it on organization inefficiencies. In this sense, Jensen (1986) 
draws attention to the role that debt issuance may have as a factor motivating the company's efficiency. 
That is, in spite of the disadvantages that borrowing may represent, it also brings some benefits, including 
the motivation of managers and their companies in becoming more efficient. 


The explanation for the control power of debt on managers is as follows. The debt issue permits, 
effectively, managers fulfill their promise not to withhold future cash flows, since they are required to pay 
interest and repayment of borrowed capital. Thus, in practice debt is in fact a substitute for dividends. By 
issuing debt rather than equity shares, managers are complying with their promise to pay future cash 
flows in a way that cannot be achieved by simple increases in dividends. Thus, a higher level of debt 
reduces the agency costs of free cash flow by reducing cash flow available that can be spent on a 
discretionary basis by the managers. 


Jensen (1986), therefore, concludes that these debt control effects are a potential determinant of the 
capital structure of firms. Two recent studies support this hypothesis. Brio, Miguel and Pindado (2003) 
developed a model to assess the relationship between investment and firm value and tested, explicitly, 
the free cash flow hypothesis. Using an unbalanced panel comprising 133 Spanish quoted companies, 
they concluded that “high free cash flow firms sustain a decrease in value when they invest, whereas low 
free cash flow firms that invest experience an increase in value”. Also Chung, Firth and Kim (2005), using 
22,576 company year observations over the period 1984–1996 for US companies, confirm that low-growth 
companies with high free cash flow tend to use “income-increasing discretionary accruals to offset the low 
or negative earnings that result from inevitably accompany investments with negative net present values”, 
therefore corroborating the free cash flow hypothesis.  


5. Conclusion 
Corporate investment is essential for the growth of any economy. Therefore, it is of paramount 
importance to have an understanding of its main determinants. One aspect that has been highlighted in 
the last two decades is the impact of the financial structure of a firm on its investment expenses. Particular 
attention has been given to the hypothesis that firms face financial restrictions.  


It is said that companies face financial restrictions when they cannot get all the funding they need, 
regardless of their opportunity cost. This means that companies reveal a hierarchy of preferences in the 
choice of sources for financing their investment plans because the costs differ as to their origins. Thus, 
companies begin to use the funds that have lower cost, which correspond to internal funds, then resort to 
borrowing, and ultimately to the use of funds with higher costs - new equity increases. 


In terms of investment decisions, it might happen that companies see themselves unable to rely on 
external funds to finance their investment plans due to information problems in financial markets, leading 
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to a situation of underinvestment. Hence, it is likely that the financial structure of a firm has an impact on 
its investment decisions. 


Other alternative explanations exist in the literature that were analyzed in this paper namely the agency 
theory, flotation costs, distortions of the tax system, the impact of financial distress and the role of free 
cash flow.  


The next step in this area of research is to empirically test, for a sample of Portuguese firms, the impact of 
these alternative explanations on corporate investment. The idea is to identify the relative importance that 
each factor has on investment expenses of firms. In other words, the aim is to find out which are the 
possible driving determinants in a firms’ investment-financial structure relationship. 
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Abstract 


The current article is about the analysis of accessibility of hotels in Natal city for visually impaired people – VIP. 
Initially it was performed a survey in medium and large size hotels in Natal city and then the accessibility of 16  four 
and five-star hotels was assessed by using a tool for observation based on the NBR9050/2004 (Brazilian technical 
Norm). It was used as methodology the Ergonomics Work Analysis and the Cognitive Task Analysis (simulated) which 
were performed by the VIP. It was observed that the assessed hotels, mostly in the case study, are poorly accessible to 
VIP. From the analysis it was developed and presented a descriptive memorial on the transformations required, 
containing both organizational and technical measures, assistive techniques and staff qualification so as to adjust the 
hotel to a more qualified service provided to visually impaired people. 


Keywords: ergonomics, accessibility, visual impairment, hotels, tourism. 


1 Introduction 
According to data from the 2000 census from IBGE – Brazilian Institute of Geography and Statistics, Brazil 
has 24 million visually impaired people, out of which 16,6 million have some degree of visual impairment 
and 148 thousand declared to be blind. 57 thousand blind people are concentrated in the northeastern 
region and 17% in Rio Grande do Norte State (IBGE, 2000).  


The issue of accessibility for visually impaired people ( blind and with low vision) as discussed in the 
article, lacks more effective actions, norms and policies not only by the public power but also by 
companies, specially hotel organizations. Even though visually impaired people account for the greater 
part of disabled individuals in Brazil (48%), governmental and company actions primarily aim at motor-
disabled people, who represent 23% of disabled population (IBGE, 2000). 


Tourism is responsible for great part of economy in Natal city, which appears in the Brazilian Quality 
Census for small, medium and big hotels in the National Hotel Industry, performed by the National ABIH 
(Brazilian Association of Hotel Industry) in the eighth position in the hotel availability ranking, 
representing 1,2% of the lodging in the national market, which accounts for 27 thousand rooms (ABIH, 
2006). 


The current paper analyses the accessibility of hotels for visually impaired people (VIP) in Natal city, Brazil 
and suggests improvements. The improvement of the hotels in terms of accessibility, either full or 
assisted, shall provide assistive technologies and facilitate the access of visually impaired people and also 
contribute to the improvement of the mobility and autonomy of people, mostly visually impaired and the 
decrease of accident risks.. 


2 Cognitive Ergonomics 
Cognitive Ergonomics dedicates to the study of the mental work load, the decision making process and its 
expected performances. On a broader concept, Vidal(2008) refers to ergonomics as a subject that focuses 
on the adjustment between skills and human limitations, machines, task, ambient, but it also observes the 
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use of certain mental faculties, the ones which enable us to operate, i.e. , to think and make decisions at 
work. The author also states that cognitive ergonomics has as its object the cognitive “representation” and 
the “perception” as a way of having contact with the ambient. 


 Sperandio & Uzan in Falzon (2007) established the difference between the ergonomic project for non-
visually impaired people and for VIP by saying that, in the case of disabled people, the ergonomist must 
refer to the characteristics out of the norm, both for being far from the data usually obtained in the 
general population and also for not corresponding to the technical and commercial normalization. Not 
only the characteristics of people themselves, the ones in which the inter individual differences are 
frequently big, even inside the same category of disability, are out of the norms, but also the features of 
materials, contexts of use, social ambient, etc. 


Adapting man to work situation involves complex abilities and cognitive capacities which conventional 
work analysis- simply using observational actions in the work environment, can not explain. The 
incorporation of the cognitive component in the analysis of work has become a necessity in order to 
understand the activities involved in the modern and complex systems of work (CARVALHO & VIDAL, 
2008). 


In order to understand the activities that involve complex abilities and cognitive capabilities, the current 
about the case study used methods from Cognitive Task Analysis, which were punctual in the observation 
of tasks, thus enabling the identification of aspects which did not appear during the Ergonomic Work 
Analysis. 


3 Visual Impairment 
Visual impairment can be characterized as blindness, in which visual acuity is equal or smaller than 0,05% 
in the best eye with the best optical correction; or low vision, which means visual acuity between 0,3 and 
0,05 in the best eye, with best optical correction. There are also cases in which the sum of the 
measurement in both eyes is equal or smaller than 60% (BRASIL, 2004). 


Silva (2008) points that there are cases in which the blindness is caused by diseases which occur 
specifically in the eye, such as glaucoma, cataracts and peripheral and central dystrophies and other cases 
in which such condition is associated to other organic problems such as diabetes or neurological 
syndromes which affect the optical nerve. In such cases, blindness is generally progressive, with variable 
time until total loss of vision, There are also cases of blindness acquired in a sudden way through traumas 
and violence. 


Personal factors (cognitive, sensorial, psychological, physical and related to perception), and also 
environmental (color, contrast, time, space and light) may potentialize or aggravate the level of visual 
functioning due to alterations in the visual functions, namely the visual acuity, visual field, ocular motility, 
cerebral functions and the perception of light and color (PORTUGAL/Ministério da Educação, 2008). 


In large ambiences, visually impaired people have greater difficulties to understand the layout, direction 
and orientation for not being able to perceive visual references which people who can see use to perceive 
the surroundings or to update an information (JACOBSON, 1999, apud ALMEIDA et al, 2007. 


4 Accessibility and Tourism 
Accessibility is the “possibility and condition of reach, perception and understanding for the safe and 
autonomous use buildings, space, furniture, urban equipment and elements” (ABNT, 2004). 


According to Bins Ely (2004), in order to assure the accessibility it is necessary to identify the elements 
which stop or restrain the perception, understanding, circulation or appropriation by the users of spaces 
and activities, as well as the obstacles of social or psychological nature which prevent their effective use. 
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According to Lopes & Burjato (2010), the obstacles to mobility and communication of people with 
sensorial disabilities (auditory, visual or speaking) are more related to the orientation and spatial concepts, 
to feelings of isolation, discomfort related to the position and use of equipment and objects, unsafety and 
incomprehension than just to inadequate dimension of spaces, as it occurs with people who have some 
sort of motor disability and who need minimal dimensions to move in the ambient  with autonomy and 
safety. 


The accessibility projects which will benefit visually impaired people must consider not only their everyday 
or work activities but also their leisure activities performed in lodging contexts (hotels, etc.)  


The social inclusion of the disabled person is still not well considered in society, specially in tourism 
companies. 


5 Methodology 
For the analysis of accessibility, it was adopted as methodology the Ergonomic Work   Analysis (WISNER, 
1994, GUÉRIN, 2001, VIDAL, 2008). Using this methodology, a survey was done in medium to large sized 
hotels in Natal city and then an accessibility assessment was performed in 16 hotel with 4 or 5 stars, using 
an observation tool based on the NBR 9050 (ABNT, 2004).   


From the ergonomic and accessibility criteria one hotel was selected from the 16. It will be fictitiously 
named Solis Hotel and it will be the subject of a focused study with the presentation of measurements 
and improvements. The current study uses interviews with 7 employees of the mentioned hotel and also 4 
visually impaired people, situated observations and Cognitive Task Analysis (CRANDALL et al., 2006; 
SEAMSTER et al., 1997; CARVALHO & VIDAL, 2008). In order to achieve the aim of the study, it was 
created a script with tasks to be simulated by the participants. 


Such tasks were simulated for each one of the 4 visually impaired people (not guests) invited to take part 
in the research without the help of a guide who can see for as long as possible using only a walking-stick 
for personal use. The performing of the tasks was followed, photographed and filmed by two researchers 
on different days. Afterwards the films were analyzed by the individuals involved (VIP and hotel staff) 
during a self-confrontation (method) session about the issues of accessibility and the related cognitive 
processes during the simulated tasks. 


The VIPs who participated in the filming were given fictitious names as Mateus, Marcos, Lucas and João, 
and the employees were named Cosme and Damião. The filming situations, in the case of Mateus and 
Marcos were normal and they were all guided by a bellboy. Lucas and João faced abnormal situations 
during which, in the case o Lucas, there was a light shortage and the elevator could not be used, whereas 
for João, the simulation happened during a very busy day. On the latest two situations, the employees 
were unavailable, so the researcher played the role of a bellboy. 


From the analysis, and through the observation of normative recommendations (NBR 9050) available in 
the specific literature it was produced a descriptive memorial of the transformations (GUÉRIN et al, 2001), 
which was presented and validated by focal groups and which contains organizational, design and 
technical measures aiming to allow the improvement of accessibility for visually impaired people in the 
aforementioned hotel. 


6 Results and Analysis 
The results of the analysis about the simulated tasks performed by the VIP in the hotel are presented as 
follows: 


A) Getting in the hotel: to begin the simulation, visually impaired people were positioned in front 
of the hotel entrance, on the sidewalk. Though the doormat was not aligned to floor level, as determined 
by NBR 9050/2004, none of the volunteers had problems during this phase.  
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B) Going toward reception: There was no type of directional tactile signaling on the floor, but 
moving on a straight line they could reach reception by themselves and were helped by the bellboy 
Cosme. Mateus and Marcos headed to the reception by themselves, without any help of employers. 
During the self-confrontation session, Mateus and Marcos reported that when they entered, they heard 
people talking on their left and then followed the sound, supposing that there is where the reception desk 
would be located. 


Visually impaired Lucas entered the hotel with the help of the researcher for there was no electricity 
during that day and most employees were organized to help cover the necessities caused by the blackout. 
The moment he arrived at the hotel door, João was helped by Cosme and taken to the reception desk. 


C) Requesting the key and checking-in:  When Mateus approached the desk he talked to the 
receptionist and requested him the key of his room. The receptionist, who we will call Damião, stretched 
his arm with the keycard on his hand and both (he and Mateus) stay still for some time until he realized 
and touched the hand of Mateus with the key. The same situation happened with the other VIP (picture 
1). 


 
Picture 1: The employer gives the keycard to Mateus. 


D) Go to the elevator: such activity differs between the individuals. Mateus went escorted by 
employee Cosme who walked ahead of him. Without touching him, Mateus was led by Cosme only 
through verbal communication (Picture 2). 


 
Picture 2: The employee Cosme escorts Mateus on the way to the elevator.  


The employee Cosme tried to guide Marcos in the same way that he did with Mateus, but there was a 
woman in a wheelchair on the way so he stood behind Marcos and by holding his hand was able to guide 
him along the way and swerve from the woman (Picture 3).  
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Picture 3: The employee Cosme helps Marcos swerve from the woman in the wheelchair. 


E) Press the button on the elevator panel: The button panel on the elevator is made of glass and 
has a touch-sensitive electronic command, not having any indication in Braille or embossed. While was 
guiding Mateus and Marcos, Cosme himself activated the button on the panel (picture 4) and explained 
them the functioning of the panel while they waited for the elevator to come. 


 
Picture 4: Employee Cosme presses the button on the elevator. 


For João, the button of the elevator was pressed by the researchers, and in the case of Lucas, the way to 
the apartment was made through the stairs, for once there was no electricity at the moment of the task, 
the lift was not working.  


F) Using the elevator:  


F.1) Entering the elevator. The NBR 9050 determines the installation of an alerting tactile floor 
next to the elevator's doors. However, the hotel did not have such floor. Without the tactile floor, in order 
to measure the distance to the door, Mateus stands in a position that may easily make him bump into 
someone coming out of the elevator. When entering the elevator, his left arm hits the door while Cosme 
put his own hand in the door sensor to prevent it from closing (Picture 5). 


 
Picture 5: Mateus entering the elevator. 


Mateus, Marcos and João entered the elevator groping along the cabin with the left hand at the height of 
their waist to recognize it (Picture 6). This kind of behavior called our attention to the placement of 
informative elements at that height. The moment of using the elevator did not happen with Lucas, who 
used the stairs to head to his room. 
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Picture 6: João gropes for the button panel. 


F.2) Press the button for the desired floor: When entering the elevator, Mateus and Marcos waits 
for Cosme to press the button for the desired floor. The panel inside the cabin is also touch-sensitive, 
where the floors are typed similarly to a phone, “what makes it even more complicated”, says Marcos – 
considering the hotel has only three floors. 


While João explained the functioning of the panel, the researcher noticed that there were numbers written 
in Braille, almost without relief and above the arabic numbers. During the interview, João reported his 
difficulty in using elevators. 


“The greatest difficulty I found, as usual, was in the elevator. Generally hotels have an elevator man, so 
there is no need to worry. But in that case, there is no elevator man, so it is complicated. I'd rather go by 
the stairs, otherwise I would keep going up and down, up and down” (João – Visually Impaired). 


G) Move to the room: When leaving the elevator, Mateus is guided by Cosme to a slope which 
leads to the rooms. The employee shows the direction and then moves ahead of the VIP to continue 
guiding him and telling him directions. On the first change of direction in the slope, Mateus almost hit the 
legs of the bellboy with the walking stick, which demonstrates how inexperienced the employee is in 
guiding him. 


Mateus kept changing his guiding strategy, alternating the hits of his walking stick between the walls on 
the right side and left side. Sometimes he would hit very close to the fire extinguishers located on the 
walls of the corridor and once he hit a cleaning trolley left in the middle of the corridor by a cleaner who 
was tidying rooms. 


Mateus finds it difficult to move along the corridors, complaining about it in the interview: 


“ The difficulty that exists is because there is no tactile floor for you to guide yourself on that floor. The 
curves it has, you have to adapt yourself, if you go alone you will find it difficult to know your room 
number. Unless there was a number in Braille on the wall, next to the apartment(...) like any other person 
who keeps looking at numbers, it is the same with us" (Mateus – VIP). 


In order to do the recognition of the hotel, Lucas preferred to use only his long walking-stick to trace the 
way. During the itinerary, he bumped into guests, employees, the researcher and the walls due to the 
absence of elements that could guide him in open places (Picture 7). 


 
Picture 7: Lucas hits the wall with his body. 
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The researcher guided João, while he kept asking questions that could identify the routes they were doing 
towards the room, the direction taken and the amount of doors. 


H) Open the door and enter the room: When he stopped along with Mateus next to the 
apartment, Cosme takes the keycard in his hand and explains the best way to use the card. During the 
activity we see the employee himself hold the card in the correct way to fit into the lock. Such situation 
clearly demonstrates the dependence such kind of system, very common in hotels, imposes to VIP. The 
tactile information on such key is not predicted by the norms such as the NBR 9050/2004, though we 
know that this door opening system may confuse even people who can see, as reported by the employee 
Cosme during the interview on the place: 


“When people come, they don't read the instruction of the card. What is written correctly, how to open 
the door [he then points to the card]. So they come, insert the key in the lock and then wait for the door 
to open by itself. Actually, they put and remove it at the same time [he does the movement explaining the 
right way to use the key]” (Cosme – hotel employee). 


When the information is not transmitted intuitively, it becomes an inaccessible barrier, so that the user 
does not interpret it easily, making it difficult to use equipment, spaces or furniture. In the case of visually 
impaired people, the lack of effective information may result in the total impossibility of use by these 
guests. 


7 Technical, Design and Organizational Measures to be Adopted in Order to 
Improve the Accessibility for Visually Impaired People in the Solis Hotel 


The analysis of accessibility for visually impaired people in the referred hotel allowed to elaborate a set of 
technical and organizational measures to be implemented considering the tasks performed by the 
individuals in the hotel and what is stablished in the  NBR 9050 and also certain legal devices :   


A. Entering the hotel:  


To provide tactile elements to be used as guides;  


Remove the alerting tactile floor that exists on the sidewalk, once it is being misused; 


Leveling the doormat with the floor; 


Using a band with contrasting colors on the doors.  


B. Going to reception: 


Install directional tactile floors at the entrance complemented by tactile maps (Picture 8). 


 
Picture 8: Recommendation of directional floors and tactile maps at the entrance of the hotel. 


C. Receiving the room key and checking in:  







 
ICIEOM 2012 - Guimarães, Portugal 


ID265.8 


Qualification training for employees 


D. Moving to the elevator: Installing a directional tactile floor from the check in desk until the 
entrance of the elevator towards de elevator's button panel 


E. Pressing the elevator' button:  


To change the touch sensitive system of the buttons to perceptible buttons with informations in 
Braille language; 


To place in Braille the same printed information available; 


Increase the fonts and contrasts of printed information.  


F. Using the elevator:  


To install an alert tactile floor next to the elevator's doors.    


To install alert sounds at least at the opening of the elevator's doors.  


To make legible the information in Braille so as to allow the reading of the system.  


G. Moving to the apartment:  


To train staff in order to improve the guiding technique;  


To install alert tactile floor before and after slopes.  


To round the extremities of handles along the ramps fixing them to the walls and to install signs 
with information in Braille (Picture 9). 


 
Picture 9: Proposal of handle fixed to the walls and alert tactile floor. 


To install tactile signals alerting the presence of fire extinguishers, or  


To install supports to hold the equipment on the floor, such as some that exist in the hotel (see 
Picture 10).  


 
Picture 10: Fire extinguishers with floor bases. 
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H. Opening the door and entering the room:  
To number the apartments in Braille and in highly contrastive colors.  
More intuitive writing on the key card and an embossed arrow on top showing the right position. 
As a short-time alternative it is possible to prick or cut one of the corners of the card, this giving a 
reference point to the VIP.   


8 Conclusion 
The ergonomics approach through the Ergonomic Work Analysis and the Cognitive Task Analysis 
methods have demonstrated to be fundamental to analyze, understand and project the accessibility of a 
constructed ambient (hotel) in a situated way and considering the real activities performed by the users, 
specially visually impaired people. 


It is clear that, both from the assessment of conformity to accessibility of hotels in Natal city to the current 
norms and the analysis of simulated activities in the focuses hotel, that all of them present quite 
significant deficits of accessibility, concerning the buildings, spaces, technologies, furniture, equipment 
and staff qualification to deal with disabled people, particularly those who are visually impaired. 


The hotels in Natal city lack plans and project for accessibility and the organs from the Municipal and 
State government do not have an effective action to assure that these places become accessible to 
visually impaired people or simply to people, universally. 


The results obtained in this research and confrontation with the legal normative recommendations reveal 
that the hotels need an accessibility plan aiming to supply the comply with the demands of visually 
impaired people. 


The lack of proposals which make the staying for the VIP comfortable and safe may be considered a way 
of exclusion and negligence from part of the hotel enterprises studied to this part of the population, for it 
prevents them from enjoying adequately tourism and hotel services provided in Natal city. 


It must be taken into consideration that, besides being a differential in the market, once few hotels have 
the necessary resources to provide visually impaired guests with independence, to make available a 
service with quality means to effectively comply that demand from the customers and include them in 
tourist programs more and more. 
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Abstract 


The objective of this study is to identify the implementation of key quality management programs, focusing on the 
FSC and Cerflor forest certification programs, conducting a critical analysis of their adoption, as well as identifying 
empirical evidence that investments in quality have brought benefits. The methodology used was a quantitative 
multiple case study. The study assumes that the surveyed pulp and paper and office supply companies can be 
considered models in the implementation and maintenance of quality programs, environmental management, in 
addition to forest certification. Another assumption is that forest certification programs are more costly and complex 
when compared to traditional standards such as ISO 9001 and ISO 14001, and use more complex quality tools. The 
results indicate that the surveyed companies have implemented various quality and forest certification programs. The 
main encumbrances encountered in the adoption of quality programs were: preparation and updating of the 
necessary documentation for the programs, availability of staff time to assist in program implementation, realization 
of internal audits, and handling of the statistical tools of quality. The study also showed that investments in programs 
have brought about many benefits such as increased revenue, several improvements in quality and productivity, and 
greater satisfaction rate among internal and external customers. 


Keywords: forest certification; quality programs; Cerflor; FSC-Forest Stewardship Council.  


 


1 Introduction 
According to Mello et al. (2009), since the 1980s there has been a growing demand in the market for 
quality programs, primarily due to increase in customer demand and the need for companies to gain 
access to new markets. In addition to certifying the company in international standards such as ISO 9001 
(quality management), ISO 14001 (environmental management), among others, quality programs can 
generate financial gain, increase productivity and quality, and reduce some expenses by saving water, 
electricity and scrap. 


The realization of the Rio-92 World Conference brought a wide discussion of issues pertaining to the 
environment. Sectors of the media, as well as many nongovernmental organizations, began to exert 
pressure on companies, so as to address environmental issues and resources in a more responsible and 
balanced fashion (COUTINHO and SOARES, 2002). 


In 1993, the FSC forest certification board was created, originating from an association present in twenty-
five countries, at the time made up by environmentalists, companies from the timber industry, forest 
owners, indigenous peoples and various community groups. The aim was to audit the practice of forestry 
based on ecological, economic, and social principles. With the media coverage of forest certification, 
major wood consumers began to require the FSC label, especially in countries such as Germany, the UK 
and the Netherlands, where the presence of environmental groups is more significant. However, the 
volume of wood covered by the certification in the world is still low. Brazil has been suffering great 
pressure from the international community to implement forest certification in their products, and 
producers, in particular those of tropical origin, have been facing restrictions in the world market. The 
main objections to Brazilian producers are based on unrestrained deforestation in the Amazon and 
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disregard for indigenous protection areas, among other reasons (JACOVINE et al., 2006, SCHEPERS, 2010 
and SILVA, 2003). 


In light of the above, this study aimed to collect and analyze data on the various quality programs 
undertaken by two companies in the pulp and paper industry, and analyze characteristics such as senior 
management involvement, difficulties encountered, reasons for implementation of each program, and 
other points identified by the companies themselves. 


To support this work, we have carried out a theoretical review of the quality programs that companies 
have adopted, with greater focus on CERFLOR and FSC certification, as they are less known by the 
academic community. 


The article is organized in five sections. The first provides a brief introduction on the topic in question; the 
second and third sections present a summary of the theoretical discussion of the issues addressed and 
the methodology used, respectively; section four presents the results obtained in the research. Finally, 
section five discusses the results and presents the main findings, limitations and recommendations for 
future research. 


2 Literature review 
This section present the main definitions of ISO 9001, ISO 14001, OHSAS 18001 standards and the 
CERFLOR and FSC certifications which are quality programs used by the companies in question.  


2.1 Quality Management Standard ISO 9001 
According to Carvalho and Paladini (2005), the ISO 9001 standard represents a combination of 
procedures, standards and requirements for the operation of a quality management system, which can be 
applied in products or services, independently of business sector or size. The standard represents a global 
reference in international trade and also in the implementation and maintenance of in quality systems in 
businesses worldwide.  The standard’s structure is shown in ten chapters (introduction, scope, normative 
reference, terms and definitions, quality management system, management responsibility, resource 
management, product realization, measurement, analysis and improvement). In 2008, the ISO 9001 
standard was revised to correct some terms and clarify the meaning of some requirements’ descriptions. 
No clauses were added or excluded.  


Approximately 1,000,000 (one million) ISO 9001:2008 certificates have been issued in 176 (one hundred 
and seventy-six) nations. The increase of the number of certificates between the years 2007 and 2008 was 
3%. The countries with the most certified companies are, in descending order: China, Italy, Spain, Japan, 
Germany, the UK, India, the United States, France and Korea (ISO-THE ISO SURVEY, 2008).  


Despite the rapid increase in the number of certified companies around the world, the impact of ISO 9001 
certification on performance remains controversial. Some studies emphasize the benefits of certification in 
improving the quality and also in trade performance, yet there remain questions regarding other 
improvements. Such controversies bring to light the complexity and paradoxes related to the 
measurement of organizational performance (BOIRAL and AMARA, 2009 and Chow-CHUA et al., 2003). 
According to the authors, there are four types ISO 9001 configurations: effective certification, covering 
the good performance in the traditional criteria of ISO 9001 certification; ceremonial 
certification, where application of the rule improves business performance and quality, but 
also generates significant resistance and implementation problems mainly expressed by procedural 
bureaucracy and lack of individual commitment; management certification, which can be solely 
characterized as management, as many internal problems are not identified and it is well integrated 
into management practices, although it doesn't contribute to performance improvement; and ineffective 
certification, where there is low performance and significant problems in the implementation of ISO 9001.  


A study conducted with 2,880 (two thousand, eight hundred and eighty) organizations certified with 
ISO 9001 in the province of Quebec (Canada) has showed that, according to the aforementioned 
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typology, only the effective configuration corresponding to high performance   and few internal 
problems seems to be, in fact, effective. This configuration was identified in about a quarter of the studied 
cases. For these companies, ISO 9001 seems to be an effective way to improve overall performance. The 
survey showed that 27% of the studied cases were associated with low performance, high levels 
of internal problems and that their adoption brought unsatisfactory results. Only 18% of the cases 
studied were characterized by good performance, albeit with high levels of internal problems. 28% of 
cases showed poor performance, but without significant internal implementation problems.  


Although the implementation of the standard requires significant investments, as well as the commitment 
of the entire staff, the benefits generated for the certified company can be numerous, including: closing 
of new deals (national and international), increased profits, greater integration between company sectors, 
reduction of manufacturing costs, improved performance of products and services, as well as of 
productivity and efficiency, and greater customer satisfaction rates (PINTO et al., 2006). 


2.2 Environmental Management Standard ISO 14001 
Another quality program that can be used in healthcare institutions is the international 
standard ISO 14001, which indicates elements for an effective Environmental Management 
System (EMS). It applies to all types and sizes of organizations and has its origins in British 
Standard BS 7750, in a similar fashion to the creation of ISO 9001 from another British standard, BS 
5750. The aim of ISO 14001 is to balance environmental protection and pollution controls with 
the socioeconomic needs of the population. It is not intended to be used as a non-tariff barrier to 
trade. Though there are questions about the effectiveness of an EMS, there are several benefits in 
adopting the standard, such as: strengthening the company image so as to acquire new markets or 
expand its own; abiding by legislation, rules, and regulations concerning the environment, which have 
been becoming increasingly stringent; maintenance of good relations with stakeholders; decrease in costs 
and waste; and improvement of new technologies (PHENG and KWANG, 2005 and SEIFFERT, 2008). 


An important aspect of ISO 14001 is that the rule does not establish specific criteria for environmental 
performance which companies must meet—that is, they are set by the company or government 
themselves. The standard indicates that the organization must commit to comply with the legal 
requirements that relate to environmental aspects (CARVALHO and PALADINI, 2005). The ISO 
14001 certificates issued worldwide exceed 190,000 (one hundred and ninety thousand), in 
approximately 155 (one hundred and fifty five) countries. The growth in the number of certificates issued 
between 2007 and 2008 was that of 20%. The country with the most certificates is, once more, China, 
followed by Japan, Spain, Italy, the UK, South Korea, Germany, the USA, Switzerland and Romania (ISO -
THE ISO SURVEY, 2008). 


2.3 Occupational Health and Safety Standard OHSAS 18001 
The OHSAS 18001, Occupational Health and Safety Assessments Series, is a standard that aims to provide 
organizations with the elements of a Management System of OHS (Occupational Health and Safety), 
effectively helping them to achieve their health and safety goals, in integration with other management 
requirements (ARAUJO, 2002). It was developed in order to obtain compatibility with ISO 9001 and ISO 
14001, to help the company meet its health and safety obligations in an efficient manner.  


According to Seiffert (2010) and De Cicco (1999), the international standard OHSAS 18001:2007 
(Occupational Health and Safety Assessment Series) supplies a management occupational health and 
safety system which aims to reduce or even eliminate risks to company employees as well as other 
stakeholders who may be exposed to certain risks in the carrying out of business activities. The main 
benefits of adopting this standard are: to assure customers of the company's commitment to the proper 
management of occupational health and safety; to establish and maintain good relations with employees 
and also with trade unions and public oversight; to improve the company's public image; to reduce the 
number of accidents leading to civil liability; to enable the company to participate in several types 
of funding; to improve productivity and employee motivation; to obtain a systematic process of risk 
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analysis and measurement of hazards related to work-related incidents and accidents, and to enable the 
sharing of experience in anticipation of occupational hazards.  


The OHSAS 18001 was developed to be compatible with ISO 9001 and ISO 14001, aiming to integrate the 
management systems and to save human and material resources. The main areas focused by the OHSAS 
18001 are: the planning of hazard identification; risk assessment and risk control; structuring and 
definition of responsibilities; required training, awareness, and competence; internal communication and 
consultation, operational control; readiness and quick response to emergencies; performance 
measurement, monitoring and improvement of processes. OHSAS 18001 can be adopted by any 
organization that wishes to implement a formal procedure to reduce the risks associated with health and 
safety in the workplace for employees, customers and the general public (CERQUEIRA et al., 2004).  


2.4 Forest Stewardship Council FSC 
The FSC, Forest Stewardship Council, is a non-governmental, international and 
independent organization formed by environmentalists, researchers, representatives of social movements, 
farmers, businessmen and representatives of traditional communities, founded in 1993 with the 
objective of encouraging correct management and accredited certification of forests (DA 
LUZ 2010). It does not issue certificates, but ensures that those issued by certifiers comply with quality 
standards. The certifiers develop their methods for certification based on the Principles and Criteria of the 
FSC, adapted to the reality of each region or production system. The development of national or 
regional standards of forest stewardship, adapted to the realities of different countries, is held by 
the National Initiatives and Working Groups, with the support of the FSC, and the result 
is called the National Standards for Certification, documents that must necessarily be used by certifiers 
to assess forest operations (FSC-BRAZIL, 2011). The FSC Brazil – Brazilian Forest Stewardship Council's 
main objective is the dissemination and expedition of correct forest stewardship in Brazil, using the 
"Principles and Criteria" previously established. 


The FSC certification follows ten principles: compliance with laws and FSC principles and criteria; 
possession and right to land use; rights of indigenous peoples; relationship with community and workers' 
rights; benefits of the forest; environmental impact; management plan; monitoring and evaluation; forest 
of high conservation value; and forest plantations. In Brazil, as of the end of 2010, there are 
approximately 600 certifications of chain of custody for products of forest origin and about 80 combined 
forest stewardship certifications with chain of custody. In total, there are almost 6.25 million hectares 
of forests, with approximately 2.73 million hectares of native forests and   3.51 million hectares of planted 
forests. The Brazilian states with the largest number of planted forests are Minas Gerais, Paraná, São 
Paulo, Bahia and Santa Catarina (FSC-BRAZIL, 2011). 


The FSC certification process is very similar to other certifications such as ISO 9001 or ISO 14001, 
and can be summarized in five major steps: (i) Initial contact - the forestry operation 
interested in certification makes prior contact with a certifier of its choice, (ii) Assessment – in this stage, 
an overall stewardship and documentation assessment is carried out, as well as a field analysis, in order to 
enable the operation to receive certification, realizing public consultations in which interest groups can 
manifest themselves, (iii) Compliance – after evaluation, usually "non-conformities" (situations that need 
correction) arise and the forestry operation must resolve them, (iv) Final stage of operation certification -
 in this final phase, the forestry operation is certified and the certifier prepares a general public report of 
the assessed situation, (v) Annual Monitoring - the certificate is valid for a period, after which at 
least one yearly monitoring of operation is undertaken, aiming to analyze the permanence of the 
certification process (FSC BRAZIL, 2011). 


There are two modes or types of certifications that are implemented organs accredited by the FSC: 


a) Certification of Forest Stewardship: When operations that fulfill the FSC Principles and Criteria are 
certified. The definition of forest stewardship, according to Brazilian standards NBR 14789-Forest 
Stewardship - Principles, Criteria and Indicators for Forest Plantations and NBR 15789 – Forest 
Stewardship - Principles, Criteria and Indicators for Native Forests, is: "stewardship of the forest to 
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obtain products and services, respecting the environmental and social variables which ensure 
the support mechanism of the ecosystem subject to stewardship".  


b) Chain of Custody Certification: When forest products are certified by means of the "green seal", with 
the inspection on the entire production chain under the guarantee that all raw material employed 
has been extracted from certified forests (Nardelli and TOMÉ, 2002). This fact is important because 
the forest product, having originated in a certified management unit, is often transported and processed 
by different organizations until it reaches the end-user. The definition of chain of custody, according to 
the Brazilian standard NBR 14791, is: "all changes in custody of forest-based products and 
derivatives during harvest, transport, processing and distribution chain, from the forest to end-use." 


 
In Brazil there are only two certification systems: the Forest Stewardship Council (FSC), of international 
initiative, and the Brazilian Forest Certification—Cerflor—of national initiative. Nationally, the FSC is 
represented by the Brazilian Forest Stewardship Council, an independent, nongovernmental and nonprofit 
organization whose primary purpose is to promote stewardship and forest certification in the country. The 
second certification, Cerflor, encompasses the Brazilian Association of Technical Standards (ABNT—
Associação Brasileira de Normas Técnicas), the National Institute of Metrology, Standardization and 
Industrial Quality-(INMETRO—Instituto Nacional de Metrologia, Normalização e Qualidade Industrial) and 
the Brazilian Silviculture Society (SBS) and will be described in section 2.5. 


The international FSC sets rules for the accreditation of certifiers that will be the responsible for the 
release of the FSC seal. To ensure credibility and follow the development of certification in the world, the 
certifiers are constantly monitored. In Brazil, there are five accredited certifiers, and they are, 
therefore, authorized to evaluate the Forest Stewardship units – tended by businesses or communities – 
and the processing industries (chain of custody) and authorize the use of the FSC logo (FSC BRAZIL, 2011). 


In recent years in Brazil the FSC forest certification has grown dramatically (SMERALDI, 2009).  According 
to BRACELPA - Brazilian Association of Pulp and Paper (2011), 50% of more than six million hectares 
of planted forests in Brazil are certified by FSC and Cerflor, and the pulp and paper industry accounts for 
more than two million hectares (INMETRO, 2012). A national opinion poll by Datafolha showed that, 
while in 2006 the level of recognition of the FSC was still negligible, in 2009, one fifth of 
Brazilians claimed to have had some contact with the certified products and recognized the FSC 
trademark. 


On the market of these certified products, Garlipp (1995) stated that the certification process is a 
huge challenge imposed by consuming countries, serving, sometimes, as a non-tariff barrier to trade, 
which has implications and restrictions on the trade of forest products without this certification. The 
growing number of certified forests has enabled Brazilian exports, in the sectors of pulp and paper, to 
increase by approximately 9.3% between 2010 and 2011. 


2.5 Forest Certification - Cerflor 
The Cerflor is the proof of existence of a forest that meets to the requirements of the Brazilian 
standard NBR 14789 - Forest Stewardship -Principles, Criteria and Indicators for Forest Plantations. The 
Cerflor is a set of national standards focused on forest certification, comprising: NBR 14789 - Forest 
Stewardship: Principles, Criteria and Indicators, the NBR 14790 - Forest Stewardship: Chain of Custody, 
the NBR 14791 - Guidelines for Forest Auditing: General Principles, the NBR 14792 - Guidelines 
for Forest Auditing: Forest Stewardship Audit Procedures. However, the standards that are certifiable (a 
certificate can be issued to attest the standard has been followed) are the NBR 14789 and NBR 14790. The 
main requirements of NBR 14789 regarding legislation is the rational use of forest resources in the 
medium and long term; respect to the biological diversity in the areas of management; careful use of 
water, soil and air; and the environmental , economic, and social development in regions where there is 
cultivation of forests. 
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According to Inmetro (2011), voluntary forest certification has been developing internationally since the 
1980s, with many systems operating and competing with each other. In Brazil, since 1996, the Brazilian 
Silviculture Society - SBS, in partnership with industry associations, educational and research institutions, 
nongovernmental organizations and with support from some government organs, has been working 
with a voluntary program called Cerflor - Brazilian Program of Forest Certification. Still according 
to Inmetro (2012), the Cerflor was released in a meeting of the Competitiveness of the Productive 
Chain of Wood and Furniture Forum, on August 22, 2002, in order to meet with the demands of the forest 
productive sector in the country. Since 1996, the Brazilian Silviculture Society - SBS - established an 
agreement of cooperation with ABNT to develop the principles and criteria for the sector. The 
composition of the Technical Subcommittee of Forest Certification is divided in four 
categories: government representatives (regulators of the environmental and forestry sectors, workers, 
industry and trade, and foreign relations), representatives of the productive sector (forestry, pulp and 
paper, solid wood, charcoal), consumer representatives (civil society organizations, nongovernmental 
environment organizations and social, etc.), and neutral representatives (from research institutions and 
academia, standardization entities, workers) (INMETRO, 2012). 


In Brazil, the Cerflor has Inmetro as the certifying organ that certificates and manages the quality of the 
program and ABNT is the organization responsible for the process of preparation and revision of 
standards. In addition, it adopts the same policy of PEFC - Programme for the Endorsement of 
Forest Certification. The PEFC certification was established in 1999, in a voluntary basis, based on their 
own criteria on forest protection in Europe and is recognized by the European 
community. Both certifications are extremely similar and have two main categories: Forest stewardship 
and chain of custody. The first refers to the forest, while the second involves the production chain that 
uses certified material (JACOVINE, 2006). 


According Inmetro (2012), the Cerflor is based on five basic principles, described as 
follows: Principle No. 1 - Compliance with the law. The forestry enterprise must be managed with 
attitudes and actions that ensure compliance of Federal, State and Municipal legislation; Principle No. 2 -
 Rational use of forest resources in the short, medium and long term, aiming for its 
sustainability; Principle No. 3 - Protection of biological diversity. The company must manage the forest 
plantations to minimize the negative impacts of silvicultural activity on the native flora and 
fauna; Principle 4 - Respect for water, soil and air; and Principle No. 5 - Environmental, economic and 
social development of regions in which forestry activities are carried out. They establish the need for a 
relationship policy with employees and the communities that live in the vicinity of the Forest 
Stewardship units. The investment to be made by the company for the Cerflor certification depends on 
factors such as the size of the forestry enterprise, and the amount of stewardship units that 
the organization wants to certify. The certificate issued to Cerflor is valid for five years and can 
be renewed after this period. Currently, the Cerflor certification rules defined by Inmetro (2012) do not 
allow integration with other certifiable standards such as ISO 9001 or ISO 14001. An alternative is to 
schedule internal and external audits for the same period, which allows the optimization of several funds 
destined to certification purposes. In Brazil, as of the end of 2011, there are about 51 chain of custody 
certifications and 21 certifications of Forest Stewardship. The Brazilian states with the largest number 
of planted forests are São Paulo, Espírito Santo, Mato Grosso do Sul, Minas Gerais and Rio Grande do Sul 
(INMETRO, 2012). 


The main benefits for the FSC certification, as well as Cerflor, are countless and can be summarized as 
follows: creation and improvement of the organization’s public image before society and external and 
internal customers; increase of forest productivity; access to new markets; contribution to the preservation 
of biodiversity and associated values such as water and soil; maintenance of the ecological function 
and integrity of forests; contribution to the preservation of endangered species and their natural 
habitats; increased respect for workers’, indigenous peoples’ and local communities’ rights; decrease of 
the amount of work accidents; increase of tax collection and other legal tributes; general improvement of 
work conditions; improves of the quality of personnel; elimination of forced labor and child labor. 
The main difficulties encountered in the FSC and Cerflor certification process are: the legal compliance of 
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the company, the low qualification of labor in companies (owned and outsourced); different types 
of specific training which generate costs and time requirements; seasonal operation pursuant to climatic 
conditions in some regions, which creates a lack of continuity of manpower used in such 
enterprises; production scale incompatible with market demands a result of the heterogeneity of natural 
forests; the high costs of the process, especially for small and medium enterprises. It should be 
highlighted that there are no conflicts between Brazilian certifications such as 
Cerflor and international certifications such as FSC or others, because the various initiatives pertain to 
different areas and levels of demand. The creation of numerous seals is a result of an increased consumer 
demand worldwide. Currently, the FSC forest label is the most accepted internationally, because it is the 
result of a transparent and democratic movement, present in over 30 nations, with the active participation 
of environmental leadership, as well as that of business and technical sectors, and of several social 
movements, local forest communities, among other stakeholders. Therefore, principles and criteria 
established by the FSC reflect the interests of all parties involved and interested, with equal importance. 


3 Research method 
The aim of this paper is to analyze and compare the process of quality management in two pulp and 
paper industries and in an office supply business organization. The analysis of these companies is 
important, as they have a direct impact on the environment. According to the BRACELPA - Brazilian 
Association of Pulp and Paper (2011), Brazil has gained recognition in the global market for producing 
pulp and paper only from plantations, without resorting to extract from the native forests - a practice that 
is still active in major competitors. Therefore, to remain competitive in the both the internal and external 
markets, companies in the pulp and paper industry have needed increasing numbers of environmental 
certifications, and other quality standards. 


This work consists of an exploratory research, using the a qualitative multiple case study, which refers to 
the observation of phenomena, analyzing the process of operation of the object of analysis, in order to 
explore its aspects and identify relationships between them (Bryman, 1990). To ensure more robustness to 
the analysis three case studies were carried out, both based on the use of a questionnaire followed by an 
interview (YIN, 2002). 


Company "A" is a paper industry located in southern Brazil. With its approximately 360 employees, the 
factory has an annual production capacity of 180 thousand tons of paper. Approximately 90% of the total 
is sold domestically. This organization has five quality programs: ISO 9001, ISO 14001, OHSAS 18001 and 
Certifications Cerflor and FSC. Company "B", in turn, is a paper industry located in southeastern Brazil. 
With over 2,500 employees, the company has an annual production capacity of one million tons of paper, 
distributed in its three plants. The company has five quality programs: ISO 9001, ISO 14001, OHSAS 18001 
and Certifications Cerflor and FSC. Company "C" is a consumer goods industry that manufactures office 
supplies, with two plants located in the southeastern and northern Brazil, totaling approximately 2,500 
direct and outsourced employees. The company has an annual production capacity of approximately 1.8 
billion pencils. This company has four quality programs: ISO 9001, ISO 14001, the Code of Conduct and 
FSC certification. The Code of Conduct program was developed by the company C itself, and therefore will 
not be detailed in this work. 


The questionnaire contains ten questions through which it was intended to observe the quality programs 
that businesses had and the involvement of the top management in implementing each of them; the main 
difficulties encountered by companies during the deployment process and the main reasons for 
companies to obtain certification; the quality tools used in these programs; the investment required for 
implementation and the financial returns which have been acquired; and the main benefits and reductions 
resulting from the implementation of each program . 


The current study presents the following assumptions: P1) The implementation of Cerflor and FSC 
certifications is more complex and expensive than that of certifications widely adopted by organizations 
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such as ISO 9001 and ISO 14001; and P2) FSC and Cerflor certifications use more sophisticated tools of 
quality in comparison with ISO 9001 and ISO 14001. 


4 Analysis and discussion of results 
The three companies surveyed have programs for ISO 9001, ISO 14001, and FSC. Companies A and B, in 
addition to the aforementioned three quality programs, also have the OHSAS 18001 and CERFLOR 
programs. 


Companies "A" and "C" invested heavily in quality training programs, since 100% of their employees were 
trained in all quality programs. Company "B" prioritized the ISO 9001, FSC and CERFLOR programs in 
training, although a smaller share of employees has also been trained in other programs. 


Regarding the involvement of company management in the quality programs, it was made clear in the 
responses the high degree of commitment of companies "A" and "C”, given the level of involvement was 
"high" in all programs. Company "B", in turn, re-prioritized the ISO 9001, FSC and CERFLOR programs with 
“high” priority in involved directors’ agendas, and “average” involvement in other prorams. 


Evaluating the main difficulties encountered in companies for the implementation of quality programs, it 
is noticeable that the most relevant for all programs were: the preparation and updating of documents for 
certification, available time for employees of companies to assist in program implementation, realization 
of internal audits to verify the program adequacy, and handling of statistical tools of quality. Company “C” 
also came up against difficulties in preparing and updating documents, but other factors such as use of 
consultants to assist the process of implementation of quality programs and customer focus presented a 
higher degree of difficulty. 


For company "A", one of the main reasons for the implementation of quality programs was "customer 
demand", as well as "own initiative to improve quality and productivity of its products." As for company 
"B", the main motivator of the implementation was "alignment with business strategies," followed by 
"customer demand" and the possibility of using the programs as a "marketing tool". Examining the 
specific Cerflor and FSC programs, the motivation for adoption was "customer demand". The two 
companies also reported that these certifications represent an internationally recognized competitive 
advantage, and are also highly valued by customers. Company "C", in turn, had as its main reason for 
implementing quality improvement programs their own initiative, followed by the use of ISO 14001 and 
FSC programs as a marketing tool. 


The benefits caused by the various quality programs were substantial for all three companies. Regarding 
specifically the Cerflor and FSC programs, companies A and B indicated that the implementation was 
satisfactory, given the fact that benefits were obtained above projected levels. Company "C", in turn, got 
all the benefits as planned. 


Due to the high degree of satisfaction with the results achieved, the three companies indicated that they 
intend to continue with quality programs adopted by renewing their certifications when necessary. 


With respect to investments for the implementation of each program, the company "A" applied between 
R$ 50,000.00 and R$ 99,999.00 in most programs, except for the FSC and CERFLOR, which required a 
larger investment, encompassing a range between R$ 100,000.00 and R$ 499,999.00. Companies "B" and 
"C" preferred not to disclose the amounts invested, claiming them to be confidential. 


While recognizing many benefits from the implementation of programs, none of the companies could 
inform the financial gain obtained in each program. This fact can be explained by the difficulty in 
measuring financial benefits such as "increase in external customer satisfaction." Such indicators, however 
perceptible, are intangible. 


Although company "A" is committed to quality management, it still makes little use of quality tools, 
focusing only on the PDCA cycle. Company "B", in turn, has the most developed area, using tools from the 
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most simple and common as 5S (sense of use, storage, cleaning, health and hygiene and self-discipline) 
and Cause and Effect Diagram, to more complex statistical tools, such as CEP-Statistical Process Control 
and Hypothesis Testing. It should be noted that programs Cerflor and FSC, in company "B", use the 
greatest amount of statistical tools of quality when compared to other programs. In company "C", the ISO 
9001 quality program is the most used quality tool. 


One of the programs that have led to the greatest cost reduction in the companies surveyed was the 
environmental management standard ISO 14001, as their environmental nature generated energy and 
water savings as well as the reduction of scrap output and operating costs. In general, the other quality 
programs showed no significant cost savings for companies. 


5 Conclusion 
The examined paper and pulp sector companies hold five certifications: ISO 9001, ISO 14001, OHSAS 
18001, FSC and CERFLOR. The office supplies company, in turn, holds three certifications: ISO 9001, ISO 
14001 and FSC and plan to implement OHSAS 18001. The three certifications, ISO 9001, ISO 14001 and 
OHSAS 18001, are already well-established and widely implemented by the market, and can be deployed 
in various types of businesses and industries. The FSC and Cerflor, in turn, had a greater emphasis in the 
study because they are known by those involved in timber-related industries, such as the companies 
addressed in the study. 


After conducting a results analysis of the survey applied to the companies "A", "B", "C", we can observe 
that the organizations did not encounter major difficulties in the implementation of quality programs. For 
company "A", one of the main reasons for the implementation of quality programs was "customer 
demand". Company "B", in turn, had "alignment with business strategies" as a main motivator, while 
Company "C" was motivated by its own "initiative to improve itself." All companies claimed that the 
financial returns were equal to or exceeded projected levels. 


Assessing the assumption P1 (Deployment of Cerflor and FSC certifications are more complex and 
expensive than those certifications widely adopted by organizations such as ISO 9001 and ISO 14001), we 
can conclude that it is partially true, as, although the investments performed by the companies for these 
programs were higher than in other programs, the difficulties in implementation were not significant. 


As for assumption P2 (FSC certifications Cerflor and use more sophisticated tools of quality when 
compared with ISO 9001 and ISO 14001), we can conclude that it is considered to be partially true, since 
there is no distinction in the use of quality tools in companies "A" and "C". However, in the case of 
organization "B", FSC and Cerflor certifications adopted the most complex quality tools when compared 
to other quality programs. 
While companies "A" and "C" are committed to quality management, they still make little use of quality 
tools, focusing only on the PDCA cycle. Company "B", however, has the most developed area, using tools 
from the most simple and common to more complex statistical tools. It should be noted that in company 
"B", the FSC and Cerflor certifications implemented countless quality tools. 


Whilst it is voluntary, good Forest Stewardship Certification is a reality today and will remain so in the 
future. Designed for the certification of raw wood material production means needed by the pulp and 
paper, sawmill, and furniture industries, by deploying the Cerflor industry certification, the organization 
will reap benefits which reflect in customer satisfaction and profits. 


This study shows the limitations inherent to the research method adopted, that is, the results should not 
be generalized, but it is believed that they can contribute to a better understanding of the factors that 
exert influence on the quality improvement programs adopted in the companies. 


The current study addressed only two companies. A possible extension is to repeat this survey in other 
organizations, so as to compare results. Another future project would be the application of the same 
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methodology in other countries, such as Portugal and Spain, in Europe, and in Chile and Argentina in 
South America, so as to compare nations from different continents. 
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Abstract 


Considering the growing strategic importance of China for the Brazilian economy, this article seeks to expand the 
knowledge about the Chinese remarkable development and assess its impacts on the Brazilian economy. We chose to 
carry out an exploratory and bibliographical approach highlighting the process of China’s economic opening as from 
1978, and the most evident effects in the commercial relationship with Brazil. It appears that China will maintain a 
high growth rate of the Gross Domestic Product (GDP). It is inferred that there will be two categories of impact in 
Brazil: one with a positive outlook in relation to the favorable performance of the exports of commodities and the 
attraction of Chinese investments in the country, and another that will challenge the competitiveness of important 
segments of Brazil industry sectors. The rise of China as the world’s factory will promote a reduction in Brazilian 
exports and provide a significant progress in and global markets as well. To the extent that China's GDP comes close 
to the productive power of the USA, Brazil should consider it as the greatest challenge for the next 40 years and 
realize that no country is protected from China’s relentless capacity to conquer spaces in the world markets and to 
compete in its own national territories, had they previously been protected by tariff barriers, transport and 
communications and other natures. 


Keywords: China, Brazil, competitiveness, Chinese investments. 


1 Introduction 
China is the world’s second largest economy after the United States of America. It is the fourth largest 
country in terms of size and the largest in population rate. The increasing importance of China in the 
world economy is highlighted by Cunha (2010) who states that despite the financial and economical 
crises, which emerged in 2008 and is still in recovery, a trend over the changes in the axis of development 
from the western to the eastern countries, under China’s leadership, has been developed.  


The model of liberal capitalism and its unsteady control proved to be unable to deal with the crises it has 
generated. According to Cunha (2010), competition in global market is to suffer nontrivial adjustments. 
Facing the accelerated economic and social development in China Tse (2010) and Cunha (2010) 
highlighted the necessity for knowing and evaluating the potential and challenges of this country in 
global economy.  Thus, the main objective of this article is to amplify the knowledge of the extraordinary 
trajectory of development of China since 1978 and points out the main impacts China has in Brazilian 
economy.  


The reflexion of this phenomenon and the resurgence of China as a great global power are necessary due 
to the fact that since the Industrial Revolution the world had not faced any threatening experience 
towards the western prominence and its model of capitalism.  


Authors such as Cunha (2010) and Masiero (2007) provide evidence that the recent experience of Chinese 
development and the perspective of China to become the world’s largest economy have not been 
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carefully observed by Latin-American subcontinent and that Brazil has remained below its potential in the 
last two decades.     


This article is divided into six sections. The first is related to the introduction of the theme, objective and 
proper justifications for this research. In the second section, the methodology applied to the development 
of the article is presented. The third section provides information on the development of Chinese policies 
as well as economic and entrepreneurial structure. The fourth section encompasses an overview of 
business relation between China and Latin America.  The impacts of Chinese development in Brazilian 
economy are presented in the fifth section. The sixth section brings the final considerations and 
suggestions for future researches.   


2 Methodology 
This article encompasses theoretical and introductory material to present a bibliographic research. The 
bibliographic research is elaborated when material from Internet, books, articles and periodics, already 
published, are used as the main source of research. 


At first a selection of indexed scientific articles was made. Book access and statistic data, available in 
national and international data banks, were also assessed to make part of this research.    


After the gathering of all theoretical material, the problem was fixed and conceptual and empirical basis 
were built.  The main objective of this article is to present considerations about China’s development and 
impact over the Brazilian economy.    


Following the conceptual analysis, final considerations were taken in order to amplify the academic 
knowledge about the theme presented in this article.    


3 China: considerations about development policies and economic and 
entrepreneurial structure 


China is the largest country in Eastern Asia and the most populated in the world with 1.34 billion 
inhabitants, approximately one seventh of the world’s population. It is a socialist republic governed by The 
Communist Party of China under a single-state party system. It exercises jurisdiction over 22 provinces: 
five of them are autonomous (Xinjiang, Inner Mongolia, Tibet, Ningxia and Guangxi), four are directly 
controlled municipalities (Beijing, Tianjin, Shanghai and Chongqing) and two mostly self-governing 
Special Administrative Regions (Hong Kong and Macau) (Wikipedia, 2011). 


In order to properly understand the phenomenon of the accelerated growth in China, it is necessary to 
acknowledge the process of modernization and the starting point initiated by Deng Xiaoping in 1978. For 
Cunha (2008), Deng’s political reforms impelled China to create a market economy with special 
characteristics. In the seventies, China reviewed its Sino centric position previously exacerbated by the 
adoption of a socialist view focused on a centrally planned economy. Until 1978, the theoretical 
hypothesis of a transition from a communist organization and business operation to capitalism had not 
brought about any important considerations (Cunha, 2008). Cunha (2008) highlights that in the modern 
age; there are no signs of moving centrally planned control towards the opening and liberation of the 
economy. 


For the traditional theorists, a market economy is characterized by the presence of three components: 1) a 
pricing system determined by the market 2) private property ownership and, 3) generation and 
appropriation of profits for private organizations. As highlighted by Cunha (2008), there is no rigid 
classification of economy as a market or non-market economy. Countries differ from one another 
regarding the type and content of their market economy.  
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In 1978, there was a strong dominance of state-owned enterprises (SOEs – see table 01 Typology and 
characteristics of Chinese enterprises) and collectively owned enterprises (COEs) in China. These types of 
enterprises respectively contributed with 70% and 22% of industrial production, (Cunha, 2008). In this 
context, China had to decide to either remain a poor and isolated country or join the progressing world. 
Opting for the second option, the country accepted world integration and interdependency, not only in 
politics, but also in the economy. Thus, China, governed by Deng Xiaoping, started to define guidelines 
that would lead China to economic and social development.  These guidelines referred to by Cunha (2008) 
outline the improvement of the socialist market economy; the promotion of structural adjustments, which 
prioritized industrialization with an emphasis on the application of information technology; the 
acceleration of the modernization of national economy aiming for a better standard of living for the 
Chinese people. Nonnenberg (2010) also identifies seven factors which contribute to China’s 
development: 1) the process of liberalization of the pricing system which allows prices to be determined 
in free markets; 2) the liberalization of international trade; 3) the large availability of a rural work force 
with very low productivity, a factor that enabled a migration to cities, maintaining low salaries even with 
the increase of work demand; 4) the lack of intellectual property protection; 5) the gigantic size of the 
country’s population which enabled the existence of economies of scale in most industries; 6) the 
implementation of policies and incentives for promoting innovation and, 7) the great increase of Direct 
Foreign Investment, from  US$ 1,4 billion in 2004 to US$ 109 billion in 2010. 


For Cunha (2010), the Chinese model of capitalism implemented by Deng Xiaoping, combines the 
dynamism of private activities with public intervention and government planning. The success of 
capitalism in China and its economic reform is exemplified by the reduction of 265 million people in 
absolute poverty in only 17 years between 1990 and 2007 (Cunha, 2010).   


According to Masiero (2007), the creation of Township and Village Enterprises (TVEs) was fundamental to 
the development of the modern Chinese economy. For this author, a Township is an administrative 
structure to govern towns – an urban community which is larger than a village but smaller than a city. 
They are administratively governed counties. Masiero (2007) observes that the definition of an urban area 
and rural area can vary from author to author, therefore causing difficulties for overseas researchers. At 
the end of 2002, TVEs represented nearly 18% of the employment level of the country and approximately 
40% of the industrial production in China. Masiero (2007) considered TVEs as the main factor for the 
country’s economic growth. TVEs have innovated organizational structures, maintained the jobs of a great 
number of workers and contributed to the rapid industrialization of the Chinese rural areas (Masiero, 
2007). 


Cunha (2008) highlights, that one of the indications of the economic reform was the insertion of overseas 
capital in order to stimulate industrial development. These measures allowed Special Economic Zones to 
progress and become the main catalyst of China’s development, especially from 1990 onwards.  


For Cunha (2008) in the beginning of the initial process, China implemented five Special Economic Zones 
aimed at doing business with foreign markets: these Economic Zones were provided with the adequate 
infrastructure for the manufacturing and goods outflow in the exportation process. Furthermore, foreign 
investments were tax-free for a five-year period (Cunha, 2008).  


According to Cunha (2008) it is important to point out that the acceptance and valorization of the private 
sector in China began in 1982 and that before the eighties there were no guarantees for the private 
sector. The turning point happened when constitutional amendments were approved and private 
economy was supplemented to support economy in state-owned enterprises. The process of valorization 
and guarantees of private enterprises, including foreign capital, were followed by the idea of gradualism, 
there was only a complete guarantee of property rights from 2004 onwards (Cunha, 2008).  


Tse (2010) highlights that government and foreign stakeholders are to understand Communist Party 
ideas. According to this author, the Party will continue to determine the pace in which the economy is 
exonerated from its control as well as remaining  a communist nation in control of crucial companies in 
the  telecommunication, energy, natural resources and communication sectors.   
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The characteristics of the main types of Chinese companies responsible for the generation of new jobs are 
presented in table 01. The analysis of the table highlights that some enterprises are hybrids (they belong 
to a particular economic system and political regime in a transitional period), some enterprises are similar 
to those of western organizations.  


Table 1: Milestones Typology and characteristics of Chinese companies 


Typology  Example of Company  Characteristics  


State-owned Enterprises (SOEs) Cosco, Baoshan Steel, China 
Southern Airlines 


State-owned enterprises, frequently 
controlled by relevant ministries such as 
the communication ministry. They have 
priority of access to loans and other 
subsides from the government. 


Urban Collective  Enterprises (UCE) Qingdao Haier Group Localized in big cities, enterprises are 
owned by communities and self-employed 
entrepreneurs. They are frequently 
enrolled in activities involving service 
rather than manufacturing. They are 
greatly influenced by regional and local 
control and property. 


Township and village enterprises  Guangdong Kelon Eletrical 
Holdings 


The property totally belongs to the 
government of the township or the village; 
it also may belong either to the 
government or its stakeholders. They do 
not enjoy credit facilities or the support of 
the central government and are 
administered similarly as private 
enterprises. 


Private Enterprises Retail store, restaurants, 
Internet Cafés  


Small enterprises with limited access to 
capital; they belong to individuals or 
private entities. Some enterprises are from 
technologic sectors and receive foreign 
investments to make them change into 
Foreign-invested enterprises (FIEs).  


Foreign-invested enterprises (FIEs) Beijing Jeep; Each Net; Joint 
ventures with Motorola, 
Whirlpool  


Joint ventures with differential 
participations. Joint ventures from co-
operative societies and foreign enterprises 
are legal entities from mixed property.  
Multinational companies generally 
establish FIEs after a short-term period of 
experience as a representative office. They 
cannot be characterized as private without 
careful analysis due to the relation they 
may establish with SOEs. They have a 
different legislation when compared to 
other Chinese companies.  


Companies listed on Stock Exchange China Textile Machinery; 
Nanjing Panda Electronics 


Companies which belong to Chinese and 
foreign shareholders. Their stocks are 
negotiated in stock Exchanges. The 
control is carried out and the profits are 
shared according to the possession of 
stocks. Government generally owns more 
than 50% of the stocks or is regarded as 
the majority shareholder.   


Source: Adapted from Masiero, 2007 and Cunha, 2007. 
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Oliveira Junior (2011) cites stepwise engineering as part of the entrepreneurial model of development in 
Chinese enterprises. The traditional model of reverse engineering is a bottom-up model of technological 
development. For Oliveira Junior (2011) stepwise engineering is a top down model in which engineers 
with scientific knowledge (academic students or institutions) create a process or product that can be 
applied for commercial purposes.  


Therefore, Chinese universities and institutes of research, such as the Chinese Academy of Science, play an 
active role in the commercializing of new technologies, resulting in research projects being financed by 
the central government. Stepwise engineering has been impelled by specific conditions in China, 
characterized by the true capacity of absorption of industrial enterprises and by the firm motivation of 
academic institutions (Oliveira Junior, 2011).  


4 China in the Latin-American economy 
In recent research, the Economic Commission for Latin America and the Caribbean (ECLAC, 2010a) 
indicates that nowadays, China is the main destination of Brazilian and Chilean exports and ranks second 
in Argentina, Cuba and Peru. Regarding imports, China holds the second ranked position in Brazil, Chile, 
Colombia, Cuba and Peru, and is the third biggest distributor of raw material in Argentina, Venezuela and 
Mexico (Cunha, 2010). Chinese commercial advancement with Latin America can be observed in table 02. 


Table 02: Ranking of Chinese commercial advancement in Latin America 2000 – 2008. 


Country Position of China exports Position of China imports 


 2000 2008 2000 2008 


Argentina 6th 2nd 4th 3rd 


Brazil 12th 1st 11th 2nd 


Chile 5th 1st 4th 2nd 


Colombia  35th 4th 15th 2nd 


Venezuela 37th 3rd 18th 3rd 


Mexico  25th 5th 6th 3rd 


Cuba 5th 2nd 5th 2nd 


Uruguay  4th 5th 7th 4th 


Bolivia  18th 10th 7th 6th 


Equator  20th 17th 12th 4th 


Peru  4th 2nd 13th 2nd 


Latin America and 
Caribbean 


16th 2nd 9th 2nd 


Source: ECLAC (2010a) 


Cunha (2010) states that the extraordinary advancement of China in Latin America is characterized by 
differing business profiles. For Brazil-China Chamber (2012) in the ranking of Chinese imports, the 
acquisition for raw material is predominant (commodities such as soybean and iron ore) and exports are 
frequently related to textile products and electronic devices. 


According to ECLAC (2010a), China’s great demand for food, energy, metal and minerals have contributed 
to the growth of South America. The commercial relationship between China and Latin America explains 
the capacity of the region’s recovery during the global crisis in 2008.  For ECLAC (2010a), this suggests 
that Latin American countries must improve the quality of the commerce with China, diversifying exports 
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and increasing value to search for their insertion in the supply chain in the Asian-Pacific area. Nowadays, 
China has become a strategic commercial partner with Latin America and the Caribbean due to the broad 
range of opportunities in business exports and investments in the mining, energy, agriculture, 
infrastructure and science and technology fields (ECLAC, 2010a).   


5 Impact of the development of China in the Brazilian Economy  
In the beginning of China’s process of economic development, an important entrepreneurial partnership 
was set with Brazil during the 1980’s. In 2009, China had become the primary trading partner of Brazil and 
the main destination for Brazilian exports in Asia. Masiero (2007) cites an important trading partnership 
between Brazil and China and highlights companies such as Vale do Rio Doce and Baogang Steel, Weg 
and Embraco - all situated in Chinese territory. 


According to Confederação Nacional de Indústria (National Confederation of Industry CNI, 2011), the 
bilateral commerce between Brazil and China presented a considerable development from the 21st 
Century onwards. Table 03 represents the evolution of exports and imports between Brazil and China.  


A recent study by the Instituto Brasileiro de Geografia e Estatística (Brazilian Institute of Geography and 
Statistics - IBGE, 2011) shows that the bilateral trade relation between Brazil and China ended in 2010 with 
a record of trade flow, approximately US$ 56.3 billion. For This amount was 56% higher than what was 
obtained in 2009. This remarkable growth was mostly due to the 61% increase in imports in 2010. Exports 
also increased to approximately 47% in 2010.  


Table 3: Evolution of  Brazilian exports and imports with China. 


Specification 
 


1997 
China 


2000
China 


2006
China 


2010 
China 


Exports to Brazil 1.1 1.1 8.4 25,5 


Imports from Brazil 1.2 1.2 8.0 30,8 


Source: adapted from Cunha (2010) and Instituto Brasileiro de Geografia e Estatística (Brazilian Institute of Geography 
and Statistics - IBGE, 2011). 


China exports high added-value products to Brazil. Brazil’s profile of exports to China is predominantly 
made up of low added value, particularly iron ore and soybeans in granular form respectively. Tables 04 
and 05 represent a detailed ranking of Brazilian products exported to China and Chinese products 
imported to Brazil.  


Table 4: Position rank of the main products exported from Brazil to China, values from FOB in U$ and its participation 
on the percentage of the net income in this list in 2010. 


Ranking Product Description Value FOB (U$) Participation 


1st Non-agglomerated iron ore and its concentrates 12,2 bi 39,6% 


2nd Soybean  7,1 bi 23,2% 


3rd Crude oil  4,0 bi 13,2% 


4th Agglomerated iron ores and concentrates 1,16 bi 3,8% 


5th Chemical wood pulp  909 mi 2,9% 


6th  Crude Soybean oil 781 mi 2,5% 


7th Raw sugar cane 505 mi 1,6% 


8th Planes / vehicles with weight > 33069.339 lb empty 368 mi 1,2% 


9th Non-manufactured leaf tobacco 343 mi 1,1% 


10th Iron-nioby 325 mi 1,0% 


Source: Brazil-China Chamber (2012). 
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Looking at Brazilian imports from China, there is clear evidence of the prevalence of high added-value 
products. The main products imported from China are machines, telephony hardware, liquid crystal 
display, etc.  


Table 5: Position rank of main Chinese products imported by Brazil in 2010.  


Ranking Product Description Value FOB (U$) Participation %


1st Parts of devices, radio broadcaster, television set, etc. 1,2 bi 4.6% 


2 nd Liquid crystal display (LCD) 501 mi 2.0% 


3 rd Parts of telephony hardware / telegraphy 446 mi 1.7% 


4 th Laptop screens  406 mi 1.6% 


5 th Lamps/ fluorescent tubes 274 mi 1.1% 


6 th  Split system air conditioners 253 mi 1.0% 


7 th Printed Circuit Boards 252 mi 1.0% 


8 th Integrated circuits 247 mi 1.0% 


9 th Portable cellular phones 246 mi 1.0% 


10 th Circuits mpr without comp. assembled electronic device 236 mi 0.9% 


Source: Brazil-China Chamber (2012). 


 


Nowadays, China is the world’s second largest economy and the primary exporter of goods (ECLAC, 
2010b). From 2008 onwards, even with the occurrence of a global economic crisis, China’s investments 
escalated and unprecedentedly surpassed, for the first time, 50 billion dollars. In 2009, the country held a 
fifth placed world ranking, and considered one of the biggest stakeholders in the world (ECLAC, 2010b).  


According to ECLAC (2010b) the growing trend of direct foreign investment in China is motivated by the 
following reasons: a) political reforms, and b) loans from Chinese state-banks for investments projects in 
foreign countries. ECLAC (2010b) also notes that most Chinese transnational companies, with a few 
exceptions, are state-owned.   


Nevertheless, even in the case of state-owned companies, China’s direct investments in foreign countries 
cannot only be explained as a consequence of government guidelines, as, though the State impels 
international expansion, Chinese companies have also been investing in foreign trade due to its strategy 
of diversification and technological development (ECLAC, 2010b). For Cunha (2010) the fast growth of 
China’s economy, with high savings rates, great export performance and advancements in science, 
technology and innovation improved the capabilities of several companies to invest in international trade. 
According to the China-Brazil Business Council (2011), in many cases, Chinese companies acquire other 
foreign-based companies with the objective in providing themselves with strategic assets, such as 
technology and brands in advanced economies and to have access to raw material sources in developing 
countries. 


For China-Brazil Business Council (2011), the amount of money invested by Chinese companies in 
business operations in Brazil was US$ 12.7 billion in 2010.  This sum reveals the great interest, which China 
has in Brazil, but does not represent an increase in Brazil’s production capacity, once most of direct 
investments were allocated to the acquisition of foreign capital controls of companies that are already 
established in Brazil.  With disregard for foreign exchange controls, China’s investment in Brazil was US$ 
1.510 billion in 2010. This fact means that there has been a growing consolidation of the Chinese presence 
in Brazil through foreign direct investments (China-Brazil Business Council, 2011).   
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6 Conclusions 
The rapid and unexpected Chinese growth over the past 32 years transformed the economy of China into 
a strong world player that in the near future will become the largest global economy. It is expected that 
China will overtake the United States of America in 2027.  


For Cunha (2010) one example of the effects of Chinese development is shown by the trade flow of 
merchandise between Brazil and China which has increased 25 times more from 2000 to 2010. Another 
important remark about the trade flow between Brazil and China is that Chinese exports to Brazil are 
composed by high added-value products while the Brazilian profile of exports to China is predominantly 
constituted of low added-value items mainly iron ore and soybeans in granular form, respectively. China 
has also become a strategic commercial partner to Latin America and Caribbean due to the broad range 
of opportunities in business exports. Another Chinese impact is in the direct investments in Brazil 
mainly in the fields of mining, energy, agriculture, infrastructure, science and technology.   


It is convenient for countries such as Brazil to take the economic policies adopted by China as an example 
to be followed and adopted. Therefore the greatest challenge for Brazil is neither related to conjuncture 
policies nor their aspects, but the definition of long-term outlines and policies of development of modern 
infrastructure, prioritizing good quality education, science and research and adopting tax policies to 
stimulate industrialization and innovation of the three economic sectors, therefore modernizing the 
government structure. 


The Chinese model, based on capitalism, has a lot to teach to the Brazilian academy, governors end 
entrepreneurs. As China’s Gross Domestic Product (GDP) approximates the capitalist production of the 
United States of America, Brazil is to consider China a great challenge for the next 40 years and become 
aware that no country is protected against the inexorable Chinese capability to conquer space in the 
world market as well as compete in their own national territory, prior protected against tax barriers of 
transportation, communication and taxes of other nature (Cunha, 2010).   


Despite the fact that Chinese progress can be considered a model of policy of development for Brazil, it is 
important to highlight that China, over the last 30 years, suffered a coincidence of various positive factors 
such as geographic, historical, political and economical that are not possible to be repeated in other 
countries (Nonnemberg, 2010). 


Nonnemberg (2010) believes that the country will maintain constant growth for the next 3 decades. The 
author highlights various factors that support this statement a) the increase of expenses in investments, 
with prominence to recent public investments in civil construction; b) the extremely high savings rate in 
China; and, c) the increase in research and development investments which strengthens the innovatory 
capacity of the country.  


Summarizing: Chinese economy deserves growing attention especially in the field of external policies. It is 
remarkable that the general overview of the development process which has been happening in China 
since 1978 and its impact on Brazilian economy in the near future points out at least to two categories of 
impacts: one presenting positive perspectives related to the favorable performance of the exports of 
commodities and to the attraction of Chinese investments in the country; and the other which will doubt 
the competitiveness of important segments of the industrial sector in Brazil.    


Finally, this article presents introductory work aimed at stimulating other researchers to know more about 
the impacts of the Chinese development in the Brazilian economy. Thus, it is suggested that more 
theoretical and empirical studies are developed in order to deepen the knowledge about the facts that 
underlie the extraordinary success of China’s development and conquest as the role it plays in global 
economy.  







 
The Impacts of China's Development in the Brazilian Economy 


ID49.9 


References 
Brazil-China Chamber (2012). Principais produtos do Brasil exportados para China (2010) e Principais produtos da 


China importados pelo Brasil em 2010. Obtido em 16 de jan. 2012 Disponível em 
http://www.ccibc.com.br/camara-brasil-china/bin/site.php?id_pag=2324.  


China-Brazil Business Council (2011). Investimentos chineses no Brasil: uma nova fase da relação China Brasil. Obtido 
em maio, 2011. Disponível em http://www.cebc.org.br/ 


Confederação Nacional da Industria (2011). Observatório China Brasil. Ano 4, n. 1, março 2011. 
Cunha, I. J. (2007). Governança, internacionalização e competitividade de aglomerados produtivos de móveis no Sul 


do Brasil, Portugal e Espanha. Chapecó: Argus Indústria Gráfica. 
Cunha, I. J. (2008). China passado e futuro de um gigante. Florianópolis: Visual Books. 
Cunha, I. J. (2009). Clusters na China: uma visão geral sobre tipologia, características, gênese, estágio de 


desenvolvimento e tendências. In: Revista Iberoamericana de Engenharia Industrial. vol. 01, n. 2, 
Florianópolis. 


Cunha, I. J. (2010) China o passado e o futuro de um gigante. Notas complementares e de atualização. Visual Books: 
Florianópolis, Obtido em 13 abr. 2012. Disponível em: 
<http://www.visualbooks.com.br/shop/Downloads.asp> 


Economic Commission for Latin America and the Caribbean (2010a). La República Popular de China y América Latina y 
el Caribe. Naciones Unidas. Santiago de Chile. Obtido em 16 de jan. 2012. Disponível em 
http://www.eclac.org/cgi-
bin/getProd.asp?xml=/prensa/noticias/comunicados/4/39094/P39094.xml&xsl=/prensa/tpl-
p/p6f.xsl&base=/tpl-p/top-bottom.xslt 


Economic Commission for Latin America and the Caribbean (2010b). O investimento estrangeiro direto na América 
Latina e Caribe. Documento Informativo. Nações Unidas.   


Instituto Brasileiro de Geografia e Estatística (2011). Joint Statistical Publication: Chapter fifteen: external economic 
relations. IBGE: Rio de Janeiro. 


Masiero, G. (2007) Negócios com Japão, Coréia do Sul e China: economia, gestão e relações com o Brasil. São Paulo: 
Saraiva. 


Nonnemberg, M. J. B. (2010). China: Estabilidade e crescimento econômico. In: Revista de Economia Política, vol. 30, n. 
2, abril-junho. 


Oliveira Junior, A. M. A. de (2011). Estratégias de desenvolvimento do Brasil e da China. Dissertação (mestrado). 
Universidade Federal do Paraná, Programa de Pós Graduação em Desenvolvimento Econômico. Curitiba. 


Wikipedia (2011). China. Disponível em: http://en.wikipedia.org/wiki/China. Acessado em 30 de novembro de 2011. 
Tse, E. (2010). Tarde demais para entrar na China? In: Harvard Business Review,  vol. 88, n. 4 Abril. 








 


ID269.1 


What to say about the work and health of hotel managers? 


Cyntia Maria de Gois Leite*, Ricardo José Matos de Carvalho* 


* Federal University of Rio Grande do Norte, Natal, Brazil 


Email: leitecyntia@gmail.com, rijmatos@gmail.com 


Abstract 


The job of hotel manager has not been frequently approached in the academic field, mostly in the area of human 
factors and ergonomics. There is a lack of bibliographies, researches and statistics related to the issues of managers, 
specially in the hotel industry. 


The current article has a theoretical and conceptual nature and refers to part of an ongoing research in a hotel 
organization in the city of Natal, Brazil. It aims to discuss the work of hotel management, to understand the work of 
hotel managers and its relations with their health and the efficiency results expected by the upper command of the 
organization. 


Managers have and ambivalent position in the organizations for they have to deal with the demands of higher 
hierarchies, which more often than not have conflicting interests. The context in which they work involves conflicting 
demands and interests at times, also coming from the outside world and which take place in the complex “board” of 
the organizational decisions taken: customers, competitions, unions, government organs, etc. 


It starts from the hypothesis that the job of a hotel manager has a high density or intensity and that the time 
dedicated to the work by the managers normally goes beyond the regular daily and weekly working time established, 
which affects both their free time and social life. 


Keywords: Hotel industry, managers, ergonomics 


1 Tourism activity and hospitality 
The World Tourist Barometer published (UNWTO, 2012), presents the tourism activity with a gradual 
growth every year. In their more recent studies, it has been notices that, in 2011, international tourism 
grew more than 4% compared to the previous year, which corresponds to 980 million international tourist 
arrivals (UNWTO, 2012, p.1). Observing figure 1, it is possible to see the growth in the activities besides a 
little drawback in the growth in 2009, as a result of an economic crisis which affected the world during 
that year. 


 


Figure 1: International Tourist Arrivals. Source: World Tourist Barometer, UNWTO, 2012, p.1. 
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The World Tourism Organization has positive projections for the activity in 2012. It is estimated more than 
3% to 4% growth, compared to the previous year, which will help tourism reach the mark of 1 billion 
international tourist arrivals still in the year 2012 (UNWTO, 2012), as shown in the figure 2.   


 
Figure 2: International Tourist: projection full year 2012. Source: World Tourist Barometer, UNWTO, 2012, p.12. 


The prospect for the next years is to have an even bigger growth for the tourism industry, which 
according to the UNWTO, makes countries of emerging economies become more confident in terms of 
the development of the activity than countries of a more advanced economy, as shown in picture 3. Such 
confidence is due mostly to the heavy investments that such countries are doing to develop tourism 
activity through the production of sports mega-events and also investments in infrastructure in a more 
general way. 


 


Figure 3: Confidence in emerging economies much stronger than in advanced economies. Source: World Tourist 
Barometer, UNWTO, 2012, p.10. 


Brazil, for instance, is the 45th most competitive country in the world tourism sector, according to data 
from the World Economic Forum held in the 2011 in Switzerland (Switzerland, 2011). Furthermore, the 
Service Sector responds for the biggest growth in the job generation in the country, according to data 
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presented by  CAGED – General File of Employees and Unemployed in Brazil  (Brasil, 2012), through figure 
4. 


 
Figure 4: Employment behavior according to the Economic Activity Sectors. Source: Brasil, 2012 apud CAGED - Lei nº 
4.923/65 - MTE. 


In this promising scenario, the hotel sector in Brazil is preparing itself for the predictable and important 
increase in the demands of hospitality and service quality, moved by the demands of certification organs 
in the sector and the Federal Government as well. Hence, hotel managers stand on a singular position in a 
scenario of economic expansion and high competition in the sector. It is their duty to plan, implement 
and promote hotel governance, for the excellence in the quality of hotel service provision makes the 
difference for hotels in the growing competitive context of capitalism. Such competitive strategy has been 
followed by the demand of better qualified workers, including managers. That requires the master of 
social skills such as initiative, leadership, management and interpersonal relation – among workers and 
between themselves and the clients; also, technical skills are required, for instance, the operation of 
technologies so that the job becomes more fluid and presents better quality. 


The investment in Information Technology shortens time and space in the hotel organizations, thus giving 
tasks more speed and work density (Wisner, 1994). In the case of the managers, the tasks they perform 
tend to increase as well as the impersonality of work operations: booking rooms and payments, once 
performed through interpersonal procedures now can be fully made online.  


Such issue may be understood through organizational ergonomics, more precisely by macroergonomics 
in the sense of attempting to analyze managers’ activities, the existing relationships between functional 
hierarchies, the hospitality demands in hotels, the departmentalization, work density, the job rotativity, 
managerial performance, quality and productivity criteria required and the impacts on the manager's 
health. 


As a sub-discipline of ergonomics, macro-ergonomics deals with the human-organization interface. As an 
empiric science, macro-ergonomics has as its scope the technological subsystem, the personal subsystem, 
the external ambient, the organizational architecture and its interactions. Macroergonomics is guided by 
the Sociotechnical Theory of Systems. As a methodology, macro-ergonomics uses socio technical analysis 
of the work system and the project of work system. As a perspective, macro-ergonomics provides certain 
principles and guidelines to help the ergonomist, such as participation, flexibility, combined optimization, 
combined project, continuous improvement of processes and systems harmonization (Hendrick and Kleiner, 
2006, p. 17). 


Macroergonomics aims to design systems of work to be compatible with the characteristics of 
sociotechnical systems and also to assure that the very project enables the ideal interaction of humans 
and their occupations, machines and systems (Hendrick and Kleiner, 2006, p.20), therefore, to establish a 







 
ICIEOM 2012 - Guimarães, Portugal 


ID269.4 


set of measures to improve the efficiency of the sociotechnical system (of the hotel industry) in terms of 
health, safety, quality and productivity.  


2 Ergonomics, organization and service sector 
To insert ergonomics in the productive world of organization promotes the construction of solutions for a 
wide range of problems which are part of managers’ routine in the organizations because of its 
interdisciplinary character. The efficiency at work is such a desired goal of capitalist companies in general, 
mostly service companies which are always aware of their productivity and quality in the provision of 
services. This very efficiency will come as a consequence, a result of the comfort and well-being at work, 
which is provided by ergonomics. 


Therefore, similarly to the complexity of understanding the study of “work” as a subject, there is 
complexity in the study of ergonomics, according to Maggi and Tersaac (2004, p.88) “Ergonomics, like 
every subject, has in itself the marks of its origins, which insert it in the scientific fields, the social 
formations and the institutions and scientific communities” Because of that, it is possible to understand 
that ergonomics is knowledge and action, i.e., it uses scientific knowledge to find actions aiming the 
adaptation of work to workers. 


Regarding concerns about production in the organizational environment to achieve maximum 
performance production with the balance of health and safety at work, NR 17, item 17.1 and item 17.1.2, 
establishes the Ergonomic Work Analysis - AET as a requirement to be adopted by the employer in the 
organization of production, emphasizing primarily the adjustment of working conditions to the 
psychophysiological characteristics of workers. As a methodology of implementation, AET combines 
interactional and observational methods to understand and to adopt positive changes in work situations, 
according Wisner (1994) and Vidal (2008). 


To understand the ergonomics approaches promotes a better understanding of the managerial activity 
and the existing relations between the demands of production and/or services, which in the case of the 
hotel industry presents a constant search for hospitality with productivity and the quality of services in 
hotels, besides the concern to improve the efficiency of the socio technical system of hotels aiming to 
promote health aspects, safety, quality and productivity. 


For Dul and Neumann(2008) ergonomics can not only create opportunities for safe and healthy  work but 
can also improve the performance of the production system, which in the case of service providing 
companies, as highlighted by the authors- the well-being of the employee does reflect in the client's 
satisfaction. The authors understand ergonomics as a market strategy known as Profit Chain Service  
(Profit Chain Service - SPC), in which the prevailing belief is “a happy worker is a productive one”. 
“Ergonomics, with its capacity of support and employee retention, may help give companies a sustainable 
competitive advantage in the formation of experienced and qualified employees who can do their best for 
the company” (Dul and Neumann, 2008, p.18). 


In their studies, Seligmann-Silva et al (2010), found that the workloads of the type of work organization 
and psychosocial impact much more wear / illness compared to physical-environmental and postural / 
furniture. With this same understanding, Duarte and Benoit-Gonin (2006, p. 6 apud Gollac Volkoff, 2000) 
add that "(...) the intensification of work will particularly undermine the commitment built by each worker 
between the goals of production skills that he has and the zeal to preserve their health. Working in 
emergency restricts the room for maneuver and makes the least avoidable difficulties. When it is 
necessary do something, the employee works the fastest and not the most comfortable” 


For Wisner (1994), the notion of workload comprises the outcome of regulatory processes of variables 
present in the activity undertaken by workers. The load increases to the extent that decreases the front to 
the surgical variables work situations. That same understanding, Wisner (1987) adds that the worker is the 
same person who comes into their lives and many ordinary activities during the 24 hours per day that has. 
The work is an organized activity, often in extreme form, where the contract work is heavily imposed by 
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controlling the arrival and departure from work, cadences and working procedures, attitudes toward 
management and clientele. The organization of these activities is established for workers in general and 
often do not take into account the individual characteristics of each and variations of its possibilities. 
Although the work can become a dangerous element to the mental health of the worker when it opposes 
its free activity, it can also become a source of pleasure for the individual when the work favors a 
discharge of psychic energy to the task permits and thus the individual can be refreshed by it (Dejours, 
2006). 


Following that understanding, it is imposed to ergonomics the assessment of human work organization in 
a broader way that inserts the individual in a social context which causes impact in the life and well-being 
of the individual and which may take him to situations with higher or lower physical and/or mental stress. 


Ergonomics may also contribute in the service sector for defining the work situations in terms of the 
required organization and competences (Boucheix et al, 2007) and also through the analysis of the activity 
performed by the worker, aiming to understand the organization according to its execution conditions 
(internal and subjective or external and linked to the task itself), subjected to the variables and regulations 
inherent to each work activity analyzed. Therefore, the work situation is presented as mutable, variable 
and active. “[...] It is possible to consider that, effectively, organization changes, it is not a fixed datum. It is 
mentioned as 'new organizations' or “new ways of organization'” (Maggi and Tersaac, 2004, p.108). 


3 The work of manager  
For Davel and Melo (2005) the manager is an “agent” who acts in systems of representation of reality and 
does not simply play a role – which is necessary and derives from the growing bureaucratization of 
organizations -, but he is also part of a process in which more and more frequently are involved influence, 
interaction, schemes of symbolization (organizational culture management, identity), domination (control 
and persuasion) and assimilation (capacity to continuously learn) 


The role of managers facing their staff is to break paradigms from the past and the traditional way of 
doing the job in an efficient way in order to obtain bigger productive profits (Zamora and Poriet, 2011). 
Therefore, the manager is responsible for controlling the work of the employees and for representing 
them in the internal power structures. He also needs to coordinate the dynamism and the specificities of 
each work sector, aiming to reach goals, satisfy customer's demands and reach minimal levels of quality in 
the provision of hotel services, besides being submitted to control parameters imposed by the higher 
administration staff of the company. 


The productive system is dynamic and because of that requires the supervision of the manager in a 
prement way, due to its variability and diversity. The activity of supervision of the manager comprises 
aspects which are not always conciliable (Lacomblez and Teiger, 2007; Dwyer, 2006).  


For Dwyer (2006), the relations of people with the job happen through social relationships established 
between workers and employees, which are conflicting most times due to the way tasks are managed in 
the organization. Dwyer (2006) adds that the existing social conflicts between the superior members of an 
organization and their subordinates are understood in three levels of social relationships named: reward, 
command and organizational, as shown in figure 4. 
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Figure 4: The workplace and the relation between the levels. Source: Dwyer, 2006, p.142. 


Figure 4 shows that there is no hierarchy between the levels of social conflicts that exist at work, though 
they are defined by the term “level”. The level of reward refers itself to the use of financial stimulus or 
organizational stimulus to encourage the performance of workers at the job. The organizational level is 
related to the stage of knowledge of the workers on the tasks which are given to them, so it’s demanded 
from the manager’s the adequate coordination concerning the division of work, structure and interaction 
of tasks by the work sectors. The command level is identified by both workers and managers in the 
attempt to control one behavior to be considered undesirable for the job. Another level of reality may be 
identified in picture 4, known as the individual-member, which is considered by some psychologists as 
responsible for everything concerning the job itself, due to the psychological, cognitive and physiological 
autonomy each individual possesses to behave in a desirable or undesirable way for the employers 
(Dwyer, 2006). 


Dwyer (2006, p.141) states that the importance each one of the levels has “is not given a priori; on the 
contrary, it is constructed in the workplace and may vary from one moment to the other, and through 
these variations, any or all of the levels may play a role in the management of the relations between 
workers and their work”. Therefore, the social relation of work may be understood by the way the 
relations between workers and their work are managed and  also the organizational conflicts and/or work 
accidents are a result of the social relations of work, and accordingly, are produced because of the 
functioning of the levels aforementioned (Dwyer, 2006).  


The manager activity is presented by (2002) as inserted in aspects of ergonomics, once the decisions 
taken by the high administration of the company are also affected by the perception and experience of 
managers concerning the changes that occur in the ambient outside the company and which cause some 
impact to the organization. On that aspect, ergonomics presents itself as an element that contributes to 
an improved conception of work and a guidance for a better organizational development. 


To Petrocchi (2002), is a major challenge for managers in the contemporary organization the task of 
managing people in hotel companies because of assignments related to the execution and administration 
of a company marked by the seasonality of the sector itself, while it requires from the hotel manager the 
performance of their own skills to cope with reduced turnover, reduced costs, maintenance of service 
quality, motivated employees, and promote attitudes that emphasize interpersonal relationships with 
courtesy and kindness among workers and primarily to guests (Petrocchi, 2002). 
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4 Conclusions 
The service sector has progressively incorporating managerial technologies and models similar to the 
ones developed in industry. The choice of Service Sector as an object of study is justified, among other 
reasons, by the gradual growth of the sector in recent years, besides representing the economic sector 
which employs most people in Brazil, the country where the study is developed. 


The ergonomics approach, from a macroergonomics perspective, is herein used aiming to understand the 
work of managers and assess the impacts of the job on their health and in the quality and productivity of 
the lodging service in a hotel. 


The current article is the result of an ongoing research, and it formulates de hypotheses, yet to be verified, 
that the competitive market in the hotel sector on a global scale, has implied the implementation of 
processes of rationalizing the work which feature the strong use of technologies of information and the 
reduction of staff and also the increase of production goals. The result is an increase in the work density, 
decreasing free time and health stress both to workers and managers (the focus of the article). 
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Abstract 


Management systems (such as ISO 9000, ISO 14000 or similar) have become worldwide the most commonly accepted 
series of business standards, and certification to one of these standards is becoming a necessary precondition for a 
company’s survival in the future. Literature review collects different kind of relationships between management 
systems (MS) and business performance. The purpose of this study is the effectiveness and validity of MS, in 
explaining key factors in their achievement of business success. This work is original because there is very little 
evidence about this topic in Argentina. In order to understand the effect of MS implementation on firm performance, 
management systems certified and non-certified firms were investigated statistically to determine any significant 
difference between them. The sample has 3767 Argentina small and medium manufacturing companies, and data was 
collected in 2008. The methodology consists in statistical analysis – using Pearson's chi-squared test (χ2)- in a set of 
variables (size; presence in market; organizational structure; employment level; investment; innovation; training; 
exporting activities). Results evidence, statistically tested, that small and medium companies which have MS 
implemented and certified have some common characteristics: are larger, have been in market long time, their 
organizational structure is complex, they have more exporting activities, and they do efforts on investments, 
innovations & training. 


Keywords: management systems; business performance; small and medium companies; Argentina.  


1. Introduction 
Competitiveness is becoming very aggressive in the last decades. The competition of companies for their 
dominance in their market has become tougher than the competition on products themselves.  


Globalization of markets and increased competition has led to a focus on the satisfaction of customers’ 
needs as a means of obtaining competitive advantage and even ensuring survival. One of the major 
strategic changes that have occurred in recent years in many organizations striving to satisfy customers’ 
needs is an emphasis on quality and the adoption of a Total Quality Management perspective. In this 
context, Quality management represents one of the most significant research themes in operations 
management.  


ISO 9000 and similar management systems (MS) have become worldwide the most commonly accepted 
series of business standards, and certification to one of these standards is becoming a necessary 
precondition for a company’s survival in the future. 


The effective deployment of ISO 9000 quality management system has been widely recognized in recent 
years as a means of building sustainable competitive advantage and thereby enhancing firm performance. 
ISO 9000 standards are internationally recognized and designed to demonstrate that the supplying 
organization has achieved a basic level of quality by the formalization and documentation of its quality 
management system (Koc, 2007).  
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The literature review shows several studies that analyze the relationships between quality management 
systems and competitive advantage (Naveh et. al., 2005; Briscoe et. al., 2005), business performance (Hui 
et. al., 2001; Dick et. al., 2008; Tsiotras  et. al., 1996; Zhelyazkov, 2010; Terziovski et. al., 2005; Martínez-
Costa et. al., 2007; Han, 2000; Rahman, 2001; Singh, 2007; Tsekouras et. al., 2002; Nair, 2006; Dissanayaka 
et. al., 2001), operational performance (Feng et. al., 2008; Tzelepis et. al., 2006; Koc, 2007) and financial 
results & profitability (Dimara et. al., 2004; Heras et al, 2002a; Heras et al, 2002b; Sharma, 2005; Corbett et 
al., 2005; Corbett et al., 2002; Urbonavicius, 2005).  


The papers examined base their findings on several countries or regions such as: United States of 
America, Euro zone and some European countries (Spain, Greece), Australia and Asia countries. No 
evidence was found in Latin America or Argentine.   


The purpose of this study is the effectiveness and validity of management systems (such as ISO 9000, ISO 
14000 or similar), in explaining key factors in their achievement of business success. This work is original 
because there is very little evidence about this topic in Argentinean small and medium manufacturing 
companies.  


In order to understand the effect of MS implementation on firm performance, management systems 
certified and non-certified firms were investigated statistically to determine any significant difference 
between them.  


The hypothesis of the study is that “certified companies show better business performance -in the 
variables selected - than non-certified small and medium business”. 


Nelson & Sampat (2001) affirm that organizations are represented by a set of skills and routines that 
guide economic actions. In the routines is where lies the knowledge and skills of companies and their 
diffusion depend on the institutionalization process that occurs within the companies.  


From this perspective, the implementation of any management system, and further the process of 
implementation and certification of standards, represents changes in routines. This means a major 
transformation in the organizational culture.  


There are diverse determining factors that could explain the competitiveness of companies. The interest of 
this study is to understand its behavior in the case of firms which have a MS.  


In this context, Alvarez & Crespi (2001) explain that there is a relationship between the company’s size 
and the strategies to manage their business, describing that small companies can obtain advantages 
using production technologies (such as Quality Management Systems) or other flexible strategies.  


On the other hand, the characterization of Argentina SMEs (Yoguel et. al., 1998) express that it is highly 
relevant knowing the accumulate experience they have on business management and how it influence on 
competitive strategies in medium and long term.  


In the same direction, Sisson & Artiles (2001) express the direct relationship between employment 
evolution and firm performance. This researcher explains that the relation of workers with companies is 
changing from a traditional view to one more complex, based on three principles: employment, 
competitiveness and cooperation.,  


Another important variable that connects business performance and MS is innovation. Several studies 
(Prajogo et al, 2001; Perdomo-Ortiz et. al., 2004) affirm that MS impacts positively on the innovation 
processes within companies. Also, training activities have shown to be a key factor to help to sustain and 
improve certified MS (Novick, 2002).   


Thorn (2005) express that companies which export obtain rates of productivity based on the fact of being 
involved in global markets, with higher requirements than local markets. This effect is called “learning by 
exporting”. And MS are an excellent organizational device to contribute this learning process.  
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In this global context, the certification of quality systems is understood as a needed step (but not 
compulsory) in the way to find excellence and a higher competitiveness (Villavicencio et. al., 2002; Shiba, 
1995; Merli, 1994).  


2. Methodology 
A survey instrument was developed to gather quantitative data. This instrument was designed for a 
national government program, and researchers didn’t participate on its elaboration. In this case, the 
database was provided for the government and variables for the study were selected from the ones 
available in the survey instrument.  


Based on the research framework, the study focus on the research question that deals with the 
performance improvement of firms as a result of a quality management systems certification. Therefore 
the study will examine if there is a significant difference between the MS certified and non-certified firms 
in relation to the firm performance.  


The hypothesis is based on firm performance, but the measure of “performance” is an indirect and 
complex variable and it is not available on database. In this case, based on the data available, the variables 
selected from survey form are related to their own resources and capabilities (Barney, 1991), that lead 
these companies to have a better performance.  


The list of variables selected is: a) size; b) presence in market; c) organizational structure; d) employment 
level; d) investment; e) innovation; f) training; g) exporting activities. Each variable is classified in two or 
three different categories.  


The statistical analysis is based on the Chi-Square test for independence. This test, also called Pearson's 
Chi-square test, is used to discover if there is a relationship between categorical variables. The analysis 
consists in the comparison of certificated companies vs. non-certificated ones, according of the group of 
variables chosen.  


3. Description of the sample  
The data used in this research belongs to sixth survey of the Programme “Monitoreo Aplicado a la 
Pequeña y Mediana Empresa” (MAPA PyME). This national government program collected data from 3767 
manufacturing small and medium enterprises (SMEs) in Argentina, between October and December 2008.  


The sample was selected from National Economic Census of 2005, and the companies surveyed where 
those in the range of 4 to 250 employees. All industrial sectors are included in the sample and all regions 
into the country as well. The sample is highly heterogeneous on the typology of industries involved. As 
shown in Table 1, the sample was represented by the following industries:  


Table 1: Industries in the sample 


Industry Quantity of firms Percentage Industry Quantity of firms Percentage
Manufacturing of wearing 
apparel; finishing and dyeing of 
fur 


165 4,4 
Furniture and related products 
manufacturing  


101 2,7 


Tanning and dressing of leather; 
manufacturing of luggage, 
saddlery and footwear and parts 


292 7,8 
Paper and paper products 
manufacturing 


118 3,1 


Publishing and printing, 
reproduction of recorded media 


251 6,7 
Plastic and rubber products 
manufacturing 


267 7,1 


Manufacturing of food and 
beverages 


753 20 
Metal products manufacturing, 
except machinery and equipments 


391 10,4 


Manufacture of auto parts, motor 
vehicle parts, trailers and 
semitrailers 


202 5,4 
Non-metallic mineral products 
manufacturing 


198 5,3 


Manufacturing of machinery and 84 2,2 Textile products manufacturing 174 4,6 
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electric appliances 
Manufacturing of machinery and 
equipments 


330 8,8 
Chemicals and chemical products 
manufacturing 


279 7,4 


Metals manufacturing 48 1,3 Other manufacturing activities 114 3 
Source: Own preparation 
 
The size of these companies reveals the following distribution: 929 firms have less than 10 employees, 
1714 have between 11 and 50 employees, and 1066 have over 50 people. In the sample, there is an 
average of 19.93 years.  


The Table 2 shows the proportion of companies which have implemented a management system and 
those which don’t have one.  


Table 2. Companies with Management Systems  


Strategies of implementation of Management Systems Frequency Percentage 
None  Management Systems 2998 79,6 % 
Implementation of a Management System 769 20,4 % 
Total 3767 100,0 % 
Source: Own preparation 


 
The first evidence of this study show that a low proportion of manufacturing SMEs in Argentina have a MS 
certified (20.4%). The Figure 1 presents the different types of MS certified and implemented in the group 
of 769 companies. There is a high proportion of firms (63%) which have implemented ISO 9000 or similar 
quality management system, while the rest of certifications are distributed among Environmental 
Management Systems –such as ISO 14000- (15%) , Safety Management Systems -OHSAS 18001 for 
example- (11%), or other systems (10%).  


 
 


 


 


 


 


 


 


 


 


 


 


Figure 1: Management Systems certified on sample. Source: Own preparation 


4. Results and discussion  
In this section, results are presented and discussed. We show the statistical analysis, where certified firms 
are compared to non-certified companies. The variables chosen for that comparison are detailed in 
“methodology” section.  


4.1. “Size” variable 
The data reveals that almost half of the sample (48.4%) with a quality management system belongs to 
companies which have over 50 employees. This result shows that larger firms tend to implement these 
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systems than smaller companies. A possible explanation is that, as companies grow, the management 
needs to become structured and formalized, and MS helps in that way.  


On the other hand, very few micro-companies have made efforts to certificate any kind of management 
systems. The proportion is very low (14.8%). This could be explained on the lack of resources (technical, 
human and financial) of these firms to get involved in certification process.  


Table 3. “Size” variable in certified and non-certified firms.  


“Size” Variable Firms with no management system Firms with management system 
Frequency Percentage Frequency Percentage 


Micro (less than 10 employees) 817 27,7% 112 14,8% 
Small (between 11 and 50 employees) 1435 48,6% 279 36,8% 
Medium (more than 50 employees) 699 23,7% 367 48,4% 
Total 2951 100% 758 100,0 % 
Source: Own preparation 
Pearson's chi-squared test (χ2): 186,694; 2degres of freedom ; 0,000. 


 
As a preliminary conclusion, seen in Table 3, there is statistic significance between the “size” variable and 
the implementation of MS. So it is possible to affirm that size is a relevant factor in this study.   


4.2. “Presence in market” variable 
The presence in market is typified in three categories: a) new companies; b) young companies; c) mature 
firms. As shown in Table 4, the results evidence that firms with more than 15 years have a tendency to 
implement a MS, because a more than half of the sample (55.7%) of them have. Companies with less than 
15 years show low percentages of MS implementation.  


Table 4. “Presence in market” variable in certified and non-certified firms.  


“Presence in market” Variable Firms with no management system Firms with management system 
Frequency Percentage Frequency Percentage 


New companies (less than 5 years old) 531 17,7% 89 11,6% 
Young companies (between 5 and 15 
years old) 


1082 36,1% 251 32,7% 


Mature companies (more than 15 years 
old) 


1381 46,1% 428 55,7% 


Total 2994 100% 768 100,0 % 
Source: Own preparation 
Pearson's chi-squared test (χ2): 27,797(a); 2 degrees of freedom; 0,000. 


 


A possible conclusion of these results is that evolution of firms in markets pushes them to become more 
efficient and profitable, and there is evidence in many cases, the certification of a MS is a necessary 
condition to operate in specific markets. And it is common that companies, as they grow, need to 
formalize their management activities and a MS implementation is very useful.  


4.3. “Organizational structure” variable  
In the analysis of the organizational structure of the firm, it was asked if the firm has a specific department 
such as: Engineering, Quality, Design or Research & Development (R+D). This question was standardized 
in three categories: a) no specific department, b) only one specific department, c) more than one specific 
department.  


The results reveal that 41.5% of the sample with a MS certified has at least two different departments, 
while 84.6% of the companies surveyed with no MS said they have no specific department. On the other 
hand, only the 11.4% of firms with no MS, have a structure that includes more than one specific 
department.  


It is possible to deduce that organizations with a MS tend to implement a more complex structure. 


Table 5. “Organizational Structure” variable in certified and non-certified firms.  
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“Organizational Structure” Variable Firms with no management system Firms with management system 
Frequency Percentage Frequency Percentage 


No specific department 2536 84,6% 395 51,4% 
Only one specific department 121 4,0% 55 7,2% 
More than on specific department 341 11,4% 319 41,5% 
Total 2998 100% 769 100,0 % 
Source: Own preparation 
Pearson's chi-squared test (χ2): 416,199(a); 2 degrees of freedom; 0,000. 


 


4.4. Employment evolution 
The analysis about employment evolution was tipified in three categories: a) employment rise, b) 
employment with no changes, c) employment decrease. Table 6 shows that 51.6% of companies with a 
MS certified have a rise on employment level, while companies with no MS certified have just a 35.1% of 
the sample with employment rise. On the other hand, a decrease on employment level is higher in non-
certified firms (23.8%) than certified ones (19.2%). This analysis was verified statically using Pearson's chi-
squared test (χ2).  


Table 6 “Employment evolution” Variable in certified and non-certified firms. 


“Employment evolution” Variable Firms with no management system Firms with management system 
Frequency Percentage Frequency Percentage 


Employment decrease 713 23,8% 148 19,2% 
No change at employment 1233 41,1% 224 29,1% 
Employment rise 1052 35,1% 397 51,6% 
Total 2998 100% 769 100,0 % 
Source: Own preparation 
Pearson's chi-squared test (χ2): 71,795(a); 2 degrees of freedom; 0,000. 


 


It could be deduced that those companies which have adopted a MS help to have an increase in labor 
force. 


   


4.5. “Exporting activities” variable 
In this analysis, the variable “exporting activities” is categorized in three types: a) no exporting activities in 
2007 and 2008; b) exporting activities in 2007 or 2008; c) exporting activities in 2007 and 2008.  


The first analysis shows that the quantity of SMEs that have international selling activities is 1547 firms. 
According to Table 7, 41.1% of the complete sample export products.  


The results of comparison analysis are shown in Table 7. A high proportion of firms with no MS certified 
(64.0%) had no exporting activities, while a 61.0% of the sample which has a MS has had exporting 
activities in the period of analysis.  


Table 7 “Exporting activities” Variable in certified and non-certified firms  


 “Exporting activities” Variable Firms with no management system Firms with management system 
Frequency Percentage Frequency Percentage 


No exporting activities in 2007 & 2008 1920 64,0% 300 39,0% 
Exporting activities on 2007 or 2008  930 31,0% 387 50,3% 
Exporting activities in 2007 and 2008 148 4,9% 82 10,7% 
Total 2998 100% 769 100,0 % 
Source: Own preparation 
Pearson's chi-squared test (χ2): 163,174(a); 2 degrees of freedom; 0,000. 


 
As it is known, the results can be explained on the need of companies to have a MS certified to sell 
manufacturing products in international markets.  
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4.6. “Investment” variable 
In this study, it was asked if companies make investments efforts to change technology, adapt production 
process, develop new products, etc.  The variable was classified in three types: a) No investment in 2007 & 
2008; b) Investment on 2007 or 2008; c) Investment in 2007 & 2008. No data about amount of investment 
was informed in the survey.  


As shown in Table 8, the data analyzed express that firms with MS have had more investments efforts than 
non-certified companies, during the period of the study. Almost half of the sample (47.9%) with no MS 
has done no investments. On the other hand, companies with MS have done investments efforts in 2007 
and 2008 (18.2%) is higher than those companies without MS (8.1%).  


Table 8 “Investment” Variable in certified and non-certified firms  


“Investment” Variable Firms with no management system Firms with management system 
Frequency Percentage Frequency Percentage 


No investment in 2007 & 2008 1435 47,9% 268 34,9% 
Investment on 2007 or 2008  1321 44,1% 361 46,9% 
Investment in 2007 & 2008 242 8,1% 140 18,2% 
Total 2998 100% 769 100,0 % 
Source: Own preparation 
Pearson's chi-squared test (χ2): 80,042(a); 2 degrees of freedom; 0,000. 


 


4.7. “Training” variable 
The “training” variable is typified in two: a) training; b) no training. According to Table 9, a very high 
proportion of MS certified firms (89.7%) do training activities to the staff. In the group of no certified 
companies, almost half of them (46.0%) do training activities.  


Table 9. “Training” Variable in certified and non-certified firms   


“Training” Variable Firms with no management system Firms with management system 
Frequency Percentage Frequency Percentage 


No training 1620 54,0% 79 10,3% 
Training  1378 46,0% 690 89,7% 
Total 2998 100% 769 100,0 % 
Source: Own preparation 
Pearson's chi-squared test (χ2): 473,394 (b); 1 degree of freedom; 0,000. 
 


The evidence suggests that MS “forces” companies to plan and execute training activities to all staff.  


4.8. “Innovation” variable 
The variable “innovation” can focus on new products/services, new process and/or new organizational 
structure. In this study, the variable was considered only in terms of products. In the survey form, the 
“innovation” variable was categorized in three types: a) No innovative product in market; b) Only one 
innovative product in market; c) More than one innovative product in market.  


According to Table 10, 64.5% of certified companies have made efforts to introduce new products into 
markets, while just 31.5% of non-certified firms have produced innovative products.  


Table 10. “Innovation” Variable in certified and non-certified firms   


“Innovation” Variable Firms with no management system Firms with management system 
Frequency Percentage Frequency Percentage 


No innovative product in market 2052 68,4% 273 35,5% 
Only one innovative product in market 544 18,1% 313 40,7% 
More than one innovative product in 
market 


402 13,4% 183 23,8% 


Total 2998 100% 769 100,0 % 
Source: Own preparation 
Pearson's chi-squared test (χ2): 287,031 (a); 2degrees of freedom; 0,000. 
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These results, which have statistical significance, reveal that there is a positive relationship between 
innovative process and management systems.  


5. Discussion of findings 


In this study, it was possible to verify statistically, using Pearson's chi-squared test (χ2), that the small and 
medium manufacturing companies in Argentina which have implemented MS have better performance 
than companies without these systems. 


The high number of firms involved in the research (3767 cases) assures the relevance and statistical 
significance of the sample. Each variable and its analysis are presented to validate the conclusions of this 
exploratory study.  


In the case of “firm size”, it was found to be a relevant factor. MS certified companies have large size, in 
terms of employment, than those non-certified firms. A possibility to support this finding is that the MS 
collaborates companies to grow and so have the resources and skills to survive in market.  


The time that companies have been in market has become a critical factor. In general, young companies 
have a low degree of operations formalization, while MS provides mature firms with an adequate “system” 
to manage the company.  


The results show that companies with MS have a complex organizational structure. The implementation of 
these systems needs that the firm has a solid and highly interconnected management, to support the 
activities of business. 


There is a positive relationship between MS certified and human resources. MS pushes companies to grow 
and have a rise in employment level. A possibility to explain is the need of specialized HR to support the 
complex activities of the management and to contribute to higher production rates.  


In the case of investment efforts, SMEs with MS implemented need extra resources to maintain and 
develop different activities related to the implementation of new or better processes.  


Training variable is highly critical, it was verified that training is absolutely needed to help the MS firms to 
keep the system operating and to work in the continuous improvement of it and company´s activities.  


In the case of innovation, the analysis express that MS certified companies have a positive tendency to 
develop product´s innovations.  


Lastly, the exporting activities are correlated to MS firms in this sample. The “learning by exporting” effect 
could be considered within the management system activities.  


6. Conclusions 
In this study, it was observed and statistically tested that small and medium companies which have MS 
implemented and certified have some common characteristics: are larger, have been in market long time, 
their organizational structure is complex, they have more exporting activities, and they do efforts on 
investments, innovations & training. We concluded that we could validate our hypothesis.  


As a summary, it can be said that the implementation of any of these management systems in SMEs in 
Argentina is a necessary - but not unique - step to increase competitiveness in global and local markets.  


As limitations of this study, researchers suggest that a deeper theory is needed that can incorporate bi-
directional influences, because the statistical test used only can explain the existence of a relationship 
between variables, but there is no evidence about the causal link.  


Future research needs to explore, for example, cause and effect analysis, the behavior of these variables in 
different industries or in different regions within the country. Comparison analysis to other studies can 
provide further evidence to understand the effect of MS.  
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Abstract 


This work analyzes the Corporate Sustainability Index (ISE) with the main objective of disclosing the performance of 
sustainable investments in the Brazilian stock market, during the period from December 2005 to December 2010. We 
mainly use the following measures: Sharpe, Treynor, Jensen, Sortino, Modigliani & Modigliani, and Omega. Our 
results show that, although there is evidence of promising potential, sustainable investments did not achieve a 
satisfactory financial performance in the analysis period, thus indicating that the constraints imposed by this type of 
investment in capital allocation in the country were not sufficient to affect its economic environment. As the adoption 
of criterions that demand high performance of companies in relation to sustainability issues become mandatory, 
these investments will tend to add value. 


Keywords: sustainable investment; socially responsible investment; corporate sustainability index; portfolio 
performance analysis. 


1 Introduction 
The concept of sustainability is increasingly evident in the capital markets and has had consequences for 
investment activities and for the missions of the global stock exchanges. The most important 
consequence of the inclusion of sustainability in capital markets was the creation of a new type of 
investment – the sustainable investment (SI) – which primarily aims at including environmental, social and 
corporate governance (ESG) factors in traditional investment activities.  


With the objective of stimulating this investment approach, in 2006, the United Nations (UN) established 
the Principles for Responsible Investment (PRI), which consists of an international network that puts into 
practice six basic ESG principles. These principles reflect the view that ESG factors may affect the 
performance of investments and, therefore, that they must be taken into account by all investors. In 
addition, due to the evolution of SIs, financial reports have undergone an integration process, as it began 
to be necessary to incorporate new, relevant, non-financial information so that investors could check the 
real performance and risk of companies. In this context, thousands of companies have already adhered to 
initiatives such as the Global Reporting Initiative (GRI), the Carbon Disclosure Project (CDP) and the Green 
House Gas Protocol Initiative (GHG Protocol). 


According to the World Federation of Exchanges (2010), stock exchanges worldwide have become 
increasingly active regarding sustainability-oriented issues. In this context, initiatives regarding the 
promotion of products and services to sustainable investors and the development of specific markets for 
SI niches stand out most. As for sustainable products and services, there has been a growing release of 
stock indices based on companies selected on the basis of their ESG performances. In relation to the 
development of specific markets for SI niches, greater attention to issues related to climate change is 
currently observed. The global commitment to mitigating these changes has resulted in the 
implementation of control systems for greenhouse gas (GHG) emissions, thus introducing specific carbon 
markets to stock exchanges. 
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1.1 Problem Situation and Objectives of the Article 
Although Brazil is the seventh largest world economy (World Bank, 2011), it still faces great ESG 
challenges. On social-environmental aspects, the country has very unsatisfactory levels of income 
distribution, access to basic utilities and GHG emissions (Central Intelligence Agency, 2011; United Nations 
Development Programme, 2011; McKinsey & Company, 2009). For corporate governance, although the 
field has improved significantly in past years, the country still has issues that need to be addressed to 
continue this progress (Brazilian Institute of Corporate Governance, 2010). Therefore, in Brazil, SIs may 
contribute significantly to improve the situation of the country to support a sustainable capital market 
and sustainable development. 


However, given that the aim of investors is to maximize their wealth, they will not feel motivated to 
perform SI if there is no evidence that such applications will bring satisfactory returns for their assumed 
risk. Considering these arguments, the objectives of our work are to analyze the historical performance of 
SIs in the Brazilian stock market and to observe whether SIs are actually attractive applications. To do so, 
we analyze the performance of the Corporate Sustainability Index (ISE) of the BM&FBOVESPA (Brazilian 
Mercantile, Futures and Stock Exchange) against its benchmark and against other sectoral indices. The ISE 
is regarded as a benchmark of a theoretical portfolio comprised of stocks of companies selected 
according to their ESG performances. 


The importance of this work is its ability to support governmental and academic sectors, companies, 
investors and other players interested in the disclosure of SI results in the Brazilian stock market, thus 
assisting in the development of their policies, research, strategies and investments. 


1.2 Article Structure 
This article is divided into five sections. The first section approaches the sustainability scenario in the 
capital markets, the problem situation and the objectives of our work. The second section explains the 
main concepts and conducts a literature review. The third section describes our research methodology. 
The fourth section presents and discusses the results. Finally, the fifth section summarizes the main results 
and conclusions of the study and proposes topics for future papers. 


2 Concepts and Literature Review 


2.1 Sustainable Investment 
The term “sustainable” became globally known in 1987 after the introduction of the concept of 
sustainable development in the Brundtland report of the UN’s World Commission on Environment and 
Development. Based on this document, sustainable development meets the needs of the present without 
compromising the ability of future generations to meet their own needs (Brundtland, 1987). Sustainable 
investing, in turn, is a concept in evolution and can be defined as a process that integrates ESG factors 
into investment analysis, stock selection and active ownership practices into the belief that these factors 
can improve long-term risk management and, therefore, that they may increase the investments’ expected 
returns (International Finance Corporation, 2011a). 


However, there are several other concepts similar to SI, such as socially responsible investment, ethical 
investment, impact investment and green investment. Although they use different expressions, all these 
concepts share concerns about incorporating ESG factors into investment analysis and management. 
Because the term “sustainable” comprises, in a broader sense, issues related to ESG factors, we chose to 
use SI terminology in this article. 
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2.1.1 Strategies 
According to the Forum for Sustainable and Responsible Investment (2010), there are three main SI 
strategies: ESG incorporation, shareholder advocacy and community investing. Table 1 briefly describes 
these strategies. 


Table 1: Main sustainable investment strategies 


Strategy Description 


ESG incorporation 
The explicit incorporation of ESG factors into the investment process (which includes 
negative screening, positive screening and ESG integration) 


Shareholder advocacy 
Actions sustainable investors take as asset owners (e.g., communicating and filing or 
co-filing shareholder resolutions on ESG issues) 


Community investing 
Providing access to credit, equity, capital and basic banking products to communities 
that are underserved by traditional financial services 


Source: Forum for Sustainable and Responsible Investment (2010). Made by the authors. 


The ESG incorporation strategy comprises three main sub-strategies. Negative screening excludes assets 
of companies, the main sources of income of which are related to goods and services that generate 
negative externalities to society (“sin” stocks). Positive screening selects assets of companies that have the 
best ESG performances, based on pre-selected criteria (this sub-strategy includes the best-in-class 
approach, which aims to select assets of companies with the best ESG performances in each economic 
sector). ESG integration explicitly includes ESG risks and opportunities in traditional financial analysis.  


The three main SI strategies are non-excludable and may be used in a supplemental manner. 


2.1.2 Return and Risk Characteristics of Sustainable Investment Portfolios  
Rudd (1981), Grossman and Sharpe (1986), Diltz (1995) and Bello (2005) undertook financial analyses of 
the return and risk characteristics of portfolios formed based on the first SI strategy displayed in Table 1. 
In the first two studies, the authors shared the idea that any constraint imposed on a selection of assets 
would only reduce or maintain investors’ maximum possible utility. Grossman and Sharpe (1986) 
emphasized that, when SI portfolios face constraints, they may only obtain some incremental risk 
premiums if they are sub-optimal. Rudd (1981) pointed out that screening strategies (negative or positive) 
bias portfolios, as they exclude assets and force the concentration on others, making impossible the 
obtaining of market portfolios. In addition, Rudd (1981) stated that, due to the constraints imposed by 
screening strategies, SIs increase a portfolio’s diversifiable risk, which is not necessarily offset by an 
increase in expected return, and the portfolio’s performance is harmed. Diltz (1995) and Bello (2005) 
carried out empirical tests and observed that SIs have statistically similar financial performances, as 
compared to the other investments. 


2.1.3 Evolution 
According to the Forum for Sustainable and Responsible Investment (2010), the first signs of SI strategies’ 
implementation occurred centuries ago and originated with religious investors, who predominantly used 
negative screening strategies in the capital allocation process. In the beginning of the 20th century, it was 
possible to observe the establishment of the first SI mutual funds, still strongly based on negative 
screening strategies. From the 1970s on, SI strategies became more active. Sustainable shareholders and 
investors began to adopt negative screening strategies on a smaller scale, acting more actively regarding 
the ESG issues of invested companies and considering several sustainability dimensions in investment 
analysis. However, in the last decades, there has been an improvement in the discussion of SI, and such 
concepts have been substantially consolidated. This development may be corroborated by the growing 
establishment of local and regional organizations that promote such types of investments. The most 
important of these organizations are the Forum for Sustainable and Responsible Investment (US SIF, 
established in 1981) and the European Sustainable Investment Forum (Eurosif, established in 2001). 
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2.2 Sustainability Indices in the Stock Market  
According to the International Finance Corporation (2011b), the sustainability indices in the stock market 
have the objective of representing a theoretical portfolio of shares of local, regional or multinational 
companies selected based on ESG factors and thus in compliance with SI strategies (notably ESG 
incorporation). The organizations that provide these indices are mostly stock exchanges, private 
companies that offer financial services and, on rare occasions, non-governmental organizations 
specializing in sustainability. 


Sustainability indices typically use the three main SI factors (environmental, social and corporate 
governance) to assess companies’ performances. However, some indices use only one or two. These ESG 
factors are broken down into assessment metrics and indicators, the aim of which is to quantify the ESG 
performances of the assessed companies, rank them and indicate whether the companies stay or are 
excluded from the index. 


The first sustainability index in the world – named the Domini 400 Social Index (DSI) – was launched in 
1990 and is currently known as the MSCI KLD 400 Social Index. Over the last decade, several sustainability 
indices were launched, with the Dow Jones Sustainability Index (DJSI) series (in 1999) and the FTSE4Good 
Index series (in 2001) as the most prominent. In the emerging countries, the first launched index was the 
Johannesburg Stock Exchange Socially Responsible Investment Index (JSE SRII, in 2004). The second was 
the Corporate Sustainability Index (ISE, in 2005). There were very few relevant academic studies that 
analyzed the performance of these indices, due mainly to their short period of existence. In this context, 
we can highlight the works of Sauer (1997), Statman (2000), Schröeder (2007), Fowler and Hope (2007), 
Collison, Cobb, Power, and Stevenson (2008), Consolandi, Jaiswal-Dale, Poggiani, and Vercelli (2009),  
Machado, Machado, and Corrar (2009), and Cavalcante, Bruni, and Costa (2009). 


2.2.1 The Corporate Sustainability Index (ISE) 
The ISE was launched in December 2005 by means of financial and technical support from the World 
Bank’s International Finance Corporation (IFC), and its main objective is to be a voluntary adhesion index 
that reflects the return of a theoretical portfolio composed of stocks of a maximum of 40 companies 
selected based on their ESG performances.  


To participate in the ISE, the stock of a prospective company must belong to the group of the 200 most 
traded stocks in the BM&FBOVESPA and must have been traded in at least 50% of the trading sessions 
occurring during the 12 months before the beginning of the reassessment process of the portfolio. In 
addition, the company must not be under some legal situations.  


The performance of the prospective companies is assessed using a specific questionnaire developed by 
the Getúlio Vargas Foundation Center for Sustainability Studies (GVces), which is constantly upgraded. 
The information provided in the questionnaire is supported by official documentation and is checked by 
the GVces before defining the portfolio of the index. The evaluation is based on seven basic factors: 
environmental, social, economic, nature of the product, corporate governance, climate change and 
general. The questionnaires’ answers are statistically analyzed using cluster analysis, which identifies the 
groups of companies with similar performances and indicates the group with the best general 
performance. This selected group is still analyzed by the ISE Deliberative Council, chaired by the 
BM&FBOVESPA. 


The ISE portfolio is renewed on an annual basis and, from 2010 on, the effectiveness of the ISE portfolio 
has been measured over the period from the first business day of January of each year to the last business 
day of December of the same year. 
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3 Methodology 
As mentioned above, the objectives of this paper are to analyze the historical performance of SIs in the 
Brazilian stock market using the ISE as a benchmark of a theoretical portfolio comprised of stocks of 
companies selected according to their ESG performances and to observe whether SIs are actually 
attractive applications. Therefore, the study only considers SIs derived from the ESG incorporation 
strategy (see Table 1). 


To achieve this aim, the ISE’s performance is compared to the BOVESPA Index (representing the market 
portfolio) and the other BM&FBOVESPA sectoral indices existing since it was launched (see Table 2). To do 
so, we use level of liquidity, return indicators and risk indicators, as well as the following performance 
measures: Sharpe, Treynor, Jensen, Sortino, Modigliani & Modigliani and Omega. These performance 
measures are discussed in Section 3.1. For the performance analysis, we use the Interbank Deposit 
Certificate (CDI) as the risk-free rate. 


Table 2: Acronym, name and launch of the analyzed indices 


Source: Made by the authors 


The study covered the period from December 1, 2005, to December 30, 2010 (which included the first five 
ISE portfolios). Therefore, there were 1,257 daily observations of the return of the indices. The daily 
quotations of the indices mentioned in Table 3 and of the CDI were taken from the Brazilian Mercantile, 
Futures and Stock Exchange (2011) and from the Organized Over-the-Counter Assets and Derivatives 
(2011) websites, respectively, and were statistically manipulated to generate a database that became the 
basis for the development of the results in the following section. These data are displayed in tables and 
graphics. 


3.1 Portfolio Performance Measures 


3.1.1 Sharpe’s Measure (ShM ) 
Sharpe’s measure (Sharpe, 1966) represents the differential return of a portfolio by unit of risk, as shown 
in equation 1:  


( ) /i i f iShM R R   ,                                                                                                                       (1) 


where ShMi is the portfolio’s Sharpe’s measure; Ri is the portfolio return; Rf is the risk-free return; and σi is 
the standard deviation of the portfolio returns.  


3.1.2 Treynor’s Measure (TM ) 
Treynor’s measure (Treynor, 1965) represents the differential return of a portfolio by unit of systematic 
risk, as shown in equation 2: 


( ) /i i f iTM R R   ,                                                                                                                         (2) 


where TMi is the portfolio’s Treynor’s measure and βi is the portfolio’s systematic risk.  


This measure is similar to Sharpe’s in the sense that it calculates the premium (Ri – Rf) per unit of risk. It 
differs from Sharpe’s measure, however, in its choice of index risk. While Sharpe’s uses the risky asset’s 


Acronym Name Launch 
IBOV IBOVESPA or BOVESPA Index (market portfolio) 1968 
IEE Electrical Energy Sector Index 1996 
INDX Industrial Sector Index 2000 
ITEL Telecommunications Sector Index 2000 
IGC Differentiated Corporate Governance Shares Index 2001 
IFNC Financial Sector Index 2004 
ISE Corporate Sustainability Index 2005 
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standard deviation (σi), Treynor’s uses its beta (βi). Thus, TM measures the success of a portfolio under the 
assumption that that investors hold well-diversified portfolios. 


3.1.3 Jensen’s Measure (JM ) 
Jensen’s measure (Jensen, 1968) is similar to Treynor’s, because both assume that investors hold well-
diversified portfolios. The measure represents the surplus return obtained by the portfolio, based on its 
expected return calculated by means of the Capital Asset Pricing Model (CAPM). Therefore, Jensen’s 
measure may be described by equation 3: 


[ ( )]i i f i m fJM R R R R    ,                                                                                                                      (3) 


where JMi is the portfolio’s Jensen’s measure and Rm is the expected return of the market portfolio. 


3.1.4 Sortino’s Measure (SoM ) 
Sortino’s measure (Sortino & Price, 1994) represents the differential return of a portfolio by unit of 
downside risk, as shown in equation 4: 


min( ) ( ) /
ii i f DRSoM R R R   ,                                                                                                                     (4) 


where SoMi (Rmin) is the portfolio’s Sortino’s measure as a function of Rmin; Rmin is the minimum expected 
return by the investor; and 


iDR  is the portfolio’s downside risk. 


The downside risk is based on modern portfolio theory and may be defined as a way of calculating the 
risk of a portfolio, considering only its probability of incurring a return inferior to that acceptable by the 
investor (Rmin). Rmin can also be defined as a loss threshold, and for any investor, returns less than its 
specific loss threshold are considered losses and returns greater than the threshold as gains.  


3.1.5 Modigliani & Modigliani’s Measure (M ²) 
Modigliani & Modigliani’s measure (Modigliani & Modigliani, 1997) represents the surplus return of a 
portfolio when compared to the return of the market portfolio. The advantage of the M² measure is that it 
fits the volatility of the analyzed portfolio to the volatility of the market portfolio, to compare the returns 
of different portfolios, considering the same level of risk. Equation 5 describes this indicator: 


2
i i m m i f mM RAP R ShM R R     ,                                                                                                            (5) 


where Mi ² is the portfolio’s Modigliani & Modigliani’s measure; RAPi is the portfolio return adjusted to the 
market portfolio risk; and σm is the standard deviation of the market portfolio returns. 


Equation 5 shows that the M² measure is a function of Sharpe’s measure and, therefore, both yield the 
same results. However, they provide different information for the performance analysis.  


3.1.6 Omega Measure (Ω) 
The five previous measures are performed in the mean-variance framework and, therefore, require 
assumptions about the investor’s utility function (namely a quadratic utility function) or about the 
normality of the assets’ returns distribution. However, it is well known that a quadratic utility function is 
inconsistent with rational human behavior. Moreover, assets’ returns are usually far from normally 
distributed (Favre-Bulle & Pache, 2003). Thus, mean and variance do not appropriately capture the return 
and risk properties of securities, and alternative measures capturing all of the moments of the distribution 
must be introduced. 


Omega is a new measure proposed by Keating and Shadwick (2002a, 2002b) that reflects all of the 
statistical properties of the returns distribution, and it does not require any of the assumptions before. 
This measure is a function of the portfolio return, and it is calculated by the division of the probability of 
obtaining a return superior to a minimum expected return by the probability of obtaining a return inferior 
to it, as shown in equation 6: 
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,                                                                                                                            (6) 


where Ωi (Rmin) is the portfolio’s Omega measure as a function of Rmin and F(x) is the cumulative 
distribution function of the portfolio returns defined by the interval [a,b].  


Therefore, it is noticeable that the Omega measure is in compliance with modern portfolio theory, as well 
as Sortino’s measure. 


4 Results and Discussion 


4.1 Level of Liquidity 
Table 3 classifies the analyzed indices based on their liquidity levels, represented by the average number 
of daily trades. We observe that the ISE and the IGC obtained the highest variations of this measure. This 
fact may indicate that investors have preferred to trade stocks of companies with high ESG performances 
and, therefore, these assets may have their market risk (beta) reduced. 


Table 3: Classification by liquidity level 


Classification Index 
Average number of daily trades 


Dec/2005 Dec/2010 ∆ 
1º IGC 18,960  295,269  1,457% 
2º ISE 10,833  113,757  950% 
3º IBOV 28,996  282,570  875% 
4º IEE 3,658  20,204  452% 
5º ITEL 6,500  10,686  64% 
6º INDX * 125,890  - 
7º IFNC * 62,386 - 


* No available data 


4.2 Basic Return and Risk Performance 
Table 4 classifies the analyzed indices based on their average daily return (R ), total return (Rtotal), standard 
deviation (σ), systematic risk (β) and diversifiable risk (σε² / σ² ). The diversifiable risk was calculated by 
dividing the variance of the regression errors in the analyzed index returns (σε²), based on the single index 
model, by its total risk (σ ²). We observe that the ISE did not obtain a great differential of return and risk, 
although it has obtained a low diversifiable risk. Such a fact may indicate that the adoption of SI strategies 
increases the diversification of investment portfolios, which is contrary to what was supposed by Rudd 
(1981). 


Table 4: Preliminary classification of return and risk 


Classification R Rtotal σ β σε² / σ² 
1º IFNC 0.107% IEE 183.03% IEE 1.50% IEE 0.58 IBOV 0% 
2º IEE 0.094% IFNC 166.22% ITEL 1.90% ITEL 0.73 IGC 4% 
3º INDX 0.085% INDX 129.85% INDX 1.92% INDX 0.88 ISE 9% 
4º IBOV 0.083% IGC 118.98% IGC 1.94% IGC 0.91 INDX 9% 
5º IGC 0.081% IBOV 117.14% ISE 2.00% ISE 0.92 IFNC 20% 
6º ISE 0.079% ISE 108.73% IBOV 2.08% IBOV 1.00 IEE 35% 
7º ITEL 0.055% ITEL 59.28% IFNC 2.40% IFNC 1.04 ITEL 36% 


Figure 1 represents the ISE’s, the IBOVESPA’s and the CDI’s returns during the analysis period. We observe 
that the ISE had a very similar performance to that of the IBOVESPA, although it demonstrated a worse 
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recovery during and after the 2008 financial crisis. However, both performed above the risk-free rate for 
the most of the period. 


 
Figure 1: Return of the indices (bases fitted for 1,000 points on 11/30/2005) 


4.3 Sharpe, Treynor and Jensen Analyses 
Table 5 classifies the analyzed indices based on Sharpe’s, Treynor’s and Jensen’s measures. We observe 
that the ISE obtained a total risk premium and a systemic risk premium only superior to those of the ITEL. 
In addition, the ISE and ITEL were the only indices to have a negative Jensen’s alpha. Such results show 
that the ISE obtained an unsatisfactory performance in these approaches. 


Table 5: Classification by Sharpe’s, Treynor’s and Jensen’s measures 


Classification ShM TM JM 
1º IEE 0.033 IEE 0.085% IEE 0.027% 
2º IFNC 0.026 IFNC 0.060% IFNC 0.022% 
3º INDX 0.021 INDX 0.046% INDX 0.006% 
4º IGC 0.019 IGC 0.040% IGC 0.001% 
5º IBOV 0.019 IBOV 0.039% IBOV 0.000% 
6º ISE 0.017 ISE 0.037% ISE -0.002% 
7º ITEL 0.006 ITEL 0.014% ITEL -0.018% 


4.4 Sortino Analysis 
Table 6 classifies the analyzed indices based on Sortino’s measure, regarding three values of Rmin: –3%; 0% 
e +3%. We observe that the ISE outperformed the benchmark for the lowest Rmin (–3%), and for the zero 
Rmin (0%), the index obtained an unsatisfactory position. These observations show that the index may be a 
good choice for risk-loving investors and a worse option for risk-neutral investors. 


Table 6: Classification by Sortino’s measure 


Classification SoM (Rmin = –3%) SoM (Rmin = 0%) SoM (Rmin = +3%) 
1º IEE 11702 IEE 0.093 * * 
2º ITEL 7.269 IFNC 0.068 * * 
3º ISE 6.507 INDX 0.063 * * 
4º IGC 6.497 IGC 0.061 * * 
5º INDX 6.207 IBOV 0.058 * * 
6º IBOV 5.618 ISE 0.058 * * 
7º IFNC 5.100 ITEL 0.043 * * 


* There was no classification, as the SoM loses its interpretation value when it is negative. 


4.5 Modigliani & Modigliani Analysis 
Table 7 classifies the analyzed indices based on Modigliani & Modigliani’s measure. We observe that the 
ISE had a very unsatisfactory classification, and as the ITEL, were the only indices to obtain a negative M² 
measure.  
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Table 7: Classification by Modigliani & Modigliani’s measure 


Classification M²
1º IEE 0.030% 
2º IFNC 0.015% 
3º INDX 0.005% 
4º IGC 0.000% 
5º IBOV 0.000% 
6º ISE -0.003% 
7º ITEL -0.027% 


 


4.6 Omega Analysis 
For the Omega analysis, we use the same values of Rmin established in the Sortino analysis (–3%, 0% and 
+3%). The probability of the analyzed indices’ returns falling within the interval [–3%;+3%] is, on average, 
very high (90.46%), which supports the choice of this range. Table 8 classifies the analyzed indices based 
on the Omega measure. We observe that the ISE had a good performance for the lowest Rmin, which 
shows that the index may be a good choice for risk-loving investors. Such a fact reinforces the result 
obtained in the Sortino analysis. For risk-neutral (Rmin = 0%) and risk-averse (Rmin = +3%) investors, the ISE 
proved to be an intermediary option.  


Table 8: Classification by the Omega measure. 


Classification Ω (Rmin = –3%) Ω (Rmin = 0%) Ω (Rmin = +3%) 
1º IEE 38.19 INDX 1.15 IFNC 0.06 
2º ITEL 19.90 IGC 1.11 IBOV 0.05 
3º ISE 16.91 IBOV 1.11 ITEL 0.05 
4º IGC 16.42 IEE 1.11 ISE 0.04 
5º INDX 16.18 ISE 1.11 INDX 0.04 
6º IBOV 13.75 ITEL 0.99 IGC 0.04 
7º IFNC 10.00 IFNC 0.79 IEE 0.02 


5 Conclusions and Directions for Further Research 
This study analyzed the Corporate Sustainability Index (ISE) with the main objective of disclosing the 
historical performance of sustainable investments in the Brazilian stock market. Below are the main results 
of the study, subsequent conclusions and a recommendation of topics for further studies. 


Comparing the ISE’s performance with those of other indices, we observed that it did not present any 
significant return or risk differential using Sharpe’s, Treynor’s, Jensen’s and Modigliani & Modigliani’s 
measures, although it has obtained a low diversifiable risk, and its liquidity has increased substantially. We 
also observed that the ISE had a very similar performance to that of the IBOVESPA, although it 
demonstrated a worse recovery during and after the 2008 financial crisis. In the Sortino and Omega 
approaches, we observed that the index may be a good choice for risk-loving investors.  


Therefore, we conclude that, although there is evidence of promising potential, sustainable investments in 
the Brazilian stock market did not achieve satisfactory financial performance, indicating that the ESG 
constraints imposed by this type of investment in capital allocation in the country are not sufficient to 
affect its economic environment. Such a fact may be explained by the following aspects: (i) foreign 
investors, whose applications represent roughly one-third of the total volume traded in the 
BM&FBOVESPA, may prefer to invest sustainably their resources regionally in emerging markets rather 
than in a particular country, such as Brazil; (ii) the Brazilian financial market is still not convinced of the 
importance of sustainability in the performance of its investments; and (iii) there is no effective regulation 
in the country that include sustainability restrictions in the capital market, which can force the non-
sustainable companies to internalize their ESG costs. 
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For further research, we recommend a detailed study of the historical performance of other sustainability 
indices in emerging markets, which have existed for a reasonable period of time, such as the 
Johannesburg Stock Exchange Socially Responsible Investment Index (launched in 2004) and the ECPI 
Ethical Emerging Markets Tradable Equity Index (launched in 2006).  
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Abstract 


This study aims to demonstrate mechanisms for evaluating the performance of an asset through the operation 
strategy approach as a fundamental element to a successful corporate strategy. Based on the model of measuring 
performance targets proposed by Slack, an extensive literature review was performed enabling the creation of a 
special and unique model for financial and operational metrics that drives investment decisions as assumptions to 
define the corporate strategy. Defined the model, simulations were conducted at some companies from different 
economic sectors and tests were carried out to verify adherence to the model. Therefore, given the resulting high 
level of suitability of the proposed model, the objective of this paper is to show these results to other researchers with 
the intention of encouraging contributions to the model and make it a useful tool for this kind of decision. 


Keywords: assets, operations strategy, corporate strategy. 


1 Introduction 
There are several factors that can lead to the replacement of assets in industrial, commercial, and even 
service organizations. Deterioration may be one factor, which manifests by operational costs arising from 
excessive maintenance as well as loss of productivity.  


The need for innovation is another situation that requires massive investment in research and 
development, often culminating in the acquisition of new assets.  


Basically the combination of these two factors promotes a lot of pressure from the competitors in the 
market which need to generate competitive advantages seeking to maintain its main objectives: profit and 
continuity.  


However, there is not always a certainty that these benefits will be achieved with this new investment. This 
is a concern that would justify some deeper investigation. 


The right moment to evaluate and to replace equipment related to company's strategy should be 
mentioned, as the quest for competitiveness is intrinsically connected to that decision. Decision makers 
must be aware of a major triad: strategic alignment, asset productivity and technology trends. This 
condition has been the focus of several studies (CINTRA and CAGNIN, 2012; BACADAR, 2008; BUSSE, 
GOYAL and WAHAL, 2010). 


One element of great importance for investment decision in new assets is related to machines and 
equipment. As a basis for corporate strategy aligned with market trends, it is necessary that investments 
in these assets are consistent with a major concern for entrepreneurs, i.e., if the need to invest really exists. 
This decision shall first seek the harmonization of investment with the operations strategy (SLACK, LEWIS, 
2008) and the maintenance strategy (NAKAJIMA, 1988). 


So, seeking productivity and maintainability in investment for production assets is necessarily to get the 
velocity with which the production has to be performed, the flexibility to change in different types of 







 
ICIEOM 2012 - Guimarães, Portugal 


ID84.2 


operations, the costs involved in maintenance, the reliability it has with customers from the use of these 
assets, and, in particular, the quality received by the final consumer. 


In this sense the main objective of this work is to demonstrate mechanisms for evaluating the 
performance of an asset from the approach of operations strategy as the base element to the financial 
and economic stability. To this end, a proposal is shown, developed based on five performance objectives 
of Slack and Lewis (2008) where through operational and financial metrics it was possible to create an 
analysis model that favors subsidies that can assure more confidence to the decision maker on capital 
investment. 


A brief literature review on the subject will be presented providing a basis for building the model that will 
be demonstrated in section 3. The main considerations about the model and the prospects for future 
contributions will be shown in section 4. 


2 Theoretical Reference 
According to Slack et al. (2006), the tangible assets of enterprises are important components of the 
manufacturing function, which in a healthy state, allows organizations to meet their goals and objectives.  


The increase in assets of these companies in search of lower costs and higher overall efficiency has 
increased considerably in recent decades. This trend drives companies to increase the number of 
machines in its plants thus generating higher return expectations from this new investment. 


The economic and financial engineering lately has occupied an important place in management decisions, 
seeking mainly to design safety in decisions, through mechanisms that design time, rate, and estimated 
return. In this sense, the use of many tools in this field has been expanded, but there is still little practical 
combination of indicators from production of the corporate strategy. This study aims to present an 
attractive combination of these elements. 


It is therefore important to make a brief presentation of the elements, their purpose and what is their 
participation within the proposed model. Starting with EVA® (Economic Value Added) of Stewart (1991), it 
recommends operating profit as the one able to pay above the weighted average cost of capital, and now 
is very different from accounting profit, which is susceptible to interference from the tax on income which 
includes the deduction of some financial expenses and even the non-payable ones, increasing operating 
accounting profit, modifying the operating return on investments. Within the model, the EVA® will be the 
key to the decision maker to be sure that the investment will achieve a net operating profit above the 
weighted average cost of capital. 


The proposal open in this work also presents methods of financial engineering that compose the group 
called corporate finance. Among the key indicators arising from this area, according to Damodaram 
(2001) and Brealey and Myers (2001), are the payback (measures the return time), IRR (measures the 
Internal Rate of Return), NPV (measures the Net Present Value) and ROI (measures the profit generated by 
the investment). These indicators have been calculated separately and further combined seeking to justify 
a particular decision, but in the proposed model the combination of time, rate, net value and profitability, 
will allow the addition of factors arising from the proposed economic engineering and production to have 
more acuteness on the EVA® being designed. 


This model also presents matrices of capacity and demand strategy according to Slack and Lewis (2008). 
The matrices of capacity will seek an alignment between operations strategy and corporate strategy, from 
the following key question: "Do you really need to invest, and will this investment be sufficient to reach 
production and quality needed to keep the company competitive?” In response to this question, the 
performance matrix from the model presented will ensure that the investment decision is correct, allowing 
a satisfactory financial and economic outcome that will meet both market demands and the demands of 
investors, minimizing the so-called agency conflict (PRATT and GRABOWSKI, 2008). 
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The extension of this study is much larger than the page limit for publication in Journals and Conferences, 
so this chapter was limited to a brief concept of each technique and presentation of references, allowing 
that the extension to be used in the next section enables the full understanding and integration with the 
proposed work.  


3 Methodological Approach  
One assumption of this work based on the large previous experiences of the authors is that the 
combination of the elements presented in section 2 could generate a new and significant model to justify 
an investment decision harmonizing the interests of investors (profit) and the interests of the company 
under competitiveness gain. It is assumed that these inferences would fit into a model that could be 
accepted and validated by both the academy and the market. Thus, it is intended in this section to outline 
how the research was developed, including the definition of the population, data collection, exploratory 
analysis, attempting to ensure the reliability, and scientific rigor. 


The scientific method wants to find out the reality of the facts as they are discovered and these must in 
turn guide the use of the method. However, as already stated, the method is only one means of access; 
only the intelligence and reflection to discover the facts and phenomena really would give answers to the 
decision problem (CERVO and BERVIAN, 2002, p. 25). 


The scientific method want to discover the reality of the facts as they are discovered, and these must, in 
turn, guide the use of the method. However, as already stated, the method is only one means of access, 
only the intelligence and reflection to discover the facts and phenomena really are (CERVO and BERVIAN, 
2002). 


Collis and Hussey (2005) define that the descriptive and qualitative research is the most appropriate for 
this type of treatment because of the methodology that was used for this investigation. To make up the 
corpus technique data collection it was used that, according to Beuren (2003), is the kind of research that 
is based on "materials that have not yet received an analytic treatment or can be reworked in accordance 
with the research objectives". Once structured composition of the corpus was defined as a method for 
interpreting the data for the content analysis that, according to Bardin (1991, p. 42), consists of a set of 
techniques for analysis of communication in order to obtain, for procedures, systematic objective 
description of the content of messages, indicators (quantitative or not) that allow the inference of 
knowledge concerning the conditions of production/reception (inferred variables) of these messages. 


4 Proposal  
Once the collection of the entire database has been developed and drawn, initially we started up for the 
analysis using the software Sphinx, which allows the lexical and content analysis, and statistical processing, 
where after the stratification of the database by economic groups, the first step was to determine which 
acquisitions had similarity between investment and return through the application of various quantitative 
methods. 


After obtaining the treatment of this database and the creation of views, it was decided to apply the same 
considerations to obtain simulations with publicly traded companies to disclose their financial information 
to the public, however, the results were biases, because factors such as the average cost weighted capital 
were not explicit in the financial statements, determining certain level of subjectivity in the results. 


Therefore, before exhibiting this new model to the market, this research considers how salutary to submit 
it to scientific scrutiny, so that under the analysis of scholars it could obtain contributions to the 
improvement of what is being called the method "Uic", according to the formula: 
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   Payback x (Investment - NPV) x √IRR 
 Uic =     ----------------------------------------------    ≥  EVA® 


                          ROI + (100 – Doper) 
 


The name given to this assessing model for new investment means: "U" honoring the University that 
welcomes research and researchers, leading to such type of results; "IC" means Certificate of Investment; 
and Doper stands for "Operating Performance". To better understand the applicability of the concepts 
shown in section 2 and the formula above, a real case of investment is presented which for ethic and 
professional secrecy will not be identified. 


4.1 Financial Model - Numerator 
This proposed model has emerged as traditional alternatives used until then, that seek to analyze an 
investment in the financial focus (return) or in the operational focus (production). Thus, based on the use 
of the method "Uic", these analyses were obtained in a single model that would provide answers under the 
operational gain (competitive) and also under the financial gain (return to investors). To illustrate the 
applicability of this model, one recent case was extracted from the analyzed database, where mutually 
exclusive investment options are described in Table 1.  


Table 1 – Information of a new investment (Amounts in $ thousands) 


Investment Cash Flow Cash Flow Cash Flow Cash Flow Cash Flow 


Year 0 End of Year  1 End of Year 2 End of Year 3 End of Year 4 End of Year 5


     A -1,800 300 700 1,000 600 800


     B -1,800 400 500 600 1,100 1,300


Equipment


 
The first step in the traditional investment analysis is to calculate the discounted Payback, IRR and NPV. In 
this case the compound interest rate of 18 percent on a year was adopted, as calculations presented in 
Table 2. 


Table 2 – Calculation of key indicators of return on new investments 


Investment PAYBACK 
Year 0 discounted


     A -1,800 4.37 on a year 22.77% $ 224.76
     B -1,800 4.30 on a year 25.52% $ 398.86


Equipment IRR NPV


 


In a traditional analysis of investments, this would be the main scope of analysis from the financial 
perspective or from the investor perspective: how much capital is required, what is the payback, what is 
the internal rate of return on this investment, and net present value which would take place. Importantly, 
for the NPV to be accepted, it must be greater than zero. These indicators respond to investors only in the 
financial perspective. 


Thus, this type of analysis has no relation to the needs of competitiveness that enterprises face. This is 
how the experience of consultants, obtaining outlooks from a substantial database, allowed to add 
elements from the economic engineering and production, which would answer the question to solve the 
second part of the model, which is shown in the next section.  


4.2 Operational Performance Model (Doper) - Denominator 
Based on an analysis of operating a machine, you can determine how important is the investment for the 
company in terms of competitiveness, because besides responding the needs of investors in obtaining the 
financial return, it would also help in understanding the earnings in the scale between capacity and 
demand, allowing to see the strategic gains in quality, velocity, reliability, flexibility and cost (Fig.1). 
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This is an extremely qualitative approach, although it seems the opposite, because these five performance 
objectives, along with the balance between capacity and demand, rely almost exclusively on market 
behavior, which according to Farrel Jr. (1997) is regarded as a macroeconomic variable taken as systematic 
risk, therefore, uncontrollable.  


 


Figure 1 – Matrix of five performance objectives. Source: Slack and Lewis (2008) 


 


The use of the matrix of figure 1 is shown next; however, each company can and should adapt it for its 
specific operations and objectives.  


In the same way as in item 3.1, results were shown in the numerator view for the model “Uic“, it will be 
shown as a denominator with the quantitative results obtained using the matrix of five performance 
objectives. The performance parameterization is shown in Table 3. 


 


Table 3 – Performance parameterization 


VELOCITY FLEXIBILITY COST DEPENDABILITY QUALITY


Parts Produced
Different operat ions 


performed Maintenance Cost
Total  number of 


complaints Defective parts


Total of parts 
produced


Total of different 
operations performed


Value of 
Equipment


Total numbers of 
invoices


Total of defective 
parts


Parts Produced
Different operat ions 


performed Maintenance Cost
Total  number of 


complaints Defective parts


Total of parts 
produced


Total of different 
operations performed


Value of 
Equipment


Total numbers of 
invoices


Total of defective 
parts


A


B


 


Source: Slack and Lewis (2008) 


In order to verify the applicability of this research in each type of company relating to corporate strategy, 
a mark (%) should be inserted in each of the indicators according to the degree of importance. For 
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example, in this research the considered marks were: 10% (Velocity); 10% (Flexibility); 60% (Cost); 10% 
(Reliability); 10% (Quality). After this, multiply the percentage found in each of the five performance 
objectives and multiply those by their assigned weight.  


The observation period to extract the numbers of indicators should be chosen according to the needs of 
each company. The higher precision, the lower should be the observation time (hours/days/month/year). 


To determine the Doper, data from the company under study are faithfully presented in the following 
section (Table 4).           


Table 4 – Profile of the financial and economic investment alternatives 


Equipment A Equipment B
Indicators Real/Estimated Real/Estimated
Velocity 150/200 130/240
Flexibility 05/06 04/09
Cost $ 130,000/$ 500,000 $ 10,000/$ 1,060.000
Reliability 15/170 22/29
Quality 97/200 131/240
Result on Doper 36% 23%
Investment $ 1,800 $ 1,800
ROI 36.3% 46.1%
EVA® = (ROI – WACC) x Investment $ 310 $ 250  


However, it is important to demonstrate how the Doper should be analyzed (Table 5). 


 


Table 5 – Doper deployment 


VELOCITY FLEXIBILITY COST RELIABILITY QUALITY


EQUIPMENT A 75% 83% 26% 9% 49%


EQUIPMENT B 54% 44% 1% 76% 55%


MARKS 10% 10% 60% 10% 10%


EQUIPMENT A 0.08 0.08 0.15 0.01 0.04


EQUIPMENT B 0.05 0.04 0.01 0.08 0.05


 


There weren’t presented the economic and financial data that would allow do calculate ROI and EVA®, as 
way to maintain secrecy about the identity of the company.  


By the transcription of the results of tables 2 and 4 to the method “Uic“, the verification of the suggested 
applicability of the model is presented. The investment alternatives are shown below:  


 


   Payback x (Investment - NPV) x √IRR 


 Uic =       -----------------------------------------------    ≥ EVA® 


                          ROI + (100 – Doper) 


 


Replacing the data in the formula, we have: 
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Equipment A 


                    4.37 x (1,800 – 224.76) x  4.77 


 Uic A =     --------------------------------------------  ≥ EVA®             Uic A =     328.36 ≥ 310.00 


                           36.3 + (64) 


 


Equipment B 


                     4.30 x (1,800 – 398.86) x  5.05 


 Uic B =     ------------------------------------------ ≥ EVA®            Uic B =     247.37 ≤  250.00 


                           46.1 + (77) 


 


Using the matrix of the five performance objectives the Doper can be calculated and then get through the 
model proposed a new systemic view of investment possibilities. 


From the financial point of view (the investor), the investment in equipment B would be more interesting, 
because it would have a lower payback and higher return and net present value. However, by observing 
factor EVA®, it can be noted that the investment is less than in A precisely because of the operational 
achieve results in greater amounts and not only in cost.  


Adding Doper of the method “Uic“, the results were favorable in the equipment A as a reflection of the 
projected financial results in economic gains will result in a global optimum better than the alternative of 
investment in equipment B.  


Thus, it was found that “Uic” for the equipment A is above designed EVA®, comprising results above of the 
economic and financial prospects. 


Presented these considerations on the applicability of the model, it is essential to achieve the evaluation 
of the academic community for its consideration before submitting the model to the assessment of 
companies.   


5 Conclusion 
This research is the result of deep reflection involving quantitative and qualitative methods from a 
substantial database that has allowed that the integration of theory and practice could be achieved. 


It is understood that the proposed work was carried out because the applicability of the model was 
established, encompassing factors from operations which will result in a better prospect for investment. 


The final result was to present the new model based on financial and operating metrics for investment 
decisions called "Uic". 


This model consists of a proposed merger of financial engineering to production engineering, resulting in 
an alternative analysis for new investments aligned with corporate strategy and operations, seeking to 
deliver value to its users through an analysis and reflection that the method is really applicable. 


As a further input, it is expected that other tests of this proposal may arise in order to improve the model. 
So, with gains in relevance and applicability, the model would allow companies and investors to have a 
broader vision of the importance of new investment to the continuity and profitability of their companies. 
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Abstract 
 


The paper aims to identify and analyze the explanatory variables for airlines productivity during 2000  2005, by testing 
the Pearson correlation between the single factor productivity capital, energy and labor of a sample of 45 selected 
international airlines (4 Brazilian carriers among them) and their productivity explanatory variables like medium stage 
length, aircraft load factor, hours flown and cruise speed for selected routes besides aircraft seat configuration and 
airlines number of employees.  The research demonstrated, that a set of variables can explain differences in 
productivity for passenger airlines, such as: investment in personnel training processes, automation, airplane seat 
density, occupation of aircraft, average flight stage length, density and extension of routes, among others. 


Key-words: Multifactor productivity, Multifactor productivity model, Airline productivity, Passenger airline 
productivity 


1 Introduction 
In the age of deregulation, great disparities exist between airlines in their ability to reduce unit costs by 
improving productivity and also to generate adequate revenues despite increasing price competition. 
Substantial differences exist, for example, between The United States of America’s (US) airlines and non-
US airlines in terms of cost efficiency, revenue generation and, in turn, profitability. Usually, measures of 
airline productivity to the extent they are used in the industry, are limited to relatively simple ratios - such 
as passenger enplanements per employee and Available Seat Miles (ASM) produced per labor dollar spent 
- which does not allow reliable conclusions and comparisons among the productivity of airlines. 


1.1 Research objectives 
This paper focuses on the productivity analysis of the main production factors for airlines: (a) labor, (b) 
capital and (c) energy and the identification and analysis of variables that can statistically explain these 
single productivities factors labor and, consequently, their Multiple Factor Productivity.   


Little or no research has been done to identify variables that explain productivity of scheduled 
passenger airlines in order to develop a model of multiple variables, more complex to 
measure productivity and compare productivity between airlines. 


The paper aimed to identify and discuss the explanatory variables for the productivity of scheduled 
international airlines by testing the Pearson correlation between the productivity changes of airlines and 
their explanatory variables with the objective of proposing a productivity model. 
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The research demonstrated that an extensive set of variables can explain differences in productivity of 
airlines. These variables include: investment in personnel training, process automation, airplane seat 
configuration, occupation of the aircraft (load factor), flight stage length, density and extension of routes, 
among others.  


The aim of this paper was not to formulate the model itself, but to allow, from the identification of 
these variables, the creation of conditions to formulate such a model. 


1.2 Theoretical framework 
The demonstrable effects of successful US deregulation and ongoing inefficiency in the industry may have 
influenced the European Commission to introduce certain reforms to promote competition and thus 
increase the efficiency and productivity of European airlines. 


Much of the literature has concentrated on productivity in the United States compared to that in Europe 
according to the McKinsey Global Institute (1992) and Good et al. (1993), whereas only a small proportion 
of papers present productivity estimates for European countries individually, as reported by Encaoua 
(1991). Moreover, many authors prefer to concentrate on Total Factor Productivity (TFP), as stated by 
Windle (1991), in favor of labor productivity measurements.  


Windle (1991) compared the TFP and costs of 41 companies (14 American, 27 European and Asian), 
between 1970 and 1983, using the translog multilateral output index, as proposed by Caves, Christensen 
and Diewert (1982). In this study, five categories of inputs were utilized: (a) labor, (b) fuel, (c) flight 
equipment, (d) ground equipment and (e) materials. The author pointed to the evidence of a relationship 
between TFP and Multifactor Productivity (hereafter, MFP) input categories, such as Revenue Ton Miles 
(RTM) per employee. 


Sickles, Good and Getachew (1994) examined the productive performance of a group of 3 East European 
carriers and compared them to 13 of their West European competitors during the period 1977 - 1990. The 
authors first modeled the multiple output/multiple input technology with a stochastic distance frontier 
using semi-parametric efficient methods.  


Kune, Mulder and Poudevigne (2000) evaluated air transport productivity in France, Germany, United 
Kingdom and the United States for the period 1970-1998, using the TFP method. The objective of this 
study was to evaluate and compare the productivity of labor, capital and the TFP of air transport in these 
countries. The MFP was estimated by means of production functions and with the utilization of variables 
such as Value-added, Labor, and Capital. 


The above mentioned authors concluded that capital is a key production factor in the airline industry and 
a large part of the improvement of this economic sector depends on investments in infrastructure and 
equipment. The differences of the capital stock per worker are also important variables for explaining 
performance differences between economic sectors and countries. The labor and capital productivity 
between France, Britain, Germany and the United States was compared in this study. 


Oum and Yu (2001) produced interesting research in empirical and conceptual terms, evaluating the 
performance and productivity of the largest Canadian airlines for the period 1995-2000, in comparison to 
the eight largest American companies, using Kendrick’s arithmetic index and performance metrics such as 
average load factor and medium stage length, evaluating also the economic and financial performance of 
these companies.  


In Brazil, Araujo Junior (2004) studied the productivity of Brazilian airlines, during 1996 -2002, evaluating 
the performance of the five largest Brazilian airlines, also using Kendrick’s arithmetic index and concluded 
that the TFP of these carriers, surpassed the average productivity of the Brazilian industry sector. 
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2 Methodological proposition 
A Multi-factor Productivity (hereafter, MFP) index, which includes the main production factors (i.e. labor, 
capital and energy), was used to measure the productivity of companies surveyed during the 2000-2005 
time period. 


2.1  Multi-factor productivity 
MFP is defined as the ratio in the quantities/volumes produced and a weighted combination of quantities 
and volumes of the different inputs used in the production process. Kendrick’s productivity measurement 
method was used with changing-weight indices of outputs and inputs according to Kendrick (1996)  


The MFP index is represented as the ratio between the output and input, where inputs are weighted by 
their share in production costs (Eq.2). The input and output values are expressed in monetary units, and 
therefore, MFP is a dimensionless quantity.  
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Where: 


MFP = Multifactor Productivity 
AVt = Value added in a given currency; 
a0 = share of wages in the production costs; 
Lt = amount of labor, in monetary terms, in period t; 
b0 = rate of return on capital invested in the same time period;  
Kt = capital stock, in monetary terms, in period t. 


In Eq. 1, MFP indicates the MFP index measured in monetary terms, according to Kendrick’s method, 
which, in this case, is calculated from the ratio between the added value of the airlines in year t and the 
weighted relationship of labor, e.g. salaries (Lt) and capital, e.g. capital assets (Kt) in the same year, where 
a0 and b0 represent labor and capital weights, respectively. 


Equation 2 is derived from Eq. 1, which makes possible to calculate productivity growth in physical terms 
in a time period (0, t), where AVt is the number of passengers transported or the Revenue Seat-km (RSK); 
Lt represents the number of employees at the end of period t (31st December); Kt is the number of aircraft 
operating at the end of the same period and Et is the amount of fuel spent also at end of period t.   
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Thus, Equation 2 allows us to calculate the productivity growth of a carrier in physical terms, even using 
different units like worked hours, number of aircraft and amount of fuel consumed since, for example, the 
relationship (Kt/K0), indicates the percentage change in the aircraft fleet of  a particular airline, between 
the time period  t1 and t0. 


Different labor and capital productivity weights, taken from Economic Report (IATA, 2001), take into 
account the share of input in the operational costs of carriers, according to the airline of origin, as shown 
in Table 1. Equation 3 gives the productivity change from a reference period 0 to a future time t.  


TABLE 1: Adopted weights for Labor and Capital Productivity 


Airlines a0 b0 


North American 0,66 0,34 


European 0,72 0,28 


Asian 0,57 0,43 


(1) 


(2) 
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South American 0,61 0,39 
 Source: IATA (2001) 


Some authors, among them Moreira (1994), propose that weights a0 and b0 should be substituted, 
periodically, in order to reflect alterations in the production structure and changes in relative prices of 
capital and labor. Some organizations, such as the National Bureau of Economic Research (NBER), 
recommend changes every five years.   


2.2 Pearson product-moment correlation coefficient 
The Pearson product-moment correlation coefficient (denoted by r) is a measure of the correlation (linear 
dependence) between two variables X and Y, taking values from -1 through 0 to +1.  
 
It has been used in the sciences as a measure of the strength of linear dependence between two variables. 
The correlation coefficient is sometimes called “Pearson's r.” Pearson  correlation coefficient between two 
variables is defined as the covariance of the two variables (X and Y) divided by the product of their 
standard deviations (Eq. 4): 
 


 
 
Equation 3 defines the population correlation coefficient, commonly represented by the Greek letter ρ 
(rho). If we substitute estimates of the covariances and variances based on a sample, we obtain the 
sample correlation coefficient r (Eq. 5): 
 


 
 
An equivalent expression gives the correlation coefficient as the mean of the products of the standard 
scores. Based on a sample of paired data (Xi, Yi), the sample Pearson correlation coefficient is (Eq. 5): 
 


 
 


Cohen (1988) has observed, however, that a correlation coefficient are, in some ways, arbitrary and should 
not be observed too strictly. 
The interpretation of a correlation coefficient depends on the context and purposes. A correlation of 0.9 
may be very low if one is verifying a physical law using high-quality instruments, but may be regarded as 
very high in the social sciences where there may be a greater contribution from complicating factors. 
Pearson’s correlation intervals are disclosed in Table 2. 


TABLE 2 – Pearson correlation intervals   
   


None −0.09 to 0.0 0.0 to 0.09 


Small −0.3 to −0.1 0.1 to 0.3 


Medium −0.5 to −0.3 0.3 to 0.5 


Large −1.0 to −0.5 0.5 to 1.0 


 
Statistical inference based on Pearson's correlation coefficient often focuses on one of the following two 
aims. One aim is to test the null hypothesis that the true correlation coefficient is ρ, based on the value of 
the sample correlation coefficient r. The other aim is to construct a confidence interval around r that has a 
given probability of containing ρ. 


(3) 


(4) 


(5) 
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2.3 Data collection  
The information and data like medium stage length, load factor, hours flown, airplane model 
configuration, number of employees, for the period of 2000 - 2005 was collected from international and 
Brazilian publications: World Air Transport Statistics (IATA), the Digest of Statistics (ICAO); Fleet and 
Personnel Series (ICAO), the Financial Data Series (ICAO) and the Brazilian National Civil Aviation Agency 
(ANAC) commercial aviation yearbook. Three categories of inputs were used: (a) labor, (b) capital, 
represented by flight equipment and (c) energy. 


2.3.1 Labor 
The labor productivity index is calculated as a multi-lateral index of 5 categories: pilots, co-pilots, other 
cockpit personnel, cabin attendants and other personnel. Output is composed of two separate 
components: scheduled revenue (passenger/km), and passengers transported.  


2.3.2 Capital 
Is represented by the number of aircraft used to transport passengers and cargo. In the index of 
aggregate capital, the percentage change in the number of aircraft was considered, adjusting it by the 
number of seats offered, so as to take into consideration the size of aircraft.  


2.3.3 Energy  
The aggregate index of energy was constructed considering the percentage change in consumption of 
fuel (jet fuel, since only the fleet of jets was considered).  


2.4 Sampling criteria 
Forty-five carriers were selected and grouped as follows:  


 26 full service  


 7 low-cost/low fare and 


 12 regional airlines 


The airlines were sampled according to the following criteria: 


(i) the presence and importance of the airlines in their markets (North and South American, European and 
Asian airlines); (ii) carriers whose data availability and previous studies indicated good operational 
performance and productivity were chosen.  


In the case of the Brazilian airlines, a survey was undertaken through field research to collect the 
necessary information to:  


 the four largest Brazilian airlines: TAM, GOL, VARIG, and WebJet; three of them operate in 
domestic and international markets, and one in the regional market and  


 the Brazilian Regulatory Agency.  


The single factor productivity of each of the researched companies was calculated: capital, energy and 
labor. These airlines single factor productivities were then compared with the explanatory variables like 
medium stage length, aircraft load factor, hours flown, aircraft size, aircraft seat configuration, cruising 
speed and aircraft engine performance for selected routes.  


3 Airline productivity and explanatory variables  
The purpose of this research was to understand the main variables which explain the air transport 
productivity, namely: labor, capital and energy productivity. These variables influence and are influenced 
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by others, such as investment in personnel training, processes automation, aircraft load factor, flight stage 
length, fleet mix, among others.   


Some variables impact more than a single productivity factor. Investment in training of pilots, for instance, 
affects both labor and energy productivity. The flight stage length might influence both the capital and 
energy productivity. Airlines, however, have only limited control over some of these explanatory variables, 
as explained below.  


3.1 Production output  
Output in the airline industry is comprised of passenger services, as measured by Revenue Passenger 
Miles (RPMs), and cargo services, as measured by (ton x miles). Passenger miles are by far the largest 
component, making up more than 90% of total revenue, with the remainder attributable to ton x miles. 
Although the output measure does not account for changes in service quality, such as flight delays, some 
recent studies seem to indicate that these changes did not significantly affect output and productivity. 


An airline may increase or decrease its output level through management actions, but it is usually more 
influenced by economic conditions, such as the demand for passengers (over which they have no control):  


3.2 Average stage length  
This variable depends on the route, the market structure and the air network operated by the company 
which, in turn, depends on the country or territory extension served, the extent of regulatory control and 
the  attitude of government towards bilateral agreements. 


3.3 Output composition or “output mix”  
This variable is strongly influenced by the geographic location, the regulatory control and the different 
demands placed on commercial airlines. In the case of Brazilian airlines, there are small variations in the 
output mix. Most of them transport passengers, with a smaller share of cargo and mail. 


3.4 Aircraft load factor  
Some researchers, among them those of the International Labor Organization (2001), argue that the load 
factor is largely determined by the market demand and the extent of control the airline has over the 
choice of the aircraft type and the flight frequency. These researchers argue further that an airline can 
only manage the load factor of its fleet by adjusting the flight frequency and the aircraft size, with 
permission of the regulatory authorities.  


3.5 Determinants of labor productivity  
The labor productivity is influenced, for instance, by the amount of investment in the training of crew 
members (pilots and co-pilots) and maintenance teams, the outsourcing of some functions and activities, 
and also by the automation of some processes, such as computer ticketing. 


Duke and Torres (2005) reported that, although flight crew members (which include pilots and flight 
attendants) are highly visible employees in the airline industry (comprising about 30% of total 
employment in the industry), the majority of employees work in “ground occupations.” In addition to 
travel reservation agents and transportation ticket and customer service representatives, their occupations 
include aircraft mechanics, service technicians, and baggage handlers, among others. 


The outsourcing of certain functions and activities, particularly those that are not concerned with the core 
competence of airlines, have contributed to improving labor productivity (especially so in the airline 
industry), as they transfer to specialized firms the rationalization of activities and processes in pursuit of a 
reduction in operation and service costs, such as aircraft maintenance services, ground operation support 
and catering. 
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Aircraft maintenance is currently undergoing a restructuring process. A growing number of carriers are 
hiring service and selling out maintenance workshops and equipment. The new technologies required for 
the maintenance of modern aircrafts make this activity extremely costly and a highly specialized business. 
Sophisticated aircraft models that require less frequent maintenance, make it increasingly difficult for an 
airline, individually, to justify high investments in workshops and equipment. 


Currently, 75% of aircraft maintenance, according to the International Labor Organization (2001), is 
undertaken by airlines, while the rest is performed by specialized firms or by aircraft manufacturers. 
Maintenance of engines (a more specialized service), is performed, in most cases, by the manufacturers. 


The IATA in its annual report (2001) forecasts for the coming years increased outsourcing for ground 
handling services. Currently, 75% of these services are performed by airports or airlines. In 2010 (it is 
estimated that) 50% of this US$ 27 billion business will be in the hands of specialists. 


The IATA, in its 2001 annual report estimates that electronic ticketing (“e-ticketing”) is already generating 
savings to airlines, every year, of about US$ 1 billion in distribution costs. The e-ticketing of airlines has 
now the largest sales volume on the Internet. Although the electronic sales represent a share of 5% to the 
conventional airlines in the United States, to some US low cost carriers, they already account for 90% of 
total sales. 


3.6 Determinants of capital productivity 
The productivity of capital is strongly influenced by the way the airlines operate their flight equipment, 
which, in general, represent their most important asset. The capital productivity is affected by variables 
such as aircraft seat density, fleet composition or mix, aircraft load factor, use of aircraft, and flight stage 
length. 


The main fixed asset item of carriers is represented by flight equipment. The fixed assets of Brazilian 
airlines represented, on average, around 40% of the total assets in 2004. The main variables that impact 
the capital productivity of airlines are: 


- average seating configuration of aircrafts, an important measure implemented by the airlines to 
improve productivity has been the increase of seats per aircraft. American companies (since the beginning 
of the 1990’s), have increased the seating configuration in trunk lines. 


- fleet composition or fleet mix: Brazilian carriers, similar to the American have substantially reduced the 
use of aircrafts that are less efficient in fuel consumption. The increase of aviation input prices (especially 
fuel), have forced this procedure. The fleet adequacy in terms of aircraft size, efficiency and engine output, 
has contributed to the increase in the capital and energy productivity, and, consequently, in the multi-
factor productivity;  


- fleet / aircraft operation: one of the variables with the strongest impact on the productivity of air 
transport is the aircraft load factor, which represents the relationship between demand and supply of 
passenger or freight. 
 
Bailey, Graham and Kaplan (1985) analyzed the change of this relationship after the US market 
deregulation. When comparing the statistics of this study, it became evident that this relationship had 
changed over time, as predicted by theoretical studies. 


The aircraft load factor grew with the increase in the flight stage length, according to Bailey, Graham and 
Kaplan (1985) based on US market data for the period between1976-1981 period, exactly the opposite of 
what occurred during the regulation period. 


- use of aircraft: the operating objective of airlines is to use aircrafts more intensively by increasing the 
number of flight hours/day. The American literature based on reports of The Civil Aeronautics Board 
states that the equipment utilization rate increased by an average of half an hour per day in the post-
deregulation period. Within Brazilian aviation (between 1995 and 2002), there was an absolute increase in 
the number of hours flown, despite the reduction in the number of hours flown per aircraft;  
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- average stage length: the flight stage is one of the operating parameters that most influence the unit 
cost and productivity of an airline. Airlines with flight stage beyond average have lower operating costs 
per unit of production. 
 
Larger stage length means, in practice, more efficient use of flight equipment by reducing proportionally 
to the distance traveled, the fuel consumption, since the largest specific consumption occurs during 
takeoff and landing. 
 
The Canadian experience, as reported by Oum and Yu (2001), showed that an airline with a 10% longer 
flight stage length had its multi-factor productivity increased in the order of 1.7%. 


3.7 Determinants of energy productivity 
Doganis (1985) affirms, by examining the determinants of air transport costs that the main variables that 
influence fuel consumption and, consequently, the energy productivity of an airline are: 


- cruise speed: the cruising speed of an aircraft affects its operating cost, regardless of its size. This effect 
can be expressed in terms of its hourly productivity.  


- aircraft size: some technological aspects have a direct effect on productivity and operating costs of 
each type of aircraft. Most importantly, the economic point of view is probably the size of aircraft, its 
cruising speed and flight range with full payload. The significance of size, speed and range of an aircraft is 
reinforced by the fact that these variables affect its hourly productivity, which in turn affect its operational 
costs.  


- engine performance: the basic characteristic of an aircraft is its engine. The same type of engine may 
have different performances on different aircrafts and routes. The performance of an engine also depends 
on variables beyond the operating control of the airline: altitude and temperature of airports served, flight 
stage length, aircraft aerodynamics, cruising altitude etc. 


4 Correlation between single-factor productivity and their explanatory 
variables 


It is intended to identify and understand in the context of this research, the main variables that explain the 
multi-factor productivity and the single-factor productivity of airlines (e.g. labor, capital and energy). 


We calculated the correlation matrices for each company separately and a joint matrix for the complete 
sample of airlines studied.  Table 3 shows the correlation between the single-factor productivity of airlines 
and the different explanatory variables studied. 


These single-factor productivities (labor, capital and energy) are dependent on other variables such as 
investment and training of crew members and maintenance teams, outsourcing of activities and 
processes, automation of administrative and operational processes, average seating configuration of 
operating fleet of an airline, load factor, cruise speed, stage length, among others (Fig. 1). 


Some variables affect more than a productivity factor. The investment in the training of pilots for instance, 
influences both labor and energy productivity. The flight stage length influences both capital and energy 
productivity. 


As it can be seen in Table 3, there is, in descending order, a large positive correlation,  according to the 
intervals defined in Table 1, between capital productivity and cruise speed (r2=0.9405), capital productivity 
growth and seat configuration/density (r2 = 0.9062).  


TABLE 3 - Correlation matrix between single-productivity factor of airlines and its main explanatory variables. 


 Stage Length Load Factor Aircraft Use Seat Configur. Cruise Speed Employees 
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 [km] [%] [hours flown] [seats/aircraft] [km/h] [unit] 
Capital 
productivity 


0.3039 0.6575 0.6320 0.9062 0.9405 
Very low 
correlation 


Energy productivity 0.4774 0.2623 0.4033 -0.8229 -0.8764 
Very low 
correlation 


Labor productivity 
Very low 
correlation 


0.2397 
Very low 
correlation 


Very low 
correlation 


Very low 
correlation 


-0.6078 


 
The study showed that the correlation capital productivity versus cruise speed is larger 
among carriers with larger average stage length and, in the case of the correlation capital productivity 
versus aircraft size (seats/aircraft), the larger correlation occurs among airlines with larger aircraft size.  


There is also a large positive correlation between capital productivity and load factor (+0.6775), and 
capital productivity versus aircraft utilization in hours flown (+0.6320). In the case of the productivity of 
energy, a large but negative correlation between energy productivity and cruise speed (-0.8764) and 
energy productivity and seat density (-0.8229), and between labor productivity and number of employees 
(-0,6078) was verified.  


The study showed also in the case of the correlation energy productivity versus cruise speed that this 
correlation is larger among airlines operating with lower cruise speed that can be explained by the aircraft 
engines consumption which increases proportionally higher with the increasing speed of aircraft.  


A medium positive correlation, according to the criteria defined in Table 2, can be inferred from energy 
productivity growth and stage length (+0.4774) and energy productivity growth and aircraft utilization 
(+0.4033). And finally a small positive correlation is verified between energy productivity growth and load 
factor (+0.623) and labor productivity and load factor (+0.2397). 


The correlation labor productivity versus number of employees of airlines was negative (-0.6078), 
which was expected. Regarding the correlation of productivity labor and other variables like 
stage length, load factor, aircraft utilization, aircraft size and cruising speed it can be considered low 
(correlation with load factor) and very low.  


The analysis of the determinants of the single productivity factors labor, capital and energy and their 
explanatory variables led us to the conceptual model as shown in Fig. 1, which reproduces the inter-
relationship between the main productivity elements labor, capital and energy and their explanatory 
variables. Figures in brackets, in Fig. 1, represent the Pearson correlation between explanatory variables 
and the respective single-factor productivity, as shown in Table 3. 
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FIGURE 1 – Productivity model for scheduled airlines, deduced from the collation and analysis of labor, capital and 
energy productivity and their explanatory variables.  


5 Conclusion  
The survey was conducted with 41 international airlines within the categories Full Service Companies 
(FSC), Low Cost/Low Fare (LCC) and Regional Companies (RC) between 2000 and 2005 (and as part of this 
sampling, the four major Brazilian airlines were included).  


Kendrick’s productivity method was used to measure the multiple-factor productivity growth of linear 
dependence between the single-factor productivity of labor, capital and energy and the productivity 
explanatory variables of the airlines analysed. 


The largest negative correlation was found between energy productivity and cruise speed (correlation of 
88%), and between labor productivity and number of employees (correlation of 60%).  


Among the variables which best explain the MFP are those related to the factor capital, seating 
configuration of the aircraft (positive correlation 90.6%) and average operating speed (positive 
correlation 94.0%), which also impacts negatively the energy factor, and with respect to labor, the number 
of employees used in the operation. The research demonstrated that capital is a key productivity factor in 
the airline industry and a large part of the productivity improvement on this economic sector, depends on 
investments in fleet,  infrastructure and equipment. 
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Abstract 


The ERP - Enterprise Resource Planning is considered one of the most important strategies for the organizations in a 
setting that reconfigures itself permanently. Most research on this subject follows a pragmatic orientation-
interventionist, seeking to identify practices that could improve the results of ERP implementations for a number of 
organizational actors, but little attention has been directed to aspects of labor regulation in ERP environment. In 
Weber's view, every artifact, a machine for example, can only be interpreted and understood from the sense that 
human action has provided its production and use, without resorting to that sense it shall remain entirely 
incomprehensible. In this perspective, this paper aims to introduce a discussion about the importance of 
understanding the process of regulation of labor in carrying out the activity mediated by the ERP system, having as 
theoretical assumption the analysis of the Organizational Act Theory. 


Keywords: ERP systems, regulation of the work, organizational acting 


1 Introduction 
In recent decades, the productive sector has passed to a major restructuring and organization that 
redefined their strategies to remain competitive in the markets they serve. New information technologies 
have been incorporated into the production process, allowing real-time operation, optimization of the 
workforce, integration of the entire company around a single database with the possibility of real-time 
integration with suppliers, distributors, customers and other stakeholders. 


Among the technologies available information, the ERP - Enterprise Resource Planning is considered one 
of the most important strategies for organizations within this framework that continuously reconfigures 
and gives support to thousands of business (Haberkorn, 1999; Davenport, 2002). 


However, according to Souza, Zacol (2003), numerous benefits have been touted to companies that 
adopted the ERP system. But soon, the companies realized that the system implementation was much 
more complex than simply installing new software in the company. 


Impacts on organizational structure and work organization were identified in studies by Robinson, Wilson 
(2001); Saccol, Macadar, Soares (2003), Ramos, Miranda (2003), Mendes, Escrivão Filho (2003); Padilha, 
Marins ( 2005), Jesus Oliveira (2006), Lima, Carrieri, Pimentel (2007); Ludmer, Falk (2007), Santos, Castilhos, 
Barcellos (2007). 


Analyzing the publications of the IS Journal, 2005-2008, Dery et al (2006) found that most studies on ERP 
have a pragmatic and interventionist orientation. Among the four orientations (pragmatic and 
interventionist, theoretical, empirical and critical emancipatory), empirical oriented studies constitutes the 
lowest frequency ones, mainly with regard to the information technology impact on design issues such as 
individual work, teamwork and organizational change, including behavioral and attitudinal data collected 
through questionnaires and interviews. 


Despite the importance of pragmatic-interventionist education-oriented studies, according to Weber 
(1999), every artifact can only be interpreted and understood from the sense that human action has 
provided its production and use, without the use of this sense it remains entirely incomprehensible. 
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In this perspective, this paper aims to reflect on the importance of understanding the process of labor 
regulation in carrying out the activity mediated by the ERP system, using the analysis of the Theory of 
Organizational Acting by Maggi (2006) as theoretical assumption. The work will be performed by means 
of an exploratory research involving literature. 


2 Brief history of the evolution of the ERP system 
The ERP - Enterprise Resource Planning is considered an evolution of the system MRPII - Manufacturing 
Resource Planning, and the MRPII an evolution of the system MRP - Material Planning Requeriment 
(Laurindo, Mesquita, 2000; Pradella, Silva (2005), Gamboa, Caputo, Bresciani Filho, 2004). 


According to Peeters (2009), in 1963, it was developed the bill-of-material by the IBM (International 
Business Machine) team, formed by Gene Thomas, Joseph and Oliver Wight Orlick. 


In continuation of this project, it was developed, around 1970, the MRP system (Material Requirement 
Planning) that would bring greater efficiency to production management. This system had three basic 
elements for production management: i) master program production, ii) list of materials, iii) quantities in 
stock. The MRP model would allow the evaluation of the needs of these materials along the time. In 1981, 
Oliver Wight publishes the book Manufacturing Resources Planning, MRPII, which presents the new 
generation of MRP's. Besides incorporating the modules RCCP - Rough Cut Capacity Planning (Resource 
Capacity Planning Critics), and CRP - Capacity Planning Requirement (Capacity Requirements Planning) 
the new system allows us to consider other production resources, including human resources and budget. 
Given the increasing scope of the model, it came to be called resource planning of production rather than 
material needs. 


According to Laurindo, Mesquita (2000), the planning systems of production did not fully meet the needs 
of business due to the limitation of the scope and difficulties of integration with other systems used in 
different areas of the company. In the early 90s, as an evolution of the MRPII systems, integrated systems 
have emerged, called "Enterprise Resource Planning" - ERP. 


This new generation of systems has expanded its scope beyond the production, integrating the areas of 
Accounting, Financial, Commercial, Human Resources, Engineering, Project Management, Relationship 
Management Client, advanced planning, encompassing a full range of activities within the companies 
business scenario (Laurindo, Mesquita, 2000; Peeters, 2009). 


These systems are considered as one of the most important developments in the application of 
information technology by firms in recent years and gives support to thousands of business activities 
(Haberkorn, 1999; Davenport, 2002). 


3 Impacts of ERP system on the organization of work 
ERP systems impacts over all the organization and, according to research conducted by Bio 1996; Caldas, 
Wood Jr., 2004; Nah et al, 2001; Menezes, 2003 ; Hippolito, 2003; Aladwani, 2001; Padilha, Marins, 2005, 
among the problems cited in its implementation stands out the human factor as one the most critical. 


The impacts on people and work organization arise primarily from the factors mentioned in Table 1: 


Table 1 - Impact of ERP on the organization of work 


Impacts over people and organization of the work 1 2 3 4 5 6 7 8 9 


Accumulation of functions by some posts  x    x    


Activities that stop being necessary, in function of the integration / but others 
increase in wide scale in the areas of input of data 


    x  x   


Increased accountability / given the integration, an error can affect the entire  x x  x x x   
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company 


Increase of control and requirement on the work x x     x x  


Increase of the rhythm and intensity of the work  x        


Reduction of the quantity of direct queries and exchanges of verbal information  x        


Best discipline in the realization of the work  x      x  


Changes in the power structure       x  x 


Necessity of committed and more agile persons  x        


Necessity of better systemic vision about the organization processes  x   x  x   


Necessity of better preparation and technical qualification of the persons and 
multidisciplinary knowledge / competences 


x x  x x x x  x 


Preoccupation with the truthfulness and precision of the data  x  x  x    


Resistance to the system / suspicion of loss of the job or power, in function of 
the share of the information 


   x x x x  x 


Tendency to an increase of the autonomy for the realization of tasks and routine 
decisions 


 x x       


1 Robinson, Wilson (2001) 4 Mendes, Escrivão Filho (2003) 7 Lima, Carrieri, Pimentel (2007)
2 Saccol, Macadar e Soares (2003) 5 Padilha, Marins (2005) 8 Ludmer, Falk (2007) 
3 Ramos, Miranda (2003) 6 Jesus, Oliveira (2006) 9 Santos, Castilhos, Barcellos (2007)


 


The impacts observed more frequently, according to table 1, are referred to the “necessity of a better 
preparation and technical qualification and multidisciplinary knowledge”, “resistance to the system” and 
“increase of the responsibility ”. 


For Ludmer, Rodrigues Filho (2004), in a theoretical-critical approach of analysis, the works developed on 
the ERP subject presents a technicist and reductionist vision. They argue that most of the scholars bases 
their studies on the premise of which the implementations of ERPs take place in predictable and 
controlled environments, despising the implication of problematic critical aspects. They affirm that the 
ERP promises the integration of the whole enterprise, but they present serious problems of inflexibility 
after its implementation. Besides, they affirm that under the optics of two imperatives of the capitalist 
organization of the work processes, the system ERP contributes to the maintenance of the productivity of 
the workforce and his control of predictable form. 


In this aspect, Ludmer, Rodrigues Filho (2004) corroborate with Wood Jr; Paula's Breads; Hot springs 
(2003), which affirms that the integrated systems of management contribute to the corporative 
totalitarianism, which can be checked by the tendency of processes, activities and officials to be controlled 
through instruments and proceedings that promote a domination decentered and diffuse. In fact, the 
control does not materialize itself in the chief’s figure, but in the software that from the login and sign, 
monitors all and any operation that the user does, the time of connection, the navigation in the Internet, 
the fulfilled proceeding. The traceability is simultaneous to the action and, once connected, any user can 
be easily identified. 


Wood J, Paes de Paula, Caldas (2003), reports to the manipulation of the reality by the agents of the 
industry, advisers and the managers themselves who make use of their solutions and who present the ERP 
as an answer to the organizational problems. In this aspect, Davenport (2004), reinforces the power of the 
TI sellers, whose enterprises of hardware, software and communications it has interest in which it are 
believed that the purchase of more technology will resolve the problems of the information. 


Therefore, concerning the corporative totalitarianism, Wood Jr., Paes de Paula, Caldas (2003), affirms that 
autonomy, independence is given and when the self-determination of the users of the ERP system was 
stimulated, but that is nothing more then a process of disguised domination. The ERP system brings a set 
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of prescriptions of the proceedings of the work, however, in the development of the real work, the user is 
compelled to use the strategies of regulation to reach the variability of the work. The actions of regulation 
depend on the level of autonomy or of the discretion granted to a user, and the freedom of action is 
stimulated by sights to reach the marks and organizational objectives, increasing the responsibility of the 
user on the results of the work. 


Another aspect to consider in the approach of the corporative totalitarianism, according to the authors, is 
that the users themselves legitimize the “constructed reality” for the organization, in other words, under 
the speech of bigger autonomy, flexibility, participation, they intensify the work, the collections, the 
rhythm is accelerated, and they increase the responsibilities and collect bigger compromising 


Ludmer, Rodrigues (2004) argue, that the integrated model of the ERP system aims to provide a set of 
processes that use the smallest amount possible of work, easily reached this mark, fact that has his 
construction based on the beginnings of the reengineering that takes the redefinition of the tasks, 
stimulating the multi-skills and acting of the worker in several interconnected processes. The activity of 
work is practiced under constant pressure, given the high interdependence of the processes and the fact 
that they occur “ just in time ”. 


Despite of all the problems pointed by the literature, Davenport et al (2004), argue that there is an 
obsession disseminated by technology everywhere, but little attention has been dispensed to the nature 
of the relation between the persons and the technologies themselves, which leads to countless problems 
that are recurrently addressed by the literature. 


The revision of the literature proves the argument carried out by Dery et al (2006), specially the 
publications of the IS Journal in the period of 2005-2008, through which they noted that there is a 
preponderance of the literature that examines the ERPs systems through an essentially management 
optics, in contrast with few academic works witch consider the work and the organizational implications of 
the system. They checked that most of the published works have a direction pragmatic-interventionist, 
directing to the identification of practices that might improve the results of the implementations of ERP 
for an organizational series of action. And, a minority of the publications has an empirical direction, when 
the questions were turned like the conception of individual work, work in team and organizational 
change, including attitudinal and behavioral data collected through questionnaires and interviews. 


Despite of the importance and contribution of the studies with direction pragmatic-interventionist is 
necessary to enlarge the understanding of the process of regulation of the work, carried out through the 
ERP system. This embraced necessarily the interpretation and understanding that the human action 
provided his production and utilization, according to Weber’s theoretical presupposition, without which it 
will remain completely incomprehensibly. 


4 The Process of Regulation of the Work Mediated by the ERP System 
Maggi (2006), based on the Weber’s theoretical presupposition on the social action, developed the theory 
of organizational acting. 


The social action, as defined by Weber, constitutes the object of study of the sociology: a science that 
intends to understand and interpret the social action and explain it causally in his course and in his 
effects. For "social" action the author understands an action that, on the sense aimed by the agent or the 
agents, refers to the behavior of others, being guided by then in their course in other words, a human 
attitude in which the subject agent or subject agents attribute a sense to their attitudes. This concept of 
action conduct to an understanding of acting socially in a interpretative approach, according to 
interpretative hypotheses that must be submitted to a empirical checking. 


Therefore, acting socially differentiates itself from the other forms of acting as the agent attributes 
subjective senses to the attitude. Nevertheless, the author also warns what the limits between an action 
with sense and a single behavior, not connected with a sense aimed by the agent, are completely fluid. A 
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very important part of all sociological relevant behaviors especially the purely traditional action dwells in 
the frontier between both (reactive agent and sense aimed by the agent). 


The construction of ideal-types, what consists in creating systems that permits conceptualize or, to put, in 
a conceptual unit, a series of characteristics, qualities of existent historical, diffuse and discreet 
phenomena in different measures in order to provide a better understanding of the real fact, Weber 
prepares 4 ideal types of acting. According the social action, like the whole action, can be determined: 1. 
In a rational way referring to ways and ends, in other words, according to expectations as for the behavior 
of objects of the exterior world and of other persons, using these expectations like conditions or ways to 
reach their own ends; 2. in rational way referring to values, of the belief in the ethical, religious or 
aesthetic values, and the determination of the action does not depend on the result; 3. in a matter of 
affective, essentially emotional; and 4. in traditional way, for deep-rooted customs. 


Any sociological interpretation of an action intends to reach an evidence. This evidence, according to the 
author, can have a rational character (in this case understood like something logical-mathematical) or of a 
intuitively understanding (emotional, artistic-receptive). What Weber calls rationally obvious is everything 
that is intellectually understood, in complete and transparent way in his connection of sense. Differently 
of what it would be an intuitive understanding of the action, based on emotional experienced 
connections. 


The understanding of the phenomenon of the social action in the light of the weberian epistemology 
implies in considering it as a starting point of the scientific analysis, provided that the explanation of 
social act pass through an empirical checking. According to Maggi (2006), this is used to explain the 
causal dimension or the adequate causality of the empirical conditions of the action. 


In the field of the study of the organizations, the social action vision through the vision of process, avoids 
theoretical difficulties that can consider the organization as a pre-determinated data with relation to the 
individual, or of those who considers the organization as a product of numerous entanglements of 
subjective actions.  


Therefore, in order to understand the process of regulation work developed through the ERP system, it is 
necessary, to contrast it under the classic model optics, of the functionalist vision, of the built system and 
the vision of process, (Tersac, Maggi, 2004). This last approach, vision of process, corroborates with the 
weberian conception of action as a process. 


The situation of work, on the classic model, is seen under the approach of a social system completely 
predetermined and, in relation to the individual, determinist. From the conception of the absolute 
rationality, of the perfect order, it is possible to get efficiency and maximum efficacy to achieve the one 
best way, the best program of work. There is no variability between the foreordination and the execution. 
The system is considered invariable and stable, and the tasks follow the same direction – stables of the 
elementary actions and represented in the chart of the organization. The ERP system is highly 
standardized and the logic of its conception corresponds to situation of work of a classic model, 
determinist regarding the users. 


In the perspective of the functionalist vision, the social system has as foundation the notion of function, 
brought from the biological sciences. Each part of the system contributes to reach the objective of his 
functional conditions. The classic model characteristics are no longer verified and give place to the 
flexibility, enrichment of the tasks, reciprocal relations and communication, which increase the potentiality 
of the system. Several forms of regulation are possible, but the one who ensures the best integration or 
adaptation of the subjects is considered the best. But, Tersac, Maggi (2004, p. 96) argues that “the 
background of the epistemological choice did not change”. There is still a pre-deterministic vision in 
relation to the subjects involved; because the "flexibilization of social structure and recognition of 
informal solutions" does not satisfies the individuals involved, but satisfies the functional needs of the 
system. In this perspective, it is expected that the subject will solve the problem, since there is no longer 
separation between management and implementation in this model. 
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Regarding the optics of the built system, the social system is produced by the interactions of the subjects, 
and the “reality is not a natural data existing before the action, it is a social construction defined by 
subjective significations” (Tersac, Maggi, 2004, p.96). In this vision, the only possible rationality is 
afterwards. There is no predetermination, like in the visions of the classic model or functionalist. The 
models of relation are produced from the interactions of the subjects, and these are seen as separated 
entities of the social system. There is not, like in the classic model, adaptation of subject to organization, 
but the conception of the social built system leads to a rejection of the organization. 


In the vision of the process of action the predetermination of the models opposes to the classic, 
functionalist and of the built system, in other words, of the absolute rationality beforehand or afterwards. 
And, from the epistemological debate of these approaches it was produced another vision of the social 
system, as a process of actions and decisions. The system produce, modify and organize itself from a 
limited and intentional rationality, once it reflects the limits of the human reason. Second Tersac, Maggi 
(2004, p.97): 


The course of the system under this vision is activated by the meaning of the intentions of the premises in 
relation the decisions and continuously exposed the corrections and the modifications based on 
knowledges and new values: it is a heuristic course, of research, of learning, of decision and, finally, of 
action. 


5 Discussion 
The ERP system, referred in this paper, is commercialized as a commercial packet, it has standard 
modules, in order to be adjusted to the organizational processes and promises the integration of all the 
organizational processes. The quoted literature points out that the system becomes inflexible after its 
implementation and that there is a dependence of the supplier of the software for the changes that will 
be made necessary. The conception of the system aims to reach the “one best way”, the perfect order, 
change the departmental vision to a process vision, from the revision of all the organizational processes, 
the integration, the absolute rationality and does not predict variability between the preordering given by 
his parametrization, and the execution. 


The work developed through the ERP follows a prescription, and from the quoted characteristics it 
determines the course of the action, not predicting in its conception regulation for part of the user.  


The ERP system doesn’t correspond with the functionalist vision, because it has as principle the change of 
the departamental/functionalist vision to the vision of process. There is no longer an owner of the 
information, on the contrary, there is a unique database that feeds all the organizational processes. The 
system integrates all the business processes from the database, but its structure does not admit the 
flexibility and the recognition of informal solutions, in other words, regulation by the user. 


The work developed through the ERP follows a prescription, and from the quoted characteristics it 
determines the course of the action, not predicting in its conception regulation by the user.  


Also doesn’t fit the vision of built system, for which the models of relations are built from the interactions 
of the subjects, are seen as separated entities from the social system.  


There isn’t, like in the classic model, adaptation of subject to the organization, but the conception of the 
social built system leads to a rejection of the organization. 


ERP, also from the point of view of its structure and of its logic design, does not approach the vision 
process action. 


However, it can’t be denied the social acting around the ERP system, which in the weberian conception is 
translated in the action and in organizational acting. Organizational acting is constituted of a process of 
actions and decisions, and from a limited and intentional rationality, which produce, modify and organize 
itself. And, therefore, any process of organizational action is an action of regulation. 
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According to this, the organization can be defined as the coordination of the process of social and 
collective action. From the set of possible actions, the organization is not seen as being passive, but on 
the contrary, it is active, in function of the constructive order and always changeable on the process of 
collective actions. The set of actions corresponds to what is asked in the real situation of work, and that is 
solved through the process of regulation. 


The collective action or individual acting can be developed in the heteronomy form regarding the system, 
in other words, total absence of regulation on the proceeding parametrized by the system. The 
heteronomy form can be associated to the ERP system in relation to its structure that does not admit 
intervention by the user. 


The discretionarily indicates the spaces of action inside a ruled process, where the user is obliged to 
decide and choose, in a picture of dependence. And, autonomy means the capacity of the user to 
produce his own rules, and so the capacity of managing his own processes of action: it implicates 
independence. It fits individual subject as for the collective and concerns regulation of the process of 
action. 


Maggi (2006) affirms that the practice of the discretionarily can turn out to be negative for the subject, 
that starts to avoid them in reason of the uncertainty and of the fact that they seems to be bigger than its 
capacity of facing them. Another reason is the consequence of a bad choice, which in case of the ERP can 
have reflexes over all the organizational processes with which it integrates itself. 


If the practice of the discretionarily can reveal itself to be negative for the subject, Maggi (2006), from the 
other side, affirms based in the studies of Friedmann, that the autonomy is the starting point of the 
effective valorization of the human work, so, it influences also his well-being. 


Social acting is can’t be modeled and, in the social field, theoretical models cannot be produced as they 
are in the mathematics. And, perhaps, precisely on these points of analysis, the ergonomic approach can 
bring its best contributions, studying the process of regulation of the work, where and how the new 
consequences of the constraints appears, where and how the subject is constrained to adapt itself in this 
new work conditions. 


However, it is necessary to realize empirical studies that makes possible to understand how occurs the 
process of regulation that is inherent to the activity developed through the ERP. Therefore, aims to 
understand what are the used strategies and how the practice of discretionary or autonomy reveals itself 
given the predetermination of the system. 


6 Conclusion 
The objective of this work is to introduce a reflection about the process of work regulation in the research 
orientations about the ERP system. It is undeniable the importance and dimension of ERPs systems, which 
allows the enterprise to integrate all the processes with range for the whole business chain, to operate in 
real time, to have the information in a precise and agile way, helping the enterprise to remain competitive 
in the market that it act. 


However, vast literature has been produced searching, analyzing and bringing contributions to the 
improvement of the performance of the systems ERPs, which goes from methodologies of choice of the 
supplier of the system, passing by the process of implementation, the impacts on the organization, but it 
does not analyses the aspects related to the regulation of the process of work. 


This analysis is relevant, since the system ERP puts new challenges in the organizational acting, what in 
the words of Maggi (2006), is not modeled and does not follow the same logic of conception of the 
system.  
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This article suggest, through the argumentation presented here, the realization of empirical research that 
pursues to identify the mechanisms of regulation of the process of work to attend what is asked in the 
situation of work mediated by the system ERP. 


Therefore, it pursues to understand which are the used strategies and how they reveals themselves in the 
practice of discretionarily or autonomy to attend what is asked in the situation of work mediated by the 
ERP, faced by the predetermination of the system. 
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Abstract 


Infrastructure concession is an alternative widely used by governments to increase investment. In the case of the road 
sector, the main characteristics of the concessions are: long-term projects, high investments in the early years of the 
contract and high risks. A viability analysis must be carried out for each concession and consider the characteristics of 
the project. When the infrastructure is located in a developing country, political and market growth uncertainties 
should be add in the concession project analysis, as well as economic instability, because they present greater risks. 
This paper is an analysis of state bank participation in road infrastructure finance in developing countries. For this 
purpose, we studied road infrastructure financing and its associated risks, and also the features of developing 
countries. Furthermore, we considered the issue of state banks and multilateral development banks that perform an 
important role by offering better credit lines than the private banks, in terms of cost, interest and grace period. Based 
on this study, we analyzed the Brazilian Development Bank - BNDES – and their credit supply to road infrastructure 
concessions. The results show that BNDES is the main financing agent for long-term investment in the sector, offering 
loans with low interest rates in Brazilian currency. From this research we argue that a single state bank should not 
alone support the increasing demand for finance in Brazil. Therefore, we conclude that there is a need to expand the 
supply of credit in Brazil, by strengthening private banks in the long-term lending market. 


Keywords: infrastructure finance; road concession; state development bank; multilateral development bank; 
developing countries 


1 Introduction 
Transport infrastructures are essential for economic and regional development of a country, by promoting 
territory integration and improving accessibility between production and consumption. Traditionally, 
government funded infrastructure investment for some reasons. First, infrastructures are public utilities. In 
addition, infrastructure construction requires large amounts of investment and presents high risk, 
resulting in the lack of private sector interest. Therefore, these investments were supported by the 
government and the financial resources were coming from taxes. 


However, today the world monetary policy imposes restrictions on public debt in many countries. So there 
is a trade-off between the need for continued and increased infrastructure investment and budget 
constraints not to mention the need to reduce the public deficit. Thus, funding public infrastructure by the 
private sector arose as an alternative to maintain the investment level and focus public spending on social 
areas. 


For this purpose, governments legislated changes that allowed the private sector to fund and manage 
public infrastructure. These new financing mechanisms use private, mixed and PPP (public private 
partnership) funding, which are widely used today. 


Developing countries also launched road concessions, mainly since the 1990s. In the case of Latin 
America, Vassallo and Izquierdo (2010) point out that Chile, Mexico, Colombia, Argentina and Brazil have 
a long experience and some successful models. 
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The reason for researching developing countries is due to the importance of these countries in the world 
today. This is highlighted by the high economic growth and projected growth in the coming years of 
these countries, even when compared with developed countries. According to the World Bank (2011), it is 
projected that between 2011 and 2025 developing countries will have an average growth of 4.7% 
annually, double of the projected rate for high-income countries in the same period. 


Moreover, the Organization for Economic Co-operation and Development (OECD, 2010) predicts that 
gross domestic product (GDP) for developing countries will surpass the developed countries in 2030, and 
will account for nearly 60% of world GDP. The study also concludes that although global structure shifting 
has been ongoing for twenty years, it is still necessary to study issues on developing countries to better 
understand their opportunities and risks.  


In this global economic context, we can observe that developing countries demand financial credit to 
maintain their growth rates. However, these countries have greater uncertainty than developed countries, 
that generate greater risks, so they must adopt different types of finance mechanisms to make their 
projects viable. 


In this sense, state banks and multilateral development banks play a key role in financing infrastructure 
investments in developing countries. These banks reduce the risk projects in these countries, by offering 
loans with lower interest rates, longer terms of payment, as well as longer grace periods than open credit 
market can offer. 


1.1 Objective and methodology 
In this paper we aim to investigate infrastructure finance in developing countries by state banks and 
multilateral development banks. The focus of the research is to study the reasons for financial 
participation of these organizations in road concessions in developing countries, as well as to analyze the 
loans characteristics. 


Thus, the question proposed for this research is: How do state banks and multilateral development banks 
participate in the investments in road infrastructure concessions in developing countries? 


In this investigation we used the following methodology. First we analyzed the finance models of road 
concession. We then examined the features of developing countries and their risks. Next, we studied the 
purpose of state banks and multilateral development banks to stimulate investment and present the 
example of the Brazilian Development Bank - BNDES. Finally, we examined the case of road concessions 
finance in Brazil. 


2 Infrastructure Concession Finance 
In the last twenty years many countries promoted infrastructure concession in order to avoid public 
deficits and to incentivize private finance. The concession is a contract between public and private entities 
when private parties participate in managing and financing a public infrastructure. 


This type of contract transfers construction, maintenance, and operation of the asset to a private 
consortium, which sets up a single purpose entity known as a Special Purpose Vehicle (SPV), for a set 
period of time. During this period, the concessionaire receives income based on the usage of the facility.  
In addition, the concessionaire must satisfy contractual performance level based on the quality of service 
provided. Vassallo and Izquierdo (2010) present three main characteristics of a concession: risk transfer; 
asset transfer, but not it property; and a limited period of time. 


The most common finance mechanism for road concessions is project finance. It is a long term financing 
method based on the projected cash flow of the project, which should be capable of producing enough 
cash to cover initial, operating and debt costs over the whole concession period. Concessions are capable 
of generating adequate returns in the long term, as they become profitable after about 10 years of 
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operation, and are potentially interesting business proposals (Pinglo, Guasch and Foster, 2005). So, as a 
long term project, a concession environment requires clarity in the legislation and regulatory structure. 


Furthermore, the economic feasibility of the project depends on detailed analysis of the project and its 
cash flow, which demonstrates whether a project can provide enough profit for developers and pay debts 
and shareholder dividends. However, that analysis is complex because it involves cash flow projections, 
that involve various types of risks.  


In fact, a risk study is important because uncertainties affect key variables of the project, such as the traffic 
flow that is a variable needed for forecasting revenues. Concerning to this fact, Engel, Galetovic and 
Fischer (2002) show examples that demand risk is a characteristic of private roads. It is essential, therefore, 
to achieve an optimal risk distribution, allocating risks to the entity which are more efficiently managing 
them. Some risks can be mitigated by guarantees and insurances. An example is the minimum income 
guarantee, given by the government to minimize the risks associated with traffic demand. Insurances are 
mostly used for unpredictable circumstances. 


Therefore, risk identification and allocation is a key component of project finance. Ke, Wang and Chan 
(2010) carried out a comparative analysis of risk allocation preference in different countries and concluded 
that the maturity of the PPP market would influence the private sector’s willingness to undertake more 
risks in PPP projects.  


For this purpose the analysis of a project must take into consideration many features: technical, 
environmental, economic and political, in the area where the project is being constructed and operated, 
especially in developing countries because they present unstable environment.  


2.1 Finance in developing Countries 
The rapid expansion of infrastructure concessions occurred all around the world; more than 2,560 projects 
were launched between 1985 and 2007 in 80 countries (Vassallo and Izquierdo, 2010). Data from 
developing countries show that there is an accelerated implementation of such projects in Asia and Latin 
America. In addition, transportation projects represent 50% of all projects. 


In the present study, the term developing country relates to the economic and financing aspects of the 
countries. From this perspective, the main features of developing countries are: low-income economy, 
social problems, such as inequality, and high rates of economic growth and industrialization, reaching 
higher levels of development. Thus, as concluded by the World Bank (2011), developing countries are 
driving global growth, but remain risky and must be studied in order to mitigate these risks efficiently.  


The World Bank report also identifies three main short-term risks in developing countries: tensions in 
financial markets, large and volatile capital flows, and a rise in high food prices. So, for the longer-term, 
countries need to shift focus from short-term crisis management toward measures that address 
underlying structural challenges. 


The OECD (2010) highlights that private finance and investment are crucial for developing countries to 
achieve sustained economic growth. However, the study concludes that there are few developing 
countries able to get sufficient national funding and foreign investment to meet this challenge. 


Pinglo, Guasch and Foster (2005) set out that infrastructure concessions in Latin America are a high risk 
investment proposal, which explains why the required rates of return on such investments are high. Thus, 
developing countries should drive a stable and sustained growth in order to attract finance and 
investment from the private sector. In addition, state banks and multilateral development banks can 
mitigate investment risk in developing countries. Such credit institutions might encourage the private 
financing and investment, and reduce investors perception of high-risk in developing countries. 
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3 State Banks and Multilateral Development Banks 
The main purpose of the state development banks is to promote economic and social development of the 
country, particularly in economic sectors and regions with limited resources, also where projects have high 
risk or require significant initial investment.  


On the other hand, multilateral development banks are not banks in the ordinary sense, they are 
organizations owned by its member countries. These institutions aim to foster the development of its 
member countries and, except for the World Bank, they work by continents such as the Inter-American 
Development Bank (IDB) and the European Bank for Reconstruction and Development (EBRD). 


However, the economic basis of state banks and multilateral development banks is not only related to its 
relevance in offering credit lines, especially sectors that lack private finance. These organizations also play 
an important role as an instrument to support government economic policy during a crisis that affects the 
private sector. 


Moreover, development banks are the main sources of funding for infrastructure concession, including 
transport. For example, the road concession projects, implemented from the 1990s, which were heavily 
financed by multilateral development banks (Pereyra, 2006). 


The reason is because these entities provide a lower debt cost than the private market, as well as longer 
periods of payment and longer grace periods. The debt cost is the result of the sum of the financing cost, 
with the administration cost of the financial institution and the spread of risk. 


Many countries have state development banks. According to Serapião (2010), a Russian State Bank report 
identifies 750 institutions, including banks, agencies and funds. Comparing these institutions by asset 
value, the ten largest state banks in the world in 2008 had more than 30 billion dollars and belong to: 
China, Germany, South Korea, Brazil (BNDES), Japan (two banks), Spain, India, France and Russia. 


In order to evaluate the objectives of each state bank and its role in the development of the country, it is 
necessary to study both the economics and history of the country. However, according to Golonbek and 
Sevilla (2008), there are some similarities in these institutions, such as the main objective that is to 
consolidate credit structures of the country and to promote sustained economic growth in some special 
areas, such as infrastructure sector. 


3.1 Brazilian Development Bank – BNDES 
The Brazilian Development Bank (BNDES) was founded in 1952 to promote national economic 
development policies. The BNDES main objective is to foster investment in the country by funding 
projects from all sectors of the economy in the long term. This bank offers several financial support 
mechanisms to companies, individuals and public administration entities. 


The BNDES is the main financing agent for development in Brazil and plays a fundamental role in 
stimulating the expansion of industry and infrastructure in the country. Its current priorities are 
infrastructure, exports, local production arrangements and social inclusion. For comparison, in 2010 the 
BNDES offered 96.32 billion dollars in credit, three times what the World Bank offered. 


Since this paper collects data from investment in Brazil, it is necessary to clarify the exchange rate of the 
Brazilian currency (real R$). The average annual value of real for one dollar was: R$ 1.76 in 2010 and R$ 
1.67 in 2011. 


Regarding the current performance, the BNDES’s disbursements closed the year 2011 at R$ 139.7 billion 
(US$ 83.6 bn). The highlight in 2011 was the bank’s transfers to large infrastructure projects, representing 
40% of total disbursements. The most significant amounts were for road transport, at R$ 26 billion (US$ 
15.6 bn), and electricity, at R$ 15.9 billion (US$ 9.5 bn). The bank disbursed 32% of its total disbursements 
to industry and 21% to trade and services. The BNDES registered a net profit of R$ 9.9 billion (US$ 5.9 bn) 
in 2010. The result represents an increase of 47,2% compared to 2010, as shown in Figure 1. 
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Figure 1 - BNDES disbursements and net profit. Source: BNDES (2011) 


 


The BNDES has many sources of funding, the main one is a steady source from social integration funds of 
unemployment insurance. The Bank also raises funds from: the National Treasury; return on financing 
operations; foreign fundraising on the international capitals market and multilateral development banks; 
fundraising on the domestic market. 


The final interest rate used in BNDES loans varies according to the type of support, the type of operation, 
and region. Figure 2 shows BNDES financial cost structure. 
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Figure 2 - Structure of BNDES financial cost. Source: BNDES (2011) 
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The main financial cost and most used by the BNDES is the Long-term Interest Rate (TJLP – Taxa de Juros 
de Longo Prazo). This rate is defined by the Brazilian Central Bank and incorporates the forward-looking 
inflation target and a risk premium. Since 2009 the TJLP stands at 6%, having steadily been reduced from 
12% in 2003. 


Compared with another Brazilian market indices, a basic interest rate (Selic) of 11.7% in 2011, we can say 
that the TJLP is the most significant competitive factor of the BNDES in the domestic financial market. 


Another aspect of the BNDES is that it not only plays a role of a credit bank, but also as a development 
agency, that studies the project design as well as finance mechanism, feasibility and guarantees. 


4 Financing road concessions in brazil 
In 2011 Brazil became the sixth largest economy in the world, the largest economy in Latin America and 
the second in America. Brazilian Gross Domestic Product (GDP) in 2010 was 2.087 trillion dollars, with a 
per capita income of US$ 10,984. The country recorded a growth of 7.5% in 2010, the best result for the 
past 24 years. 


Road is the dominant transport mode in Brazil for freight and passengers. In the modal split, shown in 
Figure 3, a total of 61% freight and about 63% of total long distance passenger movement are 
transported by road. 


  


Figure 3 - Modal split of transport in Brazil. Source: CNT (2011) 


 


Currently the road network in Brazil has 1.58 million kilometers, where 75,700 kilometers are the 
responsibilities of the federal government, 243,300 kilometers of the state government and 1.26 million 
kilometers are municipal. The road network is more concentrated in the Southeast and South of the 
country, consistent with the population distribution, with a higher density in the same area. 


4.1 Road Concessions in Brazil 
The 1988 Brazilian Constitution was the milestone that allowed the concession of public infrastructure for 
a private entity. After 1994, the federal and state governments began to sign road concession 
agreements, mostly for 25 years. Figure 4 shows the evolution of the road concession program in Brazil, 
according to data from the Brazilian Road Concession Association (ABCR). Currently, Brazil has 15,222 km 
length of road concessions. 
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Figure 4 - Evolution of Road Concessions in Brazil. Source: ABCR 


 


For the analysis of credit conditions, this paper will be restricted to roads granted by the federal 
government, because their concession program has currently 4,763 kilometers, representing one third of 
the total length of concessions in the country and 7.6% of the total federal paved roads. 


Concessions granted by the federal government can be divided into two groups: 


 first phase: concessions granted between 1995 and 2000; 


 second phase: concessions granted after 2008. 


First phase concessions had the BNDES as the main source of finance at the beginning of the concession 
period. Today these concessions are more than 10 years since they were granted, so they are in the half of 
the total period and have reduced investment needs. On the other hand, the second phase concessions 
are still in the early years of the contract, and need high levels of investments. 


4.2 Road concessions finance in Brazil 
For road concessions projects, the BNDES provides a loan that covers, in general, 75% of the total 
investment (Prates, Cintra and Freitas, 2000). The credit procedure has two distinct phases. First the bank 
gives a bridge loan, for one year period, which will finance the first stage of the project. After, this bridge 
loan is replaced by long-term loans. The BNDES participates throughout the process, with multilateral 
development banks, like the World Bank and IDB. 


In the last three years, the BNDES has disbursed R$ 8.541bn for the road concession program. In addition 
to loans, the BNDES also funds by acquiring debentures of concessionaries, through its subsidiary 
BNDESPAR, which aims to strengthen the capital structure of private companies and to develop the 
Brazilian capital market. 


The data for the loans of road concessionaires were obtained from the 2010 Financial Statements and 
Reports published by the companies and the federal regulatory authority - Agência Nacional de 
Transportes Terrestres (ANTT), which is responsible for monitoring the federal transport concessions. 


The current short and medium-term loans amount to R$ 1.766bn, and the BNDES participation is 64% of 
the total, as shown in Table 1. 


From the analysis of Table 1, we can conclude that loans of the second phase concessions are mostly 
provide by the BNDES, with 89% of the total. As the second phase concessions are the most recent 
concessions, the data confirms that the BNDES supports concessions in the early years of contract with 
bridge loans, while long-term loans are being analyzed. 
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Table 1 – Loans in short and medium-term 


 


Total Loan 


(R$* millions) 


BNDES  Private Banks 


Loan 


(R$ millions) 
Participation  


Loan 


(R$ millions) 
Participation 


1st phase 496 0 0%  496 100% 


2nd phase 1,269 1,129 89%  140 11% 


Total 1,766 1,129 64%  636 36% 


Own elaboration (Source: ANTT and BNDES) 
* US$ 1.00 ≈ R$ 1.76 (2010) 


After the early years of the concession period, the BNDES does not provide short and medium-term loans. 
Therefore, private banks supply the credit demand of the old concessions (first phase), which lend 100% 
of short and medium term loans, as shown in Table 1. Regarding financial costs of short and medium-
term, loans from the BNDES are always based on the TJLP (Long-term interest rate). Other spread costs, 
that form interest rate, varies between 2.6% and 3.58% per year. 


The private banks use TJLP and CDI as a basis of their financial cost. Other spread costs vary too much, 
between 1.5% and 28.5% per year, reflecting market conditions at the time of the loan approval. We must 
clarify that CDI - Interbank Deposit Certificate - are papers issued by financial institutions that are limited 
to use to interbank market operations, and in 2011 had an interest rate of 10.52%. In fact, comparing CDI 
with TJLP, which is at 6% per year, we note that loans based on CDI are more costly for road 
concessionaries. 


There are no long-term loans contracted with private banks for any federal concession road, so long-term 
credit supply is all from state banks, see Table 2. 


Table 2 – Loans in long-term 


 


BNDES 


Loan (R$* millions) Participation 


1st phase 89 100% 


2nd phase 4.257 100% 


Total 4.345 100% 


Own elaboration (Source: ANTT and BNDES) 
* US$ 1.00 ≈ R$ 1.76 (2010) 


As well as in short and medium-term, the BNDES long term financial costs are based on TJLP and other 
spread costs range from 1.8% and 8% per year. However, second phase concessions have an average 
spread costs of 2.3% per year. It is worth noting that there are some loans that do not have any spread 
cost, the final interest rate is TJLP, but those credits must be applied for social investments. 


Those BNDES long-term loans have long grace periods, up to 5 year for loans with a term of 10 years. 
Therefore, the BNDES is the main financing agent for road concessionaires in Brazil, as shown by the data 
analysis conducted for this paper. This participation promotes the road concession program and achieves 
the objectives of government policy. 
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5 RESULTS AND DISCUSSION 
From this study we observed that besides infrastructure, road concession projects require high capital 
investments and long-term financing. We also noted that in the last two decades the number of 
concession projects launched has grown continuously. Thus, a question arises: how can concessionaries 
raise funds to invest? In other words, what is the financial model that makes concession project feasible? 


The supply of long-term credit is generally not attractive for private banks, because they lose liquidity. In 
countries with a developed capital market, this can be an option to capture the necessary resources. In the 
case of developing countries, which do not have a developed capital market and there is no incentive to 
long-term private credit, state banks and multilateral development banks are the suppliers to finance 
infrastructure. 


Thus, the case of the BNDES has been studied in this paper. The BNDES is a Brazilian state bank that aims 
to promote development in the country, providing financial support to national industries and 
infrastructure. In the case of road concessions, the BNDES lends long-term, with a lower interest rate than 
the private market and in Brazilian currency, thus eliminating exchange rate risk. 


This research demonstrated that BNDES is the main financing agent for investment in road concessions in 
Brazil. According to the loans data of the federal road concessionaries, BNDES supplies 64% of total credit 
contracted in the short and medium-term and 100% in long-term. 


The study also shows that the interest rate used by the BNDES in those loans is lower than that used by 
private banks. This is because the financial costs of the BNDES are based on the Long-term Interest Rate 
(TJLP), which at the time of writing is at 6% per year, while private banks use the Interbank Deposit 
Certificate (CDI), which was at 10.52% in 2011. Moreover, the BNDES loans have longer terms of payment 
and grace period than the private ones. 


We conclude that BNDES is in fact the largest lender in this sector in Brazil and the TJLP interest rate is the 
competitive factor of the bank in the credit market. 


However, there are some issues that arise from the analysis of the current funding model used in Brazil. 
The first issue is whether the BNDES is able to sustain the growing financing needs of the country. 
Another point is that most of the BNDES sources of funding, representing 75% in 2010, are from the 
government budget or funds, so does not meet a basic concession foundation, that investments should 
be undertaken by the private sector. 


The Brazilian government should launch measures to boost the supply of credit by the private sector in 
order to relieve the BNDES from meeting the demands for financial investment. One possible measure is 
to reduce the Brazilian interest rate, so that private banks also reduce their interest rates. In addition, it is 
necessary to develop new financial mechanisms to incentivize private institutions to provide long-term 
credit. 


In conclusion, the BNDES has helped the development of the road concession program in Brazil, by 
supplying credit under better conditions than private banks. On the other hand, it is worth noting that to 
maintain the level of infrastructure investment, which is the foundation for the country’s growth, it is 
essential to broaden the financial credit. The Brazilian government should introduce policies to stimulate 
private credit. In the meantime the BNDES should continue to be the main finance institution in Brazil for 
the coming years. 
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Industrial Engineering and Operations Management is the knowledge area related with the project, 
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Industrial Engineering (IE) and Operations Management (OM) professionals need deep and solid 


interdisciplinary technical competences in order to cope with the economic, social and environmental 


dimensions of sustainability. The Department of Production Systems of the University of Minho and the 


ABEPRO association aim to join teachers, researchers and professionals concerned with sustainability 


aspects as well as with the IE and OM knowledge areas. 


The International Conference on Industrial Engineering and Operations Management (ICIEOM) is the main 


International event in this knowledge area in Brazil, organized by the Brazilian Association of Production 


Engineering (ABEPRO) since 1995. 


The Department of Production and Systems (DPS) of the School of Engineering, University of Minho 


(UMinho) is the oldest department in Portugal in the disciplines of Production Engineering, having been 


the originator of the first courses of Production Engineering in the country. 


The XVIII International Conference on Industrial Engineering and Operations Management (ICIEOM 2012), 
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th


 and 11
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effective and efficient world, integranting people, materials, equipment, financial resources, information 


and energy. We hope we attended to the community expectations and honoured the examples seen over 


the years, contributing to the development of the Industrial Engineering and Operations Management 


knowledge area. Thank you all! 
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KEYNOTE SPEAKERS 


ICIEOM 2012 attracted renowned keynote speakers, who represent a variety of perspectives on industrial 


engineering and operations management sustainability. We are honoured to have the following inspiring 


international keynote speakers: Michael Braungart (EPEA, Hamburg, Germany), Henrique Corrêa (Rollins 


College - Crummer Graduate School of Business, USA) and Gustavo Guimarães (EMBRAER, Brazil). 


Michael Braungart 


Professor Dr. Michael Braungart is founder and scientific director of the Environmental Protection and 


Encouragement Agency GmbH (EPEA) in Hamburg, Germany. He is also co-founder and managing 


director of McDonough Braungart Design Chemistry (MBCD) in Charlottesville, Virginia (USA) and 


scientific director of the Hamburger Umweltinstitut (HUI, "environment institute"). Together with the 


American architect William McDonough he developed the Cradle to Cradle®-concept. 


Since autumn 2008 Braungart has held a chair position at the Dutch Research Institute for Transitions 


(DRIFT) at Erasmus University Rotterdam, combined with the TU Delft, for which a Cradle to Cradle®-chair 


was founded. Dr. Braungart has been a professor of Process Engineering at University of Lüneburg 


(Germany) since 1994. Moreover, in 2002 he accepted a visiting professorship at the Darden School of 


Business in Virginia, USA, lecturing on such topics as eco-efficiency and eco-effectiveness, Cradle-to-


Cradle design and Intelligent Materials Pooling. 


Prof. Michael Braungart received the Environmental Award of the German team for environmentally aware 


management (Bundesdeutschen Arbeitskreis für Umweltbewusstes Management e.V. - B.A.U.M.) in 1999 


for his outstanding scientific achievements. He lectures at several international universities. His expertise 


can be found in numerous magazines all over Europe and the USA. 


Braungart is co-author of the "Hanover Principles of Design: Design for Sustainability", which served as 


development guidelines for the World´s Fair in Hannover, 2000. In 2002, he also co-authored Cradle to 


Cradle: Remaking the Way We Make Things with William McDonough. 


More information: http://www.braungart.com/index_engl.html 


 


Henrique Corrêa 


Professor of Operations and Supply Chain Management at Rollins College - Crummer Graduate School of 


Business, since 2006. Awarded in 2011/2012 the prestigious Rollins College Bornstein Faculty Scholarship 


Award, Professor Correa previously taught at the Fundacao Getulio Vargas Business School, São Paulo, 


Brazil (1998-2006) and at the University of São Paulo, also in Brazil (1986-1996). He has also served 


visiting appointments at the University of Warwick (UK), IESA (Venezuela), INCAE (Costa Rica), University 


of Texas at San Antonio (USA), IE Business School (Spain), University of Porto Business School, Portugal, 


Fundação Dom Cabral (Brazil), Federal University of Rio de Janeiro (Brazil), among other institutions. His 


research interests include global supply chain management, flexible operations and service operations 


management. He has published extensively in academic journals including the International Journal of 


Operations and Production Management, Computer Integrated Manufacturing Systems, International 


Journal of Logistics Systems Management, Journal of Manufacturing Technology Management, 


International Journal of Business Excellence, Journal of Operations and Supply Chain Management and 


Latin America Business Review. Correa has authored and co-authored eight books and text-books in the 


fields of operations strategy, service operations, operations management and global supply chain 


management, having sold more than 100,000 copies in Brazil. He has consulted with companies such as 


3M, Unilever, General Motors, Hewlett-Packard, Embraer, Brazil Foods, Monsanto, Inter-Bev, Wella (Procter 


&Gamble), Pepsico, Whirlpool (Embraco), Natura Cosmetics, Boehringer-Ingelheim Pharma, Wyeth-


Whitehouse Pharma among others. Professor Correa served as vice president for the Americas in the 



http://www.braungart.com/index_engl.html
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Production Operations Management Society (POMS) (2005-2008) and as founding President of the 


College of Human Behavior in Operations Management of POMS. He also serves in the editorial board of 


the International Journal of Operations and Production Management and is an ad hoc reviewer for many 


journals in the field of OM. He is a certified professional in production and inventory management (CPIM) 


by APICS (USA). 


More information: download CV 


 


Gustavo Guimarães 


Senior Manager Legacy 450/500, Manufacturing Engineering (Embraer) 


Master of Business Administration - Fundação Getúlio Vargas - FGV, São José dos Campos, Brazil 


Post graduated of Production Management - Instituto Tecnológico da Aeronáutica, São José dos Campos, 


Brazil. 


Bachelor of Science, Mechanical Engineering - Universidade de Campinas - UNICAMP, Campinas, Brazil 


Demonstrated experience in operations, manufacturing engineer and integrated development product 


environment. High Influence and contribution for three successfully Embraer Programs: Ejets, Phenom 


100/300 and Legacy 450/500. 14 years experience in large companies, with 7 years in management and 


leadership roles. Lead 130 manufacturing engineer co-located with the integrated development product 


teams (IPDT) to achieve matched Legacy 500 program goals for manufacturing. 


Congress and Conferences 2011:  


- Presented the “Legacy 500 and the New Era of Digital Factories” at SAE Aerotech Congress & Exhibition 


2011 in Toulouse, France (October, 2011). 


- Presented the “Legacy 500 and the New Era of Digital Factories” at COE COE 2011 Annual PLM 


Conference & TechniFair in Orlando, Florida (April, 2011). 


- Presented the “Legacy 500: The New Era of Digital Factory” at AeroDef Manufacturing Conference in 


Anaheim, CA (April, 2011). 


Presentation on ICIEOM 2012 - “Building a Virtual Manufacturing Process: The sustainable approach for 


Legacy 500 operations management” 


 



http://www.icieom.org/arquivos/cv_henrique_correa.pdf
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PROGRAMME 


 


July 9 - Monday July 10 - Tuesday July 11 - Wednesday 


Building Auditorium "Nobre" Auditorium "Nobre" School of Engineering 


09:00 - 10:30 Registration Desk Keynote Michael Braungart Paper Sessions - PS4 


10:30 - 11:00 Coffee Break Coffee Break Coffee Break 


11:00 - 12:30 Paper Sessions - PS1 
EMBRAER session 


Keynote EMBRAER 


Round Table with 3 keynotes 


Paper Sessions - PS5 


12:30 - 13:00 


Lunch 


Closing of ICIEOM 


13:00 - 14:00 
Lunch 


  


14:00 - 14:30 Opening Session   


14:30 - 16:00 Keynote Henrique Corrêa Paper Sessions - PS2   


16:00 - 16:30 Coffee Break Coffee Break   


16:30 - 18:30 
Students Sessions - ST 


Best Student Award 
Paper Sessions - PS3   


18:30 City Tour - walking 
 


  


20:30   Special Dinner   
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LIST OF PAPERS 


topic # authors title Total 


Computer and Information 


Systems 
7 João David D. Cabral and Sidnei A. Araújo 


Computer Vision System for Automatic Quality Inspection of Glass Products 


Used for Food Packaging 
1 


 
164 María A. Guerrero, Rodrigo A. Batistelo and André F. H. Librantz 


Maximizing Profits with the Improvement in Product Composition, Using 


Genetic Algorithms and K-Means - Application to a Company of the Printing 


Industry 


1 


 
282 


Edson Melo De Souza, Aparecida De Fátima Castello Rosa, Elesandro 


Antonio Baptista and Nivaldo Lemos Coppini 
New Operational Support System for Cutting Process Optimization 1 


 
287 Sílvia Ferreira, João Álvaro Carvalho and Paulo Sampaio 


ARTICULATION BETWEEN INFORMATION SYSTEMS AND QUALITY 


MANAGEMENT SYSTEMS – Literature Review 
1 


Computer and Information 


Systems Total    
4 


Engineering Economy 49 
Ana Paula Lisboa Sohn, Nelson Casarotto Filho, Idaulo José Cunha and Neri 


Dos Santos 
The Impacts of China's Development in the Brazilian Economy 1 


 
61 Felipe Cunha and Carlos Samanez 


Performance analysis of sustainable investments in the Brazilian stock 


market 
1 


 
84 Nilton Carraro, Carlos Camello and Giovanni Gemente 


Development of a model based on financial and operating metrics for 


investment decisions 
1 


 
85 Mariana Brochado and José Manuel Vassallo 


Infrastructure finance in developing countries by state and multilateral 


development banks 
1 


 
112 Diogo F. S. Cruz and Antonio S. C. Fernandes A Growth Strategy Model 1 


 
209 André Salles An Empirical Investigation of Some Hedging Strategies for Crude Oil Market 1 


 
283 


Maria Bernadete Junkes, Anabela Pereira Tereso and Paulo Sérgio Lima 


Pereira Afonso 


The Role of Engineering Economics in the Evaluation of Investment Projects 


by the Bank of Amazon-Brazil 
1 


 
294 Ana Ferreira, Luís Martins, Senhorinha Teixeira and Manuel Nunes Techno-Economic Assessment of Micro-CHP Systems 1 


 
329 Jorge Cunha and António Paisana Financing Patterns and Corporate Investment Relationship: A Brief Overview 1 


Engineering Economy Total 
   


9 


Enterprise Engineering 51 
Fernando Deschamps, Eduardo Alves Portela Santos, Eduardo de Freitas 


Rocha Loures and Edson Pinheiro de Lima 
Characterization of process-related models for enterprise engineering 1 


Enterprise Engineering Total 
   


1 


Entrepreneurship 96 
Jean Carlo Benetti, Liane Mahlmann Kipper, Roselaine Berenice Da Silva, 


Luciano Marder and Isabel Grunevald 


Use of Radar Innovation and Hierarchical Cluster Analysis for the diagnosis 


of Climate Innovation in different economic sectors in the region of Vale do 


Rio Pardo (RS - Brazil) 


1 


 
239 


Ana Maria Magalhães Correia, Maria De Lourdes Barreto Gomes and 


Luciene Laranjeira Diniz 


Local systems of innovation: a comparative analysis of technology parks 


located in the Northeast region of Brazil 
1 


 
298 


Júlio Cesar Valandro Soares, Vicente Celestino Pires Silveira, Ediene 


Malvina Dias, Julliana Pereira Da Cunha and Wesley Aloisio Peixoto Junior 


Entrepreneurship in rural areas – a study about correlations between 


entrepreneurial characteristics of rural dairy producers and its properties 


performance 


1 
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340 Flavio Bressan and Geraldo L. Toledo 


New Way to Look at Entrepreneur’s Strategic Choices and Decision Process: 


the Mental Models Proposition 
1 


Entrepreneurship Total 
   


4 


Global Operations and Cultural 


Factors 
50 Oduvaldo Vendrametto, Jorge Monteiro Junior and Adilson Rocha 


SUPPORT FOR COMPETITIVENESS OF AUTOMOTIVE SECTOR VIA DISCLAIMS 


TAX 
1 


 
286 


Marcio Cardoso Machado, Ligia Maria Soto Urbina and Rodrigo Arnaldo 


Scarpel 


Clustering the Technical Capability in the Brazilian Aeronautical Maintenance 


Industry 
1 


Global Operations and Cultural 


Factors Total    
2 


Healthcare Management 30 
Bernardete Ferreira Da Silva, Sergio Luiz Braga FranÇa, Osvaldo Luiz 


GonÇalves Quelhas, Gilson Brito Alves Lima and Mauro Pereira Hill 


ANALYSIS OF WORKER PERCEPTIONS OF RISK IN THE WORKPLACE: CASE 


STUDY IN UNIT OPERATION OF A BRAZILIAN ENERGY COMPANY 
1 


 
115 Mateus Zanatta, Henrique Simonetti and Francisco Kliemann 


Accident management implementation focused on working costs: A 


participatory assessment approach 
1 


 
174 Vanessa Brandolf, Guilherme Vaccaro and Debora Azevedo 


Organizational Knowledge Management: a Qualitative Analysis in a Brazilian 


Reference Research Center 
1 


 
237 Susana Bendito and Ana Lucia Martins 


APPLYING LEAN MANAGEMENT IN A HOSPITAL PURCHASING PROCESS: A 


CASE STUDY 
1 


 
278 Elena Valentina Gutiérrez Gutiérrez and Carlos Julio Vidal Holguín 


Home Health Care Logistics Management Problems: Framework and 


Research Perspectives 
1 


Healthcare Management Total 
   


5 


Human Factors and 


Ergonomics 
41 Carlos Barateiro, Jose Rodrigues Farias Filho and Luis Antonio Campagnac 


THE COMPLEXITY AND THE USER: THE HUMAN CENTERED DESIGN 


APPROACH AS A PARADIGM FOR THIS INTEGRATION  
1 


 
65 


Anastacio Pinto Gonçalves Filho, Camila Costa São Mateus, Daniel Souza 


Vaz Oliveira, Eros Gusmão Andrade and Milena Pereira Muniz 
The impacts of human factors in fatal workplace accidents in Bahia, Brazil 1 


 
91 


José Hermosilla, Walther Spinelli Filho, Angelita Watanabe, Graciana Simei 


and Ethel Silva 


The aging Brazilian worker force: the role of ergonomics in predicted 


scenery. 
1 


 
110 José Hermosilla, Janaina Jaciani, Ethel Silva and Claudio Luis Piratelli 


Documentary analysis of accidents at work: a survey with 3160 cases 


occurring in 2010 within the State of São Paulo 
1 


 
117 Henrique Simonetti and Aline Callegaro Application of Ergonomics Analysis of Work in a Small Shoe Business 1 


 
137 Roberta Schlossmacher and Fernando Gonçalves Amaral 


Methods for evaluation the low back overload caused by unfavorable 


working conditions 
1 


 
194 Maria De Lourdes Santiago Luz and João Alberto Camarotto Competencies in Agricultural Units of Teaching and Research 1 


 
250 Pablo Aparicio, José Guadix, Luis Onieva and José Teba Control of HVAC system comfort by sampling  1 


 
251 Marcelo Gonçalves Trentin, Gilson Adamczuk Oliveira and Dalmarino Setti 


Thermography: an Assessment Tool in the Ergonomic Analysis of a Work 


Station in the Foundry Industry 
1 


 
254 


Antonio C. A. Mol, Leandro Gatto, Isaac J. A. Luquetti, Ana P. Legey and 


Paulo V. R. Carvalho 


VIRTUAL REALITY USED IN THE ERGONOMIC EVALUATION OF THE 


CONTROL ROOMS OF NUCLEAR PLANTS  
1 


 
265 Larissa Santos and Ricardo Carvalho Accessible Hotel for Visually Impaired People 1 


 
269 Cyntia Leite and Ricardo Carvalho What to say about the work and health of hotel managers? 1 


 
273 


Ana Maria Carlos Ponce, João Alberto Camarotto and Pedro Augusto 


Ponce 
Social Regulation of the work and ERP 1 


 
275 Anastacio Gonçalves Filho and Magna Ramos Organizational Factors which Contribute to Fatal Workplace Accidents in 1 
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Brazil 


 
299 


Romero Cardoso Oliveira, Francisco Soares Másculo and Ângela Regina 


Poletto 


ANALYSIS OF THE INFLUENCE OF INADEQUATE POSTURES IN DORT 


ACQUIREMENT USING OCRA 
1 


Human Factors and 


Ergonomics Total    
15 


Industrial Engineering & 


Operations Management 


Education 


21 Alvaro Graziani, Eduardo Batiz and Antônio Santos 


MINI-VEHICLE ASSEMBLY LINE (MVAL): simulation of a radio controlled 


vehicle assembly line as an educational resource for the teaching of 


production engineering 


1 


 
168 Ivo Da Silva and Rui Borges Lopes Teaching Lean Thinking with a Business Game 1 


 
171 Paula Silva Sá, Paulo Sampaio and Maria João Rosa 


Quality in Higher Education: internal quality assurance systems and the 


quality management models 
1 


 
173 Fernando Gotti, Ivanir Costa and Elcio Shiguemori 


Computational Intelligence applied to student’s performance evaluation in 


Higher Education 
1 


 
208 


Elaine M. Cetnarski, Caroline B. Ohpis, Sergio E. Gouvea Da Costa and 


Edson Pinheiro de Lima 
The evolution of Operations Management as a research area in Brazil 1 


 
285 Manuela Alves, Cristina S. Rodrigues and Ana Maria A.C. Rocha 


Mathematics achievement in engineering: an exploratory study with MIEGI 


students 
1 


Industrial Engineering & 


Operations Management 


Education Total 
   


6 


Industrial Marketing and 


Consumer Behavior 
5 


Fabio Krykhtine, Carlos Alberto Nunes Cosenza and Francisco Antonio De 


Moraes Accioli Doria 


A Fuzzy Algorithm for understanding the customer's desire. An application 


designed for textile industry. 
1 


 
14 


Antonio Carlos Morim, Luis Fortes, Carlos Cosenza, Francisco Doria, 


Armando Gonçalves and Paulo Reis 


Think Fuzzy System: Developing new pricing strategy methods for consumer 


goods using fuzzy logic 
1 


 
153 Marlene Amorim and Carmen Marques 


Managing Customer-to-Customer Interaction in Service Delivery: The Case 


of Trade Fairs 
1 


 
229 Henrique Vasconcelos and Gisela Demo 


Enchant to Retain: an instrumental study about the relationship between 


Walt Disney World Parks and its Brazilian customers 
1 


 
281 Manuel Nunes and Cristina Rodrigues Attitudes and buying behavior in a Business-to-Business model 1 


Industrial Marketing and 


Consumer Behavior Total    
5 


Lean Production and 


Management 
34 


Andre Carvalho, Daniel Silva, Gustavo Guimaraes, Jose Mantovani Jr and 


Julio Araujo 
Lean Concepts applied to Embraer Évora Wing Assembly Line  1 


 
234 Lucila M. S. Campos 


Management Assessment Tool of Lean Manufacturing and Six Sigma based 


on PNQ Model: A Brazilian Case Study 
1 


 
280 Alípio Duarte, José Tiago Simões, Luís Abreu and Ricardo Póvoas SETUP TIME REDUCTION – CASE STUDY OF THE AMTROL M3 LINE 1 


 
308 Laura Costa Maia, Anabela Carvalho Alves and Celina Pinto Leão 


Sustainable Work Environment with Lean Production in Textile and Garment 


Industry 
1 


 
325 Giana Lorenzini, Fernando Amaral and Camila Rucks 


Lean Management in Brazilian Small and Medium Enterprises: a Case Study 


in the Technology Sector 
1 


 
332 Ariana Araujo and Anabela Alves 


Pull System through FIFO lane to achieve synchronism between lines and 


assembly cells of heat boilers controllers 
1 
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Lean Production and 


Management Total    
6 


Modeling and Simulation 19 
Jorge Alberto Achcar, Claudio Luis Piratelli, Renata Regina Sandrim and 


José Luiz Garcia Hermosilla 


DAILY COUNTING OF MANUFACTURED UNITS SENT FOR QUALITY 


CONTROL: A BAYESIAN APPROACH 
1 


 
20 


Leonardo Das Dores Cardoso, João José De Assis Rangel, Eglon Rhuan 


Salazar Guimarães and Dalessandro Soares Vianna 


Simulation Optimization Model for Analysis of Inventory of Carbon 


Monoxide Emissions  
1 


 
26 


Edmilton Romão Da Silva, Robson Da Silva Magalhães, Cristiano Hora De 


Oliveira Fontes, Marcelo Embiruçu and Luis Alberto Luz De Almeida 


MODELLING AND SIMULATION OF A THREE-DIMENSIONAL ACOUSTIC 


SYSTEM THROUG A HYBRID ARX-NEURAL NETWORK MODEL STRUCTURE 


(ICIEOM’2012) 


1 


 
57 Mirceia Borin, Rejane Frozza, Liane Kipper and Jacques Schreiber 


Virtual Learning Environments with Emotional Pedagogical Agents for 


Training in Organizations 
1 


 
58 


Cilene Loisa Assmann, João Carlos Furtado, Liane M. Kipper, Rejane Frozza 


and Bruna B. Mariani 


Simulation for Analysis and Proposal to Improve the Application Process for 


Computer Services 
1 


 
100 Liziane Da Luz Seben and Istefani Carísio de Paula 


Evaluation of process variables influence over cellulose extraction from 


vegetable waste using Response Surface Methodology 
1 


 
193 


Rony Peterson Da Rocha, Fabrício Wesley Da Rocha, Cid Marcos Gonçalves 


Andrade, Paulo Roberto Paraíso and Mauro Antônio S. S. Ravagnani 


USE OF EXCEL WORKSHEETS WITH USER-FRIENDLY INTERFACE IN THE 


PRODUCTION SCHEDULING IN BATCH PROCESS (PSBP) TO MINIMIZE THE 


MAKESPAN 


1 


 
244 Josiane Palma Lima, Fabiano Leal, Renato Lima and Kelly Carla Lobato Using Discrete-Event Simulation in Urban Solid Waste Selection 1 


 
257 Fabio Pereira, Edna Silva, Michele Costa and Marilda Silva 


EVALUATION OF PRODUCTION SEQUENCING RULES IN JOB SHOP AND 


FLOW SHOP ENVIRONMENT THROUGH COMPUTER SIMULATION 
1 


Modeling and Simulation Total 
   


9 


Operations Research 16 Marco Benvenga, Andre Librantz and Sidnei Araújo 
Use of the Genetic Algorithm in the Simulation and Optimization of the 


Hydrolysis Process of Cassava Starch to Obtain the Bioethanol 
1 


 
38 


Paulo Henrique S. Campos, Gustavo Silveira Oliveira, João Roberto Ferreira, 


et al 


MODELING AND OPTIMIZATION OF LIFE TOOL AND ROUGHNESS IN 


TURNING HARD STEEL ABNT 52100 MIXED CERAMICS WITH WIPER 
1 


 
69 


Carla Goncalves Machado, Edson Pinheiro de Lima, Pamela Mocelim 


Manfrin and Sergio Eduardo Gouvea Da Costa 


Industrial Engineering, Operations Management and Sustainability: an 


overview 
1 


 
253 


Dalmarino Setti, Carla Schwengber ten Caten, Gilson Adamczuk Oliveira 


and Marcelo Gonçalves Trentin 


A New Multi-criteria Method for Selection of Metal Casting Process with 


Aggregation of Information though Fuzzy Operator 
1 


Operations Research Total 
   


4 


Operations Strategy and 


Performance Management 
40 


Carlos Barateiro, Jose Rodrigues Farias Filho, Ricardo Bordeaux and Luis 


Antonio Campagnac 


GROW WITHOUT PROFIT – A BUSINESS STRATEGY APPLIED IN THE 


BRAZILIAN AUTOMATION MARKET 
1 


 
45 Ana Cristina Castro Silva, Ava Santana Barbosa and Cristiano Hora Fontes 


Analysis of the certification rules for the fruit agri-business: Review and 


analysis of the literature 
1 


 
189 Juliana Santos Egea, Flávia Choi Marchesano and Vagner Cavenaghi 


Strategic Management Tools Assisting in the Search for the Measurement of 


Sustainability 
1 


 
205 Leonardo Araujo, Eduardo Silva and William Barreto Increasing BPM maturity: a study in a brazilian energy company 1 


 
256 Ualison Oliveira, Paulo Dalcol and Fernando Marins 


Management of operational risks in four industrial sectors through the 


selection of different types of manufacturing flexibility 
1 


 
300 Ualison Oliveira, Henrique Rocha, Fernando Marins and Paulo Dalcol 


Manufacturing flexibility selection: an analogy to the stock portfolio for the 


minimization of risks and problems in the industry environment 
1 







 


xx 


 
323 Marly Monteiro de Carvalho, Ana Paula Lopes and André Ferrarese 


Open innovation in the research and development: analysis of a cooperation 


net between companies from automotive sector and universities 
1 


 
328 Marcelo Oliveira, Isabel Lopes and Danielle Figueiredo Maintenance Management based on Organization Maturity Level 1 


Operations Strategy and 


Performance Management 


Total 
   


8 


Product Management 6 Fernanda Hänsch Beuren and Paulo A. Cauchick Miguel 
Analysis of publications on product-service systems (PSS): towards a 


taxonomy and literature mapping 
1 


 
88 


Aletéia Cordero Leal, Luiz Fernando Machado and Vera Mariza Henriques 


de Miranda Costa 


Case study of the implementation of pull production in a company of plastic 


packaging segment. 
1 


 
103 Monique Sonego, Márcia Elisa Soares Echeveste and Istefani Carisio Paula 


Mass customization and Modularity: a theoretical position in the past 


decade 
1 


 
191 Janine Fleith de Medeiros and Jose Luis Duarte Ribeiro 


Environmental Innovation and Market Success Factors: Perception of 


business Managers 
1 


Product Management Total 
   


4 


Production Planning and 


Control 
18 Adonias Magdiel, Arthur Cavalcante, Cristiano Fontes and Jorge Marambio 


A New Proposal of Typing Load Profiles to Support the Decision-Making in 


the Sector of Electricity Energy Distribution 
1 


 
150 


Tereza Barbará, Bruna Almeida Marra, Fabiano Leal, Bruno Moutinho and 


Carlos Henrique Pereira Mello 


Analysis of the implementation of a process improvement program based 


on the six sigma methodology in an auto parts company 
1 


 
151 


Marcos Sávio Souza, Lincoln Cardoso Brandão, Alessandro Rascalha, 


Wilson Fernandes and Marianna Giarola Souza 


Implantation of the SMED Technology into an Auto Parts Industry: A Case 


Study 
1 


 
245 Everton Drohomeretski and Fabio Favaretto Different types of inventory control in Brazilian Companies 1 


 
252 


Gilson Adamczuk Oliveira, Marcelo Gonçalves Trentin and Anselmo Chaves 


Neto 
Appplying the Theta Model to Short-Term Forecasts in Monthly Time Series 1 


 
266 Raimundo J. B. de Sampaio and Rafael R. G. Wollmann 


Using Clearing Function to Evaluate Pricing Capacity of Resources at Lows 


Levels of Utilization in Planning-Production  
1 


Production Planning and 


Control Total    
6 


Production Systems Design and 


Management 
152 Lyda Cielo Pantoja Rosero and Juan Pablo Orejuela Cabrera Facilities layout in cellular group environments 1 


Production Systems Design and 


Management Total    
1 


Project Management 47 Wagner Botelho, Pedro Neto and Oduvaldo Vendrametto Considerations on Projects Quality 1 


 
182 Pamela A. Ramos and Caroline M. M. Mota Analysis of success and failure factors in information technology projects. 1 


 
317 Marcelo Nogueira and Ricardo J. Machado 


Roadmap for the Application of Risk Management Process in Software 


Projects in Accordance with ISO 31000:2009 
1 


 
331 André Luiz Aquere and Cristiana Oliveira 


Performance indicators for the reinforced concrete structures design: the 


Águas Claras case study 
1 


Project Management Total 
   


4 


Quality Management 11 Marcela Machado and Antonio Costa 
Control charts with supplementary runs rules for monitoring bivariate 


processes 
1 


 
17 Pedro Hack and Carla Ten Caten Effect of measurement uncertainty in control charts 1 
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31 Alexandra De Fátima Chiaradia Valadão and Joao Batista Turrioni 


Analysis of the relationship between certification of Quality Management 


System and the Maturity of the continuous improvement program 
1 


 
87 


Murilo Thiago Da Maia, Elisa Henning, Olga Maria Formigoni Carvalho 


Walter, Andrea Cristina Konrath and Custodio Da Cunha Alves 


Application of control charts for monitoring the machining process of the 


inside diameter of a steel cylinder 
1 


 
106 David Patrishkoff Identifying and Battling Self-Inflicted Enterprise-Wide Inefficiencies 1 


 
107 David Patrishkoff 


Using Pictorial Process Analysis (PPA) to Improve Efficiency in Business 


Processes  
1 


 
109 António Fernandes, Maria Jose Silva and Luís Lourenço 


Innovation and Quality: impacts of innovation outputs on TQM principles 


adopted 
1 


 
118 


Raffaela Leane Zenni Tanure, Aline Marian Callegaro and Amanda Sória 


Buss 


Differences between Quality Function Deployment application and its 


association to Costumer Value Chain Analysis to development of the CPM 


equipment 


1 


 
145 Evandro Wicher, José Hermosilla, Ethel Silva and Walther Azzolini 


Traceability for Food Safety: the case of a sugar factory and alcohol distillery 


plant 
1 


 
232 Rogério Peruchi, Anderson Paiva, Pedro Balestrassi and Alberto Garcia-Diaz Simulated Analysis for Multivariate GR&R study 1 


 
259 Humberto Teixeira, Isabel Lopes and Eusébio Nunes Diagnosis of quality problems in a small business 1 


 
263 


Blênio César Severo Peixe, Andréa Cristina Trierweiller, Antonio Cezar 


Bornia, Rafael Tezza and Lucila M. S. Campos 


Worldwide Evolution of ISO 9001 and 14001 Certified Companies: an 


Exploratory, Comparative Ten-Year Study 
1 


 
267 Silvia Pinto, Thalita Marcondes and Carolina Granja Forest Certification FSC and CERFLOR: a study of multiple cases 1 


 
279 


Héctor Formento, Franco Chiodi, Fernando Cusolito, Lucas Altube and 


Sebastián Gatti 


Relationships of quality management systems certification with business 


performance. Evidences from Argentina small and medium companies 
1 


 
304 


Antonio Araujo Junior, Jose Barros, Nelson Matias, Rosinei Ribeiro and 


Isabel Cristina Dos Santos 


Identification and Analysis of Explanatory Variables for Airlines Multi-Factor 


Productivity Model  
1 


 
305 João Soares, Sergio Sousa and Eusébio Nunes 


Application of the Three Realities Approach to Customer Complaints 


Analysis in the Motorcycles Industry 
1 


 
324 


Ana Paula Lopes, Kumiko Kissimoto, Mario Salerno, Marly Monteiro de 


Carvalho and Fernando José Barbin Laurindo 


Innovation management: a literature review about the evolution and the 


different models of innovation 
1 


 
335 


Moacyr Figueiredo, Gilson Lima, Jose Farias Filho, Debora Herkenhoff, Livia 


Figueiredo and Carolina Figueiredo 


Desirable criteria for evaluation of the maturity of business process 


management: a qualitative evaluation of a company of oil and gas 


exploration and production 


1 


Quality Management Total 
   


18 


Reliability and Maintenance 32 
Gustavo Silveira Oliveira, Joao Batista Turrioni, Pedro Paulo Balestrassi and 


Marcio Muller 
Reliability modeling for electronic products 1 


 
155 


Alexandre Guimarães Botelho, José Luiz Fernandes and Antonio José 


Caulliraux Pithon 
A Model for the Management of Reliability in the Oil Industry 1 


 
292 Mariana Carvalho, Eusébio Nunes and José Telhada Maintenance Decision Making 1 


 
315 Carolina Cajazeira, Eusébio Nunes, José Telhada and Mariana Carvalho RAM factors in the operation and maintenance phase of wind turbines 1 


Reliability and Maintenance 


Total    
4 


Risk and Disaster Management 131 
Anastacio Pinto Goncalves Filho, Gabriel Kanegae and Gustavo Sampaio 


Abreu Leite 


Safety Culture Maturity and Risk Management Maturity in Industrial 


Organizations 
1 


 
213 Nuno Caseiro and Paulo Trigo Emergency Management Concepts: A network approach 1 
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312 


Artur Santa Catarina, Emílio Araujo de Menezes, Marie Reine Boudarel and 


Nelson Casarotto Filho 


PROJECT RISK ANALYSIS: ADHERENCE BETWEEN INVESTORS AND 


MANAGERS RISK MANAGEMENT (ICIEOM'2012) 
1 


Risk and Disaster Management 


Total    
3 


Service Systems 75 Patrícia Magnago and Márcia Echeveste 
Characterization of a minimal model for SDP through a systematic review of 


literature 
1 


 
238 Ana Lúcia Martins and José Crespo De Carvalho Sliming Lead Times in Courts of Law – a case study 1 


Service Systems Total 
   


2 


Social Responsibility, 


Environment and Sustainability 
2 Eduardo Satolo, Felipe Calarge and Paulo A. Cauchick Miguel 


An analysis of sustainability issues in companies from the Brazilian sugar and 


ethanol industrial sector: a multiple case study 
1 


 
4 Enzo Morosini Frazzon and Jerson Kitzberger Systemic Challenges for Innovative and Sustainable Energy Supply Chains 1 


 
22 


Wagner Lucato, Rosangela Vanalle, Milton Vieira Júnior and José Carlos 


Santos 


Sustainability in manufacturing: environmental performance in the São Paulo 


Metropolitan Area. 
1 


 
28 


Rogério Gomes Côrtes, Osvaldo Luiz GonÇalves Quelhas, Sergio Luiz Braga 


FranÇa, Marcelo Jasmim Meirino and Julio Vieira Neto 


ANALYSIS OF THE IMPLEMENTATION OF ECO-EFFICIENT SOLUTIONS BASED 


ON ECONOMIC VIABILITY STUDIES. THE CASE OF CIVIL CONSTRUCTION IN 


THE STATE OF RIO DE JANEIRO 


1 


 
29 


RogÉrio Gomes CÔrtes, Osvaldo Luiz GonÇalves Quelhas, Sergio Luiz Braga 


FranÇa, Marcelo Jasmim Meirino and Julio V. Neto 


THE DEVELOPMENT OF ECO-EFFICIENT PRODUCTS AND PROCESSES IN THE 


BRAZILIAN CIVIL CONSTRUCTION INDUSTRY 
1 


 
36 Wladmir Henriques Motta Eco-innovations in production processes 1 


 
37 


Ronald Nieweglowski, Edson Pinheiro de Lima and Sergio Eduardo Gouvea 


Da Costa 
The Value Concept Evolution in Industrial Engineering Development 1 


 
59 


Edvaldo José Scoton, Rosane Aparecida Gomes Battistelle, Adilson Renófio, 


ET AL. 
Monitoring of the composting process through "respirometric" method. 1 


 
60 Ana Luísa Ramos and José Vasconcelos Ferreira 


Environmental sustainability of urban traffic: the European backdrop and the 


Portuguese case 
1 


 
86 Romulo Carvalho and Alcimar Ribeiro 


What if Royalties run out and how Oil-Producing Municipalities are 


preparing for it – The case of Brazilian Oil Route 
1 


 
97 Marcelo Ramos and Vera Costa 


Used frying oil for biodiesel production: the case of a processing company in 


the state of Sao Paulo, Brazil  
1 


 
99 


Guilherme Breier, Carla Schwengber Ten Caten, Istefani Carísio de Paula, 


Angela De Moura Ferreira Danilevicz and Carlos Fernando Jung 
A review of value tools as a way of evaluating sustainability indicators 1 


 
143 Liziane Da Luz Seben and Istefani Carísio de Paula 


Cellulose pulp extraction from vegetable wastes: considerations about 


environmental and economic sustainability criteria 
1 


 
165 


Julio Nichioka, Osvaldo Luiz Gonçalves Quelhas, Valdir Lameira, Fernanda 


Gomes de Azevedo and Marcelo Meiriño 


ORGANIZATIONAL SUSTAINABILITY: A COMPARATIVE ANALYSIS OF THE 


BRAZILIAN BUILDING INDUSTRY 
1 


 
166 


José Francisco Ramos Zanca, Osvaldo Luiz Gonçalves Quelhas, Helder 


Gomes Costa, Valdir Lameira and Gilson Brito Alves Lima 


Foundations of self-assessment of the development of the principles of 


corporate social responsibility in organizations 
1 


 
170 


Rodrigo Alexandre Resina, Juliana Veiga Mendes and Virginia Aparecida 


Da Silva Moris 
Application of a framework to assess the level of sustainability of a company 1 


 
188 


Andrei Aparecido De Albuquerque, Cassio Luiz Vellani and Fabiane Letícia 


Lizarelli 
A Study about the Social Responsibility of the Brazilian Largest Private Banks 1 


 
198 Patricia Wigg Abirached, Marcelo Jasmim Meiriño, Maria Cristina Trancoso WASTE MANAGEMENT IN HEALTH SERVICES: THE CASE OF ANIMAL'S 1 
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Pessoa, Osvaldo Luiz Gonçalves Quelhas and Leonardo Bezerra Pimentel VIVARIUM IN FIOCRUZ - BRAZIL 


 
200 


Cassiano Moro Piekarski, Antonio Carlos De Francisco and Leila Mendes Da 


Luz 


Energy consumption in MDF production: Overview of use the renewable and 


non-fossil energy sources in a Brazilian mill 
1 


 
201 


Silvia Mara Bortoloto Damasceno, Leila Mendes Da Luz, Ronaldo Salvador 


Vasques, Cassiano Moro Piekarski and Antonio Carlos De Francisco 


SCENARIO FOR IMPLEMENTATION OF LIFE CYCLE ANALYSIS FOR THE PURE 


SILK FABRIC 
1 


 241 Eduardo K. Couto and Ângela M. F. Danilevicz 
Environmental Management System at the Department of Production 


Engineering: Implementation and Maintenance  
1 


 
248 


Kleber Rogério Moreira Prado, Jorge Marcos Rosa, José Carlos Curvelo 


Santana, Elias Tambourgi and Fabio Henrique Pereira 


A Bootstrapped Neural Network Prediction Model Applied to a Dye 


Biodegradation Rate in Textile Industrial Process 
1 


 
262 


Andréa Cristina Trierweiller, Blênio César Severo Peixe, Rafael Tezza, 


Antonio Cezar Bornia and Lucila M. S. Campos 


Environmental Management in Brazilian Industry: an Evaluation with Item 


Response Theory 
1 


 
284 


Adelino Carlos Maccarini, Gilson Adamczuk Oliveira, Naiá Mendes 


Maccarini and João Bosco Ladislau De Andrade 


The ANOVA applied in selective collection made by scavengers for better 


transportation logistics of recyclable materials 
1 


 
296 Romeu E Silva Neto, Bruno Silvestre and Joyce Pedro 


Initiatives and challenges in the diffusion of technological innovations in the 


Local Productive Arrangement of ornamental stones of Santo Antônio de 


Pádua – RJ 


1 


 
302 


Antonio Araujo Junior, Marcus Araujo, Jose Barros, Rosinei Ribeiro and 


Isabel Cristina Dos Santos 


Theory of Pollution Certificates: Policy Developments and Industrial 


Applications 
1 


 
306 


Lucila M. S. Campos, Rodrigo N. Dos Santos, Marilda P. T. Nagaoaka, 


Leonardo Ensslin and Artur Santa-Catarina 


An Approach for Selecting a Scientific Framework for the Economics of 


Renewable Energies 
1 


 
310 Paula Ferreira and Madalena Araujo An integrated framework to support sustainable electricity planning 1 


 
313 Sebastião Décio Coimbra De Souza 


Evolutionary Competitive Dynamics in Industrial Clusters: Competitive 


Stratification in a Structural Ceramic Cluster 
1 


 
336 


Sandro Luis Decker, Ana Lúcia Berretta Hurtado, Carlos Alberto Klimeck 


Gouvea and Andre Hideto Futami 
Sustainable development actions employed in different industrial sectors 1 


Social Responsibility, 


Environment and Sustainability 


Total 
   


31 


Strategic Management 44 Ricardo Costa Da Cruz and Francisco C. T. Starke-Rodrigues Competitive Pressure Systems Mapping in the Brazilian Truck Market 1 


 
95 Rosa Gutierrez, Thomas Nitzsche and Vera Costa 


Challenges of outsourcing: a case study of the relationship between 


contractor and outsourced companies for core activities 
1 


 
146 


Tereza R. Arantes Barbará, Bruna Almeida Marra and Carlos Henrique 


Pereira Mello 


Analysis of the application of a methodology for solving problems in the 


view of the PDCA cycle in a public agency 
1 


 
176 Rosangela Cabrera and Guilherme Vaccaro 


A study on Innovation and Technology Transfer Offices in South of Brazil 


and their relationship with the Stakeholders of the Regional Innovation 


System 


1 


 
230 Giana Lorenzini, Cláudia Libânio, Heloisa Weber and Juliana Baldauf Innovation and value models: a conceptual overview 1 


 
261 Andréa Cristina Trierweiller, Blênio César Severo Peixe, Rafael Tezza, et al. 


Evaluating the Organizational Effectiveness with the Item Response Theory: a 


Case Study in Information and Communication Technology Companies 
1 


 
307 Cristina Pereira and Fernando Romero 


Non-technological Innovation: conceptual approaches, impacts and 


measurement issues 
1 


 
322 Kelen Franciane Scherolt Marques and Julio Cezar Mairesse Siluk Innovation in Times of Crisis: A Case Study With The Most Innovative MSE Of 1 
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Portugal 2011 


 
326 Flavio Bressan 


The Anomalies in the Enterprise Organization – the Overlooked Innovative 


Cases of Successes: An Introductory Study 
1 


 
334 Ana Cordeiro and Filipa Vieira What prevents portuguese SMEs from innovating? 1 


 
339 Camila Avozani Zago, Leonardo Ensslin and Sandra Rolim Ensslin 


Identification and Evaluation of the Abilities Requested in an Industrial 


Section: A Case Study of Application of the Methodology MCDA-C 
1 


Strategic Management Total 
   


11 


Supply Chain and Logistics 3 
Enzo Morosini Frazzon, Joarez Pintarelli Jr., Anderson Antonio De Andrade 


and Stefano Moser 


Simulation-based Analysis of Integrated Production and Transport 


Scheduling 
1 


 
13 Milton Da Silva Cruz, Francisco Uchoa Passos and Xisto Lucas Travassos 


"Whiplash Effect" - A Link in the Supply Chain Packaging for Soft Drinks - 


Demand Forecast Oscillation during the 2014 World Cup 
1 


 
62 Pedro Luiz de Oliveira Costa Neto and João Gilberto Mendes Dos Reis 


Supply Networks: how to identify the different strategies for supply chain 


management in organizations? 
1 


 
111 Luis Ferreira and Alexander Kharlamov 


Application of Kraljic’s purchasing portfolio matrix in construction industry – 


A case study 
1 


 
113 Alexander Kharlamov and Luis Ferreira 


Choosing the right supply chain based on products and markets – A 


literature review 
1 


 
130 Jan Cirullies, Katja Klingebiel and Luiz Felipe Scavarda A Conceptual Framework for Green Supply Chain Design 1 


 
178 Alexandre Su and Mauro Sampaio 


The impact of logistics service performance on customer satisfaction and 


loyalty in Brazilian chemical industry 
1 


 
221 Jesús Muñuzuri, María Rodríguez, Rafael Grosso and Pablo Cortés What to expect? Inconveniences and reasons for failure in RFID pilots 1 


 
222 Manuel Diaz-Madroñero, Josefa Mula and Raul Poler Sustainable Supply Chain Management in the Book Publishing sector 1 


 
228 


Enzo Morosini Frazzon, Dmontier Pinheiro Aragão Junior and Anderson 


Antonio De Andrade 
An Agent-based Approach for Controlling Global Logistic Processes 1 


 
240 


Vanessa Alves, Julio Cezar Mairesse Siluk, Lais Hellen Loose and Cleibson 


Almeida 


Proposed performance assessment Logistics passenger transport: a case 


study 
1 


 
246 Paula Ceryno, Luis Felipe Scavarda, Katja Klingebiel and Gökhan Yüzgülec Supply Chain Risk Management: a content analysis approach 1 


 
260 Maria Da Penha S. Araujo, Vania Campos and Renata Bandeira An Overview of Road Cargo Transport in Brazil 1 


 
274 


Renata Bandeira, Vania Campos, Adriano De Paula Fontainhas Bandeira 


and Luiz Carlos Brasil De Brito Mello 
An Overview of Humanitarian Logistics in Brazil 1 


 
341 


Dafne Sacchi Homrich, Maria Inácia Favila Salum, Antônio Sérgio Coelho 


and Carlos M. Taboada Rodriguez 


Risk management and mitigation strategies in the supply chain: A case study 


in the aeronautical industry. 
1 


Supply Chain and Logistics 


Total    
15 


Grand Total 
   


177 
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Abstract 


This work main objective is to adapt and apply the three realities approach (Gemba, Genbutsu, and Genjitsu) to the 
analysis of field quality problems in a motorcycle industry and gain advantage with regard to the quality of the 
product on the market (quality management) and transfer to partners financial responsibilities regarding the origins 
of these problems (management of warranty costs). The three realities approach and other quality methodologies 
adapted for this work are presented. After the characterization of the context of the case study, a plan for 
implementation is defined. Based on the plan, development work focused primarily on obtaining the results of the 
parts analysis (Genbutsu) and in loco analysis (Gemba). The latter is crucial to determine the process to deal with the 
responsibilities of costs and quality field problems. After the plan implementation, the results obtained are assessed, 
particularly regarding the management of warranty costs, which are reduced one third, through the provision of 
responsibilities between suppliers and internal sectors of the company. Similarly, quality management is evaluated 
through the results of the in loco processes analysis (Gemba), culminating with the results of decision-making 
(Genjitsu) for corrective actions, improvement and containment, as well as, the determination of its cost/benefit. 


Keywords: Customer complaints; product quality; Gemba, Genbutsu, Genjitsu; product liability; warranty costs. 


1 Introduction 
After its design, an industrial product evolves through different stages until reaching the stage saturation 
and decline. However, to reach this stage, a product undergoes transformations as problems arise that 
have not been evidenced in the stage of development and approval. These problems may be caused by 
failures in project development, by defects in manufacturing or by customer conditions of use different 
from those provided for in design phase. The Product Engineering “team” should analyse and propose 
amendments on the basis of the problems highlighted to new models, and for existing projects and 
processes. However this may not happen, especially in large companies. According to (Womack et al., 
1990), the coordination between the sales divisions and the product designers in big companies of mass 
production is, in fact, unsatisfactory. At the beginning phase of product development there is discussion 
on customers product acceptance, but afterwards, there is lack of feedback from the sales divisions, 
dealers and even between manufacturers and other departments involved with information on product 
quality (such as defects, appearance requirements and functionality) demanded by customers (Womack et 
al., 1990). 


The inclusion of information of customer product performance in the Product Engineering team may 
allow significant improvements in reliability and, consequently, reduce the inherent costs of failures 
during the phase of product operation and maintenance.  In addition, this reliability improvement will 
reduce the number of failures and associated costs in the warranty period. It will also cause an increase in 
customer satisfaction. Quality, cost and speed in the solutions offered are the main determinants of 
tangible value to the customer (May, 2007). 


This paper presents the main results of a master thesis in Industrial Engineering (Soares, 2011). 
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2 Literature Review 
Taiichi Ohno was the Toyota executive largely responsible for structuring and implementing the system 
known today as the Toyota Production System. Ohno (1988) was known for drawing a circle around 
managers and making them stand in the circle until they had seen and documented all of the problems in 
a particular area. For example, in the middle of a congested production area, managers should observe 
the process and question why ("5 whys") for each fact, with the aim of obtaining a real understanding of 
the process (Gemba). Allegedly, within the first hour of observation they begin to understand the process, 
in the second hour see the problems, in the third hour ask the "whys" and, in the fourth hour, discover the 
root cause and plan the counter-measures.  


On the basis of this learning technique emerged in Toyota and other companies methodologies that 
employ these principles of observation and analysis to develop the manager a critical thinking through 
the understanding of reality. Among these methodologies a particular emphasis is put in this paper to the 
three realities approach. 


2.1 Three Realities Approach  
The three realities (3G’s) approach is a method of problems analysis and solutions which collects factual 
evidence from the reality of defective products, the process that led to the failure, and finally, relates these 
evidences to set up acceptable conclusions, consistent with the facts, and propose realistic and achievable 
counter-measures. This approach enhances and standardise the observation putting managers in contact 
with real facts, customers, employees, processes, products, inspections, etc., stressing the importance of 
having the manager in contact with real "things" (Genbutsu), "places" (Gemba) and "situations" (Genjitsu). 
Information and graphics are important to make decisions, but managers who have experience with the 
reality of observed facts that make the right decisions (Liker and Meier, 2006). 


This approach appears framed on the management principles of the Toyota Production System (TPS) that 
suggest how the combination of philosophy, processes and people towards problem solving can create a 
learning culture. Some of these principles are summarized: 


 Method of the Five Whys: consists in questioning facts and explore the cause and effect 
relationships between variables with the objective of eliminating the root cause of problems. 


 Genbutsu: Based on Genchi Genbutsu approach, Liker (2005) established the Principle 12 of the 
Model Toyota as "see for yourself to fully understand the situation", that is, it is the observation of 
in loco facts and the understanding of the realities that leads to failure mechanisms. 


 Gemba is a term that means "true place". In the Toyota Model, the first step in the process of 
solving problems is "go to the Gemba". What we see at first hand does not appear in reports 
(Liker, 2005). 


 Decision-making (Consensus): usually, in companies, each area meets and deals just with a given 
subject (design, manufacture, purchase etc.). This way, consensus decisions are hindered, since 
each team is not trying to reach a common objective for the organisation as a whole. The 
decision-making by consensus involving different areas is a learning tool. 


 Telling the story in a Report: the report must have a logical flow and contain the minimum 
information which appears on the definition of the problem, an explanation of the causes, the 
plan of implementation of counter-measures and ways of monitoring the results. A source 
standardized and searchable information on problems analysis can be built with the objective of 
knowledge transfer and to build failure prevention mechanisms. 


2.2 Other Approaches 
The product field quality can be measured through the systematic collection of customers complaints  
related to functional failures or appearance that make the product inoperable in some function or 
undesirable by the customer. These failures may be related to the manufacture or with the design, both 
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the responsibility of the manufacturer. To deal in a systematic way with this market information related to 
the quality is necessary to adopt procedures and methodologies especially developed for this purpose. 


Quality Function Deployment 


Quality Function Deployment (QFD) (Akao, 1990) is a systematic approach especially suitable for design 
and development of products or services. It is carried out by multidisciplinary teams which reflect the 
needs and requirements of the client in technical specifications of the project and in actions relevant to 
each stage of the production process. The strength of the QFD is to make explicit the relations between 
customer requirements and characteristics of the product and the parameters of the production process, 
cost and reliability, allowing the harmonisation and prioritization of various decisions taken during the 
development process of the product, and to enhance team work. In the latter aspect (team work), and the 
members of the team develop a common understanding of the decisions, their reasons and their 
implications, and in this way, they become committed to the initiatives for the implementation of the 
decisions that are taken collectively. 


Customer complaints analyses are essential to improve design and quality of products and to correct 
deficiencies in existing products. This quality improvement in new products is based on previous similar 
models. The complaints and suggestions (feedback from the client) provide information relevant to 
improvement proposals. 


The use of QFD adds several benefits, such as: focus on customers’ demands and complaints in product 
development; considers the strengths and weaknesses of the competition to improve or change the 
product; records structured historical information; reduces costs with internal and external failures, 
because they are corrected during development; helps in decision-making; and the members of the 
organization produce justify decisions. 


Six Sigma  


The main objective of the Six Sigma methodology is the achievement of financial advantage and 
competitive in a planned manner. The focus is to manage and monitor processes with the aim of reducing 
or eliminating errors that cause defects. 


For this methodology, quality is the result of a broad effort of the organization to achieve the goals 
identified in company’s strategy (Boarin, 2006). The strategy considers the nature of the business, the size, 
its specific characteristics and the cultural and social aspects for those who participate in and are 
identified the differences between customers’ requirements and system’s capacity (Blauth, 2003). The 
costs reduction through quality and process improvement lead to profitability increase by means of 
defects reduction, rework costs, warranty costs, customer satisfaction increase, brand prestige, among 
other intrinsic factors (Antony and Banuelas, 2002). 


FMEA  


Failure mode and effect analysis (FMEA) is a technique used to identify, prioritize, and eliminate potential 
system, design or process failures before they reach the customer. This technique is usually performed 
during the conceptual and initial design phases of the system in order to assure that all potential failure 
modes have been considered and the proper provisions have been made to eliminate these failures. 
FMEA is a widely used reliability analysis technique in the initial stages of product/system development. 


A FMEA provides a detailed insight on inter-relationships of the system and aspects which boost the 
failures. In many products or systems, the failures of some of its components can cause safety risks. The 
responsibility for the evaluation of likely failures that occur during use (phase of the operation and 
maintenance) by customers is from the manufacturer. The correction and mitigation of such potential 
failures are usually based on the ranking of the severity and probability of failure. Typically for each mode 
of failure is established a risk indicator - RPN (Risk Priority Number) which is the result of the product of 
three basic indicators: the frequency of occurrence (P); the probability that the defect will be detected (D); 
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and the severity of failure mode (S), and are listed the possible actions to correct the failure and restore 
the function or prevent serious consequences. 


The collection of information about similar projects earlier from internal and external sources including 
data from FRACAS (Failure Reporting, Analysis and Corrective Action System), interviews with designers, 
staff of the operations and maintenance, component suppliers, customers, etc., are fundamental to the 
construction of FMEAs. 


Finally, it is important to note that the assessment of priorities for failures correction and/or mitigation is a 
subjective criterion for each company that should determine their levels, according to the characteristics 
of the product its objectives, quality policies and strategies. 


3  Case Study 


3.1 Organisation  
The case study is an industrial company that assembles motorcycles, particularly, the unit of analysis is its 
Field Warranty Sector (FWS). When a warranty claim is filled by a costumer, through a concessionaire, a 
flow of data and, eventually, parts is initiated. There is a procedure to deal with such customer complaints 
and some samples are selected for detailed analysis. The FWS communicates with the after-sales service 
(SPV) that represents the client and dealers, the various productive sectors, and suppliers of the company, 
solving field quality problems and providing feedback to the after-sales service. Further details on this 
case study are found in Soares (2011). 


The main input of the FWS is the Quality Improvement Correspondence (QIC). This is issued by the SPV in 
standardized form, relating to one or more customer complaints from a specific problem. The QIC is a 
request for problem analysis.  


A process for problem analysis consists of the following stages:  


1. Problem Definition;  
2. Root Cause Analysis, countermeasures and monitoring;  
3. Action in the field. 


The result of the analysis, and transferred to a report in A4 format (horizontal), called Quality Information 
Sheet (QIS). This emphasizes the main points recorded since the definition of the problem until the 
implementation of actions with their dates of application and responsible. Afterwards, this information is 
introduced in the system of digital information is supplied to the SPV for assistance and guidance in the 
event of similar complaints. The monitoring of actions’ effectiveness is performed by SPV. 


The customers of the FWS are:  
 SPV (responsible for the management of quality in the field); 
 Concessionaire/Technical, Assistance/Dealer (indirectly the results of the analyzes provide 


feedback and guidance to the dealers on the problem analyzed); 
 End Users (are indirect customers); 
 The Sector or supplier responsible for the cause of the problem;  
 Final Inspection of the Assembler (receives information about the problems). 


The FWS may be accessed through a set of existing performance indicators:  


 Warranty index (percentage value per month): ratio between field complaints frequency and the 
sales volume. This index is stratified by item; 


 Deadlines: Analyses have deadline for completion;  
 Responsibility definition: deficient specification (SPECIFIC), internal Sections (FAB), Suppliers 


(FORN DE), After-Sales Service (SERV), User (USUA), and impossible to define cause (IMP DEF). 
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3.2 Problem definition 
The defects (or field quality problems) presented by the product in the period of 1 year after sale related 
to problems in manufacturing, design and packaging are the responsibility of the company. The warranty 
index average, last year, was 9%. There are, on average, 10,000 warranty claims per month, with an 
average monthly cost of $1 million dollars in parts and in replacement services. These values are 
associated with an average production volume of 120,000 units/month (96.5 % of which are sold in the 
Brazilian domestic market). Each motorcycle has between 1,000 and 1,500 components. The costs of each 
warranty claim vary significantly depending on the problem. The company has suppliers in Brazil and in 
other countries such as Japan, Thailand, China, Indonesia, Italy, as well as, various internal sections of 
Manaus plant. 


The field quality problems are analyzed through the QIC, but, it may not contain a reliable description. 


The costs associated with warranties are added to the manufacturing cost of the finished product. The 
imputed value on each unit is obtained through the ratio between the monthly warranty cost and 
production volume. The average cost per product for the last year was around US$ 8 dollars, representing 
almost 1% of the direct costs of manufacture. These costs are not passed on to the suppliers. The QIC 
analysis does not guarantee that a representative sample of each problem to be extensively analysed and 
thus it is not accepted by suppliers. 


It was collected a sample of parts on the 2942 warranty cases recorded in the month of March 2011, 
which represents approximately 38% of the total number of cases. The items were collected from 482 
dealers (out of approximately 750 scattered throughout Brazil). 


4 Implementation 
The main objective of this work is to adapt and apply the “three realities approach: Gemba, Genbutsu and 
Genjitsu" in the analysis of field quality problems. 


4.1 Analysis of parts (Genbutsu) 
The objective of the parts analysis is to define the problem responsible, to associate the parts with the 
existing reports (QIC/QIS) and to efficiently identify new problems focussing on the defect characteristics 
and symptoms. It must be possible to define the problem and the place where it occurs (Gemba) using a 
logical sequence for analysis. The problem root cause will point out to the responsible (supply, domestic 
sector, user, technical assistance, etc.). The sample was distributed in four groups of analysis: Engine, 
Finished product, Resistance and Electric. This division was based on different constructive characteristics 
of the motorcycle, to allow the presence in each group analysis, technical experts in their respective areas. 
Table 1 show the stratification obtained through the parts analysis. 


The results of all the analysis of were transcribed in a standardised form. Table 2 shows the results of parts 
analysis revealing that 15.1% are new problems, and in 8.9% it was not possible to identify responsibility. 


 


Table 1: Stratification method for characterization of problems  


ANALYSIS OF PARTS (GENBUTSU) GROUP OF ANALYSIS 
TOTAL 


METHODS OF ANALYSIS ENGINE M. COMPLETE RESISTANCE ELECTRICAL 
VISUAL 491 340 66 195 1092 37.1% 
DIMENSIONAL 320 28 2 0 350 11.9% 
FUNCIONAL TEST 141 57 236 555 989 33.6% 
ANALYSIS OF THE MATERIAL 250 24 2 235 511 17.4% 


TOTAL CASES 1202 449 306 985 2942 100% 
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Table 2: Stratification by generic classification 


STRATIFICATION  ENGINE M. COMPLETE RESISTANCE ELECTRICAL TOTAL 
EXISTANT ANALYSIS (QIS) 589 251 246 471 1557 52.9% 
NOT POSSIBLE TO DEFINE RESP. 126 100 6 31 263 8.9% 
NEW PROBLEM 216 63 17 149 445 15.1% 
BAD USE/FAILURE OF MAINTENANCE 271 35 37 334 677 23.0% 


TOTAL CASES ANALYSED 1202 449 306 985 2942 100% 


4.2 Judging problem relevance 
The relevance of each problem was evaluated with focus on customer impact, its frequency and detection 
mechanism. The repercussion on the client and evaluated on the basis of the symptom claimed and tests 
performed during parts analysis.  


The problems were judged in meetings, attended by the analysts of the FWS, Final Inspection and Sector 
of New Projects, with the following results: 


 Impact on the Customer: the problems were classified into four categories (customer safety risk, 
violation of the legislation, functional or visual problem);  


 Frequency in the Field: the frequency of problems was evaluated; and  
 Detection mechanism: 103 new problems were evaluated as to the existence of internal control 


mechanisms capable of containing the problem.  


4.3 Analysis in loco (Gemba) 
The objective of the in loco analysis is to clarify the causes of the problem. An in loco examination will 
occur whenever the problem is new. The Gemba is a thorough analysis of the place where the problem 
occurs, in order to correlate observed facts, collected data and evidence found in parts analysis. The 
analysis was performed in situ to 76 problems: 22 plant internal sections, 13 suppliers in Manaus, 22 
suppliers in Sao Paulo, 6 international suppliers and 13 in Product Engineering of the (problems with 
design specifications). The problems were analysed as below: 


 Processes Analysis: 40 out of 76 problems had a history of failure. Current Process does not assure 
required quality: Procedures and standards were not defined; procedures and standards were not 
being met. The factors that justify the root cause for 27 problems were not found; 


 Correlation of facts/evidence: Of the 40 problems with historical, 10 problems presented direct 
relationship with the analysed problem (4 related to technical problems, 3 had no procedure 
defined and 3 the procedure was not being followed). 49 problems were passed on to stage of 
correlation and were analyzed in relation to technical issues and management issues; 


 Simulation tests: in 16 problems the failure mechanisms were not present in the processes that 
and were submitted to further tests in order to simulate the causes and reproduce the same 
effects found in Genbutsu:  


o 14 problems had their mechanisms of cause and effect reproduced (6 problems related 
with technical issues and 8 problems related with management issues); 


o 2 problems did not have their mechanisms of cause and effect reproduced.   


4.4 Decision Making (Genjitsu) 
The decision-making based on real causes and the countermeasures to be applied depends on data 
collected during the analyses, mainly the pieces (Genbutsu) and processes (Gemba). It was evaluated the 
feasibility of actions regarding the cost, quality, productivity and safety. The decisions are shared in 
consensus with the involved so that all are responsible for the success of the solution.  


The decision-making on the causes and responsibilities were firmed in meetings (some used video 
conference), involving the respective responsible for analysis, monitoring and solution: 
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 Definition of causes: on the basis of the information collected in the phases of parts analysis 
(Genbutsu) and in situ analysis (Gemba) and in agreement with the respective involved, decisions 
were taken on the root causes; 


 Definition of countermeasures: similarly, countermeasures were agreed; causes at the origin in 28 
of the 47 problems were eliminated; improvement actions were applied and monitored. 


4.5 Feedback for new models 
The provision of feedback for new models has the objective to benefit from field information and 
technical analysis to assist new product development. The proposal has included the Sector of New 
Projects as a customer of the FWS. The proposals were decided in consensus with the FWS, Supplier 
Responsible for the problem, Final Inspection and Sector of New Projects.  


It was added to the QIS a field with a simple description of the proposed amendment. In the future, 
before starting the development of the new model, this information will be used. This feedback 
information included the 47 problems that had their causes clarified: 


 Project Evaluation: 47 problems were evaluated in terms of the criticality of technical 
characteristics of design specification, which are incompatible with some customer use modes; 


 Process Evaluation: 26 problems were evaluated as to the criticality of technical characteristics of 
the manufacture processes. 3 problems originated feedback for new models. 


The proposals were made in consensus with all those involved, and simple descriptions feasible for 
implementation were presented. The proposals will be for designers/engineers evaluate and transform in 
technical characteristics of new projects. This allowed discussing the possibility of improvements that 
previously were not perceived by engineers/designers due to the specific characteristics of customer use 
and processes related to manufacturing and logistics. 


Figure 1 presents the new flow of information for warranty claims based on the improvements described 
in this section.  


5 Verification and Control 
This section presents the implementation results, adjustments considered necessary, as a result of 
stratification of the causes and the result of the distribution of warranty costs to those responsible. 


5.1 Data summary of the implementation results 
A summary of the results of the activities developed in the implementation of the improvement actions 
defined in the previous section is presented: 


 the parts analysis (Genbutsu) related to the stratification of problem and cost resulted in total 
warranty costs in the period of US$ 940,047.45; 


 153 New problems were verified through 445 occurrences; 
 The relevance of 153 problems regarding customer impact was evaluated. It was found that in 76 


of them it was necessary to carry out an in loco analysis (Gemba/process related to the problem): 
(1 safety risk, 17 legislation violations, 32 high frequency (>0.04%) and 26 without any internal 
detection mechanism; 


 The result of the in loco analysis (Gemba) of 76 problems with the decision-making (Genjitsu) and 
feedback for new models was: 
 problems were caused by technical (22) and management (27) issues;  
 in loco analysis allowed explaining the causes of 47 problems; 
 2 technical problems and 1 management issue provided information for new product 


development. 
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Figure 1: New Flow of Information for Warranty Claims 
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5.2 Criterion to define a representative sampling 
Some adjustments were required to pass the costs to suppliers. It was defined by consensus, between 
internal sections/supplier and the FWS the following rule: the sample size to be analysed, from each type 
of problem, must be at least 2 and it should be always higher than 20% of the number of warranties per 
problem. This criterion reduced the level of representativeness of analysed problems from 90% to 65%. 


5.3 Difficulties 
This topic presents some difficulties regarding the analysis and implementation of the approach: 


Supply contracts permit for the passing of the warranty costs, but do not specify how to do it. The focus 
of the work was to develop a method accepted by the partners to pass these responsibilities. 


There was some resistance on the acceptance of responsibility costs for 27 problems that had not their 
causes characterised with in loco analysis (Gemba) and also for 77 problems which have not met the 
relevance criteria to be analysed in Gemba. However, it would be impossible to perform Gemba to all the 
problems within the available time. It was clarified that the objective of the in loco analysis was not related 
to warranty costs stratification (this would be achieved through stratified parts analysis - Genbutsu), but to 
identify and eliminate the causes by reducing the occurrence rates and improving the product field 
quality. 


The items that, after the tests (Genbutsu), did not show the claimed problem were classified as 
concessionaire failure, because it was considered wrong diagnosis, having as responsible the After-sales 
service. This service was also considered responsible for the cases classified as "bad use".  The after-sales 
service should set out directives to reduce/eliminate undue warranty payment related to concessionaries 
wrong diagnosis and improve guidance to clients on the use of the product in abnormal conditions. 


In some cases it was not possible to define the responsible or root causes of the problem. 


5.4 End result of responsibilities stratification (cost and quality)  
It was possible to define the problems and their respective responsible for 66% of the warranty cases in 
the period through the representativeness of the analysed sample. It was also possible, to pass on 76% of 
the warranty costs in the period. 


In short, from the US$ 940,047.45 in warranty costs that represent 7666 cases (field occurrences), US$ 
717,011.01 were stratified and defined responsibilities representing 5048 cases. The general warranty 
index was 6.4 % for the month of March 2011. This reduction tendency increased resulting in reducing this 
index, over 6 months, from 9% to 6%.  


6 Conclusions 
A pilot project was developed and implemented that used the three realities approach of, Genbutsu 
(analysis of parts of field occurrences), Gemba (analysis of processes where these failures do occur) and 
Genjitsu (decision-making based on facts, where the impact of corrective/improvement actions is 
analysed) as a method to improve the process for handling complaints.  


The presented technical analysis improved the product quality management and enables to pass 
responsibilities of warranty costs to the organization’s partners (suppliers and internal sections). As a 
result of the improvement actions the warranty index reduced from 9% to 6%. 


Despite the literature on the 3Gs is not rich, "14 Management Principles from the World's Greatest 
Manufacturer" and "The Toyota Way Fieldbook" contributed significantly to this work mainly the Genchi 
Genbutsu Method used by the Toyota Production System. The FMEA method for the prioritization of 
failures contributed to define a procedure to judge the problem relevance and the QFD method was 
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adapted to the 3Gs methodology, revealing how customer complaints, can be transferred to new 
products development. 


The work involved partners in Japan, China, Thailand, local suppliers, assembly lines of the assembler and 
the FWS (including logistics) and finally, after-sales service of the Assembler and the network of 
authorized dealers. Everyone contributed significantly in their respective fields with efforts that have made 
this work possible. There was also, the consolidation work of financial and legal sectors of the assembler 
to enable the pass of financial responsibility, as well as the support of the board concerned and 
committed to the harmonisation of this type of management. 


In this case study the proposed methodology to manage customer complaints allowed passing 
responsibilities to organisation’s partners, used customer information to enhance new product 
development, and improved the overall warranty costs. It is believed that it is possible to implement this 
approach in other companies, through the study of each reality, mainly in automakers, which also need to 
manage quality of the final product through the supply chain as it was performed in this work. Future 
work could assess whether the methodology is applicable in other sectors. 
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Abstract 


The information about fatal workplace accidents (totaling 3,632) in Brazil from 2007 to 2011 was analyzed. The data 
were collected from the reports in the Federal Inspection of Labor System, which is conducted by the Ministry of 
Labor and Employment of Brazil. The analysis of the accident causes showed that factors related to organization, task 
and material were the most common concerning fatal workplace accidents. The present paper examines the nature of 
factors involved in those fatalities. The most common factors related to organization were those connected with  
procedures and  no risk analysis. However, the most common factors in relation to task were those caused by 
improper use of tools and equipment as well as detection risk failure. The relationship between factors was studied 
and correlation between some of them was found. Those findings provide evidence for the understanding that 
aspects of the organisation lead to the circumstances from which later events may precipitate the accident. Moreover, 
the data suggest that being able to identify the precursors of critical events can provide a specific focus for 
prevention. 


Keywords: workplace accident; factor; accident analysis. 


1 Introduction 
Injuries from accidents are a threat to health in every country. In 1990 they were responsible for 6–7% of 
world mortality (Murray; Lopez, 1997). Workplace accidents are very costly (Hamalainem; Takala; Saarela, 
2006). In Brazil, about 2 500 fatal workplace accidents were reported in 2010 for a direct cost of nearly $6 
billion (Gonçalves, 2011). An understanding of the underlying causes of accidents is essential for their 
prevention. An accident investigation allows a view into an organization that is normally not possible. 
There is little doubt that human factors represent the most important single causal factor in critical 
incidents, including industrial accidents (Feyer; Williamson; Cairns, 1997; Hale; Glendon, 1987; Reason, 
1997). Unfortunately, simply counting the presence of human factors does not provide very clear direction 
for preventive efforts. The human factor is not a unitary phenomenon and part of the problem with 
understanding its role and dealing with its impact arises from the complexity of such a large category. 
Aspects such as the nature and timing of errors, as well as the involvement of poor organizational 
practices, all need to be considered because the remedial actions required as part of preventive efforts are 
very much dependent on the nature of the human factors involved. Furthermore, the network of 
relationships between human factors, as well as between human factors and other factors may also 
provide insights about targets for prevention by identifying critical points in the chain of events leading to 
accidents. The challenge is not only to describe how accidents occur but also to show where and how 
effective remedial measures might be applied. 


Hence, attempting to distinguish between the conceptual phenomena among human factors involved in 
accidents would seem to have considerable potential for directing preventive efforts. In a recent 
theoretical framework, Reason and colleagues have incorporated the wider human and organizational 
components of accident causation in high hazard low risk settings (Reason, 1990; Hudson et al., 1994). It is 
argued that organizational and managerial factors constitute latent failures in work systems analogous to 
latent pathogens in biological systems. It follows then that important human contributions to accidents 
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can occur well before their impact is detected, can involve organizational processes as well as actions and 
complex sequential relationships. Besides, it is proposed by these authors that intervention is likely to be 
much more effective if underlying features of the causal sequence are targeted rather than the active 
failures at the sharp end of the causal sequence because latent failures are the origins of the sequence 
and are likely to be of a few types only while human active failures are likely to be many and varied 
(Reason, 1990). 


An important question, however, is whether the considerations pertinent in high hazard low risk situations 
such as major disasters are indeed applicable to industrial accidents in general. At a theoretical level, the 
importance of organizational and managerial factors in industrial accidents is well recognized 
(Feyer,Williamson and Cairns, 1997; Hale and Glendon, 1987; Reason, 1990). 


Yet, evidence detailing such factors is limited. Analysis of aggregated accident data rather than single case 
analysis is needed to provide a quantitative basis for the distinction between different categories of 
factors in accident causation and the relative importance of such distinctions.  


The present paper presents the main factors which contributed to fatal workplace accidents in Brazil from 
2007 to 2011 and the correlation between them aiming to show the nature of those multi causal events, 
help to understand it and propose measures for their prevention. This paper also presents the analysis of 
the nature of these factors and clusters them in categories. The data were collected from the reports 
inserted in the Federal Inspection of Labor System (FILS) by Federal Auditing of the Ministry of Labor and 
Employment of Brazil. 


2 Accident Causation Models 
Many accident investigations do not go far enough. They identify the technical cause of the accident, and 
then connect it to a variant of “operator error” – the line worker who forgot to insert the bolt, the 
engineer who miscalculated the stress, or the manager who made the wrong decision. But this is seldom 
the entire issue. When the determinations of the causal chain are limited to the technical flaw and human 
failure, typically the actions taken to prevent a similar event in the future are also limited: fix the technical 
problem and replace or retrain the individual responsible. Putting these corrections in place leads to 
another mistake – the belief that the problem is solved (Columbia, 2003). 


The traditional approach to accidents assumes that compliance with procedures and norms protects the 
system from accidents and that these events are caused by the faulty behavior of workers, which results 
partly from personality aspects. Identification of these behaviors can be based on comparing them with 
the standard “safe working practices”, which safety experts are aware of ahead of time. In recent decades, 
new alternative views have expanded the perimeters of accident analyses and opened the way to 
questioning the assumption of the traditional approach to the concepts of the human being and work. 
These new approaches help to highlight the sterile results of traditional practices: blaming and punishing 
victims, recommending training, and proposing norms without changing the systems in which the 
accidents took place. The new approaches suggest that the traditional approach is totally worn out and 
emphasize the importance of operator contribution for system safety (Almeida, 2006). 


During the 19th and early 20th centuries many safety practitioners and factory inspectorates took the 
view that preventative physical measures such as machine guarding, housekeeping and hazard 
inspections were the best to prevent accidents (Cooper, 1998). This view was predicated on the belief that 
controlling physical work conditions would prevent the majority of accidents. Despite these types of 
precaution, however, accidents continued to increase at an alarming rate in British factories during and 
after the First World War. This led to the commissioning of government committees to examine whether 
accidents were caused by physical working conditions (situational factors) or individual characteristics 
(personal factors). This differentiation was partly based on the hereditary versus environment debate 
brought about by Darwin's racial theory of evolution, and partly because in-depth knowledge about the 
causes of accidents could lead the appropriate counter-measures being applied (Cooper, 1998). 
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Despite recognition by early researchers of the role that managerial and organisational factors played in 
the accident causation chain, most practitioners focused almost exclusively on the prominence of 
employee's unsafe acts. This research led to Heinrich's seminal work 'Industrial Accident Prevention", 
published in 1931.  Heinrich postulated that accidents were caused by either an unsafe act, an unsafe 
condition, or both. Termed the 'Domino' theory, this work provided the first sequential of the accident 
causation process. In Brazil, many practitioners have continued to investigate accidents based on 
dichotomic conception of  unsafe act and unsafe condition; yet, frequently, the result of these 
investigations blame the individual for the unsafe act, or merely identify and rectify the immediate unsafe 
conditions, rather than examining how and why the unsafe act occurred, or how the unsafe condition was 
created (Cooper, 2000; Vilela; Iguti; Almeida, 2004). 


Within the social sciences there are various ‘ways of seeing’ the accident phenomena: Marxist (Nichols, 
1997), functionalist (Perrow, 1984), and phenomenological. Dwyer, reflecting upon the lack of an adequate 
theoretical conceptualization of the causes of industrial accidents, the lack of systematic analyses of 
workplaces and the conceptual blindspots of the predominant preventive techniques, concluded that 
detailed case studies of workplaces would generate new theoretical ideas on the production of accidents 
and lead to more effective prevention techniques (Dwyer, 1989, 1991). His theory of accident causation 
aims to link macro with micro-social elements. The theory reflects the dynamic nature of workplaces and 
seeks to analyze the social relations which manage people and the relationships to their work at the 
moment when the dangers of the job result in an accident, and to thereby discover the social relation that 
causes the event. As Dodier (1993) pointed out, an important aspect of the theory is that Dwyer 
integrated into his analyses the demands of the workers and their points of view on safety. Dwyer’s theory 
is that the day-to-day working out of the social relations that govern relationships between workers and 
employers (or their representatives) produces accidents. 


Although the 'Domino' theory model described above have proved useful in identifying the sequence of 
events in the accident causation chain, they have largely failed to specify how and under what conditions 
each of the sequential elements might interact to produce accidents. A more recent causation model by 
Reason (1997) has largely overcome these shortcomings. Reason likened the accident causation process 
to 'resident pathogens' in the human body. Similar in concept to physiological immune systems, Reason 
(1997) argued that all organisational systems carry seeds of their own demise in the form of these 
pathogens. Reason termed these resident pathogens as 'latent' conditions. He suggested that the 'latent' 
conditions lie dormant, accumulate and subsequently combine with other latent failures which are then 
triggered by 'active' conditions (e.g. unsafe acts) to overcome the system's defenses and cause accidents. 
Reason proposed that 'active' conditions were caused by poor collective attitudes or by unintentionally 
choosing the 'wrong' behavioural response in a given situation, both of which may result in a breach of 
the system. According to Reason (1997), it is now recognised that people working in complex systems 
make errors or violate procedures for reasons that generally go beyond the scope of individual 
psychology. These reasons are latent failures. In this paper the theory defined by Reason is applied, 
although it is not always easy to draw a hard and fast line between individual and organisational 
accidents, according to Reason. In later works, Reason recognised the limitations of his original resident 
pathogen model and, in conjunction with Wreathall, identified how and where latent and active failures 
might be introduced into an organisational system. This modified model suggests that pathogens are 
introduced into the system by two routes:  


 latent conditions caused by organisational or managerial factors (e.g. top-level decision-making). 
 Active failures caused by individuals (e.g. psychological or behavioural precursors). 


3 Method 
The 3 632 cases analyzed were collected from the reports inserted in the Federal Inspection of Labor 
System (FILS) by Federal Auditors of the Ministry of Labor and Employment of Brazil. The reports of 
workplace accidents occurred in Brazil throughout the years 2007-2011 were all analysed. 
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The FILS is a system developed by the Ministry of Labor and Employment of Brazil where all workplace 
accidents reports are inserted by Federal Auditors. The access to insert and to consult data in FILS is 
restricted to the Federal Auditors of the Ministry of Labor and Employment of Brazil. The reports are 
elaborated and inserted in the FILS after the analysis of workplace accident by a Federal Auditor. The 
Federal Auditor's reports are relatively comprehensive. They contain a textual account of the 
circumstances of the accident and subsequent fatality, as well as demographic information about the 
person, cause of death and details of all investigations into the causes of death. 


The factors related to workplace accident identified in the Federal Auditor's report were clustered into the 
following categories: 


 environment - factors resulting from location of the accident (e.g. noise, heat, ventilation, 
housekeeping, etc)  


 task -  factors related to the development of the real activity. The rules and procedure to 
execution of the activity are not included. 


 organisational - factors resulting from latent conditions, such as poor design, gaps in supervision, 
undetected manufacturing defects or maintenance failures, unworkable procedures, clumsy 
automation, shortfalls training, less than adequate tools and equipment. 


 material - factors resulting from machinery, tools, personal protective equipment or safety 
equipment  


 human - factors resulting from physical, psychological and physiological characteristics, 
experience and qualification of the individual.  


 maintenance - factors resulting from actions and measures needed to restore or to conserve 
items (e.g. installations, equipment, builds, machine, etc). Include lubrication, cleanness, 
unscheduled repair, inspections, planned preventive and predictive maintenance, calibration and 
testing. 


After analyzing the data from FILS, the factors were identified and associated with the five categories 
described above.  As many factors were identified for each category, it would be impractical to list all of 
them here, so only the five most frequently factors identified in each category were chosen. 


4 Results 
Table 1 shows the five most frequent factors for environment category and the frequency that each one 
of them was identified. The most frequent factor identified was Inadequate temporary access mean that 
was detected in 221 fatal workplace accidents. This shows that the temporary or permanent access to the 
place where the task was performed was unsafe, so there was risk of fall of the employees. The factor 
Circulation difficulty was identified in 179 fatal workplace accidents. This result indicates that a bad 
housekeeping and that the employees had difficulty with  locomotion in the workplace environment. The 
factor Energized exposed part reveals that there were machines, tools and equipment with energized 
exposed part, so the risk of electric shock was present in workplace. This was identified in 111 fatal 
workplace accidents. 


Table 1: Five factors for environment category  


Factors Frequency 
Inadequate temporary access mean 221 
Circulation difficulty  179 
Inadequate permanent access mean 167 
Energized exposed part 111 
Others 174 


Source: FILS of Ministry of Labor and Employment 


Table 1 shows the five most frequent factors for task category and the frequency that each one of them 
was identified. The most frequent factors were risk detection failure, that means that the employees were 
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not able to detect the risk to prevent the accident in advance ( this was identified in 1352 fatal work-
related accidents), also inadequate operative manner safety, which shows that the employees operated in 
an unsafe way -  for example, operated with body part close to mobile part of machine. Besides those 
two,  improvisation  reveals that tools and material were used to do different tasks  for which they were 
not projected. This was identified in 539 fatal workplace accidents. In 239 fatal workplace accidents 
analyzed  improper use of tools, material and equipment was identified;  for example,  the use of wrong 
raw material and the use of tool or equipment beyond their capacity. In 226 fatal workplace accidents it  
was identified that there was not any protection against fall for habitual job in height, so there was risk of 
fall for the employees.  


Table 2: Five factors for task category  


Factors Frequency 


Risk detection failure 1352 


Inadequate operative manner safety  1105 


Improvisation  539 


Improper use of tools, material and equipment  239 


Habitual job in height without protection against fall 226 


Source: FILS of Ministry of Labor and Employment 


The  most frequent factors identified which are associated with organisational category are shown in 
Table 1. The factor No or Inadequate risk analysis was the most frequent factor identified. This factor 
contributed to 817 fatal workplace accidents. This depicts that risk analysis was not a work practice in the 
organisations where the accidents occurred. The factor No or poor training contributed with 792 fatal 
workplace accidents. This reveals that the employees were not trained or were poorly trained to perform 
the task. This is an evidence that training is essential to prevent workplace accidents. The factor No job 
procedure is related to 608 fatal workplace accidents and No task planning is related to 424 fatal 
workplace accidents. This shows that there was neither job procedure nor task planning in the workplace. 
The factor No or poor supervision is related to 359 fatal workplace accidents. This result is indicative that a 
good supervision is necessary to prevent accidents. 


Table 3: Five factors for organisational category  


Factors Frequency 


No risk analysis or inadequate risk analysis 817 


No training  or poor training 792 


No job procedure 608 


No task planning  424 


No supervision or poor supervision 359 


Source: FILS of Ministry of Labor and Employment 


The factors which were  most frequently identified concerning material category are shown in Table 1. The 
factor Personal protective equipment not provided was identified in 231 fatal workplace accidents and the 
factor Personal protective equipment not used (unknown if provided) is related to 80 of them. According to 
Brazilian laws, the employer must provide personal protective equipment for employees and make them 
use it. The factor No or Inadequate protection system contributed with 160 fatal workplace accidents and 
the factor protection system away for suppression is related to 72 of them. This shows that the protection 
system against accidents did not exist or was out because it was suppressed for someone. The factor 
Protection system, poorly designed tools and equipment related to safety contributed with 132 fatal 
workplace accidents. This points out that tools and equipment were not adequately designed for 







 
ICIEOM 2012 - Guimarães, Portugal 


ID275.6 


protection against workplace accidents, so they caused to the accident to occur. The existence of tools 
and equipment with adequate accident protection is important to prevent accidents. 


Table 4: Five factors for material category  


Factors Frequency 


Personal protective equipment not provided 231 


No protection system or inadequate protection system 160 


Protection system/tools/ poorly designed equipment relating
safety  


132 


Personal protective equipment not used (unknown if provided) 80 


Protection system away for suppression 72 


Source: FILS of Ministry of Labor and Employment 


According to the data in Table 1 the two most frequent factors are related to  the individual’s inexperience. 
The Inexperienced to occupy no habitual post and Inexperienced for little time in the organisation appear 
with frequency 131 and 125, respectively. This result is an indicative that the employees’ inexperience is a 
factor that contributes to workplace accident. Another factor related to human category is the employee’s 
fatigue, which was identified in 144 fatal workplace accidents. These data show that excessive labor hours 
and little or no rest influence in workplace accidents. Another factor that contributed with 104 fatal 
workplace accidents was the employee’s lack of knowledge in how to operate the equipment or the  
equipment condition. 


Table 5: Five factors for human category  


Factors Frequency 


Inexperienced to occupy no habitual post  131 


Inexperienced for little time in the organisation 125 


Fatigue 144 


Ignorance to operate equipment/equipment condition 104 


Others 188 


Source: FILS of Ministry of Labor and Employment 


No preventive maintenance was the most frequently identified factor related to maintenance category, 
according to Table 1. This factor contributed with 101 fatal workplace accidents. Maintenance with 
energized or moving equipment was identified in 78 fatal workplace accidents. These results show that 
the maintenance was executed in an unsafe way. These results indicate that preventive and predictive 
maintenance of equipment and  performance with  safety are important factors to accident prevention. 


Table 6: Five factors for maintenance  category  


Factors Frequency 


No preventive maintenance 101 


No or inadequate signaling   64 


Maintenance with energized equipment 48 


Maintenance with moving equipment 30 


No predictive maintenance 24 


Source: FILS of Ministry of Labor and Employment 
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The results in Table 1 were obtained by summing up the frequency of the correspondent factors of each 
category. As an accident analysis can identify more than one factor for the same category (e.g., in some 
accident analysis the factors -  circulation difficulty and risk detection failure related to task category – can 
be identified), the total frequency does not correspond to the total number of accidents.  The results show 
that the most identified factors were first those  related to task category and secondly  were those factors 
related to organisation category. The factors related to human category were the fifth among the most 
frequent ones. These results show that the human-related factors  are not the most frequent in workplace 
accidents. Other factors are more important to accident prevention than factors related to humans, such 
as factors which are related to task and organisation.    


Table 7: Frequent for each category  


Category Frequency 


Task 3461 


Organisational 3000 


Environment 852 


Material 675 


Human 662 


Maintenance 267 


Source: FILS of Ministry of Labor and Employment 


5 Examination of the relationship between factors 
The Pearson correlation coefficient was used to examine if there is a relationship between some factors 
described above. The coefficient value has to lie between -1 and +1. A coefficient +1 indicates that the 
two factors are perfectly positively correlated, so as one factor increases, the other increases by a 
proportionate amount. Conversely, a coefficient of -1 indicates a perfect negative relationship: if one 
variable increases, the other decreases by a proportionate amount. A coefficient of zero indicates no linear 
relationship at all and so if one factor changes, the other stays the same. The measure of + or -1 is 
commonly used and represent a small relationship; + or - .3 is a medium relationship and + or -.5 is a 
large relationship (Field, 2009). Although it can analyse the correlation between factors,  it is not possible 
to draw direct conclusions about causality from a correlation. In this paper, only the relationship between 
factors from task and organisational category with larger frequency were analysed, because it would be 
impractical to establish a relationship to every 30 factors.  


 There was a significant relationship between the factors risk detection failure (task category) and No or 
Inadequate risk analysis (organisation category), r=.942, p (one-tailed) <.01. This result shows that when 
the no or inadequate risk analysis was done, the frequency of the factor risk detection failure increased.  


The factor improvisation was significantly correlated with no job procedure, r=.959, p (one-tailed) <.01. 
Although we cannot come to direct conclusions about causality from correlation, this significant 
correlation shows that no job procedure can result in improvisation of the employees. The improvisation 
was also significantly correlated with no or inadequate risk analysis, r=.959, p (one-tailed) <.01. 


The factor inadequate operative manner safety was significantly related to the factor no or poor 
supervision, r=.810, p (one-tailed) <.05. Inadequate operative manner safety was also correlated with the 
factor no or poor training, r=.844, p (one-tailed) <.05. These obtained results  indicate that no or poor 
training and no or poor supervision can influence the employees to operate safety in an inadequate way. 


There was a significant relationship between fatigue and risk detection failure, r=.909, p (one-tailed) <.05. 
Fatigue was also correlated with both inadequate operative manner safety, r=.918, p (one-tailed) <.05, and 
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maintenance with energized equipment, r=.810, p (one-tailed) <.05. These results show that fatigue, which 
causes wakefulness reduction, can cause the employees’  unsafe performance and failure in risk detection. 


 Habitual job in height without protection against fall was significantly correlated with the following 
factors: risk detection failure (r=.836, p (one-tailed) <.05), no or inadequate risk analysis, (r=.894, p (one-
tailed) <.05) and no job procedure (r=.925, p (one-tailed) <.05). These results indicate that an inadequate 
or no risk analysis and no job procedure can put the employees’ work in height without protection against 
fall in serious danger. 


There was not any relationship between improper use of tools, material and equipment and the factors No 
or Inadequate risk analysis, no or poor training, no job procedure, no or poor supervision and  no task 
planning.    


6 Discussion 
The data presented depict the multiple causality of the fatal workplace accidents occurred between 2007 
and 2011 in Brazil. This shows that workplace accidents are complex events with multiple causal factors; 
therefore, accidents are difficult events to understand and control. These interacted causal factors cause  
fatal workplace accidents, as it was described earlier. The understanding of these interactions is essential 
to propose measure to prevent them. Preventive measures  based on few factors are limited and do not 
cover all of them. 


Organisational factors played an important role in the happening of workplace accidents. These factors 
were the second most frequently identified, but they had significant correlation with task factors -  the 
first most frequently identified factor. The human factors were only the fifth  most frequently identified 
and with low frequency when compared with both task and organisation factors. Therefore, the discovery 
of human factors immediately prior to the bad outcome would not have closed the book on the 
investigation of an accident. Today, neither investigators nor responsible organisations are likely to end 
their search for the causes of an accident with the mere identification of "sharp-end" human failures. Such 
human failures are now seen more as consequences than  causes, because accidents can, and usually do, 
have organisational origins, according to Reason (1997). It is still usual to claim that human factor is 
implicated in 80-90 per cent of all accidents, because people design, build, operate, maintain, manage 
and defend hazardous technologies. It is hardly surprising, therefore, that the human factor plays the 
major part in both causing and preventing accidents. While probably close to the truth, this statement 
adds very little to our understanding of how and why accidents happen. 


7 Conclusion 
 Workplace accidents have still happened  with large frequency, are very costly and bring suffering to 
people, families, society, organisations’ and countries’ economy and environment. Thus, it is an important 
task and challenge for researchers, engineers, psychologists  and other professionals involved with safety. 
The understanding of how the accidents happen allows to propose measures for prevention. This paper 
presented the large number of factors involved in fatal workplace accidents and the correlation between 
some of them, evidencing, therefore, the  multi causal nature of these events and  its complexity. In 
addition, the findings reinforce the need for analysis of aggregated accident data in order to obtain a 
clear understanding of the common factors underlying accident causation in workplaces. This form of 
analysis not only shows how accidents are caused, but also the form that preventive action should take in 
response to these accident causes. In conclusion, it will  hopefully contribute to its understanding and 
prevention in order to reduce the large number of accidents.  
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Abstract 


The objective of the study was to verify the relationship among the use of inadequate postures through the method 


Occupational Repetitive Actions, OCRA, and the generation of Repetitive Strain Injuries, RSI, in workstations of 


repetitive work. The proposed study is of exploratory and descriptive nature, with quali-quantitative approach and 


was done in a company of the shoe sector.   It was verified the quantitative of RSI, as well as, the situation of the 


repetitiveness in the workstation through the method OCRA, collecting data and deepening the knowledge on the 


influence and importance of the repetitiveness in this company. The results show the discrepancy among the data 


picked by OCRA and the numbers of RSI registered in the medical department of the appraised company. It is known 


about the importance of OCRA as a validated method and globally used, however it is difficult the compilation of 


theoretical data for the generation of an index that detects the danger of a specific work in provoking lesions.   


Keywords: Method OCRA; postures inadequate, Repetitive Strain Injury. 


1 Introduction 


The work environment is a space that includes ergonomic variables, in the areas physical, cognitive or 


organizational, that if not observed can influence the performance and the worker's labor capacity 


directly. The posture or the positioning of the parts of the body are of fundamental importance for the 


biomechanics of the movements, the body positioning when very adjusted will provoke the execution of 


correct postures without overload in the body structures. When not positioned in a correct way it may 


causes the execution of forced postures, that will take interference in the movements during the 


accomplishment of the task, worsening the action of the harmful aspects on the body parts.   


In the last years the discussions on diseases related to the work took impulse, because these can lead to 


the worker's incapacity temporary or permanent, not just bringing negative consequences for this, but 


also for the company or institution where they work (NECKEL; FERRETO, 2006). Many problems are related 


to the generation of RSI, and one of the principal is the high repetitiveness level and execution of the 


goals which the workers are exposed.    


However, some companies didn't still go back their concerns to the workers, putting for the society the 


consequences of an atmosphere of work harmful and exempting themselves of the improvement 


obligation in the productive processes, in the organization of the work and in the relationship with the 


worker, that would be possible solutions for the decrease of the occupational risks (PASTRE, 2001). Salim 


(2003) affirms that in spite of being countless the factors that influence the genesis of the occupational 


disturbances, "its determination, ultimately, surpasses the social structure, relating, above all, with the 


changes in course in the organization of the work and secondarily with the peculiar technological 


innovations to the productive restructuring".   


In this manner, we see the relevance of the analysis of the repetitiveness of the work as primordial factor 


in the prevention of RSI, and as a main point in the improvement of the work conditions, and 


consequently, influential in the productivity of the company. For evaluation of the work conditions in the 


companies, or in any it labor workplace, a lot of methods of analysis of the rhythm and work load are 
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available in the ergonomics area. The method of evaluation OCRA is an important instrument and 


validated and recognized for evaluation of the level of repetitiveness of the tasks, generating an index of 


risk level for acquisition of occupational diseases. 


In this sense it is noticed the importance of the analysis of the work with respect to the generation of 


occupational damages, and methods that aid are of great importance. In the practical experience using 


the method OCRA was noticed variability in the importance or weight of some aspects on other in the 


final index, however it is plausible that some factors provoke more physical stress than others on the body 


structures. Then it is looked for inside in this work the observance of the method OCRA of these variability 


and if these are in agreement with the real factors of generation of RSI that will be analyzed in the 


research.   


This study contributes to systematize the generating aspects of RSI, what facilitates the prevention and 


the combat to these occupational damages, as well as it aids to the construction of workstations proactive 


that avoid the use of these harmful factors during the execution of the tasks. The portal of Brazilian Social 


Welfare shows the concern with the great number of cases of RSI, which increased 126% between 2006 


and 2007, from 9.845 cases in 2006 to 22.217 cases in 2007. It is considered that, in 2009, the government 


spent around 2 billion of reals with the cases of RSI in Brazil.   


For the observance of RSI in a worker is known that the genesis can come from several aspects. This 


research will focus in the use of forced or inadequate postures for the execution of the tasks, which is an 


item of fundamental importance, because the posture has direct influence on the incidence of vectors of 


force harmful on the body structures, and that consequently, can generate occupational damages.   


This study tries to answer the following inquiry: which is the existent relationship among harmful postures 


observe through OCRA in the work place and the diagnosis of RSI, in these work places?   


The object of research of this work was the shoe industry, where in which important characteristics were 


observed, as the accomplishment of a lot of tasks in handmade way, development of activities in cells of 


production with specialized tasks, accomplishment of the activity in high-speed and small cycles. All these 


data and numbers show the relevance of the approached subject and the need of studies that look for the 


progress of the diagnosis and characterization of the occupational diseases, for consequently they aid in 


the decrease of the number of these lesions.   


The objective of the study was to verify the relationship among the use of inadequate postures through 


OCRA and the generation of RSI in work repetitive.   


2 Method 


The proposed study is of exploratory and descriptive nature, with quali-quantitative approach and was 


done in a shoe company, it was verify the quantitative of RSI, as well as, the situation of the repetitiveness 


in the workplace through the method OCRA, collecting data and deepening the knowledge on the 


influence and importance of the repetitiveness in this company.   


The universe of the research was this company, it was included in the study two branches in the Paraíba 


State of the company, where samples of the repetitive workstations were analyzed, of the productive 


sections of the company. The selection of the sample it was non probabilistic, looking for to assist the 


pré-established criterion in the research, that it was the visualization, through the accompaniment of the 


activity, of a repetitive cycle in the execution of the task.   


The collection of data was through the analysis of the workstations of repetitive works of the company, as 


well as the collection of the cases of RSI of this referred company. It is understood as workstation with 


repetitive character all those activities with a cyclical characteristic in the execution of the activity, that can 


be observed by the accompaniment of the activity and for the measurement of the activity cycle.   
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The contact with the company was through a consulting contract where the data were picked in this 


period, for two researchers in a total of 3 months. The parameters designated for the collection of data of 


the research brought us the analysis of 73 workstations with a defined task cycle. This filter of the 


workstations was done through the observation of each task in the amount of employees of the company, 


of the assembly sections, cut, sews, finishing, among other, observing or not the presence of a defined 


cycle in the accomplishment of the work.   


The method Occupational Repetitive Actions (OCRA), developed by researchers Enrico Occhipinti, Daniela 


Colombini and Michele Fanti, it is an evaluation method and analysis of the risk factors associated to 


repetitive movements of superior members, through the calculation of a quantitative index (PAVANI, 


2007; ANTONIO, 2003). This characteristic of the execution of a certain cycle is essential for the 


application of OCRA, and important condition in the emergence of RSI. And for the research of the data of 


RSI, the medical department of the company was contacted, being picked the data of work related 


musculoskeletal disorders (WMSD), through the report of notification of pathologies of superior 


members, related as lesions for repetitive efforts.   


The method OCRA is a method of quantitative evaluation of the repetitiveness in work, it uses analysis of 


several points, as postures of superior members adopted during the task, force exercised in certain 


movements, duration of the cycle, number of actions accomplished by each superior member, among 


others. Each approached aspect is equal to a punctuation, which will be counted in the end through the 


observed technical actions (OTA) and recommended technical actions (RTA), whose division will give the 


final index that will indicate the risk presence for the generation of occupational diseases.   


2.1 Data Analysis 


The analysis of the data of the OCRA method, as well as of the RSIs data was described in a quali-


quantitative way, describing the characteristics of the lesions and analyzing the behavior of these 


pathologies in the company.    


In this sense the application of the method was done in workstations with repetitive characteristics, 


confirming or not the risk verified in that place. The data of the index posture of the instrument were 


analyzed verifying the quantitative of the presence of the forced/inadequate movements, for each 


articulation.    


It was also picked data of RSI of the company, that served as reference for the analysis of the posture item 


of the method, where it was verified if the body structures of the superior members that more influences 


the value of OCRA are the really the more observed.   


3 Results and Discussion 


The study analyzed 73 workstations using the method OCRA. Just in a post the index multiplication 


posture had the value 1, which it is the best punctuation, in other words, only one workstation presented 


the execution of postures in forced amplitude that had no influenced the conditions in the index OCRA, 


and consequently, for the method, it doesn't influence the generation of RTIs.   


As the analyses are accomplished differentiating the members, left and right, we will have 146 results of 


values of factor posture, where: 2 members obtained value 0,7; 41 members the value 0,6; 33 members 


with the value 0,5; 31 members inside of the punctuation range that generates the factor 0,33 and, finally, 


16 members are with the factor in the value of 0,1.   


On the members with result 0,7, it was observed that 3 only had the final index of OCRA in the range of 


high risk the generation of RSI, what shows the influence of the posture inside of the value OCRA, which 


only represented 13,04%. Among the 41 members with factor multiplier 0,6, 17 were very high with the 


risk of obtaining of RSI, that elevates the percentile value, in comparison with the previous factor, for 


41,46% of the members.   
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Continuing the analysis for the verification of the value 0,5; 17 members of the 33 were shown to be in the 


range of high risk, revealing a percentile of 51,51%, confirming the tendency of influence of the factor 


posture in the final index OCRA. The factor 0,33 display clearly this tendency, since of the 31 members 


with this value, 23 are in the range of high risk, in other words, 74,19% of the superior members analyzed 


had serious risk of obtaining a lesion for repetitive effort.   


The worst level found in the research, and that corroborates with the previous data, are of the members 


that are with the multiplication value in 0,1, where all the members are in the risk range, with the smallest 


value of the final index OCRA 8,32, that is more than the double of the inferior limit to be in this risk 


group.   


Through this initial analysis it was intend to demonstrate the importance of the factor posture inside of 


the method used for the analysis, which it is observed inside by the practice and experience of the 


companies.   


Still, from the results, it can be accomplished the analysis of the values of the final indexes OCRA, for both 


members. Then, the research obtained in the total, 146 results of the exposition index (EI), being 73 of 


each member. For the right member it was verified the existence of only 13 workers (17,81%) with the 


index inside of the acceptable level of EI, being 16 (21,92%) in the level of low risk of generation of RSI, 


and the great majority inside of the range of high risk for acquiring RSI, with 44 workers inside of this 


level, in other words, 60,27% of the sample accomplished for the right member. In the left member it was 


counted 23 workers inside EI of the normality range, what represents 31,51% of the number of analyzed 


individuals. In the range of low risk, 18 workers, representing the percentile level of 24,66%, and inside of 


the range of high risk, where again it was most of the sample, it came 32 individuals, showing that 43,83% 


of the workers presented great risk of acquiring RSI.   


With these results, it is noticed the largest gravity of the right member in the exhibition to factor of risk, 


what can be explained by most of the population to be skillful and to use this with more frequency in the 


activities of more precision or force. In the general analysis it was verified that out of the 146 results of the 


two members, 36 were in the normality range, 34 in the range of low risk and 76 in the range of high risk. 


In other words, 75,34% of EI for member presented risk of developing pathologies in the work for 


repetition, and 52,05% of the total offered high risk for the development of these diseases.   


The analysis of the work cycle showed that the average of the repetitive cycle of execution of the tasks 


was in 0,36 minutes, or 21,6 seconds, where the smallest value of duration of the cycle was in 0,05 minutes 


or 3 seconds, what showed the high index of repetition of the movements that the workers were exposed 


in a lot of tasks, that provokes constant waste of the same body structures, and probably, lesions.   


These values show the impact of the repetitiveness inside of the analyzed company, in the sense of 


futures problems with relation to the workers' health, and in consequence, of financial and human 


damages for the researched industry.    


3.1 Analysis of the results of the OCRA Postural Index  


The factor posture includes specific movements in exaggerated ranges of the superior member, and the 


types of grip, for the formulation of its punctuation. In the shoulder the abduction movements and flexion 


are specified, with more than 80 degrees of range of movement articulation, abduction, with range from 


45 to 80 degrees and extension with more than 20 degrees.    


In the elbow it is take in consideration the supination movements, pronation, flexion and extension, all if 


superior to 60 degrees. And, finally, the wrist, with the movements of radial deviation (more than 15 


degrees) or ulnar (more than 20 degrees), flexion and extension (these two with more than 45 degrees). 


The types of grips considered for the method are: area of the hold broad, area of hold narrow, hold in 


tweezers, hold palmar, hook hold and movement of the fingers.   


The results of the shoulder area of the item posture of OCRA, shows the movements of the shoulder 


considered by OCRA, the data reveal that the abduction movement, between 45 and 80 degrees, is 
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present in 22 of the 73 analyzed workers, for the left member, and 27 for the right member. This display a 


presence of 30,14% and 36,99%, respectively for left and right member, of forced range of the abduction 


movement, in more than 50% of the cycle of the task.   


The flexion movement or abduction for more than 80 degrees are present in 30 workers of both 


members, what represents 41,10% of the analyzed workers. This display an accentuated presence, of a 


movement of great biomechanics load on the muscles and articulated structures involved in the execution 


of this movement, since it is necessary use of great force to win the torque imposed by the weight of the 


arm.   


Already the movement of extension of the shoulder, which is in the daily movements little executed, it is 


also shown little used in the accomplishment of the tasks, with presence in only two analyzed activities, 


for each member. This represents only 2,74% of the analyzed tasks, what shows the small contribution of 


this movement in the biomechanics of the shoulder, and mainly, in the generation of occupational 


damages.   


From the general analysis of the movements of the compound of the shoulder it was shown that the right 


member was more affected just in the abduction, from 45 to 80 degrees, with a small margin. This also 


happens due to function of the shoulder of aiding in the biomechanics of the movements of the arm and 


wrist, and for that, there is not the exaggerating unilateral use on the right side, what can happen in the 


other areas of the superior member, involved directly in the execution of the specific movements for the 


accomplishment of the tasks. In other words, even with the larger probable presence of exaggerating 


movements on the right side in wrist, this doesn't happen in the shoulder, because the left hand, in the 


case of most of the skillful ones, it is almost always used as support and aid in the activity, and this 


demands the movement of the shoulder, mainly in abduction.   


The exaggerating movements of the elbow, the supination movement was present in 20 of the 73 


activities analyzed for the left member, and only 8 for the right member. This represents 27,38% of the 


samples of the left member (LM) and 10,96% of right member (RM). This difference can be explained since 


the supination movement, which is that in that the arm "rotates" leaving the palm of the hand upward, it 


was visualized mainly to hold the work material, while the other member, in the case of the right-handed, 


executes the main task of the activity.   


The pronation movement, was quite visualized, having been detected in 45 (61,64%) samples of the LM 


and 56 (76,71%) of RM. This movement is present in great scale in the execution of the tasks, and this 


factor can be understood due to the importance biomechanics of this movement for the earnings of force 


in the movements of the wrist. And as the movements of the wrist are essential in the observed activities, 


since these are basically manual, the posture of semi-pronation of the forearm was quite detected. It is 


important to observe that both members executed this posture, since even in the support member, there 


is the total movement of the forearm from supine to the prone, in the cases in that there is supination, for 


complete visualization of the used material, or position maintained in prone to hold the material, however 


these are not the postures more adopted.    


The movement of flexo-extension of the elbow, in these cases represented almost exclusively for the 


flexion, it was present in 69 and 70 of the samples analyzed for left and right members, respectively, what 


shows a percentile value of 94,52% and 95,89%. This solid presence of this movement is clearly view in the 


real practice, because the accomplishment of the activities in the tables forces the isometric flexion of the 


elbows, in practically all the activities. Rarely it is seen a task being accomplished with the extended arms, 


what reduces the precision of the fine movements, due to distance of the necessary visual contact.   


In the area of the wrist, it is observed the presence of radial or ulnar deviation in the task in 22 of the 73 


cases, for each member, of this movement, in other words, 30,14% of the activities demanded the 


execution of these movements. This equality of laterality in the presence of these movements can be 


understood, because these movements, mainly the ulnar deviation, are necessary for the handling of the 


material for the hand, facilitating the prehension of the object, as well as in the execution of the task, as 


important movement in the biomechanics of the wrist, increasing the force of muscles of the hand.   
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However there are not only the deviations that influence the muscular biomechanics of the area wrist-


hand, the movement of extension and flexion it is also important in the earnings of muscular force. The 


extension provides a biomechanical gain larger than the flexion. Therefore it is constantly verified this 


movement in the dynamics of the movements of the work.   


In the case of this research, the extension was found in 31 (42,47%) of the 73 researched, for the left 


member, and 33 (45,21%) for RM. However, the wrist flexion was present in 12 (16,44%) of those 


researched, for the LM, and 14 (19,18%) for RM. These movements are less present than the elbow 


movements, and in proportion similar to the one of shoulder, showing the importance of the compound 


of the arm-elbow-forearm as support area and transmission of force for the accomplishment of the 


movements of the wrist.    


The types of grip also count for the score of the factor posture and they are important, because they will 


contribute with the application of force for the hands, or even in the case of the item " movement of the 


fingers " for the use of additional repetitive movements the execution of the movements of the main task. 


With that, the execution of the broad hold was the more visualized during the research, being present in 


36 workers with the left hand and in 32 with the right. This display a majority occupation of the left hand 


with this type of hold, therefore in this situation the hand of execution of necessary and fine movements, 


in the right-handed ones, is free for the execution of the main movement of the task.   


The narrow hold was seen in 11 samples of the left hand and 23 of the right hand, what shows an 


inversion in the use of the left hand for right, in comparison with broad hold, for most of the workers, 


what might have happened, due to this type of catches to be more necessary, needing the use on the 


commanding body side. The hold in tweezers, that is more specialized than the narrow, and it also 


happens more in the right hand, in 17 cases, against 11 of the left hand.   


With the palmar hold, the situation again is inverted, since in the same way, this hold is ruder, happening 


22 times with the left hand and 18 with the right. The hold in hook was practically inexistent in the 


collected samples, being in only 2 cases, one for each hand, left and right. The movements of the fingers 


were seen in 13 cases for the LM and 11 for to RM, where in all these cases it was almost noticed the 


bilateralism of the movement, in other words, and both hands were executing the same movement, in the 


same task.   


3.2 Analysis of repetitive Strain Injuries Data 


There were collected in the company, during the years of 2010 and 2011, the cases of RSI of the superior 


members, for affected area, in other words, wrist/hand, arm/elbow/forearm or shoulder. In the total there 


were detected, in this period, 181 cases of RSI related to the workstations analyzed by OCRA, in other 


words, all the cases of RSI here sampled assisted in the work activities analyzed in the repetitiveness 


research. Out of the 181 cases of RSI found, 92 cases were related to lesions in the area  wrist/hand, 28 to 


the compound arm/elbow/forearm and 61 the area of the shoulder. The cases of lesions in the wrist 


represented 50,83% of the cases of RSI found for the superior members, showing the importance of this 


area in the execution of the  movements for working, in repetitive exercises, of precision, and a lot of 


times with application of force.   


The compound of the shoulder followed the wrist in number of cases of diagnosed RSI, with 33,70% of 


the cases. This area, of larger muscular capacity and application of force, always needs, when moving the 


superior member, to win a great lever, when supporting the whole weight of the member, overloading, 


like this, its structures and leading to lesions.    


The area arm/elbow/forearm had the smallest number of diagnosed lesions, with only 15,47% of the 


cases. This area, for being in the middle of the other two mentioned areas, is quite used in the activities of 


work, however it is not related to movements fine, nor repetitive, and it doesn't also have relationship 


with great applications of force. Therefore, it is not observed a lot of work pathologies associated to this 


complex.   
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Different pathologies were diagnosed, all with relationship reports with the work related musculoskeletal 


disorders, and these are placed in the Table 1. It is verified great frequency to Carpal Syndrome Tunnel, 


that it is basically the compression of the medium nerve, provoking sensibility loss and pain in areas of 


the hand. However the more known RSI, and also very present in the research, is the tendonitis, that is the 


inflammation of the tendon and that it was detected in 68 cases, represented mainly by the wrist and 


shoulder tendonitis.   


Table 1: Repetitive Strain Injuries related cases in the company  


Types of WMSD found between 2010 and 2011                                       N 


Carpal tunnel syndrome 52 


Wrist/hand tendonitis  27 


Wrist/hand Bursitis 1 


Wrist Synovitis 4 


Wrist/hand  tenosynovitis  5 


Quervain's syndrome 3 


Lateral epicondylitis 9 


MediaL epicondylitis 3 


Elbow tendonitis 5 


Bicipital tendonitis 11 


Shoulder bursitis 8 


Calcifying tendonitis of the shoulder 14 


Shoulder impingement syndrome 7 


Rotator cuff syndrome 4 


Shoulder tendonitis 25 


Cervicobrachial syndrome 2 


Shoulder synovitis  1 


The epicondylitis, that are inflammations in the epicondylis (bony structures in the medial and lateral sides 


of the elbow) and that are very present in athletes, they were also detected in the research, probably in 


combined repetitive activities with application of force, as the act of hammering. 


3.3 Comparison of OCRA Postures and RSI Data 


The results of the observation of the postures in the workstations, when the OCRA was applied, showed a 


great presence of the movements of the elbow, with significant difference for the shoulder movements 


and wrist. Accomplishing an average of all the movements of each articulation, a presence of 61,18% of 


the harmful movements of elbow in the execution of the analyzed workers' task. In other words, for a 


reach of 100% in this point, all the workers would have accomplished all the forced movements in both 


members, however, in this case, little more than 61% of the possible harmful movements were executed. 


For the articulation of the shoulder the value decreases to the half of the value of the elbow, for 30,59%, 


followed by the wrist with 25,80%.   


Table 2: Comparison posture inadequate and % of RSI  


 % Inadequate Posture % RSI 


Wrist 25,8 50,83 


Elbow 61,18 33,7 


Shoulder 30,59 15,47 
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The data of RSI already picked in the company, in the Table 2 show the area of the wrist with 50,83% of 


the cases of RSI found for the superior members, the compound of the shoulder with 33,70% of the cases 


and the area of the elbow with 15,47%. Comparatively, as it is seen in the table 2, there is a disparity in the 


percentage of forced postures found in the execution of the activity and I number of diagnosed RSIs.   


These data show that the observation, purely, of the accomplishment of the same posture in more than 


50% of the work cycle don't contemplate in the generation of RSI in that body structure. In the most 


symbolic case than we can see that, it is the area of the elbow, where the great presence of movements 


accomplished in more than 50% of the cycle were observed, however this didn't reflect in most of the 


cases of RSI, because it is seen that the principal observed movement is, in almost all the cases, exercised 


in isometric contraction. This is a contraction type with tiring characteristic, however there is not 


movement to articulate, not accomplishing attrition among the component structures of the compound, 


and consequently, not forcing the waste and not provoking lesions.   


In the case of the wrist the opposite is observed, where the same movement a lot of times it is not 


visualized in more than 50% of the cycle, since there is a larger combination of movements in this area 


during the accomplishment of the activity, however the accomplished exercises are with speed and forces 


many higher times than in the other areas, provoking the constant attrition of the structures of the area of 


the wrist, causing waste and, hereafter, lesions.    


In the area of the shoulder, a big number of lesions was not also detected, which in this case, it would be 


waited, because the observed activities are in great majority of tables, without shipment of great weights, 


or need of flexo-abduction of the shoulder with weight rising, whose movement is associated to the 


emergence of lesions in the compound of the shoulder.   


For a necessary analysis of the importance of the forced movements in the generation of RSIs is necessary 


to consider other variables such as applied force, contraction type, and weight transportation, among 


others. The simple consideration of the presence of the movement in more than 50% of the cycle (except 


for the flexion movement or abduction of the shoulder the more than 80 degrees), doesn't really 


contemplate, basing on the collected data, the load imposed in the body structure, that suit the 


movement as harmful, influencing an index of level of repetitiveness risk.   


4 Conclusion 


The results show the discrepancy among the data picked by OCRA and the numbers of RSI registered in 


the medical section of the researched company. It is known about the importance of OCRA as an 


approved method and globally used, however it is difficult the compilation of theoretical data for the 


generation of an index that detects the danger of the activities in a workstation in provoking lesions.   


It is understood that it was analyzed, in the results, just the factor posture, and that the method includes 


other aspects. However, starting from this point, it can be conclude that the analysis and punctuation of 


harmful movements should take in consideration other important requirements, and not just the presence 


of the movement in good part of the repetitive cycle.   


The ergonomic analysis of a workstation is peculiar to that place, and methods that aid to this are very 


important job, knowing that these are coadjutant to the description and the appraiser's inspection, that it 


will analyze and it will end through the practical vision the gravity, or not, of the work for the risk of 


provoking a RSI.   


The results appear inside for a larger importance of the factor posture of the evaluation method, including 


other evaluation criteria. The movements adopted in the workstation impose overloads biomechanics that 


can have an influence factor in the generation of larger TSI´s than observed in the tool.   


It is comprehensible that the ergonomic analysis of a workstation, in the sense of analyzing the degree of 


risk of a work environment, is complex and it takes in consideration several factors that difficultly will be 


included in only one analysis tool. Therefore the importance of OCRA as an instrument that gets to join 
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several data, inside of analyzed parameters and tested by qualified professionals, and that supplies an 


important index, as parameter for an ergonomic diagnosis of the work position.   


However, the need of researches is observed that deepen this theme about the generation of damages of 


work, and their causes and effects, which it is of great social and economical importance. This work 


intended to contribute for the increment of these studies, knowing that the pursuit of this diagnosis is 


important, with propositions of how to develop means that facilitate the posture analysis of a workstation, 


since this is a current theme and present in the reality of companies that are concerned about the 


negative influence of DORT´s. 
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Abstract 


The present paper aims to identify the relationship between the maturity of continuous improvement and the 
certification of the quality management system within a company in the Auto parts industry located in the South of 
Minas Gerais State. Continuous improvement has become the element of greatest importance for the development of 
all kinds of organizations, whether in production operations or when providing services, with the ends of reaching the 
objective of the present paper, where the following propositions shall be verified. The time necessary to implement 
the Quality Management System in certified companies brings forth implications with regards to the maturity of 
continuous improvement. The continuous improvement process is a gradual organization learning process. With the 
purpose of dealing with this issue, the explanatory qualitative Case Study method was chosen, through the use of the 
triangulation method where interviews with representatives were used, with direct observation and survey and 
analysis of historical facts. The approach taken is primarily descriptive/qualitative, where it was sought to analyze, 
classify, and interpret facts without research interference. As a result, it was observed that within the research unit the 
certification time did not show to be the principal factor for the advance in continuous improvement maturity levels. 
Organizational learning significantly contributes to the maturation of the continuous improvement system, especially 
when found deeply taking root in the company’s culture. 


Keywords: continuous improvement, company’s culture and maturity levels. 


1 Introduction 
In the pursuit of excellence in their processes and competitive advantage, continuous improvement has 
contributed to ensure that everything be done within a short term with top quality, by avoiding reworks 
whether in management, cost reductions, flexibility within the process or timely attention to customer 
expectations. 


Continuous improvement is a fundamentally important item in the certification process in the 
maintenance of organization certificates. 


The considerations cited within this paper have as an objective the identification of two propositions: 


P1: The implantation time for the Quality Management System in certified companies brings forth 
implications in terms of continuous improvement maturity. 


P2: The continuous improvement process is a gradual organizational learning process. 


In order to verify these propositions within the research unit the case study method based on the 
triangulation including an exchange within various data sources. 
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2 ISO 9001 System 
The standard for the ISO 9000 series have a guide for the implementation of a Quality Management 
System, where an organization requires a demonstration of its capacity to coherently supply products that 
attend to the client´s requirements. These regulatory requirements are applicable to a quality 
management system where the organization is in need of demonstrating is ability to supply the market 
with quality products as well as when it intends on increasing client satisfaction by using an effective 
application of the system, including processes for continuous improvement and can guarantee 
compliance with client requirements (ABNT,2005). 


Standard ISO 9001 was specifically designed to be used in the following situations: 


 Contractually between client and supplier; 


 For approval or registration of the client for the supplier´s quality system; 


 For the certification or registration of the supplier´s quality systems by a credited certifying organ 
or as guideline for quality management (GODOY et al., 2009). 


The revision of Standard ISO 9001 version 2000 (ISO 9001:2000) focused on commonly structuring the 
management system based on the process, connected to the PDCA improvement method (Plan, Do, 
Check, Act) with necessary demonstrations of continuous improvement occurrences. 


Table 1: Structuring of ISO 9000 


Series Fundamentals 
ISO 9000:2005 Quality Management System Fundamentals and Vocabulary 
ISO 9001:2008 Quality Management System Requirements 
ISO 9004:2010 Quality Management System Guidelines for performance improvement 
Source: Elaborated by Author 


The number of companies certified in ISO 9001 in 2009 surpassed the 1,000,000 mark of companies in the 
world. 


3 ISO TS 16949 
The technical specification of ISO/TS 16949 is a document that was prepared by the International 
Automotive Task Force (IATF) and by the Japan Automobile Manufacturers Association, Inc. (JAMA) having 
the objective of attending to the normative requirements of the key American, German, French, Italian and 
Eastern manufactures. 


The specification grew out of the need for the existence of a single document within the standards of the 
International Organization for Standardization (ISO). So, in 1999, ISO TS/ 16949 was first published, 
enduring revision in 2002 based on standard ISO 9000 (2000). 


The main objective of ISO TS/16949 is the development of a global managerial system, with an emphasis 
in reducing scrap within the supply chain by specifying requirements for the quality system (KATHA, 
2004). 


The technical specification ISO TS/ 16949 is not applicable alone and should be applied in conjunction 
with the specific requirements of each client.  Each manufacturer has its particular demands, which should 
be attended to by its suppliers.  


The major differential of the ISO TS/ 16949 in relation to ISO 9001 is the focus not only on efficacy but 
also the efficiency of the processes, where upper administration should evaluate such processes with ends 
of guaranteeing the efficacy and efficiency of the processes (ISO TS/ 16949, 2004). 


The specification has ISO 9001 (2004) standards as a base, where the objective is to develop quality 
management systems that conduct continuous improvement, with an emphasis on the prevention of 
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defects and reductions of variations and scraps within the supply chain. This specification also avoids 
multiple certification audits, providing a common approach to the quality management system for the 
automotive sector, focused on management by process as seen in Figure 1 (MIGUEL et al., 2008). 


 
Figure 1: Model of quality and process-based management system. Source: Ferreira 2005 


The ISO TS/ 16949 is a very complex standard since it includes ISO 9001 standards and has specific 
demands from manufacturers in terms of various operational issues, and is only adopted in cases 
involving demands from a very important client (GIOVANNI, 2008). 


ISO TS/ 16949 is found in a 2009 version and more than 40,000 have been certified and do not contain 
any requirements which are additional or different from the ISO TS/ 16949 edition and exclusively 
describes the considered modification of Standard ISO 9001:2008. 


4 Continuous Improvement 
According to Mello et al., (2009), continuous improvement after the revision of the ISO 9001:2008 
standard has been considered a formal requirement, and it is up to organizations to continuously seek 
efficacy and efficiency improvements to their processes, without the expectation of problems occurring so 
that an improvement opportunity could then be demonstrated. 


The evolution of the continuous improvement concept follows the quality evolution. “The client’s needs 
are not static. There is nothing like a permanent list of the client’s needs.” (JURAN, 1989, p.104). 


Inconsistently, new technologies, new markets, social insurgencies, international conflicts create new client 
needs or alter the existing data (JURAN, 1989). 


According to Bessant et al., (1994), continuous improvement can be defined as an incremental innovation 
process, focused and continuous, involving the entire organization. Small steps, high frequency and small 
change cycles seen separately have small impacts but, added up can bring a significant contribution to 
the company’s performance. However, improvement activities are not only restricted to the process 
control, much on the contrary according to the authors, they are actions that aim to create beneficial 
changes in an organized fashion; obtaining unprecedented levels of performance, close to perfection 
never seen before, being the synonym of innovation (GONZALES et al., 2007). 


According to Sampaio et al., (2009) there are two key motives for companies to be certified with ISO 9001: 
internal motives and external motives. The internal motives are related to the objective of reaching 
organizational improvement, whereas external motives are primarily related to issues of marketing, client 
pressure and the increase of clients in the market, etc. 
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4.1 Continuous Improvement Maturity 
What can set a company apart is its level of practice (how to develop continuous improvements), which is 
something that cannot be copied. Such levels of maturity are also important for guiding companies. By 
these means, it is possible to know the current status and where it can, would like to reach. In the 
development of continuous improvement the important thing is to act consciously in relation to each step 
taken or to be given. So, continuous improvement will normally take root within the company routine, 
become part of its culture. This is the point where the biggest problem is found within companies; after 
all, breaking cultural paradigms can take a long time (MESQUITA and ALLIPRANDINI, 2003).  


Bessant (2000) identified, after some studies, some of the organizational skills and incorporative 
behaviors, which were considered to be indispensable for a good development and support with 
successful continuous improvement (SILVA, 2003). 


 Understanding Continuous Improvement: ability to articulate the basic values of continuous 
improvement; 


 Acquiring the habit of Continuous Improvement: ability to generate sustainable involvement for 
continuous improvement; 


 Focusing on Continuous Improvement: ability to bring together CI activities with strategic 
organization objectives; 


 Conducting Continuous Improvement: ability to manage, conduct and sustain the creation and 
maintenance of CI behaviors; 


 Aligning Continuous Improvement: ability to create consistency among the values and behaviors 
for CI and organizational context (structures, procedures, etc.); 


 Sharing Continuous Improvement: ability to shift CI activities by means of organizational barriers; 


 Continuous Improvement for Continuous Improvement System: ability to strategically administer 
CI development; 


 Constructing learning organization: ability to learn by means of continuous improvement 
activities.  


Bessant (2002) highlights that not every organization has equal abilities for continuous improvement, 
some of them being competent in identifying problems or efficient in working with multifunctional 
groups while others do not consider any of these important issues (SILVA, 2003). 


Based on this gradual learning process, Bessant, Caffyn and Gallagher (2001), pointed out that there are 
different development stages for continuous improvement.  


The structure maturity phases for continuous improvement are presented in Table 2. 


Bessant and Caffyn (1997) argue that the organizations that advance in this model present the following 
characteristics: a common objective, adequate management model, habit of practicing continuous 
improvement, communication and development of an environment that favors the learning process.  


The stages should work as organizational guidelines so that they can be defined as strategies with the 
objective that the organizations increment their capacity of reaching superior levels of maturity (ATTADIA; 
MARTINS, 2003). It is about a strategic process that needs to be administered with a long-term focus 
(BESSANT et al., 1994).  
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Table 2: Stages in the Evolution of CI 


CI Level Concept Characteristic behaviour patterns
Problems are solved randomly;


No formal efforts or structure for improving the 
organisation;


Occasional bursts of improvement punctuared by 
inactivity and non-participation;


Solutions tend to realise short-term benefits;


No strategic impact on human resources, finance or 
other measurable targets;


Staff and management are unaware of CI as a 
process.


CI or an equivalent organisation improvement 
initiative has been introduced;


Staff use structured problem solving processes;


A high proportion of staff participate in Ci activities;


Staff has been trained in basic CI tools;


Recognition system has been introduced;


Structured idea-management system is in place;


CI activities have not been integrated into day-to-day 
operations.


All the above plus:


Formal deployment of Strategic Goals;


Monitoring and measuring of CI against these goals;


CI activities are part of main business activities;


Focus includes cross-boundary and even cross-
enterprise problem-solving.


Level 4 (Proactive CI) All the above plus:


CI responsabilities devolved to problem solving unit;


High levels of experimentation.


All the above plus:


Extensive and widely distributed learning behaviour 
Systematic finding and solving problems and capture 
and sharing of learning;


Widespread, autonomous but controlled 
experimentation.


There is a commitment to linking CI behaviour, established at 
'local' level to the wider strategic concerns of the organisation


Level 3 (Goal Oriented CI) 


There is na attempt to devolve autonomy and to empower 
individuals and groups to manage and direct their own 
processes


Interest in the concept has been triggered - by a crisis, by 
attendance at a seminar, by a visit to another organisation, etc. - 
but implementation is on an ad hoc basis


Level 1 - (Pre-CI )


There is formal commitment to building a system which will 
develop CI across the organisations


Level 2 (Structured CI) 


Level 5 (Full CI Capability) Full CI Capability Approximates to a model 'learning 
organisation'


So
urce: Bessant, Caffyn and Gallagher (2001) 


5 Methodological Procedures 
So that the study’s objective be met, research was performed in a qualitative nature, strategically using a 
case study based on the technique of data triangulation including the interaction between various 
evidence sources (Figure 2), aiming at analyzing the convergence of the sources. 


The criteria of the chosen company was based on having the prerogative of being an organization that 
practices within the automotive industry, due to its importance for the generation of knowledge and 
technology, has already gone through an implantation process of quality requirements like the ISO 9000 
and TS 16949 since it is believed that it has structured a minimal systematic for the conduction and 
coordination of continuous improvement activities.  


Three instruments were applied to the company in questionnaire form. The first is an instrument called 
“The guide for verifying continuous improvement in the organization” (Ferraz, 2007), which aims to 
characterize the organization as well as the quality management system and describe the organizational 
abilities for continuous improvement.  
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Figure 2: Triangulation Method. Source: Elaborated by the author 


The second instrument called “Diagnostic of continuous improvement organizational excellence level” 
(Ferraz, 2007) has as an objective the evaluation of organization competences for continuous 
improvement and from this evaluation, point out the maturity level of the continuous improvements of 
the organization according to the maturity levels proposed by Bessant, Caffyn and Gallagher (2001) in 
Table 2.  


The third and final instrument is called “Basic Construct of Quality Management” has as its intention to 
measure the organizational practices of quality management.  


The questionnaires were sent via email, along with an explanatory text about the objectives of the 
research, ensuring the respondents confidentiality along with contact information of the researcher in 
case there were any doubts.  


The questionnaires were given to the Quality Manager, Heads of Quality, Heads of Production, Quality 
Analysts, the Process Engineering Department and the Manufacturing Engineering Department.  


The results were obtained according to the perception of the informants who responded to the 
instruments, through facts and data from file sources taken from the interviews made with the 
participants and from direct observation by the research unit.  


6 Result Descriptions and Analysis 
The company that was studied is a multinational with headquarters in Germany who was transformed into 
a business model that was able to distinguish itself in a highly competitive market, concentrating efforts in 
technology, quality and human resources. With more than 12,000 collaborators in Brazil and Argentina, 
the company has sought solutions and aggregated technologies in order to satisfy its clients more and 
more, and is certified by standards ISO/TS 16949, ISO 9001, ISO 14001 e OHSAS 18000 . 


It manufactures piston rings and bushings and is part of a complex of manufacturing companies of 
various motor components, supplying the most reputable manufacturers such as Volkswagen, Audi, BMW, 
John Deere, Porsche, Opel, Ford, General Motors, Mercedes Benz, Fiat, Volvo, Caterpillar, Peugeot among 
others and currently employs more than 3,100 employees.  


The company was certified in ISO 9001 in 1994 and ISO TS 16949 in 2002. 


When classifying the responses of the “Diagnostic of continuous improvement organizational excellence 
level” instrument (Table 6.1) Level 4 (Pro-Active Continuous Improvement) classification was encountered, 
which according to Bessant, Caffyn and Gallagher (2001) is characterized by a concern for empowering 
and motivating individuals and groups to administer their processes and promote incremented 
improvements. There is a high level of experience in problem solving.  
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Table 3: Identification of maturity level by organizational abilities and incorporative behaviors. 


Diagnostic of organizational excellence level in 
continuous improvement 


Level 1          
Pre 
Continuous 
Improvement 


Level 2 
Structured 
Continuous 
Improvement 


Level 3 
Objective 
Oriented 
Continuous 
Improvement 


Level 4          
Pro Active 
Continuous 
Improvement 


Level 5         
Total 
Capacity 
Continuous 
Improvement 


Comprehension of 
Continuous 
Improvement 


Continuous Improvement 
Concept 


   X  


Development of 
Continuous 
Improvement Habits 


Solutions to Problems    X  
Quality Tools   X   
Audits     X 
Auto-Evaluation     X 


Creation of a 
Continuous 
Improvement 
System 


Improvement Cycles     X 
Work Groups     X 


Participation in 
Problem-Solving 


Meetings     X 
Client Concept   X   
Client Relations    X  
Decision Making     X 


Focus on Continuous 
Improvement 


Flow of Communication    X  
Communication Channels    X  
Organizational Strategy    X  


Conduction of 
Continuous 
Improvement 


Motivation    X  
Participation    X  
Upper Management Role   X   


Alignment of 
Continuous 
Improvement 


Improvement Projects  X    


Learning 
Organization  


Values   X   


 Employee Contribution   X   
Source: Elaborated by Author 


 


 


Figure 3: Totals of the responses by maturity level of continuous improvement Source: Elaborated by Author. 
 
Of the analyzed items, lower levels of maturity for continuous maturity were identified during the analysis 
performed (Table 4). 
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Table 4: Items classified as having lower maturity levels of continuous improvement.  
Continuous Improvement 


Concept 
Maturity Level Details Evidence 


Improvement Projects Level 2 The improvement projects 
are not adjusted to the 
structure of the organization.


Although the organization relies on a tool for 
strategic frameworks, not all of the 
employees have access nor are they familiar 
with the tool, so some projects related to 
continuous improvement are administered 
by departments, but are not necessarily 
connected to strategy. 


Quality Tools Level 3 There is a formal 
performance indicator 
system to model continuous 
improvement along with 
strategic objectives. 


There are performance indicators in the 
company, however it is much more focused 
on productivity than on continuous 
improvement (Ex: On-time delivery, Scraps 
and Client Complaints) 


Client Concept Level 3 There is an entire client 
concept, but work 
organization does not make 
this conception feasible. 


The company is divided into Mini Factories 
where each if them is independent in terms 
of some processes and support departments.


Upper Management Role Level 3 The value for continuous 
improvement by means of 
allocation of resources and 
formal acknowledgement of 
employee contribution. 


For continuous improvement projects, the 
company relies on constant support from the 
Manager and Head of Quality and with other 
managers only during master plan revision 
meetings. 


Source: Elaborated by Author 


The company relies on a continuous improvement item within its quality policies described in Item 8 “We 
continuously improve – We seek a distinguished position within the global competition, reached through 
continuous improvement, planned and measurable in our work, processes and products” – which comes 
to reinforce the real intention of applying continuous improvement in the company. 


One of the founders’ phrases available online on the company’s website is: “good quality is of crucial 
importance, there is always room for continuous improvement”.      


During the interviews done and through direct observation, it was identified that managers have a clearer 
and objective vision of the continuous improvement projects that are aligned with company strategy, 
what the direct actions related to continuous improvement are, and what investments are and will be 
done for reaching a higher level of continuous improvement maturity. However, the others who were 
interviewed, even participating directly with some projects and performing daily tasks for continuous 
improvement could not clearly define that their activities are aimed at this end and are not aligned with 
company strategy.  


The company utilizes tools such as the Kaizen, Suggestion Programs and Six Sigma, which helps define 
the continuous improvement structure within the organization, and they take place in projects and direct 
actions daily with the participation of all of the levels in the company.  


Aside from the characteristics of workplace organization, continuous improvement projects have the 
increase in productivity as its focus.  


The participation of individuals in the continuous improvement process is still average and because of 
that it has been attempting to implement this culture through the application of the tools previously cited 
with the participation of multifunctional teams.  


Company employees suffer through a performance evaluation where for operational positions the 
evaluation is performed every two years and one of the items evaluated is about how much the 
collaborator knows and is integrated in the quality management system. However, since is still only a 
recent company tool, it has suffered through various modifications throughout three years of 
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implementation and the aim that should be given to the knowledge of the quality management system is 
still being spread throughout the company.  


In the company, there is also a very strong culture among the production managers that quality is actually 
very important within the organization and be ensured by all. However, when the organization provides 
training on recycling standard, the participation of collaborators is lower than expected and there is a 
need for a certain amount of demand from quality managers so that the participation index improves, 
even because some training is client requirements.  


7 Conclusion 
This study showed that the propositions discussed here obtained the following results: 


P1: The implementation time of the Quality Management System in certified companies brings forth 
implications related to continuous improvement maturity.   


The time factor should be linked to factors such as involvement from upper management, provision of 
resources, structuring and organization of the company be linked to strategy and the participation of 
employees in the process of continuous improvement for the increase in maturity for continuous 
improvement in the studied company.  


It was possible to notice that organization comes from a culture where continuous improvement only 
came to mind when cost reduction was necessary. Although cost reduction is significantly present in the 
company, a culture of continuous improvement development has been trying to be implemented in all of 
the organization’s levels with a strengthening of the participation of everyone in programs such as 5S and 
Kaizen as well as the restructuring of the Suggestions Program within the company.  


Companies that emphasize employee autonomy in different hierarchical levels and support offered by 
management have maturity increases in practicing continuous improvement. (BESSANT, CAFFYN and 
GALLAGHER, 2001).  


Good development of the company in incorporative behaviors makes maturation in organization skills 
propel the company to higher levels of maturity.  


P2: Continuous improvement process is a gradual organizational learning process.  


It can be stated that the knowledge and development of continuous improvement are reached by means 
of a gradual organizational learning process, which can be summarized in the following stages (BESSANT, 
CAFFYN and GALLAGHER, 2001): 


 Companies that have developed a “habit” of continuous improvement, by means of the 
involvement of individuals and the use of adequate tools and techniques are in a gradual 
organizational learning process.  


 Companies that emphasize employee autonomy of various hierarchical levels and the support 
given by management increase the maturity of practicing continuous improvement. 


 Companies that create a workplace favorable to the organizational learning process favors 
continuous improvement. 


In the studied company, it was verified that the manufacturing process is a scenario that facilitates the 
learning process once the employees are invited to participate in the implementation of tools such as 5S, 
Kaizen and the Suggestion Program, which are being stimulated by the company with the creation of a 
specific group in the quality area with the purpose of spreading and maintaining these tools.  


According to Gonzalez and Martins (2007) performing the systematic Kaizen promotes the integration of 
employees from different areas within the company promoting discussions, an exchange of information, 
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critical thinking and a learning process for each individual toward a common objective: process 
improvement.  


The stimulation of participating in the company’s suggestions program is fundamental since it has as 
immediate base the simple and direct continuous improvement in the manufacturing process, be it 
improvements in machinery or in workflow.  


To consider that continuous improvement is a learning process that allows for the verification of the 
idiosyncratic way of doing and reaching the level of strategic capacity in CI used by each company 
(PEREIRA and SOUZA, 2005).  
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Abstract 


If we consider that the growing technological development has a number of benefits to society, we can also observe 


that there is an increased complexity in the implementation of modern life activities. The increased complexity is 


unavoidable and is even desirable in certain aspects. What should be avoided is the complication in the execution of 


any of such activities. The article discusses the concept of project implementation focused on the human being who 


will operate or use the product of the project, and the control process automation of petrochemical plants as 


examples of the use of this technique. This concept called Human Centered Design is important to the decision 


making that any worker is submitted in his workplace, especially the fact that the procedures cannot anticipate every 


situation that the worker is submitted (prescribed work) and what is expected from the worker (self use). 


Keywords: Automation, Process Control, Human Centered Design, Work Management 


1 Introduction 


Despite the great economic crisis that erupted in 2008 and even with the potential resurgence of the 


same problems in 2011/2012, the oil and natural gas market has shown a strong growth mainly due to 


increased energy demand. Specifically in Brazilian case, the aggressive investment plan of Petrobras 


(2010), the main oil company with operations in the country, with a total of USD 224.7 billion for the 


period 2011-2015, has kept the market supplier of equipment and services warmed. The main reason for 


this is the amount of direct investments that are being provided in the domestic market (USD 213.5 


billion) with a total of 688 projects, which 57% refers to projects already authorized for execution and 


implementation. 


As mentioned in Barateiro study (2010), the automation designed to the industrial process control has a 


significant importance in these projects and it obviously attracts a lot of potential companies that try to 


obtain significant portions of this market. The automation system investments for the oil and gas market 


has a expected growing of 6.7% only in the production area (upstream) (ARC, 2009) and 5% on the 


refining part (downstream) (ARC, 2009), which is quite significant. This growth is still small when 


compared with estimates of service purchase inherent in these systems – the expected growing in 2015 


for services in Latin America is about 11.2% (ARC, 2007). 


All this potential growth has some important complications that can put at risk the company success. As 


mentioned by Barateiro (2010), the industrial automation systems are becoming increasingly complex, 


with sophisticated functionality and the engineers and operators are unable to keep themselves updated 


with the technology advances. This discrepancy can be attributed to several factors: 


 The manufacturers cannot train the operators of the client because the trainings are conducted in 


the final stages of projects when there is not enough time for it; 


 These trainings are not tailored to the operators needs and modules are often assembled in a 


standardized manner regardless of the specific characteristics of the project; 


 The technology applied to automation systems grows very quickly with many tools that need a 


good knowledge on information technology; 
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 The automation systems can generate an enormous amount of data with different formats and a 


variety of forms of communication between the various field devices and control room; 


 There is a high turnover of manpower to operate these systems (engineers, technicians and 


operators) because the market is much warmed and we have retirements and promotions. 


There is another aggravating factor: the globalization of the world economy is resulting in the 


construction of chemical and petrochemical plants in areas with little or no history and therefore with 


industrial workers with limited experience to use the systems. 


2 Work and the HCD Concept 


Undeniably the modern life is becoming more complex due to the technology that allows us to more 


features. But we need to define what is the complexity and complication. Norman (2010) distinguishes 


these two aspects - the complexity is linked to the state of things, performed tasks or the tools the we use 


and complication is linked to our mental or psychological state that allows the understanding, use or 


interaction with these things that surround us. Modern technology can be complex, but complexity alone 


is neither good nor bad - the complication that is harmful. 


Norman (2010) mentions that some complexity is desirable. Very simple things are seen as dull or boring 


and what is very complex makes us confused. So we have the need to establish the correct trade-offs 


between complexities and simplifications in all projects. 


A good measure of complexity is the amount of time necessary for learning the use of technology. And 


we hardly ever realize how great the time required for the complete understanding of simple things is, for 


example, driving a vehicle or understand a foreign language. Jones (2010) mentions that the solution to 


control the complexity associated with today's technology in process plants, is to build systems so that 


operators and users may quickly have a complete understanding of their use. 


2.1 Work Aspects 


There is another important aspect to be considered - on the one hand we have an increasingly 


sophisticate technology that requires a specialized training, but on the other, we have increased the 


difficulty of establishing the prescribed work to be performed by operators and other users of the 


systems. 


As mentioned by Daniellou et al. (1989), the concept of the prescribed work refers to what is expected 


within a specific work process, with its local singularities. The work has two sides: the task (the prescribed 


work) and activity (real job). This difference was already observed in the studies in the 60s, when 


ergonomists found that the workers did not follow strictly the planned method of execution in the 


assembly lines of the electronic industries since they should take decisions permanently due to variability 


of component specifications. 


Wisner (2004) also mentioned that it is possible to notice different behavior between the operators and 


the same operator, according to their degree of learning, time of day, the state of health or their physical 


and mental state. Durrive and Schwartz (2003) introduced the concept of "use of self" that is the use of 


personal capital of the worker to take the necessary decisions in the work environment "since you can 


never want to list completely and exhaustively, all what constitutes a working environment because the 


procedures can not anticipate everything, then work is to take risks, make use of them”. Wisner (2004) 


mentions that the nature of work is already quite complex and involves an understanding of their 


behavioral analysis - based on objective facts - and other subjective - made by self-confrontation and 


eventually by subjective interpretation. 


Cerf et al. (2007) mention the complexity is growing mainly by profound change that is occurring in the 


assignment due to the introduction of information technology and communication. Leplat (2004), on the 


other hand, mentioned that it is very difficult to define the complexity that is the work but we can 


consider that this characterization has two essential elements: the number of elements or units that make 
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up the system and the number and nature of the relationship between these elements, represented in a 


model of this system. Leplat (2004) mentions that "this model that we have made of the system will be 


dependent, itself and in the largest part, in the use and the possibilities available to regulate the own use”. 


Therefore any study of the complexity begins with three issues: the complexity of what, for whom and for 


what. 


As the complexity of any task depends on the agent that executes it, then the essential problem is to 


characterize the relationship between the agent and the task considering its association and its 


dimensions. Leplat (2004) mentions that "if the task is seen as a result to be achieved through an 


appropriate processing, the agent, in turn, will be considered according to its capabilities to perform such 


processing." This is essentially its competence and the relation between this complexity and competence 


are the main focus for the establishment of the management of complexity that must be based on human 


and technical context. 


Considering the current level of technology embedded in an automation system of a large chemical 


processing plant, these concepts are fully applicable because it is hardly possible to predict in all 


procedures to be taken to control this plant. And the wisdom in making decisions on the part of users 


(operators, engineers and technicians) is closely related to the complexity (or complication) of how data 


and information are presented and how these are handled by users. 


2.2 Human Centered Design 


The Human Centered Design (HCD) is a multidisciplinary and interactive approach to the concept of 


project execution, in order to understand and meet human needs against the focus only on the 


characteristics of technology. The HCD concept is not new - its roots are in the study of ergonomics and 


human factors as applied during the Second World War in the design of control cabins of aircraft given 


the limitations of pilots due to the stress of combat. 


Jones (2010) mentions that there are three main steps to implement the HCD concept: 


 Understand the user needs: the understanding of what the user needs involves interviews, 


observation of how workers perform their functions, tasks and research on standards and existing 


solutions; 


 Creation of design solutions: it is how to meet the users' needs by developing new products or 


systems - for example, in the case of automation systems, after the identification of the 


information necessary for the operation, the personnel has full control of the process, we then 


project how this information will be available on workstations (LUND, 2010); 


 Test of solution: it is the assessment phase of the proposed solutions by testing with users, that it 


is a process repeated several times until the optimum solution. 


 This model alias is very similar to what is provided in ISO 13407 (Human Centered Design Process 


for Interactive Systems) presented in Figure 1, that is applied in the interactive life cycle of 


computer-based systems.  


 


Figure 1: Model of interdependence of the activities according to ISO 13407 


Norman (2007) mentions five basic rules to establish a proper communication between people and 


machines, which are guides for the establishment of a HCD project: 
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 Keep things simple because the people have difficulties with complicated things and they do not 


like to hear or read; 


 Make people understand the conceptual model of what is underway; 


 Give reasons for the facts for people to understand the consequences of actions; 


 Make people think they are in charge even when they are not; 


 Give continuous feedback which is a more emotional than informational need but it is important 


because people can feel that things are correct. 


3 Methodology 


The main objective of this study is to analyze the implementation strategy of automation systems using 


the Human Centered Design concept as a way to allow that the operators, engineers and technicians to 


cope with the growing complexity of technology of the current days. For this goal we used a deductive 


method constructed from the literature with manufacturers of these systems and those are important 


players in the supply chain of automation area for large petrochemical projects. 


From the standpoint of addressing the problem we consider the use of a qualitative method with the 


main players of this market that allowed us to analyze the degree of use of the concept of HCD. There was 


no reason to use a quantitative method since the diversity of suppliers of such systems that operate in 


Brazil is relatively small. 


From the standpoint of the objectives and the technical procedures we have used an exploratory method 


to obtain a greater familiarity with the problem, as discussed by Gil (1991). So we considered a literature 


search regarding the issues related of the work and the HCD concept. 


4 Research and Results 


The survey of the five largest manufacturers of automation systems that operate in Brazil found that most 


of them already have their systems in accordance with the HCD concept. In fact we found that 


manufacturers use this concept with different nomenclatures - Human Centered Design and User 


Centered Design.  However, an analysis of these two forms shows that they have addressed the issue of 


living with the complexity of the same way. 


Numerous solutions have been found. Their focus is to make users of automation systems able to have a 


better interface with the increasing complexity inherent in the current state of technology, with solutions 


applied in control rooms, in the field and in its interfaces. We will present some collected examples of how 


projects and products may be appropriate to focus on the human. 


4.1 Examples of HCD Concept in the Automation 


The modern control rooms are the location where most decisions within an industrial petrochemical plant 


are concentrated. They mainly serve to allow operators and engineers to understand what happens to the 


processes and to make the necessary interventions. Over the years the technology has allowed these 


control rooms to stay friendlier to their users. The Figure 2 shows some examples of first-generation for 


these control rooms where a wide number of measuring instruments and control panels are spread for 


entire room. This type of solution was the possible at the time and we have had a great difficulty in 


concentration of the necessary information for decision making. 
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Figure 2: First generation of control room [16] 


The technology has enabled a breakthrough in the design of these control rooms and the biggest 


improvement is in the ease of information access. There are not more instruments installed in panels, but 


a large number of terminals and monitors that are designed to concentrate the information. The Figure 3 


presents a proposal for a control room to a modern refinery. 


 


Figure 3: Control room in compliance of HCD concept (Nimmo and Moscatelli, 2004) 


In fact the solutions are not restricted to the layout of these control rooms - the main changing was the 


way that the information is presented to operators. Figure 4 shows the design of a display constructed in 


accordance with the HCD concepts: the information really needed, such as alarms, is presented in 


contrasting colors than used to show the process lines and other equipment. 


Within this screen other required information is presented to facilitate decision-making. In Figure 5 we 


can see the value of a particular process variable (PV - process value) - in the specific case is the flow of a 


particular product, and the value of the control set point (SP - set point). It is much easier for the operator 


to view this information through a movable bar, which allows him to evaluate how the process is close to 


the point of control and alarm points, rather than simply see the numerical values of these variables. 


 


Figure 4: Operator Screen (EMERSON, 2011) 
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Figure 5: Process Variable Screen (EMERSON, 2011) 


We found numerous other examples of presentations on the screens of the control systems that can 


provide a better interface with operators. The Figures 6 and 7 show the use of different color systems to 


present different operational situations. 


 


Figure 6: Screen with identification of abnormal situations in low voltage electric system (ABB, 2007) 


 


Figure 7: Identification of load screens with a electric system [18] 


Another interesting solution found using the HCD concept is in the layout of how the values of the 


process are shown. Besides the status of the instrument and equipment operation, the activation of pre-


specified routines and the performance information are other examples for it - see the Figure 8 and 9. In 


all these examples we see how the screens are arranged to facilitate the work of the operators and often 


portraying the same visuals that were found in the old instruments. That is, we try to let the operator or 


engineer more comfortable to view the screens reducing the possibility of errors by misinterpretation. 
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Figure 8: Instrument Screen (EMERSON, 2011) 


 


Figure 9: Performance Screen (EMERSON, 2011) 


The Figure 10 also shows another important feature present in most existing automation systems: have an 


online help that can be accessed in case of abnormal conditions of the process - it is very important 


because the operator has access to the product and equipment manuals, instructions and procedures in a 


very simple way in the operator's screen.  Previous situations that had occurred in the plant can be 


documented in order to guide new users. 


 


Figure 10: Abnormal conditions documentation (EMERSON, 2011) 
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Another good example of the screens is the question of how the operator must navigate in the screens to 


obtain the necessary information for making decisions. Figure 11 shows an example of how the screens 


should be designed to facilitate access in fewer steps. 


 


Figure 11: Navigating in the screens (NINMO, 2005) 


If the technology allowed a major advance in developing solutions that enable better control of 


complexity, perhaps at the interface between the field and these control rooms is where these 


developments are clearer. Figure 12 shows a typical rearrangement panel where the wiring needed to 


connect the instruments and field equipment is connected to the control units. There is a strong 


possibility of errors in establishing these connections in the event of maintenance or even in the plant, as 


can be easily viewed. 


 


Figure 12: Typical rearrangement panel (EMERSON, 2011) 


The same panel is shown in Figure 13 using the HCD concept applied in conjunction with the new 


technologies of digital process signals. The possibility of error is much smaller increasing the security of 


the process and the ease of installation itself. 


 


Figure 13: Rearrangement Panels with Digital Technology (EMERSON, 2011) 
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5 Conclusions 


The survey allowed the collection of several examples of solutions that has used the HCD concept (Human 


Centered Design), enabling operators, engineers and technicians to better work with the complexity of the 


technology, as discussed earlier in this paper, Norman (2010) mentioned that up to this complexity is 


desirable and what should be avoided is the complication - the various examples presented are clear in 


showing how this complication can be avoided.  


We can therefore understand that the concept of HCD as an important source to: a) reduce unnecessary 


work, b) facilitate the interaction with the complexity and c) reduce failures in decision making. 


The advance of technology is increasingly requiring a higher level of knowledge on the part of operators, 


engineers and technicians. As discussed in the description of the concepts of use of self and the 


prescribed work, it is impossible that all the procedures can consider all situations and the complexity of 


the systems will be a decisive factor for success in the decisions of these workers. 


Based on the experiences reported by members of the Center for Operator Performance (COP), Montague 


(2004) summarizes the key advantages of this concept: 


 Improving the operator’s performance up to 30%; 


 Reducing the operators' response time by up to 50%; 


 Reducing the alarm overload by 75%; 


 Troubleshooting operating up to 40% faster; 


 Reducing the time of screen navigation to obtain the necessary information; 


 Reduction the number of screens. 


This article covered the use of the HCD concept within the specific scope of automation systems for large 


petrochemical plants and it is obvious that the solutions described may not be the same for all other 


industry segments. However, we can conclude that executing projects with a focus on human beings 


brings more significant results and better use of technology. 
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Abstract 


The main purpose of this article is to present and explore potential applications in marketing administration related to 
pricing strategy using fuzzy logic. Considering the new trends in consumer behavior in Brazil’s economy and the 
consistent growth of C and D social classes an application was developed by the authors to better understand and 
adjust pricing strategies: The Think Fuzzy System that combines fuzzy logic (COPPE Cosenza Model), and some other 
related strategic concepts, supported by mathematical microeconomic modeling, utility factor, indifference curves 
and an experiential hierarchic clustering model. 


Keywords: consumer behavior, think fuzzy system, fuzzy logic, pricing methods, microeconomic mathematical models 


1 Introduction 
The recent scenario in Brazil’s economy, with stability and continuous growth, brought a new challenge 
related to the growth of C and D social classes: new consumers with more money to spend, adopting new 
habits. 


The biggest challenge is to understand if past consumer behaviors and habits can be used to position and 
sell new consumer goods to new emerging social classes in Brazil (DÓRIA, 2009). 


The utility concept defines that, by observing a consumer’s choices whether he or she was better off after 
a change in prices. The consumer revealed by choices what his or her preferences were-hence the term 
“revealed preferences” (SAMUELSON 1997). 
Marketing administration more and more try to improve new methods of analyzing consumer behavior, 
and new experiential aspects are taken into consideration. Researchers today’s emphasis, are in studying 
the importance of consumer emotional answers as main aspects of their attitudes. (SOLOMON, 2002) 


Also at one big challenge for the companies is to understand price elasticity of demand, because is crucial 
to figure out how changes in prices and demand can be related. Considering these new emerging social 
classes, should the companies adjust their actual products to these new customers in terms of kind of 
promotions and offers or should these companies develop specific solutions even creating new products 
supported by their strong brands. 


Also in this context, is important to evaluate, if we can use the Utility Function, as a reference to consumer 
purchase understanding. 


As a great deal of consumers have new budget lines, we can understand that new price elasticity demand 
curves can be created, considering that these new budget lines and different demand numbers can be 
generated. But what is going to happen if we increase production to answer to the market needs and do 
not keep prices in the same levels or change price strategy? Is there a possibility of raising the prices and 
the demand keep on growing among consumers that prefer this soft drink brand to others? How to prove 
or assure in some degree of certainty a new price elasticity demand curve? 
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2  Fuzzy Logic 
Our every-day language is notably imprecise. We avoid absolutes and communicate by giving our 
audience a direction, a sense of what we mean. But it works! When we say: "This bald man is a frequent 
smoker," everyone understands: "Bald" refers to a quantity of hair somewhere between "balding" and 
"completely hairless"; "frequent smoker" is less than "chain smoker" and more than "occasional smoker." 
To better communicate our thoughts, we often confuse things a bit further: Saying a man is "bald" or a 
"frequent smoker" seems too absolute a characterization. He will, most likely, be "quite bald" and a "rather 
frequent smoker."  


The vagueness of qualifiers "quite" and "rather "does not hinder communication. Imprecise language can 
best reflect human reality. Yet, when marketing began using computers, we were forced to precisely 
define the terms we use in order to make them acceptable to the computer. Thus a "frequent cigarette 
smoker" is defined, let's say, as one who smokes one pack or more per day, and a "bald man," as one 
having 5,000 hairs or less. In this precise world, the poor man who loses just one of his 5,001 hairs 
becomes instantly bald. The one who regularly smokes 19 cigarettes’ every day is not a frequent smoker. 


A new mathematical tool is now available, which could help change all that: Introducing FUZZY LOGIC. 
Created by Professor Lofti Zadeh a former chairman of the electrical engineering and computer sciences 
department, at the University of California at Berkeley. 


To start with, a Fuzzy Logic definition of a frequent smoker would be "smokes about one pack or more a 
day." Then, rather than categorizing a given smoker as "frequent," the Fuzzy Logician would allocate it a 
coefficient (between 0 and 1) to indicate how well the smoker can be identified with the "frequent 
smokers" set. With 19 cigarettes per day, the coefficient could be .75; with 25 cigarettes, .95, and so on 
(ZADEH, 1975). 


In other words, Fuzzy Logic reflects the way most of us speak, allowing for all the qualifiers one may use 
when talking about someone as a frequent smoker. When saying, "he is a rather frequent smoker," we do 
not give "rather" a meaning related to a certain number of cigarettes. We give our impression of how well 
the subject belongs to the group of "frequent smokers." We use "rather" as a fuzzy coefficient. This theory 
has applications to marketing and advertising. It can enable the analysis of consumer answers, as 
imprecise as they naturally come. It should put an end to the "women 18 to 49" target audience 
definition, which has no reason for being in fuzzy language (they'd probably become "young and middle-
aged women"). It should improve our analysis of consumer emotions, where the language is often 
purposefully rendered vague with a plethora of qualifiers: In Fuzzy Logic, "extremely" can multiply "very" 
and one can take the square root of "few" or solve a problem like "if most student are rather frequent 
smokers, how many smoke frequently?". The answer is "most" multiplied by "rather", of course. 


So we can understand that in instead of using   just probabilistic aspects related to qualitative and 
quantitative surveys to these customers and markets, we can also use a possibilistic logic approach, 
reorganizing these consumers in different types of clusters, considering behaviors and attitudes. 


Triangular Fuzzy Numbers are a better way to demonstrate that fuzzy/possibility is about the range within 
the theoretical range but beyond observations. 


Geometric figures like a triangle can demonstrate intervals in a better way. Intervals are numbers whose 
values are not know with certainty but about which bounds can be established (Figures 1, 2 and 
3)(Klir,1995). 
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Figure 1: Triangular fuzzy figure 







 
Think Fuzzy System: Developing new pricing strategy methods for consumer goods using 


fuzzy logic 


ID14.3 


Robustness 


Triangular fuzzy 
numbers are robust 
characterizations 


d = [0.3, 1.7, 3] 


e = [ 0.4, 1, 1.5] 


f = [ 0.8, 6, 10] 


g = [ 0.2, 2, 5] 


h = [ 0.6, 3, 6]  
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Figure 2 – interval demonstrations 


In applications it is often convenient to work with triangular fuzzy numbers because of their 
computational simplicity, and they are useful in promoting representation and information processing in a 
fuzzy environment.  


3 Defuzzification 
Among the many methods that have been proposed in the literature in recent years, seven are described 
here for defuzzifying fuzzy output functions. 
1. Max membership principle: Also known as the height method, this scheme is limited to peaked output 
functions. This method is given by the algebraic expression 


 


Where z* is the defuzzified value, and is show graphically in Figure 3  


 
Figure 3: Max membership defuzzification method  


2. Centroid method: This procedure (also called center of area, center of gravity) is the most prevalent and 
physically appealing of all the defuzzification methods; it is given by the algebraic expression  


z� =
µ C


�
(z) · zdz


µ C
�
(z) dz


 


Where  denotes an algebraic integration. This method is shown in Figure 4. 


1


zz*





 


Figure 4: Centroid  defuzzification  method  


3. Weighted average method: The weighted average method is the most frequently used in fuzzy 
applications since it is one of the more computationally efficient methods. It is given by the algebraic 
expression 
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z� =
µC


�
(z) · z


µC
�
(z)


 


Where,  
 
denotes the algebraic sum and where z is the centroid of each symmetric membership 


function. This method is shown in Figure 5. The weighted average method, is formed by weighting each 
membership function in the output by its respective maximum membership value. As an example, the two 
functions shown in Figure 6 would result in the following general form for the defuzzified value:  


z� =
a(0.5) + b(0.9)


0.5 + 0.9  



0 a b z


0.5


0.9
1


  
Figure 5: Weighted Average method of defuzzification 


Since the method is limited to symmetrical membership functions, the values a and b are the means 
(centroids) of their respective shapes. 
4. Mean max membership: This method (also called middle-of-maxima) is closely related to the first 
method, except that the locations of the maximum membership can be no unique (i.e., the maximum 
membership can be a plateau rather than a single point). This method is given by the expression;  


z� =
a + b


2  
Where, points a, and b are as defined in Figure 6. 


0 a z* zb


1





 
Figure 6: Mean max membership defuzzification method 


5. Center of sums: This is faster than many defuzzification methods that are presently in use, and the 
method is not restricted to symmetric membership functions. This process involves the algebraic sum of 
individual output fuzzy sets, say C


�   ,C� 2, instead of their union. Two drawbacks to this method are that the 
intersecting areas are added twice, and the method also involves finding the centroids of the individual 
membership functions. The defuzzified value z� is given by the following equation:  


z� =
Z


z
n


k= 1


µ C
�k(z) dz


z


n


k= 1


µC
�k (z) dz


 


Where the symbol z is the distance to the centroid of each of the respective membership functions.  
This method is similar to the weighted average method, except in the center of sums method the weights 
are the areas of the respective membership functions whereas in the weighted average method the 
weights are individual membership values. Figure 7 is an illustration of the center of sums method.  
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FIGURE 7: Center of sums method: (a) first membership function; (b) second membership function; and (c) 
defuzzification step  


6. Center of largest area: If the output fuzzy set has at least two convex sub regions, then the center of 
gravity (i.e., z� is calculated using the centroid method, Eq. of the convex fuzzy subregion with the largest 
area is used to obtain the defuzzified value z� of the output. This is shown graphically in Figure 8 and 
given algebraically here:  


z� =
µ C


�m(z)z dz


µC
�m(z) dz


 


Where, C
� m is the convex subregion that has the largest area marking up as C�k. This condition applies in 


the case when the overall output C
�k is nonconvex; and in the case when C


�k is convex, z� is the same 
quantity as determined by the centroid method or the center of largest area method (because then there 
is only one convex region).  


 


Figure 8: Center for largest area method (outlined with bold lines), shown for a nonconvex C�k 


7. First (or last) of maxima: This method uses the overall output or union of all individual output fuzzy sets 
to determine the smallest value of the domain with maximized membership degree in. The equations for 
are as follows.  
First, the largest height in the union (denote hgt) is determined,  


hgt(C
�k) = sup


z∈Z
µC


�k (z)


 
Then the first of the maxima is found, 


	


An alternative to this method is called the last of maxima, and it is given by 


 


In the above Equations the supremum (sup) is the least upper bound and the infimum (inf) is the greatest 
lower bound. Graphically, this method is shown in Figure 9, where, in the case illustrated in the figure, the 
first max is also the last max and, because it is a distinct max, is also the mean max.  
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Figure 9: First of Max (and last of Max) method 


4 Consumer Choice and Decision Making: Problem Recognition.  
One model of consumer decision-making involves several steps. The first one is problem recognition — 
you realize that something is not as it should be.  Perhaps, for example, your car is getting more difficult 
to start and is not accelerating well.    The second step is information search—what are some alternative 
ways of solving the problem?  You might buy a new car, buy a used car, take your car in for repair, ride 
the bus, ride a taxi, or ride a skateboard to work.  The third step involves evaluation of alternatives.  A 
skateboard is inexpensive, but may be ill suited for long distances and for rainy days.   Finally, we have the 
purchase stage, and sometimes a post-purchase stage (e.g., you return a product to the store because 
you did not find it satisfactory).  In reality, people may go back and forth between the stages.  For 
example, a person may resume alternative identification during while evaluating already known 
alternatives. 


Consumer involvement will tend to vary dramatically depending on the type of product.  In general, 
consumer involvement will be higher for products that are very expensive (e.g., a home, a car) or are 
highly significant in the consumer’s life in some other way (e.g., a word processing program or acne 
medication). 


It is important to consider the consumer’s motivation for buying products.  To achieve this goal, we can 
use the Means-End chain, wherein we consider a logical progression of consequences of product use that 
eventually lead to desired end benefit.  Thus, for example, a consumer may see that a car has a large 
engine, leading to fast acceleration, leading to a feeling of performance, leading to a feeling of power, 
which ultimately improves the consumer’s self-esteem.  


Information search and decision-making 


Consumers engage in both internal and external information search.  Internal search involves the 
consumer identifying alternatives from his or her memory.  For certain low involvement products, it is very 
important that marketing programs achieve “top of mind” awareness.  For example, few people will search 
web for fast food restaurants; thus, the consumer must be able to retrieve one’s restaurant from memory 
before it will be considered.  For high involvement products, consumers are more likely to use an external 
search.  Before buying a car, for example, the consumer may ask friends’ opinions, read reviews in 
Consumer Reports, consult several web sites, and visit several dealerships.  Thus, firms that make products 
that are selected predominantly through external search must invest in having information available to 
the consumer in need—e.g., through brochures, web sites, or news coverage. 


A compensatory decision involves the consumer “trading off” good and bad attributes of a product.   
Occasionally, a decision will involve a non-compensatory strategy.  For example, a parent may reject all 
soft drinks that contain artificial sweeteners.   Here, other good features such as taste and low calories 
cannot overcome this one “non-negotiable” attribute. 


The amount of effort a consumer puts into searching depends on a number of factors such as the market 
(how many competitors are there, and how great are differences between brands expected to be?), 
product characteristics (how important is this product?  How complex is the product?  How obvious are 
indications of quality?), consumer characteristics (how interested is a consumer, generally, in analyzing 
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product characteristics and making the best possible deal?), and situational characteristics (as previously 
discussed). 


A number of factors involve consumer choices.  In some cases, consumers will be more motivated. Some 
consumers are also more motivated to comparison shop for the best prices, while others are more 
convenience oriented.  Personality impacts decisions.  Some like variety more than others, and some are 
more receptive to stimulation and excitement in trying new stores.  Perception influences decisions.  
Some people, for example, can taste the difference between generic and name brand foods while many 
cannot.  Some consumers are put off by perceived risk, others will tend to change their behavior through 
learning, they will avoid for example products that are not sustainable.   


5 Market Demand Elasticity 
The profit maximization (P) implies that marginal revenue should equal marginal cost (MC), which in turn 
implies: 


P − MC 1 P = −E (1) 


Ed, is the firm’s price elasticity of demand. Note that this equation can be rewritten as: 


P= MC (2) 1 + (1/Ed) 


If the firm is a monopolist, then the relevant elasticity is the market elasticity of demand, which I will 
denote by Ed. Obtaining an estimate of this market elasticity of demand may or may not be difficult, but 
for the moment, let’s assume that we have such an estimate. Given this estimate of Ed, how can we obtain 
an estimate of the firm’s price elasticity of demand, Ed. 


If we assume that the firms in the market compete using Cournot model (which may or may not be a 
reasonable assumption), obtaining the elasticity of demand for an individual firm is fairly straightforward. 
Suppose that there are n equal-sized firms in the market, and that they all have the same marginal cost, c. 
In the Cournot model, each firm chooses its profit- maximizing output taking the outputs of its 
competitors as fixed. 


We know that in many industries firms use price as a strategic variable, rather than quantity. The use of 
price rather than quantity as a strategic variable intensifies competition and reduces profits. This means 
that the effective elasticity of demand for a particular brand is likely to be larger in magnitude than the 
Cournot model would predict. How much larger? That depends on the cross-price elasticities among the 
different brands. (Pindyck, 2009) 


If the cross-price elasticities are large (for example the brands are fairly close substitutes), the Cournot 
analysis won’t work: Ed is likely to be much larger than nEd. If, on the other hand, substitutability among 
brands is limited, the Cournot result will likely still hold. 


Remember that the Cournot model is essentially static; it assumes that each firm takes the output of its 
competitors as fixed. As explained above, this assumption is quite reasonable for the large number of 
markets where competition is stable and dynamic price wars are generally avoided. This kind of stable 
pricing could arise if the same firms having been competing for a long time (and there is little prospect of 
entry by new firms), production cost and market demand conditions are relatively stable, and the firms 
face a repeated Prisoners’ Dilemma with no end point (and thus little or no likelihood of “unravelling”). 
But the Cournot assumption will not be reasonable for markets where pricing and output decisions are 
dominated by dynamic gaming considerations. 


Airlines. One example is airlines, where very low short-run marginal costs result in intense price 
competition, particularly for certain fare categories. As you have seen, airline pricing is also complicated 
by the fact that prices are linked to yield management (i.e., the allocation, which changes from day to day, 
of the number of seats for each fare category). What can an airline do to avoid the intense price 
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competition that is so prevalent in the industry? As we have discussed, one strategy is seek and maintain 
“monopoly routes,” where it is the only airline to offer non-stop service. 


Price competition becomes intense well before that date as stores face the unhappy prospect of being 
stuck with large amounts of unsold inventories that they will have to dump, often at below cost. Over the 
years, managers of large retail chains and department stores have become increasingly sophisticated in 
their understanding of game theory. What has this done for them? The result is that they are more aware 
of the unravelling problem, and they are aware that their competitors are also aware of the problem. Thus 
they anticipate that the unravelling will start earlier. 


 Not wanting to be the “sucker” who gets undercut and winds up with lots of unsold inventories, each 
store tries to get a jump on the unravelling. And as you would expect, the unravelling starts earlier. Ten 
years ago the unravelling generally began on or just after Thanksgiving, five years ago in mid-November, 
and in more recent years unravelling has started by the beginning of November. If you ran a retail store 
chain, how should you go about setting prices? First of all, you are stuck in a bad place and deserve a lot 
of sympathy! Beyond that, the best you can do try to predict when and how the unravelling is likely to 
occur, make sure you are not on vacation or asleep when it starts, and take it into account when you 
determine the quantities that you will purchase at wholesale. 


Soft Drink Industry 


A nice thing about industries such as beer, soft drinks, breakfast cereals, airlines, auto-mobiles, etc., is that 
they have been around for a long time, and a good deal of data are available so that we can estimate 
market demand curves. Often, however, firms must set the prices of new products for which there is little 
or no history of demand or consumer response to price changes.  


6 A Practical Application 
 We took as an example to study the initial aspects related to attitudes and behaviors of consumers when 
consuming five different types of, soft drinks, juices and water produced by a well-known brand in Brazil.  


We applied the two methods: 


The normal statistic approach conducting first a qualitative survey and after that a quantitative survey 
taking all the parameters that are recommended in terms of amostral size, trust factor, standard deviation, 
but also with the same consumers we conducted a new type of survey that considers fuzzy aspects and a 
experimental hierarchic clustering model. 


For the fuzzy aspects we applied the COPPE Cosenza Model, developed at Centre for Higher Studies in 
Fuzzy Logic (LABFUZZY) at Universidade Federal do Rio de Janeiro (UFRJ) (COSENZA, 1981). 


The hierarchic clustering model applied is a technique that serves to combine objects to create new 
groups, it can be used to group variables, objects or people. The inputs are any valid measures of 
correlations between these objects, also the numbers of clusters or the level of clustering can be the input 
we can start with all objects in one cluster and divide and subdivide then until all objects are in their own 
single-object cluster applying the Think Fuzzy System to this of clustering model we can achieve different 
sub clusters (a cluster inside a cluster) based on the distance between the group centroid (the centroid is 
the point whose coordinates are the icons of all the observation in the specific cluster) (AAKER, 2009).  


The consumers where asked to say their opinions, related to 9 important attributes of this soft drink. 


The attributes were: price, quality, brand, health habit, tasty, practical, package, promotion campaigns and 
life of the product concerns. 


The explanations below will be related only to the price aspects studied, but nevertheless the figures 10 
and 11 will demonstrate the opportunities found when comparing crispy and fuzzy results in all attributes 
that we had contemplated in the survey.  
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In the first survey, that we called crispy research, we asked to the consumers to give from 1 to 5, 
considering 5 and the biggest importance and considering 1 as the lowest importance to each attribute 
detailed above.    


In the second survey, that we called fuzzy research, we asked to the consumers, to give 5 concepts as 
detailed below, related to the importance of each attribute: 


Very important, important, indifferent, less relevant and irrelevant. 


We have done 660 individual surveys crispy and fuzzy with the same persons. The trust factor utilized was 
95%, with 4% error margin. The actual Rio de Janeiro population, according to IBGE (Instituto Brasileiro de 
Geografia e Estatística), official Institute to this subject in Brazil, is almost 16 million people and 53% are in 
social classes C and D, primary target of this survey.   


Survey Aspects - Price 


We asked consumers that have the soft drink brand as their first preference what would be their opinion if 
there had to be a 10% increase in final prices to them, if this increase was or was not relevant enough to 
force them to reduce their purchase of the soft drink. 


We collected data in the crispy form, with possible answers from 1 to 5, being 1 the lowest one or and 5 
the highest score. 


With the same customers we collected data in the fuzzy form with linguistic expressions from irrelevant to 
very important as described above. 


Initially we organize them in 5 customer behavioral clusters depending on their evaluation to this 
question, from 1 to 5. Taking a deep look in the fuzzy survey final results we have concluded that part of 
the customers that had answered the crispy survey with a grade 3, had to be considered as significant to 
the decision of raising prices because with linguistic answers they demonstrated some relevancy to the 
topic.  


So from now on to next analysis we will consider six behavioral clusters, considering the cluster with the 
answer indifferent, in two definitions: indifferent and less indifferent.  


7 Crispy Survey Results – Price 
Table 1 – Amount of survey answers by type 


PRICE NOT RELV LESS RELV INDIF IMP VERY IMP 
TOTAL 10 60 290 193 117 


8 Fuzzification, Defuzzification  
Table 2 – Pertinence for a classic set 


 INDIF IMPORT VERY IMP 
1 1 0 0 
2 1 0 0 
3 1 1 0 
4 0 1 1 
5 0 0 1 
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Table 3 - Pertinence for a fuzzy set 


 INDIF IMPORT VERY IMP 
1 1 0 0 
2 0,6 0 0 
3 0,1 1 0,5 
4 0 0,5 1 
5 0 0,3 1 


 


Fuzzy Triangular Numbers 


μ= min (μa,μb,μc); μ= max (μa,μb,μc) 


a=indifferent; b=important; c=very important 


μtri (x;a,b,c) = max ( min (x-a/b-a, c-x/c-b ),0),for a < b < c. 


Indifferent= (1,0),(2,0.6),(3,0.1),(4,0),(5,0) 


Important=(1,0),(2,0),(3,1),(4,0.5),(5,0.3) 


Very Important= (1,0),(2,0),(3,0.5),(4,1),(5,1) 


Min=(1,0),(2,0),(3,0.5),(4,0.5),(5,0.3) 


Max=(1,0),(3,0),(3,1),(4,1),(5,1) 


Deffuzification Choice – Weighted Average Method 


μ(output(u)= μ(a) μ(b) (u) 


(3x0+3,5X0,3+4x0,5+4,5X0)/ (0,3+0,5)= 3,66 


So, 3,66 is the crisp number after deffuzification. 


In figures 10 and 11 you can see and compare price results as well the other attributes. 


 
Figure 10 – crispy survey 


 
Figure 11 – fuzzy survey 
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In figure 10 we can see the fuzzy results, compared to the results in figure 11 related to the crispy survey. 
Notice that price had a significant difference. This difference shows in this particular analysis, that more 
consumers really understands that an increase of 10% or more, is very important, also just looking for the 
other attributes we can understand that there is plenty of space to a more detailed analysis. 


9 Conclusion 
As a preliminary analysis we can see that the use of fuzzy logic supporting marketing decisions related to 
consumer habits and attitudes is important and can amplify the way the consumer can be understood. We 
entitled this method as Think Fuzzy System. As mentioned before, we applied it to all attributes referred in 
the survey.  


Also looking for the micro economic aspects, like price strategy, and decisions related to elasticity price 
on demand, fuzzy logic can be used to look for some opportunities. 


The example of the positive or negative impact of price elasticity in strategic decisions was to turn 
tangible the density in which this hybrid tool can be worked. Through the same approach (COPPE 
Cosenza Model + Think Fuzzy) it would be possible to monitor, identify and delineate critical issues, 
fundamental to the understanding of how community needs are being met or how certain infrastructural 
issues are being neglected, such as sustainability for example. 


The most import is for sure demonstrate that nowadays when customer decisions are been taken at web 
speed and the moments of truth multiply their strength, corporations need more than just probabilistic 
tools to understand in depth how consumer attitudes can support better branding strategy and also 
improve consumer loyalty to their products and services depending on how they demonstrate credibility 
concerning their actions.  
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Abstract 


The term ‘Innovation’ is increasingly being used to explain and justify the changes in the business strategy. It is clear 
for anyone that innovation is an important peace for organization growth. However, one issue that remains is how to 
recognize what kind of innovation management it is necessary for each company. One of the reasons for this issue is 
the multiple dimensions that innovation can be addressed – technological, organizational, process, and product 
among others. Using bibliometric techniques, this paper revisited the papers about innovation management that were 
published in the last 36 years (1975 – 2011). The aim was to identify and consolidate the many innovation 
management models. Also, an analysis of these models was made in order to identify their antecedents.  


Key-words: Innovation, Innovation Management, Innovation Management Model 


1 Introduction – Innovation and its dimensions 
Technological advances, customer behavior changes, intensified competition and the changing business 
environment are some of the factors that are creating the need for innovations in the organizations 
(Goffin & Mitchell, 2010).  According to Tidd, Bessant and Pavitt (2008), innovation can be related to the 
organizations’ ability to recognize the market opportunities and establish commercial relationships that 
make them economically viable. It is related to the development of new products, new processes or to the 
creation of new ways to work on established and mature markets. However, one of the biggest challenges 
organizations face is to test and manage the innovation process, considering several circumstances (type 
of innovation, product or industry) that innovation management process might differ.  


Innovation might be analyzed through many dimensions.  Authors like Nonaka and Takeuchi (1995), 
Nonaka (1994), Cohen and Levinthal (1990), Van der Bij, Song and Weggeman (2003), among others, 
discuss the importance of the generation and management of knowledge cycles in order to create and 
sustain innovation. 


The organizational strategy is also indicated in the literature as an influencing factor for innovation. Tidd 
(2001) analyzes how complexity and uncertainty influence the decision about  different strategies and 
principles companies can choose to manage innovation. Miles and Snow  (1978) developed what they call 
adaptive cycle, consistent with three strategic types of organization: defenders, analyzers and prospectors. 
Each type has its own strategy and configuration of technology, structure and process that will shape the 
way organizations solve the entrepreneurial, engineering and administrative problems when leading with 
innovation.  


Project management is another aspect that has a strong influence on innovation management. It is 
common to find organizations that manage their innovation process similar to the way they manage a 
new product project. Based on this perception, Cooper (1990) presented the “Stage Gates” model and 
Wheelwright and Clark (1992) the “Funnel” model, which have become a reference for innovation 
management. Many models that have emerged since are variations of these two models.  


Other dimensions such as technological innovation (Dosi, 1982; Goffin & Mitchell, 2010; Shea, 2005) and 
open innovation (Chesbrough, Vanhaverbeke, & Wet, 2006; Sawhney & Prandelli, 2000) are also cited in 
the literature. There are also authors like Henderson and Clark (1990), Griffin and Page (1996) and Mikolla 
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(2001) that proposed innovation typologies  that help companies understand the level of innovation they 
have the capability to offer to the market (incremental or radical).  


In the context where organizations and individuals are discussing the innovation management aspects, 
the present work objective is to understand how different innovation management models emerged 
during the last thirty six years by applying bibliometric methods and reviewing the innovation 
management publications.  


2 Methodology 
The research method used is a bibliometric study with content analysis. The bibliometric study involves a 
series of techniques that allow quantitative and qualitative analysis of the literature (Ikpaahindi, 1985). 
One of the ways to conduct this kind of study is the publications analysis that allows the identification of 
the relevant group of journal, the evolution of the publications along the years and the related subject 
areas (Prasad & Tata, 2005). Some bibliometric papers also analyze the citations, looking for finding the 
most cited  and authors, as well as the possible research trends (Neely, 2005).  


Other used technique is the snow ball, or bibliographic coupling, that expands the analysis for the 
references of the extracted data base. Applying this technique books and papers from other sources can 
be retrieved, also those papers that are relevant for the subject but do not use the key-words used in the 
first search engine (Fink, 1995a, 1995b; Kessler, 1963).  


The data were collected from the ISI Web of Science database, using the keyword ‘innovation 
management’ in the topic, resulting in 774 papers (377 proceedings papers, 315 articles, 33 book review, 
22 editorial material, 22 reviews, 4 meeting abstract, 1 note). For this study, only the 315 articles were 
analyzed, discarding the others. These 315 articles come from 48 different countries, written by 500 
authors, 128 journals in 55 subject areas. To analyze this group of articles, two analysis techniques were 
applied:  


 
• Technique one: analysis of the publications- publications between 1975 and 2011 were 


analyzed in order to identify the journals with the highest number of publications, publications 
over time, subject areas related to the topic of study and citation analysis. Since the timeframe is 
long, to facilitate the analysis it was divided as follows: Q1 (1975-1980), Q2 (1981 – 1986), Q3 
(1987-1992), Q4 (1993-1998), Q5 (1999-2004) and Q6 (2005 – July/2011).  


 
• Technique two: analysis of the citations - considering that the number of the citations of one 


article is directly related to the importance of the work to the research area, an analysis of the 
most cited articles were made (Culnan, 1987; Culnan, Oreilly, & Chatman, 1990; Neely, 2005; 
Ramos-Rodriguez & Ruiz-Navarro, 2004). Those papers with more than 20 citations were 
extracted and these set of articles were used to generate social networks with the most cited 
references (10 times or more) of these articles. This kind of analysis is useful to identify the 
papers (articles and books) with most relevance for the topic. To construct the network the 
bibliometric software Sitkis 2.0 (Schildt, 2002) and the social network analysis program, Ucinet 
(Borgatti, Everett, & Freeman, 2002) were used.   
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3 Findings  


3.1 Technique one: publications analysis 
The 315 papers were published in 128 journals, which reinforce the multidisciplinary approach. In Table 1 
it is listed all the publications per journal and per quartile and it shows that only six journals are 
responsible for the 43% of the published articles. These six journals focus on technological innovation, 
research and development, new products development, innovation management and technology 
management.  


Although the first publication occurred in 1975, it is only from 1993 that the topic on innovation started to 
gain interest among academics and managers.  


 
Table 1 – List of the publications per journal and per quartile  


JOURNAL


Q1 
(1975/1980)


Q2 
(1981/1986)


Q3 
(1987/1992)


Q4 
(1993/1998)


Q5 
(1999/2004)


Q6 
(2005/2011)


TOTAL


International Journal of Technology Management 5 11 19 35


Journal of Product Innovation Management 1 5 5 18 29
Technovation 3 11 15 29
R & D Management 1 2 5 11 19
Research-Technology Management 1 1 11 13
Research Policy 1 2 4 4 11
Technology Analysis & Strategic Management 2 1 5 8
Technological Forecasting and Social Change 1 2 4 7
Journal of Engineering and Technology Management 3 1 2 6
IEEE Transactions on Engineering Management 1 4 5
International Journal of Production Economics 5 5
Journal of Technology Transfer 5 5
Health Care Management Review 1 2 3
International Journal of Operations & Production Management 2 1 3
Management Decision 3 3
Nachrichten aus der Chemie 1 2 3
Sotsiologichesie Issledovaniya 2 1 3
System Dynamics Review 2 1 3
Asian Journal of Technology Innovation 2 2
DYNA 2 2
Government Information Quarterly 2 2
Industrial and Organizational Psychology-Perspectives on Science and Practice 2 2
Innovar - Revista de Ciencias administrativas y Sociales 2 2
International Journal of Production Research 2 2
International Journal of Vehicle Design 1 1 2
Journal of Business Research 2 2
Journal of Scientific & Industrial Research 1 1 2
Management International Review 1 1 2
PPS Management 2 2
Service Industrial Journal 2 2
Strategic Management Journal 2 2
Total Quality Management 2 2
Total Quality Management & Business  Excellence 2 2
TOTAL 2 4 9 33 73 194 315


QUARTILE


 
 
Analyzing the Table 2 it is possible to see the concentration of the publications in areas like 
“Management”, “Business”, “Industrial Engineering”, “Operations Research and Management Science”, 
“Multidisciplinary Engineering” and “Planning and Development”.  
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Table 2 – List of the subject category of the 315 articles 
SUBJECT CATEGORY FREQUENCY SUBJECT CATEGORY FREQUENCY


Management 216 Environmental Studies 2
Business 115 Ergonomics 2
Industrial Engineering 101 Material Science 2
Operations Research and Management Science 77 Transportation Science and Technology 2
Multidisciplinary Engineering 41 Aerospace Engineering 1
Planning and Development 20 Art 1
Manufacturing Engineering 9 Civil Engineering 1
Multidisciplinary Sciences 8 Communication 1
Economics 7 Computer Science and Software Engineering 1
Information Science and Library Science 7 Computer Science and Theory & Methods 1
Mechanical Engineering 5 Education and Educational Research 1
Psychology 5 Educational Psychology 1
Health Policy and Services 4 Electrical and Electronic Engineering 1
Sociology 4 Energy and Fuels 1
Chemical Engineering 3 Environmental Engineering 1
Computer Science and Information Systems 3 Ethics 1
Environmental Public and Occupational Health 3 Finance Business 1
Food Science and Technology 3 Geography 1
Industrial Relations and Labor 3 Gerontology 1
Interdisciplinary Social Sciences 3 History 1
Multidisciplinary Agriculture 3 Metallurgy and Metallurgical Engineering 1
Multidisciplinary Chemical 3 Multidisciplinary Humanities 1
Public Administration 3 Multidisciplinary Psychology 1
Social Sciences and Mathematical Methods 3 Nursing 1
Computer Science and Artificial Intelligence 2 Pharmacology and Pharmacy 1
Computer Science and Interdisciplinary Applications 2 Surgery 1
Construction and Building Technology 2 Tourism 1
Environmental Sciences 2  


3.2 Technique II: citations analysis 
Looking at the first extract of 315 articles it was not possible to identify any pattern regarding to 
innovation management model. So, using the snow ball technique, the study was expanded to the 
articles’ references.  Table 3 lists the first 20 references that received more than 20 citations.  


Table 3 – List of the most cited articles 


ARTICLE JOURNAL CITATIONS


Hobday (1998) Research Policy 141
Chen, Greene and Crick (1998) Journal of Business Venturing 118
Chiesa, Coughlan and Voss (1996) Journal of Product Innovation Management 103
Sawhney and Prandelli (2000) California Management Review 82
Tatikonda and Rosenthal (2000) Journal of Operations Management 70
Smits (2002) Technological Forecasting and Social Change 37
Cheng, Kumar, Motwani, Reisman and Madan (1999) IEEE Transactions on Engineering Management 36
Sicotte and Langley (2000) Journal of Engineering and Technology Management 36
Chakrabarti and Hauschildt (1989) R&D Management 33
Nijssen, Arbouw and Commandeur (1995) Journal of Product Innovation Management 32
Linton (2004) Journal of Product Innovation Management 30
Tidd (2001) International Journal of Management Reviews 29
Russel and Russel (1992) Journal of Management 29
Meyer-Krahmer and Reger (1999) Research Policy 29
Coates et al. (2001) Technological Forecasting and Social Change 29
Sun, Xie and Cao (2004) Marketing Science 27
Nightingale (2000) Research Policy 27
Gales and Mansour-cole (1995) Journal of Engineering and Technology Management 26
Cormican and O'Sullivan (2004) Technovation 24
Hoecht and Trott (2006) Technovation 24  
The article to references network analysis generated a group of 93 (12 books and 81 articles) referenced 
articles that were fully analyzed, identifying seven related subject areas from where innovation 
management models derive (Figure 1): organizational strategy, project management, knowledge 
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management, product management), types of innovation, innovation technology and open innovation). In 
37 of the publications among books and articles some mention about innovation management models 
were made. According to the model´s characteristics and to the central objective of the models they were 
clustered under one of the related areas. Models like Funnel and Stage Gate were classified under project 
management.   The number of the articles referring these models is listed in Table 4.  


The articles which references network generated a list of 93 publications (12 books and 81 articles), that 
were qualitatively analyzed in order to extract the innovation management model. In 37 of the 
publications were identified  innovation management model, classified according to the Table 4. 
 
Table 4: Innovation management model antecedents 


RELATED AREA NUMBER OF WORKS


Organizational Strategy 9
Project Management 12
Knowledge Management 8
Product Management 3
Types of Innovation 3
Technological Innovation 1
Open Innovation 1  
 


 
Figure 1- Innovation management models 
Source: from the authors 


 
In 68 out the 81 articles it was possible to identify the research method that was applied. The research 
method was classified in conceptual and empirical researches. Table 5 lists the classification and the 
quantity of the articles using each one of the methods.  
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Table 5 – Research methods 


RESEARCH METHOD NUMBER OF ARTICLES


Conceptual research


     CR1: Literature review 22


     CR2: Simulations or theoretical modeling 10


Empirical research


     ER1: Survey 18


     ER2: Case study 17


     ER3: Action research -  
 


The research methodology used by the authors from the analyzed sampling reveals a slight 
predominance of literature review, what can indicate that innovation does not have a consolidated or 
unique model. Since innovation is highly dependent on the environment, company´s objectives, strategy 
and culture, many studies are made in order to try to understand and find some ways that can help 
identify the innovation management models that better suit for each context.   


Also, there is a lack of concentration of papers in particular authors. So, to be possible to identify the 
relevant papers it was necessary to analyze the number of citations of the articles´ references. As a result, 
papers like Hobday (1998) that investigated the influence of the product complexity on innovation; Chen 
et al. (1998) that researched the factors related to the management efficiency; Chiesa et al. (1996) that 
analyzed the process and mechanisms that lead to innovation and Sawney and Prandelli (2000) that 
reinforced the importance of the social interactions in communities that seeks innovation were identified.  


4 Conclusion 
Organizations that seek to gain competitive advantage need to manage their business in a highly 
changing environment with lower time lead, reduction in the new products development costs and the 
increasing pressure for innovation. Innovation is not just about new product or service. New 
organizational methods, management model or production processes also are seen as innovation. 


Considering that innovation is a multidisciplinary topic, this research analyzed the publications in the last 
36 years (1975 – 2011), identifying that areas such as organizational strategy, knowledge management, 
project management, technological innovation and product management might be considered innovation 
management antecedents. Also, there is no single model for innovation management and some of them 
are derived from or follow the logic of “Stage Gate” (Cooper, 1990) and “Funnel” (Wheelwright & Clark, 
1992) models.  


Project management, organizational strategy and knowledge management are subject areas that 
according to the literature review influence the innovation management models. It might indicate first, 
that innovation is still strongly related to the process of development of a new product. Companies try to 
understand, implement and measure innovation with product development logic and metrics. In the 
second place there is an understanding that in many situations, innovation cannot be measured, 
implemented or understood as a project or product development. Innovation encompasses situations of 
uncertainty and complexity that is not related to product or project development. The link with subject 
areas like organizational and knowledge management might indicate this complexity. In newer papers, 
strategies like open innovation, which opens the R&D department for external participants are mentioned, 
indicating the emergence of new ways of dealing with innovation that will have strong impact in internal 
processes.  
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The subject of innovation management and its impact on operation management is still in evolutionary 
stage. It is necessary better understanding regarding the subject, its impact in the internal processes and 
organizational strategy, mainly if it is considered the appearance of new models like open innovation and 
the increased advances in technology.  
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Abstract 


The article shows the impacts of human factors in fifteen fatal workplace accidents analyzed by Ministry of Labor and 


Employment of Brazil from August 2007 to August 2011. The main human factors contributing to each accident were 


tabulated.  It is necessary to learn lessons from them and take precautions in order to reduce risk and prevent their 


recurrence.”. Organizational factors play an important role in almost all accidents. Thus identifying them is a critical 


success factor for the understanding, prevention and controlling of these very accidents. 


Keywords: human factors; workplace accidents; risk. 


1 Introduction 


1.1 Workplace Accident – Traditional Approach 


The traditional approach to accidents assumes that compliance with procedures and norms protects the 


system against accidents and that these events are caused by the faulty behavior of workers, originated, in 


part, on aspects of their personalities. Identification of these behaviors is based on comparing the pattern 


that is based on a "secure way of doing" known in advance by safety experts. The beginning of the 


systematic process of accident analysis is characterized by the structuring of policy practical assistance or 


Occupational Health and Safety Management System (OHSMS), divided into four phases, shown in Table 


1. The emergence of proposals for systematized analysis changes these phases, in general, expanding the 


scope of the investigation. 


Table 1: Phases of systematic process of accident analysis 


Phase Description 


1 Analysis preparation, defining of event to be analyzed and its consequences 


2 Analysis itself with suggestions of correction and written report 


3 Implementation of corrections and their follow up 


4 Retro-feeding of system with updated data based on analysis learning 


Source: Dwyer (2000) 


The essence of this traditional safety paradigm is summarized by Dwyer (2000) and Cattino (2002) to have 


the following characteristics: a) the improvement of health and safety can be achieved through 


technological improvements, disciplinary sanctions, strengthening of standardization, and expert control, 


b) the human being is unreliable and the cause of system insecurity, and c) error is seen as a "failure" or 


"defect" originating in the negligence of the operators.. 


Other authors refer to this approach as "anticipationist" (Hood, Jones, 1996), to emphasize the fact that 


the risk factors that may cause an accident or disaster are considered, in principle, as known. This 
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knowledge is reflected in instruments used in accidents analysis, which take the form of “causes” 


checklists to be used by safety teams. 


1.2 Workplace Accident – Current View with Emphasis on Organizational Culture 


According to Almeida (2006), workplace accidents are socially determined and predictable phenomena. 


Instead of becoming a matter of chance, as suggested by the word accident, workplace accidents are 


predictable phenomena, given that the factors capable of triggering them are present in the work 


situation (which can be identified), long before they are triggered. 


The influence of organizational factors on workplace accidents have been studied for more than two 


decades, but there is great need to develop tools to detect, describe and classify these factors, in order to 


analyze their impacts on work safety (Vuuren, 2000). 


Vuuren (2000) classifies the organizational factors that influence workplace accidents in: factors relating to 


the organization structure; factors related to strategies and objectives; and, factors related to the culture 


of safety. According to him, the impact of the culture of safety and risk management in the causes of 


accidents is considerable. A survey conducted by the author shows that 35-40% of the factors related to 


workplace accidents have organizational origins. 


Claiming that workplace accidents are socially determined is equivalent to saying that they result from 


social phenomena, especially the participation of workers in production and therefore in consumption, 


expressing the power relationships in real societies. 


In these terms, prevention is beyond the scope of actions developed or coordinated by ministries such as 


the Labor, Health and Security or the Social Security. In other words, changes in health and work safety 


conditions need to go necessarily through the existence of public policies on education, health and work 


safety, also to stimulate social pressures in Brazil. 


The thought that a workplace accident is a product of fate leads to the understanding that prevention is 


lacking. Realize, however, that events are happenings coming mainly from unsafe actions perpetrated by 


workers, suggests focusing the preventive actions on the behavior of workers. 


The accident analysis is a tool that can help in this learning process. To do so, it is important to conduct it 


in a systematic manner, based on concepts or techniques that exploit the network of factors involved in 


the origins of these events, without neglecting aspects incubated for years in the system history (Almeida, 


2006). 


Inquiries that attribute the occurrence of an accident on worker's misconduct, whether by negligence, 


recklessness or inattention, develop recommendations focused on behavioral changes such as greater 


attention when performing a certain activity, and strengthening personnel training. These 


recommendations require demonstrating that workers are trained to holding high level of attention 


throughout the workday; even being this conflicting with the characteristics of human beings. 


Accidents represent an organizational dysfunction in their socio-technical system (Turner, 1978; Gherardi 


et al, 1998; Hopkins, 2001). The aforementioned system is comprised of an interaction of both social and 


technical components, the latter being the facilities, equipment, tools, productive processes and materials 


of which organizations use to achieve the products of their nature. The social components, however, 


influence and are influenced by environmental forces represented by unions, mechanisms of internal and 


global competitions, exchange rates, as well as safety, environmental and health legislations and the 


temporal values of dominant social groups in a space of time and place. 


According to recent conceptions, workplace accidents result from modifications or deviations that occur 


within production systems. These changes or deviations themselves result from the interaction of multiple 


factors. Conceiving the company as an open socio-technical system and the accident as a sign of 


malfunction of this very system, investigate it means to analyze aspects of the technical subsystem as 


plant, machinery, layout, technology, products, and the social subsystem of the company as age and sex 







 


The Impacts of Human Factors in Fatal Workplace Accidents 


ID65.3 


of workers, professional training, organization of work, personal and hierarchical relationships, corporate 


culture and psychosocial context (Almeida, 2006). 


1.3 Human Factors 


In the past, industrial accidents were reported mainly in terms of technological malfunctions and the 


human element in the cause of the accident tended to be ignored. Since the frequency of the 


technological failures has diminished, the role of human factors has become more apparent. Accidents 


such as the Piper Alpha disaster illustrate that the performance of a highly complex socio-technical 


system, is dependent the interaction of technical, human, social, organizational, managerial and 


environmental elements and these factors can be important co-contributors to incidents which could 


potentially lead to catastrophic event. Human factors were deemed to be the root cause of many major 


disasters, such as Chernobyl, Three Mile Island and Piper Alpha and as were well-researched by those 


interested in the human contribution to the causes of accidents, such as psychologists, reliability 


engineers and human factors specialists (Gordon, 1997). 


The terms 'human factors' and 'human error' are often exchanged without clear definition as to what is 


actually meant by these labels. They are often used interchangeably as general terms referring to the 


cause of an accident being related to people as opposed to a technical fault. The traditional definition of 


human factors is the scientific study of the interaction between man and machine. This definition in recent 


years encompasses the effects which individual, group and organizational factors have on safety (Gordon, 


1997). 


Both human error and human factors are usually studied separately and any relationship between them is 


often overlooked. This may be caused by the difficulty of the task or because there is still no agreement 


between the two separate areas as to their precise nature and definition. However, a number of high 


reliability industries have attempted to combine these two subjects in their accident reporting forms. The 


way individual error tendencies interact with complex organizations where workers deal with high-risk 


technologies is still a source of human error, though still a little one. 


When considering human factors in accidents, two kinds of errors can be involved. Firstly active errors, 


whose effects are generally almost immediate (such as an omission or using the wrong rule) and secondly, 


latent errors, whose adverse consequences may lie dormant within the system for a long time, only 


becoming evident when they combine with other factors to breach the systems defenses (such as design 


or training). Active errors are most likely to be caused by front-line operators, whereas latent errors are 


more likely to be caused by those who are removed from the direct control interface. In most cases, safety 


programs are designed to reduce active failures committed by the operators in order to reduce specific 


causes that are unlikely to occur in the same combination (Gordon, 1997). 


2 Scope 


Considering the studies based on fifteen reports of analysis of fatal workplace accidents carried out in 


Bahia by Ministry of Labor and Employment from August 2007 to August 2011, this article aims to show 


that the reality in workplace accidents confirms their theoretical content, and that the risks can be reduced 


if organizations take some precautions in their production system. 


3 Methodology 


The article is based on the study of fifteen reports of analysis of fatal workplace accidents occurred in the 


state of Bahia in companies fined by the Ministry of Labor and Employment from August 2007 to August 


2011. 
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4 Results 


The main organizational factors present in each accident were disposed on Table 2. 


Table 2: Organizational factors related to workplace accidents 


Accident Organizational Factors 
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1     X       X   X       X   X 


2      X      X   X      X   X  


3   X        X   X   X        X 


4   X   X   X       X    X    X     X 


5   X    X       X   X   X      X   X 


6   X    X     X   X   X       X    X 


7    X   X    X    X    X    X      X 


8     X       X   X     X   X    X 


9    X         X   X     X    X 


10   X    X     X    X   X    X   X    X   X 


11    X   X       X   X       


12         X   X   X       X   X 


13        X    X   X   X    X   X    X 


14   X       X    X   X   X   X   X    X   X 


15      X    X   X    X   X      X   X 


Source: Ministry of Labor and Employment of Brazil (2007-2011) 


Organizational factors play an important role in almost all accidents. Thus identifying them is a critical 


success factor for the understanding, prevention and controlling of these very accidents. Accidents versus 


organizational factors are shown in Table 3, along with their respective occurrence in this type of accident, 


showing that the noncompliance with Safety Standards and the deficiency in assessing the work risk are 


among the causes that influence workplace accidents in the state of Bahia. 


Table 3: Phases of systematic process for accident analysis 


 Accident Cause Quantity of Accidents Participation in Accidents 


1 Noncompliance with safety standards 13 87% 


2 Deficiency at assessing the work risk 13 87% 


3 Supervision failure 10 67% 
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4 Environment 8 53% 


5 Improper tool or equipment use 7 47% 


6 Lack of inspection 6 40% 


7 Communication Issue 6 40% 


8 Lighting 5 33% 


9 Layout failure 5 33% 


10 Training failure 5 33% 


11 Maintenance failure 5 33% 


12 Place inobservance 4 27% 


13 Planning failure 3 20% 


14 Bad Automation 2 13% 


15 Improper Attitude 1 7% 


Source: Ministry of Labor and Employment of Brazil (2007-2011) 


Real safety cannot be implemented without the involvement of safety personnel and company employees 


themselves in discussions regarding the strategic choices of the system on the methodology to be 


adopted for the production or service. The technical and social implementation of the safety in a company 


requires an open dialogue that considers different logics in the system. It is necessary to highlight safety 


with quality standards and the participation of the employee. 


All workers involved in the investigated accidents were male with the following jobs (Figure 1): carpenter, 


mason assistant, mason, electrician, mechatronics, bagger, lifting mechanic and driver. In organizing the 


data, it has been taken into account only the 25 workers who have suffered the accidents (one worker 


alone has taken part of three accidents). The largest number of events occurred with workers in the role of 


workman (36%) and mason assistant (16%). The age group study (Figure 2) indicated they ranged 


between 20-56 years of age, with the highest percentage (40%) occurring among workers with 40 to 50 


years of age. Analyzed data were from accidents that occurred from 2007 to 2011. 


 


Figure 1: Accidents versus Profession. Source: Ministry of Labor and Employment of Brazil from August  
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Figure 2: Accidents versus Age group. Source: Ministry of Labor and Employment of Brazil from August  


According to the data acquired during the investigative and interpretation stage of the analysis of 


workplace accidents, involving both employees and third parties, in the State of Bahia in companies fined 


by the Ministry of Labor and Employment from August 2007 to August 2011, the following active 


organizational factors were considered: 


1. Insecure or improper act: it is a decision, choice or option that unnecessarily leads to an accident 


or contributes directly or indirectly for it to occur. When related to a human error, it is usually 


associated with distractibility, forgetfulness, non-compliance or willful violation of procedure, 


misuse or improvisation of equipment, lack of perceived risk, or non-use of personal protective 


equipment (PPE).  


2. Control Failure: usually associated with the use of informal working method not stated in a 


procedure or its absence, execution of activity by an unskilled worker, work overload, inadequate 


specification of PPE, or presence of risk conditions in the workplace due to lack of appropriate 


control. 


3. Technical failure: when related to the failure of equipment or materials, may be related to 


insufficient or improper maintenance, or equipment designs. 


Consequently, the preconditions or present factors (points a, b, c, d), and the risk factors (points e, f, g, h, i, 


j, k) have been identified at the work place: 


a) State of Mind: occurrence of fatigue, lack of attention, discomfort caused by external disturbance 


(wind, rain, heat, noise), dissatisfaction, stress. Plays an important role in the safety degree for the 


employee to perform his task. 


b) Reasoning pattern: due to lack of knowledge, intelligence, experience, ability, inability to delegate, 


fear of failure. 


c) Work organization: bad or nonexistent procedure, inadequate risk assessment for the activity, 


confusing layout, dirty, disorganized or insecure workplace, lack of training or qualifications for 


the job, excessive overtime. 


d) Equipment characteristics: inadequate, unprotected or unreliable tools or equipment to use. 


e) Project: related to ergonomically bad tools or equipment design, deviations from the original 


design. 


f) Equipment: related to lack of condition, suitability or availability of materials. 


g) Maintenance management: related to the management or inadequate performance of 


maintenance tasks and repair or its absence. 


h) Training: related to lack of expertise and experience of employees (insufficient or inadequate 


training). 


i) Communication: ineffective communication 
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j) Organization: related to deficiency in the structure, philosophy, organizational process or strategy, 


resulting in inappropriate management or low efficiency of the company. 


Defenses: lack of protection for people, materials and environment against the consequences of the 


unexpected event that caused the work accident. 


Technical experts, safety engineers of the Ministry of Labor and Employment, conducted the accidents 


investigation and analysis presented in this study. Learning from accidents and prevent their repetition is 


a duty for all parties involved. It should be emphasized that one should keep in mind the difference 


between training and education. Training aims to develop a specific skill, such as operating a machine, 


performing a routinely procedure or meeting people within a narrow range of responsibility. Education 


aims to increase the critical thinking of the individual (employee), as well as to enable this very individual 


to learn new content on his or her own. The training enables the professional. Education develops a 


person. In order to guarantee the results with respect to changes in attitude and, consequently, reduction 


in the number of workplace accidents, it is necessary for companies to invest continuously in behavioral 


education, in addition to the traditional risk awareness tools and technical procedures. 


5 Conclusion 


Based on fatal workplace accident studies, it is very important to keep in mind that the investigation of an 


accident is a collective construction process that involves members of the investigating team and other 


workers of the company. Regarding companies, injured ones, supervisors, coworkers, and, if any, 


responsible for maintenance, purchase of materials, technicians and safety engineers are people who hold 


knowledge about aspects that may be critical in identifying "causes of causes" of the episode investigated. 


It is essential that they be heard. It is also important to consult reports and other documents that may 


exist in respect of machinery and equipment directly or indirectly involved in the accident. 


This paper presented an approach that incorporated organizational aspects as causes of workplace 


accidents, and their major contributions to establish a relationship between the basic risk factors and work 


accidents, identifying the organizational failures that contributed most to the occurrence and recognition 


of patterns of accidents through joint analysis of events involving employees and third parties. It is, 


ultimately, the preservation of the workers dignity. Thus the paper shows that the reality of workplace 


accidents corroborates their theoretical content. 


6 Final Considerations 


Reason (2006) mentions that it is easier to manage the workplaces and the organizations than the minds 


of employees, as it is not possible to change the human condition, but changing the conditions under 


which people work. For this, the commitment of the top management is important, without which it is not 


possible to make the necessary changes. 
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Abstract 


This paper presents a group of criteria and subcriteria to evaluate the maturity of the business process management 


practices. From the review of the literature about the attributes used by the maturity models, a group of desirable 


criteria and subcriteria was defined to evaluate the maturity of the business process management. In the context of a 


case study held in a company of oil and gas exploration and production, the group of criteria and subcriteria 


suggested was used to evaluate qualitatively the business process management practices of the company.  The data 


for the evaluation were obtained from interviews with company experts who had a large experience with business 


process management in the exploration and production of oil and gas. The results of the evaluation indicates that the 


practices for identifying and mapping business processes, training and knowledge management are not performed in 


a systematic and systemic way. The practices of innovation are not consolidated into a corporative policy of 


innovation. The information technology does not support the business processes actually. The absence of a 


corporative methodology, a functional and organizational structure and an organizational culture are the main 


barriers for the establishment of a business process management. The participation of managers, the reduction of the 


bureaucracy and the focus on improvement are the main facilitators for the establishment of a maturity evaluation. 


Keywords: business process management, maturity models, evaluation criteria, exploration, production, oil. 


1 Introduction 


In a highly competitive environment, organizations have identified different ways to improve their results, 


either by reducing cost and investment in innovation, either by the improvement of the management of 


their business processes. The functional vision has been replaced by the business process vision, where 


the areas of the organization execute distinctive business processes which cross their boundaries 


(Hammer, 1997). 


The establishment of the vision of business processes requires systematic evaluations of the progress and 


the path of their application, with the implementation of actions that contributes with the improvement of 


the business processes. Harrington (1993) emphasizes that “if it’s not possible to measure, it can’t be 


controlled, it can’t be managed; if it can’t be managed, it can’t improve”. 


Especially since the 1990s, as the result of the augment of the organizations interest in the business 


process management, several maturity models were designed and improved. The main goal of an 


evaluation maturity model is to identify the level of maturity in the practices of business process 


management, in terms of the capacity of the business processes to be defined, used, managed and 


repeated, contributing to their results to be continuously improved (Quintella, 2007). These models use 


attributes to the business processes evaluation and, by the analysis of the stage in which the organization 
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is compared to these attributes, arrangements can be taken and action plans can be designed in order to 


reach full development or, in other words, the excellency of the business processes. 


In this context, the present paper has the following goals: identify in the literature the main attributes 


used by the evaluation maturity models; define, based on these attributes, a group of criteria and 


subcriteria for the evaluation of the maturity of business process management and; present the results of 


a qualitative research about the evaluation of business process management practices of a large company 


of oil and gas exploration and production in relation with the defined criteria. 


2 Literature Review 


The bibliographical research aims to identify the attributes used by the main evaluation models used to 


evaluate the maturity business processes in the literature. 


This study sought to explore the full potential of the bibliographic database available and the tools of the 


information technology for its treatment. First was defined a group of keywords related to the business 


process management to initiate the research procedures. Second was made a raw bibliographical research 


in the main search engines such as: CAPES Journal Portal, ISI Web of Knowledge, Wilson Web, Engineering 


Village etc. About one thousand and five hundred of the scientific papers found were selected, filed in a 


proper place and catalogued by specialized software. Third was made a filtering of the papers, using a 


group of criteria to help the decision-making process. In this procedure were selected one hundred and 


fifty bibliographic references that presented related content with the attributes used by the main models 


to evaluate the maturity. 


The next items will present the main results of the literature review. 


2.1 The evaluation of the business process maturity 


The term maturity can be defined as “the complete development or the perfect condition of any process 


or activity” Random House College Dictionary (Urdang and Flexner, 1968). As a conclusion, the maturity 


denotes the aspects concerned to the motives which the success is achieved and the ways used to correct 


or to prevent ordinary problems that would stop the improvement of the business processes through a 


longitudinal and incremental perspective (Houston, 2004). 


The concept of maturity has been used in many fields of knowledge and the number of models designed 


is significant (Valadares, 2001). Nowadays the maturity models are being used to describe the effective 


estate of an organization to develop certain tasks and processes, to map the logic ways of improvement 


of the products and services of the organizations and to allow the establishment of forms of forecasting 


the future development of the processes. Houston (2004) conceptualized organizational maturity as the 


capacity of an organization to develop its business processes accordingly to the previous defined goals in 


the context of its strategic and functional planning. 


Accordingly to Houston (2004), the mature organizations execute their activities in a systematic way, while 


the immature organizations reach their results from their staff heroic efforts. To the mentioned author, the 


maturity is related to predictability, control and efficiency. The predictability refers to the fulfillment of 


what was planned. The immature organizations can plan, but cannot guarantee that their goals can be 


achieved. The control refers to the consistence which the organizations reach their goals. The mature 


organizations reach their goals with a minimum deflection of what was planned. The efficiency refers to 


the capacity of the organization to reach the results achieved in relation to the desired results. In this 


sense, the mature organizations reach the goals they committed to achieve. On the other hand, the 


immature organizations usually reach only some of their goals. Besides that, in most cases, the quality of 


the results is compromised and the costs become higher than expected. The mature organizations use 


systematic business processes to do their activities. The previously collected data are used to prevent 


what will happen when a similar effort is conducted in the future (Houston, 2004). 
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2.2 The main models to evaluate the maturity 


The first maturity model mentioned was developed by Crosby (1985) and was called the “Quality 


Management Maturity Grid” (QMMG). The model was developed to evaluate the evolution level (maturity) 


of the management of several quality processes. It establishes five stages or levels of maturity based on 


the quality management practices adopted by the organization. 


For its generic nature and intrinsic structure of evolution, the Crosby (1985) model became reference for 


several maturity models (Valadares, 2001). The main principles were adapted by SEI (Software Engineering 


Institute) to develop the CMM (Capability Maturity Model) to evaluate the software development 


processes (Humphrey, 1987). The CMM uses a structure of five maturity levels that allows the stratification 


of the position held by the software developer organization in relation to the maturity of its business 


processes. 


Based on the CMM, an abundance of models guided to the measurement of the maturity of the process 


management were launched. Basically all of them pointed to a logical path of progressive development of 


the process management empowerment. To most of these models what matters is not only define in 


which level a certain organization is, but what must be done to ensure the evolution through time 


(Valadares, 2001). 


The main models identified in the literature were (CIP E&P, 2009): 


 Maturity models for Quality Management 


o QMMG (Quality Management Maturity Grid) – Crosby (1985) 


 Maturity models for Software Process Management 


o CMMI ( Capability Maturity Model Integration) – SEI (2006)  


 Maturity models for Business Process Management 


o PEMM ( Process and Enterprise Maturity Model) – Hammer (2007) 


o BPMM ( Business Process Maturity Model) – Rosemann and Bruin (2007) 


o CEMO (Checklist for Evaluating the Maturity of an Organization/Process) – Harmon (2004) 


o BPOMM (Business Process Orientation Maturity Model) - Lockamy e McCormack (2004) 


o BPMM (Business Process Maturity Model) – Fisher (2005) 


 Maturity models for Management Projects 


o OPM3 (Organizational project management maturity model) – PMI (2008) 


o PMMM (Project Management Maturity Model) – Kerzner (2001) 


 Maturity models for the Chain of Supply Management  


o SCOR (Supply Chain Operations Reference) – SCOR (2008). 


2.3 Criteria for the maturity evaluation 


Among the ten models identified in the literature, four were selected to serve as base for the definition of 


the criteria for the evaluation of the business process management maturity: the CMMI, the PEMM, the 


BPMM and the BPOMM. These models were selected because they have a clear set of attributes for the 


specific evaluation of the business process management. The other ones were not selected because were 


specific for a certain area or did not establish observable subcriteria and indicators for the evaluation. 


Table 1 presents the attributes used by the four models to evaluate the maturity. 
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Table 1: Attributes used by the evaluation models of the business process management maturity 


CMMI PEMM BPMM BPOMM 


Project Management 


Process Management 


Support 


Engineering 


Executers 


Responsible 


Infrastructure 


Indicators 


Leadership 


Culture 


knowledge 


Governance 


Strategic Alignment 


Governance 


Methods 


Information Technology 


People 


Culture 


Process Vision 


Structures 


Attributions 


Measurement and management 


systems 


Processes values and beliefs 


Source: The authors 2011 


From the analysis of the attributes used by the four selected models, were defined eleven criteria and 


twenty seven subcriteria for the evaluation of the maturity for the business process management that are 


presented on Table 2. 


 


Table 2: Defined criteria and subcriteria 


Criteria Subcriteria 


Definition Procedures to define the business process requirements  


Procedures to disseminate the “client focus” culture between the employees. 


Mapping Mapping techniques 


Prioritization Techniques 


Indicators Definition process 


Classification criteria 


Control Nonconformities treatment 


Implementation of corrective actions 


Analysis and 


Improvement 


Variability reduction  and reliability increase methods  


Procedures for the application of the tools 


Analysis and improvement of tools (ex: six sigma, process statistic control etc.) 


Contribution of tools for the process improvement 


Innovation Procedures to evaluate the potential of creative ideas  


Procedures to convert creative ideas into innovations  


Procedures to disseminate and stimulate the innovative practices of the processes  


Capacitation Procedures of employees training in problem-solving tools  


Procedures of  employees capacitation in process improvement techniques 


Procedures of  employees capacitation in teamwork 


 


 


IT Support Support from the IT services to process management  


Knowledge 


Management 


The use of the knowledge management in the execution of processes  


Procedures of dissemination and systematization of the knowledge established in the process 


management    


Process 


Management 


Establishment 


Implementation procedures 


Barriers 


Facilitators 


Maturity Evaluation 


Establishment  


Implementation procedures 


Barriers 


Facilitators 


Source: CIP E&P 2009 


3 Methodology 


In this item will be presented the research classification, its phases, the instrument for data collection and 


the profile of the respondents. 
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Because of the goal of this study, it can be classified as a research: applied; qualitative approach; 


exploratory; bibliographical; and field research. 


Considering its nature, it is an applied research because aims to generate the knowledge to practical 


application, directed to answer the specific questions of the business process management. 


The qualitative approach of this research is due to the fact that it does not use a statistical instrument, but 


obtains the descriptive data through the contact with the object of study. According to Gil (2008), this 


analysis is less formal. It is descriptive, based on the observation and uses interactive and humanistic 


methods, as it uses the researched material to perform analysis and interpretations. 


The research is classified as exploratory because according do Gil (2008) it has as main goal to develop, to 


clarify and to change concepts and ideas from the formulation of problems. In other words, it is not 


intended to verify theories, but to gain more familiarity with them, focusing to make a contribution to 


profound the subject studied. 


To Gil (2008) the research procedure deals with its design and its main point lies in the collection of data. 


As an approach for the fulfilling of the goals of this research, it was made a bibliographical research 


through the main search engine (Capes Periodic; Academic Google; internet etc.) to review the materials 


already published, formed by books, articles, essays, regulations and guides about the business process 


management and maturity evaluation themes. The method used in this research aims to obtain 


information through the analysis of the data available in the regulations, guides and in the literature, 


comparing them with the practices of business process management. 


To make it possible to know and to study the main business process management practices and their 


maturity, a field research was conducted, supported by an open questionnaire that was used in the 


interviews to collect information about the opinions of specialists on presented theme. 


According to Vergara (2010), the case study is a particular type of research that is applied to one or few 


units, also known as “a person, a family, a product, a company, a public agency, a community or even a 


country. It has the feature of depth and detail”. 


The research was divided into four stages. During the first stage was made a bibliographical research to 


identify the attributes used in the main maturity models and to define a group of criteria and subcriteria 


to evaluate the maturity of the business process management.  During the second stage, from the defined 


criteria was created a research instrument to evaluate the business process management practices of a 


large company of oil and gas exploration and production. During the third stage, the data about the 


business process management practices of the company were collected in interviews with focal points 


were previously selected. During the fourth stage, the collected data were analyzed and discussed.   


3.1 Research instrument 


The field research aimed to collect information to evaluate the business process management practices of 


the company in relation to the group of criteria for the evaluation of business processes maturity. 


Among the available methodologies for the field research, was chosen a qualitative approach, involving 


data gathering through the research instrument applied in the interviews with the selected focal points. 


The research instrument, elaborated from the defined criteria for the evaluation of the maturity of the 


business process management, was used to collect information about the management practices of the 


large company of oil and gas exploration and production. 


The research instrument was structured into criteria, subcriteria and questions, and before its appliance, it 


was adapted to the company’s reality. The research instrument has twenty questions and is presented on 


Table 3. 
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Table 3: Research instrument 


Criteria Questions 


Definition The processes that you lead or where you´re inserted were defined with the participation of your 


clients?  


How the client is seen by the executers of the processes?  


Mapping How were the processes mapped?  


What type of prioritization was used for the mapping? 


Indicators How are defined the indicators to measure the process development?  


Control How the processes are controlled? 


Analysis and 


Improvement 


How the processes are analyzed and improved?  


Which improvement tools are used?  


In which way the use of these tools contribute to the process results?  


Innovation How the innovations are incorporated to the processes?  


How the company identifies the practices that lead to the innovation of the processes?  


Capacitation How the collaborators are qualified and trained to execute their processes?  


IT Support Is there an IT (Information Technology) system that supports its process? How this system 


contributes with the achievement of the processes?  


Knowledge 


Management 


How the company disseminates and systematizes the knowledge created during the execution of 


the process?  


Process 


Management 


Establishment 


How the business process management must be implemented inside your company?  


What are the barriers for its implementation? 


Who are the facilitators for its implementation? 


Maturity 


Evaluation 


Establishment  


How the maturity evaluation of the business processes must be implemented at your company?  


What are the barriers to evaluate the maturity of the processes?  


Who are the facilitators for the maturity evaluation of the processes?  


Source: CIP E&P 2009 


3.2 Respondents profile 


The field research was held during the action of the authors of the Research Project in CIP – Centro de 


Inovação e Produtividade (Innovation and Productivity Center) – in the Performance Evaluation Pillar (CIP 


E&P, 2009), particularly in the perception of the business process management practices and the business 


process maturity evaluation inside a large company from the segment of oil and gas in Brazil. 


The profile defined for the respondents was: specialist with experience in applying the business process 


management practices in the exploration and production of oil and gas area. The company leadership 


provided ten managers with high experience and knowledge in the application of the business process 


management practices to answer the formulated questions. The research instrument was sent before to 


each one of the respondents and the interviews were taped to further analysis. 


4 Results 


Based on the interview recordings and using a specialized software, a content analysis was made. Table 4 


presents the results of the evaluation of the business process management practices according to the 


established criteria, subcriteria and questions. 


Table 4: Results of the evaluation of the business process management practices of the company of oil and gas 


exploration and production  


Criteria Of the evaluation of the management practices  


Definition The processes are defined only with the participation of the internal client.  


The definition of who is the client becomes clear at the business units level.  


At the macro-level of process management are defined the premises that serve as base to the 


macro processes management.   


There are stakeholders at the organization that establish the requirements to be attended by the 


processes.  


It seems that it doesn’t exist a defined and systemized practice of definition of the requirements to 


be attended by the processes 
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The client does not participate in the definition of the processes 


As the company includes practically the hole productive chain of oil and gas, it has some difficulty 


to incorporate the customer focus culture, because most of the clients are from the own company  


It can be considered that in the corporative level the role of the client is very abstract and it can be 


considered that the clients are the managers themselves 


But as it approaches the operational level, becomes clear who the client is.  


The company does not have defined and systemized procedures to disseminate to its employees 


the culture of client focus.  


Mapping The company uses the corporative methodology to mapping and definition its processes and uses 


the ARIS software as a support tool. However, the mapping is made in a non-standard way and at 


the criteria of each manager area. The practice of standardization of the processes is functional, 


based on the necessity or on the experience of the managers of each area.  


Indicators The strategic indicators that measure the goals related to the processes that are directly linked to 


the company strategy are defined from the strategic map of its Balanced Scorecard (BSC).  There 


are not clearly defined criteria to classification, but there are orientations from the company to 


measure the performance of the processes according to their expectations: vertical and horizontal. 


At the vertical perspective, the performance driver is the strategic goal defined by the BSC, that is 


related to results and that measures the quality of the process in relation to its ability to achieve the 


proposed goal. At the horizontal perspective, the concern is with the efficiency and the quality of 


the process itself.  


Control The organization performs the control of its processes in a non-systematized way. In some areas of 


the company there are initiatives with control procedures defined and systemized. The procedures 


of identification of the non-conformities and of implementation of the corrective actions used by 


the company were not mentioned.    


Analysis and 


improvement  


The use of traditional tools to improve the processes is incipient in the company.  


At the organization basis there is a culture of processes, because there are groups made to implant 


the practices of process management. The major challenge of the company is to develop a 


corporate methodology of analysis and process improvement that considers the specificities of 


activities of exploration and production of oil and gas.  


Innovation The processes of exploration and production of oil are of different natures and the matter of 


innovation must be discussed considering this context.   


The company uses two kinds of innovation practices.  First there is little innovation practice that 


occurs in the operational processes with a high level of standardization. It is encouraged through 


programs with good ideas that, in a certain way, are already systematized.   


Second there is a great innovation.  It is the one that the E&P companies need. It happens in those 


areas where there is a great intellectual complexity such as, for example, in the geology, geophysics 


and engineering areas of a tank. In those areas the work is done with expensive processes that are 


responsible for most of the income generation. In those processes the organization and 


systematization level must be lower because these great innovations often appear because of 


questions about the existing models. The practice of encouraging the great innovation is held in 


the processes that generate income, because they have a higher innovation potential.   


The company’s challenge is to make the processes with a high innovation potential to absorb the 


procedures that stimulate the innovation. The company has a fertile ground for innovation because 


it invests heavily in training of its staff.  The company has partnerships with R&D companies whose 


main function is to generate technology and innovation for their E&P processes. 


Capacitation Some processes have the procedures to capacitate their employees in problem solving, techniques 


of process improvement and teamwork. Generally the employees are trained using the work 


standards defined for these processes. 


The company performs trainings for the teamwork and the identification of problems and 


structures to support these actions were created, but these activities are not treated in a systematic 


and structured way.    


The company invests heavily in training, mostly the training of employees in the operational level, 


through formal courses, oral transmission, courses performed at work etc. This qualification is less 


intense for managers. 


 


 


IT Support The major support has been in terms of process mapping.  


The company defined the macro processes and started to unfold and link them to  their other  


actions.  
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The company wants to fortify the process view and the Information Technology (IT) area has been 


working in this direction. It uses a corporative IT system that supports the processes and aims to 


integrate the whole company. 


The IT system used to support the processes is far from a technological solution that effectively 


withstands the processes in what they are most critical.  


The IT tools that exist in the company are enough to support the process management. 


Knowledge 


management 


The company uses several ways to disseminate the knowledge generated during the process 


execution. At the management level, periodic meetings are conducted with the participation of the 


managers and the main leaders. 


For the implementation of the orientation by processes were selected people with great knowledge 


on the subject and that help in the trainings and in the construction of a culture favorable to the 


orientation by processes.     


The systematization and dissemination of the knowledge generated during the process execution is 


made individually. The areas perform meetings for the exchange of experience. 


Process 


management 


establishment 


It has not yet been defined a process management methodology which contains the procedures for 


its establishment in the whole company.  


Continuously the organization has to generate innovations to mitigate the production decline or to 


increase the income or to reduce the cost.  


For the process management get into the culture of the company, it must support the intense work 


executed by the organization.  


The barriers identified for the establishment of the business process management are the 


ignorance about the subject and the organization structure by business areas that influence how 


the process management should be implanted. The vertical vision of the company stimulates the 


isolation of some areas. 


Maturity 


evaluation 


establishment 


The evaluation must work as a tool for the induction and encouragement of the pursuit for quality. 


It must stimulate the managers to improve the quality of their processes.  


The establishment must not be centered and use self-evaluation procedures.  


The comparison between similar processes must be stimulated. 


The maturity evaluation mustn’t be to supervise, but to induce the improvement. If it is transformed 


into an auditing tool of the company, the resistance will be big and will hardly be incorporated into 


the company culture.  


You cannot think of a standard model for the company. Each group of processes has different 


features that must be respected.  


Source: The authors 2011 


The results of the evaluation indicate that the organization already use tools in defining and mapping of 


processes and indicators to measure the performance of processes. In some areas there are initiatives of 


process control. However these procedures are not used in a systematic way and were not disseminate 


through the whole organization. 


The organization strongly invests in innovation. Two practices are used for innovation: one is (pontual) 


and occurs in operational processes with a high level of standardization; the other one is systemic and is 


used in the processes that generate income, where the standardization is lower. The company does not 


have an innovation policy to the processes. 


The capacitation in process management is mainly guided for the employees at the operational level and 


explains mostly of the teamwork and the identification and solution of problems. Nevertheless this activity 


is not treated in a systematic way and uses systems from Total Quality team.  


The IT support is mostly linked to the process mapping and does not support effectively the processes 


which are most critical. 


The company uses several ways to disseminate the knowledge, however the standardization and the 


dissemination of the practices is held in a (pontual) way. 


As the establishment of the process management, the company does not have a corporative 


methodology for it. The ignorance about the process management and the structure by business units are 


barriers for this establishment and the organizational culture is a great challenge.  
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In relation to the establishment of the maturity evaluation, it must stimulate the participation of the 


managers; avoid excessive bureaucracy in its establishment does not turn into a supervision tool, but into 


an instrument to improve the quality of the processes. 


5 Conclusion 


This paper presented a group of criteria and subcriteria desirable for the evaluation of the maturity of the 


process management. 


From the literature review about the attributes used by the maturity models, were proposed eleven 


criteria and twenty seven subcriteria for evaluation. The group proposed was used for the evaluation of 


the business process management practices of a large oil and gas company. 


The results indicate that the organization uses tools in defining and mapping of processes and indicators, 


but not in a systematic and disseminated way through the whole organization. Despite the fact that it 


uses innovation and systemic practices, the company does not have a corporative policy of innovation. 


The qualification in process management is performed mainly for the employees of the operational level 


and it’s not treated in a systematic way. The support of information technology does not support the 


processes effectively. The company uses several ways to disseminate the knowledge, but in a (pontual) 


way. The main barriers for the establishment of the process management are: the lack of a corporative 


methodology, the ignorance about the subject, the organizational structure by business units and the 


organizational culture. To facilitate the establishment of a maturity evaluation of the processes, the 


company must stimulate the participation of the managers, avoid bureaucracy and use the evaluation as 


an instrument for the improvement of the process quality. 


The main limitation of this paper concerns to the fact that there may be other characteristics that were not 


included in this study. 


As guidance for future researches related to the present theme, it is suggested the statistic validation of 


the group of criteria and subcriteria proposed in other organizations that are recognized by their excellent 


practices in business process management. 
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Abstract 


Service delivery typically requires multiple interactions between customers and the service system. The production of 
services involves flows of inputs and outputs between customers and providers (e.g. information), through the 
interaction with employees and technology interfaces (Sampson, 2000, Frohele and Roth, 2004). Service scholars 
acknowledge customer interaction as a key determinant of service quality, and have extensively investigated how 
customers assess the interactions with providers. Many service contexts involve intense customer-to-customer 
interaction (CCI) which can also have strong impacts for service results (e.g. retail stores, transportation services...). Yet, 
to the best of our knowledge, research about how to design service delivery processes for effectively supporting CCI 
has been relatively scarce. Our work provides a contribution to the field of service management by considering CCI as 
a pertinent issue for service strategy and for the design of service processes. We conduct an exploratory study in the 
context of trade fairs services which include CCI as core element of the service delivery. Organizers of trade fairs need 
to setup service delivery processes which maximize the benefits from CCI for its customers. The work contributes to 
the knowledge concerning the design and management of CCI by providing a set of research propositions which set 
an agenda for empirical research about i) the characterization of distinct types of CCI in the context of CCI-driven 
services such as trade fairs; and ii) the variation of CCI behaviors throughout service delivery, as well as with the 
nature of customers goals in trade fairs. 


Keywords: customer-to-customer interaction, CCI-driven services, service process design 


1 Introduction 
In this paper we address CCI in the context of CCI-driven services: services where customer interactions 
are a core element of the service delivery process. Specifically we look at CCI in the context of trade fairs 
services, a service setting which involves intense and diversified customer interactions. The purpose of this 
work is to provide a contribution for the development of knowledge to assist service providers’ in the 
setup of service systems with explicitly include customer interactions in the service delivery process. The 
motivation for the work is twofold: first there’s a lack of research addressing CCI in service settings where 
customers’ interactions represent a core element of the service experience. Most work in the field has 
been devoted to the study of CCI that occurs between unacquainted customers whom, for example, 
happen to share a service setting (e.g. retail stores); second the work about CCI has extensively addressed 
the characterization of customers’ CCI behaviors whereas the investigation about the service design 
decisions that providers need address to implement service systems which facilitate the desired CCI 
remains very scarce. 


The paper provides a contribution to the field of service management by addressing CCI in the context of 
trade fairs services, a setting where customer interactions are a core element of service experience. The 
paper builds on the literature about CCI and trade fairs services, to develop a set of research propositions 
regarding the nature and the purpose of CCI in the context of CCI-driven services.  This work is a first part 
of an on-going research work about CCI in trade fairs services, which is now in the phase of validating and 
refining the suggested research propositions trough empirical work. The paper is structured in two main 
sections: a first part (section 2) is devoted to the review of relevant literature about the definition and 
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characterization of CCI, and to the discussion of the implications of CCI for service value; the second part 
(section 3) focuses on the literature about trade fairs and the goals which drive customers’ attendance of 
trade fairs. Research propositions are presented at each section. 


2 Defining CCI and CCI-driven services - a call for research 
In this section we present a concise review of CCI literature with the purpose of clearly characterizing the 
concept of CCI, and of identifying the gaps in the literature which motivated this work. The section 
includes an overview of the definitions of CCI, and of CCI-driven services (which are the focus of this 
work), and a sample of references supporting the importance of CCI for service quality and customer 
value perceptions. We then offer a first set of general research propositions about the nature and the 
purpose of CCI in CCI-driven services.  


 


2.1 CCI and CCI-driven services 
CCI is a broad concept used to refer to an ample range of interactions that take place between customers 
during service delivery. In retail settings, for example, customers often engage in conversations with each 
other to exchange information which facilitates the service process - e.g. asking for help in locating an 
item in the store, asking for advice or opinions about the suitability of an item for a specific purpose or 
occasion, etc. - (Harris et. al, 1997). Although CCI is present in a wide variety of service industries, it has 
been mostly addressed in settings such as retail (see for example Parker and Ward, 2000, Baron et. al, 
1996) and travel and leisure services (von Lehn, 2006, Harris and Baron, 2004, Martin, 1997).  


The literature documents well the diversity of forms that CCI can assume. McGrath and Otnes (1995) 
proposed a classification to capture the diverse social and informational exchanges that take place 
between unacquainted retail customers. Their work distinguished situations in which customers engage in 
explicit interactions – labeled as overt customer influences – from other instances in which, although 
customers exert influence over each other’s behavior, some of them can be oblivious or even unaware of 
such interactions – labeled as covert customer influences. Their work documented situations in which 
customers respond to others facing a problem or a service difficulty (overt influences when customers act 
as proactive help-seekers, as well as covert influences observed in  behaviors of followers and observers); 
it described also instances when customers presume to have a value or experience to contribute to 
another (overt influences: reactive helpers; as well as covert: judges, accused, spoilers), and also cases 
where customers provoke some sensory stimulation that has the effect of catching others’ attention 
(covert influences: admirers, complainers) and finally settings in which customers compete for limited 
resources (overt influences: competitors). Several other authors also contributed to the characterization of 
the differentiated possible customer roles in CCI, for example by: highlighting the need to distinguish 
proactive from reactive interaction (e.g. proactive vs. reactive helpers in Parker and Ward (2000)); 
identifying situations in which CCI results from customer incidents (e.g. Grove and Fisk (1997) 
distinguished protocol incidents, such as physical and verbal incidents in line, from sociability incidents 
such as ambiance incidents ) and addressing also dysfunctional customer behavior (e.g. Harris and 
Reynolds (2004) proposed eight categories of misbehavior – property abusers, oral abusers, vindictive 
customers, etc.).  


Customers’ collaboration and socialization is very common in service encounters which take place in the 
presence of other customers (e.g. public transport, retail, etc.), and can be particularly stimulated when 
customers have to share time (e.g. wait for the service) or any service resources or utensils (e.g. using self-
service technologies). Moreover, CCI is neither restricted to on-site customer interactions, or to the service 
encounter. Customers often seek for other customers inputs before, or after, a service encounter using a 
technology interface such as the internet (e.g. a priori searching for customers’ opinions’ and ratings 
about a service, or any other word-of-mouth behavior) , (Nicholls, 2005, Harris et. al, 2000). 
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In some services CCI is not restricted to short interactions between strangers such as the ones described 
above, but rather, it is one of the main sources of value creation. Examples include tourism and leisure 
services, such as adventure holidays, for which CCI is an integral element of the intended service 
experience, and is often planned in advance. The importance and the slightly distinct role of CCI in such 
services has been acknowledged by being specifically labeled as “CCI-driven services” (Nichols, 2007). 
However, CCI literature has essentially addressed the occasional customer interactions, whereas the study 
of CCI-driven services remains scarce. Some authors have contributed with exploratory studies of cases of 
CCI-driven services which highlight the specificity of the management of CCI in these settings. Baron et al. 
(2007) conducted a study of in the context speeddating services, a setting in which conversations between 
strangers are at the core of the service delivery and experience. The study provides key insights to assist 
service providers in influencing and structuring CCI in such settings, for example by identifying distinct 
roles that service providers can assume to foster CCI (e.g. service providers as shapers of CCI, influencers 
or recognizers) (Baron et al., 2007). The need for further investigation of CCI-driven services has been 
acknowledged by seminal authors in the field (e.g. Nicholls, 2010), and is further justified by the 
widespread presence, and importance, of CCI-driven services in our economies - CCI-driven services can 
be found in a wide variety of industries, such as tourism, education or leisure. 


 


2.2 CCI management and implications for value  
Customer interactions can have substantial impacts for the quality of the service encounter, and therefore 
influence customers’ perceptions about the service experience. This is particularly true for CCI-driven 
services. Nevertheless, also when CCI is less central or indirect (Martin and Pranter, 1989), not planned or 
merely occasional, any positive/negative interactions with fellow customers have been found to 
substantially influence repatronage decisions (Parker and Ward, 2000). Studies addressing the link 
between CCI and variables such as customer satisfaction and loyalty include the work of Moore et al 
(2005) which found a significant relationship between CCI and customer loyalty in hairdressing saloons; 
Harris et al. (1997) which found a positive relationship between CCCI and customer satisfaction with the 
purchase process in retail settings;  Wu (2007) which investigated the relationship between CCI, customer 
homogeneity and customer satisfaction in tourism services and found support for positive relationships 
between “protocol and sociable incidents” the “evaluation of fellow customers” and customer 
satisfaction. Their work also highlighted the importance of customer compatibility in CCI contexts, as they 
found “marital homogeneity” to have a positive influence on the “evaluation of fellow customers”.  


The importance of CCI for service quality and value has been acknowledged by seminal service 
frameworks which have explicitly included customers’ interaction in their models of service production. 
For example, the servuction model proposed by Eiglier and Langeard (1977) included in representation of 
the components of service delivery systems which are visible for the customer (and affect service 
production and customer value perceptions) the service surroundings, the contact personnel but also a  a 
“customer B”, clearly illustrating the potential influence of CCI for the service experience. Likewise, 
customer interactions appear in the models of service production developed by Gummesson (1993) and 
service relationships from Martin and Clark (1996). These conceptualizations are consistent with the 
approaches which address the importance of customer participation in service production.  Kelley et. al 
(1990), for example, suggested that customers’ organizational socialization (e.g. environmental cues, 
observation of other customers, etc.) could be an important tool for enabling customers to learn the roles 
associated with the encounter, highlighting how it could be particularly important for services requiring 
higher customization or customer participation (e.g. active roles, self-service, etc.). In CCI-driven services 
the interactions between customers are an expected element of the service delivery process, and often 
constitute the core element of the service. As such the importance of customers’ interactions for service is 
notably stronger than what usually happens in service setting where CCI is occasional. 


The importance of CCI for service outputs and value places it as an area of key concern for service 
managers. Naturally, service providers set in place more or less explicit tools and strategies to influence 
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CCI in desired ways (e.g. which can start for example with strategies of selection and segmentation of 
customers), fostering desirable while minimizing undesirable customer behaviors (Claycomb and Martin, 
2002, Pranter and Martin, 1991).  Martin and Pranter (1989) identified ten roles that service providers can 
adopt in the context of the management of CCI – e.g. legislator, matchmaker, teacher, etc. In the specific 
context of CCI-driven services this naturally becomes a core area of service management, which includes 
the management of customer behavior but as well the a priori design of the service delivery process.  


The design of service delivery processes and the settings for supporting the service encounter are issues 
which have typically received substantial attention in service literature, given the importance that the 
process experience has for service outputs and customer value. Decisions such as: decoupling front-office 
and back-office service operations (e.g. Chase, 1981), segmenting service delivery processes into relevant 
operational phases/activities and portraying the associated service production interactions (and 
production flows) (e.g. Karmarkar and Apte, 2007, Kingman-Brundage et al., 1995, Bitran and Lojo, 1993)  
choosing adequate interfaces for supporting customer interactions with the service provider - e.g. face-
to-face, mediated by technology, etc. - (e.g. Froehle and Roth, 2004), are among the most addressed 
issues. Such service delivery system design choices were conceptualized by Menor and Roth (2003) as part 
of a triad which links these decisions with the provider’s projected service concept and it’s target market, 
specifically highlighting the need to align service design choices with the market context and the service 
strategy. Although service process design is a prolific domain of service management literature, we still 
lack work which explicitly addresses the design decisions related to the specification of the service system 
elements for supporting CCI. In order to address this gap this paper offers a set of research propositions 
about the service design decisions, in the context of CCI-driven services, which draft an exploratory 
agenda for empirical research in CCI-driven services. 


At this exploratory phase the primary goal is to contribute to the characterization of the nature of CCI 
throughout delivery of CCI-driven services. Such exploratory research work would ideally provide a set of 
typologies and classifications for distinct modes and purposes of customers’ interaction taking place in 
CCI-driven services, very much like what was developed for non-routine/occasional CCI (e.g. see the work 
of McGrath and Otnes (1995) referred in section 2.1. of this paper). A thorough understanding of 
customers’ preferences and priorities in CCI would be of great assistance for guiding service providers 
design choices for the setup of adequate service delivery systems. Accordingly we offer a first set of 
research propositions concerning the investigation of the nature of CCI across distinct phases of CCI-
driven services. The first proposition concerns the investigation of distinct types and CCI behavior 
throughout distinct phases of CCI-driven service delivery processes. Service literature has documented 
how the nature of service operations varies across the successive activities that take place during the 
delivery of a service (e.g. accessing for information before a service encounter, exchanging information or 
placing an order during the service encounter, etc.). Accordingly the goals which will drive customers’ 
interactions are likely to vary at each step, therefore determining diverse CCI behaviors. We therefore 
offer the following research proposition. 


Proposition 1. In CCI-driven services the nature of CCI will vary across distinct phases of service delivery 
(before, during and after the service encounter).  


A further development of this proposition could include the investigation of specific design decisions 
relevant for the setup of a service delivery system explicitly including CCI. For example the investigation 
could address the identification of customer preferences regarding the utilization of distinct types of 
interfaces for supporting CCI (e.g. face-to-face interactions, interaction mediated by information and 
communication technologies, etc.). Accordingly we offer an example of a research proposition addressing 
this design decision. 


Proposition 1.1. In CCI-driven services the engagement in distinct types of interaction (e.g. face-to face, 
mediated by technology, etc.) will vary across service delivery phases. 


Further research propositions can be developed for similar design decisions concerning other service 
system elements, related to the support of CCI, which could be likely to vary across the service delivery 







 
Managing Customer-to-Customer Interaction in Service Delivery: the Case of Trade Fairs 


ID153.5 


phases. The next chapter addresses CCI such issues in the specific context of trade fairs services, and 
therefore provides an illustration of how research propositions can be advanced according to each 
specific service context.      


3 The importance of CCI in Trade Fairs Services 
In this section we focus on a specific case of CCI-driven services with substantial importance across 
various industrial sectors: trade fairs services. The first sub-section is devoted to the characterization of 
trade fairs services, specifically in what concerns the importance and the diversity of CCI taking place in 
these services.  The second part provides a review of the performance goals pursued by customers 
attending trade fairs. We suggest that customers’ performance goals are the key driver for their 
engagement in CCI in trade fairs, and we develop a set of research propositions which suggest the need 
to address how distinct performance goals influence the nature of CCI in trade fairs. 


 


3.1 Trade fairs as examples of CCI and call for research about TFO 
Trade fairs are a locus of encounter privileged by many industrial and service actors. Typically trade fairs 
present companies with good opportunities to collect and/or disseminate information about new 
products and services, and are recognized as particularly useful in the processes of complex industrial 
purchases (Rosson and Seringhaus, 1995). Trade fairs have therefore proliferated and have diversified their 
focus and specialization, evolving as an important marketing tool. There’s ample evidence that trade fairs 
represent an important share of firms’ marketing and communication budgets (Munuera and Ruiz, 1999) 
particularly for many small and medium sized companies (Bello and Barzack, 1990). 


Trade fairs are a good example of CCI-driven services. Fairs offer their visitors the possibility of engaging 
in direct contacts with each other (e.g. buyers and sellers, competitors, etc.) in settings which can gather 
an attractive volume and diversity of counterparts which are difficult to equal via other interaction and 
communication strategies. Such direct interactions provide key benefits for trade fairs attendees, which 
include the development of commercial and partner relationships, but also enable, for example, the 
possibility of displaying and/or inspecting products which are difficult to move or complex in design and 
operation. 


As service providers, trade fairs organizers aim to provide optimal conditions for the development of 
interactions between their customers: trade fairs visitors and exhibitors. This conceptualization of trade 
fairs as a bundle of services provided by trade fair organizers has been suggested by authors such as 
Munuera and Ruiz (1999), which describe exhibitions as a “composition of a sequence of services and 
activities that have to be perfectly coordinated”. The organization of trade fairs can therefore be 
addressed in from a perspective of service design and service management. 


In accordance with our primary goal of contributing to the characterization of CCI throughout delivery of 
CCI-driven services, a first important observation concerns the diversity of CCI taking place in trade fairs 
services. Rosson and Seringhaus (1995) have documented how customers’ interactions are very diverse 
before the fair/encounter (e.g. visitors look for information about the trade fair from more experienced 
visitors), during the fair (e.g. collecting information to aid purchase decisions) and after the event (e.g. 
purchases or contracts celebrated with industry partners met at the fair).  Their work supports our 
conviction that the nature of CCI across distinct phases of trade fairs services is very diverse and will 
therefore require distinct service design options from service providers (see Figure 1). This is in 
accordance with the service process approach adopted in this paper (see Proposition 1, which subscribes 
to service management views which acknowledge the existence of distinct relevant operational 
phases/activities throughout service delivery). 
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Figure 1: CCI in trade fairs. Source: Rosson and Seringhaus, 1995, pp.82. 


Another important aspect from the work of Rosson and Seringhaus (1995), which can help the 
advancement of the research about CCI in this context, is the explicit recognition that customers engaged 
in CCI have very diverse profiles. In their model (Figure 1), the authors distinguish two types of customers 
of trade fair services “visitors” and “exhibitors” whose distinct goals and expectations about the service 
will shape their CCI behaviors. The characteristics of customers have been often referred as important 
factors influencing the nature and the intensity of CCI in services (e.g. see for example the early work 
about customer compatibility developed by Martin and Pranter (1989)).  In CCI-driven services the 
adequate management of the match between customers with distinct goals is core to the quality of the 
service experience. We therefore propose an extension to the conceptualization developed by Rosson and 
Seringhaus, and we suggest the relevance of explicitly distinguishing three categories of CCI in trade fairs 
which are likely to cal for distinct service design requirements and approaches form service provider: CCI 
categories corresponding to the three dyads of the main trade fairs customers: visitor-visitor, exhibitor-
exhibitor and , visitor-exhibitor. We therefore offer the following research propositions concerning the 
nature of CCI and their diversity across service process phases, and across distinct categories of CCI.  


Proposition 2. In trade fairs services the nature of CCI will vary across distinct categories of trade fairs 
interactions (visitor-visitor, exhibitor-exhibitor, visitor-exhibitor). 


Proposition 2.1. In trade fairs services customers the importance of distinct categories of trade fairs 
interactions will vary across service delivery phases. 


Proposition 2.2. In trade fairs services the engagement in distinct types of interaction (e.g. face-to face, 
mediated by technology, etc.) will vary across the categories of trade fairs interactions (visitor-visitor, 
exhibitor-exhibitor, visitor-exhibitor). 


3.2 Customers’ performance goals from trade fair attendance 
The variation in customers’ interactions in the context CCI-driven services discussed in the previous 
sections is likely to be also influenced by the nature of the goals pursued by trade fairs visitors and 
exhibitors. Trade fairs customers attend fairs for a variety of motives which range, for example, from short 
term goals (e.g. confirm purchase decisions/choices), to long term objectives (e.g. reinforce contracts or 
relationships) (Godar and Connor, 2001). Other authors addressing this subject have further illustrated the 
diversity of customer objectives driving trade fair attendance: on the side of exhibitors, Munuera et al 
(1993) found that objectives can be to contact potential clients, enhance the company image, launch new 
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products or new services to the market; Shipley and Wong (1993) highlighted the importance of 
qualitative objectives concerning customer contacting, image building, intelligence collection, etc.; as for 
visitors research results highlight issues like the importance of assessing new products and obtaining 
technical information, as well as to get to know new companies, etc.  (Morris, 1988). A particularly 
interesting contribution can be found in the work of Hansen (2004)   which developed a scale to measure 
the performance of goal attainment at trade shows. Hansen (2004) identified five dimensions of 
performance which are relevant for trade fairs exhibitors. The scale includes an outcome-based dimension 
– sales related activities - and four behavior-based dimensions – information gathering, relationship 
building, image building and motivation activities related to the role that trade fair attendance can play as 
a rewarding tool used by companies to reward employees’ performance.  


As CCI is the core tool to the attainment of the aforementioned customer goals in trade fairs services, it is 
likely that the moment, the mode (etc…) of each interaction will vary accordingly. We therefore add to the 
list of research propositions another group which calls for the investigation of how customers’ trade fairs 
goals affect the variation of CCI across service phases. Likewise we suggest that differences in customers’ 
goals will also be associated to the choice of distinct interfaces to support the interactions, as well as will 
affect the importance of the three dyads of trade fairs CCI which will be privileged by customers (as 
described before: visitor-visitor, visitor-exhibitor, and exhibitor-exhibitor). We therefore offer the following 
research propositions concerning the influence of customers trade fairs goals’ for the diversity of CCI  
behavior. 


Proposition 3. In trade fairs services the nature of CCI will vary with customers’ performance goals.  


Proposition 3.1. In trade fairs services the importance CCI in each service delivery phase will vary with 
customers’ performance goals. 


Proposition 3.2. In trade fairs services the importance of distinct types of interaction (e.g. face-to face, 
mediated by technology, etc.) will vary with customers’ performance goals.  


Proposition 3.2. In trade fairs services the importance of distinct categories of interaction (e.g. visitor-
visitor, visitor-exhibitor, and exhibitor-exhibitor) will vary with customers’ performance goals. 


The further development of the suggested research propositions could involve the specification of 
research hypothesis for a set of customer goals selected from a priory developed scales available in trade 
fairs literature, such as the one in the work of Hansen (2004) which was described in this section. 


4 Conclusion, on-going work and directions for further research 
The purpose of this paper is to provide a contribution for the development of research addressing CCI in 
CCI-driven services. Specifically we suggest that trade fairs are a CCI-driven service of particular interest, 
given their generalized importance across industrial sectors and the variety of CCI behaviors that they can 
host. The focus of this work is predominantly operational. Our primary goal is to develop knowledge 
which can assist service providers in the design of service systems which explicitly account for CCI, and 
provide the adequate service structure to enable it (e.g. technologies for CCI, CCI activities at distinct 
service process phases, etc.). The paper offers a timely contribution for several reasons. First there’s is a 
general lack of research about customers’ interactions in CCI-driven services, such as trade fairs, where 
CCI plays a central role in service delivery and value creation. Most research about CCI has addressed 
occasional interactions between unacquainted customers.   Second CCI research has mostly been focused 
on the investigation of customer behaviors, rather than on the issues regarding the design of service 
systems involving CCI. We have learned that customers perform a variety of roles, and we have also some 
illustrations of service provider strategies to influence those behaviors. However we don’t know much 
about how to design service settings, service encounters, and in general service delivery processes to 
facilitate the desired CCI behaviors (particularly in CCI-driven services). We therefore suggest as key 
proprietary task the need to investigate the variety of CCI taking place throughout service delivery 
processes in CCI-driven services, in order to build a characterization of CCI which supports further 
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empirical research in the field. Finally we select trade fairs services a relevant field to conduct exploratory 
research in CCI-driven services, because trade fairs services involve a variety of CCI (e.g. visitor-visitor, 
exhibitor-exhibitor, visitor-exhibitor, before, during and after the trade fair, etc.)  that call for distinct 
service design choices. 


In the paper we present a short review of CCI literature for framing the concept of CCI, discussing its 
implications for service value, as well as highlighting the importance of service design for effective CCI. 
We then offer a first set of general research propositions about the nature and the purpose of CCI in CCI-
driven services. Next we provide an overview of the literature about trade fairs design and customers’ 
motives in trade fairs, to develop another set of research propositions linking customers’ goals and the 
nature of CCI. The paper drafts an exploratory research agenda to characterize CCI in CCI-driven services. 
This paper is part of on-going research work. The next steps in the research include a set of exploratory 
interviews (on-going at this stage) with trade fairs visitors and exhibitors which aim to validate and refine 
the research propositions, specifically be enabling a more detailed characterization of the diversity of CCI 
taking place in these service settings.   
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Abstract 


The relationship marketing, or CRM (Customer Relationship Marketing), is seen as a proficient competitive edge in a 
world living in constant growing competitiveness. Considering the lack of CRM measures, especially in Brazil, this 
article has as a main goal the elaboration and validation of the Disney Parks Customer Relationship Scale, based on 
the Customer Relationship Scale (CRS), validated by Rozzet and Demo (2010), regarding an organization which is 
considered a model on customer loyalty, the Walt Disney Co. The research is characterized as multimethod 
(qualititative and quantitative) and the results shows that the Disney Parks CRS presents good psychometrical rates, 
constituting an important diagnostic instrument for Walt Disney Co. or other entertainment-based organizations who 
plan to improve its relationship with customers. Regarding academic issues, this research adds to CRM studies when it 
produces a scientifically validated instrument which allows realizing relational studies on entertainment, more 
specifically, theme parks, fulfilling a gap noted on scientific literature.  


Keywords: marketing; customer relationship management; customer loyalty; scale development and validation; 
exploratory factor analysis. 


1 Introduction 
It is already consensual, among the main authors on Customer Relationship Management (CRM) (VAVRA 
1993; WILSON and VLOSKY, 1997; MCKENNA, 1999; NGAI, 2005; PAYNE, 2006), the relevance of 
relationship management between organizations and its customers. On that track, the adaptation of the 
organizational capacity to detect opportunities in the market and the constant effort of companies on 
establishing long term relationships with its business partners and, especially, with its clients, has been 
established as a priority on enterprises (DEMO; PONTE, 2008). Vavra (1993) defends that relationship 
marketing advocates the creation and maintenance of long term relationships with strategic customers, 
the main source of organizations profit, in other words, the transactional approach was overcame by CRM. 


The Walt Disney World parks, in Florida, USA (hereafter Disney parks) are a successful case on customer 
retention, presenting rates that exceed 90% on customer revisit (CONNELLAN, 1998). Nowadays, this 
enterprise is part of a company which owns the 9th most valuable brand in the world: it is worth US$ 29 
billion. When studying communication and media market itself, the company takes the top and maintains 
a significant distance from the second place, Thomson Reuters, which is worth US$ 9 billion 
(INTERBRAND, 2011). 


Thus, this research is based on the following question: “How Brazilian customers notice aspects of their 
relationship with Disney parks?” Therefore, the main goal of this essay is the elaboration and validation of 
Customer Relationship Scale (CRS) aimed on theme parks, called Disney Parks CRS, built in order to allow 
the identification of Brazilian tourists relationship perceptions with Disney parks. Furthermore, it was 
identified customer perception in three separate variables of control: gender, age group and number of 
visits. Finally, the results gathered were presented and discussed. Final considerations are outlined, with 
special focus on the study’s contributions and future research recommendations. 
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2 Theoretical Background 
It is important to consider, on organizational studies, the competitiveness perspective. Among with 
globalization and new technologies, competitiveness is imperative, resuming, in its core, the non-stop 
organizational search for competitive edge. In this context, the achievement of customer loyalty has been 
established as a priority in organizations (DEMO; PONTE, 2008). 


According to Porter (1991), the competitive edge is the result of the organizational capacity on realizing, 
in an efficient way, a set of activities required to obtain a lower cost compared to competition or 
organizing such activities in an unique way, capable of creating an unique value to customers. Kumar et al 
(2011) investigated if market orientation is, indeed, a source of sustainable competitive edge and 
discovered a positive effect of market orientation when crossed with business performance on either long 
or short terms. Then, in order to obtain high levels of prosperity, capacity on reinventing themselves and 
competing, the relationships between organizations and their clients acquire special meanings and the 
CRM, comprising aspects of satisfaction, customer loyalty and, mainly, the non-stop offer of unique and 
enchanting experiences to them, present themselves as a profitable differential when talking about 
competitiveness. 


For Grönroos (1994), Sheth and Parvatiyar (2002), and Payne (2006), relationship marketing represents a 
paradigm shift on marketing concepts, defending a change on marketing orientation from winning 
customers to customer retention and loyalty. On Payne’s (2006) view, CRM provides opportunities to use 
information, knowing clients better, offering value by customized sales and developing long-term 
relationships. It is, then, required that the company owns know-how on processes, operations and 
integration in order to allow that the core of marketing may become the philosophy which guides the 
business. This vision confirms the holistic idea of relationship marketing, where there is interaction among 
all parts of the organization.  


Vavra (1993) also considers the acquisition as the beginning of the relationship. The constant after-sale 
interaction represents an extremely important piece in order to allow the relationship to be settled, being 
as important as the sale itself. He defends the change from the “make a sale” spirit to “begin a 
relationship” one and from “close a deal” to “built loyalty”. Such switches reflect the transition from the 
transactional marketing to the relationship one. On the same line, McKenna (1999) presents a strategic 
relationship marketing approach placing the customer in first and changing the marketing role of 
manipulating customers to maintain a real commitment with them. Therefore, defending the principles 
which emphasize the retention of profitable customers, multiple markets and an approach regarding 
multifunctional marketing, in which the responsibility for marketing strategies development and 
relationship with the customer is not limited to marketing department only. 


According to Reichheld and Sasser (1990), as the relationship between the organization and the customer 
extends, the profits grow. The authors state that “firms can increase profits in almost 100% retaining just 
5% of its customers” (p.105). The authors further contend that the clients who generate greater profits for 
each additional year remain with the company. Due to the large increase in competition and the constant 
technological improvement, customers own a much larger range of choices in comparison to what they 
had previously. Within this context, Payne (2006) states that the distinguishing factor, then, become the 
delivery of an exceptional service, distinct and consistent. Competitive edge can be acquired by knowing 
the expectations, preferences, and customer behavior. Thus, retaining customers, developing a 
relationship and continuously satisfying them can be considered the basis for a successful trajectory for 
most organizations. “Long-term customers buy more, take shorter time from the company, are less 
susceptible to price and bring new customers, spite of not having acquisition costs” (REICHHELD, 1996, p. 
02). Following this path, Demo and Ponte (2008) say that it costs around 10 times more to acquire 
customers than to maintain them. 


With its emergence in the nineties, CRM quickly became an extremely relevant proposal. However, the 
comprehension of what CRM means is still limited. Many companies do not understand CRM as a 
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marketing synonym and see it as a technological solution, committing a mistake of equaling customer 
relationship marketing with support systems for CRM implementation. 


For Payne (2006), CRM is a strategic holistic approach to manage the relationship with customers in order 
to create a value to the stockholder. He defends that the CRM provides more opportunities to the data 
and info utilization with the goal of understanding the customer and implementing, in a better way, the 
relationship marketing strategies, but that does not limit it as just an information system or just as a 
technologic tool. The author stresses that the importance on defining CRM correctly is not a semantic 
preciousness. Such definition significantly impacts the way how CRM is understood, implemented and 
practiced in organizations. 


Regarding this controversy, Bygstad (2003) conducted a longitudinal 6-year case study of a company 
implementing CRM both as a marketing principle and as an information system, concluding that the high 
failure rate of CRM projects illustrates the gap between intentions and outcomes. Based on his study’s 
results, Bygstad (2003) purposed two options to improve CRM practice. From a managerial view CRM 
projects should be treated as complex challenges, needing tight project control and the application of 
change management techniques, focusing on the marketing process and data quality. In contrast, it’s 
important to accept that the mechanisms at work at the micro level are only partly controllable by 
management techniques, so that companies must let the infrastructure grow organically. 


In this sense, Payne (2006) highlights that CRM, to be well-succeeded, needs to be infused with strategic 
vision to create value to the stockholder through the development of relationships with strategic 
customers, bringing together the potential of information technology (IT) to the relationship marketing 
strategies which will result in the establishment of profitable long-term relationships. The recent 
production about CRM on international articles bring studies that confirm those ideas such as Mishra and 
Mishra (2009), who presents the successful implementation of CRM from process perspective in a 
transnational organization with operations in different segments. According to the authors, as more and 
more organizations realize the significance of becoming customer-centric in today’s competitive era, they 
adopted CRM as a core business strategy and invested heavily.  


Huang and Xiong’s (2010), who noticed that CRM reached a strategic maturity and it influences the whole 
cycle of life of a product and not only the before or after-sales stages. Still on the enlargement of CRM 
influence, Ernst at al. (2011) sustain that its potential has been only investigated on already existent 
products cases, but it should be considered on the development of new products as well, once their 
studies showed that CRM has a positive correlation with performance and success of new products. Also 
considering that corporative culture has not been sufficiently studied on relationship marketing, Iglesias, 
Sauquet and Montaña (2011) presented a model of corporative culture from a CRM-oriented 
organization. The results showed two primary factors needed for its effectiveness: “client orientation” and 
“high level of care for employees”. Moreover, other six shared values (confidence, involvement, teamwork, 
innovation, flexibility and results orientation) also would facilitate the orientation development towards 
relationship marketing.  


As for literature reviews regarding CRM, it was considered as a milestone Ngai’s (2005) first article that, 
considering the academic literature about customer relationship marketing, analyzed 205 articles in 
different databases and published over 85 different academic reviews from 1992 to 2002. Ngai’s (2005) 
study concluded for the force of CRM research, questioning about the low percentage of essays related to 
CRM privacy, and predicting that the field will continue to present significant growth during the next 
years. 


The latest revisions were from Ngai, Xiu and Chayu (2009) and Wahlberg et al. (2009). Ngai, Xiu and Chayu 
(2009) did the first academic revision about the application of data mining techniques for CRM. The article 
provides an academic database about the literature from 2000 to 2006, which comprehends 24 scientific 
reviews and proposes a classificatory scheme that comprises 900 articles, which were identified and 
analyzed regarding the direct relevance for the application of data mining techniques for CRM. The 
categorization took into account 4 CRM dimensions (customer identification, customer attraction, 
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customer retention and customer development) as well as 7 data mining functions (association, 
classification, cluster, prediction, regression, discovery of sequential patterns and visualization). The results 
showed that customer retention area is the most researched of all and for the most investigated themes, 
the one-to-one marketing and loyalty programs. On the other hand, models of classification and 
association are the most commonly used in data mining regarding CRM. 


Wahlberg et al. (2009) contributed to the CRM research knowledge questioning how has been the 
evolution of CRM research through time, identifying trends and research topics from 4 investigation areas: 
strategic CRM, analytical CRM, operational CRM and collaborative CRM. 468 articles were selected and the 
result showed that the number of articles about CRM as a specific topic was relatively low until the end of 
the nineties, just like it was pointed by Ngai (2005), confirming the aspect of novelty CRM holds on 
marketing research. According to the authors, the results showed a maturity in the CRM scientific research 
field, which is dominated by CRM subfields of strategic and analytic CRM, including a change from 
analytic CRM to the strategic one, which was the most popular by the end of the studied period of time. 
Another conclusion withdrawn from the study was the predominance of the research on great companies 
at the expense of medium and small businesses whose characteristic must be taken into account. 


Finally, to evaluate satisfaction, loyalty and customer value, it can be mentioned as examples the scales 
validated by Rust, Zeithaml and Lemon (2001), Perillo (2007) and Huber, Hermann and Henneberg (2007) 
notwithstanding with respect to CRM measures, it is observed a still shy production of scales, considering  
that it has only been identified 4 scales, with differentiated approaches, being two of them on 
international scientific literature and the other two on national scientific literature. The first one was 
elaborated by Wilson and Vlosky (1997) for corporate market, and after validated and adapted to the 
Brazilian reality by Viana, Cunha Jr. and Slongo (1999). The third one was built and validated by Sin, Tse 
and Yim (2005) which aims to measure the CRM dimensions practiced by the company, and the most 
recent of all was built and validated by Rozzett and Demo (2010) and Demo et al, (2011) for consumer 
market. 


3 Methodology  
The research is classified as instrumental, descriptive, transversal and multimethod, merging both 
qualitative and quantitative approaches. 


For the qualitative research, 23 Brazilian people, who had already been to Disney parks in Florida, were 
interviewed. These individuals contributed for the construction of new items about relationship to be 
added to the items from Customer Relationship Scale (CRS), developed and validated by Rozzett and 
Demo (2010) which served as a base to this study. Thereafter, it was utilized a categorical thematic 
content analysis proposed by Bardin (2011). According to the authoress, on descriptive researches, the 
quantity of participants must constitute a variable and representative group. It was done in accordance to 
Pasquali(2008), and the items of theoretical analysis comprise both semantic and judge analysis. 


For the quantitative research, it was gathered a sample containing 432 subjects. Pasquali (2008) affirms 
that the sample must have between 5 and 10 subjects for each item that composes the scale. On the 
other side, according to Tabachnick and Fidell (2001), a sample with less than 300 subjects turns the factor 
analysis inadequate. The sample was mainly characterized by women between 18 and 30 years old and 
who had already visited Disney parks at least twice. After the data treatment, it was eliminated 41 subjects 
and the final sample gathered 391 people, meeting Pasquali (2008) and Tabachnick and Fidell (2001) 
criteria. 


Finally, the answers to the application scale were submitted to an Exploratory Factor Analysis (EFA), 
analysis of means, standard deviation for each item and analysis of variance. The factor validation of a 
scale refers to, basically, data collection, to its treatment, factor analysis itself and reliability or precision 
tests using the Cronbach’s Alpha index (α), according to the threshold recommended by Nunnally and 
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Bernstein (1994) and Peterson (1994). The statistical software used on these analyses was the Statistical 
Package for the Social Sciences (SPSS) version 17.0. 


4 Results and Discussion 


4.1 Qualitative Analysis 
Following the standards set by Bardin (2011), it was performed the categorization from the interviews 
content and the enumeration of the frequency for the approached topics and critical incidents. The most 
mentioned points by visitors as important to their loyalty and satisfaction were organization, attractions, 
tidiness and quality, as the Table 1 shows.  


Tabela 1: Most mentioned points – Interviews 


Most mentioned points – Interviews 


Point Number of mentions 


Organization  20 


Attractions 13 


Tidiness 11 


Quality 9 


Fonte: Assembled by the authors 


Repeatedly, the interviewees cited how the parks operational system seemed to work properly in an 
efficient and affective way. Indeed, Nickels and Wood (1999, p. 205) showed that consumers “judge 
service quality in different ways, creating special challenges and opportunities to companies that search to 
establish and sustain long-term relationships with customers”. 


Regarding the semantic analysis of the items, it was presented a version of the Disney Parks CRS to 31 
students from University of Brasília – UnB, who pointed problematic items and suggested changes in 
order facilitate the comprehension of each item. The judges analysis was performed by 7 specialized 
professionals on marketing theory and, as well, on the studied company: PhDs, marketing teachers and 
former Disney Parks employees in order to judge if the items from the CRS made clear reference to 
“customer relationship” construct and if these items were well applied to the Walt Disney World day-by-
day reality, task delegated to the organization’s ex-employees. 


As results taken from the aforementioned analysis, two items were eliminated due to dubious character 
and not being enough clear to the respondents – one referring to the idea of reliability and another one 
related to visit patterns. Also, an item related to the relationship between the company and the 
society/environment was split in two, allowing the measurement of each factor separately. Consequently, 
after all modifications, the application version of Disney Parks CRS included 29 items, 10 of them were 
withdrawn from the CRS assembled by Rozzett and Demo (2010), and the 19 others from the interviews. 
Regarding the content, 11 items were related to loyalty aspects and 18 items were related to observed 
satisfaction perception, as seen on Table 2. The utilized scale was a 5-point Likert. 


Table 2 – Disney Parks CRS – Application Version – Quantity and Items Nature 


Number of items (source) Total 


Rozzett and Demo (2010) Interviews  


10 19 29 
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Items Nature    


Relationship Satisfaction  


11 18 29 


Fonte: Assembled by the authors 


4.2 Quantitative Analysis 
Regarding the psychometric validation, it was utilized the Exploratory Factor Analysis (EFA). Concerning 
the factorability, it was analyzed the correlation matrix, the grade of correlations were inspected as well, 
and then the matrix determinant and the results gathered from the KaiserMeyer-Olkin (KMO) sample 
adequacy test were observed. The KMO value was 0,88, a meritorious level, assuring the sample 
factorability. 


For the factor extraction, a Principal Component Analysis (PCA) was utilized. Being the matrix factorable, 
were, then, examined the eigenvalues, the percentage of explained variance of each factor, the scree plot 
graph and the parallel analysis, in order to determine the quantity of factors to be extracted. The scree 
plot graph pointed the existence of two factors. The rotation method utilized in this case was the oblique, 
once it was presupposed the correlation between the factors. 


According to Pasquali (2008), if the correlation between the extracted factors is significant (above 0,3), it is 
possible to identify the presence of second order factors. By inspecting the Main Axis Analysis and 
oblique rotation to the items from the Disney Parks CRS, considering two factors, it was found a 
significant correlation between them (0,498). Therefore, it can be inferred that the Disney Parks CRS is an 
unifactorial scale, possessing items that measure customer loyalty and other ones measuring their 
satisfaction. 


Indeed, some authors (BOLTON, 1998; VAVRA, 1993; LEVITT, 1990) indicate the possibility of correlation 
between satisfaction, loyalty and relationship constructs, being satisfaction and loyalty possible 
assumptions belonging to a broader concept, customer relationship. 


The final version of Disney Parks CRS, after factorial analysis, obtained 25 items, explaining 31.2% of the 
construct variance. As for the psychometric indexes, the validity, the reliability and the total variance 
explained percentage were analyzed, obtaining satisfactory results, as shown in Table 3. 


Tabela 3: Disney Parks CRS – Psychometric Indexes 


Question Factor Loading 


Question 1 – The experiences with Disney Parks exceed my expectations. 0,395 


Question 2 – I identify with Disney Parks. 0,536 


Question 3 – Disney Parks treat me as na important customer. 0,5 


Question 4 – Disney Parks stimulates the interaction between its customers. 0,503 


Question 6 – I recommend Disney Parks to friends and family. 0,427 


Question 8 – Disney Parks deserve my confidence. 0,508 


Question 9 – Disney Parks are concerned about the environment. 0,461 


Question 10 – Disney Parks are concerned about the society. 0,587 


Question 12 – Satisfaction with the quality of service. 0,556 


Question 13 - Satisfaction with employee’s courtesy and helpfulness. 0,57 


Question 14 – Satisfaction with tidiness. 0,49 
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Question 15 – Satisfaction with the richness of details of the attractions. 0,359 


Question 16 – Satisfaction with decoration and ornamentation. 0,362 


Question 18 – Satisfaction with attractions (shows/parades). 0,397 


Question 19 – Satisfaction with the support structure for the visitor ( medical 
services, comfort station, maps, restrooms, rest places) 


0,587 


Question 20 – Satisfaction with attraction variety. 0,37 


Question 21 – Satisfaction with attraction security. 0,519 


Question 22 –Satisfaction with stores. 0,53 


Question 23 –Satisfaction with restaurants. 0,463 


Question 24 –Satisfaction with parking. 0,501 


Question 25 – Satisfaction with park access.  0,589 


Question 26 – Satisfaction with speed in solving problems. 0,59 


Question 27 – Satisfaction with conveniences (food carts/ meals) 0,601 


Question 28 – Satisfaction with differentiated services (fast pass/ single 
rider/celebration pins/character meals) 


0,58 


Question 29 – Satisfaction with the location (Orlando, Florida, USA) 0,39 


 Structure       Number of items      Cronbach’s Alpha        Explained Variance           Items quality 


 Unifactorial                25                           0.894                              31%                        73% good or fair 


Fonte: Assembled by the authors 


Regarding the scale validity, Pasquali (2008) says that a valid item represents a factor in a satisfactory way, 
which means, with a significant factor loading. Comrey (1973) classifies the items with loading over or 
equal to 0.71 as excellent; over or equal to 0.63 as really good; over or equal to 0.55 as good; over or 
equal to 0.45 as reasonable and over or equal to 0.32 as poor. The Disney Parks CRS had obtained 8 items 
classified as “good”, 10 items classified as “reasonable” and 7 items classified as “poor”. Hence, the Disney 
Parks CRS had obtained 72% of the items classified as “good” or “reasonable”. 


Concerning the factors reliability, Pasquali (2008) affirms that alphas over 0.7 are considered reliable and, 
over 0.8, very reliable. As for Neiva, Abbad and Tróccoli (2008), only indexes over or equal to 0.75 must be 
considered. Nunnally and Bernstein (1994) say that “in the early stages of predictive or construct 
validation research,” it may be “satisfactory” to “have only modest reliability, e.g., .70” (Nunnally & 
Bernstein, 1994, pp. 264–265). For other scenarios, Nunnally and Bernstein (1994) go on to state that .80 
or even .90 may be required. Peterson’s (1994) meta-analytical study on alpha showed that reliable alphas 
have a .77 mean and .79 median. Iacobucci and Duhachek (2003) go further and suggest that every alpha 
should be reported with its confidence interval to allow the researchers to use their reliable scales with 
greater confidence in their results. Therefore, the obtained alpha for the Disney Parks CRS, .894, is 
considered very reliable. Moreover, the Disney Parks CRS also possesses theoretical consistence once all 
its items found support from the background presented over the theoretical framework.  


As for the identification of visitor relationship aspects with Disney Parks, it was possible to notice that in 
all questions the mode was the maximum allowed to the scale 5, since it was used the Likert 5-point scale, 
representing a high level of satisfaction and a solid relationship between the company and its Brazilian 
clients. 


Concerning satisfaction, the parks ornamentation item was the one that presented the highest mean 
among all questions. Regarding loyalty aspects, the positive attitude of experience recommendation to 
others presented a mean close to 5.0, the maximum allowed, explaining the recommendation of the 
visitors. These organizational policies were the most noticed by Brazilian customers, this corroborates 
what Hansen (2008) affirms, that the theme park management team must maximize any marketing 
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strategy that may create devoted customers from first-time visitors who will return on and on expecting 
the same predictable experience, also adding new attractions to motivate them to return in subsequent 
visits to enjoy new park experiences. On the same line, Griffin (2002) affirms that loyal customers not only 
repeat the acquisition countless times, but defend and recommend it to new clients as well.  


It was also noticed that the only perceptions that do not surpass 4.0 level on the scale were the ones 
referring to concerns from the company with the environment and society. Policies such as Disney’s 
Wildlife Preservation Fund, Disney Wilderness Preservation Disney VoluntEARS, among others, must be 
more widespread in order to ameliorate the customers’ perceptions concerning the social actions made 
by the company. 


In other words, the studies made over the perceptions of tourists regarding Disney Parks in Florida show a 
positive recommendation attitude about the parks to their relationship circle. On the other hand, 
perception concerning the relationship between the company and the environment and the society, 
comparatively, did not obtain high levels of perception. Among other satisfaction factors, the Disney 
policies for details and ornamentation are the most noticed. Tidiness, attraction security and variety, 
shows and parades also obtained high percentage of satisfaction. 


The analysis of variance showed a behavior difference from the public in two particular moments. When 
analyzed the demographic variable “age group”, the item which evaluates satisfaction with conveniences 
throughout the parks, verified that the younger the customer, the better perception one have concerning 
facilities related to conveniences. The age groups showed significant differences on the means. This 
subject is brought as well by Hansen (2008), the authoress treats about the readjustment on Disney Parks 
sales strategies in order to avoid the risk of what she calls a product cannibalism and consumer fatigue. 


It is recommended more investments on healthier food, assuming that this is the main reason of means 
decrease in the course of age progress. It is interesting, also, offering menus in other languages, to ease 
the ingredient comprehension, nutritional values among other important health information. 


When performed the analysis of variance regarding the demographic variable “gender”, it was observed 
that female tourists are more likely to notice the interaction between customers. Then, policies in order to 
bring the male public to the group activities, engaging and allowing a greater interaction among the 
tourists, e.g. competitions, are recommended. 


The creation of communication channels as websites, forums, blogs, social network, which allow visitors to 
share tips and experiences, is always welcome. In this regard there are many initiatives just as the “Disney 
Moms” forum, a specific mother-oriented forum where they share experiences and tips. Such channels 
could be translated and replicated to the Portuguese language, considering that Brazilian people are one 
of the most common visitors at Disney Parks. 


Finally, the demographic variable “number of visits” did not indicate any significant changes of behavior. 


5 Final Remarks 
The contribution of this essay is worth for both academic and business environments since it studies the 
relationship between an enterprise known for its expertise on customer loyalty, Disney, and its Brazilian 
customers. It can be extended and adapted to other theme parks. Walt Disney Co. itself can use it to 
diagnose behavior changes in the market and update its policies to keep up with the emerging trends. 


In the academic level, this research adds to the CRM studies by producing a scientifically validated scale 
which allows realizing diagnostics and relational studies on entertainment area, specifically theme parks, 
filling a gap glimpsed on scientific literature. 


Regarding limitations, source for the following recommendations to future studies in the desire of 
proposing a research agenda, it is suggested a greater range of parks aspects in the scale that might have 
been generalized in this research, in order to allow the glimpse of management details and how the 
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customer evaluate them, refining the scale broadness. In addition, it is interesting the development of a 
scale to measure the relationship between customers and theme parks in general, allowing a highlight 
over this ascending market. The Disney Parks SCR here validated was an initiative towards this sense, to 
support managers in their evaluations, diagnostics and decision taking. And therein lies the main 
contribution of this study. Another suggestion is to apply the scale in other samples, for example Brazilian 
regions or Latin America and, based on that, gather information for the construction of an accurate 
diagnostic regarding the particular needs of tourists from a region that traditionally sends thousands of 
people to Florida parks and even, in the future, a facility on Brazilian soil.  


Finally, considering the importance of building solid strategies to CRM, the Disney Parks CRS constitutes a 
relevant diagnostic instrument, both for Walt Disney Co., as for other entertainment-based companies 
that pretend to implement and/or evaluate customer loyalty strategies. 
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Abstract 


The growth rate of the elderly population in Brazil is the largest among all age segments, together with the natural 
aging process of the world's population. This fact reflects the aging of the working population and its consequent 
participation of people over 60 years in the work force. This portion of the population presents growing physical 
limitation to the exercise of activities, which can be accelerated on the basis of working conditions. The aging of the 
population requires adjustments in relation to labour market flexibility, considering both the physical limitations of 
this population, more subject to risks of accidents and lower degree of mobility, physical strength and proportionately 
lower level of education, as the demands of the own work. The goal of this literature review is to discuss the 
functional aging (ability to work) and the contributions of the ergonomics area to this phenomenon. Ergonomics has 
important role, not only on the appropriateness of jobs on the worker's conditions, as well as in the ongoing 
evaluation of the factors that contribute to these conditions, promoting the situational diagnosis and propose 
adjustments that balance early requirements and occupational demands. As a result, this paper emphasizes the 
importance of ergonomic solutions at workstations in order to offset the decline in physical ability of older worker. It 
is also the importance of the suitability of new policies that can promote/keep the worker's functional capacity, 
providing they are ageing on economic activities. 


Keywords: the aging population, labor, functional capacity, ergonomics. 


1 Introduction 
The aging of the population is a worldwide phenomenon (TSUNO and HOMMA, 2009). The elderly 
population is growing faster than world population, at a rate of 2.5% per annum, at this time (CARTER and 
O´DRISCOLL apud PENATTI, 2010), and reports of the United Nations-UN, predicted an increase of three 
times the number of people 60 years and more in the world for the next 43 years (FELIX, 2007). 


This aging population process is known as demographic transition and it is caused by two factors that 
together, contribute to the change in the age structure of populations: reduced mortality rates and the 
drop in birth rates. (COSTA et al., 2001). 


Giatti and Barreto (2003) claim that developing countries are those that present the most significant 
processes of demographic transition, nowadays. The number of Brazilian with  60 years old and more has 
doubled in 20 years, from 7.2 million in 1980 to 14,5 million in 2000 (GIATTI and BARRETO, 2003). 
Projections indicate that in 2025, the Brazil will occupy the sixth place among the countries of the world 
with the largest number of elderly (Queiroz and Prado, 2010). 


In this context, Brazil does not have a young predominance in your population since, for the WHO, an 
aging population is the one where the proportion of people aged 60 years and over is 7% of the total 
population, with a tendency to increase participation in the age pyramid (COSTA et al, 2003). 


To corroborate this claim, data from the IBGE (2010), show that the proportion of the Brazilian population 
above 60 years is approximately 11% of the total population, with prospect of future growth. Also with 
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this fact, the country's fertility rates are falling, with no prospect of significant changes (WONG and 
CARVALHO, 2006). 


Currently, the representativeness of all age ranges up to 25 years in the Brazilian population pyramid is 
much shorter than their representativeness in 2000, except for adult and elderly groups, increasing their 
participation over the years (IBGE, 2010). Another important characteristic is the feminization in old age, 
i.e. the more aged is the elderly population, the greater the proportion of women in that population 
(KRELING, 2008).  


According to Giatti and Barreto (2003), the prospect of greater population growth until 2020 is the age 
group formed by people above 50 years of age, a fact which reflects the aging of the Brazilian 
economically active population (PEA). The ageing of the working population also occurs as a result of the 
demographic transition process (GIATTI and BARRETO, 2003).  


The country will be in elderly dependency work ratio with the increase of this population, in 2050 
(MOREIRA, 1998). 


According to IPEA (2006), the forecast for 2030 is that approximately half of the work force has over 45 
years, due to falling birth and mortality rates of Brazil. 


Projected growth of elderly PEA for the next two decades old is 3.6% per annum, and, for the same 
period, it is estimated that the total PEA grows in proportions similar to the reorder level, i.e. somewhere 
around zero, causing the elderly group lead to greater pressure for job creation (WAJNMAN et al, 2004). 


In Brazil, approximately 30.4% of the elderly retirees or pensioners continue working (IBGE, 2004), unlike 
what happens in other countries, where the retirement benefit encourages workers to stop work. 
(WAJNMAN et al, 2004). 


The trend is that the levels of labour activity of older persons remain stable, demonstrating that, despite 
the limitations caused by aging, it is irreversible the participation of workers over 60 years in the 
workforce (WAJNMAN et al, 2004). 


One of the considered care about the participation of older people in the labour market, is about the loss 
of their functional capacity (BELLUSCI and FISCHER, 1999). 


It is known that aging is a natural process, which is inherent to every human being, but the body suffers 
from functional and anatomical changes, that influence health conditions of the elderly and their quality 
of life (VECCHIA et al, 2005). The main limitations associated with the aging process are physical 
weakness, illnesses and apathy that occur in a variety of ways in different types of organisms: reduction of 
reaction time, eyesight and hearing, tactile sensitivity, bone mass and muscle strength, increased stiffness, 
changes in posture and balance in the walk, which increase the propensity to falls and immobility 
(PENATTI, 2010).  


The World Health Organization (WHO) defines functional disability as the difficulty, due to a disability, to 
perform typical activities and personally desirable in society. The capacity is often assessed by indicative 
statement of difficulty or need help basic personal care tasks and more complex tasks, needed to live 
independently in the Community (PARAHYBA and SIMÕES, 2006). Gordilho et al (2000) characterize 
functional capacity as maintenance of mental and physical skills necessary for independent living and 
unattended. 


Studies indicate that each year about 10% of the elderly population (75 years and more) loses his 
independence in one or more activities of daily living (SANGLARD and PEREIRA, 2005). 


Thus, it becomes important to worry about the balance between the capacity of older workers and the 
demands of work, in an effort to reduce conflicts between productivity expected by enterprise and a 
healthy participation of older persons in the workforce of the same (BELLUSCI and FISCHER, 1999). 
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In this context, the ergonomics tries to relate the understanding of interactions among humans and other 
elements or systems, and the application of theories, principles, data and methods to design in order to 
optimize human well-being and overall system performance (International Ergonomics Association, 2000). 


This bibliographic research analyzes the phenomenon of ageing functional (ability to work) of the 
Brazilian worker and the role of ergonomics in this context. 


This article is organized into four sections: the first contextualizes the phenomenon of aging Brazilian 
worker's functional; the second deals with the literature review about the aging theme and its relation to 
work, as well as the ergonomic aspects associated with; the third section presents ergonomic efforts and 
contributions found in the literature front theme, and finally, conclusions, discussing the theme strategic 
developments. 


2 Ageing, labour and ergonomics 
The World Health Organization (WHO) defines as an aging stage one with 45 years of age or older 
(CAMARANO and PASINATO, 2008). 


Camarano and Pasinato (2008) argue that from such age accentuates the loss of some functional 
capability, if preventive measures or working conditions, that are best suited to this new reality, are not 
adopted. 


Ergonomics relates directly with these rules work, being a term adopted in the main European countries 
(in the United States the term is assumed to be human factors) to this new scientific discipline, which tries 
to understand the relationships and interactions among humans and other elements or systems to 
maximize human well-being and system performance (Internacional Ergonomics Association/IEA, 2000). 


Ergonomics had its origin in the period between 1939 and 1945, during World War II as a result of a 
systemic effort of various professionals from three multidisciplinary areas of Exact Sciences: (engineers, 
mathematicians, statisticians, etc.), Humanities (psychologists, anthropologists etc.) and biomedical 
(doctors, physiologists, etc.) who have worked together to develop solutions to the problems of expensive 
and complex military equipments , such as submarines, planes, tanks, radars, communication devices etc. 
The result of this work was very satisfactory and went on to be tapped in the industry after the war (RIO 
and PIRES, 2001). 


The application of the physiological bases of human body in ergonomics takes into account only those 
aspects which are directly related to the achievement of a work. Physiological aspects most influential 
work performance, and therefore must be known and taken into account for the older worker, 
corresponds to the integrated operation of the nerves and muscles, the functioning of human 
metabolism, the structure of the spine, senses of sight, hearing and kinesthetic sense (KROEMER and 
GRANDJEAN, 2005). 


All human activities work that involves movement and forces is made through contraction and distension 
muscle that are controlled by the central nervous system. The muscles represent approximately 40% of 
the weight of a person. The human body has 434 striated muscle and the amount of muscles is identical 
on any human being. The difference between people and their physical strength is the volume of these 
muscles and the progression of aging worker's functional (KROEMER and GRANDJEAN, 2005). 


Static work in standing position is highly stressful, especially on older workers, by requiring too much 
effort of the muscles. If the job is more dynamic stand, this fatigue will be lower depending on the blood 
pumping effect, caused by their movements. The work in the standing position should be avoided 
whenever possible, or be alternated with work in seated position (IIDA, 1990). 


MORAGAS (1997) points out that the psychology of work, which until then used frequently to 
chronological age for evaluation and selection of personnel, recognizes that the elderly of 65 years may 
be excellent employees, as long as the tasks to be performed are consistent with their skills and 
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possibilities. In addition, if the elderly lack the physical strength, they can compensate this limitation with 
less effort needs. And if your ability of reaction is slower, your occupation may be given in posts where it 
is not required greater speed. MORAGAS (1997) shows that this theory of compensation may be useful to 
explain the potential of older people in today's society, since they are prepared to develop it and the 
company is willing to use the potential of the elderly. 


According to the WHO (2012) “the rate of decline of functional capacity of an individual is determined, at 
least in part, by our behaviours and exposures across the whole life course. These include what we eat, 
how physically active we are and our exposure to health risks such as those caused by smoking, harmful 
consumption of alcohol, or exposure to toxic substances”. The differences between old and young people 
will be reduced with a better understanding of the ageing phenomenon and with improvements in 
worker's lifestyle, which assist on health, force and cure or control of diseases.  


With regard to productivity of older workers, there is decrease in strength and muscular endurance, but 
most current jobs has requirements that can satisfy the healthiest people up to 70 years or more. The 
reaction time of the elderly at work is greater, but his experience makes up for this limitation. Older 
workers can be prepared through their work lives, strategies to address the problems, in order to 
compensate their physical limitations or cognitive; on the other hand, the firms must develop acts that 
take into account the characteristics of this kind of workers. (MORAGAS, 1997; BARBOSA et al, 2007). 


It is important to call attention to various aspects of the working conditions that should be the object of 
special attention on the part of many professionals who deal with aging workers: work organization, 
psychological factors, ergonomic, physical and chemical means (OMS, 1993; RODRIGUES et al, 2011). To 
make full use of the capacities of older workers, the workplace must be adjusted to the physical changes 
that occur with the aging (such as the decrease in hearing, vision and muscular strength). The work has 
great importance in the socio-economic context of the people, because it is from it that gets the 
sustenance, dignity and builds up the identity of individuals, which makes it possible to call the current 
society "the work society" (PERES, 2002). The human being grows up and prepares itself for working, 
because it is from it that will come his social growth and its sustainability (BULLA and KAEFER, 2003). 


Speed, precision, obedience, among other desirable values of wage labour in production lines, was 
encouraged in the capitalist society of the Western world. The worker came to be seen as a component or 
a piece, performing its activities in the first half of the 20TH century, due to scientific management and 
Fordism (PACHECO, 2002). During this period (20th century) there was overestimating the value of 
young's power, since this group responds to the ideological demands of the contemporary capitalist 
society, which gives priority to the production and reproduction (MENNOCCHI, 2009). 


Currently, the labor market, due to the large number of labor, alienates young people (through low 
wages) and excludes the over 40 years old, heirs of the Ford culture (highly specialized), replacing them 
for workers with another profile, i.e. the multi-purpose and multifunctional from the toyotist era, who are 
more involved with the company's goals and results (MASSON, 2009). 


According to Neri (1996), older employees are removed from strategic meetings and training within the 
companies, being relegated to unproductive and often coming to the resignation. This is because these 
professionals are considered slow, inflexible, rebels and unproductive; on the other hand the production is 
directly related to the speed, productivity, effectiveness, flexibility, involvement and teamwork. However, 
in some sectors of the economy as in consultancies, older workers are most requested due to the great 
experience accumulated during years of work (PERES, 2002). 


In these circumstances, the limit of the worker age is based on the company needs or what kind of 
training it is disposed to offer, i.e., it depends on the organizational culture of the company (PERES, 1998).  


All persons above 60 years old, in Brazil, are considered elderly according to the Brazilian Statute of the 
Elderly (2004) that ensures the rights of that population range. However, the aging brings prejudice, since 
it can be associated with the negative characteristics such as loss of health, dependence and non-
adaptation (PERES, 2002; DUTRA, 2007). 
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In this context, there are retired individuals who have sold their workforce as merchandise and no longer 
have more expressive value to the capitalist way of production; this exclusion associated with the new 
situation presented to them (idleness) can take them even a depression, because they believe do not have 
more value to society (PACHECO, 2002). Several studies show high depression rate in recent years 
preceding retirement (FONSECA and PAUL, 2003). 


The elderly population should be prepared for changes in the labour activities,  activities that may or may 
not continue after retirement (BULLA and KAEFER, 2003), because nowadays, the elderly stop working in 
better condition than in the past, having a life expectancy after retirement even long (ALVES JR, 2005). 
This becomes favorable for the elderly because today the low values of retirement received force them to 
stay working, in the labour market to complement the family income (BULLA and KAEFER, 2003). 


According to Mennocchi (2009), society expects and requires an active elderly, but for this it is necessary 
that during the life of the worker, he had good conditions such as e.g. suitable conditions and work 
environment. 


3 Results 
The transformations that has been happening since the 20TH century in the structure of the market and in 
productive organization, as a result of a change in an economic system based on industrial production for 
economy with dominant service sector – implies changes in incidence and prevalence of risks on workers ' 
health (CAMARANO and PASINATO, 2008). Thus, several studies were conducted to raise awareness about 
this new reality. 


The work done in the Finnish Institute of Occupational Health-Finland, found that the capacity for work of 
Finns was deteriorating prematurely, reflecting on diseases and symptoms that were ultimately leading to 
early retirement or invalidity. The study found that aging can hamper the achievement of tasks, especially 
when the job requires physical demand, because they decrease the capacity for work by influencing the 
worker's life. However it was pointed out that the recognition, respect and the positive attitude of the 
superiors, improved ability to work. Thus, the study showed that the improvement of human relationships 
was the key to maintain or even increase the capacity to work (TUOMI et al., 1991). 


From this Finnish study, was created the index of capacity for work (ICW) whose purpose is to evaluate the 
functional conditions of workers. This index applied on workers from Dutch construction with the aim of 
assessing the association of individual characteristics, health issues, lifestyle factors and work-related 
factors with ability to work, concluded that the work-related risk factors were associated with the 
capability to the work, indicating the physical workload reduction and psychosocial in daily life of those 
workers (ALAVINIA et al, 2007). Already the study with nurses who work during nighttime, mostly females 
aged 24 to 59 years and roster of 12:0 worked to rest 60, Chillida (2003) noted that the majority of 
respondents (72.4%) reported that the work during nighttime interfere in daily life (53.1% of these 
responded negatively due to social prejudice, changing moods and daily habits).  The application of index 
of ability for work notes that the higher the working time on nighttime period, less the ability to work of 
these professionals, demonstrating the need for measures aimed at the promotion, maintenance, and 
restoration of capacity for work. 


Andrade (2002), conducted a study with service workers of hygiene and cleanliness in a university hospital 
and to apply the ICW observed that a large number of workers presented to the work capacity between 
moderate and bad categories; the age group of 50-60 years presented lower capacity compared to 30-50 
years. Also found that workers who reported having a larger number of diseases have a low ICW and a 
large number of medical licenses. It was also found that workers who had a diagnosis of musculoskeletal 
disorders had his work rate decreased. 


Musculoskeletal changes that occur with age contributing to decline in worker productivity due to 
increased risk of injury. The changes include reducing the mobility of the joints, decreased muscular 
endurance and increasing the reaction time and movement (McMAHAN and PHILLIPS, 1999). 
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A study involving 127 employees, with and without history of symptoms of musculoskeletal injuries, 
assessed the impact of personal factors work in functional capacity, showed that these factors have 
significant relation with the ability to work. Pain and departures were variables associated and accounted 
for 59% of the occurrences of low labour capacity (WALSH et al, 2004). 


Another study conducted with retired workers in the chemical industry, noted discomfort on the part of 
them: they can retire young, fear of unemployment and changes in the labor market and technology. The 
studied workers, even professionals with high qualification, showed signs of physical and emotional 
suffering at work, the organizational and technological changes, mainly due to the numerous selections 
(MARÍN, 2001). 


In a study that evaluates the ability to the work of young rural workers who care for plants and flowers in 
Holambra/Brazil, noted the emergence of diseases with medical diagnosis or musculoskeletal and 
respiratory problems.; the more risk factors raised by workers were the ergonomic work such as 
crouching, standing work, repetitive movements, time pressure (WELLE, 2008). Corroborating this claim, 
McMahan and Phillips (1999) cite the factors contributing to the increase in cases of repetitive stress 
injury are three: the increase in work in the area of services and high-tech, the age of the worker and the 
reduction of turnover of the worker; in this same survey, although most workers had the ability to work in 
great categories and/or good, women showed greater fatigue score, that may be associated with, among 
other things, the holding of domestic services (double workday), as well as greater female participation in 
the labor market and households headed by women (WELLE, 2008). 


Study that assessed the ICW in 35 years old workers or older, showed that older workers have better 
capacity to work; this suggests that with the aging occurs a selection of workers the fittest and healthiest, 
because only these remain working in the more advanced age groups (MONTEIRO et al, 2001). 


Ornellas (2004) studied the capacity for work of metallurgical workers and noted that they have a good 
index of ability to work, but found that frequent exposure to ergonomic risks such as weight lifting and 
repetitive movements cannot have their effects minimized by PPE (personal protective equipment), 
causing a high rate of musculoskeletal diseases. Also noted, that the time spent to locomotion to the work 
influenced negatively on the capacity for work. And yet, the higher the level of schooling improved their 
ability to work (ORNELLAS, 2004). 


There are also cases of inadequate practices in some sectors which may cause fatigue in workers, as can 
be observed in the study by Masson (2009). The survey consists of a cross-sectional epidemiological study 
of character quanti-qualitatively, with application of questionnaires in 105 truck drivers transporting cargo 
to the Warehouse (vegetables, fruit and eggs) and market of flowers of Campinas (CEASA). The tested 
sample was constituted only by males, with average age of 37.5 years and low schooling. Most of the 
workers presented great capacity for work, but the perception of fatigue manifested itself with more 
intensity on the item "difficulty of concentration and attention". It was noted then, correlation between 
the index of ability to work and fatigue, indicating the decline of the first with the second increase, to 
individuals who made use of stimulant drugs at the wheel, which in turn, is considered an illegal practice 
(MASSON, 2009).  


Despite the worker has its capacity diminished with age on the basis of physical decline, and have higher 
costs associated with errors and accidents that may suffer, in reality, what it is observed is that these 
workers have smaller indexes of accidents when compared to younger workers. The skill, experience and 
maturity in the trials have much relationship with this fact. However, when older workers are injured on, 
lose more time in your recovery and require specialized care and therefore higher costs (SILVERSTEIN, 
2012). 


Ergonomic modifications in work place are needed to compensate for the diminished physical capacities 
of older workers; these actions have basically three objectives: reduce extreme joint movement, reduce 
excessive force and reduce highly repetitive tasks (McMAHAN, S.;PHILLIPS, K., 1999; SILVERSTEIN,M., 
2012) 
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4 Conclusion 
The Brazil is also affected by ageing population that occurs worldwide and is manifested through higher 
rates of growth in adult and elderly segments of the population, as a consequence of the increase in 
longevity. This change in the age structure of the Brazilian population causes numerous consequences, 
especially those related to health, work and income. This research has dealt with an ageing population, 
their working conditions and how the functional disability can affect performance for work after the age 
of 60. This research involved also the ergonomic factors and their influence on the loss of functional 
capacity of the worker, as well as the adaptations that could contribute to improving the health of the 
worker, without compromising the results of the work. 


It may be affirmed that in the future, the elderly group is that else presses the labour market towards 
employment generation. In general, people from 45 years of age, start to feel the loss of some functional 
capability, which requires changes and adaptations to the workplace. Physiological aspects that most 
affect job performance correspond to the integrated operation of the nerves and muscles, the functioning 
of human metabolism, the structure of the spine, senses of sight, hearing and kinesthetic sense. These 
factors affect workers with more advanced ages. 


It was found that working on foot requires a lot of effort of the muscles and should be alternated between 
sitting and standing position at work. The lack of physical strength appears with the advancement of age, 
plus the ability to become slower reaction; however this can be compensated with the maturity of these 
workers. This fact is explained by the theory of compensation, which claims to be able to perform better 
for older workers compared to younger ones, subject to compliance with its limitations. The performance 
of older adults in today's society can be satisfactory if the requirement for physical strength in jobs is less 
as well as the requirement for speed of response. These factors can be compensated for the great 
experience of older persons in different situations and their ability to develop strategies to cope with 
difficulties. However this tradeoff occurs since people are prepared to develop it and since that society is 
willing to use the potential of the elderly. On the other hand, there are several researches that contest this 
affirmation, based on studies that have shown that in many situations this compensation was not proved. 
(SKIRBEKK, V., 2008)  


It was also noted that improvements in lifestyle for older people can reduce differences between young 
and old, such as physical exercise, for example; and that changes should happen not only in personal 
scope of workers, but also in the workplace itself, so that it becomes more productive and health provider. 
Attention should be focused on the organization of work, psychological factors and ergonomic, physical 
and chemical means. In order to use the full potential of older workers, the workplace must fit the physical 
changes that occur with aging (diminished hearing, vision and muscle strength). 


Factors that should be considered in this context are those related to repetitive work, laying material 
weight, speed of operations, needed for manual-precision and aerobic demands. It is important to note 
that the organization of work requires greater flexibility in relation to the rhythm, duration and cognitive 
and physical requirements, preserving also the emotional state of older workers. 


One of the main conclusions of this work is that society expects and needs an active elderly, however, for 
this to occur it is necessary that he had conditions during his lifetime, mainly a suitable working 
environment. 


Another important aspect is that in spite of early deterioration of the functional capacity of some workers, 
recognition, esteem and the positive attitude of superior, can improve the capacity for the work. In 
addition, note that risk factors associated with the job are more strongly associated with the ability to 
work, suggesting a reduction of the physical workload and psychosocial of the workers. Works in nightly 
periods interfere negatively in daily life due to social prejudice, changing moods and daily habits. It is 
concluded that the higher the working time on nighttime period, less the ability to work. 


It was also noted that workers who reported the largest number of diseases have lower capacity to work 
and workers who have musculoskeletal disorders has her work rate decreased. Another important fact is 
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the direct relationship between work ability and personal factors. It was also discussed that retired 
workers feel uncomfortable in the workplace for fear of unemployment and changing market conditions, 
due to technology.  Work can lead to muscle-respiratory and musculoskeletal disorders, if the 
environment is not appropriate, as seen in the rural work with young workers; however, the risks reported 
with more frequency by these workers were about ergonomics: working on foot, crouching, repetitive 
movements and pressure for production; women showed more signs of fatigue, which can be associated 
with its double workday – performing domestic services. 


An important finding was natural selection made by the market where only the elderly healthier and able 
remained working. In addition, it was noted that education positively influences the ability to work. 


So, the aging is not the factor that causes the professional decline during the work active life:  the short 
education, adaptations badly finished, the content, the organizations e the physical conditions to execute 
the tasks are the causes of this kind of decline; this happens when the senior worker is evaluated based on 
young workers pattern (LAVILLE, 1989 apud SILVA, 1998).  


In general, it can be seen that the recommendations to adequation of the work places are reduced to 
three categories: physical agents (light, vision and hearing), cognitive agents (mental loading, rhythm and 
complexity of the tasks), and ergonomic agents (postures, design of the tools and the automatizations of 
the repetitive tasks) (BARBOSA, 2007). 


In conclusion, the ageing population in the context of global competitiveness and increased productivity 
of the undertakings concerned requires adequate measures and policies on working conditions for the 
ageing population, in order to maintain and/or enhance their functional capacity, delaying his departure 
of economic activities (CAMARANO and PASINATO, 2008). Ergonomic solutions in jobs are needed to 
compensate for the decline in physical ability of older worker. In order to have a greater control over the 
lesions on this population, actions are needed to reduce the extreme movements of the joints, the 
muscular effort and highly repetitive tasks (McMAHAN and PHILLIPS, 1999). A strategic program for the 
older workforce must consider 4 factors: balancing the mental and physical demands of the work and 
workers; consider the specific needs of older persons in work such as those relating to passage through 
retirement; attention on the physical and mental limitations of the worker when is young, so keep your 
ability when get older (SILVERSTEIN, 2012). Other way to get advantages of the older worker but it is not 
consensual is adequate the demands of the work to the limitations of older workers; some researches 
support that these kind of worker have better indexes like satisfaction, absenteeism and reliability than 
younger; there are studies whose conclusions are opposite depending on the kind of activities where they 
were researched (SILVERSTEIN, 2012). 
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Abstract 


Lean thinking has become increasingly popular within industries. This was mostly due to the initial success of the 
Toyota Production Systems (TPS) which led other companies to implement its core principles (later named lean). In 
order to successfully implement lean it is important that the personnel involved have an understanding of its 
principles. In this paper we present a physical business game in order to demonstrate the applicability and 
advantages of lean thinking. The game was developed for classrooms, offering experimental learning, and thus 
enabling trainees to get a deeper understanding of the lean principles. 


Business games are not only useful for teaching, but also to prevent or to explain the system mechanics before and 
after the implementation of lean principles. Moreover, these games may help to determine if a solution is valid, search 
for alternatives or even give the users a holistic view of the current and future system. The proposed business game is 
also a cheap alternative to expensive simulation software that not all companies can afford. 


For the development of the business game, an initial unbalanced system was created. Throughout the iterations of 
the game, it is possible for the trainees to understand the benefits of implementing lean principles. The creation of 
the initial system, as well as its iterations, are presented and discussed in this paper. 


Keywords: industrial engineering; operations management; lean thinking; business game. 


1 Introduction 
The origins of lean thinking can be traced back to the shop floor of the Toyota Motor Corporation (Ohno, 
1988). The innovations which were introduced resulted from a scarcity of resources and intense domestic 
competition in the Japanese automobile industry. These innovations included the just-in-time (JIT) 
production system, the kanban method of pull production, and respect for employees (empowering them) 
(Hines et al., 2004). The main focus of this operations management design approach was the elimination 
of non-value adding activities (wastes), based on a continuous improvement philosophy. This approach 
became known as the Toyota Production System (TPS) (Rich et al., 2006). 


As the TPS achieved outstanding results it became a case study, introducing all over the world principles 
and tools such as jidoka, JIT, heijunka, visual management, and the Toyota Way (Liker, 2004). The 
evolution of TPS lead to lean Production, term firstly coined by John Krafcik (Krafcik, 1988), which later led 
to Lean Thinking. Lean thinking focuses on five main principles which serve as guidelines to implement 
the philosophy in organizations (Lean Enterprise Institute, 2009): 


 Specify value: the value that the product represents to the end costumer 


 Map the value stream: map the processes in the organizations to recognize which add value to 
the product and which do not 


 Creat flow: organize and synchronize all the processes in order to make the product flow 
smoothly to the costumer 


 Pull philosophy: let the costumer pull the production from the upstream process 
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 Seek perfection: through continuous improvement and repeating the other principles in order to 
produce value without waste. 


The philosophy has become increasingly popular within industries, possibly being the currently most 
employed philosophy. Associated with lean thinking there are some tools that can help every company in 
the lean journey (Womack and Jones, 1996) (Feld, 2000): value stream mapping (VSM), pull system, 
continuous flow, standardized and balanced work, 5S, and visual management. Such tools may help 
improve the company’s processes and focus on the value adding activities. The underlying concepts are 
easily understandable, however, the positive impacts on a production system aren’t easily perceived. With 
the purpose of helping trainees understand the concepts, corresponding impact, and why these tools are 
increasingly popular, a physical business game was developed. Business games are not only useful for 
teaching, but also to prevent or explain the system mechanics before and after the implementation of 
lean principles. The game proposed in this paper may also provide guidelines for the development of 
similar games, ultimately allowing to test/train future implementations of lean principles/tools. 


The business game is composed of three iterations. In the first iteration, the production system is 
presented. The system starts out unbalanced, with surplus workstations and in a push philosophy. The 
main goal is to progressively improve the system effectiveness, through the use of lean tools. At the end 
of each iteration the current state of the system is compared with the previous state. The comparison is 
made using simple metrics, such as the client’s fulfilled requests, work-in-progress (WIP), stocks of 
finished goods, and lead time. VSM will be used between iterations to help trainees identify improvement 
opportunities (Rother and Shook, 1999). Other tools/principles such as balancing, visual control, milk run, 
supermarkets, pull, kanban, and point-of-use-storage (POUS) will be introduced throughout the game. 


This paper is divided into four main sections. In the first section, an introduction of the main concepts 
within lean thinking, the objective of the paper, and an overview of the game are made. Afterwards, the 
business game key elements are presented, namely, the chosen product, the assembly operations, the 
initial layout, and the game agents. A brief explanation of the reasoning behind the definition of these key 
elements is also provided. In section three, the business game rules and iterations are presented. It is also 
proposed how the lean principles and tools can be introduced in the game. Finally, concluding remarks 
and an outlook on future work are given. 


2 Business game key elements 
In order to obtain the business game some key elements had to be defined. The first element of the game 
to be defined, which would influence the remaining ones, is the object. Concerning the object, it should 
be easy to carry and have low acquisitions costs. Moreover, each game iteration should last 15 minutes, 
therefore, the assembly of the object should have moderate complexity, several components, and the 
components should have some mechanical resistance (as every object is to be reassembled several times). 
Based on these characteristics, the object chosen to be used was a 3 pin electrical plug UK type (with the 
number of required plugs being 42). In Figure 1 it can be seen the electrical plug (left), its components 
(centre) and corresponding descriptions (right). 
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Components 
1 – Back cover 
2 – Instructions card 
3 – Front cover 
4 – Fuse 
5 – Fuse support 
6 – Screws (type A and type B) 
7 – Cable holder 
8 – Pins (simple, fuse support, and big) 


Figure 1: 3 pin electrical plug UK type (left), its components (centre) and corresponding descriptions (right). 


 


After defining the object to be used in the business game, the remaining key elements were defined, 
namely, the assembly operations, the initial layout and operations assignment, the layout sub-elements, 
and the agents involved. 


2.1 Assembly operations 
The electrical plug has 11 different components that are to be assembled in 11 distinct operations. In 
order to provide additional realism, two additional operations were added: packaging and labelling. The 
packaging is made using a 10x10 cm airtight bag, and the labelling requires sticking a label on the airtight 
bag according to the type of plug (three different types of plugs exist, which will be described later). 


As not all operations have precedences it was necessary to assign some in order to have a manufacturing 
route. This route should not be optimum (e.g. it can have repeated tasks) so there may be room for future 
improvement. At this stage, the manufacturing route aimed at providing a set of assembly operations that 
is easy to perform (to avoid spending time on the assembly training). The proposed assembly operations, 
precedence diagram, and an exploded view of the assembly process can be seen in Figure 2. All of the 
operation times were obtained by the same person, and always concerning the same person performing 
the operations, thus insuring more consistent times. For each operation 15 times were obtained, from 
which the average value was acquired (displayed in the precedence diagram of Figure 2). 


Assembly operations  Precedence  
a) Insert screw type A - 


b) Put the cable holder b 


c) Insert simple pin b 


d) Insert big pin  b 


e) Insert pin with fuse support b 


f) Fit fuse on the support - 


g) Fit fuse support f 


h) Fit fuse on the pin with support d,e,f,g  


i) Assemble back cover h 


j) Insert screw type B i 


k) Insert instructions card j 


l) Packaging k 


m) Labelling l 


Figure 2: Assembly operations and precedences (left), precedence diagram (top-right), and exploded view of the 
assembly process (bottom-right). 


2.2 Initial layout and operations assignment 
The initial layout (seen in Figure 3, left) was based on the layout of another game used to teach balancing, 
since it had already proven to work favourably in a classroom environment. After the layout definition it 


1 2 3


4 
5 6


7


8
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was possible to define the operations that were to be performed at each workstation (WS). At this point it 
was intended to obtain an unbalanced system. Since there are 42 plugs (assumed as the procurement) to 
be obtained in 15 minutes, the takt time is 21.4 s/plug. This time serves as a guideline to create the 
unbalanced system (which can be seen in Figure 3, right). 


WS Operations Time (s) 
1 a (x2), b 58.5 
2 c, d, e 21.1 
3 f 8 
4 g, h, i, j 38.1 
5 k, l, m 24.8 


Takt time 21.4 s/plug 


Figure 3: Initial layout (left), and operations and corresponding overall time per WS (right). 


 


For each WS the overall time (Figure 3, right) was obtained following the same procedure as described in 
section 2.1 for obtaining the operation times. 


Additionally, the pre-assembly of the cable holder is also used. This operation has the following steps: 


 insert screw type A 
 insert cable holder 
 pick up the screwdriver 
 tighten the screw 
 put down the screwdriver 
 insert the second screw type A 
 pick up the screwdriver 
 tighten the screw 
 put down the screwdriver. 


The inclusion of this pre-assembly operation will enable some improvements further on. 


2.3 Other business game elements 
In order to provide additional complexity and realism to the business game additional concepts and 
elements were introduced: 


 product differentiation 
 work instructions 
 client’s procurement 
 production orders 
 client’s procurement forecast 
 zoning. 


Like most production systems there is a product differentiation. In this game three different types of plugs 
are used, differing between them the type of fuse. The amperage of the three types of fuse is 2, 7 and 13 
amperes (having 14 plugs for each type). 


Concerning the work instructions, initially these are given with full detail. The objective is to allow the 
operator to sense the difficulty of interpreting and understanding these instructions, so that further on 
visual management can be introduced. 


As any other game there must be a goal. Here, the goal is to fulfil the maximum number of client’s 
requests. The client’s procurement is going to be the same throughout the game, therefore allowing to 
easily determine the improvement associated with the implementation of lean tools in this scenario 
(based on the ability to fulfil the client’s requests). Given the maximum number of plugs and time required 
to assemble them, it is possible to assume that the client will ask, on average, 2.8 plugs/minute. Two plugs 
in minutes [0;1], [5;6] and [10;11], and three plugs in the remain minutes. These are the quantities for each 
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minute and in every minute the client will only ask for one type of plug. Also, the client’s procurement 
(quantity and type of plug) will only be revealed on the present minute. 


Production orders (PO) were also introduced in the game. According to the assembly operations (Figure 2, 
left) and the layout (Figure 3, left), the product differentiation is made on WS 4, being supplied by WS 3. 
Therefore, the PO are to be delivered to these two WS. There is no criteria for how the operators have to 
start fulfilling the orders. In each iteration no more than four PO can be released, and once the operator 
starts to fulfil a PO that same order cannot be withdrawn. This will most likely result in some entropy in 
the system. 


There is also a client’s procurement forecast that should help the person responsible for releasing the PO 
(the planner). The forecast predicts exactly the same number and type of plugs in intervals of 5 minutes, 
so the planner has three PO for each interval and an extra one to correct possible PO mistakes. The 
client’s procurement forecast doesn’t allow the planner to predict what type of plug will be asked in the 
current minute. 


Within the layout, zoning will exist which will work as a board game. The main zones, their location and 
purpose can be seen in Table 1. There is no specific format for the zones, however they should be allusive 
to the type of zone and distinct from each other to avoid mistakes. 


Table 1: Zones location and purpose. 


Zone Location Purpose 
WIP After every WS To stock WIP made by the previous WS and for the next WS 


to realize the work it will be performing next 
Finished Goods After the last WS To store all the finished goods that weren’t expedited and to 


alert the expeditor of the current availability 
Delivered Goods Next to the finished goods zone All the expedited products must go into this zone 
Warehouse Apart from the production system To store components 


 


2.4 Game agents 
In order to start the game at least 10 people are needed. Table 2 displays the number of people required 
per role and the corresponding role description. 


Table 2: Number of people per role, and role description. 


Role Number Description 
Operator 5 Worker assigned to each WS in order to assemble the components 
Expeditor 1 Responsible for checking if there are enough finished goods to dispatch to clients 
Planner 1 Person in charge of scheduling the production and releasing the PO 
Time collector 3-5 Obtains the cycle times (CT) of the WS 


 


If there isn’t enough people to obtain the cycle times (CT) of the different WS, these should be obtained 
interchangeably in order to obtain trustworthy values. For example, if a time collector has to 
simultaneously obtain times for WS 1 and WS 2, those times should be concerning the same WIP. The CT 
in each WS starts from the moment the operator picks up the WIP (from the previous WS) and begins 
assembling the raw materials (RM), and finishes when (s)he drops the assembled product in the respective 
WIP zone. 


3 Business game rules and iterations 
Before the game starts it is necessary that the agents are aware of the game rules. These rules may 
change as the game unfolds and according to the improvements obtained. The rules were made to 
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guarantee a smooth gameplay and to introduce some entropy in the system, enabling the use of lean 
tools in order to obtain improvements. 


3.1 First iteration: production system before implementing lean concepts 
In the first iteration it is required that all the WS stay close to each other, preferably on the same table (or 
tables that are close together). This is to prevent the game agents from having to move a lot (e.g. in order 
to deliver the WIP to the specific zone), as it may distort the game results and cause confusion during the 
game. 


The existence of WIP between each consecutive WS (in the respective zone) is required. This rule has two 
main objectives: to teach the operators the assembly operations they will have to perform in their WS; to 
simulate the scenario where some PO were left unfinished in the previous day. The planner also has to 
release a PO before the trainees start to learn the operations assigned to them. 


The operators have to supply themselves. They must move to the warehouse and are only allowed to pick 
up the components which have ran out of stock in their WS. Moreover, they cannot take all the 
components from the warehouse. 


All WS have a container for each component (properly identified). Since the incorporation factor for every 
component is 1 (except for the screw type A), the number of components to be placed in the different 
containers should purposely differ. This will cause the stock for each component to run out at different 
times, thus resulting in the existence of waiting times and a bullwhip effect. 


In the warehouse the components must also be divided into different, properly identified, containers. 
Concerning the expeditor, (s)he can only expedite the products if the previous order has been fulfilled, 
otherwise (s)he needs to wait for the required finished goods. 


One final aspect is how the WIP is transited from WS 4 to WS 5. In WS 4 the back cover of the plug is 
assembled, not allowing to distinguish the type of fuse from there on. To avoid mistakes, three containers 
(identified according to the three types of plugs) were placed between these WS. 


3.2 Second iteration: implementing the first three lean principles 
The second iteration starts with the first lean principle: specify value. All operations must be reviewed in 
order to identify and eliminate non-value adding work. For example, to assemble the cable holder (section 
2.2) some operations are repeated, such as picking up and putting down the screwdriver. As the repetition 
doesn’t add value, it can be eliminated. Moreover, these screws aren’t required to be thigh until the very 
end. Therefore, they are only tighten enough to make sure the cable holder holds, reducing the lead time. 


Afterwards, the following lean principle is introduced: map the value stream. For this iteration VSM was 
used to map the system. VSM allows to easily display key aspects such as the difference between lead and 
processing time, bottlenecks, the amount of WIP, and possible improvements. The VSM must be made as 
quickly as possible, by hand, and as big as possible (as seen in Figure 4). 


 
Figure 4: VSM example made during the game development, with predefined icons for faster completion. 
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In order to achieve the next lean principle, create flow, a balanced system is required. Therefore, the first 
improvement to be highlighted should be work balancing. Trainees are to develop a balanced system, 
although a predefined balanced system should be prepared in case they can’t present one. This balancing 
aims to achieve two goals: to obtain continuous flow and to release one operator. It is suggested the use 
of a bar graph for a better understanding of the load balancing concept (as seen in Figure 5, left). 


 


Figure 5: Load balancing with a graph bar (left) and the proposed balanced layout (right). 


 


The new (proposed) layout has two repeated WS (1 and 2) which should output WIP alternately. Also, the 
person that becomes available should now start supplying all the WS (taking on the role of supplier). To 
the supplier applies the same rules as previously defined for the operators, being the needs of each WS 
triggered by empty containers. The work instructions have to be updated with the new operations and 
visual management is introduced at this point. The PO, client’s procurement and forecast, and zoning 
remains unchanged. To verify if the system is balanced the newly assigned operations were timed under 
the same conditions used previously. 


Table 3: Operations and corresponding overall time per WS. 


WS Operations Time (s) 
1 a (x2), b, c, d, e 19.89 (39.70) 
2 a (x2), b, c, d, e 19.89 (39.70) 
3 f, g, h, i, j 20.17 
4 k, l, m 21.29 
 Takt time 21.4 s/plug 
 


3.3 Third iteration: applying lean tools 
In the third iteration the mapping process must performed again, thus allowing the trainees to see the 
results of the implemented changes. In this iteration, seven lean tools are to be addressed: 


 pull/kanban 
 visual management/one-piece flow 
 supermarkets 
 mizusumashi 
 POUS. 


By using kanban we are also introducing another lean principle: pull philosophy. The kanbans will be 
delivered to the most downstream WS (WS 4). In WS 4 there will be a sequencer to guarantee the kanban 
cards follow the correct sequence. The kanban cards will be inserted in the material containers (Figure 8) 
specifying the container’s component and corresponding quantity. An empty container will trigger the 
need to supply that specific component. 


Visual management will help differentiate the types of product by colour, instead of fuse amperage. The 
product differentiation is made in WS 3 and the containers will be replaced by zones with colour codes (as 
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shown in Figure 6). Also, the fuses must have the same colour that was defined by the colour system (e.g. 
the fuse with 2 amperes in Figure 6 has the colour green). 


 
Figure 6: Containers with kanban cards. Figure 7: Zones with colour codes for each type of fuse 


(from left to right, 2, 7 and 13 amperes). 


 


Concerning the zones with colour codes, another rule is introduced: in this zones it can only exist one of 
each type of product. This is to guarantee the one-piece flow, and every time WS 4 removes one type of 
WIP from the zones, the upstream WS (WS 3) can start working to replace the WIP corresponding to the 
empty zone. The same rule applies for the other WS. 


Two kinds of supermarket were defined in this game: one for the finished goods (Figure 7) and another 
for the warehouse. For the finished goods, the sizing of the supermarket should not exceed the size 
required to contain 3 plugs per type, and the system is to always produce for the supermarket. For the 
warehouse, the supermarket concept will be limited since there isn’t another system that supplies the 
warehouse. Thus, the components are simply divided into the same amount per container (according to 
the incorporation factor), as seen in Figure 9. 


Figure 8: Finished goods supermarket with colour code. 


 
Figure 9: Raw Materials Warehouse supermarket. 


 


By having the same amount of components per container, when a component runs out of stock, all the 
remaining components also run out of stock. Therefore, all the supply needs happen at the same time and 
can be met at once. Henceforth the supplier will be called mizusumashi (mizu). The mizu is required to 
start supplying from WS 4 to upstream as the system is operating in a pull philosophy. Moreover, the 
mizu supply is triggered when a container in WS 4 becomes empty, where (s)he is to collect the empty 
container in each WS and exchange it with the container in the supermarket. To help the mizu’s task a 
dashboard was made (again using visual management) with photos of every component (divided 
according to the WS). 


Since waiting times are to be avoided, in each WS there must be a 2-bin replenishment system, point-of-
use-storage (POUS). With this system every time a container runs out of components there is a backup 
container. When the operator empties a container (s)he should place it on the lower shelf of the POUS to 
trigger the mizu, and the backup container will fall, staying available to the operator with little effort. 
Figure 10 depicts the projected POUS. 
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Figure 10: Projected POUS. 


 


At this point the game doesn’t need neither PO nor client’s procurement forecast, as the system operates 
under the pull philosophy and with kanban. It is advisable to perform the mapping process once again (as 
at the end of each iteration) in order to identify the differences and compare the lead times. 


4 Conclusions and future work 
This paper presents a brief description of a physical business game developed to be used in classrooms. 
The game offers experimental learning, and thus enables trainees to get a deeper understanding of the 
lean principles. During the development phase the game was tested in a training session. Positive 
feedback was obtained although some variations were introduced (described in Table 4). 


Table 4: Differences between the described game and the tested version, and corresponding motives. 


Difference Motive 
Second and third iteration were merged Due to the lack of time 
Client’s procurement forecast was not levelled (in terms of 
quantities) and exceeded the defined takt time 


This is not a correct approach and could provide better 
results (in terms of lead time) in a push philosophy 


Client’s procurement forecast didn’t exist Forecast is common in most industries, therefore it makes 
sense to include it in the game 


An heijunka box was used to help the production 
planning 


Heijunka box is used if there are large setup times and 
changeovers. Moreover, it reinforces the idea that the 
system is working under a pull philosophy. 


 


In the first iteration the game developed as intended, where problems occurred as expected. There were 
large amounts of WIP between every WS, huge lead times, finished goods that were not delivered, and 
out of the 15 client’s orders, only 7 were satisfied. Trainees also complained about the waiting times and 
the difficulty of understanding the work instructions (without visual management). 


The second iteration also unfolded as expected. The work instructions were considered easy to 
understand, and therefore there was no need to explain any operation. At the end of the iteration, the 
amount of WIP and finished goods (supermarket) were the expected, and 13 client’s orders were fulfilled. 
Trainees also stated that the waiting times were significantly reduced. 


In the tested version of the game, trainees weren’t able to provide a balanced system, therefore the 
predefined balanced system was used, working as expected. The only problem was concerning WS 1 and 
WS 2, where operators were not able to synchronise correctly in order to supply WS 3 alternately. 


Overall, the business game seems to have the minimum requirements to be implemented and is not too 
demanding concerning the materials required. An overview of the propose Business Game can be seen in 
figure 11. Still, some drawbacks could be found, such as the time needed to introduce all the theoretical 
concepts and the physical space required to implement it. Therefore, some aspects concerning the game 
may still require further testing. 
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Figure 11: An overview of the proposed business game. 


 


Although there are currently several business games concerning lean that can be purchased online, these 
are normally overpriced and focus mainly on one or two important lean tools, disregarding the 
interdependence between lean principles and tools. This paper aims not only to propose an affordable 
physical business game but also to provide guidelines for creating similar games, possibly for different 
environments or trainees with different backgrounds/interests. It should also be noted that the 
improvements at each iteration were to be excepted, possibly even if no lean technique was used. The 
goal was not to demonstrate the efficiency of the methodology, but rather to showcase how their main 
techniques could be implemented in a real-life scenario. 


As future work it is proposed the introduction of additional lean concepts such as heijunka box, poka-
yoke systems, 5S, and single-minute exchange of die (SMED), possibly using additional iterations. Also, if a 
more complex system is required, additional product differentiation could be considered. 


The warehouse supermarket concept can also be further developed. Components could be repacked 
during the game by a new agent or by the mizu. Additionally, a system that supplies the warehouse 
supermarket could be though off. 


Concerning the third iteration, several concepts have to be assimilated, therefore it may be necessary to 
create a fourth iteration (which is to be tested and compared with the current proposal). Finally, the game 
is still unfinished as it needs further testing in order to obtain additional feedback for future 
improvements, thus achieving the last lean principle: seek perfection. 
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Abstract 


The quality of products and processes has proven to be crucial for companies to compete in the market. The 
Statistical process control enables them to foresee problems in the process, thereby ensuring the quality of 
manufactured items. This paper aims to present a proposal for monitoring a machining process, with the help of this 
tool using control charts. This research arose from the need of monitoring the rectification process of the inside 
diameter of a steel cylinder, a component of a product manufactured in a company in southern Brazil. The parameters 
must follow the design specifications, so the final product will not have performance problems. Thus, for the 
monitoring of this process are applied Shewhart X -S control charts for three measurements performed in sections of 
a cylinder, analyzing them separately. To complement, a multivariate chart Hotelling's T2 is applied to monitor 
simultaneously these three measurements. The two approaches are compared in terms of performance and usage 
aspects. The results obtained in terms of performance were similar. However, the Shewhart control chart is easier to 
use and simpler to interpret by staff. The results enabled the company to know the stability of the process, facilitating 
the decision-making on actions taken for improvement. 


Keywords: Statistical Process Control, Shewhart chart, Hotelling's T2 chart, Machining process. 


1 Introduction 
The quality of products and processes has proven to be crucial for companies to compete in the market.  
Statistical process control (SPC) is an efficient and powerful formal technique used for monitoring 
processes. It allows us to predict problems in the process, ensuring the quality of the items that are 
produced. SPC consists of a collection of tools for resolving problems, useful in obtaining a stable process. 
The control chart is one such tool, and probably the most technically sophisticated (MONTGOMERY, 
2004).  


A control chart is a visual statistical tool that highlights the presence of special causes. It basically consists 
of plotting lines representing the Upper Control Limit (UCL) and Lower Control Limit (LCL), the mean or 
target of the process (Central Line - CL) and the observed points, which represent, in general, a statistic 
related to the variable of interest. If one or more points are beyond the control limits, it indicates that the 
process can be out of statistical control, i.e. there may be a problem in the process (SAMOHYL, 2009). The 
most popular univariate control chart for variables is the Shewhart control chart, which achieved success 
due to its simplicity. 


In the industrial process there are many situations that require simultaneous monitoring and control of 
more than one quality characteristic. Monitoring these quality characteristics independently is possible, 
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but can be very misleading. This monitoring where many quality characteristics of interest are related is 
known as multivariate statistical process control (BERSIMIS; PSARAKIS; PANARETOS, 2007). Monitoring a 
process that has multiple quality characteristics is always a challenge to the quality controllers or 
practitioners. The Hotelling T2 control chart is widely used to monitor multivariate observations 
(CHENOURIA; VARIYATH, 2011).  


The motivation for this paper came from the need to apply statistical process control in a machining cell 
of a pilot project at a company. Because the item is produced in batches and the feature being studied is 
crucial for it, statistical monitoring is required, which allows the quick detection of problems.  The part 
being studied is measured in three sections, so there are three (3) variables to be studied.  Each section of 
the part is analyzed individually, because if there is one that does not meet the specification, the part 
must be rejected or reprocessed.  This makes it possible to use the Shewhart SX   chart.   


However, as there are three (3) variables being studied, each of which are correlated, it is possible to apply 
the Hotelling T² chart.  By using the concepts of SPC, this study proposes a way to do the monitoring of 
these variables, thus ensuring the stability of the process. 


The main goal of this paper is to present a proposal for the monitoring of the sections of the internal 
diameter of the part being studied, using control charts.  We also want to compare the monitoring 
between the Shewhart SX   chart and the Hotelling T² chart for this process. 


This article is structured as follows: in section 2, we present the theoretical framework of control charts; in 
section 3, there is the methodology used to develop this work; section 4 presents the results and 
discussion; and in section 5, there are the final remarks. 


2 Statistical Control Charts 
SPC, and in particular quality control techniques such as control charts, have become more and more 
important, due to the key role they play in industry.  The main goal of statistical quality control is to reach 
a level of quality that becomes more and more the primary factor in the consumer's decision regarding 
products and services (ALVES; SAMOHYL, 2004). 


The processes must be continuously monitored to detect the presence of identifiable causes.  Monitoring 
the characteristics of a process, it is possible to know and act on the causes of variability.  By knowing the 
causes of process variation, it is possible to propose an action plan to eliminate special causes.  The 
control chart is the primary tool used for monitoring processes and indicating the presence of special 
causes, which allows detection and the taking of corrective actions (COSTA; EPPRECHT; CARPINETTI, 
2008). 


A control chart consists of an axis, which refers to the average of the sample values, and two parallel lines, 
called the upper control limit (UCL) and the lower control limit (LCL).  A process is in statistical control 
when the variation of the samples in the chart is small, oscillating around the threshold of central control, 
without going outside the limits of upper and lower control.  This variation is due to random causes 
intrinsic to the process (COSTA; EPPRECHT; CARPINETTI, 2008).  If there are subgroups that go outside the 
LCL and UCL, the process is under the action of special causes, and actions must be taken to identify and 
remove them. 


The implementation of control charts in a process occurs in two phases.  In the first phase, we check if the 
process is under control by looking at the initial observations presented in the chart (CHENOURIA; 
VARIYATH, 2011).  Also at this stage, a detailed study is done to check if the process is in statistical control 
by analyzing their characteristics in order to verify that the data are independent and identically 
distributed (VINING, 2009).  After verification of the control charts, we seek to identify special causes.  If 
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special causes are identified in the production process, we seek to identify these causes in order to 
eliminate them. 


According to Samohyl (2009), subgroups that were under the proven influence of identifiable causes 
should never be used.  Without being part of the control chart, these subgroups must remain recorded 
with the actions taken to remove the causes that took the process out of statistical control. After 
eliminating the subgroups that take the process out of control, the limits are recalculated.  A new analysis 
is then done. If there are no special causes in the process, then passes it to phase II, which is the 
monitoring process with the limits calculated in phase I.  In phase II, the information obtained in phase I is 
used in the construction of the control charts that are used to test if the process remains under control 
when future observations are monitored (HENNING et al., 2011). 


The performance of a control chart is usually measured by parameters related to the distribution of the 
time required for the chart to send a signal.  The average run length (ARL) is an additional parameter, 
representing the average number of samples necessary to detect a change that has occurred in the 
process (ALVES; SAMOHYL, 2004).  As said by Samohyl (2009), if it is a false positive, then it is called ARL0; 
if it is true, it is called ARL1. 


2.1 Control Charts SX   
The X  chart, developed by Shewhart in the 1920s, is the most widely used control chart in SPC today.  Its 
use has been shown to be effective for monitoring the process and improve the result continuously and 
permanently (SAMOHYL, 2009).  The control limits are usually set considering three (3) standard errors 
above and below the average X .  The ARL0, in this case is 370.  In other words, a false positive is 
accepted every 370 samples.  To define the control limits in the X  chart, we use Equations 1, 2, and 3. 


SAXUCL 3 ;                                                                                                                                     (1) 


XCL  ;                   (2)                     


SAXLCL 3 ,                                                                                                                                     (3)                         


where X  corresponds to the average of the average of the samples, S  corresponds to the average 
standard deviation, and A3 corresponds to the factor for the construction of the control charts, tabulated 
for various sample sizes n. Tables can be found in traditional SQC references such as Montgomery (2004), 
Costa, Carpinetti and Epprecht (2008) and Samohyl (2009).There is a chart for process variability 
monitoring, but in practice it is seldom used.  The S variability chart is based directly on the standard 
deviation of the subgroups. However, the accuracy of the S chart is better than the R chart, showing fewer 
false positives, and its use should be considered in factories where the culture of quantitative methods is 
more evolved and appreciated (SAMOHYL, 2009). For the limits of the control chart of standard deviation 
S, we use Equations 4, 5, and 6. 


SBUCL 4 ;                                                                                                                                             (4) 


SBCL 4 ;                                                                                                                                                 (5) 


SBLCL 3 ;                                                                                                                                              (6) 


where S  is the average standard deviation, and constants B3 and B4 are tabulated for various values of n. 


According to Montgomery (2004) and Costa, Carpinetti and Epprecht (2008), for control charts like the 
Shewhart control chart to be effective, two assumptions must be previously analyzed and validated. The 
first is that the observations of the quality characteristic of interest are independent, with no significant 
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autocorrelation in the data.  The second is that the observations are normally distributed. The control 
limits are constructed based on the assumptions that the underlying distribution of the quality 
characteristic is normal and there is no major contamination due to outliers (MOUSTAFA, 2009). 


2.2 Multivariate Control Charts 
There are many situations where simultaneous monitoring is necessary to control two or more related 
quality characteristics, and monitor whether these characteristics can be misleading (MONTGOMERY, 
2004). For these situations, specific tools should be used to detect, identify, and analyze the meaningful 
causes of variability in a process.  Multivariate control charts represent one of these techniques being 
used to simultaneously control several characteristics that indicate the quality of a single production 
process (ALVES, HENNING; SAMOHYL, 2008). 


The most familiar monitoring and control procedure of a multivariate process is the Hotelling T2 control 
chart, for monitoring the mean vector of the process.  It is directly analogous to the univariate Shewhart 
X  chart (MONTGOMERY, 2004).  Hotelling (1947) was the first researcher to observe the weakness of the 
univariate statistical control charts in his pioneering paper. In the following decades many contributors 
have established studies in the same field and an extensive literature can be found, like for e.g.: Aparisi 
(1997), Jackson (1956, 1959), Jackson and Morris (1957), Ryan (1989), Tracy, Young and Mason (1992), 
Pignatiello and Pignatiello Jr. (1999), Khoo et al. (2004) and Champ and Jones-Farmer (2007). 


Among the existing multivariate charts, the Hotelling T2 control chart is the best known in the literature, 
and its applicability is most recommended for processes that have several quality characteristics. These 
characteristics are correlated and need to be monitored together.  The T2 test statistic is based on 
Equation 7, 


   XXSXXnT
'


 12 ,                                                                                                                   (7) 


where X  corresponds to the vector of means, and S represents the covariance matrix of the process. 


The application of the Hotelling T2 multivariate control chart is done in two steps.  In phase I, the limits are 
calculated using Equation 8 (TRACY; YOUNG; MASON, 1992; BERSIMIS; PSARAKIS; PANARETOS, 2007), 


UCL = 11


11




pmmn,p,Fpmmn


)n)(m(p
                                                                                                    (8) 


where p is the number of variables, m is the number of samples, n is the sample size, and F equals 
Snedecor's F distribution with a degree of freedom for the numerator equal to α (equivalent to the rate of 
false positives), and for the denominator equal to p, mn-m-p+1. 


For phase II of the application of the multivariate chart, the equation of the upper control limit is given by 
the Equation 9 (TRACY; YOUNG; MASON, 1992; BERSIMIS; PSARAKIS; PANARETOS, 2007)  


UCL = 1,,1


)1)(1(




pmmnpF


pmmn


nmp
 .                                                                                                        (9)                              


The lower control limit (LCL) for the two phases is equal to zero. For the use of multivariate control charts, 
it is also necessary to verify the assumptions of normality and independence. If the multivariate normal is 
not an appropriate model, there is very little literature available on alternative multivariate charting 
techniques (Bersimis; Psarakis; Panaretos, 2007) such multivariate non-parametric statistical process 
techniques (CHAKRABORTI; VAN DER LAAN;  BAKIR, 2001).  Autocorrelated multivariate process  is also an 
area that must be further investigated.  
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3 Methodology 
This paper, considered from the point of view of its nature, can be considered as applied research 
(BARROS; LEHFELD, 2000; GIL, 2010), contributing to practical ends.  It aims to solve problems or concrete 
needs found in reality.  From the point of view of the form of the approach to the problem, the research is 
quantitative, since to reach its proposed goals, the obtained results are analyzed using information from 
the control charts. 


As a computational resource for the monitoring of data, the normality and autocorrelation analysis was 
done using the R software program (R DEVELOPMENT CORE TEAM, 2012). 


In Figure 1, the steps in the application of SPC in this paper are shown. 


 


 


 


 


Figure 1: Flowchart of  the application of SQC to the data of the sections of the cylinder 


 


Data collection occurred in the process of grinding the inner diameter of a 1020 steel cylinder.  The piece 
is separated into three (3) sections for measurement: top, middle, and bottom.  Data from these measured 
sections are available in the annex.  The grinding of the inner diameter is performed to increase the 
diameter and decrease the roughness of the surface.  These are the two main characteristics to ensure 
product quality in this process. 


4 Results 
For reasons of confidentiality, the name of the company where this work was done will be referred to as 
Company.  Working for over 40 years in the market, the company is headquartered in southern Brazil, and 
produces one of the main components for the white line.  Their product is responsible for circulating the 
refrigerant in a refrigeration system. 
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The machining cell in question went through a transition from design to manufacturing.  Thus, no method 
had been used yet to check the stability of the process.  It was just checked if the parts were within 
specification using measurements.  The need to implement SPC in the machining cell was then seen.  
Initially, we tested the normality hypothesis by means of the Shapiro-Wilk hypothesis.  The outcome of 
the normality test for first 30 subgroups of the top, middle, and bottom sections of the cylinder is 
presented in Table 1.  With the exception of the top section, all the other variables show normal 
distribution.  Thus, as a small departure from normality may not influence the results very much 
(MONTGOMERY, 2004), we chose to apply SX   control charts to the original data (Figure 2).  Although 
it is not shown in this study, the data showed no autocorrelation. 


Table 1: First normality analysis of the data and definition of the control limits 


Section Top Middle Bottom 
p-value    0.0009 0.7305 0.2466 
Source: Self-authorship 


In Figure 2, two samples (9 and 17) which are beyond the control limits can be seen - sample 17 in the X   
chart (Figure 2a) and sample 9 in the S chart (Figure 2b).  The control limits had to be recalculated since 
correction errors of the parameters of the machine were identified by operators.  Thus, subgroups 9 and 
17 were removed from the analysis.  With the removal of these subgroups, the assumptions were checked 
again, and the data were normally distributed and not autocorrelated. 
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Figure 2: X (a) and S (b) control charts for the data. 


 


The new control limits for the top (LCL=32.62323; CL=32.62989; UCL=32.63654), middle (LCL = 32.62491; 
CL = 32.62335; UCL = 32.6354 and bottom (LCL = 32.62348, CL = 32.62984, UCL = 32.63621 ) sections can 
be verified in Figures 3, 4, and 6, respectively.  They represent phase II, i.e. the monitoring phase discussed 
below. 


Figures 3, 4, and 5 demonstrate that with all the sections measured and also considering the average, the 
process is kept under statistical control.  This analysis did not consider the additional rules, as it would 
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imply a change in the ARL0.  The process, however, is stable only under the action of the natural variability 
of the process, with measurements within specification. 
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Figure 3: Xbar (a) and S (b) chart of the top section during the monitoring phase of the process. 
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Figure 4: Xbar (a) and S (b) chart of the middle section during the monitoring phase of the process. 
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Figure 5: Xbar (a) and S (b) chart of the bottom section during the monitoring phase of the process. 


 
Starting from the development of this work, we can begin the process of SPC in this cell.  It is 
recommended, after a certain amount of time, to recalculate the control limits. Furthermore, feedback 
from the client about the quality of the product is always desirable. 


In applying the Hotelling T2 chart, the three variables studied (top, middle, and bottom) were considered, 
with an initial number of 30 subgroups.  As with the Shewhart control chart, the subgroup size was equal 
to 5 (five) and a value of 370 was used for the ARL0.  As was reported in the individual charts, subgroups 9 
and 17 had special causes, and these were excluded after the initial analysis.  However, in this analysis, 
only sample 17, which also reported a special cause, was above the upper control limit.  Nonetheless, it 
was decided to remove these subgroups, and once the limits were recalculated, the process proved to be 
under statistical control. 


To check the normality of the data, a test was performed for multivariate normality - Mardia's test - using 
the QRMlib package in R (MCNEIL; ULMAN, 2011).  The data can be considered normally distributed, with 
an asymmetry p-value = 0.1044016 and a kurtosis p-value = 0.4504732.  To estimate the covariance 
matrix, the successive differences estimator was applied. 


After checking the stability of the process in phase I, we then moved to the monitoring phase (phase II), 
using the data of the samples during the monitoring of the process.  In addition to the initial 28 
subgroups, ten more subgroups collected after setting the control limits were also used.  As in phase I, we 
considered five samples per subgroup.  The control limits of phase II were LCL = 0 and UCL = 15.85587. 
Figure 6 shows the Hotelling T² chart during the phase II monitoring. 







 
Application of control charts for monitoring the machining process of the inside diameter 


of a steel cylinder 


ID87.9 


 


 


Group


G
ro


up
 s


u
m


m
a


ry
 s


ta
tis


tic
s


29 31


0
5


1
0


1
5


LCL


UCL


LPL


UPL


Calibration data in fase.1 New data in fase.2


Number of groups = 38
Sample size = 5
|S| = 1.279448e-14


LCL = 0
UCL = 14.76236
Num. beyond limits = 0


LPL = 0
UPL = 15.85587
Num. beyond limits = 0  


Figure 6: Hoteling T2 control chart (phase I and phase II). Source: R software application 


 
Thus, it can be seen that the two approaches - univariate from the Shewhart-style charts, and multivariate 
from the Hotelling T2 charts (Figure 6) - had similar results in terms of performance.  But as the company 
was in the process of implementing SPC in that cell, the application of the Shewhart-style charts is easier 
to interpret by the operator of the shop floor.  But the Hotelling T2  chart can be an option to be 
considered in the future. 


5 Conclusion and Final Considerations 
The main objective of this study was to propose the application of control charts for the statistical process 
monitoring of the grinding of the inner diameter of a steel cylinder.  Shewhart-style univariate and 
Hotelling T2 multivariate control charts were applied.  Both the Shewhart control chart and the Hotelling 
T² control chart had almost the same performance in the analysis of the stability of the process, proving to 
be efficient in the analysis of the process studied.  Thus, it was possible to verify the stability of this 
process around the design specifications. 


We believe that the use of the Shewhart chart is a good choice at the beginning of the SPC 
implementation work in the cell. For the company, at that time, it was operationally easier to implement, 
considering both the operators, as the computational resources available for online monitoring. 


Therefore, after a while, when this practice is more established, it is suggested to proceed to using the 
Hotelling T2 chart itself, or even multivariate charts that are more sensitive to small shifts in the process 
mean, such as MCUSUM (Multivariate Cumulative Sum) chart or MEWMA (Multivariate Exponential 
Moving Average) chart. 


Faster signaling of out-of-control processes leads to reduced losses, which can be significant in cases 
where small deviations from the established mean of the quality characteristic are turned into losses and 
less competitiveness.  Thus, using MCUSUM and MEWMA charts, it is possible to check the quality of the 
products with higher accuracy, and also identify the adaptation of the operators to these new tools on the 
production line. 
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Abstract 


In the context of marketing business-to-business (B2B), how business relationships are established defines the 
behaviour of the parties involved, and is heavily influenced by corporate interests of each part. The purchase decision 
process is shorter and simpler, and the purchase has a strong emotional component. Analyse and understand the 
process of purchasing decisions of customers or consumers allows the development of specific actions to increase the 
degree of response and influence on the decision. In general, the decision process of organizational buyers is 
complex, organized and long, and is influenced by a diverse set of players. 


This article focuses on the decision to include slab joist (“vigotas”) in construction projects and presents the main 
results of a survey implemented by the key decision-makers (engineers, architects and builders). Statistical analysis of 
responses indicates the presence of conditioning factors such as price and technical maturity of the solution slab joist. 


The results can be used to develop a new positioning in the market of the product offering and new communication 
strategies. 


Keywords: marketing, business-to-business, buying behavior, survey, attitudes. 


1 Marketing Business-to-Business 
The marketing concept involves the choice of potential customers, and the management of the marketing 
mix. This concept encompasses three key ideas: 1) the marketing manager should focus its activity in 
creating satisfaction for the customer, 2) the organization must have a structure operating as an 
integrated system where all employees and functional areas are perfectly identified with their role in the 
organization and relationship with customers, and 3) the goals of medium-and long-term organization 
(e.g. profit, environmental and social responsibility, the image on the market) must be satisfied (Jalkala, 
Cova, Salle & Salminen, 2010). By integrating all functions of the organization, marketing aimed at 
meeting customers and their needs, providing solutions and communicating them to a target market 
segment properly identified and defined (Brettel, Strese & Flatten, 2012). 


Throughout this article, the perspective of B2B marketing will be used. Although B2B marketing is often 
referred to as industrial marketing or organizational marketing, it can be said that there are significant 
differences between these three designations. The organizational marketing studies all types of 
interactions and transactions between all types of organizations. The industrial marketing, nomenclature 
increasingly used, based his philosophy on the relationship between business organizations in a 
productive context. The B2B marketing studies the trade relations between the organizations that seek 
profits, where the definition of an interpersonal relationship is very important for sharing motivations 
(Ivens, Pardo & Tunisini, 2009). 


According to Watkins and Hill (2009), B2B marketing presents four specific dimensions: 


 Functional interdependence. The efficiency of B2B requires a close relationship and interaction of 
marketing with all functional areas of the organization (R&D, logistics, engineering, etc.). 
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 Complexity of the product. In B2B context, product development process will have to rely on 
productive interactions between the organization and its customers in order to develop 
innovative and appropriate. 


 Relationship of interdependence between buyer and seller. To ensure mutual benefit in this 
relationship is necessary to ensure a strong commitment of organizational resources (human, 
material and financial) in a medium and long term prospective. 


 Purchasing process complex. In organizational buying, there is a set of principles that can increase 
or decrease the complexity of the process. B2B marketing is characterized by requiring a detailed 
evaluation and proximity to customers, thereby increasing the level of complexity. 


The traditional view of markets considers that the demand is made up of independent buyers and sellers, 
i.e., each exchange carried out among these is interpreted as a series of discrete transactions where the 
seller was the active part and the buyer is limited to respond to stimuli. According to some authors, this 
type of transaction does not match what was and is observed in the industrial market, where both parts 
seek to develop long term relationships, on an current basis and integrated with other networks 
(Hakansson & Snehota, 2000). 


In B2B markets, the alternatives available for partners are fewer. Since the customer base is more volatile, 
the subjectivity of choice is significant. In addition, an evaluation at an early stage is difficult, and it is 
important to define relationships that involve a real commitment from both parts, because the markets 
are characterized by the conquest of power, domination and control of close relationships (Golfetto & 
Gibbert, 2006). It is possible to assess that in B2B marketing the approach adopted corresponds to a 
perspective of social relations, which includes the analysis of relational variables, such as reciprocity and 
exchange of information, and the analysis of complex relationships in networks (Jarratt & Fayed, 2001). 


The approach of the relationship marketing focuses on the effective analysis of the relationship, trying to 
avoid the theoretical generalizations (Woodside, 1997). It considers the relationships that are created 
between the different types of partnerships, which, by definition, are few and difficult to replace. In the 
relational marketing perspective, a model based on cooperation and bilateral relations between the seller 
and the consumer interprets reality better than the traditional approach, which considers the sellers and 
consumers as "adversaries" (Donaldson & O'Toole, 2000). 


2 Consumer behaviour 
The study of consumer behaviour "is the study of the processes involved when an individual or a group, 
select, purchase, use or remove products, services, ideas or experiences to satisfy needs and desires" 
(Solomon et al 1999, p. 8). Consumer behaviour is a new field of marketing, with some interdisciplinary 
contributions, as is the case of sociology and psychology. Several investigations have as dominant a 
positivistic perspective, characterized by an emphasis on the consumer as a rational decision maker to 
which should please. The motivations of the consumer are often driven by values or principles, which 
constitute a system of values. 


The study of consumer behaviour seeks to understand how people, groups and organizations select, buy, 
use and reject products, services, ideas and experiences in order to meet their needs and wants (Golfetto 
& Gibbert, 2006). The buying decision process is the specific study of the selection and the purchase of 
products and services. Analyse and understand the process of purchasing decisions of customers allows 
any organization to develop actions that have the purpose to improve their sales volume. 


The attitude is a disposition favourable or unfavourable to a particular object, to some people, an event, 
or for certain attributes. Indirect measures of attitude are an opportunity for respondents to analyse or 
review different aspects of a particular theme. The answers given to a particular set of specific questions 
are used to infer the provision in respect to the subject under investigation (Ajzen, 1996). 







 
Attitudes and buying behavior in a Business-to-Business model 


ID281.3 


How do you measure the attitude? Despite the fact that the attitude is not measurable, Ajzen (1996) 
suggests a mathematical equation for his quantification. The final result of the attitude (A) is obtained by 
multiplying each attribute depending on the responses to each question: 


 eb=A ii  


Equation 1: Calculation of the attitude 


The attitude is thus perceived as a set of feelings that can be positive or negative about something. It is 
always stronger, if subject to a constant enhancement over time. 


For the analysis and study of attitudes is possible to determine the tastes and desires of consumers 
(Ajzen, 1996). But a product or service may be composed of many attributes or qualities, which can lead to 
a greater difficulty degree in its analysis. Depending on the individual making the assessment, some 
aspects may be more relevant or not. Additionally, the individual attitude can be affected by external 
factors, such as family approval. Thus, different models of attitude have been developed to try to specify 
the elements that together can give a more accurate assessment of individual attitude on a particular 
theme or subject. These models used by researchers seeking to analyse and study the attitudes are 
basically specified by three elements (Solomon et al 1999): 


 Attributes - the relevant characteristics can be identified, and the investigator may include 
attributes that an individual considers relevant to the assessment. 


 Beliefs – the specific cognitions about a specific attitude that measure the level of perception that 
the consumer has towards a particular brand or attribute. 


 Importance - reflects the priority that an individual gives to a particular product. An attribute can 
be taken from a set of attributes, with some more important than others, and the specific weight 
of each vary from individual to individual. 


The theory of planned behaviour (Ajzen, 1996) proposes an explanatory model of individual human 
action, particularly in terms of the intent of a particular action and how it is realized in an effective 
decision. The behaviour is rooted in the beliefs generated by the evaluation of the outcome of the 
behaviour, the subjective norms, the normative beliefs and motivation for action. The questions that 
comprise the indirect measures of attitude, subjective norms and perceived control can be decomposed in 
the following level of analysis: 


ATTITUDE SUBJECTIVE NORMS PERCEIVED CONTROL
BEHAVIORAL BELIEFS NORMATIVE BELIEFS CONTROL BELIEFS


OUTCOME EVALUATIONS MOTIVATION TO COMPLY POWER OF CONTROL FACTORS  


Table 1: Indirect Measures 


The theory of planned behaviour has more than two decades of use and there are several scientific 
studies that have used this model successfully. This theory has been mainly used in research in the areas 
of psychology and analysis of individual behaviour. However, its structure is rather theoretical adaptable, 
in particular by adding new variables. 


3 Methodology and sample 
This work is part of a research project that seeks an answer to the question: "What explains the decision to 
include slab joist (“vigotas”) in construction projects?" in a context of purchasing and decision-level 
business-to-business. The method of collection chosen was the questionnaire, and its starting point was a 
review of the literature, where we tried to systematize the information through survey questions already 
been developed and used in previous studies. In the first part, the questionnaire collects some aspects 
relevant to characterize the study population, particularly in terms of general information of the 
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respondent and the respondent’s company. Finally, here is a second part with specific questions regarding 
attitudes and perceptions. 


Upon completion of a satisfactory version of the questionnaire, and prior to its implementation, a pre-test 
was performed in order to ensure that the expectations in terms of research information were to get hit. 


The population defined for the purposes of this research includes the actors in the construction industry 
who have power or capacity to decide on buying organization, including architects, civil engineers and 
contractors (builders). Given the exploratory nature of the study, participants received the questionnaire 
referred to in person or via email (on average, the time taken between the delivery and return of 
completed questionnaires was about two days). A sample of "convenience", with a total of 54 valid 
responses, was admitted. 


This study is based on a Portuguese sample which is mostly composed of civil engineers (53.7%) or 
architects (27.8%), male (83.3%) with qualifications or bachelor's degree (81.5%). Have an average 
experience about 10 years old (9.98 years) with a standard deviation of 10.464 years and a median of six 
years of experience. The average age of respondents is 35.09 years, with a standard deviation of 11.117 
years and a median of 31.5 years. 


The organizational characterization of companies where respondents play roles, 64.8% of respondents 
play a role in companies whose main activity is the construction and 35.2% work in architecture, 
consultancy or project. 


With regard to company size by number of employees, it is interesting to note that 29.6% of respondents 
work in a company with maximum of 9 employees (micro) and 27.8% did not know or does not respond 
("Ns / Nr ") on this issue. In turn, the age of the company was only indicated by 27 respondents, which 
indicate that play roles in companies with an average age of 19.41 years with a standard deviation of 
12.404 years and a median of 15 years (indicating a minimum of 3 years and a maximum of 55 years). 


4 Results 
This article focuses on responses to questions related to indirect measurements on the elements of the 
theory of planned behaviour: attitude, subjective norms and perceived control. In addition to descriptive 
statistics, whenever possible we test hypotheses of independence between the response to a given 
question and the answer to questions of social characterization of the respondent as the function role, 
experience, gender, academic qualification, and characterization of the company in terms of size and 
activity. For methodological issues associated with the statistical analysis of contingency tables, variables 
with response options unrepresentative are transformed to minimize observed frequencies equal to zero 
and consequent increases in inappropriate test statistic calculated in chi-square test. The following is a 
brief presentation of the main results. 


4.1 Behavioural beliefs and outcome evaluations 
The first items examined reflect the beliefs about the likely outcomes of the behaviour of use the slab joist 
on the construction project. In general, association with certain attributes forms the behaviour beliefs. In 
the particular case of the inclusion of joist slab, we chose to focus the study on the attributes of price, 
performance, acceptability and comparative advantage. In this sense, literature scales review allows us to 
define five statements related to behavioural beliefs adapted to the behaviour of the inclusion of joist 
slab. The degree of agreement with each statement was measured on a Likert scale with five levels varying 
from 1 - "strongly disagree" to 5 - "strongly agree" (see Figure 1). 


The figure summarizes the positive responses, i.e., the sum of answers 4 - "agree" and 5 - "strongly 
agree". The statement concerning the cost of the slab joist presents more concordant respondents 
(85.19%) then the statement on the robustness of the final use of the joist (70.37%). The information that 
has a lower percentage of positive responses (50%) is related to the superiority of the advantages of using 
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slab joist in relation to its disadvantages (in this statement, 22.2% of respondents indicated "neither agree 
nor disagree”). 


85,19%


70,37%


66,67%


53,70%


50,00%


(2) The use of slab joist is the most
economical solution


(1)  The use of slab joist in the
construction is a solid solution


(3)  The use of slab joist in the
construction is better accepted by the


workers than other solutions in the…


(4) In residential construction, beeing low
cost is the best "bet"


(5)  The advantages of using slab joist
greatly outweigh the disadvantages


 
Figure 1 Behavioral Beliefs (% positive responses) 


There was a relationship of dependency between the response to the statement "the use of slab joist is 
the most economical solution" and the respondent's gender (chi-square significance level of 10%). 
Interesting to note the dependency relationships found between firm size and 1) the degree of agreement 
with the superiority of the advantages of using slab joist and 2) a commitment to building low cost (chi-
square significance level of 10 %). 


With regard to commitment on low-cost building should be noted: 


 They are small companies that agree with the statement (85.71%) followed by micro enterprises 
(56.25%). 


 The group that disagrees is the medium-sized enterprises, with 44.44% of negative responses. 
Interestingly, this group also has 44.44% of positive responses. 


 The answers of respondents from large companies do not indicate negative opinion about the 
statement but have a significant neutral opinion (57.14%). 


In addition to the definition of the various attributes associated with a particular behaviour, the attitude 
results from the perception that the action in question will produce the defined attributes. The outcome 
evaluation intends to determine the subjective probability that the individual scores in relation to a 
driving behaviour with a particular attribute. Thus, adapting items identified in the literature, we defined 
five outcome measures in the use of slab joist in construction. The degree of perceived benefit of each of 
the statements was measured in a Likert scale with five levels ranging from 1 - "totally disadvantageous" 
to 5 - "totally worthwhile" (see Figure 2). 


85,19%


83,33%


72,22%


66,67%


64,81%


(2) In choosing the solution with slab
joist, the price is ...


(1)  The use of slab joist is a solution .....


(5) The construction of a low-cost
housing is ...


(3) A project, the satisfaction of workers
with the use of construction techniques
accepted and dominated by them is...


(4) in construction, the use of a slab joist
is ...


 
Figure 2: Outcome evaluation (% positive responses) 
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There is the expressiveness of positive responses to five statements, with percentages varying between 
64.81% and 85.19%. Results suggest highly sensitive to the price of slab joist (85.19%) and high 
recognition of the advantage of this construction solution (83.33%). 


Dependency relationships were found (chi-square significance level of 5%) between: 


 The perceived advantage of the use of slab joist and the company’s size. 


 The perceived advantage of low cost construction and the company's activity. 


 The perceived advantage of low cost construction and the gender of the respondent. 


The group with higher levels of perceived advantage is the small business respondents (85.71% of positive 
responses). The neutral group is significant in the response of the respondents from large companies 
(71.43% of answers "neither advantageous nor disadvantageous"). In turn, and in relation to gender and 
its relationship with the construction of low cost, the group of male respondents perceives the biggest 
advantage (77.78% of positive responses). 


4.2 Normative beliefs and motivation to comply 
The subjective norms reflect the perception of influence or pressure from others to perform or not a 
particular behaviour. Subjective norms, such as attitudes, are also a function of beliefs regarding the 
approval or disapproval of the implementation of a behaviour. These beliefs are termed normative beliefs. 
Based on the adaptation of items identified in the literature, we defined three normative beliefs in the use 
of slab joist in construction, considering the influence of industry and workers. Semantic scales were used 
to seven levels (-3 to 3). Figure 3 identifies the beliefs and considered adjectives, as well as the distribution 
of responses obtained. 


92,6%


70,4%


66,7%


(2)  Deciding on the type of solution
used for the construction of a slab, the
industry regards the price of the slab


as... (not important - important)


(3)The use of slab joist in the
construction is the satisfaction of the


workers ... (never - always)


(1) Into the future of the construction
industry the use of slab joist will be ...
(not recommended - recommended)


 
Figure 3: Normative Beliefs (% positive responses) 


Looking at the positive responses (+1 - "slightly positive" +2 - "almost positive" and +3 - "extremely 
positive"), responses highlight the importance of the price of the slab joist (92.6% of positive responses, 
see Figure 24). The following are in descending order: the influence of the workers in the use of slab joist 
(70.4%) and counselling for future use (66.6%). 


Found dependency relationships between: (a) the importance of the price of the slab joist and the 
academic qualification and function role of the responder (significance level 5% and 1%, respectively), (2) 
the influence of the use of workers in the slab joist and the gender, function role of the respondent, size 
and activity of the company (significance level of 1%, 5% and 5%, respectively). 


The influence of referents is analysed through the motivation to comply. Based on the adaptation of items 
identified in the literature, we defined three levels of motivation to comply considering the influence of 
industry and workers. Semantic scales were used with seven levels (-3 to 3) (see Figure 4). 
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88,8%


87,0%


75,9%


(7) The main factor in the industry by the inclusion
of slab joist is due to the price per square meter ...


(never - always)


(8) Having workers pleased with the use of a
known and dominated solution is a factor ...


(irrelevant - relevant)


(6) In the construction industry, the use of slab
joist is ... (bad - good)


 
Figure 4: Motivation to comply (% positive responses) 


In general, we identify into the distribution of responses, high levels of motivation to comply. Looking at 
the positive responses (+1 - "slightly positive", +2 - "almost positive", and +3 - "extremely positive"), there 
is, in descending order, the influence of price (88.8%), the relevance of workers (87.0%) and the slab joist 
as good practice in the industry (75.9%). 


At the level of motivation to comply, we found statistically significant relationships of dependence 
between the variable that reflects the relevance and appeal to workers and the (1) gender of the 
respondent, (2) experience of the respondent and (3) firm size (respectively 5%, 10% and 1% significance 
level). The relevance of the industry's choice of a known and implemented solution, and the respondent’s 
qualifications are also statistically dependent (significance level of 1%). 


4.3 Control beliefs and power of control factors 
In the theory of planned behaviour, the behaviour is assumed as a function of salient information or 
beliefs relevant to the behaviour. The perceived control results from the control beliefs. The adaptation of 
items identified in the literature, allowed to define three normative beliefs in the use of slab joist in 
construction: technological developments, price developments and the reputation of the solution. 
Semantic scales were used with seven levels (-3 to 3) (see Figure 5). 


85,2%


63,0%


50,0%


(12) The long-term hope on the use of
slabs joist present it as a solution ...


(expensive - economic)


(4)The advantages in the use of slab
joist exceed the disadvantages ...


(never - always)


(11) In the medium and long term is
... that slab joist form the most solid


and viable solution in the construction
(unlikely-likely)


 
Figure 5: Control Beliefs (% positive responses) 


The analysis of positive responses (+1"slightly positive", +2"almost positive" and +3"extremely positive") 
results in a higher percentage of positive responses to price (85.2%) and reputation (63.0%). Technological 
change has only 50% of positive responses concerning the premise that in the medium and long term this 
solution is the most solid and viable solution. 


After recoding the responses into positive or not positive responses, statistically significant relationships 
of dependence were found between: (1) technological change and firm size (significance level of 5%), (2) 
changes in the price and gender of the respondent and activity of the company (significance level of 10% 
in both). 







 
ICIEOM 2012 - Guimarães, Portugal 


ID281.8 


In addition to the control beliefs, perceived control also requires recognition of the power of control 
factors. Following the strategy of adaptation of scales tested in the literature, we consider three levels of 
power control defined on the basis of price and reputation of slab joist. Semantic scales were used with 
seven levels (-3 to 3) (see Figure 6). 


96,3%


79,6%


61,1%


(1109)  In construction, the choice of a
solution known and widely implemented is


... (irrelevant - relevant)


(1202) My decision to use of slab joist is...
based on its price  (never - always)


(1201) At present the use of slab joist in the
construction is a solution ... (recommended


- highly recommended)


 
Figure 6 - Power of control factors (distribution of responses) 


Results identify the choice of a solution widely implemented as an important and significant perceived 
high (96.3%). It follows the decision based on price (79.6%) and the recommendation of slab joist solution 
(61.1%). 


In terms of dependency relations, the tests found only the existence of a statistically significant 
dependence between “the importance of choosing a solution widely implemented” and the respondent’s 
qualifications (chi-square significance level of 1%). 


5 Conclusions 
Understanding what explains the purpose of purchasing, and how this is realized in actual purchase, can 
be used to develop a new positioning of the product offering in the market and new communication 
strategies. The B2B marketing includes situations where individuals or groups buy products or services for 
resale, for use in the production of other goods and daily operations of a company (Plank, 1997). It can be 
argued that B2B marketing contributes to a better functioning of the economy, acting as a kind of 
"economic engine", although it is often associated with the establishment of contacts between the 
sporadic and impersonal organizations (Jaakkola, Möller, Parvinen, Evanschitzky & Mühlbacher, 2010). 
That is, the transactions involve the establishment of inter-relationships between people who belong to 
these organizations. On the other hand, these people have different motivations and experiences. 


In terms of indirect measures considered in this study for attitude, subjective norms and perceived 
control, the results of the most significant level of responses are: 


 The high price sensitivity of the slab joist; 


 The high recognition of the advantage of the slab joist solution; 


 The perception of the importance of employee satisfaction with the chosen solution; 


 The perceived importance of choosing a solution widely implemented. 


Given the results, it is suggested a careful analysis of price and technical advantage of the solution slab 
joist, since the slab joist is perceived as a low cost solution. However, it is recognized that in today's 
market, where the low purchasing power inhibits the adoption of more expensive and techniques evolved, 
the slab joist solution may have a strong business opportunity. 


Regarding attitudes, the effort to influence a decision should consider the personal evaluation by the 
decision maker for the product: the more positive is the personal opinion regarding the product, less 
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effort will be necessary to perform in order to convince the decision maker to take action. The results 
presented require greater analysis. In terms of further work, it is provided to test the theory of planned 
behaviour, as well as the further replication of the study in a sample of greater size. 


The difficulties were related to the lack of studies at the organizational level of the theory of planned 
behaviour. It took an in-depth study of theory, with strong definition to the level of psychology, a 
completely new and different to the basic training of the researcher in engineering and industrial 
management. The task of adapting the questions to the subject and the variables under study also proved 
a challenge because of its nature and specificity. 
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Abstract 


Quality assurance and accreditation processes related to Portuguese higher education are a relatively new 
phenomenon, deserving special relevance today after the creation, by the Portuguese State, of the Agency for 
Assessment and Accreditation of Higher Education - A3ES. The creation of this organism determined the obligation of 
Higher Education Institutions (HEIs) accredit their study cycles and, later, implement internal systems for quality 
assurance. Thus, it is important to realize that these institutions have to decide which direction they have to take to 
better meet the requirements of the entities that steer them, and meet the needs of the market where they operate. 
To do this, they need to make strategic decisions that will allow them to apply effective evaluation and quality 
assurance mechanisms. The implementation of quality assurance internal systems implies that HEIs develop 
structures, mechanisms, indicators and models that support a dynamic culture of internal evaluation, allowing also 
responding to the requirements of external evaluation and accreditation systems. With this communication one 
intends to discuss how quality management models already known and universally accepted, namely ISO 9001 and 
EFQM, may help to address these requirements and consequently the implementation of such systems in institutions 
like these, characterized by a very distinct and complex culture. 


Keywords: Higher Education, Quality Assurance, ISO 9001, EFQM. 


1 Introduction 
The paradigm of quality in relation to its assessment, assurance and management has changed over the 
past decades. Nowadays it is not enough to produce something or provide a service; it is also necessary 
to do it better than the others, more quickly, at the lowest possible cost and responding to customer 
needs and requirements, whoever they may be. Several factors can be put forward to explain this 
paradigm shift. Firstly the increased demand from customers, because they have access to more 
information, or simply because they can acquire a greater or lesser easily the product or service to 
another supplier. Another factor that may eventually influence has to do with the appearance of 
numerous success stories regarding the implementation of quality management frameworks, where the 
ISO 9001 and EFQM Excellence Model are two of the most popular examples. 


Practices related to quality assessment in higher education exist nowadays all over the world. In Portugal, 
one can say that these issues have also been a subject of reflection for some years now. The proof of this 
is a legislative framework, which since 1986 with the publication of the Law of the Education, encourages 
Portuguese HEIs to promote evaluation practices. It was in this context of national legislation and also due 
to international developments, the most relevant being the signing of the Bologna Declaration, that the 
Portuguese State created the Agency for Assessment and Accreditation of Higher Education (A3ES). The 
Agency's primary mission is the evaluation and accreditation of HEIs and their study cycles. Initially, the 
agency has focused its work on the accreditation of study cycles that are in operation, as well as on the 
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pre-accreditation of new study cycles. In a second phase, it intends to certify HEIs quality assurance 
internal systems, in an attempt to simplify the procedures for study cycles accreditation.  


This paper is divided into four parts. On the first part one briefly introduce the principles and concepts 
associated with quality management models based on the application of the ISO 9001 standard and the 
EFQM Excellence Model. In the second part some considerations are made concerning evaluation and 
accreditation in Portuguese higher education, specifically addressing the internal systems of quality 
assurance and with particular emphasis on the standards proposed by A3ES. Then, in the third part,  a 
comparative analysis is conducted between the HEIs quality assurance standards, as proposed by A3ES, 
the ISO 9001 standard requirements and the EFQM Excellence Model criteria. The fourth part  presents a 
reflection based on this comparative analysis and discusses the need to further study the quality 
management models and their potential, as an important starting point for the implementation of internal 
quality assurance systems in HEIs.  


2 Quality and quality management  
When it comes to quality, there is often difficulty in reaching consensus on its meaning. The word 
assumes different connotations being difficult to define it in a unique and unambiguous way. Sahney et al. 
(2004) tell us that the same word has different meanings for different people, and as such, is defined 
according to various perspectives and orientations. However, if it is true that the meaning is hard to find, 
is also true that throughout the literature reviewed, the concept is almost always associated with the 
words "fitness for use" even when it is applied in the context of higher education. So, regardless of the 
multitude of definitions, quality is related to provide products or services that ensure the needs and 
expectations of the customers, in an effort to optimize the resources of the organization, fulfilling the 
legal requirements and always assuming a continuous improvement logic. 


Over recent years the paradigm of quality, with regard to their assessment, assurance and management 
has been supported by the appearance of numerous success stories, especially in the business world. 
According to Heras-Saizarbitoria et al. (2011), there are basically two reasons why this has happened. The 
first has to do with the success associated with the implementation and certification of quality 
management systems according to the ISO 9001 standard and the second is related to the success of the 
dissemination and implementation of business excellence models like the EFQM Excellence Model. 


2.1 The ISO 9001 Model 
The ISO 9000 family was created by the International Standard Organization, commonly known as ISO, 
which is the main international normalization organization. The first guidelines appeared in 1987, being 
successively revised in 1994, 2000 and more recently in 2008. The current standard, ISO 9001:2008, 
defines a set of requirements for the implementation of quality management systems in any organization. 


The ISO 9000 standards do not refer to the fulfillment of a goal or the reaching of a particular result, 
which means that they do not measure the quality of products or services of an organization, but 
establish the need to systematize and formalize a series of processes and procedures. Appling the ISO 
9001 standard on a voluntary basis, means that an organization is implementing a quality management 
system that gathers standardized procedures documenting the processes leading to the production of 
goods or the provision of services, as well as all others supporting the systematization and formalization 
of different tasks, allowing it to achieve compliance with the specifications set by the client (Saizarbitoria-
Heras et al., 2011). 


The ISO 9001 standard is supported in the so called “quality management principles” that are reflected in 
the ISO 9000:2005 standard. According to ISO 9000:2005, the eight quality management principles are: 


 Customer Focus. 
 Leadership. 
 Involvement of People.  
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 Process Approach.  
 System Approach to Management.  
 Continual Improvement. 
 Factual Approach to Decision Making.  
 Mutually Beneficial Suppliers Relationships. 


These principles are guidelines that allow the organizations to respond more effectively to regulatory 
requirements. 


The ISO 9001:2008 is a standard that specifies generic requirements and is able to be applied in any 
organization, to support the implementation of quality management systems, without imposing 
uniformity in the structure of the system or in the documentation that supports it. The ISO 9001 
requirements are stated in five main blocks: 


 Quality Management System.  
 Management Responsibility. 
 Resources Management. 
 Realization of the Product / Service Delivery.  
 Measurement, Analysis and Continuous Improvement.  


By applying the ISO 9001 standards HEIs have to standardize procedures and document the processes 
that support the delivery of their service, which leads to promoting the organization and the 
documentation of the institution activities. The benefits that could result from an ISO 9001 
implementation are immense – employees commitment and involvement, activities systematization, 
processes and procedures documentation, improvement of planning capabilities, improvement of the 
control activities, improvement of the corporate image (Saizarbitoria-Heras et al., 2011). 


2.2 The EFQM Excellence Model 
The EFQM Excellence Model was established in 1992 with the aim of helping European organizations to 
establish a management system that allows to continuously improve their performance, and subsequently 
allowing the assessment of organizations seeking the European Quality Award (European Quality Award) 
(Dias & Melão, 2009). It is currently used by many European organizations in their path towards a total 
quality management philosophy. Based on approaches that promote the evaluation and continuous 
improvement, it allows organizations to focus primarily on the development and implementation of an 
effective strategy resulting in a higher added value and above all to get a perception of their market 
position.  


The EFQM model is supported in eight fundamental principles or concepts that allow any organization to 
achieve Sustainable Excellence, based on a culture of organizational excellence (EFQM, 2011). These 
principles are: 


 Achieving Balanced Results. 
 Adding Value for Customers.  
 Leading with Vision, Inspiration and Integrity.  
 Managing by Processes.  
 Succeeding Through People.  
 Nurturing Creativity and Innovation.  
 Building Partnerships.  
 Taking Responsibility for a Sustainable Future.  


Based on these principles, the EFQM Excellence Model is supported in nine criteria, which allow 
understanding and analyzing the cause and effect relationships between what an organization does and 
the results that it gets. Five of the nine criteria are related to the Enablers and the remaining four are 
related to the Results.  


Means 
 Leadership.  
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 People.  
 Strategy. 
 Partnerships and Resources.  
 Processes, Products and Services.  
Results 
 People Results. 
 Customer Results. 
 Society Results. 
 Key Results. 


Underlying the EFQM Excellence Model, there is the RADAR logic (Results, Approaches, Deploy, and Refine 
Access), which is a powerful management tool that allows organizations to continuously evaluate, 
following a structured approach, their performance (EFQM, 2011). 


According to Heras-Saizarbitoria et al. (2011), there is the perception by organizations that the 
implementation of this model leads to improvement in capacity planning, management and internal 
control of the organization. However, the authors state that the complexity of the model itself, with 
assumed difficulties in understanding and assimilating its principles and criteria, as well as the marked lack 
of resources to work with it, make its application difficult and limit its use by a significant number of 
organizations. With the application of the Excellence Model, organizations are unanimous in considering 
that their vision as a whole appears enhanced, due to the improvement of the efficiency of internal 
processes and a more efficient decision-making process. Significant improvements in communication, 
motivation, teamwork and leadership are also some aspects considered by the authors as advantages 
associated with the implementation of the model.  


Can the ISO 9001 standard and/or the EFQM Excellence Model, well known quality management models 
in the business world, be applied in HEIs in order to help them in the development of their evaluation and 
internal quality assurance systems? 


Rosa and Amaral (2007) argue that the HEIs should look for quality assessment systems and models that 
enable them to secure and improve their quality, regardless of the presence of external systems of quality 
assessment. As centers of knowledge, whose raw materials are human beings, the HEIs are very complex 
organizations, providing a "service" that is too complex and difficult to assess. The application of Total 
Quality Management (TQM) models is not easy and when applied to these institutions may end up being 
a difficult process. However, this is one way that can be stepped by HEIs in order to continuously improve 
the quality of the service that they provide. According to the authors, this option should be a decision of 
the institution top management and not an imposition by external entities (Rosa & Amaral, 2007). 


3 Quality in higher education: evaluation and accreditation 
If the definition of "quality" in general terms is difficult, when associated with the education sector, is 
extremely complex to reach some consensus about its meaning. Traditionally, the quality of higher 
education is associated with the concept of "excellence." However, and similarly to what happens in the 
business world, this is a concept that higher education also associates with the idea of "fitness for 
purpose". Institutions that promote this level of education must become more sensitive to the demands 
of society, namely in terms of their graduates, making them possess the knowledge and skills the labor 
market needs (Westerheijden et al., 2007). 


In an attempt to define quality assurance in higher education, Baker (2002) tells us that evaluation is an 
important way to highlight and document the results of actions taken by higher education institutions. 
Also according to this author, the results of institutional assessment are a mean to provide an evidence 
base to demonstrate that the institution is willing and prepared to perform a self examination on a 
continuous basis. 
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Assuming that the evaluation process used by institutions is meant to improve their quality (at least in 
theory), then an accreditation process can be considered as a way to validate the quality level achieved, 
or, in other words, to ensure a minimum quality standard. Evaluation and accreditation may, therefore, 
conclude about the transparency of an HEI, making it comparable with other institutions in the eyes of 
different actors in different spheres, particularly through the publication of the results of the evaluation 
process. Evaluation and accreditation become thus powerful tools for consumer education in a context of 
increasing internationalization. Consequently, the results of accreditation are made public, while the 
evaluation may be kept for internal use only (Serrano-Velard, 2008). 


Activities such as evaluation and accreditation in higher education have raised the need to created bodies 
responsible for their dynamics, control and certification. In this sense, based on a recommendation from 
the Council on Cooperation in Quality Assurance in higher education in December 1998, many countries 
have their own quality assurance agencies, and has even been set up a European Network for Quality 
Assurance Agencies, aimed at creating different initiatives to explore the context and the feasibility of 
accreditation, to clarify key concepts and issues, as well as to discuss possible collaborative accreditation 
schemes at European level. Furthermore, in June 1999, twenty-nine European ministers signed the 
Bologna Declaration, committing the governments of their respective countries to establish the European 
Higher Education Area by 2010. Quality assurance was one of the most important lines of action. 
Accreditation, as the visible face of quality assurance, can be seen as an important contribution to the 
creation of the European Higher Education Area (Hartley & Virkus, 2003). 


Following these international developments and in the national context, as we look at the evolution of 
quality assurance in Portuguese Higher Education, according to Rosa and Sarrico (2007), we find two 
distinct phases: one that lasted from 1996 to 2006 and another starting around 2006. The first one was 
characterized by a government that kept the distance and the existence of an entity, CNAVES (National 
Council for Higher Education Assessment), whose mission was to coordinate the national system of 
quality assessment in higher education. The methodology used consisted mainly on the evaluation of 
undergraduate study cycles. In the second phase, starting around 2006, the Portuguese government 
created a new entity responsible for implementing and carrying out the purposes of evaluation in higher 
education, creating a new system clearly influenced by an internationalization strategy, derived from the 
implementation of the Bologna Process, and where the method is now the accreditation of study cycles 
and institutions (Rosa & Sarrico, 2007). 


Given this legal framework and the need to structure a system of quality assurance that would be 
internationally recognized, the Decree-Law (DL nº369/2007 of 5 November) is published in 2007, creating 
the Portuguese Agency for Assessment and Accreditation of Higher Education, A3ES.  


The Agency's mission is to contribute to improve the quality of the performance of higher education 
institutions and their study cycles, ensuring compliance with the basic requirements for their official 
recognition, through the evaluation and accreditation of institutions and study cycles. Through this it also 
aims to promote an internal culture of institutional quality assurance (A3ES, 2011). For the development of 
its mission, several functions for this body have been defined. In a first phase emphasis is being given to 
the evaluation and accreditation of study cycles; in a second phase, a certification of internal systems of 
quality assurance is being designed, that will allow in the future the simplification of the procedures for 
study cycles accreditation.  


The processes of evaluation and accreditation of study cycles, as well as the implementation of internal 
systems of quality assurance in all HEIs, in light of the accreditation process imposed by the governmental 
body A3ES, are a powerful instrument of consumer protection in the context of teaching, intended to be 
increasingly international, with similar patterns being identified in other countries. 


Undoubtedly, the issues associated with quality and its assurance can be considered as one of the most 
important issues concerning the reform of higher education worldwide, emerging at a time when it is 
notorious the reduction of public funds. It is no longer sufficient to assume that HEI develop their activity, 
using the resources available it is also necessary that HEI are capable of justifying the financing that is 
being allocated to them. 
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In industrial terms, working with quality means meeting the demands and expectations of the customers 
at the lowest possible cost. With the current globalization of markets, a company that does not worry 
about its quality and good performance is in danger of bankruptcy. And for HEIs, what will happen if they 
do not show good quality and performance? It will certainly be a relevant question, which is necessary to 
answer, and where systematic evaluation practices can certainly make a contribution to the response to 
this and other issues that may arise. 


3.1 Internal systems of quality assurance 
Quality assurance includes all processes that are adopted to ensure and continuously improve the quality 
of education that is offered. Therefore accreditation means validation, and can be seen as a part of quality 
assurance (Hartley & Virkus, 2003). 


Initially, the A3ES has focused its activity mainly at the processes of accreditation of study cycles that are 
in operation, as well of new study cycles through the processes of preliminary and pre accreditation, 
respectively, followed by external evaluations based on visits to HEIs, conducted by the External 
Evaluation Committees. As already mentioned in the second point of this paper, in the objectives and 
plans of activities of the A3ES exists the possibility of certification of internal systems for quality assurance 
in HEI, systems that according to Santos (2011) provide "[...] an essential tool for further simplification of 
procedures in the process of external evaluation and accreditation of institutions and study cycles."  


The internal systems of quality assurance proposed by A3ES are based on a set of standards, designed 
after a comparative analysis of European processes for the assessment and certification of internal quality 
assurance systems. These standards are not considered by the Agency as absolute ones, but rather 
guidelines for the design, development and implementation of internal systems for quality assurance in 
HEI (A3ES, 2012).   


Based on the comparative analysis just mentioned, its author, Santos (2011), proposes 10 standards for 
the implementation of internal systems of quality assurance in Portuguese HEI, which are aligned with the 
European standards and guidelines. The standards are: 


 Definition of a policy and quality objectives 
 Definition and quality assurance of the training offer 
 Quality assurance of learning and student support 
 Research and development 
 External relations  
 Human resources  
 Material resources and services  
 Information systems  
 Public information 
 Internationalization 


To ensure the response to each standard, institutions must develop a set of procedures and mechanisms 
for collecting and analyzing information, which allow them to make explicit to others their position in 
relation to each standard implementation. 


Although these are the standards proposed, the author tell us that they are not prescriptive, and that it is 
up to each HEI, in accordance with its mission, goals and institutional culture, to define the organization of 
its own internal quality assurance system. Santos (2011) also refers that these standards are intended to 
promote and encourage innovative approaches as regards to the promotion of an institutional culture of 
quality and continuous improvement, rather than just responding and complying with external references.  


Implementing quality assurance systems, implies the creation of structures, mechanisms, indicators and 
models in HEIs that support a quality culture and a dynamic quality evaluation, which are the key to 
promote cycles of assessment, helping them to take decisions and responsibility for the actors involved in 
the education system.  
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4 Internal quality assurance systems and quality management models 
Quality assurance systems are a new phenomenon for the Portuguese HEIs. Thus, they need to reflect, in 
order to define the path that they should follow to better meet the requirements, both of the entities that 
will evaluate them and of the market where they operate.  


It is essential that an evaluation process of HEIs and their study cycles is supported by a concrete reality, 
in a very complex context made of very complex institutions. Since this is an ongoing process, where 
accreditation processes are already being applied to HEIs, which will be the next step? Have HEIs to be 
prepared for the certification of their quality assurance internal systems? What models or tools may be 
applied by the institutions to implement these quality systems? 


Based on the work of Rosa et al. (2012), we present in Table 1 an exploratory comparative analysis 
between the standards that have been proposed by Santos (2011) for the Portuguese HEIs and, the ISO 
9001 requirements and the EFQM Excellence Model criteria. 


Table 1: Comparative analysis between the internal quality assurance standards proposed by Santos (2011) and the 
two models for quality management: ISO 9001and EFQM Excellence Model. 


Standards (HEI) Requirements of ISO 9001:2008 Criteria of the EFQM Excellence Model 
Definition of a policy and quality 
objectives 


 


Quality Management System 


Management responsibility 


Realization of the product / 
service delivery 


 


 
Leadership  
 
Strategy 
 
Processes, Products and Services  


 


Definition and quality assurance of 
the training offer 
Quality assurance of learning and 
student support 
Research and development 
External relations  
Human resources  


Resources Management 
People 
People Results 


Material resources and services  Partnerships and Resources  
Information systems  Measurement, analysis and 


continuous improvement  
People Results 
Clients Results 
Society Results 
Key Results 


Public information Realization of the product / 
service delivery 


Processes, Products and Services  
Internationalization 


 


Quality assurance systems proposed for HEIs and the quality management models presented in the 
previous table are undoubtedly based on approaches that promote the evaluation and continuous 
improvement. With this exercise, where we compared the internal quality standards proposed by Santos 
(2011) and the requirements of the ISO 9001 and EFQM models, we come to the conclusion that it is 
possible to relate them and even fit them into four major areas: Quality System; Resources; Processes  and 
Measurement and Continuous Improvement.  


It is obvious that the comparison illustrated in Table 1 is only exploratory and needs a deeper analysis. It is 
not enough to provide answers for the questions that we put on top of this point. The intention of this 
paper is to point out the existence of unambiguous aspects common to these three sets of standards. If 
there is a worldwide scenario of ISO 9001 and EFQM Excellence Model implementation, with interesting 
and quite positive results, it seems relevant to at least analyze the possibility of adoption by HEIs of these 
quality management approaches as ways to implement internal quality assurance systems. 
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5 Conclusion 
Westerheijden et al. (2007) tell us that quality assurance is here to stay and may even be regarded as a 
new tool for policy makers and managers of HEIs, occupying a safety place when compared to other 
management models. Models of quality assurance developed for the business world, can be useful, not in 
the sense of a simple adoption, but after proper adaptation to the specific characteristics of higher 
education.   


The implementation of any assurance or management quality system in any institution consumes time 
and resources. In complex organizations such as HEIs, implementing these systems is also a very complex 
process. If there are other models, like the ISO 9001 and EFQM Excellence Model, known and widely 
implemented, which show a relationship between its requirements and those proposed for the internal 
systems of quality assurance by A3ES, it seems reasonable to conclude that, at least, the possibility of 
adoption of these guidelines by the these institutions should be studied and depth. 


It is urgent to reflect about the issues pointed out in this paper, in order to find ways to help HEIs to make 
strategic decisions that will allow them to move towards the implementation of effective mechanisms and 
quality assurance systems, which could be, by the end, certified by an independent organism.  


Nowadays, in an increasingly and competitive market with limited funding opportunities, HEIs probably 
need to conduct their activities in a perspective of "business" and thus the ISO 9001 standard and the 
EFQM Excellence Model can result in an important mechanism of quality assurance, which will certainly 
influence the future and the sustainability of these institutions. 
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Abstract 


Equipment inspection uses quality, predictive maintenance and risk analysis tools within a framework of laws and 
standards to help keep asset integrity level to a desired level. In PETROBRAS, the inspection team must also comply 
with strict rules set by the Brazilian Ministry of Work and Employment to ensure workers safety and health, and this 
has become the main focus of the inspection team’s efforts, sometimes to the exclusion of economic considerations. 
One of the main activities involves inspection of the production system, which comprises of several aerial pipelines, 
manifolds and ground pipes. Due to the lack of experience and standards on the subject, the current inspection 
interval for pipelines is very short, resulting in large amounts of interventions on a vast and logistically challenging 
environment. Over ten years now it has been followed without questioning, but recent expansion of the system has 
put a stress on manpower available to do the work. The present study was conducted to evaluate an optimal interval 
time based on historical data on degradation and failures, as well as to come up with a new inspection planning 
strategy which could help reduce ineffective work and yield free time to focus on the new systems being installed.  


Findings: The paper indicates that statistical data analysis, system reliability analysis and Monte Carlo simulation, as 
well as the opinions of diverse field experts can be combined to present strategies which may sustainably reduce total 
pipeline inspection and maintenance costs by as much as 58% without increasing the risk of failure or accidents 
common in most cost cutting strategies. 


Keywords: equipment inspection; production lines; reliability management; system reliability. 


1 Introduction 
Equipment inspection is a part of the maintenance organization charged to keep asset integrity at a 
desired level. To that end It requires several tools commonly used in quality assessment, predictive 
maintenance and risk analysis, used inside a framework of laws, resolutions and standards to ultimately 
safeguard worker’s security. In the Amazonas Operational Unit (UO-AM) of Brazilian state-owned O&G 
company PETROBRAS, the inspection team is certified as a SPIE (Own Service of Equipment Inspection); a 
certification given by the Brazilian Ministry of Work and Employment (MTE) to companies who apply for it 
and which commit to an additional set of strict rules concerning inspection quality procedures, team 
expertise, training and contracting. Due to the extension of the production field and the variety of assets 
the inspection team is divided accordingly to allow for a better distribution of work.  


One of these teams, composed by three technicians working on a 14x21 day rotation, is charged to care 
for aerial and ground pipelines by inspecting the assets, the tracks of land crossed by them, monitoring 
internal corrosion, cathodic protection system effectiveness, investigating failures and recommending 
repairs as well as seeing it done according to the quality parameters set. The current inspection strategy 
consumes a lot of time due to the high frequency of aerial pipelines inspections, together with difficult 
logistics and work liberation efficiency; specially when in remote areas or for extraordinary work after PIG 
internal inspections. This leads to scheduled work being delayed which directly compromise the 
compliance to the rules and threaten the SPIE certification. 


Since the 1970’s reliability engineering has been increasingly presented as a philosophy capable of 
allowing the optimization of asset life-cycle costs in all segments of industry. It does this by considering 
asset operational risk, consequences of failures and its impact on the organization profits (AHUJA e 
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KHAMBA, 2008). While many enterprises need to reduce their operational costs, the common strategy of 
cutting costs is carried on by reducing maintenance activities and investment in failure-avoiding 
improvements; this affects equipment durability and availability and, consequently lowering the profits in 
the medium term; which leads to further cost-cutting and so on (MITCHELL, 2007). In the long term, the 
practice affects team motivation, and may create a culture in which repairing failures quickly is more 
valued by managers than avoiding them (BOTELHO, 2012). 


To investigate the best way to organize this activity a reliability study was conducted applying statistical 
data analysis to failure events, as well as to data such as the logistic difficulty to access remote places, the 
climate history in the region and transportation time. With these data, the optimum frequency of 
inspection was determined for all pipelines considering the risk of failure and its consequences, and a new 
way of conducting the inspections was proposed to minimize logistic delay and maximize efficiency. 


2 Reliability, Availability and Maintenability Analysis 


2.1 Framework and Considerations 
Due to the complexity of the analysis some simplifying considerations were made at this first stage: 


1. The scope of the analysis included only oil aerial pipelines, with some initial consideration given to 
other elements of the system to allow the creation of the complete oil production network for this 
and further studies; 


2. The damages identified during inspection are corrected 75% of the time before developing into 
failures, this assumption is made based on the SPIE recommendation compliance indicator; 


3. Manifolds - equipment which act as nodes allowing production routing - were not considered as 
fallible, their analysis is due in future studies to follow; 


4. The only failure mechanism considered to affect ground pipelines was internal corrosion; ground 
pipelines inspection strategy is already being carried out in another study; 


5. Oil wells are not considered in the scope of the inspection team, and thus, are not in the scope of this 
analysis; 


6. Choke valves’ failures were not included since their inspection frequency is already controlled 
statistically as a result of a previous study; 


7. Corrective maintenance costs are estimated as being generally thrice the sum of inspection and 
condition-based preventive maintenance costs, based on specialist interview and maintenance order 
cost comparison. 


 


2.2 Collection and Analysis of Data 
A production line is hereby defined as a pipeline composed of varied elements like control valves, 
instruments and pipes, whose twofold function is to conduct fluid at maximum allowable flow rate for its 
diameter and pressure loss, without leaks of any sort. With this definition in mind all events that might 
affect these functions were listed and historical data was gathered from the CMMS and ERP software, as 
well as written inspection reports and work orders.  The result was 77 oil production lines, 8 collect lines 
and 13 test lines. All failure and damage data was gathered into tables and input into RELIASOFT’s Weibull 
software, to help fit the probability distributions for each type of pipeline. 


There were altogether 387 failure events (real or potential) out of 597 total events registered for 
production lines (LPP); 132 failures out of 138 events for collecting lines (LCP), and 388 failures out of 402 
events for test lines (LTP). Where “suspension” is defined here as an event (such as an inspection) were no 
failure happened or damages were detected.  The failure mode was codified as per the ISO-14224 (2006) 
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standard; causes of failures, damages and failures not codified by that standard were codified by the 
author following the three letter rule. The most observed failure mode was ELP (External Leaking of 
Product); the main causes were CEX (external Corrosion), CIN (internal corrosion), TRN (cracks and 
ruptures), ERS (erosion in valves and components) and EST (loss of tightness in connections). These were 
all interval data (RELIASOFT, 2005) due to minor leaks, although a failure of one of the line’s functions, 
being difficult to perceive right away, this means there is more uncertainty to the exact time of failure, 
which will later result in a tighter inspection frequency to avoid it happening. Besides failure events, data 
from condition monitoring were taken into consideration: so, the thickness readings registered during 
external inspections were analyzed using linear regression analysis to calculate potential future failure 
dates, these data were added to the failure date table for internal corrosion cause and ELP mode. 


Also, the most observed non failure events were ARV (falling of trees over the pipeline), SER (movement 
of pipelines out of supports or over each other), ERF (land track erosion), SPT (falling of supports) and RET 
(degradation of corrosion protection tapes). These events, if not taken care of in due time can evolve into, 
or cause failures. To account for these events, which are not yet failures, and for which there is no rate of 
evolution measured, the second assumption was made (see 2.1). The consideration is that, after the 
damage is detected, the inspector recommends actions for its mitigation and stipulates a timeframe for 
the repair measure to be carried out. Since one of the requirements of SPIE is that 75% of all non critical 
to safety recommendations must be followed as scheduled by the inspector, 25% of them are, 
consequently, not carried out in time to avoid failure. This is in accordance with the historical record of the 
indicator which measures this requirement and such assumption was confirmed as plausible by the 
inspection team. All damage events were arranged in a Fault Tree Analysis (FTA) diagram for which the 
(25% of the time) criterion was input as a condition block which means that the basic event AND the 25% 
criterion all must happen so that the top event (ELP) can happen. Since all events lead to ELP as being the 
failure mode for aerial pipelines, the results of the FTA could be input into a Reliability Block Diagram 
(RBD) to analyze together both failure events from data as well as damage from condition monitoring and 
damaging events. Figure 1 shows the block diagram for production lines (LPP). 


 


FTA
result


ESTTRNCINERS
 


Figure 1: Reliability Block Diagrams (RBD) for production lines (LPP) showing the main ELP failure causes arranged in 
series. The last block represents the results of the FTA for LPP damages. 


 


The best pdf must be chosen from a pre selected few which can theoretically model the physics of failure 
expected for each failure mode with the available data, through the use of tests like Anderson-Darling and 
Kolmogorov (MONTGOMERY e RUNGER, 2003). For the present study, the two parameter Weibull 
distribution was chosen where there were sufficient failures, while the exponential distribution was used 
when there were fewer data, or when the tests did show it to be the better for adjusting the data to. The 
method used for adjusting the data was the maximum likelihood function (RELIASOFT, 2005): 


  


2.3 Determining Ideal Inspection Frequency 
The first objective was to determine an ideal inspection interval. One way to accomplish this when there 
are no loss of life consequences is to account for the costs of more frequent corrective actions when 
inspection frequency is low, and inspection plus condition based maintenance costs when frequency is 
high; and find the optimum point of cost x frequency. In this study it was used a formula found in 
RELIASOFT (2007): 
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where: 


Cp is the inspection plus condition based maintenance cost; 


Cc  is the corrective maintenance cost; 


R(t) is the reliability function for the equipment or part; 


Corrective actions usually cost more than preventive ones.  While the second is planned ahead, have parts 
acquired in time and ready personnel, the first is usually not expected, must be assessed to discover the 
extension of the damage (which is usually greater for the failure can damage other previously undamaged 
parts), risks not having the parts in stock and personnel ready, which leads to emergency purchasing and 
contracting, and, usually, is not as thoroughly planned due to time constraints caused by the ongoing loss 
of profit. As informed, the corrective costs for the present case are evaluated as being three times higher 
than inspection plus maintenance, or  Cc = 3x Cp. So, by applying it to each kind of pipeline the optimum 
inspection time can be determined for most reliability functions. Table 1 shows the results of the 
calculations for the parameters of the weibull distribution and for the ideal interval time between 
inspections. 


Table 1: Distribution parameters and optimal inspection time for all types of lines. 


 Line type: LPP LCP LTP 


Parameter/ Distribution: 2 Parameter Weibull 


 1,08 1 4,74 


 2622 82632 5028 


Interval, Year 57,53 N/A 9,32 
 


It can be seen that for Production lines (LPP), the low cost interval would be around 57 years, while for 
collecting lines (LCP) the formula results in infinite time (hence, non applicable). This is due to the 
parameters obtained for the weibull distribution; for LPP, the shape parameter  was near 1, while for LCP 
it was equal to 1. For this value, it can be shown mathematically that the weibull distribution becomes the 
exponential distribution, and, for exponential distributions, the hazard rate function h(t) = . So, there is 
no point to converge since it is a constant (BOTELHO, 2012).  


Although the mathematical results show that the optimum inspection interval would be over 8 years long 
it is important to consider some facts before accepting the results. First, the data used for the calculation 
had a small percentage of failure times over 4 years, since the actual interval is about 3 years long. This 
means that there is greater uncertainty on the behavior of the item at times over this interval. Physically 
this means that other failure modes which are not dominant or have not yet had time to manifest may 
develop, like, for example, fatigue associated with strain due to longer periods of time operating without 
proper support. Nevertheless, the experience in the Operational Unit is that some anomalies can be 
perceived by operators and communicated to inspection personnel, so that an extraordinary (unplanned) 
inspection can be made and avoid the problem altogether, but, once again, this is subject to operator 
error as well as other unrelated problems such as the operator being capable of noticing the anomaly due 
to line visibility being affected by vegetation growth. 


At this point experience must be used to moderate the decision process and, after consultation with 
specialists in the field, as well as planners, the basic interval of 8 years was accepted as a maximum 
possible interval; after that, a sensitivity analysis was conducted. All lines belonging to a manifold 
subsystem were grouped together and the groups where there was a high incidence of random failures 
like fallen trees had their inspection times reduced by a correction factor. This resulted in a new strategy 
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with only 9% of the subsystems with an 8 year interval, 5% were kept at a 3 year interval, and most (45%) 
with an interval of 6 years.   


 


2.4 Reliability, Availability and Maintainability Analysis (RAM) Using Monte Carlo 
Simulation 


To evaluate the impact of several policies in the production system, it is important to consider the 
consequences of each particular failure upon the system. One common tool to analyze system behavior is 
the Reliability Block Diagram. In such a diagram each pipeline, manifold and ground pipe can be 
considered a block which is connected in a manner that relates the failure of the block to the failure of the 
system. By applying the failure distributions to all blocks and running a Monte Carlo simulation (MOSS, 
2005) it is possible to obtain  the availability function of the system. Modern simulation softwares allow 
the input of other variables such as repair time, cost of repair and logistic delay, which allow calculation of 
the maintainability function – or, the probability that the piece of equipment will be repaired at a certain 
amount of time with given resources. 


Due to the great number of lines, manifolds and ground pipes, and their interconnections, the diagram 
was subdivided using RELIASOFT’s Blocksim software. Since each manifold acts as a node, grouping 
together several incoming parallel production pipelines and some out coming collecting or test lines, for 
each of them a sub diagram was created and, finally, all sub diagrams were interconnected by the ground 
pipes, which is shown in figure 2. 


 
Figure 2: Complete diagram, showing all manifold sub diagrams (green folder-like blocks) connected by ground pipes 
(blue square blocks) and collecting lines. 


Monte Carlo simulation was done by first generating a random failure time for each block based on its 
underlying distribution and relating the individual block results to the system result by applying the 
system reliability equation, which, due to its complexity, is computed using a software like the one above 
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mentioned. If there results a failure, a random repair time is generated based on the corrective 
maintenance distribution for the block (KOBBACY e MURTHY, 2008), if there are no failures before the 
inspection interval has elapsed an inspection is performed and the inspection detection threshold is 
compared to the next simulated failure time. If the next simulated time for the block falls inside the 
threshold inspection detects the future failure (damage already incurred) and condition based 
maintenance is scheduled. For all maintenance actions it is also considered the restoration model. For this 
simulation, it was considered that repaired systems are as good as new, which means all maintenance 
repairs all accumulated damage on the item. This is plausible for a first analysis, since usually repairs are 
conducted by changing the damaged part for a new one to lower downtime. 


New failure and repair times are calculated until the length of time for the system operation is spent. This 
process is repeated a number of times determined by the user and, at the end of all iterations, the 
average and standard deviation of the system variables are calculated based on all the results (RELIASOFT, 
2007). The inspection and maintenance policies and strategies can be input as well, inspection can be 
simulated as an action which does not cause the system to stop production and which has a probability of 
finding damage before it turns into a failure (that will stop system production). The simulation handles 
this by applying a failure finding threshold, which is a probability of finding the (randomly defined block 
failure time) at a given time before it actually happens. If it does, condition based maintenance is then 
scheduled to happen immediately or at a future time dependant on maintenance team delay time. If it 
happens before the failure time, it counts as a condition based maintenance, with all due costs, if it takes 
longer to happen, a corrective maintenance is then automatically scheduled. The simulation results from 
the Blocksim software for a 20 year operation period are shown in table 2 for both a 3 year (old strategy) 
and the new strategy for inspection intervals. 


It can be seen on the comparison column on table 2 that availability is not significantly changed even if a 
twice longer inspection policy is adopted. This confirms that the actual policy is excessive and squanders 
resources best used for other more effective actions. It can also be seen that corrective maintenance (CM) 
and condition based maintenance (CbM) actions are not changed by the new strategy. This may arise 
from the  parameter close to 1, as mentioned earlier, from some of the line types, which means these 
failures are random and cannot be prevented. Nevertheless, the results also show a possible maximum 
cost reduction of 7%, mostly due to reduction in the number of inspections (IN).  


 


Table 2: System simulation results. Relative values were obtained by dividing partial values by the total cost for the 
strategy. Absolute values for costs are not shown to preserve sensitive information. 


    Old Strategy New Strategy Comparison 


Availability 


Mean Availability (All Events): 0,99 0,99 100% 
Std Deviation (Mean Availability): 0,00 0,00 95% 


Mean Availability (w/o CbM & Inspection): 0,99 0,99 100% 
Expected Number of Failures: 27,92 28,27 100% 


Std Deviation (Number of Failures): 4,78 4,84 99% 


Events 
Number of CMs, Day: 27,92 27,92 100% 


Number of CbMs: 4,55 4,55  96% 


Costs 


Relative Total CM Costs: 7% 7%   
Relative Total CbM Costs: 8% 8%   


Relative Total Inspection Costs: 85% 85%   
Relative Total Costs: 100% 100% 93% 


3 Inspection Planning 
Production system is spreads over 3 production fields 60 km apart in the Amazon rainforest. Although 
most principal roads are paved, many accesses are still done through muddy roads, specially difficult to 
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manage where crossed by one of the many small rivers that dot the region or during the rainy season. 
Vegetation growth is also another obstacle which hampers vision and blocks access as well as hides 
dangerous wildlife, some damaging events like soil erosion and fallen trees may also interfere. Weather 
and climate conditions such as high temperature and humidity, heavy rains and insolation means that 
special care must be taken to avoid ill effects on workers. The careful planning must somehow take all of 
this into consideration so as to make the best use of all resources available in an attempt to eliminate 
waste and also to focus on customer (in this case internal customer) needs (KISTER and HAWKINS, 2006).  


 


3.1 Climate History in the Production Region  
Climate data from the production Field area was acquired in a previous study conducted by UFAM 
(Amazonas Federal University) which gathered weather data through a weather station installed in the 
region. From 1997 to 2004 the Uruclima project collected data on precipitation, temperature and 
humidity; from this data it is possible to analyze how these variables may interfere with scheduled work. 
The probability distribution for the amount of rain in a month, and for the number of days of rain per 
month was obtained from the monthly day to day averages. Table 3 shows the results.  


Table 3: Pluviometric level average, rain distribution and probability of rainy days per month. 


Month Pluviometric level
Monthly rainy day distribution Rainy days per month 


Distribution 1st Parameter 2nd Parameter @90% probability Frequency 


JAN 285,6 LOGNORMAL 3,21 0,1374 21 0,68 


FEB 295,6 LOGNORMAL 3,13 0,1091 20 0,71 


MAR 345,1 LOGNORMAL 3,2 0,1172 21 0,68 


APR 314,1 NORMAL 23,42 2,1782 21 0,70 


MAY 236,0 WEIBULL 5,62 24,79 17 0,55 


JUN 133,1 NORMAL 17,5 5,58 10 0,33 


JUL 113,3 NORMAL 14,25 5,43 7 0,23 


AUG 80,5 NORMAL 12,62 3,58 8 0,26 


SEP 110,6 LOGNORMAL 2,67 0,1826 11 0,37 


OCT 193,7 WEIBULL 5,66 18,04 12 0,39 


NOV 187,8 WEIBULL 3,43 21,6 11 0,37 


DEC 239,7 WEIBULL 5,47 23,44 15 0,48 


 


According to XAVIER and LAMBERTS (2011) evaporation is the main body temperature regulation 
mechanism and it is influenced by some climate variables. A temperature-humidity index (ITU) is 
presented by the authors to help quantify the thermal comfort felt by workers.  


ITU = T - 0.55 x (1 - UR ) x ( T - 14 )        Eq. 2 


where: 


T is the temperature in Celsius scale; 


UR is the relative air humidity. 


Values over 25 or under 15 would be considered uncomfortable by the majority of the population. With 
the historical data values: average, maximum and minimum, a triangular distribution was fitted for the 
variables and the ITU was obtained using Monte Carlo Simulation. Average monthly temperature, relative 
humidity and the ITU index are shown on figure 3.  
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Figure 3: Humidity (U), temperature (T) and temperature-humidity index (ITU) monthly average results. 


Crossing the information on Figure 3 and table 3 it can be seen that there is a period with less rain volume 
(pluviometric level) between May and October, which corresponds to the rainforest “dry” season. 
Temperature averages remain almost always above 25,5ºC throughout the year, while humidity drops in 
the beginning of the dry season . The average ITU drops below its upper level (LS) only in June and July, 
and then again in October and November.  


 


3.2 Access Difficulty 
Road access is also a problem to be considered. To assess this information, a list of locations was created 
and distributed among operators to evaluate the access conditions on their own experience. It was asked 
of them to tell which kind of vehicle would be necessary to access each location with both good and rainy 
weather, and the answers could be either a normal car, a 4x2 traction pick-up, a 4x4 traction pick-up, or 
an helicopter. Then, access weights of 1, 0,75, 0,5 or 0,25 were given accordingly. Although this is in no 
way an affirmation that there is a real interval property between the choice of vehicles, suffice it to say 
that, if a location can be accessed by a common car, it can also be accessed by all other vehicles, thus, 
leaving four in four access options, while locations which can only be accessed by helicopter have only 
one in four access options.  


This values were used to calculate a relative probability of access to each location considering rainy and 
dry days, as follows:  
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where: 


n is the number of lines per manifold subsystem; 


P(a) is the access probability to a location along the year; 


W(ac) is the access weight in a rainy weather; 


W(as) is the access weight in dry weather; 


Ri(c) is the ratio of rainy days per month. 
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Equation 3 was applied to each line, and then, all results from lines of the same manifold subsystems were 
averaged to provide a priorization index.  


 


3.3 A Priorization Rule for the Scheduling of Work  
Starting with the manifold subsystems with lower average access probability work was manually 
distributed by month taking into consideration, when applicable, the cases where a particular location of a 
pipeline had a much different access probability than the average of its subsystem.  Figures 4 and 5 shows 
the inspection distribution per month of all lines subdivided by manifold subsystems. It can be seen that 
in the old strategy the inspector would go to the same geographical location (manifold subsystem) 
several times in different occasions to inspect each line separately. With the new strategy, the inspector 
spends some days in one occasion, and inspects all lines from the same subsystem. 


 


 
Figure 4: Previous distribution of inspections per month (lines inspected independently).  


 
Figure 5: New distribution of inspections (lines grouped into manifold subsystems). 


 


Since every line has an inspection duration based on its length and some constant factors such as 
preparation time, the comparison between the previous and the current strategy was done by multiplying 
the total time per month by the inverse of the probability to rain, shown in table 6. The optimization 
shows a possible reduction of 18,11% in lowering rework time due to allocation of inspections of difficult 
access areas to dry months; when considering the synergy of inspecting lines that cross the same track 
simultaneously there is a possible reduction of 43,86% in the inspection time.  







 


ICIEOM 2012 - Guimarães, Portugal 


ID155.10 


4 Conclusion 
The application of statistical and stochastic techniques to engineering and planning problem solving is 
not new in academic literature, but they are not as frequently applied to day to day problems which arise 
in industry and which must be dealt with by field engineers who frequently opt to use experience and 
expert opinion to make technical decisions. Although this may be often on the safe side and have no 
impact on equipment integrity, nevertheless, nowadays, fast changing global competitive scenario means 
that companies must stay fit for competition, which means to follow a dogma of low costs and steady 
profits. Asset maintenance is getting more complex as a combination of shorter equipment life cycles and 
incremental innovation leads to quicker obsolescence, but still problems are dealt separately by 
professionals, without taking in consideration interfaces, feedbacks and emergent system properties. 
While there are not yet mathematical methods for correctly dealing with system complexity, the 
integration of knowledge, as proposed by Morin (apud MARIOTTI, 2007) allows specialists to see the 
problem from a holistic point of view. So, while the mathematical methods used in this case require some 
simplifying assumptions, the combined opinion of experts when confronted with the same problem may 
help better understand the system and allow the crafting of a strategy which is at the same time based on 
hard data and the elusive but important empirical knowledge. 


The strategy hereby applied indicates a possible total cost reduction of 58% from the old inspection 
strategy, even with a slight increase in maintenance work. This reduction is achieved by combined 
reduction of the sheer number of inspections as well as the increase in inspection efficiency due to 
increased synergy (contiguous lines being inspected simultaneously) and reduction of lost work by 
minimizing inspections in rainy seasons. This is significantly more than would have been obtained by the 
application of only one of the methodologies.  
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Abstract 


The paper aims at showing how a textile industry can select from a mix of products, the best products to be produced 
by using the customer’s point of view. The Fuzzy Algorithm for fashion industry is a tool developed to optimise the 
production and reduce losses and storage costs in the textile industry environment. As the textile industry has an 
expressive position as an employment intensive industry around the world, its health can be perceived by the ability 
of their managers in restricting the production to low costs limits, thus acquiring better sales and value to the 
products. The supply chain management must apply innovations and tools that can deal with these paradigms with 
dexterity. In a global source operation, the information that one product will be very well accepted by a group of 
customers with a given price is very welcome. In a sustainability scenario, the algorithm can promote savings in many 
factors such as: labour, electric energy, water and many other resources spent by the textile industries that have 
significant impact in economy and environment. Finally, this paper shows a different view to understand the 
customer's desire through linguistic variable processed in a Fuzzy Logic algorithm. The tool yields an index to the 
product and find out in a mix of products, which of them will be better accepted by the final customer. 


Keywords: Fuzzy Logic, Textile Industry, Production Optimization. 


1 Fashion Business Dynamics 
The fashion segment in Brazil is represented by many medium-size and small industries which employ 1,7 
million people as manpower. These industries, according to ABIT more than 30 thousand, present their 
fashion collections in fairs and other events. Throughout many months, designers develop products based 
on international tendencies and research, in which the main goal is to create a new season collection. This 
mix is composed based on a suggested theme created in a brand identity conception that leads to 
customer's selection.  


The most important events in the fashion industry are fairs. A fair is a place where the wholesale buyers 
select products from many brands and places their orders. One Brand is supported by many other 
enterprises from the textile segment which provide the main brand with different kinds of services and 
raw material in a supply chain operation. 


At the end of these events, many products will have been selected in client’s orders. These products will 
compose the shop window in the next season. The production starts in the plant based on current sales 
and sales projections. 


For the next 45 days the sales representative take up sales from their offices and showrooms. They will 
collect orders and send them to the manufactures. 


In 60 days, a first group of product is delivered. During the next two months other deliveries will complete 
the orders.  


In the manufactures, by the end of the event, the production manager will unify a complete list of orders. 
From a complete collection, 25% of products must immediately be manufactured based on a bet. This bet 
is a judgment made by designers and production managers that cross sales projection to define a lot size 
that must be produced. 
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The bet is necessary to make the delivery possible for some product, 15 days after the orders have been 
emitted by sales representative.  


Owing to the fact that the minimum lot must be respected (SLACK, 1997), many products will not be 
manufactured according to the sales results.  


The production managers expect that the projection of sales, that rules the production of 25% of the 
clothes collection, become real, otherwise the products will increase stocks. 


The storage increase is a problem to be solved in many industrial segments, especially in the fashion 
industry where the season’s change brings obsolescence to the product mix. When the season finishes, 
the product sales value will decrease, increasing financial losses.  


 
Fig. 1: Product value decrease along time in fashion business industry. Source: LODE, 2011. 


2 The Motivation to Create a Decision Making Tool 
This case study started as a contribution to help managers to make a better bet. The storage increase is a 
problem that hinders the profit results and is the reason why many firms have doors closed.  


While the designers think that the business is, basically, to create clothes collections, production 
managers have the challenge to optimize the supply chain and sales to turn investment into profits, the 
main core business. The fashion industries would not be a reality without the professional management 
approach and many other tools that support it.  


The desire algorithm was developed to solve the problem of storage increase in fashion industries but the 
research has shown the algorithm's potential in applications to other industries. It can measure the 
customer’s attractiveness to any product, it can also define priority markets in launches and prices policies 
by ranking fuzzy numbers maximizing and minimizing sets (CHEN, 1985). 


The main objective is to maximize premium-selling price from manufacture and reduce the stock levels. The price 
markup represents the value achieved for a monetary unit invested in a product. The value decreases along the time 
until it achieves a stock value, as seen below in the markup table: 


Table 1 – The Markup common in the fashion business industries.  


PRICE PREMIUM CLEARANCE STORAGE 


MARKUP 2,5 1,8 0,8 


PRODUCTION COST ($ 100) $ 250 $ 180 $ 80 


PROFIT/ LOSSES $ 150 $ 80 - $ 20 


3 Why the use of Fuzzy Logic is indicated? 
Lotfi Zadeh presented fuzzy logic to the world in 1965. In his first article, Zadeh exposed a method to 
represent the human reasoning in a mathematical concept. The fuzzy sets applications that can be found 
everywhere in the contemporaneous world, especially in sophisticated electronic gadgets. The fuzzy logic 


 


tLaunch Clearance Stock


Cost 
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application development is connected to many decision methods (HASS and MEIXNER, 2002), industrial 
location, electronic controls, etc. 


About fuzzy logic applications, TERANO (1992) says: “The outstanding feature of fuzzy sets is the ability to 
express the amount of ambiguity in human thinking and subjectivity (including natural language) in a 
comparatively undistorted manner.” 


The fuzzy logic was selected to this work because it is a typical case of imprecision (ROSS, 2010). The facts 
that compose the value perception by customers are the first attributes that must be identified. These 
facts must be translated in criteria and a group of linguistic expressions. 


During the researches, the fuzzy logic was used to build a model that could select in a collection, which of 
the products would have commercial success. Other models for selection and decision based on fuzzy 
logic have been very successful in locational studies (COSENZA, 1981), site selection (NARASIMHAN, 
1979) and in ranking decisions using multi-criteria (LIANG and WANG, 1991). 


The conception using fuzzy logic gave us the freedom to deal with ambiguity and imprecision (ROSS, 
2010), common in fashion business environment, in a product evaluation and obtain as a result some 
secure information to direct manager decisions.  


4 Potential Opportunities  
When this work started, the main claim was to create an algorithm that could preview the costumer desire 
as a solution to a problem in the textile industry, more specifically in clothes production ruled by the 
fashion calendar and tendency.  


Understanding the demand for products in fashion industry is very difficult (ABRANCHES, 1990). In fact, it 
is a judgment made by experienced professionals that capture the fashion tendencies or, by the use of 
intense marketing and advertising budget, they turn it real (CHURCHILL, 2000). 


While a fashion tendency is created by big brands and budgets, another group, composed by small and 
medium size manufactures, maintain their brands observing the whole market.  


The fashion designers usually work in research for tendencies and in new products development based on 
research on other collections, redesigning successful products. 


As problems, the tendencies changes every season, new materials and techniques are developed and the 
final products have a short life cycle (PORTER, 2004) where the main value is depreciated in few months. 


A research in fashion business tendency could minimize the deflection from the main tendency, but the 
diversity and creativity make the industry rich by the value perception in original product ideas. That is 
innovation (KOTLER, 2005).  


So, what should be the methodology to create original products and launch them in the market with 
success? 


In fact, this work does not answer this question but helps the brands understand what product should be 
definitively excluded from a collection and which of them should receive more attention in a bet based 
production. Moreover, it can help managers to minimize the quantity of product in storage by adjusting 
price rules based on value perception by customers group (BLACKWELL, 2005). 


By the use of a GIS tool and a regional research, using the desire algorithm, the brands can establish a 
regional sequence to launch their products and the price levels that will be well received by the market. 
Minimize losses and offer valued products to the market, in a scenario that investments are maximized, 
are the basic premise (SLACK, 1997). The challenge to plan a large-scale production in a segment where 
the historic information does not exist is too big.  


How do we preserve a short industry from a competitive disadvantage (PORTER, 2004) configured by high 
levels in storage? 
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The Desire’s algorithm provides a tool to analyze value to goods in many industrial segments and helps 
product launches and distribution rules. In the actual phase it can help as a research tool to test value 
perception of many goods in markets. It can also be applied in different ranges of regional areas where 
the product value is considered higher than others. At this point, the distribution of goods in a large-scale 
production and price's policies can be solved by maximum profits.  


The textile industry in Brazil, has billed over $ 60 billion per year since 2010, according to ABIT. If in a 
small factory the model has succeeded in determining the best mix to be produced, in a large-scale 
production (CLEMENTE, 2008), the desire’s model could achieve good results, dividing markets in regional 
customers and obtaining the best profits from each potential group. 


Especially in Brazil, where the country size makes change in the cultural diversity from region to region 
(DORIA, 1999), the budget spent in commercial operation, advertising and logistic factors can be 
maximized. 


A profit can be obtained in a logistic operation where the products are delivered first where it achieves a 
higher value perception. Of course it should be used together with other tools such as: GIS, ERP systems 
in which all operational information are computed. 


As the customer accepts the products, achieving an equivalent value and sales results are consequence. 
This is why the algorithm is called Desire’s Algorithm, because it measures value perception (CHURCHILL, 
2000) from the customer in a price and its attractiveness. The industry, in this context, gains a different 
tool to provide researches before launching a new product or a new model. 


In a direction for sustainability, followed globally, tools and models that reduce the impacts on the 
environment are absolutely welcome.  


The cotton production uses much water, electric energy and manpower. From the raw material to the end 
product, the industrial process causes many environmental impacts. If the environmental cost is added, 
the problem grows. It represents a loss that should be accounted (CLEMENTE, 1998).   


When the raw material usage is maximized in a succeeded production, which entire lot is sold in a better 
price, the environmental resources consumed are well applied. Once textile industry uses caustic soda, 
sulphur and other waste, maximizing resources is absolutely important in a sustainability world panorama. 


5 The Methodology  
To build an algorithm to the textile industry it is absolutely necessary to have an interaction with many 
professionals in the fashion business environment.  


A group of interviews was done in a medium size factory with designers, production managers, buyers, 
sales representatives, photographers, fashion producers and customers. 


The main group of criteria was pointed by these professionals and adapted to the linguistic expressions 
used in the fashion segment.   


Five criteria are used in desire algorithm. In this case, the criteria are: desirability, colour, price, versatility 
and modelling. These criteria were considered important drivers of buying decision-making. 


The criteria are balanced by the use of the modifiers: moderate important, important and very important.  


To complete the algorithm, the appraiser is considered in the product evaluation. This fact is relevant 
because different professionals have distinct interaction with the conception and commercialization of the 
product.  


The algorithm of desire, in the final conception, is a decision-making tool that helps managers to decide 
which product must be manufactured and receive more attention in a typical bet.  Minimizing the bet 
error represents reducing investment in bad product and maximizing investment in a product well 
evaluated. 
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Finally, the model presented in this work will show how the main index is created, the ranking of decisions 
with four outputs and simulation of expected returns. The appraiser opinion will not be computed 
although it is a very simple mathematical operation. It would increase the index from 576 to 4032 options 
of possible results. It would be more precise in results. 


6 The Desire’s Algorithm  
The algorithm modeled for fashion business segment, in the textile industry, was developed and applied 
in a cooperative work with professionals in a small factory, which guides the case study.  


The style department, represented by designers, had discussed about the main factors that customers 
would consider to select a group of products in their orders, from a mix of 400 products. 


The model was created to analyze many products in a collection and present to managers information 
about the attractiveness between products and customers, considering a determined price in a 
determined place (BLACKWELL, 2005). 


Fuzzy logic comprehension is absolutely necessary to build the model. The experience to turn linguistic 
expression in value, in this case, fuzzy numbers that represent a region of values is the main point to 
obtain results from the imprecise information (ROSS, 2010). 


It is based in 5 criteria for basic evaluation of the attractiveness power for a determinate product: 
desirability, color, price, modeling and versatility.  


The criteria are influenced by modifiers which give the criteria an extra weight: very important, important 
and moderately important. Each criteria has its own parameters represented by linguistic variables 
translated in fuzzy sets. 


The desire’s algorithm considers different kinds of professional as appraisers and the mathematical model 
understands these opinions with different weights through the fuzzy sets. The appraisers listed to this 
model were: internal designers, external designers, fashion producers, sales manager, visitor, customers 
and sales representatives. 


Basically, criteria, modifiers, and appraisers compose the mathematical model. The fuzzy sets are 
presented in the following table: 


Table 2 – Five criteria represented by fuzzy sets used in the Desire’s Algorithm. 


CRITERIAS 


C1 – Desirability C2 - Color C3 - Price C4 – Versatility C5 – Modeling 


Unwanted 
(0, 0, 3, 4) 


Don’t Like 
(0, 1, 2, 3) 


Cheap 
(8, 9, 10, 10) 


Versatile Bit 
(1, 2, 2, 3) 


Do Not Dress Well 
(1, 2, 2, 3) 


Indifferent 
(2, 3, 4, 5) 


Indifferent 
(3, 4, 5, 6) 


Coherent 
(5, 6, 7, 8) 


Versatile 
(5, 6, 7, 8) 


Dresses Well 
(5, 6, 7, 8) 


Desirable 
(5, 6, 7, 8) 


Like 
(5, 6, 8, 9) 


Expensive 
(3, 4, 5, 6) 


Very Versatile 
(7, 9, 10, 10) 


Dress Perfectly 
(7, 9, 10, 10) 


Very Desirable 
(7, 8, 10, 10) 


Much Like 
(8, 9, 10, 10) 


Very Expensive 
(0, 1, 2, 3) 
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Table 3 – Fuzzy Sets for criteria used in the Desire’s Algorithm. 


FUZZY SETS FOR CRITERIAS 


C1 – Desirability C2 - Color C3 - Price C4 – Versatility C5 – Modeling 


   


 


Table 4 – Three modifiers and fuzzy sets used in the Desire’s Algorithm. 


MODIFIERS CRITERIAS GRAFIC 


M1 - Very Important 
(7, 8, 10, 10) 


C1 – Desirability 
C2 - Color 


 


M2 – Important 
(5, 6, 7, 8) 


C3 - Price 


M3 - Moderately Important 
(3, 4, 5, 6) 


C4 – Versatility 
C5 – Modeling 


6.1 Processing Data 
Step 1 - Apply the Modifier On Criteria for each response 


[C1 (d, a, b, c)   M1 (d, a, b, c)] = C1’ (d, a, b, c) 


[C2 (d, a, b, c)   M1 (d, a, b, c)] = C2’ (d, a, b, c) 


[C3 (d, a, b, c)   M2 (d, a, b, c)] = C3’ (d, a, b, c) 


[C4 (d, a, b, c)   M3 (d, a, b, c)] = C4’ (d, a, b, c) 


[C5 (d, a, b, c)   M3 (d, a, b, c)] = C5’ (d, a, b, c) 


Step 2 – Sum the Criteria to achieve the Fuzzy Rate 


C1’ (d, a, b, c)   C2’ (d, a, b, c)   C3’ (d, a, b, c)   C4’ (d, a, b, c)   C5’ (d, a, b, c) = Fuzzy Rate (d, a, b, c) 
 


Step 3 – Sum the Fuzzy Rate Line 


d + a + b + c = Attractiveness Index  
 


Step 4 – Calculate all possible combination of Criteria and normalize results. 


A list of 576 Attractiveness Index will be found as the result of crossing all response alternatives: 


 


Graphic 1 – Curve plotted by the 576 different possibilities of answers in product evaluation. 
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Table 5 – Desire’s Algorithm - evaluation of price for the same product. 


STEPS PRODUCT 1 PRODUCT 2 PRODUCT 3 PRODUCT 4 


MODIFIED 
CRITERIA 


C (d, a, b, c)  
   


M (d, a, b, c) 
=  


C’ (d, a, b, c) 


 


C1’ (D, A, B, C) 
VERY DESIRABLE 


(49, 64, 100, 100) 


VERY DESIRABLE 


(49, 64, 100, 100) 


VERY DESIRABLE 


(49, 64, 100, 100) 


VERY DESIRABLE 


(49, 64, 100, 100) 


C2’ (D, A, B, C) 
LIKE 


(35, 48, 80, 90) 


LIKE 


(35, 48, 80, 90) 


LIKE 


(35, 48, 80, 90) 


LIKE 


(35, 48, 80, 90) 


C3’ (D, A, B, C) 
VERY EXPENSIVE 


(0, 6, 14, 24) 


EXPENSIVE 


(15, 24, 35, 48) 


COHERENT 


(25, 36, 49, 64) 


CHEAP 


(56, 63, 70, 70) 


C4’ (D, A, B, C) 
VERSATILE 


(15, 24, 35, 48) 


VERSATILE 


(15, 24, 35, 48) 


VERSATILE 


(15, 24, 35, 48) 


VERSATILE 


(15, 24, 35, 48) 


C5’ (D, A, B, C) 
DO NOT DRESS WELL 


(7, 14, 14, 21) 


DO NOT DRESS WELL 


(7, 14, 14, 21) 


DO NOT DRESS WELL 


(7, 14, 14, 21) 


DO NOT DRESS WELL 


(7, 14, 14, 21) 


FUZZY SUM   C '
i1


5


 (d,a,b,c)
 


(106, 156, 243, 283) (121, 174, 264, 307) (131, 186, 278, 323) (162, 213, 299, 329) 


ATTRACTIVENESS 
INDEX 


(d + a + b + c ) 788 866 918 1003 


ATTRACTIVENESS 
INDEX / 1234 


FINAL RESULT  
AFTER NORMALIZE 


0,63857374 0,70178282 0,7439222 0,81280389 


6.2 Algorithm Outputs 
Now it’s time to take decisions based on risk analysis. As outputs, the decisions options are listed in 4 
categories divided by intervals:   


Do Not Produce  


Attractiveness Index – Less than 0,55 (194 results) 


The algorithm considers that the product is not good enough to be manufactured. In other words, the 
product was rejected by the appraisers’ opinion and represents a high-risk investment. It will increase 
losses in the product mix. 


Low Attraction 


Attractiveness Index – Between 0,55 and 0,65 (148 results) 


The product can be manufactured but represents a high-risk investment. The premium-selling price will 
not be achieved, a large part of the lot will be sold in the clearance-selling and another part will end up in 
the storage. 


The production managers shall take a look at the production cost and check if a price change would 
increase the product attraction. 


Medium Attraction  


Attractiveness Index – Between 0,65 and 0,75 (129 results) 


The product will be well sold. This product will probably have a good premium-selling and a short 
quantity of products will be sold in a clearance-selling. These products are very important in the product 
mix and represent a medium risk investment with major probability of success. 


High Attraction  


Attractiveness Index – More than 0,75 (105 results) 
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The product is very well accepted in a premium-selling price and a residual part of the lot will be 
completely sold in the clearance-selling. These products are premium and represent the best manufacture 
option. It represents the minimum risk in investment portfolio. 


6.3 Analyzing Results 
As seen below, based on results exhibited in table 5, the output can be analyzed for evaluation of 
attractiveness.  


Observe that the price policies can be reviewed in this example. The medium attraction result appears in 
two products and the customer can accept the expensive price. The manager can take the decision to 
maintain the expensive price and exceed the markup margin and, in the clearance selling, change price 
from expensive to the coherent, maintaining the attractiveness. 


Table 6 – Desire’s Algorithm - evaluation of attractiveness. 


DESIRE’S ALGORITHM PRODUCT 1 PRODUCT 2 PRODUCT 3 PRODUCT 4 


FINAL RESULT  
AFTER NORMALIZE 


0,63857374 0,70178282 0,7439222 0,81280389 


OUT PUT LOW ATTRACTION MEDIUM ATTRACTION MEDIUM ATTRACTION HIGH ATTRACTION 


6.4 Expected Value in Bet 
Table 7 – Attractiveness output and respective sales probability. 


MARKUP PREMIUM 
2,5 


CLEARANCE 
1,8 


STOCK 
0,8 


EXPECTED VALUE 


OUTPUT 


DO NOT PRODUCE 0% $ 0,00 30% $ 0,54 70% $ 0,56 $ 1,10 


LOW ATTRACTION 20% $ 0,50 50% $ 0,90 30% $ 0,24 $ 1,64 


MEDIUM ATTRACTION 50% $ 1,25 40% $ 0,72 10% $ 0,08 $ 2,05 


HIGH ATTRACTION 80% $ 2,00 20% $ 0,36 0% $ 0,00 $ 2,36 


 


Table 7 presents the simulation of sales divided by the different output. As the attraction between 
customers and products grows the sales results increase the expected value. The premium price is 
achieved with more intensity in the high attraction group. 


This model is experimental. It has been tested with great results for some brands in Brazil. More than a 
hundred products were evaluated and the algorithm results have helped the production managers to take 
their decisions in a more assertive way. 


The old method to process the bet is a prediction about future sales based in the launch sales. The 
productions managers usually do the bet multiplying launch sales by two and half times. 


7 Conclusions 
The fuzzy model is more sensible to treat data and produces a straight approach to the customer’s desire. 
It is a tool that helps the production managers to give a better look at the production prediction. It can 
anticipate the problems that cause losses and consequently reduce profit. 


Observe that the best result in sale's probability achieves an average of 2,36 in markup. It is absolutely 
reasonable result.  


As production manager, the selection of a good portfolio of products, represented by a successful 
collection, must be done based in profit probabilities. That is the main point that must be achieved.  
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8 Final Considerations 
As final consideration, the fuzzy model called Desire’s Algorithm is a tool that must be developed and the 
researches done until the moment show that crossing GIS information with the algorithm results can be 
very important to the fashion business development. 


The use of new interfaces based on applications made for tablets are being studied as a way to collect 
customer’s opinions in fashion fair and events. The regional opinion can be collected in sales points and 
appraisers from many parts of the country can be added to generate a regional view of acceptance of 
determined product mix. 
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Abstract 


The assessment of student performance in an Institution of Higher Education is a great problem to manage. There are 
several elements that influence the overall result. The information extracted from these data is useful for evaluating 
the performance of students, professors, educational institution, and even the educational system of a country. 
However, there is a lack of automated systems to support decision making based on knowledge, and very often these 
assessments are made following a series of rules, but in some cases subjective data can influence the final results. In 
Brazil, the Ministry of Education and Culture (MEC) has been working to evaluate education institutions based on 
several criteria, and the data and evaluations of these educational institutions have been available. In this work, was 
used the data provided by MEC to supply a better understanding and management of education institution 
information for decision making. Techniques of Computational Intelligence have been used for processing this 
information in order to address a larger amount of information and treat imprecise data so to teach human evaluators 
and combine the data from these various reviewers. Here, was chosen an artificial neural network which are indicated 
to processing large amounts of data, which are fault tolerant and learn by examples. It is possible to extract 
information from the characteristics which most influence an evaluation, based on assessments of human evaluators. 
The results show that the approach is promising and allows a quick view of the results in graphical software for quick 
decision making. 


Keywords: Computing intelligence; academic performance evaluation; neural network. 


1 Introduction 
The evaluation of a Higher Education Institution (HEI) in Brazil has not been an easy task, mainly to 
analyze and to present the existing data in general systems results. The lack of automated systems has 
made it difficult to process support for decision making based on knowledge. The existing available data 
lacks visual correctness and access for decision making. This study aims to present a better understanding 
of an academic information management, using Computing Intelligence (CI) techniques. Many systems 
have available data or allow the collect sources of data with the purpose of subsidizing the decision 
making. However, it will only be effective in complex reports, where some standards and data contain 
information such as performance of the students in some classrooms, period or between the diverse ones 
HEI, among others. Checking these data is important to identify specific information to the business. In an 
automated system applying a CI, such an Artificial Neural Network (ANN), with Multi Layer Perceptron 
(MLP), trained with a feed-forward and standard Back-Propagation (BP) learning algorithm, is used to 
classify the evaluations for academic management, which is important for decision making process. 


The nature of the supervised training of network MLP requires a set of training composed of an entrance 
and a desired exit. The entrances are characteristic of the institutions, and the exits are the grades given 
by professionals. The results presented in this work have been obtained from the ANN trained with 
available data of a survey, and a part of the information available in the current systems in a HEI. However, 
it can´t either be found quickly, or be used to offer results for decision making. Different techniques of CI 
have been applied in evaluation and neural networks have been used in different ways for evaluations. 
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This work suggests using ANN as a means of learning with data of previous evaluations, and then, to 
foresee the possible improvements of performance with variations on entrance parameters of the neural 
network according to (Braga, 2011), (Haykin, 2008), (Lin, 1996), (Nadler, 1993) and (Zeng, 2001). Three 
tests are carried out to evaluate the performance of the ANN, with an evaluated data according to (Gotti 
2011). After that, another test with reduction in the amount of characteristics evaluated from the ANN 
previously configured. Finally, inserting an evaluation from Enade’s grade 5, once again tests with the 
network, so that the new calculations generate the results and these are compared and analyzed and 
allowing a new decision making. 


2 Academic Management in a HEI 
This work is based on a Case Study, from data collected for the National Examination of Performance of 
Students (ENADE) that it is part of directive of the National System of Evaluation of Higher Education 
(SINAES) of the Ministry of Education (MEC), and allows HEI to evaluate the education process. This 
process is part of the new Law and Lines direction Bases (LDB) of 1996 according to (Souza, 2001) through 
the SINAES, which manages ENADE. 
According to (Yin, 2001) a case study is a method well suited for a context in which the investigator has 
little control of the events which are being searched, considering such events to be contemporaries and 
real. 


The information obtained with the methodology of a case study can be used in the academic 
management of a HEI. In this work the information presented for the neural network will be used to 
evaluate the performance of the institution on the basis of Table 3 that presents the data of the sample 
chosen from Enade. It presents the number of participants in the test, the number of students concluding 
the courses at HEI and the generated grade for Enade. The characteristics listed are classified in HEI - 
Institution of Higher Education; Part - number of student’s participants; Conc - number of Concluding 
students, Enade - grade calculated in percentual and Grade_Enade - grade calculated for each IES, 
associated with the calculated values. 


3 CI applied to an evaluation 
Among the evaluation models applied to the data analysis are: the intelligent models, which use the 
approach algorithms and some techniques of artificial intelligence; and the traditional models, which use 
the statistical classifying model.  


Developing and implementing systems for analysing data, which are able to perform as humans do, is still 
a problem to be studied.  Many theories have been used based on the research in biological and 
computational systems. Techniques of recognition of standards and artificial intelligence, as ANN, genetic 
algorithms and the diffuse logic are used for data analysis as proposed by (Braga, 2011), (Haykin, 2008) 
and (Zeng, 2001). In this work these three techniques are used for evaluation of the academic 
management of a HEI. 


3.1 Artificial Neural Network 
The RNAs explore the intrinsic of the parallel processing and are fault tolerant. These properties make 
them appropriate for application in recognition of standards, signal processing, image processing, 
financial markets, computational vision, engineering, and others, according to (Braga, 2011), (Haykin, 
2008), (Lin, 1996), (Nadler, 1993) and (Zeng, 2001). 


ANNs have two stages of training in an application. During the learning phase, the corresponding weights 
and thresholds of the networks to each connection are adjusted. For the activation, the exit is obtained 
based on the weights and thresholds of the training phase. 
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ANNs is composed of simple elements of processing (neurons). A model of artificial neuron consists 
basically of a linear combination followed by an activation function given by (1): 
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Where: wkj are the synaptic weights, bk the threshold, xj is the entrance vector and yk the exit in k-th 
neuron in the activation function of the neuron. 


The ANN will solve non-linear problems, if non linear functions of activation have been used in the hidden 
layers and/or the exit. 


Among the several functions, the sigmoid and the hyperbolic tangent are highly used. 


There are different architectures of an ANNs which are dependent on the learning strategy adopted. In 
the present work, the network MLP trained with BP algorithm of the error was used. It is composed of a 
front layer of entrance, a hidden layer of exit and one or more layers, whose objective is to extract high-
order statistics from its entrance data. 


Network MLP with BP algorithm of the error has a supervised learning that requires the pair of entrance 
and desired exit. Such pairs allow of the calculation of the error of the net, as the difference between the 
desired exit and the calculated exit. The weights are adjusted through the BP algorithm of the error, 
governed by the adjustment rule. 


The weights are adjusted by a proportional from error to error. More details can be found in (Braga, 2011) 
and (Haykin, 2008). 


3.2 Tools for implementation and tests 
With the increase of the amount of work that make use of an ANN, tools for development and tests have 
been presented and used, for instance, the traditional Software for Programming Language as (FORTRAN, 
Delphi, Paschal, C and others) languages and the most modern tools. For example: EasyNN, WEKA 
(Waikato Environment will be Knowledge Analysis), SNNS (Stuttgard Neural Network Simulator). Also the 
library of neural networks of the traditional Mat Lab is widely used in the academic labs. The EasyNN is 
commercial software with graphical interface for training and tests and it provides a friendly interface for 
accomplishment of the experiments. 


Another tool is the WEKA, which has a set of algorithms of machine learning for tasks of data mining. It 
possesses tools for processing, classification, regression, association and visualization. The SNNS is a 
neural network simulator, developed by the University of Stuttgard, which simulates many models of 
ANNs, one of them, MLP, Functions of Radial Bases and Cascade Correlation. The Mathworks company 
has a library of a NN for the Mat Lab that makes possible the development, implementation, visualization 
and the simulation of different models of neural networks, (Gotti, 2011). The tests in this work were 
carried out with a developed program in FORTRAN language and performed a proper tool and library in 
PC platform with the operating system Windows XP, and Microsoft Excel for graphics presentation (Bloch, 
2004). 


4 ANN applied to an evaluation of a HEI 
In this work, neural networks have been used to evaluate data from several higher education institutions 
based on information from ENADE.  Was choven, twelve (12) HEI’s data and it have been used and are 
presented in Tables 1 and 2. Together with other data such as the following: C1: Part – number of 
participants, C2 Enade – grade calculated in percentual, C3: Av_Conc_G – average of the grades of the 
concluding students in General subjects, C4: Av_Conc_S – average of the grades of the concluding 
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students in Specific subjects, C5: Grade_enade – grade calculated for each IES, C6: Av_Beg_G – average of 
the grades of the beginning students in General subjects, C7: Av_Beg_S – average of the grades of the 
beginning students in Specific subjects, C8: Idd - indicator of the performance difference between 
observed and expected, C9: Cpg – preliminary grade of course and C10: Cpg_fx – standard preliminary 
grade. Figure 1 illustrates the assessment. 


 
Figure 1: Artificial Neural Network. Source: Adapted from (Haykin, 2008). 


The data has been divided into three subsets of input / output, with 16 elements for training, as shown in 
Table 1. For the validation three sets of information have been chosen, as shown in Table 2. To finalize 
further 6 have been chosen for generalization, as shown in Table 3. The training and validation sets are 
used during training, while the generalization tests of RNA. The network is trained with a subset consisting 
of eight sets of training input / output. 


Table 1: Choosen Data of HEI. 


Part Enade Av_Conc_G Av_Conc_S Grade_Enade Av_Beg_G Av_Beg_S Idd Cpg Cpg_fx


136 4,8 62,3471 57,0699 5 55,3086 44,0691 3,6196 4,19 5 
29 2,24 45,4897 36,8897 3 45,1400 28,4000 2,4414 2,19 3 
52 3,29 47,6077 46,2577 4 39,8129 31,5620 2,7001 3,02 4 
262 1,93 37,2847 35,8794 2 37,5515 28,8235 2,2998 1,81 2 
28 2,89 58,4750 40,0679 3 53,4600 32,1244 3,1203 2,64 3 
40 3,87 56,0725 49,8100 4 48,9753 33,4188 3,1672 3,47 4 
51 3,08 51,4235 43,4549 4 48,8485 33,7303 3,2029 2,90 3 
47 4,09 58,6702 51,2128 5 45,0055 32,0534 4,9076 3,30 4 
60 3,38 61,6067 43,9483 4 50,4652 36,4011 3,5782 3,14 4 
106 3,49 57,5623 45,8953 4 50,0300 34,0362 3,2714 3,24 4 
158 4,02 61,1601 49,9861 5 64,8894 41,5816 2,5559 3,53 4 
30 4,03 61,2667 50,0667 5 31,4727 29,4273 2,2195 3,38 4 
78 2,09 45,6103 35,4808 3 42,6586 30,0186 2,0131 2,24 3 
36 4,46 60,3194 54,3667 5 60,0611 41,9000 4,5116 3,62 4 
141 3,93 57,4801 50,0447 4 55,7974 36,1658 3,6855 3,30 4 
506 3,41 53,2630 46,0658 4 38,1419 29,7941 2,4363 3,43 4 


Source: INEP / Enade 2009 (www.inep.org.br).  


To test the cross-validation data three institutions have been presented as in Table 2. Institutions have 
been selected with evaluation 3 and 4. 


Table 2: Data used in cross-validation. 


Part Enade Av_Conc_G Av_Conc_S Grade_Enade Av_Beg_G Av_Beg_S Idd Cpg Cpg_fx 


16 3,65 56,9375 47,5125 4 45,2789 33,5158 3,0845 2,92 3 
37 3,16 57,0108 42,9162 4 47,2847 29,7757 2,6684 2,96 4 
93 2,13 39,3538 37,2538 3 37,7645 29,2097 2,2074 2,46 3 


Source: Adapted from INEP – Enade 2009. From www.inep.org.br  
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For the test of generalization, data from six institutions have been used, which have been evaluated by the 
evaluators with score in 2 and 5. These data are presented in Table 3. 


Table 3: Data used in generalization tests. 


Part Enade Av_Conc_FG Av_Conc_S Grade_Enade Av_Beg_G Av_Beg_S Idd Cpg Cpg_fx 


73 1,59 34,4068 33,3849 2 38,2717 29,8264 1,2208 1,69 2 
30 3,31 52,0000 45,5033 4 45,7833 36,4306 3,4618 2,94 3 
46 3,13 48,6348 44,5565 4 54,8599 34,8374 3,4954 2,64 3 
76 3,43 58,8987 44,9803 4 50,2276 32,6678 3,2929 3,17 4 
70 4,14 57,5914 52,0100 5 43,5029 31,9304 2,8408 3,49 4 
206 4,75 62,4325 56,5854 5 60,2422 45,2969 3,2366 4,16 5 


Source: Adapted from INEP – Enade 2009. From www.inep.org.br 


In the training, the number of neurons in the hidden layer has been varied in order to find a better neural 
network topology. This process is necessary for optimum performance of the classification. Table 4 
presents the mean errors of these ratings. Following the methodology for training and testing, the results 
of the validation tests are presented in Table 4, where there are varied numbers of neurons in the hidden 
layer. 


During the training phase, the network must be trained so to learn sufficiently on the basis of the set of 
training, but to be able to generalize with new data. Crossed validation will prevent the network from not 
getting specialized in the trained data. It consists of presenting the validation subgroup and stopping 
before the specialization for (Braga, 2011). 


The quadratic error of the evaluation is gotten by (2): 


             (2) 


Where NEvaluator is the grade presented for the professional and Nneural network is the grade estimated by the 
neural network. 
In the training, the neural network of subgroups, 16 evaluations of validation have been used containing 2 
pairs of input/output. The number of neurons in the layer hidden has been varied in order to find a better 
architecture of neural network. This process is necessary for a better performance of the classification. 
Table 4 shows the average of these Errors. 


Figure 2 illustrates an example of evaluation of the training of the neural network. The stop criterion used 
in the training was cross validation in the function (Haykin, 2008). 
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Figure 2: Example of a training error. 
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Table 4: Errors obtained in the validation tests. 


Neurons Mean Square Error 
4 11.9915 310  


5 2.8255 310  


6 3.1293 310  


7 4.1286 310  


When evaluating the weights of the neural network, one can determine which features have most 
influenced the final evaluation. This assessment can be made with the analysis of the weights of the neural 
network. Table 5 presents the average weights of the first layer of the neural network used. 


Table 5: Neural network weights. 


Features C1 C2 C3 C4 C5 C6 C7 C8 C9 


Weights 0.5129 0.2335 0.5581 0.4185 0.1875 1.7584 1.0957 0.3112 9.5990 


Based on information extracted from the weights shown in Table 5, new training was carried out, as in 
Table 6, where it is possible to analyze the errors obtained in the generalization tests which are close to 
those obtained considering all the features. 


Table 6: Neural Network weights. 


Neurons Quadratic Error 
5 14.4650 310  


6 2.8936 310  


7 3.1861 310  


8 3.0079 310  


9 3.8957 310  


 


According to the results obtained, it can be noticed that for this configuration, the neural network 
presented grades closer to the evaluators using 5 neurons in the hidden layer. The generalization test also 
showed that the neural network presents grades closer to the evaluators, as shown in Figure 4, also with 5 
neurons in the hidden layer. Figure 3 shows the results obtained in tests of generalization considering: all 
the features of the courses (column 1), most relevant information (column 2) and the grades given by the 
evaluators (column 3). 


 
Figure 3: Generalization and tests.. 
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For academic management, it is possible to tell which characteristics most influence in the evaluation with 
the use of information and the weights of the neural network. These characteristics are presented in Table 
7. 


Table 7: Characteristics influence in the evaluation. 


 1 2 3 4 5 6 
C1 0.43 0.35  0.66   0.96  0.81 0.51 
C2 0.84 1.10  1.52  1.96  2.06 2.22
C3 1.76 1.87  3.24  3.97  4.40 4.26
C4 0.06 0.11  0.33   0.84  0.70 0.96 
C5 1.29 1.43  2.49  3.22  3.50 3.32
C6 0.15 0.78  0.58   0.31  1.00 1.88 
C7 2.02 1.53 3.40 4.85 4.47 3.60


With the calculations of the RNA presented in Table 7, the characteristics that most influence in the result 
are C2 Enade – grade calculated in percentual, C3: Av_Conc_G – average of the grades of the concluding 
students in General subjects, C5: Grade_enade – grade calculated for each IES and C7: Av_Beg_S – average 
of the grades of the beginning students in Specific subjects. With this identification it was possible to 
evaluate that it is possible to make a simulation for the improvement of the characteristics, making the 
evaluations of performance of the Institution closer to reality. 
Table 8: Errors obtained in validation tests. 


Neurons Quadratic error 
1     1.1285 310  
2     1.7345 310  
3     1.5665 310  
4     2.3130 310  
5     0.0845 310  
6     0.8825 310  
7     1.4480 310  
8     1.8490 310  


According to the results, it can be observed that, for this configuration, the neural network presented 
grades n close to the ones of the appraisers using 5 neurons in the hidden layer, when compared with the 
previous experiment Table 8. The generalization test also showed that the neural network presents grades 
closer to the ones of the evaluators, as presented in Figure 4, also with 5 neurons in the hidden layer. 


 
Figure 4: Analyses results. 
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The neural network presents grades close to the ones of the evaluators. One remark that can be made 
with respect to the estimated grades with the neural network trained with 6 neurons in the hidden layer: 
The RNA overestimates the evaluated data and the estimated grade is greater than 3, showing that an 
adequate amount of neurons in the hidden layer must be used. This amount can be defined with the 
validation test, as shown in this work. 


Table 8: Introduction of a grade 5 in a RNA training data. 


C1 C2 C3 C4 C5 C6 C7 C8 
38 141 3.93 4 36.855 35.292 3.30 4 
129 24 2.24 3 26.251 19.313 2.31 3 
192 77 2.62 3 18.135 26.080 2.58 3 
317 214 1.66 2 34.556 19.953 2.13 3 
175 136 4.80 5 62.347 57.070 4.19 5 
177 230 2.01 3 22.268 21.553 1.96 3 
63 51 2.09 3 20.276 21.827 1.94 2 
66 117 1.99 3 21.412 22.182 2.02 3 


 


This work presents a methodology to assist in evaluating the performance of an institution. The 
management of Brazilian HEI focused on the difficulty of evaluating and presenting the results in their 
existing academic systems. It is aimed to automate the process of evaluation of HEIs with the purpose of 
contributing to information management in the institution by using CI systems. From the data available in 
the database of the MEC,  an artificial neural network was chosen, MLP trained with the error BP 
algorithm, a network consisting of an input layer, an output layer and one hidden layer, whose goal is to 
extract high-order statistics of their input data. The tests were conducted to evaluate the performance of 
the neural network, compared with previously published results. It can be observed that the ANN presents 
similar results to those presented by the evaluators of the MEC, since it uses an adequate number of 
neurons in the hidden layer, being appropriate for using as a tool in decision making and information 
management. From the results, we presented the data analysis with neural network trained with 
information from HEI, ensuring a quick estimate of the grades for quick decision making by managers of 
an institution (Gotti, 2011). 


The MLP was used with BP algorithm of error for the data training. The amount of neurons in the hidden 
layer varies, and the remaining desired error (0,001) and the initial learning rate (0,5). In Table 9 the errors 
of validation crossed gotten in the training phase are presented. 


Table 9: Validation and tests. 


Neurons Quadratic Error 
1 1.4130 310  
2 4.2685 310  
3 6.0740 310  
4 5.1425 310  
5 0.7105 310  
6 5.2880 310  
7 8.4565 310  
8 7.3825 310  


It is observed that the neural network continues presenting errors, close to the ones to the previous 
experiment in the training phase. The generalization tests are applied in these cases presented in Table 9. 
The result of these tests is presented in Figure 5. 
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Figure 5: Generalization and Tests. 


In this new situation, the generalization test can be seen, with the training of the neural network with data 
of the Institution with grade 5, the evaluation of the two cases not used in the training phase, they 
continue presenting results which are close to the data of the evaluators. 


5 Conclusion 
This work presents a methodology to assist in evaluating the performance of an institution. The 
management of Brazilian HEI focused on the difficulty of evaluating and presenting the results in their 
existing academic systems. It aimed to automate the process of evaluation of HEIs with the purpose of 
contributing to information management in the institution with the use of CI systems. From the data 
available in the database of the MEC, an artificial neural network was chosen, MLP trained with the error 
BP algorithm, a network consisting of an input layer, an output layer and a hidden layer, whose goal is to 
extract high-order statistics of their input data. The tests were conducted to evaluate the performance of 
the neural network, compared with previously published results. Two groups of data were used and it can 
be observed that the ANN presents similar results to those presented by the evaluators of MEC. It uses an 
adequate number of neurons in the hidden layer and a fault tolerance, being appropriate to be used as a 
tool in decision making and information management. This method allows the researcher to use a large 
amount of data to analyse all the results quickly. The results presented with this chosen data, the analysis 
with neural network trained with this information ensure a quick estimate of grades for quick decision 
making by managers of an institution. 
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Abstract 


In any management process, decision making assumes a very important dimension. Complex systems are commonly 
fed with large amounts of data that are quickly made available to experts and industrial engineers who, in most cases, 
are not provided with adequate decision support tools. Therefore, the quality of their decisions heavily relies on their 
our quality and experience, making the complex systems management planning, particularly in maintenance planning, 
a very difficult and subjective process, by tendentially diverting analysts from the main decisional aspects. In order to 
overcome these difficulties and subjectivities, this paper purposes a set of methodological guidelines based on fuzzy 
set theory to be applied in the planning processes, leading to optimized and more realistic results. 


Keywords: Maintenance planning, fuzzy decision making, fuzzy set theory, uncertainty. 


1 Introduction 


1.1 Study context 
The role of maintenance in the long-term profitability of an organization has long been recognized and 
this has led researchers and practitioners alike to develop maintenance strategies that contribute to long-
term profitability (Ben-Daya and Duffuaa 1995). However, profitability and survival cannot be achieved 
without sustained product quality. In today’s global economy and fierce competition, quality has been 
recognized as the major edge for competitiveness and long-term profitability. The role of maintenance in 
this endeavor cannot be neglected. Generally, equipment which is not well maintained and regularly fails 
deals with unavailability, speed losses and/or lack of precision and, hence, tends to produce defects. The 
inevitable increase of production costs, which amounts to less profitability which endangers the survival of 
the organization, is a possible consequence too.  


Predictive and condition-based maintenance employ a closed-loop maintenance strategy in which 
information from equipment is obtained and utilized in making planned maintenance decisions. The 
maintenance decision is usually based on the use of a threshold which, when reached, means that 
maintenance is to be carried out. Such a strategy will ensure high product quality, especially if these 
thresholds are chosen so that equipment does not deteriorate to the extent to which defective, or near 
defective, products are generated. Although, this link of quality and maintenance management is 
frequently missed in the literature. 


Literature on maintenance models for complex technological systems is extensive and there is a great 
number of described contexts where each model is developed taking in account technical and financial 
constraints. However, those models rarely incorporate the uncertainty and/or fuzziness that are intrinsic to 
the reliability and cost parameters of such complex maintenance systems. In fact, taking these parameters 
as rigid or “crisp” values does not reflect correctly the reality. Therefore, the quality of decision making 
process is inevitably compromised. 


During the last decade, several models in maintenance planning have been incorporating uncertainty of 
their parameters by using fuzzy numbers (Yuniarto and Labib 2006; Hong 2006; Khanlari et al. 2008; Shen 
et al. 2009 and Sharma et al. 2009). Al-Najjar and Alsyouf (2003) and Lu and Sy (2009) developed models 
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that support decision making in choosing the most efficient maintenance technique. Nevertheless, most 
of the current literature on maintenance modeling simply omits the uncertainty that is inherent to real 
data and maintenance parameters, paying little attention at the time of decision making.  


The Fuzzy Set Theory has been extensively studied in the past 30 years. It was largely motivated by the 
need for a more expressive mathematical structure to deal with human factors and it has a major impact 
on industrial engineering, including on maintenance planning. In fact, this is an area where large amounts 
of data are quickly processed and where almost exists total dependence of historical references and of the 
quality and experience of experts and maintenance engineers. Therefore, the Fuzzy Set Theory has been 
playing a role of particular relevance with regard to delineating maintenance actions, providing critical 
support in specific areas (Chang et al. 2012; Baraldi et al. 2012 and Fernandez et al. 2007). 


Based on Fuzzy Set Theory, this work purposes some guidelines to take account in the maintenance 
planning process, from the data treatment phase to the instant of choosing of the best maintenance 
policy. 


1.2 Paper organization 
The paper is structured as follows: Section 2 introduces the basics of fuzzy sets that are relevant to apply 
in maintenance planning processes. Section 3 presents elementary notions of individual decision making 
in fuzzy environments. Section 4 makes an evaluation of fuzzy decision making, proposing an adapted 
compatibility measure. In Section 5 methodological guidelines are applied in a numerical example in the 
maintenance planning context. Finally, Section 6 synthetises the main conclusions and further work 
suggested by this work. 


2 Fundamentals of Fuzzy Set Theory 
This section shows the basis of Fuzzy Set Theory, succinctly providing some of the advantages of the use 
of this theory to model the uncertainty that is inherent to any maintenance planning process. 


2.1 Crisp sets and fuzzy sets 
Classical studies on reliability model the eventual occurrence of a specific event by means of the 
probability theory and treat failure rates, repair mean times or maintenance costs as crisp numbers. The 
mean value seems to be the most profitable information about an observed feature. It considers that 
there is a perfect knowledge about the interdependent relationships in the system and all parameters are 
constant values. However, such considerations are not reasonable to assume in real (complex) 
engineering systems. In fact, as the result of the variability inherent to many parameters the results of the 
models based on crisp values cannot be taken as representative of the entire spectrum of results. To 
overcome these limitations, the application of the fuzzy set theory proves to be an interesting approach 
to be applied in most cases where it is conceptually adequate. Fuzzy sets are adequate, for instance, to 
estimate the lifetime of a given equipment. Such information is, in many cases, provided by the 
manufacturer. In fact, in most cases, statements in plain language constitute the best mode to express the 
knowledge of a system (e.g. “the equipment reliability is high” or “the generator temperature is around 
5ºC”). However, this information is naturally very inaccurate. Therefore, a realistic estimate is always an 
approximation. Carvalho et al. (2010) developed a maintenance policy, where the uncertainty of some 
costs, probabilities and reliability parameters is not omitted by the model, being represented through 
fuzzy sets. 


On the other hand, a crisp set is defined in such a way as to dichotomize the individuals in some given 
universe of discourse X into two groups: members (those that certainly belong in the set) and 
nonmembers (those that certainly do not). A sharp, unambiguous distinction exists between the members 
and nonmembers of the set. However, many classifications concepts we commonly employ and express in 
natural language describe sets that do not exhibit this characteristic, as the examples above.   
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Contrasting with that definition, a fuzzy set can be defined mathematically by assigning to each possible 
individual in the universe of discourse a value representing its grade of membership in the fuzzy set. This 
grade corresponds to the degree to which that individual is similar or compatible with the concept 
represented by fuzzy set. Thus, individuals may belong in the fuzzy set to a greater or lesser degree as 
indicated by a larger or smaller membership grade. These membership grades are very often represented 
by real number values ranging in the closed interval between 0 and 1, where these extreme values 
represent, respectively, the total denial and affirmation of the membership in a given fuzzy set, as well as 
the falsity and truth of the associated proposition. 


The capability of fuzzy sets to express gradual transitions from membership to nonmembership and vice 
versa has a broad utility. It provides us not only with a meaningful and powerful representation of 
measurement uncertainties, but also with a meaningful representation of vague concepts expressed in 
natural language. 


The numerical assessment of fuzzy parameter/data and linguistic variables, such as some performance 
measures in maintenance engineering, is done by using adequate membership function which determines 
the degree of membership in each input fuzzy set. The design of a fuzzy model is not trivial and several 
approaches (Ross 1995; Klir and Yuan 1995) have been proposed to identify the shape of elementary 
performance measures.  


Basically, any function of the form 


A (x): X → [0, 1] 


describes a membership function associated with a fuzzy set A. However, its representation depends of 
the concept and also of the context in which it is used. The graphs of these functions can have different 
shapes and properties (e.g. continuity). In some cases, the semantic meaning captured by fuzzy sets does 
not appear very sensitive to variations in form and sometimes simple functions are more convenient 
(Pedrycz and Gomide 1998). However, this subject will not be discussed in this work and the most usual 
solution is to use triangular and/or trapezoidal membership functions. Functions illustrated in Figure 1 
have analytical advantages in terms of their manipulations in almost all types of industrial systems. 


 


 


 


 


 


 


 


Figure 1: Commonly used membership functions 


The membership functions illustrated in Figure 1 can be analytically represented by: 
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2.2 Fuzzy-to-crisp conversion 
There is a difference between modelling with fuzzy information and applying the fuzzy results to the real 
world around us. Despite the fact that the bulk of the information emerging every day is fuzzy, most of 
the actions or decisions implemented by humans or machines are crisp or binary (e.g., reduce to 2 MW 
the power of the wind turbine). There may be situations where the output of a fuzzy process needs to be 
a single scalar quantity as opposed to a fuzzy set. For example, in maintenance planning, it is extremely 
important to give the exact indication of at which instant the preventive maintenance must take place. 
Thus, it is important to have a means to convert a fuzzy quantity to a precise quantity. This process is 
called defuzzification. (Inversely, fuzzification is the conversion of a precise quantity to a fuzzy quantity).  


There are some popular methods in the literature for defuzzifying fuzzy output functions (membership 
functions).  


Ross (1995) states that have been published, at least, seven methods for the collapse of fuzzy results. A 
detailed application of those methods can be found in Klir and Yuan (1995). 


Next, in a summary way, we present three of those methods: 


i. Centroid method, also called center of area and center of gravity, is the most prevalent and physically 
appealing of all the desfuzzification methods. It is given by the algebraic expression: 
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ii. Max-membership principal, also known as the height method, is limited to peaked output functions. 
This method is given by the algebraic expression: 


   zz AA  *               (2) 


iii. Mean-max membership, also called middle-of-maxima, is closely related to the first method, except 
that the locations of the maximum membership can be non-unique (i.e., the maximum membership 
can be a plateau rather than a single point). This method is given by the expression: 
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where a and b are as defined Figure 2 (c). 
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Figure 2: Examples of desfuzzification: (a) max-membership principal; (b) centroid method; and (c) Mean-max 
membership 


3 Fuzzy Maintenance Decision making 
Making decisions is undoubtedly one of the most fundamental activities of human beings. Usually, 
applications of fuzzy sets in decision making have consisted of fuzzifications of the classical theories of 
decision making. While decision making under conditions of risk have been modelled by probabilistic 
decision theories and game theories, fuzzy decision theories attempt to deal with vagueness and 
nonspecificity inherent in human formulation of preferences, constraints and goals. That is, when 
probabilities of the outcomes in a maintenance model are not known, or may not even be relevant, and 
outcomes for each action are characterized only approximately, the decisions are made under uncertainty. 
This is the prime domain for fuzzy decision making and decision making under uncertainty is perhaps the 
most important category of decision making problems. 


Many simple decision processes are based on a single objective, such as minimization cost, maximizing 
profit, minimizing run time, and so forth. Often, however, decisions must be made in an environment 
where more than one objective function governs constraints on the problem and the relative value of 
each of these objectives is different. 


In the first paper on fuzzy decision making (Bellman and Zadeh 1970) it is proposed a fuzzy model for 
decision making in which relevant goals and constraints are expressed in terms of fuzzy sets and a 
decision is determined by an appropriate aggregation of these fuzzy sets. A decision situation in this 
model is characterized by the following components: 


 a set A of possible actions; 


 a set of goals Gi (in), each of which is expressed in terms of a fuzzy set defined on A; 


 a set of constrains Cj (jm), each of which is expressed in terms of a fuzzy set defined on A. 


 


It is common that the fuzzy sets expressing goals and constraints in this formulation are not defined 
directly in the same universe of discourse, but indirectly, through other sets that characterize relevant 
states of nature. This is a more general case and it has particular interest in real applications. In 
maintenance planning, an example of a possible goal is the maintenance cost minimization and a 
constraint may dictate that the availability must be above of a certain value.  


Suppose that the goals and the constraints are defined as fuzzy sets Gi’ and Cj’ defined on sets Y and A, 
respectively, where in and jm. Assume that these fuzzy sets represent goals and constraints 
expressed by de decision maker. Let f be a mapping from A to Y, with a representing an input (cause) and 
y (y=f(a)) representing an output (effect).Then, given a fuzzy set Gi’ in Y, it is readily find a fuzzy set Gi in A 
which induces Gi’ in Y. Specifically, the membership function of Gi is given, for each in, by the equality: 
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where f: A→Y. In this way, the case where the goals and the constraints are defined as fuzzy sets in 
different spaces can be reduced to the case where they are defined in the same space. 


Generalizing the concept above, if the fuzzy sets expressing goals and constraints are not both defined 
directly on the set of actions A, but they are defined on the sets Yi and Xj, respectively, then, we describe 
the meanings of actions in set A in terms of sets Yi and Xj, respectively, by the following functions: 


gi: A→Yi 


cj: A→Xj 


and express the membership of the goals Gi (in) and the constraints Cj (jm) by the composition of gi 
with Gi’ and the compositions of cj with Cj’, for each aA; that is: 


    aga iGG ii '       (4) 


    aca jCC jj '       (5) 


 


Given a decision situation characterized by fuzzy sets A, Gi (in) and Cj (jm), a fuzzy decision, D, is 
conceived as a fuzzy set on A that simultaneously satisfies the given goals Gi and constraints Cj. That is,  
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for all aA, provided that the standard operator of fuzzy intersection is employed. 


Intuitively, a fuzzy decision is basically a choice or a set of choices draw from the available alternatives and 
it can be interpreted as the fuzzy set of alternatives resulting from the intersection of the goals and 
constraints.  


Once a fuzzy decision has been determined, it may be necessary to choose the “best” single crisp 
alternative from this fuzzy set. By max-membership principal (Eq. (2)), this may be accomplished in a 
straightforward manner by choosing an alternative a*A that attaints the maximum membership grade in 
D (Figure 3). Sometimes, it is preferable to determine a* by a more appropriate defuzzification method, 
such as the centroid method expressed by Eq. (1) above. 


 


 


 


 


 


 


Figure 3:  Illustration of a fuzzy decision 


Note that in the fuzzy decision definition expressed by Eq. (6) it is assumed that all of the goals and 
constraints that enter into D are of equal importance. However, there are some situations in which some 
of the goals and perhaps some of the constraints are of greater importance than others. Therefore, the 
fuzzy decision expressed by Eq. (6) can be extended to accommodate the relative importance of the 
various goals and constraints by using weighting coefficients and an alternative fuzzy set intersection or 
an averaging operator may be used to reflect a situation in which some degree of positive compensation 
exists among the goals and the constraints. In this case, the fuzzy decision D can be determined by a 
convex combination of the n weighted goals and m constraints of the following form: 
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for all aA, where ui and vj are non-negative weights attached to each fuzzy goal Gi (in) and to each 
fuzzy constraint Cj (jm), respectively, such that: 


1
1 1


 
 


n


i


m


j
ji vu       (8) 


Then, the values ui and vj can be chosen in such a way as to reflect the relative importance of G1, G2, …, Gn 
and C1, C2, …, Cm. They, obviously, reflect the decision maker opinion, experience and beliefs. Suppose, for 
instance, that the decision maker is more interested in minimizing the cost than in guarantying that the 
availability is above of a certain value. Then, ui and vj in the Equation (7) can be, for example, 0.6 and 0.4, 
respectively. 


A direct extension of formula (6) may be used as well: 
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where the weights ui and vj possess the property specified by Eq. (8). 


 


Doing this, we want to evaluate how well each alternative, or choice, satisfies each goal and each 
constraint, and we wish to combine the weighted objectives and constraints into an overall decision 
function in some plausible way.   


 


The concept of a decision as a fuzzy set in the space of alternatives may appear at first to be somewhat 
artificial, but it is quite natural, since a fuzzy decision may be viewed as an instruction whose fuzziness is a 
consequence of the imprecision of the given goals and constraints (Bellman and Zadeh 1970). 


4 Analyzing Fuzzy Maintenance Decision making 
To take an appropriate decision it is of interest to evaluate to what extent the goal is satisfied by the 
constraint and vice versa. In order to do this, let us consider an environment with a goal and a constraint 
with high uncertainty in which both the goal and the constraint are fuzzy sets. This scenario requires a 
comparative analysis between the goal G and the constraint C. The compliance of these two memberships 
functions can be calculated as a fuzzy measure of compatibility, as it is illustrated in Figure 4. 


 


 


 


 


 


 


 


 


Figure 4:  Compatibility of the fuzzy goal and the fuzzy constraint 


There are several candidate measures to quantify the compatibility of two fuzzy numbers (El-Baroudy and 
Simonovic, 2003). For example, El-Baroudy and Simonovic (2006) propose three of such fuzzy measures 
for system performance evaluation: i) combined reliability-vulnerability measure; ii) robustness measure; 
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and iii) resiliency measure. These measures provide a tool to assess system performance through the 
introduction of a wide variety of uncertain conditions.  


Nunes and Sousa (2009) use the concept of compliance as the overlapping area between two 
memberships functions (i.e. a fraction of the total area of the performance measure). They refer that 
compliance is better than other compatibility measure, such as possibility and necessity measures. In our 
scenario, compliance comes as: 


 


Compliance = 
Overlapping area of membership functions of goal and constraint 


(10) 
Total area of membership function of goal 


 


Therefore, the compliance provides a consistent ranking (between 0 and 1) to assess the degree to which 
a constraint complies with the goal. 


5 Numerical Experiments and Discussion 
This section pretends to give a simple example of the application of the decision models proposed before. 


Consider any function (continuous and where the minimum exists) modeling maintenance costs. Once it is 
not the objective of this work to propose a maintenance cost model (and consequently the mapping 
functions presented in Eqs. (4) and (5)), we will assume, in this numerical application, that the fuzzy sets 
expressing goals and constraints are directly defined on the set of actions A. To do this, we succinctly 
present a previous work on maintenance planning. 


Therefore, Carvalho et al. 2010 developed a fuzzy-probabilistic model considering that inspections and 
preventive maintenances are performed at periodic time intervals and the system is fully replaced, less 
frequently, when a fixed number of preventive maintenances have been completed. They showed that the 
minimum maintenance cost, G, of equipment is given by a triangular fuzzy number (analogous to Figure 1 
(c)), with membership function given by the following set of equations: 


 


 


 


 


 


Suppose, now, that budgetary constraints impose that the costs must be lower. This represents an 
additional constraint(s), but the information about that (or them) is vague and imprecise. It is imperative 
to know what the term “lower” means. Suppose that, according to managers´ perceptions and historical 
data, it is possible to define lower as a fuzzy number, C, similar to that presented in Figure 1 (b), whose 
membership function is given by: 


 


 


 


 


Thus, supposing that both the goal and the constraint have equal importance, the comparison between 
the goal G and constraint C is made, using the standard operator of fuzzy set intersection expressed in Eq. 
(6), in Figure 5 and the membership of the fuzzy decision D is defined as: 
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Figure 5:  Membership functions of G and C 


Using equation (10), the compliance index is determined (from Figure 5) by: 


Compliance = 
Area 


=
29.5518 


= 0.2824  
Area 104.645 


 


The compliance index above indicates that only 28% of the goal is satisfied by the constraint. This index, 
although being considered low, denotes that the best decision should be between these limits (419.67 
and 530). Therefore, we can choose the alternative that attaints the maximum membership grade in 
overlapping area, that is, 468.4. From the Centroid Method, expressed in Eq. (1), the fuzzy decision D can 
be defuzzified, obtaining the crisp value of minimum maintenance cost equal to 472.69. 


Finally, applying the model proposed by Carvalho et al. 2010, it would be easy to determine the periodic 
time intervals between preventive maintenances that make sense to carry out, in order to verify both the 
goal and the constraint of the optimization problem. 


6 Conclusions and Further Work 
Making decisions under uncertainty environments is a very difficult task, especially if the decisor does not 
possess adequate decision support tools. In this paper, it has been illustrated that Fuzzy Set Theory may 
play a role of particular relevance in this area, providing critical support to solve many problems under 
such environments, consequently improving the quality of the final decision. To this end, some 
methodological guidelines have been given. 


Further work will be carried out in order to apply those decision making guidelines to the maintenance 
planning of specific components of wind turbines. 
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Abstract 


The competitiveness in the industrial environment has increased considerably and, as a direct consequence, the 
search for different techniques and management practices to achieve better performance in all processes have been a 
major concern for organizations interested in solidifying its global market presence. Companies are using models, 
philosophies and programs to improve their production processes, seeking to reduce wastage, time and increase 
profits. This paper aims to show the main results of an implementation of a tool developed to assess the integrated 
elements originated from Lean Manufacturing and Six Sigma, based on PNQ (Programa Nacional da Qualidade - 
Brazilian National Quality Program). Thus, some specific objectives were outlined: i) to develop constructs and 
elements from theory that represents this integration about Lean Manufacturing and Six Sigma, based on PNQ 
Quality model; ii) to apply the instrument in one manufacturing organization in Brazil; iii) to briefly analyze and 
discuss the results. This is an applied and qualitative research, which used basic qualitative studies and descriptive 
techniques as research strategies. A 5-point Likert scale was used for the evaluation of the elements and constructs. 
The instrument was applied in one manufacturing company located in the southern region of Brazil. The application 
of the instrument showed that it could be useful in the management of elements and constructs of companies that 
have the Lean Manufacturing and Six Sigma implemented. Among the 9 constructs, three of them need more 
attention: Strategy, Culture and Customer. 


Keywords: Lean manufacturing; six sigma; management; PNQ. 


1 Introduction 
The competitiveness in the industrial environment has increased considerably and, as a direct 
consequence, the search for different techniques and management practices to achieve better 
performance in all processes have been a major concern for organizations interested in solidifying its 
global market presence. Companies are using models, philosophies and programs to improve their 
production processes, seeking to reduce wastage, time and increase profits. 


Currently, one of the philosophies that have been widely used by businesses, especially in large 
companies, is the philosophy of Lean Manufacturing. It is a philosophy originated in Japan in the 1950s, in 
Toyota Corporation. This philosophy basically seeks the elimination of waste. Another program that is 
gaining adherents in the manufacturing world is the Six Sigma. It has emerged in the late 1980s, in 
Motorola Company. It has as fundamental principle the continuous reduction of variation in processes 
and consequently seeks to achieve the satisfaction of both customers and consumers. 


This paper aims to show the main results of an implementation of a tool developed to assess the 
integrated elements originated from Lean Manufacturing and Six Sigma, based on PNQ Model. Thus, 
some specific objectives were outlined: i) to develop constructs and elements from theory that represents 
this integration about Lean Manufacturing and Six Sigma, based on PNQ Quality model; ii) to apply the 
instrument in one manufacturing organization in Brazil; iii) to briefly analyze and discuss the results.  


The paper has more four sections besides this introduction. We present in section 2 the theoretical 
framework of the paper, presenting terms as Lean Manufacturing, Six Sigma, and the PNQ Model. The 
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third section presents the research’s method and the management tool. The fourth section presents the 
results of the application and the fifth presents the conclusions. 


2 Theoretical Framework 


2.1 Lean Manufacturing 
One of the new programs or philosophies that have been widely used by organizations, especially in large 
companies, is the Lean Manufacturing. It is a philosophy originated in Japan in the 1950s, in Toyota 
Corporation. It basically seeks the elimination of waste, loss and inefficiency. In the United States, it was 
popularized from the 1990s with the publication of the book "The Machine That Changed the World" by 
James P. Womack, Daniel T. Jones and Daniel Roos (Womack; Jones; Roos, 1990).  


The book clearly illustrates the significant difference in performance achieved by implementing this 
concept in the Japanese auto industry in comparison with western industry. For Womack, Jones and Roos 
(1990) Lean Manufacturing emerges as an "antidote" to do more with less, and always with the aim of 
offering customers what they really want, in time they need. The goal is to make business more flexible 
and capable of responding effectively to customer needs and still be able to develop, produce and 
distribute products with less human effort, space, resources, time and overall costs.  


In other words, the main objective of lean manufacturing is to produce an item based on customer 
specifications, in the fastest and most efficient way, and at the best possible price. According to Womack 
and Jones (1996) there are five underlying principles that form the basis for the concept of lean 
manufacturing: 


a) Specify Value: The most efficient way to create a product is to have a complete understanding of what 
the end user wants before production begins. Building a product according to specifications avoids waste. 
Communication with the customer is the key to developing the specifications for the product. In other 
words, instead of building a particular car model in a designated color, that car is manufactured with each 
option and accessory that the customer has ordered. The end result is a proficient product for a satisfied 
customer with a perceived value. 


b)   Identify Steps: Once the value has been identified, a process flow is mapped out to achieve that 
value. By knowing exactly what steps are needed to create the specified product, unnecessary steps and 
parts can be eliminated from the process. This allows the product to be manufactured in the shortest 
amount of time with the least amount of waste. 


c) Process Flow: When the steps to achieve the value have been laid out, the actual process flow is ready 
to begin. Each step in the process should flow into the next step without hesitation. The entire process, 
from start to finish, should literally move like a well-oiled machine. The process should be tight and void 
of any unnecessary maneuvers. Since the steps are identified and mapped out, the margins of error are 
greatly reduced or eliminated. 


d) Pull Inventory: Under the premise of lean manufacturing, only the exact number of parts is pulled 
from inventory and placed at the point of manufacture. Simply stated, if the specified product requires 
five two-inch screws, only five two-inch screws are pulled from stock and brought to the manufacturing 
line. This process is also referred to as Just-In-Time manufacturing. The objective is that you make only 
what you need when you need it. 


e) Continual Improvement: As a process is repeated over and over, it can continually be monitored for 
possible improvements. Under the lean manufacturing concept, these improvements result from 
elimination of waste during the process. Waste may be defined as extra steps that can be eliminated while 
still achieving the same end result, or the reduction of idle time during the process. By continually 
improving the process, the product can be manufactured in less time and at a lower cost. 
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As this research seeks to present a proposal for an assessment tool that integrates management of Lean 
Manufacturing and Six Sigma, there were selected other researches that present the principles of Lean 
Manufacturing that could be analyzed and compared with key factors of Six Sigma. The papers and books 
selected were: Womack and Jones (1996), Jackson and Jones (1996), Karlsson and Ahlström (1996), 
Sánchez and Pérez (2001) and Godinho and Fernandes (2004). Table 1 shows a comparison between the 
principals presented in these selected researches. 


 


Womack e Jones 
(1996) 


Jackson e Jones 
(1996) 


Karlsson e 
Ahlström (1996) 


Sánchez e Pérez 
(2001) 


Godinho e Fernandes 
(2004) 


Specify Value (focus 
on the customer's 
perspective) 


Customers’s 
perspective 


  Value (focus on the 
customer's 
perspective) 


Identify steps Information 
architecture 


Vertical information 
system 


Flexible  information 
system 


Identify steps 


Process Flow Lean organization 
Lean production 
Lean Maintenance 


Waste disposal 
 


Elimination of activities 
with zero value 


Process Flow 
 


Pull Inventory 
 


Lean Engineering JIT and pull 
production 


JIT Pull production 


Continual 
improvement 


Culture of 
improvement 


Continual 
improvement 


Continual 
improvement 


Continual 
improvement 


 
 


Leadership    


 
 


Partnership  Integration with 
suppliers 


 


 
 


 Zero defects  Quality  


    Cleanliness, order and 
safety 


  Functional teams, 
integrated functions 
and responsibilities 
devolved 


Functional teams Developing and 
training human 
resources 
 


 
 


   Visual management 


    Adaptation to other 
areas of the company 
to lean thinking 


Table 1: comparison between the principles of Lean. 


2.2 Six Sigma 
The other program studied on this paper is Six Sigma. What is now called Six Sigma has emerged in the 
1980s, when Motorola began a series of studies on the concepts established by Deming on the variability 
of production processes, aiming to improve performance through analysis of such variations.  


Some authors and researchers in the field (Basu, 2004; Blakeslee Jr. 1999; Snee 2000) define the Six Sigma 
as a very disciplined and quantitative management strategy. The main objective of Six Sigma is to increase 
the profitability of organizations by improving quality, increasing customer satisfaction. For Linderman et 
al (2003) the fundamental principle of Six Sigma is continuously to reduce the variation in the process and 
thus to eliminate the defects or defaults in products and services. 


The selected papers in the literature, which present key factors for the implementation and management 
of Six Sigma and that can be linked with the principles of Lean Manufacturing are: Antony and Banuelas 
(2002), Johnson and Swisher (2003), Antony  (2004) and Kwak and  Anbari (2006). A comparison between 
these papers is presented in Table 2. 
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Antony e Banuelas 
(2002) 


Johnson e 
Swisher (2003) 


Antony (2004) Kwak e Anbari 
(2006) 


Santos e Martins 
(2008) 


Involvement and top 
management 
commitment to the 
program 


Management 
commitment and 
Leadership skill 
 


Commitment of 
executive leadership 
and senior 
management 


Organizational 
commitment and 
managerial 
involvement (with a 
focus on leadership)


Measurement and 
management of 
organizational 
performance 
 


Prioritization and 
selection of projects, 
review and 
monitoring; 
Project Management 
Skills 


Project selection Selecting and 
prioritizing projects; 
Skills to manage 
projects; 
Monitoring and 
review of projects 


Skills check, 
manage and control 
projects 


 
 


Implementation and 
Project Management 
 


Training 
Alignment with 
human resources 
Organizational 
infrastructure 


Training and 
continuing 
education 
Alignment with 
human resources 


Training and 
education 
Organizational 
infrastructure 
 


Training and 
continuing 
education 
 


Training / expertise of 
people 
 


Alignment to 
business strategy 
 


Alignment to 
business strategy 
  


Alignment to 
business strategy 
 


 Strategic orientation 
and strategic 
alignment; 
Strategic and 
managerial 


Customer Focus  Customer Focus  Customer Focus 
Cultural change Organization's 


overall 
commitment 
 


Managing cultural 
change 
Organization's overall 
commitment 


Acceptance and 
encouragement for 
cultural change 
 


 


Understanding the 
methodology, tools 
(statistics) and 
techniques 


 Understanding the 
methodology 
 DMAIC 


 Statistical thinking 
 


Alignment with 
suppliers 


    


  Aligning economic 
and financial 


  


    Use of information 
technology 


Table 2: Comparison between the key factors for Six Sigma implementation. 


2.3 Lean Six Sigma based on PNQ Model 
According to Smith (2003), Upton and Cox (2004), Arnheiter and Maleyeff (2005) and Snee (2005) the 
both programs, Lean Manufacturing and Six Sigma, have been designed to be used by companies in an 
isolated and independent way. However, it is observed in recent years, a greater tendency for the 
implementation and management of both in an integrated way. For companies, to implement and 
manage both programs together can bring some advantages, such as to enjoy the strengths of both 
jointly and in a complementary way, and also overcoming the limitations of each one separately (Connor, 
2003; Arnheiter; Maleyeff, 2005). One of the major advantages is related to the rational use of human and 
financial resources in those programs. So, if companies do not manage properly, in a systemic way, the 
common elements between Lean and Six Sigma, they will be wasting time and money. But, how the 
organizations can evaluate integrated elements from Lean Manufacturing and Six Sigma? In other words, 
how they can manage these elements or manage the Lean Sigma? 
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Based on the fact that both, the Lean Manufacturing and  Six Sigma, are more focused on operational 
aspects of managing the organization, this paper proposes to use the PNQ Quality Model as the basis for 
a integration of Lean Manufacturing and Six Sigma. The PNQ Quality Model (also know in Brazil as 
Management Excellence Model - MEG) is a systemic model of organizational management, with strong 
results orientation, based on eleven grounds that are put into practice by means of the eight criteria of 
excellence.  


The PNQ/MEG is a model that sees organizational management in a systematic way, an organic system, 
adaptable to the external environment (FNQ, 2009). The model emerged from the experience of FNQ - 
National Quality Foundation with the PNQ - National Quality Award. The award has existed since 1992 
and was awarded companies like IBM Brazil, Xerox Brazil, Citibank, Alcoa, Bahia Sul Celulose, Gerdau, 
among others. 


The Model provides an integrated and interdependent orientation to manage an organization. Considers 
that the various elements of the organization and stakeholders interact in a harmonious and balanced 
strategies and results. Thus, the PNQ/MEG allows the various elements of an organization can be 
implemented and evaluated together interdependently and complement (MEG, 2008). 


According to Miguel (2006), the PNQ/MEG is today in Brazil an important tool for encouraging 
competitiveness in the form of assessment of companies seeking to achieve excellence in recognition of 
what they produce and / or marketing, are products, or services. It is based on eleven pleas and eight 
criteria. The FNQ sets the pleas as the pillars, the theoretical basis for good management. They are: 
systems thinking, organizational learning, culture of innovation, leadership and constancy of purpose, 
guidance and information processes; vision of the future, value creation, valuing people, knowledge of 
the customer and the market, development of partnerships and social responsibility (MEG, 2008). 


These pleas are put in place by means of the eight criteria of excellence, which correspond to a scoring 
system, whose maximum sum is 1,000 points. Each of the eight criteria has a different weight, as shown in 
Table 3. 


 


Table 3: Distribution of points and weights for the MRG/PNQ criteria. 


Critérios Points Weights Criteria items 
Leadership 100 10% 1.1 System leadership 


1.2 Culture of excellence 
1.3 Analysis of organizational performance 


Strategies and plans 90 9% 2.1 Formulation of strategies 
2.2 Implementation of strategies 


Clients 60 6% 3.1 Picture and market knowledge 
3.2 Relationship with customers 


Society 60 6% 4.1 Social and environmental responsibility 
4.2 Ethics and Social Development 


Information and 
Knowledge 


60 6% 5.1 Organization Information 
5.2 Information comparative 
5.3 Intangible Assets 


People 90 9% 6.1 Systems work 
6.2 Training and development 
6.3 Quality of Life 


Process 90 9% 7.1 core business processes and support processes 
7.2 Processes of relationship with suppliers 
7.3 Processes economic and financial 


Results 450 45% 8.1 Economic and financial results 
8.2 Results for the customers and the market 
8.3 Results related to society 
8.4 Results for persons 
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8.5 Results of core business processes and support processes 
8.6 Results for the suppliers 


TOTAL 1.000 100%  


Source: Adapted from MEG (2008) 


Carvalho (2008) highlights the strong orientation of model results, which represents (for the model) the 
excellence of the organization in various aspects related to customers and markets, the financial situation, 
people, suppliers, society and the processes. It also emphasizes the systemic view is very present in the 
model, since it suggests interaction between the criteria, represented in Figure 1 by blanks. 
As noted in this context, the criteria are subdivided into 24 items. Items 1.1 to 7.3 are named in Items 
Process Management model and ask, specifically, some requirements related to the management of the 
organization without prescribing tools or working methods. The so-called Items Organizational Outcomes 
(8.1 to 8.6) require the submission of performance indicators that indicate the areas of important results. 


3 The Method and Management Tool 
Table 4 presents the proposal for the integration of lean principles and key factors of Six Sigma through 9 
constructs (from PNQ/MEG). This table was made from the literature and it was the basis for the 
development of the tool that was applied in a Brazilian company.  


 


Construct Principals of Lean 
Manufacturing 


References Critical Factors 
of Six Sigma 


References 


Leadership Leadership Jackson; Jones (1996) 
Womack; Jones (1996) 


Commitment and 
Leadership skills 


Antony; Banuelas (2002) 
Johnson; Swisher (2003) 
Antony (2004) 
Kwak; Anbari (2006) 


Culture Continuous 
Improvement 
Culture  


Womack; Jones (1996) 
Jackson; Jones (1996) 
Karlsson; Ahlström 
(1996)  
Sánchez; Pérez (2001) 


Culture (change) Antony; Banuelas (2002) 
Antony (2004) 
Kwak; Anbari (2006) 


Strategy Strategy 
Alignment 


Jackson; Jones (1996) 
Womack; Jones (1996) 


Strategy 
Alignment 
Economic 
Alignment 
Economic-
financial 
Alignment   


Antony; Banuelas (2002) 
Johnson; Swisher (2003) 
Antony (2004) 


Costumer Value (Costumer 
focus) 


Womack; Jones (1996)  
Jackson; Jones (1996) 


Costumer focus Antony; Banuelas (2002) 
Antony (2004) 


Human 
Sources 
Management 


Development and 
Human Sources 
Training 


Womack; Jones (1996)  
Jackson; Jones (1996) 
Karlsson; Ahlström 
(1996)  
Sánchez; Pérez (2001) 


Human Sources 
Management 


Antony; Banuelas (2002) 
Johnson; Swisher (2003) 
Antony (2004) 
Kwak; Anbari (2006) 


Flow 
Management 
Process 


Identification of 
the value stream 
Flow 
Pull production 
Information 
systems 


Womack; Jones (1996)  
Jackson; Jones (1996) 
Karlsson; Ahlström 
(1996)  
Sánchez; Pérez (2001) 


  


Continuous 
Improvement 


Continuous 
Improvement 
Waste disposal 


Womack; Jones (1996)  
Jackson; Jones (1996) 
Karlsson; Ahlström 


Implementation 
and Project 
Management 


Antony; Banuelas (2002) 
Johnson; Swisher (2003) 
Antony (2004) 
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 (1996) 
Sánchez; Pérez (2001) 


 Kwak; Anbari (2006) 


Partnership 
and Society 


Partnership with 
stakeholders 


Jackson; Jones (1996) Alignment with 
suppliers 


Antony; Banuelas (2002) 


Quality Focus in Quality 
Zero defects 


Jackson; Jones (1996) Quality (Focus in 
Statistic) 


Antony; Banuelas (2002) 
Antony (2004) 


Table 4: Framework for the relationship between Lean Manufacturing and Sis Sigma, based on constructs 
of PNQ. 


The instrument developed in this research aims to assist in the management of integrated elements and 
constructs from the principles of Lean Manufacturing and the critical factors of Six Sigma. The instrument 
has 9 constructs and 45 elements that represent the integration, according to Table 5. 


 


Construct Elements 
Leadership 1.1 Leadership system (commitment and ability) 


1.2 Dissemination of company values 
1.3 Internal communication strategies 
1.4 Analysis of overall performance 


Culture 2.1 Spreading the culture of excellence 
2.2 Dissemination the culture of continuous improvement 
2.3 Resource allocation for cultural adaptation 


Strategy 3.1 Formulating strategies 
3.2 Implementing strategies 
3.3 Deployment of action plans 
3.4 Balancing of needs 


Costumer 4.1 Knowledge of customer characteristics 
4.2 Knowledge of decision factors of customers 
4.3 Knowledge of what adds value to the client’s vision 
4.4 Closer customer relationships 
4.5 Knowledge about current market 
4.6 Knowledge about potential market 


Human Sources Management 5.1 Existence of training programs for leaders  
5.2 Existence of training programs for others employees  
5.3 Focus on capacity building of multifunctional teams 
5.4 Existence of motivation programs for employees 
5.5 Existence of motivation programs for leaders 
5.6 Concern about quality of life of employees 


Flow Management Process 6.1 Dissemination of the concept of loss 
6.2 Mechanisms to identify losses, 
6.3 Mechanisms to classify losses 
6.4 Focus on the elimination of  losses in the production chain 
6.5 Presence of pull production 
6.6 Mechanisms of reducing process variability;  
6.7 Setup reducing 
6.8 Preventive maintenance 
6.9 Presence of information systems 
6.10 Mechanisms of information analysis  


Continuous Improvement 7.1 Dissemination of the concept of continuous improvement throughout 
the organization 
7.2 Concern with the choice of projects 
7.3 Concern with the management of projects 
7.4 Presence of performance measurement systems 
7.5 Feedback about information 


Partnership and Society 8.1 Environmental management programs 
8.2Health and safety programs 
8.3 Social responsibility programs 
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8.4 Alignment and partnership with suppliers 
Quality 9.1 Use of statics tools in the process with focus on reducing variability 


9.2 Use of statics tools in the process with focus on reducing losses 
9.3 Certification of quality programs (such as ISO 9001) 


Table 5: Constructs and Elements of the instrument 


For each element of analysis, the respondents chose a grade between 1 and 5 (Likert scale) according to 
the scale shown in Table 6. This scale represents the degree of implementation of each element in the 
company. Once answered and returned, the data analysis was made. 15 questionnaires were returned. 
Respondents were 02 managers (Quality and Operations), 05 technicians and 08 people working on the 
production line.


 


Degree Situation 
1 Do not apply/it is improperly applied/does not exist in the company 
2 Exists in the company but in isolated areas/exists but was not continued 
3 It is implemented but not so systemically 
4 Implemented throughout the organization, but needs to consolidate 
5 Implement in a systemic and consolidated way 


Table 6: Scale for the degree of implementation 


4 Results 
The company in which this case study was conducted began its operations in 1978 and it is located in 
southern region in Brazil. It has about 4,000 employees and is considered a large company. It 
manufactures electronic fuel injection systems for diesel engines. Its main customers are the automotive 
industry, from Brazil, the United States, Europe and Asia. 


In 1996 the company received its first ISO 9001 certified. In 2000, they received the first certification of 
ISO/TS 16949, and in 2003, the first ISO 14001 certification. The company does not have the certification 
of OHSAS 18001, but has a system to manage health and safety implemented. They use lean 
manufacturing since the 1990s and they have been improving its fundamentals. They also work with the 
Six Sigma program, since the beginning of 2000. 


After the application of the instrument in the company, it is observed through the Table 7 that the 
company presents a construct (Partnerships and society) with 4.5 degree of application. Five of the nine 
constructs (Leadership, Human resources management, Flow management processes, Continuous 
improvement and Quality) present level of implementation closer to 4. And three of the nine constructs 
(Culture, Strategy and Client) are closer to the implementation level 3. 


 


 Constructs Grade 
1 Leadership 3,75 
2 Culture 3,00 
3 Strategy 2,75 
4 Costumer 3,33 
5 Human Sources Management 3,83 
6 Flow Management Process 4,10 
7 Continuous Improvement 3,80 
8 Partnership and Society 4,50 
9 Quality 4,33 


Table 7: Results of the constructs 


The construct Strategy had the lowest score (2.75). The element about the consequences of the action 
plans was the element that had the worst level of application (grade 2). It means that it has already been 
implemented in isolated areas, but there was no continuity. The second worst was Culture. In this case, 
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the company introduced the element of resource allocation for cultural adaptation rated as the worst 
(grade 2). It also means that it has been implemented in isolated areas, but no continuity. 


The next is the construct Costumer who obtained a degree of application 3.33. In this case, the element 
of knowledge of the decision factors of customers was that had the worst rating (grade 2). 


The remaining six constructs, as well as its elements, everyone had a rating equal to or above level 3. The 
construct of Leadership was rated the sixth best, with 3.75 degree. Then came the Continuous 
Improvement construct, with 3.8 degree. And fourth, the construct of Human Sources Management, 
with 3.83 degree. The third construct with best evaluation was Flow Management Process, with only one 
of its elements with grade 3 (focus on eliminating losses in the production chain) and all others with 
grades 4 or 5. 


The construct Quality also had a good assessment in relation to your application, getting 4.33 degree, 
although the degree 3 for the element of use of statistical tools in the process, focusing on reducing 
losses. The construct better evaluated by the company was Partnership and Society, with 4.5 degree. 


5 Conclusion 
The objective of this paper was to show a proposal of an instrument or tool developed to assess the 
integrated elements originated from Lean Manufacturing and Six Sigma and an application of this 
instrument in a Brazilian company. In this case study, the constructs that need greater attention are the 
constructs of Strategy, Culture and Customer. Considering the proposal behind this instrument, that is to 
help the organization management, all of them need close attention, because they are very important to 
the spread of excellence.  


Regarding the elements, three of the 45 evaluated need attention, because they have grade 2 (it means 
they are implemented in isolated areas and without continuity), they are: allocation of resources for 
cultural adaptation, deployment of action plans, and knowledge of the factors decision of the customers. 


We believe that this first attempt to develop an assessment tool built form the principles of Lean 
Manufacturing and the key factors of Six Sigma, and also the application in a large company brought us 
some new ideas that can improve this research in the future. 


As recommendation for further work and continuation of this research, one possibility would be to 
increase the number of companies in which the instrument can be implemented by, for example, a survey 
research. In this case, the idea is to make another type of analysis, not only qualitative but also 
quantitative, using statistical methods.  
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Abstract 


This article presents an improvement proposal for the AMTROL-ALFA M3 line. It aims a subject that was discussed 
and studied in the Project Led Education. After an overview of the shop floor, we found different wasted time 
problems that lead to an inefficient setup time. Nowadays, one of the company objectives is make a change in 45 
minutes that is something negative for the company. The Setup Time is the time the previous production runs stops 
until the time the new production run produces the first “good” product. The SMED (Single Minute Exchange of Dies) 
theory is used in this scientific article as a setup technic in order to reduce the company setup time. SMED tells us that 
the aim to perform a setup time is less than 10 minutes. If we have long setup times there is a tendency to perform 
long production runs to minimize the impact of a setup. This leads to larger builds of inventory and hands work in 
capital. However if we can perform short and simple change overs it gives us the flexibility to be able to change 
manufacture from one product to another us often us we like in other to meet the changing customer needs and 
without expense of excess inventory. By implementing setup technics we will reduce the number of startup errors and 
eliminate the need for trial runs. By minimizing the amount of inventory on the shop floor we will also prevent storage 
related problems. Because change overs are simplified and quicker it results in grater product throughput and higher 
machine utilization. Applying SMED and 5S tools the group reduce 65% of the manufacturing time changes in 
AMTROL-ALFA. 
 
Keywords: SMED (Single Minute Exchange of Dies), Setup Time, A3 Process, 5S Methodology. 
 


1 Introduction 
The aim of Engineering and Industrial Management is to develop the ability to rationalize 
human, material, technical, economic and functional resources of a company in order to improve 
his overall performance. 


One of the tools known by the Industrial Management Engineers to reduce waste, improving the 
performance of the company, is 5S, which corresponds to a methodology of creation and maintaining well 
organized, clean, high effective and high quality workplace.  


Besides 5S, it is also known another tool that is very important to increase the performance of a company: 
SMED (Single-Minute of Exchange Die). This Lean tool is used to reduce machine changeover. 


This project presents a research conducted by a group of six students of Industrial Engineering and 
Management (MIEGI) in University of Minho. It was in the PLE project (Project Led Education), held on the 
4th year of the course that the undergraduate students were challenged to do this project. The PLE 
project is based on interdisciplinary problems based on a real situation, in order to help students to 
develop technical and soft skills. 


The company where the group made his study during the first semester was AMTROL-ALFA. This 
company has his headquarters at Guimarães – Portugal. 


AMTROL-ALFA produces different kinds of gas bottles to many different countries around the world. 
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Figure 1: International markets of the company 


 


The assembly line studied in this article, produces three piece bottles like the bottle in the figure 2. 


 
Figure 2: Gas Bottle produced in M3 line 


 


The work station of the M3 line, where happens the manufacturing changes is responsible for the 
conformation of the metallic disks, that origins the chill. Before the conformation all the disks must be 
lubricate with oil. After that, half of the chills are drill.  


On the first visit to the factory the engineer, that is responsible for the M3 line, told us that the big 
problem in the line was the long manufacturing time changes. One of the objectives of the company 
would make the change with a maximum duration of 45 minutes, which does not happen in some 
cases, as we can see in figure 3.  


 
Figure 3: Board with the manufacturing time changes 
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Analyzing the figure it is possible to see that in 8 changes only half of them didn’t past the company 
objective. It is possible to say that this problem is a big disadvantage for the company, for example, the 
promised lead time for the clients probably would delay, because the production planning and control of 
AMTROL-ALFA supposes that this change will take 45 minutes, in maximum, what is not true in reality. 
These delays are caused by the delaying of the production made by the high manufacturing time 
changes.   


So, in order to solve this problematic, we will study the current methods used in the work station to make 
the manufacture change, study the environment around him and detect the unnecessary operation and 
movement that makes the setup time so elevated. 


The studied made will try to reduce the setup time of the company and, in order to reduce the setup time 
it will be necessary different methods and lean manufacturing technics as we will see on the next chapter. 


The present article is divided in 5 chapters. The first chapter, it is done the introduction of the work. On 
the second chapter, we can check the group analysis and the problem identification.  The third chapter is 
presented the methodology used by the group. The principal results are shown on the forth chapter and 
finally the main conclusions are in the fifth chapter. 


2 Company Analysis and Problem Identification 
Being this our focus of analysis we decided to film a change of the manufacturing, with the support of 
a cam. 


It should be said that the change in manufacture is performed by three workers. A worker that is 
responsible for the area, an operator responsible for handling the stacker and finally a worker at the 
time available to aid in transporting the support of the machine. 


In order to make a careful study, it was drawn up a checklist. The total time was 54 minutes and 58 
seconds. 


It was found that to this high amount of time change of manufacture unnecessary delays exist, as can be 
seen on the red area from figure 3. In the figure it is possible to observe that in the time that there is a 
direct intervention of the operator responsible for running the change of manufacture, there is too long 
time waste to transport operations as we can observe on the yellow area. 


 
Figure 4: High amount of unnecessary delay 
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That said, it is found that the fact there has been a large change in time of manufacture would be due to: 


 Lack of a procedure on how to do a change manufacturing; 


 Absence of a near station to store the tools necessary to do change of manufacturing; 


 Long time of transportation; 


 Not having a immediately stacker available to do the change; 


 Long time tuning and tightening screws 


In order to describe the problematic studied in this scientific article we used the A3 Process. 


3 Methodology 
To solve this problem the group decided to apply a concept that is very important for industrial and 
management engineering: lean manufacturing. To be more specific we used SMED tool to approach the 
necessary tools and machines to do the manufacturing changes and used the 5S tool to clean and 
organize the station where those tools and machines should be. 


 
Figure 5: Lean Manufacturing in AMTROL-ALFA 


 


By seeing the figure 5 is easy to see that the station that we want to propose to put the tools and 
machines to do the manufacturing changes is in front of the work station, where is done the 
manufacturing change. 


3.1 SMED Methodology 
To achieve high down times of change in the line currently practiced M3, was used SMED tool. 
One of the main difficulties met in this methodology is the identification and classification of operations. 
It was observed that there are operations that could be realized by the operator responsible for 
the machine while it was operating. With this, the group had separated from the 
operations considered internal setup of the operations of external setup for example search wrench or 
transport mold. This separation of the impact's setup is approximately 38.28 minutes. At this stage, it 
appears that there is a high operation time, which has direct intervention of the forklift, the 
solutions suggested for this are: 


 A better planning of the forklift’s operations, to reduce the operator's waiting in changing 
production. 


 Forklift stated in the post.  


There is also long times of transport operations. And the solutions are:  
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 Having a WorkStation in close proximity to the necessary tools, the support of the machine and 
mold present on the machine that will undergo the process of change, such as that put up the 
machine, the proximity of metal discs and also crucial.  


 Perform the tool transport operation during the time that the machine is operating. 


 To facilitate transport of the machine support, the bump metal should be remove. 


 


 
Figure 6: Metal bump to be removed 


Subsequently, the goal is to pass the internal setup to external setup. In this case is the cleaning 
operation, there is a total operating time waste of 2 minutes 52 seconds. One solution is: 


 Creation of a cleaning system. 


 To try to decrease the internal setup time values, the time of tightening and loosening screws (4 
minutes and 13 seconds) must be reduced. Solutions to this problem are: 


 Reduce the number of screws needed. 


 Use of quick release screws 


Operation performed by the operator responsible for the operator and available for transporting the 
machine support. 


In short, there is a change of approximately 16.7 minutes. With the addition of washing system as external 
setup the manufacturing change time becomes approximately 13.83 minutes (13 minutes 50 
seconds). This time of manufacture change may also be reduced if the worker who assists in transporting 
the support of the machine helps the operator responsible for the change of manufacture and the 
introduction of quick locking screws. 


3.2 5S Methodology 
As mentioned in the SMED technique for the proposal to reduce the transport time, you will need a work 
station closer to be a more effective storage of the tools necessary to change manufacturing, support the 
machine and mold, and finally the proximity of metal discs is also crucial. 


There was a workstation that in the future may be used to do this as can be seen in the figure. 
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Figure 7: Areas in front of the Station 1 


Applying this space 5S, first, it should be reorganized and identify materials which are important for 
the necessary change in manufacture. It is necessary to define the route to the ground which reduces 
the traveling times of the mold mark on the ground where the mold which will be replaced by the 
mold which is waiting. As was the case in SMED considerable time in the transport support will also 
be important to also allocate it and define your route to also decrease the time involved in this operation. 
Proceed with cleaning jobs as well as the surrounding area, in order to keep all layout cleaned, so 
that working conditions are the best. Finally, there is normalization of all cases. 


4 Project Results 
In table 1, it is possible to see the most important results that the group achieves. Analyzing the 
results, we can see a decrease of the operation time. Comparing the times of the actual situation with the 
times after the application of 5S and SMED, which optimize the mode how operations are done, is noticed 
a better use of time. The difference between both of the situation is 23 minutes and 27 seconds. 
Considering the conversion of external setup to internal setup is possible to reduce about 65% of the 
actual time. 


Table 1: Project Results 


Actual Situation SMED/5S Diference
Getting the tools and molds 09:50 02:09 07:41 
Waits (stacker) 11:28 00:00 11:28 
Clean 02:52 00:00 02:52 
Tightening and Loosening Screws 04:13 02:06 02:06 


Summations 27:23 04:15 23:27 


5 Conclusion 
Regarding the main object of the project, we have mentioned lots of improvement proposal, thanks to 
the tool of lean manufacturing. It was applied the SMED tool to decrease the time of getting the tools and 
the machines to effectuate the manufacturing change by approaching the tools and machines in a station 
that is in front of the work station and organize the station by applying the 5S tool. In terms of results it 
was verified as reduction of 65% of the manufacturing time changes, which is very important for the 
company. 
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Concerning what the group as learnt on this project, the team wants to enhance one fundamental: not 
everything that is written on the theory corresponds to reality, in other words, the branch of engineering 
is not as objective as doing an exercise in a class room. 


We felt some difficulties in applying the concepts due to the inexperience of the group.  


To conclude this work, the group feels privileged to be within a project so enriching and confident for the 
future. It would be a proud for us, if AMTROL-ALFA uses the improvements proposed by the group. 
However, it is necessary to refute that this study should continue, to verify the efficiency of the proposed 
improvements and the costs that the proposals would lead to short or long time. 
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Abstract 


This paper aims to analyze the contribution of Brazilian researchers to the area of Operations Management (OM).  A 
review of the following databases were carried out: websites of Brazilian Graduate Programs on Industrial 
Engineering, Mechanical Engineering and Business Schools, CV Lattes (a database of CVs of Brazilian researchers 
sponsored by the Brazilian Government, and scientific databases like Emerald, Science Direct and Taylor & Francis). 
The historical evolution of OM in Brazil is presented, encompassing keywords, methodologies and main outlets used 
by Brazilian researchers. In this research we considered authors who work in Brazilian Universities or Research Centers, 
regardless of whether or not they are Brazilians. We considered all publications from 1993 until 2009, when OM was 
consolidated as an independent area of knowledge. A particular set of international journals were considered, as they 
were used in similar studies carried out in the USA, Europe and Asia, in order to allow for a comparison of results. The 
study showed a significant expansion of OM in Brazil starting in the second half of the last decade, both in the 
number of publications as well as new authors. Quality and operations strategy are the most frequent keywords, and 
the majority of publications are in the Journals Produção and Gestão & Produção. 


Keywords: operations management; Brazil; production and operations management. 


1 Introduction 
Operations management is a field of knowledge that deals with the ‘management of operations’ (Gouvea 
da Costa et Pinheiro, 2010). According to Cetnarski et al, the OM is an area of the knowledge that 
becomes from the Operational Research and Management Science. The development and 
acknowledgment as knowledge ‘area independent’ has started at 80’s, with the release of the Journal of 
Operations Management (JOM), in United States, and the International Journal of Operations and 
Production Management (IJOPM), in England (BUFFA, 1980). Those roots also are assigned to the Industrial 
Engineering development (VOSS, 1995), this area in Brazil, had called ‘Production Engineering’ (FLEURY, 
2008). 


The idea of this project became from others studies that had made in USA (Barman et al., 1991; Drejer et 
al., 2000; Barman et al., 2001), Europe (Soteriou et al., 1999), and Asia (Jiang et al., 2007). They talk about 
methodologies, key words, outlets and areas which the authors from OM used to do and publish their 
own articles. With this information, they could make a mapping about all the work at OM in their own 
countries or areas. This kind of research has never been done before in Brazil, so it’s the first one, however 
it has been doing as the same way as the internationals, to be possible to compare.  


This article presents the evolution, since 1993 until 2009, being a sample, the use of the keywords and 
methodologies on issues published in outlets contemplated on the project. It was used the conceptual-
theoretical method with the use of sources of primary and secondary data, such as Web pages of research 
groups, the Lattes platform. There is a data base where the Brazilian’s authors organized theirs own 
curriculums, that’s include important journals,  sites and prints journals (Emerald, Science Direct, Scielo 
etc.). 
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The division of this text is on three parts, first the methodology used to build this research, second the 
results obtained, and last the conclusion and future steps. 


2 Methodology 
The research is empirical, because it was used ‘real data’, primary and secondary. Flynn et al., 1990. The 
data collection used qualitative methods, like data from scientific journals and others secondary’s sources. 


According to the proposed classification by Gupta, Verna and Victorino (2006), could be classified the 
research as follows: 


 As for the purpose: construction and testing of theory, since they are formulated hypotheses from 
the literature, and those hypotheses will be tested in empirical research; 


 The approach to data collection: document analysis and interviews, depending on the phase of 
the research; 


 The approach to data analysis: descriptive statistics, theoretical-conceptual and methods 
of comparison of means. 


Figure 1 is the framework of the methodology created for this research. 


 
Figure 1 - Framework 


2.1 Selecting Authors  
First of all, was made a list with all Brazilians graduate programs of: Industrial Engineering, Mechanical 
Engineering, Transportation Engineering, Administration, Logistics, Operations Research; which content 
was complete based on operations management. With this list, was accessed the educations institutions 
web sites, where was obtained the researchers names. After that, was searched the CV Lattes of any 
author, from that was made a data base like at Figure 2. 


 
Figure 2 - Institutions database 
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2.2 Outlets  
With that was extracted the CV Lattes of authors published articles. Follow by was made another data 
base that intersects the authors with the outlets. This data base had around 250 authors and 450 outlets, 
represented by the Figure 3. In Highlight are the outlets with international recognition. 


 


 
Figure 3 - Outlets database 


In this data base, had a lot of outlets with less than 10 publications, for this reason was cut out outlets 
with few publications and relevance, resulting in a little cut out researches, that numerically is not 
significant. The journals with great relevance were maintained in the research, therefore exist few outlets 
that have not publications, although some comparisons are necessary. At Table 1, there are the relevance 
outlets. 


Table 1: Outlets 


Number 
Acronym  
Adopted Journal 


Number of 
Publications


1 P Revista Produção 243 


2 GP Gestão & Produção 229 


3 R A E Revista de Administração de Empresas 91 


4 PP Revista Produto & Produção 89 


5 RGI Revista Gestão Industrial 88 


6 PO Pesquisa Operacional 69 


7 RA Revista de Administração da USP 62 


8 RAC Revista de Administração Contemporânea 62 


9 PIGDP Product (IGDP) 60 


10 REA Revista Eletrônica de Administração 53 


11 GPOS Gestão da Produção, Operações e Sistemas 41 


12 BJOPM Brazilian Journal of Operations and Productions Management 26 


13 INGEPRO Inovação Gestão Produção 23 


14 IJPR International Journal of Production Research 21 


15 EJOR European Journal of Operational Research 20 


16 COR Computers & Operations Research 19 


17 JORS Journal of Operational Research Society 19 


18 RAM Revista de Administração Mackenzie 18 


19 IJPE International Journal of Production Economics 18 


20 IJAMT International Journal Advanced Manufacturing Technology 15 


21 IO Investigação Operacional 14 


22 JCP Journal of Cleaner Production 14 
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23 CIRPA CIRP Annals 14 


24 IJQRM International Journal of Quality and Releability Management 12 


25 CI Ciência da Informação 12 


26 SG Sistemas & gestão 10 


27 ITOR International Transactions in Operational Research 8 


28 IJOPM International Journal of Operations & Production Management 7 


29 POD Pesquisa Operacional para o Desenvolvimento 6 


30 CIE Computers & Industrial Engineering 4 


31 JOM Journal of Operations Management 3 


32 IIET IIE Transactions (Journal of Manufacturing and Operations Management) 3 


33 I Interfaces 2 


34 POM Production and Operations Management 1 


35 TS Transportation Science 1 


36 OR Operations Research 1 


37 ORL Operations Research Letters 1 


38 PIMJ Production and Inventory Management Journal 0 


39 MSC Management Science 0 


40 DS Decisions Science 0 


41 NRL Naval Research Logistics 0 


42 O Omega 0 


43 JMOM Journal of Manufacturing and Operations Management 0 


44 JPMM Journal of Purchasing and Materials Management 0 


45 HBR Harvard Business Review 0 


46 AMJ Academy of Management Journal 0 


47 AMR Academy of Management Review 0 


Source: Cetnarski et al. 2011 


2.3 Keywords  
 In this part was selected all the articles of the mentioned authors in the database before, with this 
information was classified just the author who had keywords on the table 2. This table of keywords was 
organized with the professor’s group of PPGEPS (Graduate Program of Production Engineering and 
Systems). After this selection, the articles that were about 1500 passed to 754. In the same moment of the 
classification by keyword, also was collected the methodologies and the co-authors. According Garfield 
(1997) there is a gap of research that is possible the co-authors not have been accounted as authors of 
the research. The year of information published was collected latter, because the data base was modified 
for store more data. Therefore this article had a sample for that information can be used. 


Table 2: Keywords 


Key Words 


Aggregate planning Performance management 


Capacity analysis Product design 


Capacity planning Productivity 


Distribution Project management 


Environmental issues Purchasing 


Facility layout  Quality 







 
The Evolution of Operations Management as a Research Area in Brazil 


ID208.5 


Facility location  Reliability 


Forecasting Scheduling 


Human factors Service design 


International operations Service systems design 


Inventory Services 


Logistics Supply chain management 


Maintenance Sustainability 


Manufacturing systems design Technology management 


Material handling Work design 


Multi-site operations management Work improvement 


Operations information management Work measurement 


Operations strategy  


2.4 Sample 
The method that was used to define this sample was the stratified sample, because it’s the most 
appropriated for this case, according to Ardilly et al. (2006) when there is a population that is divided into 
groups the sample has to include proportions into all the groups, at this population the outlets are the 
division adopted. Therefore was made one sample of 126 articles in total of 754. The data of the statistical 
experiment are on Table 3, and the formula to calculate it is on the Figure 4. 


 


 Table 3: Data of the statistical experiment 


Confidence level  0,95 


Sampling error  0,08 


Population percentage  0,50 


Finite Population  757 


Sample Size  126 


 


 
Figure 4 - Formula 


3 Results 
In overview, without the division by year, the results can be seen at Figure 5 the methodologies, at Figure 
6 the keywords and the outlets at Figure 7, these were used at the articles in the sample. 


The methodology most used was the modeling with 35%, following for case study, 29% and literature 
review, 24%. The sum of this three parts pass the 85%, that’s show how it’s stay concentrated  in a few 
methodologies, because 9 options of methods just 3 were used. The others didn’t have significant 
percentages.  
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The keywords most used were the scheduling, operations strategy, and quality, their percentages are 
respectively: 14%, 12% and 12%, adding 37% in a list of 37 keywords. 


The journals most used were ‘Produção’ and ‘Gestão e Produção’, both are Brazilians, their percentages 
are respectively: 17% and 16%. As a consequence of the decision to research with a sample, the data of 
the publication per year by each journal could not be made, because the size of each sample was too 
small to represent the reality.  


 
Figure 5- Methodologies 


 


 
Figure 6 - Keywords 
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3.1 Results per Year  
And about the methods, are almost the same, most common are modeling, case study, and literature 
review. The oldest is the literature review that has been used since 1993, and later in 1994 came the 
modeling follow by the case study in 1997. Others methods have emerged with the expansion of the OM, 
and the whole search, which brings a lot of knowledge to society. A clear example can be seen in Figure 9, 
is the survey methodology, which emerged from 2007 in the sample and has been used increasingly in 
the area. 


 
Figure 7 – Outlets 


About the keywords are almost homogeneous during the years, most used of them are observed in the 
beginning, as scheduling that was started being used in 1993 and quality operations strategy one year 
later. But is possible to see that in recent years they had been used great variety of keywords, what shows 
the expansion of the OM.  


Figure 8 - Keywords by year 
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And about the methods, are almost the same thing, the most used as modelling, case study and literature 
review are used since the beginning, and others methods have emerged with the expansion of the OM, 
and the whole search, which brings a lot of knowledge to society. A clear example can be seen in Figure 
9, is the survey methodology, which emerged from 2007 in the sample and has been used increasingly in 
the area. 


Figure 9 - Methodology By Year 


4 Conclusion 
As it was explained, the area of OM has been growing a lot since the recently years, however it can 
expand a lot, with  more research and dedication of all interested, to improve the knowledge, and this 
knowledge can be disseminated widely and it is necessary that authors  know the best sources 
of research, and where their researches will contribute the most, so it is essential that the 
journals are studied, classified and than it is possible to know exactly what each one offers the best , what 
is its importance and relevance to each theme. 


It was noted that the use of methodologies is very concentrated, perhaps if more research was made with 
different methodologies, the result could be other. Brazilian’s articles can be more accept in great scale in 
the international community, because was observed little participation of Brazilian’s researches on 
international outlets. On those key-words, since of the principle was observed homogeneity with key-
words and numbers of articles, which shows that areas of study are diversified too. This is excellent for the 
field of operations management, because opens new strands of knowledge. Therefore, which is notable 
this article is how the contributions of researches increase on the few years, helping the field of operation 
management to grow up. This is showed by the quantity of the key-words that emerged in a few time 
ago. And believes that the area can still grow more in the next years. 


4.1 Future Steps 
To know the perception of quality and relevance about the journals, for the Brazilians authors, will be 
done a survey. It will be like the international studies, which were already cited in the beginning of this 
article.  
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Abstract 


This paper describes the plans for a study that proposes to assess whether an assembly line of radio remote 
controlled model cars can be a teaching resource suitable for simulating a wide range of situations commonly 
encountered in the assembly lines. These 1:10 scale model cars have a full fledged internal combustion engine and, as 
with real vehicles, the engines also have a carburetor, air filter, and other subsystems of the internal combustion 
engine. Production engineering students may have difficulty for understanding the concepts related to industrial 
management and production systems. The reason for this is that the traditional model of engineering education is 
supported in the transmission of their knowledge without the necessary contextualization. The laboratory simulation 
when emulates a real situation from a model developed by an educational game may facilitate understanding of the 
manufacturing concepts. The study presented here also intends to analyze the use of the MINI-VEHICLE ASSEMBLY 
LINE (MVAL) as a tool to disseminate the goals of employment of production engineering to attract students who 
have difficulty for understanding the multidisciplinary approach of the course. It is hoped that the results indicate that 
gains in learning and training are to be provided to undergraduate students, postgraduate and master's degrees 
through simulations in a simplified way to represent the behavior of the production environment. 


Keywords: simulation techniques and methods; teaching of production engineering; assembly line. 


1 Introduction 
The term production engineering was initially applied to manufacturing, but was later extended for 
optimizing the operation of production systems through the application of scientific methods. Frederick 
Taylor was a precursor to production engineering by publishing the book Principles of Scientific 
Management in 1911. According to Fleury (2008), Taylor’s proposal was put into practice in all its 
dimensions and nuances by Henry Ford in his effort to build and organize the River Rouge plant in the 
United States, where the Ford Model T was produced for more than 15 years. Although there were several 
other car manufacturers at that time, Ford was able to build cars on a large scale and low prices, meeting 
the expectations of consumers to create the mass production process. According to Fleury (2008), the 
conception of economic rationality applied to production systems has changed over time and production 
engineer needs to understand who or what influences the way in which production systems must be 
designed, implemented and improved. 


This paper describes a proposed study that aims to assess whether an assembly line of 1:10 scale model 
radio-controlled vehicles can be an educational resource suitable for simulating a wide range of situations 
commonly encountered in manufacturing systems. The simulated situations will meet several academic 
objectives of the production engineering course and aim to facilitate the contextualization of 
manufacturing concepts. Different educational games can be created from the initial configuration of the 
assembly line and, depending on the creativity of the participants, several situations can be simulated and 
used in a didactic way. However, although there is a very large amount of experiments that can be made 
in the MINI-VEHICLE ASSEMBLY LINE (MVAL), this study focuses to explore the differences and similarities 
between just-in-time (JIT) and manufacturing resource planning (MRP II) systems in product assembly. 
Among the experiments include assembly line balancing, production sequencing and scheduling, 
production orders versus kanban, and pull production versus push production. 
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2 Production management systems 
According to Corrêa (2001), production management systems are information systems designed to 
achieve the organizational strategic objectives and to support the tactical and operational decision-
making process for the following basic logistical issues: 


• What to order; 
• How much to order; 
• When to order; 
• How to order (which resources are needed). 


The process management in the repetitive good manufacturing has evolved rapidly since the publication 
of the work Principles of Scientific Management, written by Taylor in 1911. The rapid evolution of the 
production management systems in the industry over the last hundred years was mainly caused by the 
automobile industry by promoting two major changes in the way how consumer goods are produced: the 
transformation of craft production into mass production, performed by Henry Ford 1913, and the creation 
of lean production, created by Toyota after World War II. 


Fordism was forged from Taylorism and, augmented by information technology, has led to resource 
planning systems (MRP, MRP II and ERP), strongly supported in information technology. On the other 
hand, the post-war Japan was the enabling environment for the development of the Toyota system, 
introduced as an alternative to Fordist methods. The Toyota Production System (TPS), or Lean 
Manufacturing as is known in the western countries, uses just-in-time (JIT) techniques to manage the 
production process. 


These two approaches of different origin and nature deal with often almost antagonistic ways of 
managing the repetitive good processes to meeting the organizational strategic objectives. 


2.1 Resource planning 
Correa (1993) pointed out that the resource planning approach is based on the logic of the requirements 
calculation in order to deliver the customer orders with minimal inventory levels, planning purchase and 
production in order to occur only on time (not before nor after) and in the quantities needed (no more, 
no less). The material requirements planning (MRP) systems were initially developed in the 1970s. They 
are computer-based management information systems designed to manage dependent demand 
inventory items such as raw materials or components. These systems provide timely and useful 
information to establish the exact order quantities and timing for each component part from a bill of 
materials (BOM) file to satisfy the production needs without lack or surplus of any item. 


The evolution of the MRP to manufacturing resource planning (MRP II) systems in the 1980s was made 
possible by technological innovation. An improved computer processing capability and communication 
between the organization departments allowed the to expand MRP concept to include other 
manufacturing resources allocated to production. In other words, the MRP II differs from the MRP as far 
as the type of planning decision: while the MRP decisions are concerned to what, how much and when to 
order, MRP II also includes decisions about how to produce, considering the resources needed and 
available (Corrêa, 2004). 


The enterprise resources planning (ERP) system emerged in the 1990s as the final and most significant 
unfolding of the basic philosophy of the MRP. As Krajewski (2009) pointed out, ERP is a management 
information system using a comprehensive and centralized database that ensures the integrity and 
uniqueness of the data and allow to integrate the various departments of an organization. The integration 
of functional business areas allows the ERP to view their operations as a whole, instead of having to try to 
bring together the different pieces of information generated by its various activities and sectors. However, 
according to Slack (2007), perhaps the real value of ERP systems will only be fully exploited when e-
commerce is widely deployed. Figure 1 illustrates the modular structure of the ERP. 
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Figure 1: Modular structure of ERP systems. Source: Corrêa 2001 


2.2 Manufacturing resource planning (MRP II) 
In fact, according to Corrêa (2001), MRP II is more than just MRP with capacity calculation since the 
structured planning logic implicit in the use of MRP II provides a hierarchical sequence of calculations, 
checks and decisions aiming to achieve a feasible production plan in terms of availability of materials and 
production capacity. MRP systems do not consider the capacity constraints of its resources at the time of 
loading and scheduling activities on the date as late as possible, discounting back in time the activities 
lead times to get their start dates. For this reason, according to Corrêa (2004), MRP is a infinity backward 
scheduling system. 


The MRP II system consists of a series of planning procedures grouped into functions normally associated 
with the modules of commercial software packages (Corrêa, 2001). In addition to MRP module, generally 
MRP II systems have the following modules: S&OP (Sales & Operations Planning), MPS (Master 
Production Scheduling), RCCP (Rough-Cut Capacity Planning), CRP (Capacity Resource Planning), PUR 
(Purchasing) and SFC (Shop-Floor Control). 


The aggregate production plan generated by the S&OP is broken down in the MPS to obtain the master 
production schedule, a statement of what the company intends to produce, product by product, bucket 
by bucket, from the generation time of the plan to the end of the planning horizon. The RCCP module 
attempts to match the order load to the capacity available using a number of simplifying assumptions to 
calculate the load per resource, enabling the production schedule of final products to be approximately 
feasible.  


The MRP module, as claimed by Chase (2008), is based on dependent demand caused by the demand for 
the higher level item in the bill of materials in a direct multiplication process. The MRP explodes the MPS 
to obtain the gross requirements of materials and, after considering the scheduled receipts and the 
number of components in inventory, MRP can compute the net requiremts, creating a comprehensive 
production and purchasing schedule by time bucket (what, how much and when to produce and buy). The 
CRP program identifies the overloads and orders that can be moved to achieve a balance. Finally, among 
other duties, the PUR and SFC modules respectively generate purchase and production orders, "pushing" 
the production, from purchasing raw materials and components to the inventory of finished products. 


MRP II is a system with great potential for higher level planning, with longer maturities and aggregation 
levels of information, and materials planning. According to Corrêa (2001), the treatment capacity does not 
meet the more complex problems of the organization, such as different levels of productivity for different 
combinations of machines/ tools/ operators, split and overlapping of orders and operations, matrix set-
up, resource allocation, among others. There are also limitations in the operations control and treatment 
of short-term decisions. 
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By their nature, MRP II systems are most valuable in assembly operations and for companies in which the 
same equipment is used in different production batches, not working very well in companies that produce 
annually a low number of units (Chase, 2008).  Corrêa (2004) pointed out that the key point for successful 
implantation of an MRP II system is not its logic or the chosen application. A robust and software quality 
is necessary but this is not sufficient condition for a successful implantation. There are three other 
essential conditions for success: the top management commitment to the implantation objectives, 
intensive and sustained training at all levels and sound implantation process management. 


MRP II users must continually train in conceptual and computational tools to know well the system logic 
and making more effective the decision making process. The MRP II parameters such as lot sizing policy, 
lead times and safety stocks need to be updated constantly to allow the system to model reality in a 
manner compliant with its characteristics, without jeopardizing the decision quality. As computer systems 
rely on an accurate and updated database, Corrêa (1993) pointed out that a data accuracy level of 98% at 
least is needed to prevent the system is discredited among the MRP II users. In research conducted by 
Mesquita (2008) with 46 suppliers of the automotive chain in Brazil, most providers surveyed did not 
reach this index, suggesting a low accuracy of inventory records requiring frequent review of inventories 
to alleviate the problem.  


The formalities required by MRP requires strict adherence to its rules for these systems to work properly. 
Davis (2001) stated that often users develop informal systems claiming that MRP II is too rigid or 
inappropriate to deal with real problems of production planning and control. As these rules are not 
included in the formal system, incorrect data are often reported, generating low accuracy in the database. 


2.3 Lean Manufacturing 
Lean manufacturing is a multi-dimensional approach originally developed at Toyota Motor Company 
which includes a wide variety of management practices, including just-in-time, total quality management 
(TQM), total productive maintenance (TPM), quick changeover techniques, cross-functional work force, 
PDCA, cellular manufacturing, supply chain management (SCM) and several others, in one integrated 
system. Lean manufacturing is not based on a computer program, but requires a profound change in 
organizational culture where people's participation is the key requirement for the success of this system. 
Thus, according to the point of view, lean manufacturing can be perceived as a business strategy, a 
philosophy or a set of manufacturing techniques. 


Implementation of lean tools without a strong organizational culture will just jump off the performance 
measures of a company, not sustainable in the long run (Liker, 2005). Specific improvements in specific 
activities should be sought only after understanding the process in its entirety. According to Santos 
(2007), the production system used by Toyota prioritizes the improvements based on understanding of 
the process through a operation and process network in which a set of losses is connected more to the 
process as a whole than a single operation. The complexity of this holistic approach, often hidden behind 
the simple application of its tools, can hinder the understanding of the whole scope and potential 
outcomes that can be achieved through its implementation. This is one of the reasons why the results 
achieved by companies in the implementation of lean manufacturing are often below the expected 
potential. 


2.4 Just-in-Time (JIT) 
Just-in-time (JIT) was initially conceived as a system to prevent waste, reduce inventories and maintain 
production efficiency. JIT subsequently evolved into a production management philosophy, put into 
practice through a diverse set of techniques. The philosophy behind this production management was 
that customers should and could be met with the highest quality in the shortest time of production. It is a 
consumer oriented manufacturing strategy, which seeks to respond quickly and flexibly to market 
fluctuations. 


According to Chase (2008), JIT is a philosophy that takes into consideration comprehensive product 
design, process design, equipment and facility design, supply chain coordination, work design and 
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productivity improvement . It is much more than just a pull production system from the demand that in 
each stage produces only the necessary items in the required quantities just when necessary. While 
traditional systems like MRP seek to solve the problem of coordination between demand and production, 
accepting the uncertainties associated with the demand of manufactured items (in terms of quantities and 
dates) and the purchasing or production processes of these items, the JIT system aims to solve these 
uncertainties firstly and after the problems of coordination. 


Corrêa (1993) pointed out that the just-in-time aims to continuously improve (kaizen) the production 
process through a mechanism to reduce inventories of raw materials, materials in process and finished 
products. The stocks are used to avoid discontinuities in the production process due to quality problems, 
problems of breaking machine and problems preparation machine, generating independence between 
the stages of production. The reduction of inventories, and provide a greater movement of capital, 
enables problems to be viewed. As problems become visible, prioritized and focused efforts can be made 
to eliminate them and smooth the production flow, continuously improving the production process. 


A company can increase productivity and, consequently, margins, and also its global competitiveness in a 
systematic way to tackle the causes of low competitiveness. Many organizations, however, who think they 
are using the concept of just-in-time wisely, do not realize that the JIT should be integrated into the 
company's philosophy, going beyond the implementation of only one set of techniques or practices. 
The programming logic drawn from the JIT is normally operated with the kanban system, the name given 
to the cards used to authorize the production and handling of items throughout the production process 
(Corrêa, 1993). The kanban system operates based on the philosophy that each process in a productive 
system pulls the type and quantity of components required by the process at the right time. The basic 
premise is that the material is not being produced or is not being moved until a client sends the signal to 
make it happen. The client part can be a consumer of a finished product (external customer) or the next 
production station in the manufacturing process (internal customer). Similarly, the supplier would be the 
the preceding production station in the manufacturing process (internal supplier), or a supplier of actual 
inputs (external supplier). 


The mechanism used to authorize production or movement of an item is generally based on a physical 
card. In some cases, computer systems (electronic kanban), light signals and electronic systems can also 
be used. Four devices are employed in the physical card system: kanban card, kanban panel or frame, 
container and supermarket. In a "pull" production process, the process item warehouses are replaced by 
small "supermarkets" close to local consumption. As the kanban cards are exchanged for pieces in the 
supermarkets, its replacement begins sequentially by the productive sectors, using containers with 
standardized amounts to store and move items from one production batch. 


The kanban system is used for various purposes and functions as a request for production, delivery 
system of requisitions and production orders. In practice, it is a tool for visual communication and a 
communication device from the point of use prior to operation. The kanbans, thus, replace the purchase 
orders to suppliers and production orders for the manufacturing departments, eliminating the 
documentation that would be required in traditional manufacturing. However, the kanbans should not be 
used when required batch production or significant safety stocks, given the difficulties that the kanban 
system will have to meet these requirements.  


2.5 Comparison between MRP II and JIT 
The production planning and control conducted by MRP push a set of orders for the production system 
generated from the master production scheduling (MPS). There is a high potential for error between the 
scheduling production and what is effectively implemented due to time difference between the 
production schedulling system and actual customer demand. Both overestimation and underestimation of 
customer demand forecasting can lead to inefficiencies stemming from, respectively, of the excess or 
shortage of inventory. 


On the other hand, the production planning and control under JIT prepare the master production 
scheduling with the objective to evaluate the stocks (proportional to the number of kanbans) and 
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calculate cycle times that set the pace of work. As customers are confirming their orders, production is 
pulled through the kanban system without the need for large inventories (Tubino, 1999). 


Since no specific approach or system offers a perfect solution to all problems, many organizations have 
opted to use hybrid systems that include two or more different approaches in subunits with specific 
characteristics. The ERP environment favors the planning framework for medium and long term, more 
aggregated levels of information and materials management, genesis of the MRP system. 


On the other hand, the factory management is the primary purpose of Lean Manufacturing tools and 
programming and control of production (kanban or visual management) of just-in-time (JIT) provide 
detailed activitiy management by decentralizing the short-term decisions. The JIT and MRP can work 
together, pointed out Chase (2008), since the the MRP is part of the global system (simply finding a 
schedule), and not the overall system (running the company). 


Correa (2001) claim that integrate MRP and JIT II is not always a trivial thing, as often the different logics 
that can be used in a hybrid solution have very different or even conflicting aspects. Companies working 
in an ERP environment need to consider the logic of the system JIT to adopt lean practices in managing 
their production systems. For example, while working with MRP II production lots, the JIT logic is based 
mostly on production rates.  


3 The engineering education 
The functions developed by the engineer are increasingly interfacing with other areas both within and 
outside the company. This new professional profile requires better communication skills, work team 
ability, a broader range of knowledge and an ability to analyze more deeply the social, legal, 
environmental and economic issues. Studies carried out by the Institute Euvaldo Lodi (2006) point out that 
the engineer has a new reality of rapid technological change: 


 Solid knowledge in basic areas; 
 Ability to take ownership of new knowledge in an autonomous and independent way; 
 Spirit of research to monitor and contribute to the scientific and technological development of 


the country; 
 Ability to design and operate complex systems, with competence in using modern equipment, 


particularly computer resources, workstations and communication networks; 
 Ability to develop original and creative solutions to the design, production and administration 


problems; 
 Full control over such concepts as total quality, productivity, safety and environmental 


managemnet; 
Ability to work as a team to coordinate multidisciplinary groups and to conceive, design, 
implement and manage engineering projects; 


 Knowledge of legal and regulatory issues and understanding of administrative, economic, political 
and social issues, in order to understand and intervene in society as full citizens, especially with 
regard to the ethical implications, and work environmental policies; 


 Strong knowledge of foreign languages, necessary for direct access to information generated in 
the advanced countries, where there are major innovations; 


 Perception of the market and the ability to formalize new problems and find a solution. 


According to Belhot (2001), the traditional engineering education model adopted in Brazil is still 
supported in the knowledge transmission without its necessary context, focusing on the conceptual 
aspects of the various theories. The reproduction of knowledge is valued by repetitive practice of the 
mechanisms and the operating logic of the conceptual models, by encouraging the memorization and 
application of techniques and methods as the sole and optimizing troubleshooting. 
The application of simulation and modeling, Belhot (2001) pointed out, aims to support the development 
of a systemic view, the practice of strategic thinking, the ability to work together, share knowledge and 
learn together. As emphasized Rentes (2008), designing processes and systems to manage these 
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processes is a typical activity of the production engineer and is a great responsibility, since these systems 
are among the main elements of differentiation between companies. Educational simulations that require 
students solving exercises and practical tasks from direct involvement with the laboratory work can 
facilitate the assimilation and understanding of these concepts. 


Belhot (2001) defined simulation as a process of experimenting with a detailed model of a real system 
that aims to determine how the system responds to changes in its structure, environment and boundary 
conditions. The simulation can be a useful and powerful technique for solving problems through a well-
built model to help find answers to important questions. However, care must be taken that the simulation 
is not been applied as an insulated tool. The simplification of the environment may restrict the scope of 
the problem and limit the people commitment. 


The educational games can be classified in the teaching-learning as a simulated method in which training 
is conducted in a certain environment that comes close to reality as possible. Kirby (1995) stated that 
training through games is possible for participants to learn better than reading. According to him, the 
games as a structured training activity have many advantages: 


 Anonymity: the participants have an active involvement by itself, less extraverted members of a 
group have the opportunity to actively participate. 


 Development: the games are means of development for participants and instructors, an instructor 
has a wide repertoire of games and choose the most appropriate for the group allows the 
instructor to develop skills. 


 Experimental: the games are action-based learning, the learning source of the participants is that 
they do, not what they hear from the instructor. 


 Experimentation: the games allow participants to experience various options without the risk of 
consequences of doing in the real world. Participants can put their skills into practice in a 
relatively safe environment. 


 Flexibility: the instructor has the opportunity to vary the activity conditions according to the 
group needs, which on single training can sometimes be difficult. 


 Participation of everyone: The games require the participation of all participants, the involvement 
of all participants is the norm in games. 


 Group responsibility: the group will have to establish their principles and ways to obey them and 
the game gives the group the opportunity to make their own decisions. 


4 Mini-Vehicle Assembly Line (MVAL) 
The problem contextualization in laboratory practice can help students to better understand the dynamics 
of simulated exercises and application of acquired knowledge in real situations. The construction of an 
mini-vehicle assembly line can be a valuable teaching tool that emphasizes the experience in the learning 
process. The proposal provides for the possibility of setting up sixty vehicles with combustion engines, 
fueled with methyl alcohol. The 1:10 scale radio-controlled model cars are divided into three models, 
distinguished by body color. Figure 2 depicts the model with blue body. 


 
Figure 1: Radio-controlled vehicle in 1:10 scale with blue body. Source: Author 2012 
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The Project MVAL has six assembly stations, two transfer stations and supermarkets to stock parts and 
assembled products. The benches were designed taking account of the ergonomic height, no sharp 
edges, use of lightweight materials and collapsible legs to allow transport. In case of any problem arises, 
each bank has a safety button that allows to paralyze the entire assembly line.  


The assembly line has a U-shaped layout to optimize the use of space and allow its installation into 
classrooms. The project includes two assembly lines working in parallel, one running inside the "U" and 
another running out, each with six workstations. Thus, twelve students could participate directly in the 
assembling, six students could act as suppliers of line and two more students could pack the assembled 
cars in racks. Obviously, depending on the number of students enrolled in a course, these numbers may 
vary up or down. Figure 3 illustrates the U-shaped layout. 


 
Figure 3: U-shaped layout. Source: Author 2012 
 
The design of the assembly stations and transfer stations was completed and is detailed in 3D. After 
approval of the proposed budget will be possible to begin the construction of workstations and storage 
shelves. Figure 4 shows the MVAL configuration designed to be installed in the classroom. 


 
Figure 4: MVAL Laboratory. Source: Author 2012 
 
The vehicles can be disassembled into several parts and components, but as the assembly line has only six 
workstations were considered some assemblies, including: lower chassis, front wheel drive shaft, rear drive 
axle, front suspension, rear suspension, engine and fuel tank. For teaching purposes, however, may 
consider other mounting configurations to allow any problems to arise and enable the development of 
specific solutions.  


More important than the creation of the assembly line itself, however, is the development of simulated 
situations related to the production management that supports the learning and absorption of complex 
concepts by means of contextualization. Therefore, it is necessary to evaluate the possibilities the Project 
MVAL offers with respect to gains in production engineering learning through simulations of the 
production and operation environment. The simulations should include the application of theoretical 
knowledge in solving practical problems through simulated exercises. The mini-vehicle assembly plant will 
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instrumentalise the production engineering course and provide tools and laboratory practices that help 
students understand concepts and techniques in a practical way. 


Several assembling options for defining operations to be performed on each of the six workstations have 
been considered. The best option found is summarized in Table 1, where the following information is 
given for each workstation: the number of operations and the time required in minutes to perform the 
task, parts and assemblies (the tools needed and the amount and type of necessary fasteners have also 
been specified, but were not included in this table). The cycle time in this situation is of 3.30 minutes (2.89 
minutes with an slack of approximately 15%).  


Table 1: Workstations 


Workstation Number of operations Time (min) Assemblies / parts 


1 3 2.76 


lower chassis (base)
rear drive axle
rear suspension
fuel tank


2 8 2.,76 


engine
tank hose
safety key + power cord plug 
throttle server channel 2
throttle server channel 1
battery
receptor


3 2 2.51 front drive axle
front suspension / pivot screw 


4 1 2.76 upper housing


5 3 2.41 
battery cover
stop crash
acceleration stick


6 3 2.89 
upper protection
escapement/ return hose
wheel shaft


Source: Author 2012 


Several sets can be created from the initial situation that simulates problems or difficulties to encourage 
students to develop their own solutions, accompanied and supervised by the teacher or trainer. It is also 
possible to deliberately unbalance the assembly line by altering the number of operations or the number 
of workstations. Experiments are being conducted on this project with a selected group of undergraduate 
production engineering student, comparing learning achieved through purely theoretical lessons with that 
obtained through a teaching methodology based on learning games using play techniques to simulate 
the production environment using LEGO® bricks. Some examples of concepts that can be contextualized 
in laboratory practice include:  


 Balancing: students may try different assembly alternatives to define the best cycle time;  


 Production sequencing and scheduling: students may try several alternative assembly sequences 
to define the best option; 


 Pull production (kanban cards) versus push production (production orders): students may 
assemble the cars following the production orders originating from a sales forecast, or assemble 
according to customer request through the kanban system. 


5 Conclusion 
This paper describes the plans for a study that proposes to assess whether an assembly line of 1:10 scale 
model cars can be a teaching resource suitable for simulating a wide range of situations commonly 
encountered in the assembly lines. The simulated situations will meet several academic objectives of the 
production engineering course and aim to facilitate the contextualization of manufacturing concepts. 
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Several educational games can be created for this purpose and, depending on the creativity of the 
participants, many situations can be simulated and used in a didactic way. Games could play a 
constructive and interesting role in the classroom when developed on sound learning theories. Students 
can make comparisons and analogies between simulations and real situations encountered in the 
production environment, identifying failures, successes, advantages and difficulties.  


Although there is the possibility of performing experiments through a dynamic education based on the 
use of LEGO® bricks, the use of 1:10 scale model cars has some potential additional advantages: has 
greater complexity and allows a closer approximation of reality, since the products to be assembled emit 
sounds and smells coming from their internal combustion engines that arouse curiosity and interest of 
students. On the other hand, nothing prevents some simple experiments are conducted in MVAL with 
LEGO® bricks. The strength and durability of these parts justify its use in various situations as a more 
economical simulation. 


A secondary objective of the Project is attractive and making known the production engineering course at 
Instituto Superior Tupy (IST) of the Educational Society of Santa Catarina (SOCIESC). Therefore, it is 
important to consider the use of the MVAL to promote events that serve as a call to the production 
engineering course. Being modular, MMV could be assembled in events and fairs, exhibitions, shopping 
centres and other spaces available for dissemination. The visual impact of the assembly line can not only 
attract new students to the production engineering course, but also be very important in obtaining 
scholarships from manufacturing companies. 
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Abstract 


The high complexity of technological systems and the increasing requirement and competitiveness of markets request 


the implementation of adequate management strategies for these systems in order to improve their availability and 


productivity. In this context, RAM factors constitute a strategic approach for integrating reliability, availability and 


maintainability, by using methods, tools and engineering techniques to identify and quantify equipment and system 


failures that prevent the achievement of its objectives. This paper presents the most relevant aspects and findings of a 


study conducted for assessing the operational performance of a wind turbine system installed in a wind farm in 


Portugal. The study was based on the analysis of the behavior of states defined for each individual wind turbine over 


a period of two years, and was aimed to identify and evaluate the effects of RAM-type factors. Given the structure and 


nature of the data, a Markov Chain approach was adopted for this evaluation. The main finding was that the usage of 


a particular technique (the frequency and duration technique) is adequate to effectively evaluate the overall 


performance of the wind farm and find opportunities for improvements. 


Keywords: RAM factors; reliability; availability; maintainability. 


1 Introduction 


Currently, technological systems have a very high degree of complexity resulting from increasing requests 


of customers and a highly competitive market. Technological developments allow these systems meet the 


majority of their functional requirements that are present at the design phase, and, in some cases, exhibit 


other features resulting from the need to search for a differential technology. Among these functional 


requirements, studied and incorporated at the design phase, the Reliability, Availability and 


Maintainability are particularly relevant to companies that operate technological systems (operation and 


maintenance phase), and they are listed in the bibliography as RAM factors (Lundteigen et al., 2009). 


The direct implications of RAM factors in the Life Cicle Cost (LCC) of technological systems (production, 


transport, communications, energy, etc.) have been justifying the growing importance of this issue in the 


context of Industrial Engineering. Therefore, RAM is a strategic theme composed by the interconnection 


of factors that use methods, tools and engineering techniques to identify and quantify failures or 


shortcomings that prevent an equipment or system to achieve the performance goals originally proposed 


(NP EN 50126, 2000). 


According to Komal et al. (2010), the application of processes for predicting the condition of the 


equipment along with the execution of preventive maintenance actions will lead to better performance of 


its operations. For this purpose, it is necessary to use reliability techniques for the knowledge of the 


correct functioning of the equipment that supports the implementation of best management practices. 


Understandably, there are several reasons for studying the RAM factors of a technological system, such as: 


the need to respond to a contractual process; the optimization of maintenance policies – these are usually 


recommended by suppliers but established within a context that is different from the reality; the 


monitoring and control of operating and maintenance costs of complex systems – such costs are usually 
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very relevant and may exceed several times the acquisition cost (Markeset and Kumar, 2003); the need to 


obtain performance indicators such as the Overall Equipment Effectiveness (OEE); the compliance with 


safety regulations, or the identification of improvement opportunities for existing or future equipments or 


systems. For all of this, the study of the RAM factors is an area with a high earning potential for any 


company that operates technology systems which include, of course, the wind power production of 


electricity. 


The study presented in this paper is primarily focused on the analysis and evaluation of RAM factors of a 


modern wind turbine technology installed in a wind farm in Portugal. Wind farms are equipped with 


technology that capture and store (into digital databases) enormous amounts of data including output 


data and (fundamentally) data related to their operational behavior (McFadden, 1990). The treatment and 


analysis of these data may support better decisions at both operational and strategic levels. Many of the 


operational decisions are taken automatically by the control system of the wind turbine park. However, 


many other decisions, especially strategic decisions, need to be grounded on more sophisticated 


statistical analyses of the data provided by the system. 


The study reported in this paper is exclusively based on the analysis of operational data and aims to 


describe the performance of the wind turbine over time. In particular, it intends to propose a model for 


predicting the behavior of an actual wind turbine system, by using appropriate techniques of data 


processing and analysis, in order to obtain performance indicators related to the RAM factors.       


2 System description 


The system consists on a wind turbine energy converter comprising a three-bladed rotor, an active pitch 


control and a variable operating speed controller. This system is part of a 108 meters tower with wind 


turbine blades of 82 meters in diameter, and generates a rated power of 2MW. The study focuses on data 


gathered from 28 wind turbines (towers) of the same type of advanced technology that are currently 


installed in a wind farm in Portugal. The data is from the years 2009 and 2010 and was provided by a 


company that manages and operates the wind farm. Each record (in the database) contains the 


identification of the wind turbine, the state, the date and time of the occurrence (the change for the state) 


and the instantaneous wind speed. Table 1 shows the structure of the data along with an example of five 


successive records. 


Table 1. Structure of the data registered by the wind turbine system. 


Date Hour Minute Second 
Wind turbine 


number 
State SubState 


Speed 


(m/s) 
Service FaultMsg 


2009.01.02 5 28 14 18 0 0 4,2 False False 


2009.01.02 5 29 18 16 0 0 2,7 False Falso 


2009.01.02 8 16 16 19 50 50 7,4 False True 


2009.01.02 9 9 31 22 25 25 6,3 False Falso 


2009.01.02 9 9 56 19 8 8 6,7 True Falso 


…          


A first analysis was conducted in order to identify the states that are related to a machine stop due to 


failure and therefore related with a maintenance action. At this point, it was noted that wind turbines can 


stop due to exogenous factors such as lack of wind and storms, or due to scheduled preventive 


maintenance or even lack of reading by sensors that record wind data, temperature, humidity and some 


other data. It was concluded that the signaling of a failure or production shutdown is not only related to 


technical problems but also to problems with external or natural factors. However, the information 


provided is limited to the data mentioned above, plus some relevant information obtained from the 


instruction manual of the wind turbine, so the study is performed on a statistical analysis of these data, 


which are specifically records of the states in each one of the wind turbines in the farm, at every second, 


24 hours a day. More than two hundred states were identified as representative of the behavior of the 
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wind turbine components over time. These states may indicate that: the wind turbine is in full operation; 


there is no wind minimum speed necessary to produce; the wind turbine is under maintenance activities; 


there is ice or moisture in the blade; etc. That is, the records are related to all that can happen to wind 


turbines at each moment. 


3 System modeling 


The study of RAM factors reported in this paper involves the application of different tools and 


methodologies. We start the study by performing a Pareto analysis to the available data in order to 


identify the key states of the turbine and reduce the state-space (and state diagram) of the turbine system 


for the following analyses. We then use a Markov chain framework to determine some indicators 


associated to RAM factors. This framework constitutes one of the most used tools for analyzing and 


evaluating the performance of reparable systems (Gupta et al., 2009), and it is adequate for the case study 


of this paper due to its historical data type and structure (Table 1) and due to the nature of its underlying 


processes’ behavior. Finally, we apply the Frequency and Duration Technique to further simplify the state 


diagram, in order to determine the reliability indices of the system and analyze its overall performance. 


3.1 Data analysis 


It was possible to identify 69 states of the turbine, but many of these states occurred very few times 


during each year and/or represented a very low annual residence time. Therefore, the study was focused 


on the 11 most visited states (Figure 1-a) and the 11 states with the highest residence annual time (Figure 


1-b). Note that the majority of the states are common to the two these sets. Additionally, the 


administration of the wind farm identified two other states (S22 and S27) that needed to be included in the 


state-space, given their reported importance for the performance analysis. 


 


Figure 1. Pareto analysis of: (a) the 11 most visited states, and (b) the 11 states with the highest residence annual time. 


3.2 State-space identification and characterization 


The integrated list of the states identified in the previous sub-section resulted in a set of 14 states, eight 


of which are common to both lists. Table 2 lists the 14 states which therefore compose the state-space, . 


The same table also classifies each state according to its operational availability. This classification was 


performed by taking in account the reading of the data and the relevant information from the instruction 


manual of the wind turbine.  


According to the classification in above, any state Si ϵ  is considered as a full operating state of 


availability when the wind turbine does not present any loss in its operational readiness. This means that 


the turbine may exhibit this state, but it can be out of production due to exogenous failures such as lack 


of wind or problems in the electric distribution network. Any state Si ϵ  has a "partial" operational 


availability when the wind turbine is neither fully operational nor unavailable. 


Table 2. List of states in the state-space. 
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State Description Classification 


S1 Turbine in operation Full availability 


S3 Lack of wind Full availability 


S5 Maintenance activities Unavailability 


S10 Ice detection Partial availability 


S15 Cable twisted Unavailability 


S17 Fault yaw inverter Unavailability 


S18 Anemometer interface Partial availability 


S22 Pitch control error Unavailability 


S27 Fault blade load control Partial availability 


S29 Mains failure Full availability 


S31 Feeding fault Unavailability 


S41 Protection circuit breaker tripped Unavailability 


S51 Turbine reset Unavailability 


S53 Remote control PC Partial availability 


In these cases, it operates or can operate in degraded mode with loss of performance. Finally, any state Si 


ϵ  is considered a state of operational unavailability if the wind turbine is unavailable at the observed 


state Si (out of operation, waiting for corrective maintenance, being under preventive maintenance 


activities, etc.). 


3.3 Markov chain modelling framework 


Having established the state space of the system (wind turbine), we now proceeded to analyze the data in 


order to characterize the average times of transitions between all states of . Let Mk be one of the 28 


wind turbines and tijk the mean residence time of the wind turbine k (k = 1, 2, 3, ..., 28) in state Si before 


changing to state Sj (i, j ϵ  and i≠j). For each Mk, we calculated all residence times tijk and the average 


time spent in each state per wind turbine (Table 3) by using a Microsoft Excel
TM


 macro. The blanks in the 


table correspond to nonexistent transitions. The transitions with null values represent transitions whose 


duration is less than a tenth of a minute. 


Table 3. Average time of transition processes (minutes/turbine). 


 S1 S3 S5 S10 S15 S17 S18 S22 S27 S29 S31 S41 S51 S53 


S1  643 889 1.040 1.009 999 475 616 517 892 721 949 1.475 1.203 


S3 66  83 0 50 2 6 3 0 68  3 43 68 


S5 167 183  2 2  208 11 91  14  19 1.198 


S10 362 579 902   2  27  117 24  351 15 


S15 26 38 3   0 0 0  3 0  2 0 


S17 1 1 89 0    0     19 0 


S18 1 0 174  0   0 0    193  


S22 0 0 301 0 0 0   0 0   110 6 


S27 0 0 172    0   9 0  207  


S29 0 0 0 0 0   0 0  0 0 7 5 


S31 1 0 21 0 0   0 0 0   28 75 


S41   261          52 1 


S51 0 0 0  0 0 0 0  0 0   0 


S53 45 29 448 0 3   512  19 56 0 634  


Table 3 shows that, in general, the average times of concurrent processes are heterogeneous, having a 


great diversity in their magnitude. In such conditions, and according to Nunes et al. (2002), adopting the 


Markov assumption (even if the processes are not modeled by exponential distributions) does not 


introduce significant errors in the values of the measures (or indicators) of performance in steady state. In 


this way, the adoption of the Markov hypothesis in this study is adequate and can be justified by the 


simplifications that it provides for the forthcoming analyses.  
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Figure 2. Diagram of transitions in the wind turbine system. 


Figure 2 shows the state diagram of the wind turbine considered in this study. The transition process from 


state i to state j (i, j ϵ  and i≠j) is represented by pi-j. For example, the transition from state 29 to state 0 is 


represented by p29-0.  


By adopting the Markov assumption, the transitions between states occur at constant rates. Table 4 shows 


the transition rates between states of the system (infinitesimal generator matrix Q of the Markov chain). 


Note that the elements of the main diagonal of Q, qii, are the rates at which the system leaves state i. 


Table 4. Q matrix of transition rates between states (transitions per minute). 


 S1 S3 S5 S10 S15 S17 S18 S22 S27 S29 S31 S41 S51 S53 


S1 -0,016 0,0151 0,0059 0,0027 0,0383 1,5450 1,6619 3,1013 7,1116 2,2020 1,4271 0 12,963 0,0229 


S3 0,0015 -5,270 0,0054 0,0017 0,0264 1,0473 37,333 9,6 0 2,5787 2,4585 0 0 0,0347 


S5 0,0011 0,0119 -1,343 0,0011 0,3255 0,0112 0,0057 0,0033      0,0058 0 0,0470 0,0038 56 0,0022 


S10 0,0009             0 0,4745 -0,811 0 33,6 0 0 0 0 14 0 0 2,3333 


S15 0,0009 0,0198 0,6222 0 -34,04 0 112 0 0 28 0 0 0 0,3835 


S17 0,0010 0,4066 0 0,6468 4 -69,85 0 0 0 0 0 0 0 0 


S18 0,0021 0,1675 0,0048 0 14 0 -162,6 0 0 0 0 0 0 0 


S22 0,0016 0,3051 0,0927 0,0376 9,3333 28 7 -19,87 0 28 4,0975 0 62,222 0,0019 


S27 0,0019 4 0,0109 0 0 0 4,6666 0 -7,228 6,8571 9,3333 0 0 0 


S29 0,0011 0,0146 0 0,0085 0,3076 0 0 7 0,1065 -67,99 2,5454 0 0 0,0525 


S31 0,0013 0 0,0720 0,0415 0 0 0 0 0 0 -33,95 0 48 0,0177 


S41 0,0010 0,2916 0 0 0 0 0 0 0 0 0 -0,871 0 2,5454 


S51 0,0006 0,0232 0,0538 0,0028 0,4087 0,0534 0,0051 0,0090 0,0048 0,1501 0,0353 0,0192 -179,1 0,0015 


S53 0,0008 0,0147 0,0008 0,0686 5,6 5,6 0 0,1573 0 0,2046 0,0132 0,8484 0 -5,396 


From matrix Q, we can determine the steady-state probabilities of the system by solving the following 


system of equations: 
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since  


Table 5 shows those steady-state probabilities along with other performance indicators: frequency, mean 


residence time, and cycle time.  


Table 5. Mean time of transportation processes (minutes/turbine). 


State State probability (Pi) Frequency (min
-1


) Mean duration (min)  Mean cycle time (min) 


S1 0,963079234 0,015765 61,0905 63,433 


S3 0,002221719 0,01171 0,189731 85,398 


S5 0,001230543 0,001653 0,744317 604,87 


S10 0,019051208 0,015465 1,2319 64,662 


S15 0,000305184 0,010389 0,029377 96,26 


S17 0,000220613 0,015411 0,014315 64,887 


S18 4,10587E-05 0,006679 0,0061473 149,72 


S22 0,000817087 0,016236 0,0503244 61,59 


S27 0,00171888 0,012425 0,138336 80,48 


S29 0,0001116 0,007588 0,0147074 131,79 


S31 7,56882E-05 0,00257 0,0294485 389,08 


S41 0,008770865 0,007644 1,14742 130,82 


S51 6,52551E-06 0,001169 0,0055808 855,23 


S53 0,002349795 0,01268 0,185321 78,867 


Table 5 shows that there is wide discrepancy in steady state probabilities across states. As expected for a 


high availability system, state S1 (which corresponds to a state of full operation) is the one with the 


highest probability value. There is also a set of states (S22, S1, S10 and S17) with a same frequency of visit. 


Not being the most visited state, state S1 is however by far the one with the highest probability of 


occurrence. This is due to the fact that S1 is the state with the highest average occupancy (about 16 times 


greater than the sum of the occupancy times of all other states). Finally, the states with the highest 


occupation frequency are the states with the lowest cycle time. 


3.4 Simplification of the state diagram  


By applying of the Frequency and Duration Technique (FDT), the state diagram of a Markov system 


(Figure 2) can be ultimately simplified (reduced) for two states: a state of readiness and a state of failure 


or unavailability (Billinton and Allan, 1983). By analyzing the actual behavior of the system (wind turbine), 


it was initially considered, in this process of simplification, that each of the 14 states would be merged 


(ranked) into three aggregate states (Table 6). In this new state-space, state SD represents the set of states 


of full operation of the wind turbine, state SDP represents the set of states of degraded operation of the 


wind turbine, and state SF represents the set of failure states of the wind turbine. 


Table 6. Diagram of states (simplified model). 


 


 


 


State SD comprises states S1, S3 and S29 of the state diagram of the 


wind turbine. State SDP represents states S10, S18, S27 and S53. Finally, 


state SF adds the remaining states of the wind turbine: S5, S15, S17, S22, 


S31, S41 and S51. Figure 3 shows the state diagram of the simplified 


system, formed by the three states, SD, SDP and SF. 
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Figure 3. Simplified 3 states 


state-space diagram. 


State Description 


SD Full operation of the turbine 


SDP Operation in degraded 


mode SF Failure of the turbine 
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From the values of probability, frequency and mean residence times of individual states shown in Table 3, 


we can determine the cumulative values of the probabilities, frequencies and average time for states SD, 


SDP and SF in steady-state phase (Figure 4). 


 


Figure 4. Cumulative values for the aggregated states SD, SDP and SF: a) probabilities; b) frequencies; and c) average 


residence time (minutes). 


It can be seen from the graphs in Figure 4 that the frequency of SD, SDP and SF states are almost identical, 


but the SD states have a greater residence time, which justifies their highest probability of occurrence. 


In the simplification process undertaken in this study, we proceeded at first to simplify the state diagram 


of Figure 2 for a state diagram with three states. However, the FDT allows the reduction of any state 


diagram to a diagram with only two states, an operating state and a failure 


state. 


In order to reduce the system to a set of two states, we then applied the 


FDT, proceeding to the abolition of the state SDP by considering that all the 


individual states that make up this aggregate state are failure states. Thus, 


we came out to a state model of the system with only two states: a state of 


readiness, SD, which aggregates all the states of full availability of the wind 


turbine and a state of unavailability, SF, consisting of all states of partial 


availability and unavailability of the wind turbine (Figure 5). The resulting 


probabilities, frequencies and average residence times are shown in Figure 6. 


 


Figure 6. Cumulative values of aggregated states SD and SF: a) probability; b) frequency; and c) average residence time 


(minutes). 


The graphs of Figure 6 shows that the frequencies of the states SD and SF are identical, but, as expected, 


the state SD has a longer residence time and therefore it is more likely to occur.  


3.5 Reliability indices  


The simplified system model to a diagram with only two states allows us to obtain some performance 


indicators that would otherwise be difficult to obtain. Thus, the transition rates between states SD and SF 


may be obtained by: 
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Figure 5. Simplified 2 


states state-space 


diagram. 
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From the knowledge of the transition rates obtained by the state equations (Chapman-Kolmogorov 


differential equations): 


 


Solving this system of differential equations (using the Mathematica software) by assuming that the 


system is at state SD at time t = 0, we obtain the probabilities of the states in the transient regime by: 


 


Replacing the variables by their values for the transition 


rates above, we obtain: 


 


 


Figure 7 shows the graphical representation of 
 for 


various values of t. 


 


Determining the limits of   and   as t tends to infinity we get the probabilities of states SD and 


SF in steady-state: 


 


 


An alternative way to calculate this probability is to solve the system of equations (1). Thereby, we would 


obtain the same values as before: 


 


The probabilities  and  do not depend on the shape of the distributions that represent the processes 


of failure and repair in the simplified state diagram, but they depends on their average time of occurrence 


(in this case represented by the respective rates). Assuming that the processes are modeled by 


exponential distributions, with λ and μ rates, respectively, we can also estimate other performance 


indicators related to RAM factors, as shown in Table 7. 


Table 7. Indicators of reliability in steady-state. 


Reliability Availability and Unavailability Maintainability 
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Figure 7. Probability vs. time for state SD 







 


RAM factors in the operation and maintenance phase of wind turbines 


ID315.9 


In a more typical situation, the availability is calculated from the sum of the probabilities of all operating 


states of the model. Similarly, the availability is obtained by summing up the probabilities of failure states. 


3.6 Critical analysis 


According to the results obtained in this study, the turbine has a full operational availability of 


approximately 96.5%, a partial operational availability of 2.3% and an unavailability of 1.1%. Focusing the 


analysis on the state diagram of Figure 6, it appears that the opportunities for improving the availability of 


the system consist in reducing the probabilities of states SDP and SF. Such reduction may take place by 


means of maintenance actions, through a reduction in downtimes (unavailability times), or by improving 


the reliability of the components, reducing the frequency of failures. 


As shown in the graphs of Figure 8, both states, SDP and SF, comprise several states of the wind turbine 


with very different values of probabilities that are mainly due to the time spent in these states. 


 


Figure 8. Probabilities of wind turbine states merged into aggregated states: a) SDP and b) SF. 


The figure suggests that improvement opportunities can be found for states of partial operational 


readiness and operational availability. 


The state that most contributes to the partial availability is state S10 which corresponds to the detection of 


ice on wind turbine blades. Ice, frost or snow caused by certain weather conditions can accumulate on 


wind turbines blades causing the occurrence of this state, and therefore a decrease in the efficiency of 


wind turbine or even the necessity of shut down the turbine. Accordingly, the maintenance team must 


perform a visual inspection and, if there is neither ice nor humidity, the wind turbine is manually restarted. 


On the other hand, if ice or humidity is detected, the restart is aborted and the wind turbine is placed in 


the state of unavailability, S31. In this state, the wind turbine is heated to evaporate the ice and humidity 


before being restarted. It is a preventive protection operation of the generator, which, however, consumes 


energy thus reducing the production of the wind farm. 


The state S10 (detection of ice) is the state that contributes most to the probability of the aggregate state 


of partial readiness SDP (representing more than 80% probability) and so it is the state that should receive 


special attention by the team maintenance. 


A similar analysis to the aggregated state of unavailability SF identifies the state of the wind turbine S41 


(protection circuit breaker tripped) as the one that contributes most to the aggregate state of failure SF. 


All engines of the wind turbine have contactors, so that whenever an overcurrent is detected the wind 


turbine automatically shuts down to avoid damaging its main components. The restart of the wind turbine 


is made by after a maintenance inspection and verification of the cause of overcurrent. 
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From graph b) of Figure 6, about 77% of the wind turbine unavailability depends on state S41 (which in 


turn largely depends on the human intervention to reset the machine to its normal operation). State S5, 


that exhibits the second highest probability among all the states of unavailability, also shows this 


situation: have a significant residence time and depends on the intervention of the maintenance team. 


That is, the states of the wind turbine that contribute most to the loss of availability are those states 


belonging to aggregate states SDP and SF whose residence times depend on the efficiency of maintenance 


teams. 


4 Conclusions 


The globalization of the economy and the increasingly demanding market, seeking products and systems 


with high performance at low cost, give rise to the need of minimizing failures and increasing the focus on 


reliability and maintainability functions due to their direct influence on the availability of products and 


technological systems. 


RAM factors must be considered in all phases of the life cycle of a technological system to ensure 


optimum results in terms of life cycle cost. Among the costs associated with a wind system, operation and 


maintenance costs constitute an important fraction because they occur over a long period of time (about 


25 years) and they directly affect the financial returns. Fortunately, wind farms owns extensive sets of data 


on the behavior (run, stop, crash, etc.) of its turbines, and so this fact can support the application of 


scientific analysis tools in order to help managers forming more efficient decisions at design and 


operational levels. 


In this study, we evaluated the performance of wind turbines from the application of analysis techniques 


RAM to a data set of wind turbines in the states referring to two years of operation (2009 and 2010). The 


main findings were that the equipments exhibit high availability (greater than 95%), but there are still 


opportunities for improvement in terms of operation and maintenance policies as well as in terms of 


improving the reliability of critical components and parts. The cost of downtimes (opportunity costs for 


lost production) is of such magnitude, that very small gains in the availability of wind turbines (in the 


order of 1%) would allow a very significant increase in the turnover of the park. 
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Abstract 


This paper objective is to present Lean Production (LP) as a work organizational model that fosters a sustainable work 
environment in Portuguese textile and garment industry (TGI). This is achievable through some Lean tools and 
initiatives, described in the paper, that reduce the energy, water consumption, environmental waste, raw materials 
consumption and improve leanness and agility. Lean Production has been extensively implemented in all kind of 
industries and services companies, responding to customers’ demand with on time delivery of high quality products 
at reduced costs, through continuous waste elimination (e.g., overproduction, raw materials, energy and water more 
than necessary,…). Traditionally, the textile and garment industry had always been to a great extent dependent on 
natural resources: natural fibers, dyes, water, energy and others. Typically, this industry consumes greatest amount of 
water and energy, especially in dyeing and finishing processes. These processes have a problem concerning the water 
and soil pollution. In this manner reducing the consumption of these resources and reducing the pollutants should be 
a concern for companies and individuals, to achieve a sustainable development. As appointed by the Millennium 
Project, sustainable development and climate change are the first of the 15 Global Challenges facing humanity and its 
accomplishment will improve enormously the life for all in the planet. The TGI is also an industry strongly seasonal 
and with great influence on fashion and climate changes, placing some challenges related with this aspect. The 
customers demand will change significantly and in short time span appealing to companies’ leanness and agility. 


Keywords: Lean Production; Sustainability; Textile and Garment Industry. 


1 Introduction 
The textile and garment industry (TGI) has a large representation in the Portuguese industry and it always 
had an important role in national economy. Although suffering transformation due to delocalization and 
closure of companies, this industry continues to be one of the most important Portuguese manufacturing 
industries. That kind of industry comprises two big sectors: the textile industry, which includes fiber 
production, spinning, weaving, knitting and finishing (dyeing, printing and finishing) and the garment 
industry, which includes manufacture of clothing and accessories. Currently, this sector has been very 
dynamic and competitive, investing in technology, modernization and changing the strategy and 
performance of companies operating in the sector, developing a culture of quality and innovation, fast 
response, small amounts of the domain and distribution channels. From the territorial point of view, this 
industry is spread all over the national territory, although there are two main regions: north of Portugal 
(cotton companies) and Beira Interior (wool companies), representing 85% of the companies. The sector is 
composed approximately by 4000 companies (excluding clothing) and some 11000 garment companies, 
which together represent about 19% of all production units of the manufacturing industry and 1.4% of 
companies operating in Portugal. It represents 10% of national exports (in nineties this value was 30%), 
22% of employment, 8% of turnover and 10.7% of Gross Value Added of manufacturing industry (aicep 
Portugal Global, 2011).  


In spite of TGI drawbacks, this is an industry that it is worth to continue to invest. This investment does 
not mean that should be a great investment, many times, merely by a better production organization, 
improvements are achieved. The Lean Production (LP) could help in this organization leading to 
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sustainable and efficient production work environment. The paper objective addresses LP as a work 
organization model that could support the accomplishment of this work environment. This is achieved by 
Lean principles and tools that are used to diagnose, measure, improve and sustain the sustainability of 
production systems. Furthermore, using the principles, a Lean culture is developed permitting engage 
people in continuous improvement.   


2 A brief literature review 


2.1 Lean production 
Lean Production (LP) is a model of organization focused on the customer and delivery of on time quality 
products, materials and information without any wastes, i.e., activities that add no value to the products 
from the point of view of customer. This designation, Lean Production means “doing more with less” 
where less implies less space occupied, less transports, less inventories, and most important, less human 
effort and less natural resources. LP had its roots in Toyota company that designed, after the Second 
Great War, a production system, Toyota Production System (TPS) (Monden, 1983; Ohno, 1988), which 
employed some pillars, like JIT production and autonomation concepts and some tools (standardized 
work, kaizen, heijunka,…) to reduce lead times and the cost of products (Figure 1). 


 


Figure 1: TPS house (LEI, 2008) 


It was a book - "The Machine That Changed the World"- written by James P. Womack, Daniel T. Jones and 
Daniel Roos (Womack et al., 1990) that gave the popularity to the Toyota Production System (TPS). 
Meanwhile, the LP has evolved into a philosophy of thinking, Lean Thinking (Womack & Jones, 1996), 
whose basic principles are: 1. Value, 2. Value Stream, 3. Continuous flow, 4. Pull System and 5. Pursuit 
perfection. These principles imply the dedication of all people, being the last one - pursuit perfection 
(principle 5) - the one that implies the strongest and continuously commitment of people in order to 
improve all the processes and activities in companies, through the waste elimination. There are seven 
deadly wastes: overproduction, transports, movements, waits, over-processing, defects and inventories. 
Additionally, other authors (Liker, 2004; Bicheno, 2008) add more wastes to this list: making the wrong 
product efficiently; untapped human potential; inappropriate systems; wasted energy, water and natural 
resources.  


 


2.2 Sustainable development and eco-efficiency 
According to Brundtland report called "Our Common Future", sustainable development is: “Development 
that meets the needs of the present without compromising the ability of future generations to meet their 
own needs'' (WCED, 1987). Sustainable development is based on three pillars (Figure 2): economic; 
environmental and social responsibility. Economically, companies must grow without compromising their 
integrity; socially, human rights must be respect, with social equity and social investment; environmentally, 
companies must worry with environment. Exposing these relationships, it is possible to notice that 
sustainable development was a concept with a strong connection to the companies or business, but also 
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involving intensely the government and civil society partnerships to concretize this concept. According to 
Holliday et al. (2002) “The prices of goods must reflect all the costs – financial, environmental and social – 
involved in making them, using them, disposing of them or recycling them.”. This is also applied to the 
services. Companies exist to satisfy their clients and to have profit, but they don´t must compromise the 
nature and the future of the planet, working at any price. It is important to have a compromise between 
the business and sustainability. They must have economic viability, environment respect and social equity 
of people to have a sustainable business. Achieving full-cost pricing being cleaner and more efficient, 
producing with less and supplying the customers wanted goods and services makes happy leadership 
companies (Holliday et al., 2002). 
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Figure 2: Pillars of sustainable development and partnerships involved 


In the book “Walking the talk: the business case for sustainable development” (Holliday et al., 2002), the 
authors describes ten building blocks of sustainable progress: 1) the market, 2) the right framework, 3) 
eco-efficiency, 4) corporate social responsibility, 5) learning to change, 6) from dialogue to partnerships, 
7) informing and providing consumer choice, 8) innovation, 9) reflecting the worth of earth, and 10) 
making markets work for all. Enrolling in these steps and with the cooperation of business, government 
and civil society could create a market that maximizes the opportunity for all. The authors presented also 
67 case studies revealing the opportunities and problems faced by them in the path of sustainable 
progress. Some of these case studies are well-known companies like Shell, General Motors, BASF, Sony, 
DuPont, Toyota or Nestlé.  


The third step is the eco-efficiency concept that linked sustainable development to business agenda. 
According to Business Council for Sustainable Development (BCSD), eco-efficiency is “The delivery of 
competitively priced goods and services that satisfy human needs and bring quality of life, while 
progressively reducing ecological impact and resource intensity throughout the life cycle, to a level at least in 
line with the Earth’s estimated carrying capacity.” (WBCSD, 1996). Eco-efficiency concept translates the 
simple idea of “creating more with less” by: (i) reducing materials intensity; (ii) minimizing energy intensity 
in both products and services; (iii) reducing the quantity and the dispersion of toxic substances and 
decreasing the level of toxicity of such substances; (iv) promoting recycling and the use of renewable 
energy; (v) extending the durability of products, and; (vi) increasing service intensity.  
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2.3 Lean Production and sustainable development 
To satisfy the clients, companies consume energy, water and raw materials (natural resources) and must 
be careful not to be a larger-than-life consumption not only because it is expensive but also natural 
resources end. So, it is necessary to optimize the processes and prevent wastes of resources in a 
reasonable “doing more with less”. The relationship between Lean production and sustainable 
development is evident, sharing the same key idea of “creating or doing more with less”, and some 
organizations is benefiting from this relationship since, almost, two decades ago. As Kidwell (2006) 
explained “Lean strategies coincidentally benefit the environment, without the need for special 
“environmental” toolkits or a separate focus on environmental considerations”. Moreira et al. (2010) 
reviewed the papers about this relationship and created a cause-effect diagram showing the evidence 
between the seven discussed wastes and the impact (effect) on the environmental performance (Figure 3).  


 
Figure 3: Production wastes as causes of weak environmental performance (Moreira et al., 2010) 


Lean Production carries a dramatic reduction to all kinds of wastes being a whole-system thinking (Lovins 
et al., 2007) and it is totally akin with a socially responsible strategy. The U. S. Environment Protection 
Agency (US-EPA) discovered this way of thinking more than two decades ago and they are adopting the 
Lean Thinking principles and adapting Lean tools like VSM, 5S, JIT production or others to assess the use 
of hazardous materials, the energy and water consumption, the pollution, and so on. They created 
guidebooks, toolkits and reports to be use by the companies (Table 1).  


Table 1: US-EPA guidebooks, toolkits or reports and case studies 


Reference Guidebooks, toolkits or reports Case studies 
(US-EPA, 2000a) The Lean and Green Supply Chain: A Practical Guide for 


Materials Managers and Supply Chain Managers to 
Reduce Costs and Improve Environmental Performance 


GM, Commonwealth Edison, 
Andersen Corporation, Public Service 
Electric and Gas Company 


(US-EPA, 2000b) Pursuing Perfection: Case Studies Examining Lean 
Manufacturing Strategies, Pollution Prevention, and 
Environmental Regulatory Management Implications 


Boeing Everett and Boeing Auburn 
Machine Fabrication 


(US-EPA, 2003) Lean manufacturing and the environment: research on 
advanced manufacturing systems and the environment 
and recommendations for leveraging better 
environmental performance 


Apollo Hardwoods, General Motors, 
Goodrich Corporation, Warner 
Robins U.S. Air Force Base 


(US-EPA, 2004) Findings and Recommendations on Lean Production and 
Environmental Management Systems in the Shipbuilding 
and Ship Repair Sector 


Bath Iron Works, Bender Shipbuilding 
and Repair, Northrop Grumman, 
Southwest Marine Inc., Todd Pacific 


(US-EPA, 2007) The Lean and Environment Toolkit 
 


 


(US-EPA, 2008a) Working Smart for Environmental Protection: improving 
State Agency Processes with Lean and Six Sigma 


Delaware, Iowa, Michigan, Minnesota, 
and Nebraska agencies 


(US-EPA, 2008b) Lean in Government Starter Kit: a Practical Guide to  
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Implementing Successful Lean Initiatives at Environmental 
Agencies 


(US-EPA, 2009a) The Lean and Chemicals Toolkit Canyon Creek Cabinet, Goodrich 
Aerostructures, Lockheed Martin 


(US-EPA, 2009b) The Environmental Professional’s Guide to Lean & Six 
Sigma 


 


(US-EPA, 2011a) Lean, energy & climate toolkit: Achieving Process 
Excellence Through Energy Efficiency and Greenhouse Gas 
Reduction 


Baxter International, General Electric, 
Toyota Motor Manufacturing North 
America, Cummins, Inc. 


(US-EPA, 2011b) Lean & water toolkit: achieving Process Excellence 
Through Water Efficiency 


IBM, GE, DTE energy 


Others authors have proposed different alternatives such as toolbox using 5S and poka-yoke tools to help 
addressing the environmental management system (EMS) (Pojasek, 1999a, 1999b) that have been applied 
and adapted to improve the systems (Gogula et al., 2011). Benefits of this application are the reduction of 
disposal costs by establishing a reusable container program with its suppliers, more effective resource 
utilization implying financial benefits, savings in avoiding product obsolescence and disposal (US-EPA, 
2000). Additionally, by applying this, space, cost, energy needs, air emissions, solid waste are reduced (US-
EPA, 2003).  


3 Achieving sustainable work environment with Lean production 
From the previous section, it was obvious that companies could save large amount in reducing wastes, 
particularly, SME companies (Alves et al., 2011). With some exceptions, Portuguese textile and garment 
companies are included in this category and presented many problems such as: accumulated stocks 
everywhere due to the wrong product produced, to the anticipated production or to the large lots 
(overproduction), demotivation of operators and high absenteeism, high level of accidents, operator’s 
specialization, high energy and water consumption, high raw materials consumption and disposal, high 
pollution of rivers, soil and air, among others.  


According to the US-EPA (2011b), the apparel (garment) industry uses high volumes of water in raw 
material production however authors are more concerned in the manufacturing phase. This section will, 
mainly, divulgate proposals, some available, others in development, to reduce the water and energy 
consumption, environmental wastes and raw materials in manufacturing phase. Additionally, proposals to 
improve leanness and agility are summarized.  


3.1 Proposals for the reduction of energy and water consumption 
This problem analysis could be detailed by technological process of the textile industry: spinning, 
weaving, textile ennoblement (dyeing and finishing), knitting and sewing. From all the processes, dyeing 
and finishing, are the one that consume more energy and water: it is impossible to dye and finishing 
without water and some processes have several washes, so, high water consumption and energy to heat 
the water. 


According to ATP (2000), the volume of water annually consumed varies between 90 000 m3 and 800 000 
m3. In table 2, it is possible to see the water consumption by treatments (operations), substrate used and 
machine.  


From the table 2 it is perceived that the type of substrate, machine and process used, influence the water 
consumption. Understanding this influence could improve the decisions took by companies, taking a 
decision that reduces the water consumption. Today, technological advances should concern on how to 
reduce the water and energy involved in the transformation process. Currently, there are research projects 
in progress that investigate the possibility of replacing the water by CO2 in the dyeing of synthetic fibers. 
Others related projects are using enzymes to optimize the dying process (less time, less energy and less 
water) and some performance indicators involving various stakeholders are been developed to help 
companies visualizing the economic benefits of these projects (BATinLoko, 2010). However, there are 
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other challenges for the environment that is necessary to be aware like the use of nanotechnologies and 
its impact in the environment (Almeida & Ramos, 2012). 


Table 2: Influence in water consumption according type of substrate, machine and process used  


Treatments Substrate type Machine Water consumption (l/Kg)
Desizing, bleaching, dyeing, rinsing, soaping, 
softening 


cotton fabrics and their 
mixes  


washing 
machines off 


25-50  


Washing wool fabrics and their blends wool fabrics and their 
mixes 


washing 
machines off 


50-100  


Bleaching, dyeing, rinsing, soaping, softening knitted cotton mixes Jet  100-150  
Bleaching, dyeing, rinsing, soaping, softening yarn and cotton mixes Autoclave 120-200  
Washing, dyeing and rinsing, softening wool knitwear mixes Jet, Barca 100-150  
Washing, dyeing, rinsing, soaping, softening yarn and mixes Autoclave 50-100  


In ITMA 2011 - International Exhibition of Textile Machinery 2011, held in Barcelona in September, the 
main message given was to build machinery more efficient, less water and energy consuming. 


The US-EPA (2011b) is a toolkit developed to help companies to improve water efficiency. This toolkit is 
based on Lean principles and applies some tools such as root cause analysis, 5Why, fishbone diagram, 5S, 
Kaizen events, value stream mapping (VSM) and Visual management as practical strategies and 
techniques to identify problems sources and improving common Lean results related to time, cost and 
quality, reducing water use, costs, and risk. In this toolkit is also divulgated a spreadsheet developed by 
Global Environment Management Initiative (GEMI), to help the creation of a water balance for a facility, 
available at: www.gemi.org/waterplanner/calc-waterbalance.asp. 


The US-EPA (2011a) is another toolkit to address the energy efficiency and climate pledging a reduction 
of greenhouse gas emissions, costs and risk. The delivery of value to customers continues assured 
through the products quality. The tools employed in this toolkit are VSM, Six Sigma, standard work, visual 
controls, employee engagement and mistake-proofing, Kaizen events, Total Productive Maintenance 
(TPM) and plant layout reconfiguration.  


3.2 Proposals for the reduction of environmental waste 
Environmental waste is an unnecessary or excess use of resources or a substance released to the air, 
water, or land that could harm human health or the environment. Environmental wastes can occur when 
companies use resources to provide products or services to customers, and/or when customers use and 
dispose of products (US-EPA, 2007).  


During the industrial process companies produce pollutants substances, materials wastes, air emissions, 
wastewater discharges and hazardous and solid wastes (trash or discarded scrap). The hazardous 
substances can affect the workers during the industrial process and the consumer when they are present 
in the product. Dyeing and finishing use chemical products and dyes that, when discharged directly into 
rivers, could be prejudicial. That kind of effluents must be processed before discharged into the river in 
order to not contaminate the rivers, killing fish and wildlife or, even better, is not to use these products or 
try to replace them with less pollutant which is not always possible, since products quality will decrease. 
The registers or labels on products should be checked, as well an estimation of the level of pollution that 
it causes.  


In Portugal, environmental concerns have increased and, in the textile industry, some important work is 
been done. In respect to the Environmental Management, textile companies are managed according to 
NP ISO 14001:2004 and some companies also by regulation (EC) Nº 1221/2009 of the European 
Parliament and the Council of 25 November 2009 (EMAS, 2009). Nowadays, few Portuguese textile 
companies are registered under Eco-Management and Audit Scheme III (EMAS III), according to the 
Portuguese Environment Agency (PEA). Under the NP ISO 14001:2004, International Standards relating to 
environmental management are intended to provide organizations with the elements of an environmental 
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management system (EMS), which can be integrated with other management requirements helping these 
organizations to achieve environmental and economic objectives (NP ISO 14001:2004, 2004). 


The European Union (EU) eco-label (Figure 4) for textile products ensures that certain substances are not 
used because they are prohibited or, if can be used limits the amount, according to environmental 
standards to be fulfilled. 


  


Figure 4. EU Eco‐label (EU, 2000) 


Another label is the Öeko-Tex® Standard 100 (Figure 5) applied to a textile or accessories, ensuring textile 
that products are not harmful substances to human health. This label is based on a norm prohibiting or 
restricting the presence of certain substances in textile products. The products are classified in four 
categories according to the use and contact with the skin: I) baby products, II) products in contact with 
the skin (interior clothes, bed sheets), III) products which are not in direct contact with skin (coats, …) and 
IV) decorative material. A company with their products or the entire production chain for these products, 
that is, all companies involved in its production, certified according to Öeko-Tex® Standard 100 could 
obtain the Oeko-Tex Standard 1000 certification.  


                                       
Figure 5. Oeko‐Tex Standard 100 and 1000 (International Oeko‐Tex Association, 1992) 


Öeko-Tex Standard 1000 complements the Öeko-Tex® Standard 100 and is more focused on products 
with testing, auditing and certification of production units which respect the environment throughout the 
entire textile chain. To obtain a certification according this standard, companies must fulfill a certain 
criteria relating to production process that respect the environment and prove that, at least 30% of total 
production, is already certified to Öeko-Tex® Standard 100. Without exception, this standard show that 
these products are safe in terms of human ecology and environmental criteria were fulfilled. 
Unfortunately, Portugal have very few companies certified by Öeko-Tex® Standard 1000. There are others 
certifications to ensure environmental responsibility, namely Global Organic Textile Standard (GOTS) (IWG, 
2011). 


The environmental concern allows companies to reduce costs by reducing energy consumption, water, 
and products and so on; increased sales for the valuation of services; improving the image; opening new 
markets. It is important to notice that the technological advances should concern about the reduction of 
greenhouse gas emissions or the reduction of the use of chemicals, without changing the quality of textile 
products. 


US-EPA, once again, provide companies with some toolkits to achieve this reducing environmental wastes 
(US-EPA, 2007) and enhancing environmental performance related to all aspects of chemical 
manufacturing, management and use (US-EPA, 2009a). Tools used for achieving this are VSM, Six Sigma, 
6S (5S + safety), standard work, visual controls, employee engagement and mistake-proofing, Kaizen 
events, Total Productive Maintenance (TPM). Time, cost and quality of products are, in this way, assured to 
the client. 


An environmental management system is based on the PDCA cycle (P – Plan; D – Do; C –Check; A - Act) 
and its main objectives are: eliminate or minimize the environmental impact of an organization, establish 
and comply with the environmental policy; periodically check the objective and systematic management 
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system implemented, to achieve continuous improvement in environmental performance (NP EN ISO 
14001:2004, 2004). 


Other efforts intended to apply a continuous application of an integrated preventive environmental 
strategy (processes, products and services) to reduce risks to humans and to the environment come from 
organizations like United Nations Environment Program (UNEP) that had been developing cleaner 
production programs (UNEP, 1996). WBSCD and UNEP recognize that eco-efficiency and cleaner 
production program are complementary, reinforcing the same goal of sustainable development 
(WBCSD/UNEP, 1998). A recent report from the same organization, UNEP (2011) addresses some 
challenges for decoupling natural resource use and environmental impacts from economic growth, 
identifying driving factors, both technological and economic from countries where decoupling is already 
taking place. 


3.3 Proposals for reduction of raw materials consumption 
Textiles companies have been an industry strongly dependent on raw materials consumption, like cotton, 
natural fibers, silk, wool, dyes, among others. So, it is fundamental to assure a biodiversity of species and 
take care for its continuity. The economics of ecosystems depends on that. This is the reason why UNEP 
hosted studies like The Economics of Ecosystems and Biodiversity - TEEB (TEEB, 2010) – reporting that the 
economic values of biodiversity and ecosystem services, must be considered in the decision-making 
processes.  


This has been the concern of many great companies (Diesel, O&M agency,…) that launched campaigns to 
prevent the killing of animals for their skin (WWF, 2010), Figure 6. Research on alternatives materials could 
be one solution to natural materials. As an example, the green textiles are more promoted than before. 
Materials like biological cotton or use of more friendly fibers such as polyester or hemp are real 
alternatives to the existent and were promoted in the last textile forum organized in Portugal (CITEVE, 
2011).  


 
Figure 6. Campaign from O&M agency: “Fashion claims more victims than you think” (WWF, 2010) 


Recycling materials are also an alternative to satisfy demands instead of exploring the existent ones, for 
example, use of clothes from recycled materials such as PET products. Another interesting project is the 
transformation of old clothes in paper sheets for weddings invitations or paper bags for shopping. 


Lean production, promoting the urgent need to reduce/eliminate the seven wastes, particularly 
overproduction, defects and over-processing, will avoid, the extraction of raw materials to produce 
unneeded products among other effects (Moreira et al., 2010). Tools to reduce these wastes like JIT 
production, leveling, standard work, mistake-proofing mechanisms, will reduce the raw materials 
depletion. Adopting a Lean consumption (Womack & Jones, 2005), instead of a mass consumption 
behavior, by an adequate culture will also contribute to this reduction. The provider and the consumer will 
be aligned, with the first (provider) supplying exactly what the second (consumer) want, where and when 
he/she want without waste his/her time by solving his/her problem permanently. 
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3.4 Proposals to improve leanness and agility 
It is worth to mention that The Millennium Project (2009) sustainable development and climate change 
are the first of the 15 Global Challenges facing humanity and its accomplishment will improve enormously 
the life for all in the planet. Due to global warming, causing by climate changes and the disappearance of 
well-defined seasons, the textile companies had to change their business strategies as a way to satisfy the 
market because some winter days are warm as well as others during the summer are cold. Therefore, the 
demand for certain items, such as finer knitwear during the winter and even tops improved companies to 
rethink their management strategies. 


The traditional seasonal demand and the way of working are changing and companies must be flexible in 
order to respond quickly to their customers following Lean strategies producing only what is needed, on 
the right quantity and on the right time (JIT production). By doing this, large lots of the same product 
provoking overproduction will be avoided. Other Lean tools already referred are necessary to implement 
the JIT production, being the most important tool, the engagement and motivation of people. With 
engaged and thinking people the company will have the agility for adapting to changes that are occurring 
(Alves et al., 2012).  


4 Concluding remarks 
This paper showed that Lean Production and Sustainable development are totally aligned with the same 
purpose. It is worth to notice that the trend already exists and that all stakeholders are trying to reduce 
water, energy, raw materials and environmental wastes. Using Lean principles and tools like VSM, 5S, 
Kaizen, TPM, poka-yoke mechanisms or others, would benefit to achieve these objectives. Textile 
industries are also trying “walking the talk” and are doing some changes to the conventional processes. 
This was exposed through the great number of projects already in progress permitting to the companies 
walk the right way.  


Some proposals were presented in this paper showing that some efforts are been doing in order to 
sustainable development but much has to be done. LP could help achieve this sustainable development 
and help to aware for the biggest barrier to sustainable development that is resistance to change. This 
paper tried to present what can be done in textile and garment industry nevertheless these proposals can 
be applied to all industries and services. As a future work, the authors will develop a proper methodology 
that links all these “loose ties”, showing that all important topics are connected.  


References 
Aicep Portugal Global (2011). Portugal - Perfil País. Available at: <http://www.portugalglobal.pt/ 


PT/Biblioteca/LivrariaDigital/PortugalPerfilPais.pdf>, [accessed on 15 February 2012]. 
Almeida, L. & Ramos. D. (2012). Nanotechnologies are safe? New demand for standardization. Proceedings of International 


Symposium on Occupational Safety and Hygiene (SHO2012), 9-10 February, Guimarães, Portugal. 
Alves, A. C., Carvalho, D. & Sousa, R. (2012). Lean Production as promoter of thinkers to achieve companies´ agility. The Learning 


Organization: an International Journal (submitted). 
Alves, A. C.; Carvalho, D.; Sousa, R.; Moreira, F. & Lima, R. (2011) “Benefits of Lean Management: results from some industrial cases in 


Portugal”, Proceedings do 6º Congresso Luso-Moçambicano de Engenharia (CLME2011), 29 Agosto-2 de Setembro, 
Maputo, Moçambique. 


ATP – Associação Têxtil Portuguesa (2000). Guia de Gestão Ambiental para a Industria Têxtil e do Vestuário.  
BATinLoko (2010). BatinLoko: Melhores técnicas disponíveis. Batinloko.dsi.uminho.pt/bat.php, [accessed 24 February 2012]. 
Bicheno, J. (2008). The Lean Toolbox for Service Systems. PICSIE Books. 
CITEVE (2011). Green textiles. Available from: http://www.citeve.pt/, [accessed 16 February 2012]. 
EMAS-Eco-Management and Audit Scheme (2009). What is EMAS?. http://ec.europa.eu/environment/emas/index_en_htm, [accessed 


24 February 2012]. 
EU – European Union (2000). EU Ecolabel. http://ec.europa.eu/environment/ecolabel/index_en_htm, [accessed 24 February 2012]. 
Gogula, V., Wan, H., & Kuriger, G. (2011). Impact of lean tools on energy consumption. Revista S&T, 9(19), 33-53. 
Holliday, C. O., Schmidheiny, S. & Watts, P. (2002). Walking the talk: the business case for sustainable Development. Greenlaf 


Publishing. 
International Oeko-tex Association (1992). Oeko – Tex Standard 100. http://www.oeko.tex-com, [accessed 24 February 2012] 







 
ICIEOM 2012 - Guimarães, Portugal 


ID308.10 


IWG-nternational Work Group on Global Organic Textile Standard (2011). Global Organic Textile Standard – version 3.0. Available 
from: http://www.global-standard.org [accessed 28 February 2012]. 


Kidwell, M. (2006). Lean Manufacturing and the environment. Target, 22, (6), 13-18. 
LEI–Lean Enterprise Institute (2008). Lean Lexicon. Fourth edition. Available from: 


http://www.lean.org/Common/LexiconTerm.aspx?termid=354&height=550&width=700, [accessed 24 February 2012]. 
Liker, J. K. (2004). The Toyota Way: 14 Management Principles From the World’s Greatest Manufacturer. McGraw-Hill, NY. 
Lovins, A. B., Lovins, L. H. & Hawken, P. (2007). A Road Map for Natural Capitalism. In Harvard Business Review on Green Business 


Strategy, Harvard Business School Press. 
Monden, Y. (1983). Toyota Production System. Industrial Engineering and Management Press, Institute of Industrial Engineers.  
Moreira, F., Alves, A. C. & Sousa, R. M. (2010). Towards Eco-efficient Lean Production Systems. IFIP Advances in Information and 


Communication Technology, Volume 322, Balanced Automation Systems for Future Manufacturing Networks, 100-108. 
NP EN ISO 14001:2004 (2004). Environmental management systems: requirements with guidance for use. 


http://www.anet.pt/downloads/legislacao/NP%20EN%20ISO%2014001%202004.pdf, [accessed at 24 February 2012]. 
Ohno, T. (1988). The Toyota Production System: beyond large-scale production. Productivity Press.  
Pojasek, R. B. (1999a). Quality toolbox: Five S's: A tool that prepares an organization for change. Environmental Quality Management, 


9(1), 97-103 
Pojasek, R. B. (1999b). Quality toolbox: Poka-yoke and zero waste. Environmental Quality Management, 9(2), 91-97. 
TEEB (2010). TEEB – The Economics of Ecosystems and Biodiversity. Report for Business - Executive Summary 2010, Progress Press, 


Malta. 
The Millennium Project. (2009). Project Overview history. Available from: <http://www.millennium-


project.org/millenium/overview.html>, [accessed at 25 September 2011]. 
U.S.-EPA (2000a). The Lean and Green Supply Chain: A Practical Guide for Materials Managers and Supply Chain Managers to Reduce 


Costs and Improve Environmental Performance. United States Environmental Protection Agency 
U.S.-EPA (2000b). Pursuing Perfection: Case Studies Examining Lean Manufacturing Strategies, Pollution Prevention, and 


Environmental Regulatory Management Implications. United States Environmental Protection Agency 
U.S.-EPA (2003). Lean manufacturing and the environment: Research on advanced manufacturing systems and the environment and 


recommendations for leveraging better environmental performance. United States Environmental Protection Agency. 
U.S.-EPA (2004). Findings and Recommendations on Lean Production and Environmental Management Systems in the Shipbuilding 


and Ship Repair Sector United States Environmental Protection Agency. 
U.S.-EPA (2007). The Lean and Environment Toolkit. United States Environmental Protection Agency, available from: 


http://www.epa.gov/lean/environment/toolkits/environment/resources/LeanEnviroToolkit.pdf, [accessed 21 February, 
2012]. 


U.S.-EPA (2008a). Working Smart for Environmental Protection: improving State Agency Processes with Lean and Six Sigma. Lean in 
Government Series: Volume 1, United States Environmental Protection Agency  


U.S.-EPA (2008b). Lean in Government Starter Kit: a Practical Guide to Implementing Successful Lean Initiatives at Environmental 
Agencies. Lean in Government Series: Volume 2, United States Environmental Protection Agency  


U.S.-EPA (2009a). The Lean and Chemicals Toolkit. United States Environmental Protection Agency, Available from: 
http://www.epa.gov/lean/environment/toolkits/chemicals/index.htm, [accessed 21 February, 2012]. 


U.S.-EPA (2009b). The Environmental Professional’s Guide to Lean & Six Sigma. United States Environmental Protection Agency 
U.S.-EPA (2011a). Lean, energy & climate toolkit: Achieving Process Excellence Through Energy Efficiency and Greenhouse Gas 


Reduction. United States Environmental Protection Agency, Available from: 
http://www.epa.gov/lean/environment/toolkits/energy/resources/lean-energy-climate-toolkit.pdf, [accessed 21 February, 
2012]. 


U.S.-EPA (2011b). Lean & water toolkit: Achieving Process Excellence Through Water Efficiency. Available from: 
http://www.epa.gov/lean/environment/toolkits/water/resources/lean-water-toolkit.pdf, [accessed 21 February, 2012]. 


UNEP (1996). Cleaner Production: a training resource package, first edition [online]. 
http://www.uneptie.org/shared/publications/pdf/WEBx0029xA-CPtraining.pdf, [accessed 24 February 2012].  


UNEP (2011). Decoupling natural resource use and environmental impacts from economic growth. A Report of the Working Group 
on Decoupling to the International Resource Panel. Fischer-Kowalski, M., Swilling, M., von Weizsäcker, E.U., Ren, Y., 
Moriguchi, Y., Crane, W., Krausmann, F., Eisenmenger, N., Giljum, S., Hennicke, P., Romero Lankao, P., Siriban Manalang, A. 


WBCSD (1996). Eco-Efficiency and Cleaner Production: Charting the course to sustainability. 
WBCSD/UNEP (1998). Cleaner Production and Eco-efficiency: Complementary approaches to sustainable development. WBSCD and 


UNEP edition. 
WCED (1987). Our Common Future [online]. Report of the World Commission on Environment and Development, United Nations. 


Available from: http://worldinbalance.net/intagreements/1987-brundtland.php [accessed 16 February 2012]. 
Womack, J. & Jones, D. T. (2005). Lean Solutions: How companies and Customers can create value and wealth together. Siman & 


Schuster, New York, USA. 
Womack, J. P. & Jones, D. T. (1996). Lean Thinking – Banish waste and create wealth in your corporation. Siman & Schuster, UK. 
Womack, J., Jones, D. T. & Roos, D. (1990). The machine that changes the world. Rawson Associates, NY. 
WWF-World Wildlife Fund (2010). “Fashion claims more victims than you think” Campaign from O&M agency. 








 


ID285.1 


Mathematics achievement in engineering: an exploratory study 
with MIEGI students 


Manuela Alves*, Cristina S. Rodrigues*, Ana Maria A.C. Rocha* 


*Algoritmi R&D Centre, School of Engineering, University of Minho, Campus of Gualtar, 4710-057 Braga, Portugal 


Email: manuealves@gmail.com, crodrigues@dps.uminho.pt, arocha@dps.uminho.pt  


Abstract 


Mathematics is a discipline that appears on the syllabus of many courses, including courses in engineering, where it is 
an essential discipline to the formation of all future engineers, whatever their field of study and work. Despite that, 
engineering students tend to reveal difficulties with courses based on mathematics. The factors that influence 
learning mathematics have been the subject of study for several researchers around the world. Researchers attempt 
to identify variables that explain mathematics achievement, but fail to address university students.  


In this paper, we present the results of an exploratory study based on industrial engineering students of University of 
Minho, concerning their grades in the courses of statistics and numerical methods. The preliminary results show that 
gender is an unexpected and significant factor. 


Keywords: Mathematics achievement, mathematics learning factors, industrial engineering, Minho, gender 


1 Introduction 
Engineering plays a significant role in the modern world since it is always presented in day to day 
activities concerning construction, computers, technology, energy, electronic devices, and manufacturing 
process. Many aspects of engineering activity comprehend the correct problem formulation and analysis, 
and the choice of the adequate method to resolve it. 


Engineering courses require the awareness of mathematical concepts. During the course, students learn 
and consolidate basic mathematical principles in order to solve practical problems.  


As part of their formal undergraduate training, engineering students should enhance knowledge in 
several mathematical based areas such as statistics, numerical methods, optimization and simulation, 
among many others. These are important techniques that engineering students need to know how to use.  


Unfortunately, engineering students tend to struggle with their mathematical background and fail to 
recognize the importance of these subjects. According to our experience, student grades’ reveals 
difficulties and motivational issues that go far beyond the required mathematical knowledge. 


The present study aims to explore the mathematics achievement of graduate engineer students in the 
complex process of learning mathematical concepts, essentials to their future profession. More precisely, 
our present investigation will focus on mathematics achievements of statistics and numerical methods 
courses of the master of industrial engineer and management of University of Minho. 


This paper is organized as follows. In Section 2 a literature review is presented, summarizing some of the 
factors that could influence the learning of mathematics. Following, in Section 3, we present the results of 
an exploratory study concerning statistics and numerical methods grades of industrial engineering 
students from University of Minho. In Section 4, we intend to present and discuss the most relevant 
conclusions and the future work. 
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2 Mathematics learning factors 
Student performance is a concern for all educators and is an object of study that stands out in many 
academic papers. Due the importance of mathematics, its achievement and performance gained 
educators attention and is been an increasing field of study. Suther et al (2010) note, that there have been 
several researchers who have discussed the issue of learning mathematics and the factors influencing it. 


The factors identified as influencing the learning of mathematics can be divided into two distinct groups: 
the demographic and psychographic factors. In the demographic factors we remark the gender factor that 
could explain differences in academic performance. In the psychographic factors we point out the 
personality, socio-cognitive aspects, the motivation, and the anxiety towards mathematics. 


Following, we resume the most important ideas about these factors. 


2.1 Demographic factors 
Patterson et al (2003) refers in their study that since 1970s, gender has been investigated as a factor on 
which student performance and attitude toward mathematics differ. It is a general perception that boys 
are better at math than girls. However, Meelissen and Luyten (2008) state that studies on gender and 
mathematics show that the advantage held by boys over girls in mathematics achievement has 
diminished markedly over the last 40 years and gender differences in mathematics achievement are no 
longer a relevant issue. According to the same authors, research on gender and mathematics is often 
limited to the relationship between gender differences in attitudes toward mathematics and gender 
differences in mathematics achievement.  


Patterson et al (2003) also refer that gender alone may not explain significant differences in performance 
when viewed in the context of multiple types of mathematical knowledge.  


Accordingly to Meelissen and Luyten (2008:81): 


“... analysis of the results of studies conducted by the International Association for the Evaluation 
of Educational Achievement (IEA) on mathematics achievement showed a decrease in the number 
of countries in which the average achievement of boys in mathematics was higher than the 
average achievement of girls in this subject and an increase in the number of countries with an 
advantage for girls, a situation evident across both the primary and secondary levels of schooling. 
(Hanna, 2000)” 


However, the gender difference in aptitude for mathematics can be explained by various factors, namely 
the preconceived idea, that is inculcated in the students early on, that boys have more aptitude for math 
than girls. Such as, Meelissen and Luyten (2008:84) say: 


“...societies generally regard mathematics as the domain of males, boys and girls receive different 
feedback on their mathematics achievement from people in their social environment, such as 
parents and teachers. As a consequence, boys and girls learn to value mathematics differently… 


…the relationship between attitudes and achievement is not clear and seems to be different for 
girls and boys. Although research on and theories relating to educational effectiveness link 
various school and class characteristics to achievement and attitudes, there is little information 
available to tell us if these factors have the same influence on the achievement and attitudes of 
girls and boys.” 


2.2 Psychographic factors 
Educators and psychologists have given special attention to the relationship between personality 
characteristics, learning and academic performance. As stated in several studies, the learning of 
mathematics is related to personality traits and these are considered as predictors of students' 
mathematical ability. Citing Homayouni (2011:1): 
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“In 21th century, researchers, teachers, and educators have examined and emphasized on some 
factors that can be important in learning, especially scholastic learning. In this domain personality 
factor and emotional intelligence are two concepts that have absorbed many attentions.” 


Homayouni (2011:2) also claims that:  


“Longitudinal data gathered by Mills (1997), over 10 years to ask whether personality traits were 
related to gender differences in long-term achievement in mathematics and the sciences. Math 
ability was the most significant predictor of long-term achievement in math and science for 
young women. Personality traits, when added to high math ability, increased the probability that 
young women would go on to pursue a career in math or science.” 


The socio-cognitive aspects are considered to be the most important in the process of teaching and 
learning. Related to these are also the emotional aspects (Sirmaci, 2010). Students’ attitudes towards 
mathematics can generate positive or negative emotional responses in certain situations and are an 
indicator of success in this discipline. These attitudes are influenced by teachers’ efficiency, the 
environment and the socio-psychological organization in the classroom. Studies have shown that 
teaching methods and teacher’s personality influence students’ positive or negative attitude towards 
mathematics (Sirmaci, 2010).  


Torisu and Ferreira (2009) reported that methodology and affection are inseparable elements in 
education. By establishing emotional bonds with their students in the classroom, the teacher can influence 
them in positive ways, providing a pleasant environment and mutual trust. Such possibilities are directly 
related to the development of self-efficacy beliefs. There are several studies that show that self-efficacy is 
highly applicable to the educational context (Bandura, 2008).  


Individuals can influence the course of events according to their interests and are active participants in the 
direction that their lives take, since it sets targets to be reached through paths chosen by themselves. 
Therefore, the school is the environment in which students spend most of their time. It is consequently 
natural that their behaviour is affected by the established relationship with the school community. 


The self-efficacy is closely linked to motivation. Stronger self-efficacy beliefs of the individual, lead to a 
major motivation for performing tasks (Torisu & Ferreira, 2009, Walter & Hart; 2009). 


Attitude towards mathematics can interfere with future self-esteem, identity formation and relationship 
with the utility of this discipline in the profession. The beliefs have an influence on the action, motivation 
and cognitive processes, the latter being related to the anticipation of consequences of actions and 
results. In the school context, these beliefs can affect students' motivation to perform tasks or avoid them, 
their reactions to their achievements, and even career choices (Neves, 2002).  


Studies by Suthar et al (2010) declare that the mathematical beliefs and the results obtained by university 
students, show there are several evidences that students’ beliefs about mathematics are crucial in the 
development of careers related to this discipline. 


Bakar et al (2010) in a study of the relationship between motivation to achieve results and academic 
performance of college students show that motivation is the driving force behind our actions and affect 
our needs, desires and ambitions in life. Hence, there must be an effort by educators to stimulate the 
students' attitudes and motivation towards learning. This will lead them to achieve the best results.  


According to Muir (2009), another factor that influences students' motivation for learning mathematics is 
the perception that parents have of mathematics. Many parents tend to value their own forms of doing 
mathematics over school mathematics’, while many children value schools’ form of knowledge over the 
parents’ knowledge, hence demonstrating the potential tensions that may arise when engaging in 
mathematical tasks and assignments at home. There are several studies that concluded there were links 
between parents’ attitudes, perceptions and beliefs about mathematics and children’s attitudes and 
performance in mathematics (Muir, 2009). 
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There are consequences of the fact that students are anxious about mathematics, and this interferes with 
their academic achievement. Students who suffer from math anxiety typically refuse to enrol in courses or 
attending mathematics courses with a strong mathematical component that will condition their future 
career options. The mathematical anxiety is the result of low self-esteem and fear of failure (Kargar et al, 
2010); Meelissen & Luyten, 2008). Students with a high degree of anxiety had less satisfactory academic 
results and when this anxiety was reduced, there was an improvement in their performance. Studies show 
that math anxiety can be reduced through the adoption of special methods of teaching and psychological 
intervention in the areas applicable to improving the educational curriculum practices.  


Mathematic anxiety has also been associated to gender. Male students suffered less anxiety dealing with 
mathematic task than female and they are more confident and motivated at mathematic than female 
students (Vitasari et al, 2010). This statement is supporting that women have a higher incidence of 
depression, post-traumatic stress disorder, and other anxiety disorders 


Mathematics anxiety among engineering students is manifested into five dimensions, namely: (a) Fell 
mathematics is a difficult subject; (b) Always fail in mathematics; (c) Always writing down in a mathematics 
class; (d) Anxious if don’t understand; and (e) Lost of interest in the subjects of mathematics (Vitasari et al, 
2010). 


3 Exploratory research model 


3.1 Elements 
In our exploratory study, and due the course characteristics, we decided to concentrate in industrial 
engineering students from University of Minho. 


 “Industrial engineering is commonly defined as the integration of machines, staff, production 
materials, money, and scientific methods.” (Rouyendegh & Can, 2011) 


The context of formation of industrial engineers has a strong mathematical component. The master in 
Industrial Engineering and Management (MIEGI) of University of Minho is no exception, and since it is a 
course oriented to the decision-making process, mathematics appears linked to all areas of study. In fact, 
in its syllabus arise curricular units such as: calculus, linear algebra, statistics, differential equations and 
integral calculus, numerical methods, operations research, among others. 


For the purposes of the current investigation, and considering our experience as teachers, we are 
interested in students’ achievement in statistics and numerical methods. 


3.2 Methodology 
The aim of this study is to explain academic performance and mathematical achievement of MIEGI 
students in the courses of Statistics I and II and Numerical Methods. 


Based on courses grades, and using additional variables such as gender or former class frequency, we 
intend to explore differences on grades and to test the explaining capacity of several variables. This 
analysis will be made in the likeness of some research already done on the topic under study. 


3.3 Results 
In addition to descriptive statistics, we test whenever possible mean differences between grades. We also 
present the test results of a theoretical model using a regression procedure considering grades and 
possible explaining factors. 


In order to present results, we decided to split the analysis into two parts considering course nature: (1) 
statistics and (2) numerical methods. 
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3.3.1 Statistics course 
For the purposes of this investigation, we decided to analyze the two statistics courses together: Statistics 
I (2009/10) and Statistics II (2010/11). The total sample has 123 students [66 (Statistics I) and 57 (Statistics 
II)], mainly sex masculine (68.29%). Grades varied from 3.6 to 17.7 values, with a mean of 11.46 values and 
a standard deviation of 3.094. 


To evidence gender effect, the boxplot illustrates differences between the two groups, specifically on the 
median and range (Figure 1). The boxplot also identifies two female students as outliers, i.e., with results 
significant distant of the female group. 


 
Figure 1 – Statistics Grade and Gender  


 


When we explore grades in statistics course considering gender, results indicates mean differences, with 
female results superior than male. Female students have a mean of 12.93 values with a variance of 10.539. 
Male students present a mean of 10.77 values with a variance of 7.746. 


Posterior independent t tests confirmed differences between mean gender results (significance level of 
1%). 


To perform the regression analysis to explain course grade, we defined an explanatory model with three 
independent variables: the gender (dummy variable 0=male, 1=female), the class attendance (number of 
attendance days), and former class frequency (dummy variable 0=no, 1=yes). Before regression 
procedure, we check data normality (Kolmogorov-Smirnov test, significance level of 5%). Regression 
results are presented in Figure 2. 


 


 
Figure 2 – Regression results for statistics course 
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Being a female is an important factor, and class attendance also impacts on course grade (an increase of 
one day of attendance, increase grade in 0.672 values). At a significance level of 5%, only the “former” 
class frequency is not significant. 


The model has a lower capacity, since it only explain 39.4% of the variance of statistics grades (R2=0.394). 
Nevertheless, it suggests that we need to improve model, studying additional variables proposed on 
literature (i.e. psychographic variables). 


3.3.2 Numerical methods course 
To explore numerical methods grades, the sample has the 56 students of the Numerical Methods course 
of 2010/11. Grades varied from 2 to 20 values, with a mean of 11.23 values and a standard deviation of 
4.765. The gender distribution is: 53.57% male and 46.43% female. 


When exploring gender differences, we realized that female students have better grades than male 
students: 


 Female students: mean 14.52 values with a standard deviation of 2.441, and a minimum of 8 
values 


 Male students:  mean 8.38 values with a standard deviation of 4.452, and a minimum of 2 values. 


The boxplot analysis also illustrates gender differences (Figure 3). Female students present higher grades 
with lower variability, with significant visual differences comparing with male behavior. 


 
Figure 3 – Regression results for statistics course 


 
Posterior independent t tests confirmed differences between mean gender results (equal variances 
assumed, significance level of 1%). 


The regression analysis to explain numerical methods grade use as independent variables: 


 The gender (dummy variable 0=male, 1=female), and 


 The former Statistics II grade as a measure of previous mathematics achievement. 


Regression results are presented in Figure 4. 
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Figure 4 – Regression results for numerical methods course 


 
The R square of 0.659 indicates that the considered model has explanatory power. Both variables are 
statistically significant (significance level of 1%). Beyond confirming the strong contribution of female 
condition in the grade, the model confirms the explanatory effect of Statistics II in the numerical methods 
course grade. 


4 Conclusions 
The world is becoming more competitive due to rapid economic growth and development of more and 
better technologies. This means that the sphere of education is hard-pressed to train students that are 
increasingly able to deal with this new reality. As a consequence, the standards of education and research 
in science, mathematics, technology and engineering are been rising accordingly. Mathematics is a 
discipline that appears on the curriculum of many courses, including courses in engineering, where it is an 
essential discipline. 


The present study aims to explore the mathematics achievement of graduate engineer students in the 
complex process of learning mathematical concepts, essentials to their future profession. First, a literature 
review was done in order to identify the factors that could influence the mathematics performance of 
general students. Then our investigation focused on mathematics achievements of statistics and 
numerical methods courses of the master of industrial engineer and management of University of Minho.  


We explore a linear regression model to predict student’s grade in both disciplines. The results for the 
statistics course sample indicate significant gender differences, with female students presenting higher 
scores than their male colleagues. Class attendance also resulted as an important course success variable. 
Nevertheless the explanatory model requires improvements through the study and inclusion of additional 
variables proposed on literature (i.e. psychographic variables). 


Numerical methods course results also highlight similar gender differences. The explanatory model, using 
only gender and former Statistics II achievement, resulted significant, i.e., the two variables considered 
explain grade differences between students: being a female and had previous success (higher grade on 
statistics course) are important to predict numerical methods grade. 


We consider these results as preliminary results, which require future confirmation with a bigger sample 
and a comparison with other engineering students. 


As future work, our research will study the explanatory power of psychographic variables considered 
important in the literature. Whether students are in primary, secondary or higher education, motivation 
for learning mathematics emerges as the main factor influencing the acquisition and development of 
mathematical knowledge. This motivation is in turn influenced by the beliefs that students have about 
mathematics, and self-efficacy beliefs are among the factors that influence the psychological mechanisms 







 
ICIEOM 2012 - Guimarães, Portugal 


ID285.8 


of student motivation. Another factor to consider is the anxiety about mathematics. Students who suffer 
from math anxiety tend to withdraw from courses with a strong math (including engineering) which, 
ultimately constrain their choice of future career. 
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Abstract 


The present study aims to assess the lean practices and principles in a small business from the Lean Management 
System. It follows a qualitative methodology, featured as a case study, which crosses the analysis of information 
obtained through observation visits in a company and interviews with the CEO and the Chief of Production. The key 
findings show the main difficulties in establishing lean practices in small and medium enterprises (SMEs), related to 
the Brazilian context of technology. Among the highlights of the study there is the emphasis in design of strategic 
networks with customers, suppliers and internal leadership training. This is a preliminary research that has prospects 
of extending out about future comparative studies, advancing on a field of study which is still open and necessary in 
the country.  


Keywords: Lean Management System; Qualitative Assessment; Small and Medium Enterprises; Technology; 
Telephone Stations. 


1 Introduction 
Contemporarily recognized, the Lean Production Management is associated with an increased global 
competitiveness and has gained ground among executives, researchers and corporations (Womack, Jones 
& Roos, 1992; Furini & Saurin, 2008; Veiga et al., 2008). Guided by the purpose of creating value for 
customers with lower costs by identifying process improvement through the involvement of qualified, 
motivated and with initiative workers (Ohno, 1997; Lean Institute Brasil, 2011), the Lean Production 
Management is also identified generically as Lean Management System (Emiliani & Stec, 2005).  


The support of Lean Management System excels in simplicity and clarity of procedures and tools to all 
involved, especially "(...) the effective use of technological innovations in products, processes and 
organization of companies" (Silva Neto, 2000, p. 12). It performs deliveries just-in-time, where time and 
quality are the guiding performance of machines and teams with the fewest losses (Shingo, 1996; Lima & 
Zawislak, 2003). Its principles include the continuous improvement related to leadership development 
(Emiliani, Stec, 2005), while the practice "involves creating streams and pull systems, based on actual 
customer demand, analyzing and improving the value stream plants and the whole chain, from raw 
materials to finished products" (Lean Institute Brasil, 2011). 


The lean proposal supports the accessible production development to companies of different sizes, 
operating in various business segments (Lean Institute Brasil, 2011). Considering the Brazilian reality, an 
opportunity of study is available considering lean management in Brazilian small and medium enterprises 
(SMEs). Companies of this size in the country may be highlighted because they are most noteworthy and 
also for being linked to multiple business segments involved in the development of the country.  


According to the Inter-Union Department of Statistics and Socioeconomic Studies (Dieese) and Service to 
Support Micro and Small Enterprises – Sebrae (2009), the number of industrial SMEs in Brazil reached 
55,938 in 2008; 14,248 of these firms (25% approximately of the total) are found in South and 4,947 in the 
Rio Grande do Sul state. Even in the South, industrial SMEs accounted for 52% of the 1,896,199 formal 
jobs. Another survey, elaborated by Sebrae (2009), shows that small businesses in the country tend to 
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maintain a continuous monitoring of cash flow (86%) and 82% continually assess market trends, which 
indicates they are trying to get close to Brazil’s industrial performance. 


As pointed by Amato Neto and Olave (2001), SMEs began to incorporate technology in their production 
processes to change their internal organizational processes in order to restructure and compete in a 
scenario dominated by large companies. In turn, Balestrin and Vargas (2004) commented the importance 
of strategic networking to the SMEs on way that they can optimize and streamline their business 
partnerships with suppliers. 


Cândido and Abreu (2000) reinforced the need for strategic networks in order to compete in an industrial 
environment of changes and increased complexity. The authors emphasize the main changes between 
technical obsolescence, the increased supply, entry of competitors, the government participation in the 
macroeconomic level, the demands of customers by lower price and higher quality, market fluctuations 
with increased uncertainty in decision-making processes. 


Thus, according to the authors, it is necessary to stimulate the entrepreneurial spirit for survival and 
development of SMEs because they generate jobs and incomes and also for its innovative character 
without lots of bureaucracy. These are companies that can support the market arbitrariness and find 
opportunities to develop consumption demands. 


However, there are few cases of SMEs in the technology sector that have implemented lean production as 
a corporate philosophy. Several companies just focus on the application of lean tools, with no more 
concern about the holistic view of processes and training of leaders and teams (Scaffede, 2002). 
Furthermore, these companies often face systemic problems as their low competitive ability, training 
policies ineffective, delays, technological obsolescence, lack of resources for investment in research and 
development, difficulty of entry into international markets. In relation to new management technologies, 
it is necessary for SMEs to invest in new models and techniques, able to impact the company as a whole 
(Cândido & Abreu, 2000; Achanga et al., 2006). Therefore, the Lean Management System may represent a 
key factor for survival.  


Considering the present scenario of frequent changes and the identified gap, this paper aims to study the 
case of SMEs in the technology business that seeks to differentiate themselves by quality processes. The 
main objective is to evaluate the production process of a small business from the Lean Management 
System perspective, checking the existing level of lean production inside companies. 


It should be noted that this work is part of an exploratory study conducted within an average company in 
the technology sector of telephone systems. This is an initial assessment, with results taken from the 
evaluation of lean principles related to strategic partnerships with customers, suppliers, competitors. 
Through comparisons between the referenced lean models and the production model of the company, it 
is possible to understand the degree of lean development inside the firm. It is part of the work the 
understanding of how strategic networks with competitors, clients and suppliers are formed and how the 
company is leading with the dynamics of teamwork and diffusion of knowledge internally.  


Further studies are still being conducted in the company so that, from the data presented, will be possible 
to analyze the losses of the production process adopted in the company and its conversion to lean 
management model, with adjustments compatible to the company's reality. Future studies are 
encouraged in order to increase the range the companies researched in the field of technology, primarily 
related to the growing segment of telecommunication in Brazil. 


2 Methodological Procedures 
Based on the appropriation of concepts taken from reference studies about Lean Management System, 
this research follows a qualitative methodology (Malhotra, 2001), which was held in a case study (Yin, 
2009) in a small to medium size company (Sebrae, 2009). This company is located in a technological pole 
of the Metropolitan Region of Porto Alegre city, with emphasis on their approach to the reality of SME 
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technology in Brazil. The study was conducted in two distinct and complementary activities of gathering 
information: first with managers, and second by an observation oriented process. 


2.1 In-depth interviews 
Two in-depth interviews were conducted with a semi-structured script and average duration of one hour 
and thirty minutes. The first interview was conducted with the CEO of the company, making possible to 
understand the company's business. The second interview was done with the Chief of Production, 
responsible for coordinating and supervising all production processes, including the times of work, quality 
testing, inventory management, scheduling and closure of production orders (POs). 


Both interview’s content were different and based on the fourteen Liker and Meier (2006). On this way, an 
adjustment was made on the script so that the interview with the CEO prioritized assessment of the 
company's strategic profile, their formation of networks, a leadership training and employee 
development, and how the objectives in the medium to long term. The interview with the Chief of 
Production prioritized understanding of the actual production, as well as visualization of deployment of 
lean practices, monitoring of production times, flows and work routines, as shown in Table 1. 


Table 1: Lean principles in interviews 


N. Principle 
Interview      
with CEO 


Interview with Chief 
of Production 


1 
Base your management decisions and a long-term philosophy, 
even at the expense of short-term financial goals. 


x  


2 Create a continuous process flow to bring problems to surface.  X 
3 Use pull systems to avoid overproduction.  X 
4 Level out the workload.  X 


5 
Build a culture of stopping to fix problems, to get quality right the 
first time. 


x X 


6 
Standardized tasks and processes are the foundations for 
continuous improvement and employee empowerment. 


x X 


7 Use visual control so no problems are hidden.  X 


8 
Use only reliable, thoroughly tested technology that servers your 
people and processes. 


 X 


9 
Grow leaders who thoroughly understand the work, live the 
philosophy, and teach it to others. 


x  


10 
Develop exceptional people and teams who follow the company's 
philosophy. 


x X 


11 
Respect your network of partners and suppliers by challenging 
them and helping them to improve. 


x X 


12 Go and see for yourself to thoroughly understand the situation. x  


13 
Make decisions slowly by consensus thoroughly considering all 
options, implement them quickly. 


x  


14 
Become a learning organization through relentless reflection and 
continuous improvement. 


x  


Source: adapted from Liker and Meier (2006). 


2.2 Observation oriented process 
After interviews, observations were made directly on the targeted production area, which had three visits, 
lasting about two hours each. From the observations and photographic records the following practices 
were assessed: continuous flow and pull production, supply chain integration, production leveling, 
balancing production, standardized operations, flexibility of workers; zero defect quality control (ZDQC), 
total productive maintenance (TPM), rapid exchange of tools, visual management, continuous 
improvement, value stream mapping (VSM) (Ferreira & Saurin, 2008). 


Documents of production flows and production times were evaluated and contrasted with the information 
collected in the interview. The previous results were presented and reviewed with the Chief of Production, 
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which was asked an opinion on the interpretations made by the researchers. In addition, outstanding 
questions were solved. 


All data collected were organized through a table adapted from Rother and Shook (1998) and Lima and 
Zawislak (2003). In the application made to it all, the table has four main blocks with relevant information 
about the production model of the analyzed company. In the first block were raised general aspects of the 
company’s profile. The second section presented topics of client relationships. The third block, production 
processes appear briefly. At last, in the fourth block, the relationships with suppliers were highlighted. The 
proposed information table is a short form of reporting to facilitate the understanding of the formation of 
strategic relationships in the company, and to facilitate future comparative studies. 


3 Findings 
The key findings presented are discussed based on the understanding of the company, its business and its 
production practices, followed by evaluation of leadership training, as explained in subsequent sections. 


3.1 Company’s Profile 
The company studied is small to medium size, headquartered in the technology hub in the metropolitan 
area of Porto Alegre city – RS. For more than a decade, the company has been working with 
telecommunications access products, targeted to produce telephone stations with digital technology. 
About one hundred employees work at the company, distributed in the parent firm, in a commercial office 
in São Paulo – SP, and in commercial representations in various capitals of the country.  Altogether, this 
firm manufactures eight product families that have between two and eight products each. Initially, its 
scope was just selling call centers with fully outsourced production. With the business growth, however, 
the company felt the need to set up its own production processes, and redesigned it for all products. 


In addition to its production, the company’s business also covers support services, and software support 
to provide outsourced services to the information Technology Department of its corporate customers. The 
company defines its market as fast and dynamic, which requires continuous improvement by the players. 
The main concentration of clients is located in the Brazilian market, although this is a business with a 
global profile. 


Its indirect competitors are big players in the telecommunications access products, which serve as 
reference for their work. To follow the strategies of competitors and to improve strategic networks, sales 
representatives frequently visit international technology fairs. On its turn, the direct competitors are 
midsize companies in the industry, which seek to expand its market share by adding services to products 
offered. An important point that should be noted is the fact that the industry as a whole has struggled 
with the entry of Chinese production, making it cheaper to buy Chinese parts and assembly them in Brazil 
than design and produce every component or product.  


3.2 Production Processes 
In the analyzed company, production is characterized by being pushed, not pulled – which would be 
indicated in a Lean Management System – basically being driven from the time machine. This contributes 
to an imbalance in production, responsible for transform the testing area in the bottleneck, compromising 
the continuity of the flow. 


The production process is organized in a layout in a "U" format, where the entry of materials is also the 
exit for finished products.  It is possible to identify an attempt to build unit cell due to the proximity of 
space between jobs and information flow, current and available to everyone through the system. 


The forecast demand is made entirely based on sales forecast for the Sales Area pointed to the most 
requested products and assembly-to-order products for fewer orders. The prediction is made monthly, 
also considering the following two months (30 + 60 + 90 days). Based on the current month, the 
production emphasizes the weekly demand and daily demand. The production order (PO) is released into 







 
Lean Management in Brazilian Small and Medium Enterprises: a Case Study in the 


Technology Sector 


ID325.5 


the system, but in more than one operation, not necessarily in sequential order. The sales orders are 
closed in the afternoon the day before and start the next day. 


The formula of scaling is automated so that each PO is evaluated considering the existence of raw 
material in stock and the existence of finished products or not. Software programs are used to promote a 
better and controlled schedule of production. These programs offer a sequence to be produced based on 
the optimization of machine setup times. This sequence is reviewed and approved and/ or changed by the 
operator. 


It is important to point out that the company constantly has to deal with urgent, business closings coming 
from outside what may influence and change the production order. In these situations, all the demand 
forecast is revised weekly and monthly, with rearrangements of POs, fractionation of batch production 
and negotiation between the Production Department and Sales Area in order to reallocate priorities. 


Furthermore, definitions are not clear in relation to measurements of lead time, takt time and cycle times. 
Currently, the calculations of cycle time of machines and manpower are reviewed monthly by product. The 
lead time is calculated and funded within the product structure as a function of demand issued by the 
Sales Area. Such times (lead time and cycle times) are applied to software, especially for controls setups 
and organization of POs. The takt time is not part of the daily production and is only available in 
spreadsheets in the system, without viewing and daily control of the operators. Tables 2 and 3 exemplified 
the distribution of production time between work positions and workers, and the capacity per week and 
per month. 


Table 2: Production time per workstation (minutes) – product family 001 


 
1 worker 2 workers 2 workers 1 worker 


1 
worker 


3 
workers


1 
worker 


Family 
001 


Setup 
SMD 


Assembly 
SMD 


Inspection 


SMD 


Setup 
PTH 


Assembly 
PTH 


Setup 
solder


Solder
Final 


inspection 
Pre-
test 


Test Package


Base  
XT 
130 


100 13 5 15 18 20 5 10 13 60 8 


Total 
Prod. 
Time 


269,00 


Base  
XT 88 


100 13 5 15 18 20 5 10 13 57 8 


Total 
Prod. 
Time 


266,00 


Source: analyzed company (2011) 


Table 3: Production time per week (minutes) in each workstation – product family 001 


Total 
Production 


Time 
Bottleneck 


Factory 
(Mon-Thus) 


Factory 
(Fri) 


Capacity 
(Mon-Thus) 


Capacity 
(Fri) 


Total 
(week) 


Total 
(month) 


269,00 30 525 465 9,53 7,53 45,67 182,67 


266,00 27 525 465 10,59 8,37 50,74 202,96 


Source: analyzed company (2011) 


As a result of imperfect adjustment between demand and time measurements, the production line is 
often overloaded, which can generate higher production than the demand. This is a serious problem that 
features a push production, out the logic of lean production in small batches, perfect times, according to 
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demand. The weakness of the organization in production times shows a lack of appropriate involvement 
among processes and people.  


3.3 Quality procedures and decision-making process 
Since it is a small to medium-sized company, it frequently deals with problems typical of this kind of 
business model in the Brazilian context. Overall, the company cares for its quality certifications, although 
there are points to be improved about testing and quality indicators. In relation to the machines, the 
company chooses, whenever possible, preventive maintenance, in which every 3.000 hours the machine 
should be reviewed. The corrective maintenance is only done in extreme cases, when the machine really 
has problems that require it to stop for repairs. Already operational effectiveness of equipment does not 
have measurements, which undertakes a better assessment in this regard. 


At the beginning of the production line, there is an initial inspection before the initialization process in the 
machine. This is done either through software or through the inspection of the operator. However, 
beyond the capabilities of the software itself, there are not ‘poka-yokes’ (failsafe devices) to strengthen 
this inspection. In addition, many processes that would require the inspection are made after assembly of 
the product/component. As mentioned by the Chief of Production, the ideal would be more automated 
processes with bar codes, preventing human error and even error in the production of boards a whole lot. 


In case of any problems during board assembly, the machines have autonomation or ‘jidoka’ (Liker & 
Meier, 2006) to stop the process, the same way that operators can stop the line in case of non-
compliance. This is constantly monitored through monitors and ‘andons’ (visual warning devices), which 
signal problems or downtime. Any problem is immediately solved, without continuity until the process is 
entirely restored. There is also an expert within the company in order to expedite resolution of problems 
and nonconformities. 


The machines are near each other, which facilitates the process. Supermarkets and tools are also nearby, 
which prevents large losses with transportation (materials) and movement (people). Flows between 
supermarkets and storage have an operator to replace the parts. This is not done with kanbans, but by 
visual evaluation and also according with the PO available in the system, suggesting the required number 
of pieces per day. There is no visual indicator that could signal with different colors or markings the need 
of replacement. 


Since the first plate is produced, it is hundred per cent conferred, which means all the components are 
thoroughly inspected by an operator at the end of the line of machines, as available in the model 
available in the system. This piece serves as a template and poka-yoke control for the subsequent pieces. 
These subsequent pieces have an informative inspection that is done by visual assessment, checking if the 
components are in the right places. After that, the pieces are placed on the shelf for assembly. 


The plates with problems are sent to a supermarket of non-conforming parts. Monthly, non-conforming 
parts are registered for control. Having identified a non-compliance at the end of the line, the process is 
also stopped and corrected, so that the other parts will not have with the same defect. Conforming parts 
are sent to the packaging sector, and then to the expedition or to the stock (Figure 1). 
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Figure 1: Flow of conforming and non-conforming parts. Source: analyzed company (2011) 


3.4 Standardization of word and strategic networks 
It is understood that the practices reflect corporate principles. Among the most interesting points, it is 
important to notice the way and the competence of the company to know how to indoctrinate and retain 
its leaders, aligned with the organization's strategic goals. In relation to the task, it was observed that the 
company has multifunctional operators, trained to perform more than one activity and to support 
colleagues in different parts of the plant. 


In relation to training and knowledge management in the company, there is a search for costs 
optimization tied to the passage of knowledge between employees. Thus, new employees receive training 
and activities are taught by a colleague with more experience. Eventually, there are workshops to update 
groups of employees. It is restricted, therefore, participation in outside activities of operators, and also 
restricted the collective training which reduces the possibilities of exchanges ideas. 


The leadership training ends up being very technical and operational, with little vision of the business 
model as a whole and comprehensive understanding of the company's strategic objectives. The goals 
pursued by the Sales Area are searched daily, but with a planning that is not always followed, as seen in 
the input demand and eventually destabilized the technical formulations. The emergency demands 
require greater strategic and tactical skills so that processes could be optimized. 


About continuous improvement it is possible to say there is an attempt to encourage participation of 
operators in the improvement of activities. The improvements can be suggested by employees, and 
documented, and if approved by the Coordination of Production and Management, they can be 
implemented. However, the formation of strong leaders capable of promoting business innovation is still 
weak, with little emphasis on lean management, and dissemination of principles and practices. This is 
reflected as one of the key points of changing necessary in the company to promote the continuity of an 
growth curve. 


In general, the Chief of Production is the person with greater knowledge and greater contacts with the 
administrative sectors of the company, responsible for disseminate knowledge in the manufacturing area. 
Her role is also to manage software and flows. Lack of lean concepts like lead time and takt time makes it 
difficult for operators to have greater autonomy. The available data are not updated as often as necessary, 
which also causes difficulties in autonomy by employees. 
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Table 3: Company’s profile and strategic networks 


General Information 
Foundation year: 1999 
Size: small to medium 
Sector: technology  
 


Market: telecommunications access products  
Main products: telephone stations and support 
services 
 


Internal networks – production processes 
Production stages related to the product: setup, 
loader, screen printer, pick and place machine, total 
inspection and pre-test, assembly area, solder, test, 
expedition 
How occurs the production shooting: Sales Area 
sends the planning of the demand forecast to 
Production Area; setups and time of machines are 
arranged according to this 


Production layout: “U” format. The production is 
pushed 


Use of tools for planning and production control: 
softwares, machines and some tables help to plan and 
control production. Takt time and lead time are not 
visible for all the operators all the time 
Work shifts: morning shift – lunch time – noon shift 


Principles related: 1, 2, 3, 4, 6, 7, 8, 13, 14 


Networks with clients 
Main clients: Brazilian corporate clients; some clients 
in Latin America, Africa, Australia and Iran 
Frequency of delivery: variable according to demand 
forecast 
Frequency of forecast: planned for three months 
(30+60+90); unusual products are produce as 
assembly-to-order 


Transport of finished products: big batches are 
preferred 
Packing of finished products: products are 
assembled and packed to order, according to demand 
forecast; for common products, the company uses 
large batches packed 


Principles evaluated: 3, 11, 14 
Networks with supplier 


Main raw material: plates, chips and electronic pieces, 
steel and copper 
Transportation of raw materials: most of the raw 
materials come in big marine containers 
Raw package: large batches 
Main suppliers: Chinese suppliers are the most 
important suppliers but there are small Brazilian 
suppliers spread in the country 


Average amount acquired: the company prefers to 
buy raw materials due to overly tight market, the 
import costs and shipping delays 
Frequency of delivery: low frequency of delivery; 
sometimes it can take more than a entire month 
Frequency of shopping forecast: it is not frequent, 
considering the shipping costs 


Principles evaluated: 3, 8,11, 14 
Networks with workers 


Knowledge management: knowledge focused in 
people only, not in processes  
Leadership education: most of the workers are not 
prepared to become leaders 
Acquisition of knowledge: empirical, based on 
experience 
Company’s structure: vertical, the processes are not 
horizontal and knowledge is barely spread 


Frequency of training: low frequency of training 
Lean principles and practices: not diffused between 
workers and coworkers 
Diffusion of strategic objectives: the workers do not 
have in mind the most important objectives and work 
in a operational mode most of the time 


Principles evaluated: 5, 6, 9, 10, 11, 12, 13, 14   
Source: analyzed company; adapted from Rother and Shook (1998); Lima and Zawislak (2003) 


4 Conclusion 
The present study sought to evaluate the implementation of lean practices in a small business from the 
Lean Management System concepts, through a case study. Overall, the key findings obtained by 
observation and in-depth interviews have shown that the company has some lean production practices 
inserted in a productive composition that is pushed and traditional (Lima & Zawislak, 2003). In such 
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context, the reality of business is not far from their peers and reflects weakness in the integration with the 
supply chain, the balancing of production and continued production. The weakness in these three 
practices also leads to weakness in the value stream mapping and continuous improvement. Practices 
such as rapid exchange of tools, visual management and leveling of production are still dubious and not 
strong enough to propel the company. 


On the other hand, there are practices that the company has implemented to improve and reduce its 
losses, such as the standardization of operations, quality control, zero defects, total productive 
maintenance and flexibility of manpower. These practices are a competitive factor for companies that are 
competing among market giants. This practices already applied can serve as a differential because there is 
the possibility of companies of this size to optimize their workforce, enabling it to multi-functionality 
linked to optimal control of processes and final product quality. 


Thus, it is important to emphasize in the case studied the contrast of resource constraints, space and time 
to analyze and implement changes. The analyzed company often chooses to learn from the experience 
and empiricism in managing its processes with strategy based on differentiation through the constant 
search for an efficient quality control and customer satisfaction – though such a strategy could mean, 
sometimes, increased production time. This represents part of the company's survival, considering the 
volatile market segment where the company is placed.  


One of the most critical points that affect a healthy process of inspection, promotes a lot of rework and 
generates various losses is the puller relationship with the Chinese suppliers chain, which are conspicuous 
by low costs but offer no guarantees of quality needed in the standard deliveries of the company. In a 
vision macro-environmental, this point affects not only the company in question, but the entire industry 
of technology in which the company is linked. In the case of SMEs, it becomes even more critical because 
it implies in some strategic crucial decisions about their inventory and their production times and delivery. 
Understanding these critical points is necessary, considering the Brazilian economic development and the 
investments of the country in technology in the last years, strengthening the capitalization of the 
technology sector as a whole – including suppliers, strategic business partners, customers and 
governments. 


In a wide view towards the subject, this work contributes to add a qualitative analysis not only in relation 
to a specific company, but also related to the difficulties and uncertainties of Brazilian small technology 
industry. Initially it was evident the lack of scientific studies in the area, as well as there are few lean 
assessment tools to SMEs. More research must still be performed to propose and consolidate lean models 
for small and medium businesses. As commented in the beginning, this is a preliminary study and it is 
planned to be continued with the assessment of losses inside small companies, belonging to the 
technology sector in Brazil.  


Besides that, other methods must be worked in this line of research, in order to eliminate subjective and 
particular aspects inherent to case studies with qualitative profile. The first steps toward the Lean 
Management System have already been taken. However, it is still needed to assume the lean system in a 
strategic way, encompassing the organization at the corporate level. Therefore, it is suggest further 
research in the area in order to make up a more complete picture of the Lean Management System in 
SMEs. 
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Abstract 


The Court System is often criticized for not performing at its best. Cases take longer than expected. Research based 


on the Theory of Constraints and logistics took place in order to overcome these difficulties. The purpose of this 


paper is to identify reasons why civil cases do not flow through the court system as expected, and to discuss ways to 


shorten lead-times in the court process. A comparative analysis of two case studies, with six court departments and a 


representative sample of 299 civil summary cases is used. Two levels of analysis are used: one considering the total 


period of time a case remains in each activity, the second considering the delays in each activity. Data is analysed 


using statistical computation. Finding show that although the judge staff and the judge are the main constrains in the 


system, others may emerge if ill managed. Recommendations to shorten lead-times are provided. 


Keywords: Theory of constraints, logistics, services, courts of law, time. 


1 Introduction 


Complaints about delays in courts of law are not something new. The Court System is often criticized for 


taking too long to produce results and demand for resources to feed the system during that period leads 


to costs higher than desired. This research started with a call for help from the Portuguese Judicial System 


wanting to reduce the period of time the cases remain in its Courts of First Instance before receiving a 


final decision. It was obvious that something was keeping the cases from flowing in the process. 


Although research on logistics applied to services processes has already started (see, for instance, 


Chesteen, 2005; Helgheim, 2005; Hanne et al., 2009), research on how to improve court system 


performance through lead time reduction is only starting (Hines et al., 2005; Martins et al., 2005; Hines et 


al., 2004; Martins et al., 2004; Martins et al., 2003; Martins, 2010) and the improvement span is wide. 


The purpose of this paper is to identify the reasons why civil cases do not flow through the court system 


as announced and expected in the Civil Code, and to discuss ways to shorten lead-times in the court 


process. Accordingly, the expected results from this paper are the application of logistics concepts in the 


court system, identification of the nodes (constraints, which in this case are activities) that keep the cases 


from flowing, and a set of recommendations to shorten lead-times. In order to achieve the expected 


results this article starts with a brief revision of literature (on logistics and constraints) and the required 


adjustments to the legal sector, and defines a set of hypothesis that will guide the discussion in order for 


the purpose to be achieved. Secondly, a sample of cases is statistically processed and the findings are 


analysed together with data collected from observation. Finally, conclusions on the hypothesis are 


produced, and limitations and topics for further research are defined. 


2 Constraints and Flows in the Court System 


The court system is a process (here defined as a set of activities linked together for the purpose of 


supplying a service) with constraints that restrain its flow and keep it from generating more value to its 


customers. This section aims at discussing what constraints are, the flows in the court system, the concept 


of value and customer in that same system, and the hypothesis to be tested. 
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2.1 Constraints and Flows 


Over 20 years ago Eliyahu Goldratt developed this “Theory of Constraints” based on the well-known 


Optimized Production Technology that became most popular through his bestselling novel “The Goal” 


(Goldradtt, 1992). Although initially focussed on industrial applications, its principles and methodology 


have been widely applied in other areas such as marketing (Kendall, 1998), strategic planning (Gupta, 


2004), health care services (Chesteen, 2005), or supply chain replenishment (Wu et al., 2010), only to name 


a few. Its basic viewpoints are that any complex system has at least one factor that is restraining its goal 


(making money), which should be the focus of the company’s effort; and a process of ongoing 


improvement, so that the flow of products is continuously increased and that goal of making money is 


continuously expanding. Nevertheless, this was not an innovative approach, as the flow management 


through constraint identification and process continuous improvement had been previously widely 


discussed, developed and applied (Ohno, 1988). 


A constraint is everything that is restraining the flow of products in the system (Chase et al., 2010). These 


constraints will turn into bottlenecks if they are in fact the ones that are preventing the system from 


generating more money. Referring to bottlenecks, Bylinsky (1983, referred by Browne et al., 1996) affirmed 


that “it is where the flow of materials being worked on narrows to a thin stream”. The way to improve 


system’s throughput is by (1) identifying the system’s constraint; (2) decide how to exploit it; (3) 


subordinate all other decisions to how the constraint will be exploited; (4) elevate the system’s constraint, 


and (5) go back to the first step if the constraint has been broken (Goldradtt, 1990). 


Theory of constraints can therefore be used to improve logistics systems since its processes are complex 


and resources always scarce. According to the Council of supply chain Management Professionals 


(cscmp.org, 2011) logistics management is “that part of supply chain management that plans, implements, 


and controls the efficient, effective forward and reverses flow and storage of goods, services and related 


information between the point of origin and the point of consumption in order to meet customers' 


requirements”, which is to say that generate value for the customer (Womack et al., 2003). Value is defined 


here according to Johansson et al. (1993, referred by Mason-Jones et al., 2000): value = quality x 


service_level / cost x lead_time. 


 


2.2 The Portuguese Court System 


The Portuguese court system presents the continental style. It is based on a set of predefined laws that 


are applied by the courts and its judges to solve conflicts. This specific court system is divided in tree main 


levels: Courts of First Instance, District Courts of Appeal and the Supreme Court. Each level acts as the 


appealing court for the decisions from the previous level. The court system is independent from 


governmental organizations and uses the police to execute its decisions. Nevertheless, it works itself with 


other organizations, but only to the extent of collecting information on the accused. 


Each court consists of several departments, each with a judge and its support assistants, here called 


“judge staff”. Judge staff receives all correspondence to and from the judge, links him to the entities 


outside the court (parties involved), and schedules the cases that are sent to the judge on a daily basis. 


As any service, moreover, as any organization, it should generate value for its customers. But what is value 


in a court system and who are its customers? First the costumers have to be identified. They are not only 


the individuals or entities involved in each specific case. “Justice” means social equilibrium so that life in 


society, as we know it, may be possible. As a consequence two levels of customers are to be identified 


regarding the court service: the several individuals or entities that submit their cases to the court, and 


society as a whole. Creating value for the customer is not only making “justice” (the quality of the decision 


produced); it is also making it on time and accurately, and therefore taking into account the service, the 


time or lead time, the quality, and costs (for the individual or entity and also for the society) of producing 


that “justice” (Martins, 2010). 
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2.3 Hypothesis 


The previous subsection allows the identification of three of the elements that interfere in the legal 


process: the judge staff, the judge, and the parties involved. Besides these, physical facilities are also 


required for formal activities such the hearings. Access to information from databases of public 


organizations is also required for details concerning the parties involved and the legal cases cannot flow 


throughout the process until that information is available. 


From the purpose and objectives previously defined, and taking into consideration the debate on 


constrains and flows, and the resources identified as potentially influencing the flow of cases, the 


following propositions are stated: 


 


• H1: The judge staff is a cause of delay in the flow of cases throughout the court process; 


• H2: The judge is a cause of delay in the flow of cases throughout the court process; 


• H3: The lack of information systems is a cause of delays in the flow of cases throughout the court 


process; 


• H4: The lack of available rooms is a cause of delay in the flow of cases throughout the court 


process; 


• H5: The parties involved in the case (author and accused) are a cause of delay in the flow of cases 


throughout the court process. 
 


Taking into consideration the structure of the legal system, with several courts of law but without allowing 


the parties to choose the court to which the legal case will be submitted, and the internal organization of 


the several courts, with different departments functioning independently to each other, a second group of 


hypothesis is suggested. These are focussed on the analysis of the influence of the performance of the 


courts and departments on the period of time it takes for a case to achieve a final decision. 


 


• H6: The court to which the case is submitted has no influence in the period of time required to give 


a case a final decision; 


• H7: The department to which the case is submitted to has no influence in the period of time 


required to give a case a final decision. 


3 Research Methodology 


The methodology is based on case study analysis due to the fact that logistics research is still in an early 


stage in this area (Eisenhardt, 1989). Taking into account the nature of the research, extra emphasis will be 


given to the framework of analysis (Yin, 1981; Strauss et all, 1990, referred by Ellram, 1996). As the 


research involves two case studies, emphasis will be given to cross-case analysis while only a brief 


summary of the individual cases is provided (Yin, 1981). This research methodology was adopted since a 


holistic and flexible research design was needed (Hakim, 1987) to deal with variety and complexity of the 


data (Hartley, 1994; Yin, 1989). The case studies are “instrumental cases” (Stake, 1989) as they are of 


secondary interest, and are only used to give understanding to more general issues. 


The research has a “decision-oriented approach” (Vafidis, 2002) as it emerges from a set of empirical 


evidence collected from two case studies (two Courts of First Instance). These have a total of six 


departments. This research aims at finding patterns from the comparison of these case studies, so that 


areas and actions for improvement may be defined, and validity of results is expanded (Ellram, 1996). 


Evidence consists on a random and representative sample (Ross, 2005) of 299 civil summary cases 


submitted to these courts between 1997 and 2002; 165 cases from case study 1 and 134 cases from case 


study 2. Case study 1 has four departments and case study 2 two departments. The quantitative data was 


enriched with qualitative data collected from observation (Yin, 1981). 
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Courts and departments are independent variables. The 28 dependent variables are the 


activities/sequence of steps a case has to go through to reach a final decision. This sequence of steps 


describes the court process (Mesquita, 2002). To these initial variables four more dependent ones were 


added to highlight the total period of time per legal subset of activities (discussion, definition and 


judgement). The data collected identifies the number of days each case remained in each activity and 


subset of activities. 


Two level of analysis were performed. The first one on the total period of time each case spends at each 


step. Here the variables were tested to identify the activities with higher levels of demand. The second 


level of analysis is performed on the delays each case registers in each activity. These delays were 


identified by comparing the legal limit with the real number of days. Here delays were analysed to identify 


those activities that show higher percentage of delay above its maximum legal duration. At both levels 


variables were tested for different patterns of behaviour according to each independent variable.  


Both parametric and non-parametic tests were performed (Maroco, 2003) as most variables did not 


confirm normal distribution even after transformation (Hill et al., 2002). Wilcoxon-Mann-Whitney tests 


(Conover, 1980) and T-tests (Ross, 2005) were used to identify differences of behaviour in the two courts 


of law. Kruskal-Wallis test (Conover, 1980) and One-way Anova (Ross, 2005) were used to show 


differences between the six analysed departments. Post hoc tests, mainly Tukey HSD, were performed to 


explore the origin of the identified differences. 


The Pareto Rule was applied to identify the most demanded and delayed activities. 


4 Case Study Findings 


This chapter aims at highlighting the findings in terms of activity classification and the similarities between 


courts and departments, when the total period of time a case spends in each activity and the delay it 


experiences are compared. 


4.1 Classification of Activities 


The types of interference/resource each activity depends on were used to identify the type of bottleneck. 


These resources were identified as “Staff”, if the activity depends on the staff that is supporting the judge; 


as “Judge”, if the activity depends on a decision or input from the judge; as “Parties”, if the duration of the 


activity depends on input from one of the parties involved, author or accused; as “Equipment”, if the 


number of days on the activity depends on the availability of a specific equipment to be used; as 


“Information System”, if the length of the activity depends on information from outside data bases. This 


classification is highlighted in figure 1 and referred as the type of bottleneck that may emerge if, in fact, 


that activity is restraining the flow. 


The number of days the judge staff has to wait to receive good quality information from government 


departments on the location of the accused was eliminated, as this activity is not included in the process 


defined by the law, showed too few observations and statistic tests could not be computed. This way no 


activities were classified as “Information System”. 


Although the process has a predefined sequence of activities, it is possible that, due to the nature of the 


case, to a decision from the judge or to absence of input data from the parties, some of those activities do 


not have to be performed and the case passes directly to the following activity. Activities with the higher 


level of demand were identified through the application of the Pareto Rule. Activities classified as “A” are 


shown in dark grey in Figure 1 and activities classified as “B” are shown in light grey. It was found that at 


least 82.3% of the analysed cases pass through “A” activities, and that activities classified as “B” serve at 


least 23.4% of the cases. Activities classified as “C” are shown in white and no more than 17,1% pass 


through each one of them. In fact 18.5 % of the activities (5 over 27) verified no cases went through them. 


The steps that show the higher level of delays were also identified. The median of delays was compared to 


the legal maximum and the percentage of delay was identified. A Pareto Rule was also used to identify the 
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activities with the highest delay. Activities with delays of 450% or more above the legal maximum (6 over 


27 activities) were classified as “A”. These activities are shown if Figure 1 written in bold. 


 


Figure 1 - Classification of activities 


4.2 Findings From the Total Period in Each Activity 


When comparing the period of time each court requires to perform each activity, some differences were 


found. The significant differences are shown in Table 1 and highlighted in Figure 1. 


 


Dependent 


variables 


found 


significant


Reception of 


a case and 


send it to a 


department


Call 


accused to 


the case


Judge 


evaluates 


quality of 


documents


Judge staff 


asks for 


document 


improvement


Judge staff 


sends case 


to judge 


(2nd)


Judge staff 


sends case 


to judge 


(3rd)


Judge staff 


send 


hearing date 


to parties


Final 


decision


Significance 


level 0,056 ** 0,003 * 0,050 ** 0,073 ** 0,035 * 0,042 * 0,030 * 0,001 *


Test
Mann-


Whitney


Mann-


Whitney


Mann-


Whitney


Mann-


Whitney


Mann-


Whitney
T-test


Mann-


Whitney


Mann-


Whitney


* - significant at level 0.05; ** - significant at level 0.08  


Table 1 - Comparison of total number of days in each activity: independent variable = Court 


 


From the findings in the previous table it is possible to affirm that the Staff and the Judge are a cause of 


differences between court behaviour in the different activities, which does not contribute to confirm H6. 
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When comparing the total period of time each department required to perform each activity, significant 


differences were also found. These are shown on Table 2 and identified in Figure 1. 


 


Dependent 


variables 


found 


significant


Call 


accused to 


the case


Accused 


replies


Judge 


evaluates 


quality of 


documents


Judge staff 


sends case 


to judge 


(2nd)


Judge staff 


informs 


parties 


(about 


judgement 


on doc 


evidence)


Judge staff 


send 


hearing date 


to parties


Hearing
Final 


decision


Significance 


level 0,056 ** 0,024 * 0,011 * 0,063 ** 0,036 * 0,019 * 0,000 * 0,002 *


Test
Kruskal-


Wallis


Kruskal-


Wallis


Kruskal-


Wallis


Kruskal-


Wallis


Kruskal-


Wallis


Kruskal-


Wallis


Kruskal-


Wallis


Kruskal-


Wallis


* - significant at level 0.05; ** - significant at level 0.08  


Table 2 - Comparison of total n. of days in each activity: independent variable = Department 


 


Post hoc tests (Tukey HSD) showed that there are no relevant differences between judge staff in terms of 


calling the accused to the case, although department 3 and department 4 show an average of 34 and 35 


days each and department 5 shows only 14 days of average; significant differences were found (for 


α=0.08) when sending the case to the judge for the second time between department 1 and departments 


5 and 6 (ρ=0.078 and ρ=0.055) with means of 203 days against 41 and 41 days respectively; significant 


differences were also identified in the activity in which judge staff informs parties about judgement on 


documentary evidence, between department 3 and departments 1 and 2 (ρ=0.037 and ρ=0.028) with 


means of 38 days against 4 and 5 days respectively; showed no significant differences for judge staff 


sending hearing date to parties although department 6 shows an average of 60 days against 5 from 


department 1. In terms of differences between judges, post hoc tests identified significant differences in 


judges, when evaluating document quality between department 1 and all others except number 4 


(ρ=0.024, ρ=0.019; ρ=0.010 and ρ=0.008 respectively) with means of 110 days against 1 from department 


3; significant differences were also found when issuing the final decision between judge from department 


1 and from department 6 (ρ=0.027) with means of 109 days against 26 days, respectively. Post hoc test 


also found significant differences in terms of accused replying (ρ=0.014) between department 4 and 5, 


with means of 50 and 36 days respectively. Finally, in terms of hearing, post hoc tests found significant 


differences between department 2 and departments 4 and 6 (ρ=0.001 and ρ=0.023), and between 


department 4 and department 1 (ρ=0.030). 


These significant differences between the different departments does contribute to confirm H7. 


In terms of department behaviour it is possible to affirm that (1) although there are different causes for 


the differences, these emerge mainly from the way the Staff is performing their tasks; (2) setting a date for 


an hearing and issuing the final sentence are also significantly different, which shows that Judge 


behaviour influences the duration of the case in those activities; (3) all departments except one accept 


replies beyond the legal limit, mainly number 4; (4) departments 5 and 6 (the two from case study 2) have 


similar behaviour, but the remaining four (from case study 1) do not show similar pattern. 


4.3 Findings From the Delays in Each Activity 


In terms of the number of days of delay in each activity, the courts show some significant differences. 


These are shown in Table 3. 
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Dependent 


variables 


found 


significant


Judge staff 


sends case 


to judge 


(2nd)


Judge staff 


informs 


parties 


(about 


judgement 


on doc 


evidence)


Judge staff 


sends case 


to judge 


(3rd)


Hearing


Total period 


of time in 


discussion


Total period 


of time in 


definition


Total period 


of time in 


court


Significance 


level 0,075 ** 0,004 * 0,014* 0,046 * 0,078 ** 0,056 ** 0,051 **


Test
Mann-


Whitney


Mann-


Whitney
T-test T-test T-test T-test


Mann-


Whitney


* - significant at level 0.05; ** - significant at level 0.08  


Table 3 - Comparison of n. of days of delay in each activity: independent variable = Court 


 


The delays in the cases, when the courts are compared, are centred in the judge staff as well as in the 


availability of rooms in where to schedule the hearing. The total period of time each case remains in the 


main subsets of activities is also different, as well as in the total process. 


When comparing the departments in terms of the number of delayed days in each activity significant 


differences emerge. These differences are shown in Table 4. 


 


Dependent 


variables 


found 


significant


Call 


accused to 


the case


Judge staff 


receives 


reply and 


sends it to 


author


Judge 


evaluates 


quality of 


documents


Judge staff 


asks for 


document's 


improvement


Jude staff 


send case to 


judge (4th)


Hearing


Total period 


of time in 


discussion


Total period 


of time in 


court


Significance 


level 0,000 * 0,070 ** 0,072 ** 0,009 * 0,066 ** 0,000 * 0,049 * 0,066 **


Test
Kruskal-


Wallis


Kruskal-


Wallis


Kruskal-


Wallis


One way 


Anova


One way 


Anova


One way 


Anova


One way 


Anova


Kruskal-


Wallis


* - significant at level 0.05; ** - significant at level 0.08  


Table 4 - Comparison of number of days of delay in each activity: independent variable = Department 


 


Post hoc Tukey HSD tests showed relevant differences between departments for judge staff in terms of 


calling the accused to the case (for α=0.1) between departments 3 and 5 (ρ=0.097) with means of 44 days 


against 15 days; no relevant differences in terms of receiving the reply and sending it to the author, 


although the average number of days for department 1 and 5 is of 75 days each against 6 days from 


department 5; no relevant differences were found between staff departments when asking for document’s 


quality improvement; and no relevant differences between departments when sending the case to the 


judge for the fourth time. In terms of judge performance, post hoc tests showed relevant differences 


between departments 2 and 4 when the judge evaluates the quality of the documents (ρ=0.050) with 


means of 10 and 243 days respectively. When analysing activities that depend on equipment/space 


availability significant differences in post hoc tests were found between departments 1 and all the other 


departments except number 2 (ρ=0.032, ρ=0.003, ρ=0.009 and ρ=0.021) when scheduling the hearing 


and between department 2 and all the others except number 1 (ρ=0.004, ρ=0.000, ρ=0.001 and ρ=0.001), 


with departments 1 and 2 showing smaller number of days of delay. 


Taking into account that departments 1 and 2 share the same court room, that there is another room that 


is shared between departments 3 and 4, and that departments 5 and 6 share the unique room in their 


court, departments 1 and 2 are identified as having a better use of their court room. 


5 Results 


From previous findings it was possible to identify why cases tend to stall during the process and hints to 


how to overcome those motives. 
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5.1 Walls in Process Flow 


From the previous findings it is possible to affirm that: 


 The most used activities and the ones where the cases tend to experience larger delays are mainly 


dependent on the judge staff, and these are also the ones where most significant differences 


between courts and departments occur showing that human resources management can lead to 


major differences in terms of the total duration of cases throughout the process; 


 The four departments from case study 1 show less similarity between them than the two 


departments from case study 2. The way the departments are globally managed has direct impact 


on department performance but no variables were available to access this consideration; 


 Judge staff emerges as the most frequent constraint in the process. It is more relevant in terms of 


those activities that involve sending the case to the judge. Nevertheless, it should also be taken 


into account the fact that the judges themselves informally ask their staff to delay some cases to a 


specific date in the future (usually the more time consuming cases are delayed to the vacation 


period). This way some delays that emerge as results of judge staff underperformance are in fact 


caused by the judge; 


 Delays attributed to parties, mainly in the reception of complaints, occur equally in both case 


studies. This finding shows a tendency from the department’s staff to accept delays from the 


parties (with direct negative impact on the total period of time the case will take to reach a final 


decision, and also on the value created to the other party). There are also different levels of 


permissiveness, which contradicts the principle of equity in justice in the several departments and 


courts; 


 Differences in setting hearings and issuing final decisions show that the way the judge schedules 


his/hers own work is not always in a way that will lead to shorter global delays; 


 The period of time a case will take to achieve a final decision depends on the court where it is 


submitted to and the department to which it is internally distributed to; 


 Judge’s staff tends to show significant differences in processing cases when sending documents 


to parties. Taking into account that tasks to be performed only involve printing a document that 


is automatically generated by the computer system and copying the document produced by the 


judge, activity scheduling and productivity (also motivation) may be found as reason for those 


delays. 


 


5.2 How to Break the Bricks 


The constraints in the court system are not only those that emerge from the structure of the process itself, 


but also the ones that result from the way activities are scheduled and resources are involved and 


motivated. Generating more value to customers requires actions/changes in the structure of the process, 


but also in the way the human resources that work in it are motivated and educated. 


Lead times in the court system could therefore be improved if the system is able to overcome its 


constraints. Actions to be taken into practice could start with: 


 


 Increasing staff competence on the scheduling of activities; 


 Increasing staff competence on using the available computer system; 


 Increasing, highlighting and recognizing judge’s staff and judge motivation and their importance 


to value creation; 
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 Increasing judge competence on the scheduling of activities; 


 Changing the way judges are evaluated - they are evaluated based only on the number of cases 


they reply to instead of considering also the level of complexity of the case; 


 Improving the way of using court room availability and learn from best practices; 


 Improving the competence of the president of the court, as significant differences occur between 


the case studies (learn from best practices); 


 Not allowing reception of documents from parties after legal limits are reached. This may be used 


to delay the case (and if it is not on purpose it should get previous acceptance from the court); 


 Sending cases from department staff to the judge according, for instance, to the number of days 


it is already waiting to receive a reply, and not arbitrarily decided by the department staff leader; 


 Identifying best practices and share them with other departments and/or courts. 


6 Conclusion 


The preceding chapters have demonstrated, through literature revision and case study analysis, that it is 


possible to approach the court system from a logistical perspective, making its products flow in the 


system in a way that will generate more value to the final consumer. It is possible to reduce time in the 


system. 


It was found that the court system analysed is not creating value as it takes longer than expected to 


produce results and, as a consequence, the costs for the system are higher than they should be (Chase et 


al, 2007). 


It was possible to confirm H1, H2 and H5, which is to say that the judge staff, the judge and the parties 


are in fact restraining the flow of cases with their behaviour. It was not possible to evaluate H3 due to 


absence of dependent variables. 


H4 was not confirmed as it was not the lack of court rooms that was identified as restraining the flow, but 


instead the way the room’s availability is scheduled.  Court rooms are therefore a bottleneck that once 


poorly managed can turn into a constraint. 


Finally, H6 and H7 were not confirmed. In fact, the opposite of these hypotheses was shown, as significant 


differences were found in terms of comparison of the total period of time of delay, both between courts 


and in terms of departments. 


Efforts to reduce the period of time the cases remain in the court system before getting a final decision 


should be focussed on increasing competences of judge staff and the judge him/herself; learn from best 


practices and good niches of performance; increase staff and judge sensibility to value creation. 


Although the conclusions are supported on quantitative data analysis and adjusted with qualitative data 


collected from observation, this research only considers two courts of law. According to Yin (1981) the low 


number of case studies in this situation does not prevent us from being able to generalise theoretical 


propositions. The methodology that was followed assures that these propositions are likely to be 


empirically valid (Eisenhardt, 1989). In fact, according to Ellram (1996), the purpose of this analysis is to 


generalise theories. 


This research is limited to one specific type of case, summary case, and does not evaluate the relation 


between independent variables. It would be interesting that, in the future, different cases with similar 


processes could be added to analysis allowing the complexity of the cases to be analysed as an 


independent variable.  
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Abstract 


The development of constructive products and processes that reduce environmental impact and lower costs has 
become a differentiating factor for Brazilian construction companies. The increase in competition, rapidly changing 
technology, reduced product lifecycles and greater knowledge and expectancy from consumers require companies to 
operate swiftly and with high levels of productivity and quality. This is dependent upon the efficiency and 
effectiveness of the company in these processes. Therefore, environmental methodologies are being created to allow 
the implementation of these strategies, and Cleaner Production is becoming increasingly successful in small, medium 
and large construction companies. This research is compiled using several cases in which Cleaner Production has been 
applied on the construction site of Brazilian construction companies, with the aim of analysing the benefits offered by 
this methodology for the development of eco-efficient products and processes, or in other words, for improving 
environmental and economic performance.  


Keywords: development of products and processes; eco-efficiency; civil construction. 


1 Introduction 
Civil construction is a sector that does not traditionally display large changes in the construction process. 
Over time, new legal demands and the competitive nature of the sector have come to represent important 
factors that must be taken into consideration when changing the practices implemented. Concern with 
material wastage, costs and the environment become important within management models for 
construction companies that aim to survive in the long-term.  


The concept of Sustainable Development is motivated by a new reality: the scarcity of natural resources 
and the difference between social classes. Civil construction activities are directly related to this new 
reality, and subsequently there is a need to minimise and control the environment impact, and also to 
adopt suitable working conditions on the construction site.  


For companies to remain competitive in the marketplace, it is important to work towards sustainable 
development. Consequently the evolution of environmental awareness is being incorporated within 
company management. The reasons justifying this statement are the search for quality of life, sources of 
financing technological innovations, competitiveness, globalisation, an increasingly aware consumer 
market, new laws, and primarily environmental accidents that represent benchmarks for changes in 
strategic business guidelines and in operational procedures. 


The reasons mentioned above reveal that unprecedented advances have been made in the evolution of 
business competitiveness. End-of-tube technology does not meet the needs of a society in search of 
sustainable development. Oliveira Filho (2001) describes how end-of-tube technology solutions do not 
solve the problem of environment loss caused by a production system. These technologies alleviate the 
effects of production systems, but without tackling the causes that produce these effects. On the other 
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hand, P+L technology proposes changes in production processes with the aim of reducing or eliminating 
all kinds of waste and pollution.  


2 Literary Review 


2.1 Sustainability in Civil Construction  
A UNEP study (2010) states that sustainability in the construction sector is not only a challenge faced at 
local level, but also on a global level, because several obstacles need to be overcome in accordance with 
the following statistics:   


 1,8 billion people will suffer from water shortages by 2025, mainly in Asia and Africa,  
 1,6 billion have no access to electrical energy, 
 Every year 2 million people die prematurely due to air pollution,  
 1 billion people currently reside in slums without water or sanitation,  
 Millions of people face the threat of flooding related to climate change.  


According to Furtado (2005), civil construction is one of the areas of greatest influence in socioeconomic 
activities, yet it plays a significant role in terms of environmental deterioration. According to the author, 
an analysis of data gathered in the United States, considered applicable to civil construction in other 
industrialised countries, reveals the following statistics: it uses 30% of raw materials, 42% of energy 
consumption, 25% of water consumption and 16% of land consumption. The sector contributes 40% of 
atmospheric emissions, 20% of liquid waste, 25% solid waste and 13% of other releases. These numbers 
demonstrate the importance of the issue and the need to search for action aimed at reducing the 
environmental impact of civil construction.  


Florim & Quelhas (2005) state that the inadequate installation and operation of housing projects (poorly 
conceived projects, lack of consideration for physical requirements, insufficient socioeconomic analysis, 
absence of mitigation measures, among other factors) have resulted in situations of environmental 
degradation in the intervention site, causing damage to the housing and creating environmental impacts 
that exceed the boundaries of the project. This leads to a reduction in the quality of life for the 
population, and awareness of how serious the situation is only increases when, with no other options 
remaining, we see the inefficiency of the preventative actions (PINTO, 1999). 


Accelerated urbanisation and the rapid densification of medium and large cities has caused several 
problems for the destination of a great volume of waste generated by construction, restoration and 
demolition of buildings and urban infrastructure activities, and this requires public administrators to 
adopt more efficient solutions for the management of these residues. 


Productive inefficiency leads to environmental and economic waste, and this directly affects the 
competitiveness of organisations and the quality of life of the human population. For the civil construction 
sector especially, a new reality emerges. This is the search for survival in an increasingly competitive and 
demanding market, where the reduction of costs through greater efficiency in the production process 
represents an important differential in the market and in terms of waste reduction.  


In Brazil, the current policies for environmental protection in the civil construction sector focus on the 
management of solid waste from works, based on the CONAMA Resolution 307/2002 (MMA, 2002), which 
consists of the correct separation, measurement, storage and destination on behalf of the party 
responsible for producing the waste, establishing the polluter pays principle. Nevertheless, meeting this 
Resolution is not a rapid process, and is one that requires costly technology. This is one of the reasons 
that underline the importance of implementing Cleaner Production methodology. 


2.2 Cleaner Production 
With the aim of reducing environmental impact and the consumption of natural resources, UNIDO (The 
United Nations Industrial Development Organization) and UNEP (The United Nations Environmental 
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Programme) created a program for spreading information about P+L policies around the world. In Brazil, 
in 1995, the National Centre for Clean Technologies (CNTL) was founded, based within the Federation of 
Industries for Rio Grande do Sul – FIERGS. In 1999, the Brazilian Network of Cleaner Production was 
formed, and has since expanded across 20 States, involving institutions such as the government, banks, 
industry and universities. This network aims to promote sustainable development in Brazilian companies, 
spreading the concept of Eco-efficiency and Cleaner Production methodology.  


According to the CNTL, “Cleaner Production is the application of an integrated technical, economic and 
environmental strategy in production processes, with the aim of increasing efficiency in the use of raw 
materials, water and energy through the non-creation, minimising or recycling of residues and emissions 
leading to environmental benefits, and gains in terms of occupational and economic health” (CNTL, 2004).   


Therefore, Cleaner Production does not represent a solution for an isolated problem, but is instead a 
lucrative tool for establishing a multidisciplinary and integrated concept. Some of the reasons leading to 
the implementation of Cleaner Production methodologies are detailed below: 


 reduce production costs,  
 improve process efficiency and product quality, thereby contributing towards industrial 


innovation and competitiveness; 
 reduce risks to workers and the community; 
 improve the company image; 


According to the CNTL (2004), the implementation of Cleaner Production techniques allows solutions to 
be found that contribute towards a definitive solution for environmental problems, because the main 
focus of this methodology is based on identifying ways of not generating residues. 


For Nascimento (2008), Cleaner Production is, above all, an economic action, because it is based on the 
fact that any residue from any productive system can only come from raw materials or production 
materials used in the process. Previously all residues were raw materials and were purchased and paid for 
as such.  


Meanwhile, the CNTL (2004) believes that Cleaner Production is not only an environmental and economic 
issue, but also a social issue, as it states that the reduction of waste generation in the production process 
often helps to solve problems related to the occupational health and safety of the workers.  


Developing Cleaner Production minimises these risks, because it identifies less toxic raw materials and 
production materials, thereby helping to improve the quality of conditions in the workplace.  


In civil construction, constructive processes can be subjected to the implementation of cleaner production 
methodology. From a starting point of environmental diagnosis, of balancing public opinion, identifying 
opportunities and studying economic viability, the project staff is in a position to offer eco-efficient 
solutions for construction products and processes.  


3 Prioritisation Criteria for Cleaner Production in the Civil Construction 
Industry  


The CNTL (2004) proposes 3 levels of application for Cleaner Production that should be used as criteria for 
the prioritisation of the opportunities for Cleaner Production identified after the diagnosis of the 
construction process.  


Level 1 – Reduction at the source 


The prioritisation of opportunities that aim to solve the problem at the source is recommended. These 
include changes both in the production process and in the product itself.  


a.1) Changes in the production process  
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This is defined as the careful use of raw materials and taking care when carrying out processes, including 
organisational changes, with the aim of standardising procedures and defining the new parameters and 
indicators. In most cases, these measures are the most economically interesting and are the easiest to 
implement.  


The prioritization of opportunities for Cleaner Production must first include an analysis of operational 
practices and look for housekeeping solutions, also known as good Cleaner Production practices. Funds 
provided for good operational practices can facilitate new investment in the company, including new 
technology.  


Table 1 presents some good Cleaner Production practices (process changes, housekeeping) and examples 
of their application in the field of civil construction. 


Table 1: Opportunities for Process Modifications and their application in civil construction  


Cleaner Production Opportunities Examples of Application in Civil Construction  
Change in the proportioning and concentration of 
products  


Use material depending on the specifications of the supplier 


Maximise the use of the production process capacity  Define indicators of ceramic residues  
Reorganise cleaning and maintenance intervals  Keep the construction site well organised  
Eliminate losses due to evaporation and leakage  Create an inspection program in the hydraulic network  
Improve logistics for purchasing, stocking and 
distributing raw material, production materials and 
products  


Define the construction site lay out, focused on reducing 
waste and environmental impact  


Create manuals for good practices operations and 
training for staff involved in the Cleaner Production 
program.  


Incorporate Cleaner Production opportunities in the 
execution procedures for work activities, for example, in the 
layout definition in Ceramic Tiling activities 


Change in the material flow, small Layout 
adjustments  


Define layout for walls to avoid damaging bricks needlessly 
in the mitres.   


Improve information system  
Implement computational tools with the aim of integrating 
departments: Works, planning and finance.  


Standardisation of operations and procedures  
Mapping processes, identifying inflows (raw material, energy 
and water) and outflows (residues, waste and emissions)  


Substitute raw materials and suppliers  
Identify eco-efficient production materials: water-based 
paintings, bricks with definitive finishing  


 


a.2) Product changes  


After the simplest opportunities have been exhausted, product changes must be identified (Table 2). 
These can improve environmental performance in activities involving production, use and availability of 
the product.  


Table 2: Opportunities for Process Modifications and their application in civil construction 


Cleaner Production Opportunities Examples of Application in Civil Construction 


Substitute the product / Change the product design  
Define the squared metres in the workplace depending on 
the dimensions of the tiling and layout  


Increase longevity  
Define specification plans taking into consideration the 
increased longevity of the raw materials used in activities 
and products. For example: types of ceramic, roof structures  


Use recyclable materials  
Use ground debris for street pavements and fills for access 
roads  


Make product return possible  
Compare the use of industrialised cement with cement 
mixed on the construction site 


Substitute product items 
Identify alternatives for the internal reuse of cement and 
lime packaging 


Change product dimensions to make better use of 
raw materials  


Better planning in order to minimise the excessive waste of 
wood when mounting and dismounting  
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a.3) Technological changes 


Changes vary from simple implementation opportunities to more complex opportunities that involve 
reducing activity execution times, reducing energy and water consumption and reducing the use of raw 
materials (Table 3).  


Table 3: Opportunities for Process Modifications and their application in civil construction 


Cleaner Production Opportunities Examples of Application in Civil Construction 


Technologies that segregate residues and waste  
Identify technologies for separating residues and waste that 
are unsuitable for reuse 


Change process parameters  
Identify sources of funding for investing in technological 
innovation for the construction process  


Completely substitute the technology  
Identify viable technologies for using solar energy and wind 
power  


 


Cleaner Production opportunities need to be analysed with the aim of lowering costs and achieving 
greater environmental benefits. Technological changes include: 


Level 2 – Internal recycling 


The residues that cannot be avoided by taking preventative measures (reduction at the source) must be 
reintegrated into the production process (Table 4).  


Table 4: Opportunities for Internal Recycling and their application in Civil Construction  


Cleaner Production Opportunities Examples of Application in Civil Construction 


Use the raw materials or products again for the 
same purpose  


Reuse wood for roofing structures  


Utilise the used the raw materials or products 
for a different purpose  


Reuse of the wood in roofing structures for shoring 
flagstones  


Reutilise the additional use of a material for a 
lesser purpose than its original use 


Reuse pieces of ceramics (cuts) for creating mosaics  


Recover intermediary compounds from the 
process or from residues in the process stages  


Reuse cement  


 


Level 3 – External recycling 


The opportunities for Cleaner Production related to external recycling must be adopted as a last resort, 
because it is not possible to guarantee suitable waste management this way. In other words, the residue 
generating company transfers the environmental problem.  


In most cases, it is more lucrative to end the product cycles within the same company, but if this is not 
possible then companies must resort to external recycling (Table 5). 


Table 5: Opportunities for External Recycling and their application in Civil Construction 


Cleaner Production Opportunities Examples of Application in Civil Construction 
External recycling of residues  Identify clients to purchase paint packaging  


 


After identifying Cleaner Production opportunities, we recommend drawing up a Continuity Plan, which is 
one of the differences of this methodology. It is essential to perform an economic viability study for each 
Cleaner Production opportunity identified, so that the project staff (phase of project development) defines 
the actions that will be implemented in the short, medium and long term, in line with the criteria listed in 
Table 6 related to investment and the environmental benefits.  
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Table 6: Prioritisation Criteria for Cleaner Production Opportunities  


Actions  Cleaner Production Concept  Investment 


Short Term 
Prevention, reducing residue generation at 
the source  


Zero or low 


Medium Term Internal recycling, reuse  Medium 
Long Term External recycling  High 


 


Based on the Continuity Plan, Cleaner Production implementation becomes an attractive proposal for 
micro and small companies, because this plan shows that the businessman will achieve economic and 
environmental gains with a low level of investment.  


4 Case Studies   


4.1 Description of Case Studies  
The CNTL, in 2007, launched the guide “Cleaner Production in Buildings”, which aims to introduce 
companies and professionals from the field of civil construction to some of the measures implemented by 
companies that have already adopted this practice, helping them in the Cleaner Production 
implementation process. Six case studies available in this guide are described as follows:  


 Case Study 1: Minimise wood wastage in the structure phase – mounting and dismounting of 
flagstones 


Description: This study aims to reduce the amount of plywood plates required for the assembly and 
dismantling of pavement flagstones.  


First of all the parameters were measured for a regular flagstone; then measured for another flagstone 
made in accordance with an engineering work project focused on optimizing the use of plates. 


Indicators: Wood and plywood consumption for form production; wood and plywood residue generation 
for total generation of wood and plywood residues; Cost of wood and plywood for production form; Cost 
with residues for form production.  


Results: 


Economic benefit: R$15.760,00 for the whole project (two towers with 14 floors each). 


Environment benefit: Reduction in wood consumption and of 20 plywood plates per flagstone, or 
720 plates for the whole project, totalling 1.344 m2 plywood plates. 


Additional benefit: Initial creation of a culture of seeking to not generate residues and continual 
improvement in processes.   


 Case Study 2: Minimise the waste of bricks in the brickwork stage 


Description: this study seeks to accompany the course of the bricks on the construction site, until they are 
positioned in the brickwork stage, seeking to minimise the amount of residue. This study has a target of 
4% of loss value, because the company considers this to be a satisfactory value. 


Indicators: Consumption of bricks for area worked; Residue generation for area worked; Cost of material 
for area worked; Cost of residue generation for production area.   


Results: 


Economic benefit: R$ 2.097,02 in relation to the amount of raw material acquired.  
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Environmental benefit: At least 27 m3 of brick residue created and that previously had to be 
transported away and disposed of. Furthermore, a reduction of 9.900 units in brick consumption, 
that also do not need transporting and storing.  


Occupational health and safety benefit: Reduction of all possible problems that might arise from 
the handling of these bricks, for example: the chance that these bricks might break and harm 
workers; the creation of dust; ergonomic damage created during transportation, etc. 


 Case Study 3: Layout benefits when applying tiles and ceramics  


Description: This study seeks to measure the importance of layout before placing ceramics and tiles in 
bathrooms. Firstly, the regulation application of tiles and ceramics in the company was measured. Then 
the layout was performed and the measurements were taken again.  


Indicators: Tile residue generation for tiled area; Tile consumption for tiled area; Costs of tile residue for 
tiled area.  


Results: 


Economic benefit: 10% reduction in the cost value for tiling.  


Environmental benefit: Reduction of 6% in the amount of tiles used. Reduction of 47% of the 
amount of residue generated. 


 Case Study 4: Assess the cost of client changes in relation to the original project  


Description: The company has a feature of personalising units in line with the will of its clients. 


The objective of this study is to quantify and assess the adaptations requested by clients, looking for 
solutions to the problem, minimising the amount of residue created and/or finding value to add to the 
unit selling price.  


Indicators: Residue generation for area built; Total raw material consumption for area built; Total cost for 
area built; Labour costs for area built.  


Results: 


Economic benefit: Reduction of 127% of the expected brickwork value. 


Environmental benefit: Reduction in solid residue generation in 5 m3 of rubble, which reduces the 
amount of residue transported and stored internally.  


 Case Study 5: Comparison between industrial and conventional cement  


Description: In the works performed by the company, cement is made conventionally, in other words, 
mixed on the construction site. The cement mixer in placed at the level the cement will be applied and the 
raw material is taken to the mixer. Then the cement mix is applied to the brickwork. 


This study aims to compare the advantages and disadvantages of the conventional process and the 
industrialised process. 


Indicators: Total consumption of materials for cement production; Cement consumption for applied area; 
Packaging residue generation for cement production; Total cost of tiling for applied area. 


Results: 


Economic benefit: Economic disadvantage of R$ 2.442,27 in relation to industrialised cement, 
taking into consideration the raw material and labour costs. However, it is possible to reduce 
costs, using a lesser plaster thickness on the wall, and increasing productivity.  


Environmental benefit: Industrial cement consumes approximately at least 15.504 kg less sand 
than cement mixed on the construction site. Consequently, the generation of industrialised 
cement cardboard packaging residue is approximately 2.5 times greater than cement mixed on 
the construction site. 
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 Case Study 6: The Optimization of the Production Process for Ceramic Floors aiming to minimise the 
residues generated  


Description: The company estimates a loss pattern (when purchasing raw materials) in the process of 
laying ceramic floors and/or noble stones, but does not directly measure the stones during the 
production phase. There is no productivity control by the contractor in charge in terms of material 
consumption or waste. 


The optimization of the global conditions in the production process, from the receipt, storage and 
transport of materials phases to the control execution stage can create subsidies for a lower consumption 
of raw materials and for managing residues produced. Additionally, the conditions of quality of the 
contractors involved can be assessed.    


Indicators: Total consumption of porcelain tiles for the floor area; Total consumption of cement paste for 
the floor area.  


Results: 


Economic benefit: Economy of approximately R$ 4.000,00 for the services performed on the work. 


Environmental benefit: Reduction of approximately 37 m2 of the porcelain tile floor through the 
streamlined purchase of the necessary materials for the execution of porcelain tile floors and the 
separation of packaging for recycling/resale. 


The environmental and economic benefits displayed are those that were recorded, but there are other 
benefits that can be attained through the use of Cleaner Production. According to Goron et al, (2009), in 
all work projects there are gains related mainly to cultural issues. The people involved genuinely begin to 
acknowledge that measuring is possible.That managing residue is possible. That having cleaner 
construction is possible. But, most importantly, the realization that adapting to the environment can 
generate profit instead of creating extra expenses.   


5 Conclusion  
Cleaner Production in civil construction is an extremely satisfactory method given the traits of the sector, 
and provides benefits on several levels, some already mentioned and others identified from the critical 
analysis of the research, namely:  


 large number of activities that allow the reduction of the environmental impact;  
 large number of suppliers that allow improvements in environmental development along the 


production chain, when opportunities related to eco-efficient materials are implemented; 
 large areas constructed that allow rainwater to be recycled;   
 large consumption of energy that encourages the search for efficient energy; 
 wide range of diversity in architectural projects, that allows the use of natural light and ventilation; 
 large volume of residues that encourages the economic development of the community in the 


project field, beginning with the sale of recyclable residues, setting up a policy of social 
responsibility; 


 large range of equipment that helps to reduce noise and dust emissions, preventing problems 
with the surrounding area during works, improving the image of the constructor;  


 large number of materials with toxic components that means worker health and safety risks can 
be reduced or eliminated; 


 wide range of activities that place the worker at risk, thus allowing the number of accidents to be 
reduced; 


 large number of contactors that allow product quality to be improved;   
 fairly unskilled labour force, thus allowing changes in worker behaviour, creating professionals 


who are more concerned with the environment and the cost of carrying out activities. 
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Success in the application of this methodology is conditioned by constant training of the labour force and 
the search for behavioural changes, because activities in the construction sites are temporary, and the 
outputs of the constructive process (residues, waste and emissions) persist in the long run. The Continuity 
Plan allows the permanent implementation of Cleaner Production across the diverse activities on the 
construction site, without damaging the constructor, and this allows the formation of a workforce that is 
better prepared for the demands of the new market. With the knowledge acquired from participation in a 
Cleaner Production project, employees become more responsible citizens, as well as fulfilling their 
potential in terms of professional growth and development. 


This means that it is not enough to simply invest in machines and equipment when changing processes 
and products. It is also necessary to invest in managerial techniques, in planning and in training, taking 
into consideration that the employees themselves create better procedures, technological innovations 
and make companies more responsible and more competitive.  
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Abstract 


This paper presents a Lean project developed in an electronics components assembly company throughout an 


Industrial Management and Engineering (IME) master thesis. Since a few years ago that the company involved is in a 


Lean journey, implementing Lean projects in a gradual process through all the company. In this case, the Lean project 


was the implementation of a Pull system using a FIFO lane between a PCB assembly line and the heat boilers 


controllers’ final assembly cells. For that, it was necessary to solve problems about lack of synchronism between 


different systems, visual management and high changeover time through Lean production tools. The main results 


obtained were not schedule changes reduction (20%) in a bottleneck workstation. Consequently, there was a 


deviation decrease and the stability of the cycle time. This reflected on decrease of 40% of the standard deviation in 


relation of cycle time. After FIFO lane application was obtained 60% return of space and reduction of the work in 


process.  


 


Keywords: Lean Production, Pull System, Synchronism 


1. Introduction 


Nowadays, with economical crisis, the companies must reduce their costs to continue competitive. 


Eliminate the activities that do not add value, produce only what the costumer want and more efficient 


processes could be the solution to reduce costs. However, it continues being necessary to answer 


requirements of costumers: quality of products, delivery time and competitive prices.  


These concepts are integrated in Lean Production model (Womack et al., 1990). This production model 


has many benefits and principles (Womack & Jones, 1996) and many companies has been adopting them. 


This model of production had his roots in the Toyota company that developed the Toyota Production 


System (Monden, 1998). 


The company where this project was developed is adopting Lean principles and tools, since a few years 


ago. Some projects already implemented were the SMED tool (Costa et al., 2008), the reconfiguration of 


the assembly lines in assembly cells (Cardoso et al., 2008; Oliveira & Alves, 2009), the Pull system and 


kanban tool (Afonso and Alves, 2009) in others sections of the company and so on.  


The project objective described in this paper was the implementation of the Pull system with an approach 


of a FIFO lane (Rother & Shook, 1999) between printed circuit boards (PCB) assembly lines and the heat 


boilers controllers’ final assembly cells. With pull system, the company intended to solve problems related 


with the lack of synchronism between the assembly lines and the final assembly cells that assembles the 


boiler controllers. This lack of synchronism provoked cells stopping because of the lack of boards or 


overproduction near the cells because of too stock (Work in Process - WIP) accumulated between two 


processes. These problems happens when the output of a cell becomes the input of another, so, it is 


essential create synchronism and supply continuous flow of boards to avoid these problems. In addition, 


it’s important to have efficient processes, without wastes and quicker response to customer requirements.  
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The methodology used to develop the project was the action research (Susman, 1983; Gilmore et al., 


1986), where the researcher was involved in the real life of the company, participating and interacting in 


the processes. This methodology involves a five step cyclical process: diagnosing, action planning, taking 


action, evaluating and specifying learning. 


2. Pull System in Lean Production 


Lean Production (LP) was the production model adopted by the Toyota Company to go beyond the mass 


production paradigm implemented by Henry Ford. After the Second Great World War, Toyota company 


recognized its incapacity, by one side, in pursuit the mass production because of the lack of resources 


and, by other side, the unneeded of a system like the Ford system because of their market demand 


dimension. In this context, Lean means waste elimination that exists in any company, this mean 


consequently reducing costs too. “Doing more with less” is the key idea of LP and means fewer resources, 


less space, less stock, less variation and keeps customer satisfaction. So, this suggest the right part, in the 


right quantity, at the right time. 


Waste elimination can be done through specific Lean tools and the companys can win competitive 


advantage because they can produce more with fewer resources and have more reliable time delivery 


(Paez et al., 2004; Amir et al., 2010). This involves continuous improvement, waste elimination, production 


oriented to customer satisfaction, mistakes prevention practices (Poka-Yoke) and pull system (Liker, 2004) 


among others. The success of this model have mainly based in methods and tools that was developed by 


Toyota sustaining on Just-In-Time (JIT) and Jidoka pillars (Figure 1) (Womack et al., 1990; Liker, 2004). 


 


Figure 1 – TPS house (Liker & Morgan, 2006) 


The JIT pillar most important concept is, mainly, the Pull system. This system assumes that each process 


inside the company is a customer, therefore it should receive parts (material, final product, assembly parts 


and others) in the right quantity and at required time (Liker, 2004). This system allows reducing stocks of 


final product and WIP because it only produces the quantity required. Production is pulled from the 


customer and production orders are released into the production when the customer wants. The 


coordination of production and internal logistics between different processes is very important with pull 


system to prevent the break or over parts/components (Monden, 1998).  


One of more known pull system mechanism is the Toyota Kanban System (TKS). TKS is a replacing 


consumption mechanism that uses a signal, commonly a card. When material is consumed from a 


supermarket by an upstream process, the downstream process can start production of the same product 


that was consumed. Order of production is given by kanban that is send to the downstream process. 


There is a rule to calculate the number of kanbans in the system that is the maximum of material allowed 


in the system (Fernandes & Silva, 2006; Liker & Morgan, 2006). 


Another mechanism that supports a Pull system is the CONstant WIP (CONWIP). This mechanism allows a 


mix of products, in contrast with TKS, limiting a quantity of each product. This mechanism controls WIP 


because when it achieves an established limit, the next order of production can only be realised when the 
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present work finished. In addition, it limits workload of the system, i.e., the jobs only can be released if it 


was reserved capacity previously. This mechanism, also, could use cards, however the CONWIP cards are 


not allocated a specified part (Fernandes, 2007). 


Rother & Shook (1999) presented an approach to CONWIP that thye called FIFO lane. FIFO lane means a 


specific quantity of inventory located between supply process and customer process. This quantity is 


limited by a maximum that when reached this stops production of the supply process until customer 


process consumes material (Figure 2). The maximum is a way to control the WIP because when it is achive 


the production of that product has to stop. 


 


Figure 2 – FIFO lane representation (Rother & Shook, 1999) 


In contrast with supermarket associated to Kanban System that has specific products in each position, 


FIFO lane has a total quantity of the supplying process, not being specific of a product (Overbeek, 2008). 


3. Company products and problem description  


This study was done in an electronics components company. Its main product had been car radios but 


since a few years ago that has enter in another business areas like heat boilers controllers and navigation 


systems, supplying others companies of the same owner.  


The project developed was in the heat boiler controllers assembly lines. These assembly lines needed to 


improve efficient metrics and synchronism between the different subsystems: the PCB assembly lines and 


the final assembly cells which final product was the product of the Figure 3. 


 


Figure 3 - Heat boiler controller 


3.1. Characterization of heat boilers controllers assembly lines and cells 


The area studied was composed by one manual assembly line and five final assembly cells oriented by 


family (Figure 4). The manual assembly line (blue rectangular in Figure 4) supplied the final cells (one 


purple, three green and one orange square). All cells were different and produced different products 


family, distinguished by the different colour of the arrow (representing the material flow). 
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Figure 4 – Line and assembly cells layout and material flow 


In the manual assembly line were inserted components in the PCB by female operators. The main 


components supplied were PCB and electronic components that were supplied by a milkrun. In the 


assembly line worked 9 operators, being mostly in the manual assemblies. They worked at three shifts 


(1286 minutes). The assembly line was split in three zones (Figure 5): manual assemblies (pink area), 


conveyor (blue area) and end of line (green area). 


 


a)     ………………b)                 c) 


Figure 5 – Assembly line zones: a) manual assemblies; b) conveyor c) end of line 


The manual assemblies had three branches according the product family (eight families) with different 


needs of components. The PCB enters in this zone with the aspect of the Figure 6a). The conveyor was the 


zone of the assembly line where all PCB converge from the three manual assemblies. There was an 


operator at the beginning of conveyor that took the PCB and put it in a specific frame box. This frame box 


was essential to pass in welding machine because it was the support of the PCB. There were different 


types of frame box to each different PCB. This frame box circulated into the conveyor and then returned 


at the beginning. The frame boxes that were not being used were saved in a trolley. 


The end of line was composed by a control test and a milling machine. After that, the PCB was completed 


and appears with the aspect of the Figure 6b) and put on a container. Usually, each container has 12 PCB. 


When it completed, the container was sent to the stock shelves. If it had not stock, the container is directly 


send to final cells. 


 


                    a)…………………….b) 


Figure 6- PCB: a) before the manual assembly line; b) after manual assembly line 
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3.2. Critical analysis  


This section presents the critical analysis done to identify the problems in the assembly line. Initially, was 


done an ABC analyses in relation to quantity (P-Q analysis) because there was many different types of 


products to assembly in the line. It was essential to know which products were more important in daily 


production. Customers that buy a high quantity represent more sales and more profit to company 


therefore, these products must be the priority. The results of the P-Q analysis gave two A products: 


Heatronic and Regler. 


After this, it was made a Value Stream Mapping (VSM) for one of the A ‘products: the Heatronic. VSM is a 


good tool to represent the materials and information flow and help to identify activities that do not add 


value to the value stream. The Figure 7 shows the VSM for Heatronic family. With this tool was possible to 


verify pushed flows, many stocks in the end of the assembly manual and that the line was not levelled. 


The ratio between value added and lead time was 0,24%, a value very low and there was many 


improvement opportunities.  


 


 


Figure 7 – VSM of the Heatronic family 


3.2.1. Capacity analysis 


An analysis done in this phase was the line capacity analysis to verify if the line had capacity to produce 


the weekly plan made by logistics department. Collecting some data like planned operation time of the 


line, quantities required, and line cycle time (CT), allowed calculate the line capacity. Then CT value was 


compared with customer takt time (TT). Therefore, the line CT was superior to the TT, unviable the planed 


quantity, so line had not capacity for 16% of planed quantity. 


3.2.2. OEE analysis 


Other metric calculated was Overall Equipment Effectiveness (OEE). OEE involves the calculation of 3 


parameters (available, quality and velocity) but in this case only was measure with available parameter:  


 


,(1) 


Because there was not enough information to calculate velocity and quality parameters. 


The conclusion of this calculation was that assembly line had low level of effectiveness. OEE was 80% 


(considering only the available parameter), means that in 20% of time was not productive. It was possible 


conclude that the line did not have capacity nor effectiveness. 
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3.2.3. Assembly line stops 


During analyses of line, it was verified many stops of the line and it was necessary to understand the 


causes for this. This was made through a sheet created for the operator register the causes (why and how 


long the pause). This was done during two weeks. After this, it was produced a cause and effect diagram 


with all registered causes (Figure 8). 


Stops  in


 Manual Assembly


MaterialsMachines


Method Environment


Human


Breakdowns


Full Line


Set ups


Meetings


Fails in Aoi


Lack of synchronism


Set ups not planned


Variety of products


Dificulties to


 manege plan


 


Figure 8 – Cause and effect diagram for stop manual assembly line  


The conclusion was that line stop more times (corresponds 76% of stopping) because line was full of WIP 


due to have a critical workstation (bottleneck). This workstation was in the beginning of the conveyor and 


had always WIP. This workstation had a high CT. So, line stopped around 30 minutes per shift due to 


being full. 


3.2.4. Bottleneck analyses 


To have synchronism between manual assembly line and final assembly cells was essential stability in 


processes and minimizing fluctuation of bottleneck process. The bottleneck workstation identified in the 


previous section took PCB from conveyor to frame boxes (red circle in Figure 9). 


 


Figure 9 - Bottleneck workstation 


Different PCB corresponds to different frame boxes. When each branch of manual assembly had a type of 


product change, all of frame boxes correspondent to before product had to take off from conveyor 


welding. This occurred a lot of times per shift and it was not planned. This workstation had other problem 


that was absent of standards and systematic. Operator had not a standard to put frame boxes in the 


welding conveyor and a defined sequence to put the frames boxes to circulate in conveyor. Many times 


the product did not match the frame box and operator had to take this off (Figure 10). This happened 


because manual assemblies’ production was not synchronized with welding conveyor. 


 


Figure 10 – Mismatch between manual assembly and welding conveyor 


Unscheduled changes were a problem because operator wasted time in removing the wrong frame, 


increased CT and instability. If CT increases, planned CT will not be what was hoped, therefore line 


capacity decreased. It was measured the bottleneck CT during a week (Figure 11) showing the instability 


of this value. This is due to deviations like the unplanned changes of frames boxes.  
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Figure 11 – CT (in seconds) during 5 days 


Each time a product change was made, system only stabilized after 10 minutes. 


3.2.5. Summary of problems identified 


The most important problems found were:  


 production planned was not fulfilment (missing 16% for fulfilment) 


 OEE is 80% (20% lost) 


 Final assembly cells without PCBs due to synchronism absent between two processes 


 High WIP in the branches of manual assemblies and in the end of line 


 Absent of standards in workstations 


 Overstock in the final manual assembly without identification and wrongly allocated 


 Make to stock for the following shifts 


 Work tools and trolleys without identification 


4. Proposals Presentation 


This section presents some proposals proposed for the problems identified. Through value stream design 


(VSD) was draw a process more lean with less wastes. 


 


Figure 12 – VSD for Heatronic family 


Such proposals were mainly, the implementation of a Pull system between the assembly lines and the final 


assembly cells. For achieving this was necessary first solve the problem of the sequence absent of frames 


box. So, was defined a sequence for matching the PCB with the frames box, reducing in this way the CT of 
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the bottleneck. Additionally, was necessary to implement the Lean tools more basic like 5S, visual 


management and work standards.  


4.1. Frames boxes sequencing and synchronism 


To create synchronism between the manual assembly and welding conveyor was defined a frames boxes 


sequence. The frames boxes sequencing implied a five steps procedure: 1) calculate the total number of 


frames boxes in conveyor; 2) convert the quantities need in assembly line according the final assembly; 3) 


calculate the CT; 4) define the frames boxes number for each product family; and 5) create the frames 


boxes sequences for the different work shifts. 


The application of this procedure gave a frames box sequence for each shift, being the figure 12 the 


sequence for the first two hours of the first shift.  


 


 


Figure 13 - Frames boxes sequence for the first two hours of the first shift 


In order to maintain these sequences was necessary implement some standards in the workstations and 


discipline using the 5S and visual management. 


4.2. Work standards 


For the sequences created was formulated a document, put on the bottleneck workstation to consult 


when had some doubts. In this document was information about the frames boxes quantity of each 


product family for the sequence and the position and identification in each frame. 


 


Figure 14 – Quantity of frames for each product 


4.3. 5S’s and visual management 


5S was implemented in the trolley where the frame boxes are saved because there wasn’t specific place to 


save each frame box and trolleys were always messy. This part of the line was the most critical in relation 


to 5S tools. The workers waste a lot of time to find a frame box that they wanted. 


First, it chooses only the necessary frame boxes of the each product. All frame boxes that were not 


necessary were taking off of the line. After this, all frame boxes were numbered with number about the 


product and in the trolley had a place with correspondent number. It was more easy and quick to worker 


and to smooth the changing of products. 


This part of the line was the most critical in relation to 5S tools.  


4.4. FIFO lane 


The definition of the FIFO Lane was dependent on the quantity consumed in the final assembly and 


manual assembly and it is achieved only with stability created by systematic of frames. Final assembly is 


an internal costumer of manual assembly and this will only produce when final assembly requires. 


Therefore the final assembly pulls the production. It is important to remember that the creation of a FIFO 


Lane was necessary because the line must produce other products and it was necessary having some 
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stock between the two processes to avoid line stops. The calculation of PCB need between processes was 


made through the next equations and table 1 present the results of calculations. 


 (2) 


 


 (3) 


 (4) 


 


Table 1 – Quantity of products in FIFO line 


Products Equation 2 Equation 3 Equation 4 


Riboard 86 55,7 5 


Regler 130,9 51,5 5 


CAE N/A N/A 5 


Nefit 408,2 270,6 11 


RVC N/A N/A 6 


IXM 389 75 4 


Trim-Mid N/A N/A 23 × 2 


The space for FIFO lane was dimensioned and is presented in Figure 15. 


 


 


Figure 15 – FIFO lane  


5. Results presentation and discussion 


The most important result of this work was the stability of bottleneck process. The cycle time became 


more stable and changes of frames were decreased. Figure 16 shows the cycle time stability before and 


after implementation. 
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Figure 16 –Cycle time a) before implementation b) after implementation 


However, other improvements were very important and the gains are presented in Table 2. 


Table 2 – Resume of improvements 


 
Before  After  Gain (%)  Gain (€)  


CT bottleneck (sec)  Variable  20,4 sec  - - 


Standard deviation (in 


relation to planned CT)  
24,07 14,38 40 6840 


Space (m2)  9,86 3,82 61 731 


OEE (%)  80 90 10 5320 


Change over time (min)  10 2 80 1920 


Change over time not 


planned  
21% 1% 20 - 


WIP max (containers)  216 72 67 - 


Fulfilment  16% 8% 50 1960 


Lead Time (days)  4,03 3,92 3 (2h)  4800 


Distance(m)  40 25 37,5 - 


Transport time (sec)  80 50 37,5 - 


  21.771 


Example: 10% Gain in OEE represents 45minutes of production, which represents 131 products  


6. Conclusion 


The main objective of this dissertation was to implement a Pull system between PCB manual assembly line 


and final assembly cells of boiler controllers to create synchronization between the two subsystems and 


obtain a continuous PCB supply. To achieve this goal was necessary understand which were the problems 


and weaknesses of the production system. Thus, after careful observation of what was going on line and 


analyzed the information existent, it was developed a critical analysis of the line, using some tools Lean. 


An important tool to recognize opportunities for improvement in line was the VSM that was also allowed 


to better understand the processes and material flow in the line. Thereafter, this analysis permitted 


conclude that the level of WIP in the line was one of the problems. Other problem was a critical 


workstation that limited the whole process, the bottleneck. 


The technique FIFO Lane was reviewed and developed to synchronize two processes that were not 


physically connected. The creation of the FIFO Lane involved calculation of a maximum stock level that 


limits the amount of production, that is, when it reaches the limit, production will stop producing the 


product in question. The creation of this reduces the stock between the two processes, necessarily 


reducing the space occupied. 
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The waste reduction was achieved through various techniques: 5S and visual management. Of the seven 


wastes,, the most significant in terms of reducing waiting times were unnecessary movement and that 


directly affecting the efficiency of the line. The time gained in this affected the time available to produce, 


thereby increasing the OEE 10%. 


Finally, it was possible to conclude that the technique FIFO Lane is suitable for connecting processes 


which cycle times are approximate. In this case, the technique has proved successful in spite of some 


processes had different cycle times and a lot of instability.  
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Abstract 


This paper presents a reliability model for an electronic product using warranty data. Warranty data are obtained 


through customer complaints about flaws in products within the warranty period. There are some inherent difficulties 


in using warranty data to estimate the reliability of products, such as lack of failure data within the warranty period, 


the presence of high censored data and the presence of more than one failure mode acting on the same component. 


Thus, early and wear-out failures can exist together in the same product, hindering the association of a probability 


distribution to collected field data. Yet it is difficult to observe failures due to wear within the warranty period, since 


this failure mode occurs late in the product life cycle. We gather opinion from the experts as an attempt to retrieve 


the failure to wear information that occurs after the warranty period. Thus, this paper presents two sources of 


information for reliability modeling, the first one consists in the failure data collected in the field within the warranty 


period to model the early failure modes, the second one consists in the opinion of experts on wear-out failure to 


retrieve the information for the post-warranty period, so a more realistic modeling of product reliability became 


possible. In this paper, a real numerical example is conducted to illustrate the difficulties of working with warranty 


data and it is proposed a solution to the reliability modeling of an electronic product. The methodology used is an 


axiomatic descriptive modeling type that proved to be successful in this kind of problem. As a result, this paper 


presents the parameters estimation for the probability distribution that fits the data analyzed.  


Keywords: Warranty Data, Customer Complaints, Failure Modes 


1 Introduction 


The reliability study has gained importance due to the increasing need to have products that meet 


customer quality requirements. Customers require assurances that the product purchased will not fail and 


it will meet your expectations for a certain period of time.  


Companies are increasingly offering extended warranties to its customers as a way to convince them that 


the product purchased will meet your expectations. However, a longer warranty period means an 


increased cost and a decreased profit for companies.  


Thus, the development of a reliable product that will not easily fail when exposed to the use has become a 


competitive factor for most companies. In an attempt to determine the product´s reliability some 


companies maintain a structured failure related database. Such failures can be studied and can generate 


knowledge for increase products reliability in the future. The determination of product´s failure profile 


however, is not easy.  


The correct failure registration assumes that any failure is reported and recorded by the supplier, which 


does not occur mostly, in practice. Customers tend to fail in communicate product´s failure to the supplier 


when the products are no longer within the warranty period. This way, there is a lack of reliable 


information to determine product reliability beyond this period.  



mailto:gustavo.efei@gmail.com

mailto:4058@unifei.edu.br

mailto:ppbalestrassi@gmail.com





 


ICIEOM 2012 - Guimarães, Portugal 


ID32.2 


Because of this, many companies use only the data collected within the warranty period but to determine 


the product´s reliability using only warranty data has some limitations. First, a very small percentage of 


products fail in the first year of the lifecycle. These failures are usually due to mounting process and 


generally do not represent the total product´s failure profile.  


Warranty data generally do not consider failures due to component wear. These failures usually occur in 


another phase of the product´s lifecycle and are not represented in the data collected under warranty. The 


presence of more than one failure mode acting in a same product is frequent and the predominant failure 


mode often depends on product´s lifecycle phase.  


The determination of failure´s profile becomes unreliable due to the high censorship of the data. As a way 


to retrieve the information lost in the post warranty period, expert´s  opinion on product failures are used. 


Thus, determining the failure´s profile will no longer use only one source of information, but two: failure 


data observed in warranty period and failure data generated by expert opinion. The combination of these 


two general information may generate a more reliable failure profile for the product under study.  


To model the reliability data in this paper, the axiomatic descriptive modeling type proposed by Bertrand 


and Fransoo (2002) was used. In this method, the focus is on the modeling phase itself not worrying too 


much in the model solving and the implementation of the solution. The paper finishes in the moment that 


a good and fitting model is found.   


This article aims to extensively discuss the difficulties of working with warranty data and propose a 


solution for determining the total product´s failure profile based on the use of expert´s opinion. 


2 Literature Review 


The reliability study is relatively recent, but has gained importance over the past fifty years. The issue 


found its way both in the equipment´s maintenance in an attempt to prevent undesirable gaps in the 


production process, and in the product´s failure prevention, reducing customer dissatisfaction and 


possible losses that it creates. 


When it comes to the application of reliability in equipment, we can emphasize the practice of Reliability 


Centered Maintenance (RCM) which basically consists of an analysis of potential failures of components 


followed by a quantitative analysis of the failure´s risks in each component. (SELVIK e AVEN, 2011).  


In an equipment structure, many components are considered critical and require more attention because 


they suffer the action of wear over time. An alternative to study the reliability of these components is to 


use degradation methods. Freitas, Toledo, Colosimo and Pires (2009) claim that degradation experiments 


aim to investigate the mean lifetime and thus predict the reliability of components that generally do not 


fail in accelerated life tests.  


The use of degradation data to predict reliability has several advantages over the use of traditional failure 


data as it allows reliability analysis of very robust systems, where failures occur rarely, and in cases where a 


high time to failure would be a limitation in a tradition failure data analysis (MEEKER, DOGANAKSOY and 


HAHN, 2001).  


Obviously, is not always possible make use of degradation data. In Products, processes or equipment 


where the failure is instantaneous, the wear data tend not to be significant for prediction of system 


reliability. In those cases where the cause of failure is usually an external cause, as a condition of strain or 
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stress over which the equipment is designed, one should make use of traditional data failed to reach any 


conclusion about the reliability system  


Several researchers (TORRES e RUIZ, 2007; ZHOU, XI, e LEE, 2007; JOSEPH e YU, 2006) have worked in the 


reliability study based on degradation data. 


When it comes to products, the study of reliability can be divided into studies aimed at developing and 


launching new products or for warranty data analysis for products that are already consolidated in their 


respective niches. The challenge of the product development process is to determine the reliability of the 


product before it is released to the market. In many cases, where a product failure threatens human´s 


lives, this aspect is mandatory.  


According to Yadav et al. (2003) there are several sources to access product´s reliability during its 


development phase. Information from experiments, robustness tests, analysis of failure modes and even 


experts opinions should be considered to improve the under development product´s reliability. The same 


author points out that traditional models to reliability prediction are not flexible enough to integrate the 


different information sources.  


As an alternative solution to determine the reliability of the product in the early stages of its development 


Lindley (2000) proposes a theory of subjective probability analysis to handle data that can often be vague 


in the early stages of development. Yadav et al. (2003) propose the use of fuzzy logic as a solution for the 


problem.  


In the lasts stages of the development process, the information becomes less subjective, and exists in 


greater quantity. When the product is fully designed, arises the opportunity to conduct tests in the 


product before releasing it effectively in the market.  


Fard and Li (2009) and Hussain and Murthy (2003) studied the modeling of product´s reliability based on 


accelerated life tests, performed before its release. Fard and Li (2009) state that the main objective of the 


accelerated life tests is to accelerate the time to failure of a product making it possible to predict, before 


the market launch, the warranty period which minimizes costs and optimizes customer satisfaction.  


While maintaining that the best time to improve the product´s reliability is in its development phase, due 


to high costs of working a product that is already on the market, Cui and Khan (2008) proposed a method 


to study and estimate the reliability after product launch. In the same direction, Ion et al. (2007) and 


Thomas and Richard (2006) propose the analysis of warranty data for modeling reliability.  


Warranty data is, in fact, failure data from products that are still on the warranty period. Product´s 


reliability, therefore, can be obtained through the number of failures during a predetermined period of 


time. Field data are mainly generated from technical assistance´s reports of products under warranty. The 


reliability of data collection depends largely on the assumption that the vast majority of clients injured by 


a product failure trigger the technical assistance sector. This behavior, however, is usually observed only 


for products that are within the warranty period.  


Marcorin and Abackerli (2006) present a pack of difficulties in working with field data using traditional 


reliability models. According to these authors, field data are highly censored turning the data volume 


often insufficient for an appropriate analysis. The same authors propose the use of bootstrap resampling 


method to minimize these problems and generate, from a small set of data, sufficient data for analysis.  


In an extreme situation, with the occurrence of zero defects during the warranty period becomes 


impossible to use a resampling method. For these cases, Jiang et al. (2010) presents a modified maximum 


likelihood method adapted to reliability without the use of failure data.  
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Another positive aspect of using the resampling method is the fact that, after resampling, the data can be 


considered normal, facilitating the adequacy of the mathematical model to the data (MARCORIN & 


ABACKERLI, 2006).   


Often, for field data, it is impossible to determine a probability distribution that really fits the data. Failure 


data may follow different probability distributions, the most common in reliability are the weibull 


distribution, the lognormal, gamma and exponential. The identification of the probability distribution that 


fits the field data is important because it is through it that one can extrapolate the data and make 


predictions about the behavior of the product´s reliability. 


There are parametric and non-parametric distributions. The basic difference between them is that the first 


requires you to assume a specific distribution, e.g, Weibull, for the estimation of parameters. The second 


does not require this assumption, and is most suitable when you do not know or is not possible to 


identify the prior distribution.  


Besides the data volume limitation, there is a second limitation that may prevent or hinder assertive 


conclusions about the data. Often there are gaps in the systematic collection of data which often 


generates reports with missing data. A classic example is the lack of time to failure in some reports. 


The time to failure (TTF) can be defined as the difference between the instant of failure occurrence and 


time in which the product went into operation. Coit and Jin (2000) propose a model to estimate 


distribution´s parameters where there are missing data.  


The use of field data though, has benefits that are worth mentioning. In laboratory tests they usually try to 


simulate some product´s operational conditions In even the most accurate of the laboratories there is 


always an error that involves the difference between the actual conditions with the simulated conditions.  


Moreover, when controlling the conditions within laboratories, it is possible to determine the influence of 


a particular factor over product´s TTF. Under real conditions, what happens is the presence of several 


failure modes (caused by variation of several factors simultaneously) that follow different probability 


distributions. In most studies involving field data, the assumption made is that there is only one mode of 


failure or that the distributions of all failure modes are the same, which is not always consistent with 


reality.  


Rand and Linn (2010) presented a study that proves the difference in results when it mistakenly assumes a 


single failure mode. The authors state that the assumption that field data follows a single distribution with 


a single failure mode should not be done. Santos (2008) applies a model to predict the reliability 


considering three failure modes.  


What happens when using warranty data is that the short period of analysis does not allow the occurrence 


of the main failure modes that include, for example, component wear. Wear, in mechanical components, 


or in products where the main failure mode is fatigue of the components are only observed after a few 


years in the product´s lifecycle, in its final stage where the failure rate tends to grow. Then, how to model 


the product´s reliability using only warranty data? It would be a reliability estimation that would not 


include at least one of the principal failure modes leading to a mistaken estimation of product´s reliability.  


Santos (2008), presents an alternative solution to access the information of failure due wear which is not 


evident during the warranty period. The author combines the information obtained during the warranty 


period with information collected from experts through a directed questionnaire.  


Table 1 lists the main authors discussed in this section and where these authors are applying the concepts 


of reliability.  
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Table 1 –  Main authors cited in this paper 


 


3 Proposed Model 


The model proposed by Santos (2008) has the main purpose to overcome some of the difficulties 


presented in section 2 about the use of warranty data for modeling product´s reliability. The various 


failure modes are considered concurrent and, therefore, the mathematical formulation becomes complex 


and creates the necessity to adopt several assumptions. In this article the failure modes are considered 


independent, which limit the model presented here.  


4 - Follow up experiment 


An electronics company produced 648 pieces in 2010. Each of the products was followed during the 


period of one year that represents the warranty period provided by the company. Table 2 shows the 


failure data, in weeks, observed during the warranty period for the studied product. 


 


 


Table 2 – Warranty Period Failure Data (weeks) 


The modeling such data is quite simple and may be conducted through any statistic software. In this 


article it is used the software Minitab to conduct statistical analysis of warranty data. Can be observed that 


only 5% of products failed within 1 year., 33 products in a total of 648 produced.  


The graph 1 presented below shows the failure distribution in time. There is a higher failure occurrence in 


the first weeks of product´s use with relative reduction of failure occurrence as time advances. This 
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distribution is characteristic in electronic products in which assembly failures are easily evidenced in early 


stages of product´s lifecycle, especially in products where the Burn-in test is not accomplished.  


For this type of failure in electronic products, an exponential distribution can usually be fitted in warranty 


data. An adherence test was conducted for the exponential distribution with parameter lambda equal to 


0.059, which leads us to a mean time to failure of 16.8 weeks as seen in graph 2. An hypothesis test was 


conducted as well to test the hypothesis that the data actually follows the chosen exponential distribution, 


the P-value for this test was higher than 0.25 which brings us to accept the assumption that the 


distribution is truly exponential with the parameter found.  


Many reliability analysis admit the distribution found by the warranty data analyses as the model that 


describes product´s failure profile within all its lifecycle. Most often, it is not true, because once the 


product is not within the warranty period, other failure modes appear and modify the ideal model for the 


data set.  
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Graph 1 – Warranty Period Failure Histogram  


In other words, one can ensure that the exponential distribution found is the best model to describe 


warranty data, which represent only 5% of total products, but not contains the data information outside 


that period, approximately 95 %, ignoring the failure modes of wear. Therefore, after the warranty period, 


it is necessary to determine other model to describe the product´s behavior. The problem is that in most 


cases the failure data outside the warranty period are not reliable. To solve this problem is proposed the 


use of expert opinion to model failures after the warranty period.  
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Graph 2 – Exponencial Fitting 
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Experts are trained technical staff, who has deep knowledge about the studied product. The data 


collection methodology used was a direct questionnaire given to ten experts. The applied questionnaire is 


rather extensive and can be found in Santos (2008). The mean responses obtained by the experts about 


the cumulative percentage of failures are presented in table 3.  


 


Table 3 – Accumulated Failure from Experts 


The first analysis to be done is a comparison between expert´s opinion and the failure data previously 


collected within the first year of use. Graph 3 shows us the two curves. 


 


Graph 3 – Comparison between collected data and expert’s opinion 


Comparison of the two data sets showed consistency in the expert´s opinion. To perform this analysis, two 


empirical distributions of cumulative failure percentage was generated based on the data collected and 


the answers from experts. A paired-t test was conducted to test the hypothesis that the two data sets are 


statistically equal. The resulting p-value was 0.94, higher than the 5% significance level adopted for the 


test.  


As expert´s opinion was validated, the next step is to derive, through it, a probability density function of 


failure for the product after the warranty period. This probability distribution will represent the 95% of 
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products missing, where failures were not observed within the first year. This can also be accomplished 


through the issue of the questionnaire from Santos (2008).  


Through the cumulative probability density function one can derive the probability density function. As it 


is data whose dominant failure mode is wear, it was assumed a priori a Weibull distribution to describe 


the data. The shape and scale parameters found for the Weibull distribution previously assumed were 2.6 


and 204.93 respectively as can be seen in graph 4. 


 


Graph 4 – Fitted Weibull Distribution 


From these data it was possible to establish the full failure profile for the studied product, this profile can 


be seen in graph 5. 


It is easy to note the difference between the graph 1 that represents the failure profile considering only 


warranty data and graph 5, which represents the full failure profile using expert’s opinion to retrieve the 


post warranty period information. 
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Graph 5 – Total Period Failure Histogram 
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The next step is to set a single probability distribution for the data represented in graph 5. Comparing the 


data against various probability distributions, it was decided to consider the lognormal distribution with 


parameters of location, scale and threshold respectively equal to 7.34, 0.0049 and -1373. As can be seen in 


graph 6, the distribution has a good fit with the data. 
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Graph 6 – Fitted 3 Parameter Lognormal Distribution  


 


4 Conclusion  


The proposed methodology has been successful in using warranty data in conjunction with failure data 


generated by expert´s opinion to determine the product´s failure profile. It shows a drastic change from 


the failure profile found using only warranty data and the failure profile found by using the data 


generated by expert´s opinion. This occurs due the occurrence of a failure mode that had not been 


occurred in the first year of product´s lifecycle.  


The use of expert´s opinion may seem at first, subjective, but there are methods such as Delphi method 


that, when applied to questionnaires, can improve the reliability of the information gathered.  


Also, to have access to real failure information even after the one year warranty period, other strategies 


can be used. Offer special warranties, which last longer only for a specific group of clients can be a source 


of information to validate the failure data generated by expert´s opinion. 


In this paper, we considered only two dominant failure modes, one, due to assembly failures, in the early 


stages of product lifecycle, and the other, due to wear, in the last stages. There are works as Santos (2008) 


who also consider a third failure mode called random failures, which should have its dominance in the 


middle period of the product´s lifecycle.  


After modeling the product´s reliability, a detailed study about the failures causes should be conducted in 


order to improve the product´s reliability or to generate more robust and reliable products in the future. 


After this study, a new model may be developed in order to compare the product´s performance before 


and after improvement. What often happens is that with the advancement of technology products have 


had their lifecycles decreased and, therefore, there are not enough time for long failure data analysis  
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The modeling of electronics and high technology products has advanced to be made before launching 


the product on the market through accelerated life test and using other modeling methods, but 


companies in this industry should still keep records of field failures for monitoring the product´s reliability 


after its delivery to the client. For this reason, there will always be the need to model reliability through 


data collected in the field. 
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Abstract 


This article presents research about safety culture maturity and safety management maturity in three different types 
of organizations in Bahia, Brazil. The model and the questionnaire developed by Gonçalves Filho et al (2010) were 
used to identify both the maturity of safety culture and safety management maturity. The questionnaire was answered 
by 346 workers of 28 companies : 17 petrochemical, 5 footwear and 6 cable TV. The study also identified the safety 
management maturity, which revealed that higher levels of safety management maturity tended to display the 
features associated with higher levels of safety culture maturity. The results demonstrated that petrochemical 
companies are in a more advanced safety culture maturity stage than footwear industries as well as  cable TV 
companies; the petrochemical ones are also more advanced relating risk management maturity than footwear and 
cable TV companies. These results indicate that safety culture can contribute for risk management to prosper.  


Keywords: safety culture; risk management; maturity. 


1 Introduction 
Existing cultural issues in organizations can cause significant impediment or obstacles to the 


changes required for the implementation of a Risk management System (SMS).  Therefore, it is essential 
to understand the maturity of the existing safety culture in a company in order to prepare the planning of 
changes, when necessary. 


An established safety culture is crucial for the development, success and good performance of the 
SMS (Choudhry et al., 2007; Ek et al., 2007; Hudson, 2003), because it is in a context where safety culture 
exists that attitudes and behavior of individuals in relation to safety are developed and persist (Mearns et 
al., 2003). It is for this reason that the safety culture concept has received such attention, because the 
management systems will function better in organizations which have developed a safety culture maturity 
(Hopkins, 2005). According to Ek et al. (2007), the success of the labor risk management system depends 
on the existence of a safety culture in the organization.  The risk management system, on the other hand, 
causes an impact on the safety of operations.   


Despite efforts having been made to improve the risk management systems, failures presented by 
these systems, such as, poor procedures and communication, are frequently pointed out as being the 
cause of large accidents. It is due to this reaction that the safety culture concept has been receiving such 
attention, because management systems will function best in organizations which have developed safety 
culture maturity (Hopkins, 2005). 


The integrated approach of relations between safety, health, environment and culture issues of the 
worker represent a great challenge in present days, because the traditional approach mentioned 
previously is still a paradigm in organizations (Almeida, 2006). 


A production system, whichever it may be, is not sustainable in social, economic and environmental 
dimensions when the environment in which the workers exercise their activities is not safe and healthy, 
causes death, mutilations and diseases of the workforce. It is not socially sustainable, because it affects 
the lives of workers victimized by death or mutilation. It is not economically sustainable because its main 
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impact is on Social Security, which has to assume all the costs of the benefits for the injured worker or for 
the family in the case of death. Labor-related accidents have an extremely important social dimension, 
being a central problem in contemporary societies.  The mitigation of these phenomena requires a 
profound scientific knowledge of safety culture. 


With the knowledge of the safety culture maturity, managers of the organization are able to prioritize 
efforts and resources to the areas needing improvements in terms of safety culture.  Hence, this model is 
an important instrument of the labor risk management system. 


This article presents the results of research on the stages of safety culture maturity and risk management 
maturity in three different types of economic segments established in Bahia, Brazil:  petrochemical, 
footwear and cable TV. In order to identify both the maturity of the safety culture and risk management 
maturity, a model and questionnaire developed by Gonçalves et al. (2010) was used. The questionnaire 
was answered by 346 workers from 28 researched organizations:  17 petrochemical, 05 footwear plants 
and 06 cable TV companies. 


2 Safety culture maturity and risk management maturity 
According to Schein (2004), there are three stages of organizational culture evolution: Founding and Early 
Growth, Midlife and Maturity/Decline. In an organization's Founding and Early Growth stage, the main 
cultural thrust comes from the founders and their assumptions. At the midlife stage, the leaderships do 
not have the same options as the founder and owners. At this stage, the culture defines leadership more 
than leadership creates culture, all organizations undergo a process of differentiation as they grow and 
can work on subculture, and the objective is to socialize the culture. At the Maturity/Decline stage, the 
continued success creates strongly held shared assumptions and thus a strong culture. Each stage 
requires different culture change mechanisms and different leadership requirements. 


Westrum (1993, 2004) created a model to identify types of organizational culture based on how an 
organization processes information. In his model, there are three types of culture: Pathological, 
Bureaucratic and Generative. He considers the flow of information the most critical issue for organization 
safety. 


According to the International Atomic Energy Agency (IAEA, 2002a), three stages of development of safety 
culture seem to occur in organizations. Each stage involves a different awareness of the effect on safety of 
human behavior and attitudes. The characteristics of each stage are described below. They may be used 
by an organization to diagnose which stage reflects its current state most accurately. 


At stage 1, an organization sees safety as an external requirement and not as an aspect of conduct that 
will allow it to succeed. The external requirements are those of government, the legal framework and the 
regulatory bodies. There is little awareness of the behavioral and attitudinal aspects of safety. Safety is 
seen as a technical issue, to be achieved by compliance with rules and regulations. 


An organization at stage 2 considers safety to be an important organizational goal, even in the absence of 
external requirements. Although there is growing awareness of behavioral issues, this aspect is largely 
missing from risk management, which generally concentrates on technical and procedural solutions. 
Safety is dealt with in terms of targets or goals, with accountabilities for achieving the goals specified. 
Organizations at this stage often discover that after a period of time, when safety trends have improved, a 
plateau is reached. At stage 3 an organization has adopted the idea of continuous improvement and 
applied the concept to safety. There is a strong emphasis on communication, training, management style 
and improving efficiency and effectiveness. People within the organization understand the impact of 
cultural issues on safety. The three stages should not be considered as totally distinct. It is possible for an 
organization, at any one time, to exhibit characteristics associated with several, or all, of the stages (IAEA, 
2002a). 
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Fleming (2001) developed a model of maturity of safety culture with the objective of helping 
organizations identify the level of maturity of their safety culture. His model was based on the capability 
of maturity models used in software engineering organizations and has five levels of maturity: emerging, 
managing, involving, cooperating and continually. There are ten elements ,namely management 
commitment and visibility; communication; productivity versus safety; learning organization; safety 
resources; participation; shared perceptions about safety; trust; industrial relations , job satisfaction and 
training. An organization’s level of safety culture maturity is determined on the basis of the ratings on 
these elements. Deciding which level is most appropriate is based on the average level achieved by the 
organization being evaluated. It is proposed that organizations progress sequentially through the five 
levels, by building on the strengths and removing the weaknesses of the previous level. Fleming’s (2001) 
safety culture maturity model is only of relevance to organizations that fulfill a number of specific criteria 
that include:  


 an adequate Risk management System 


 technical failures are not causing the majority of accidents 


 the company is compliant with health and safety law 


 safety is not driven by the avoidance of prosecution but by the desire to prevent accidents. 


Both Fleming’s (2001) safety culture maturity model and stages of maturity of safety culture proposed by 
AIEA (2002a) were developed as a diagnostic tool. Yet, they are models that lack empirical evidence to 
support them, since no available data indicate that all organizations follow a sequential maturation and 
also that the use of averages to determine the level of maturity is appropriate. Fleming (2001) himself 
cautions that his safety culture maturity requires a significant amount of research before it can be used in 
this way.  


Hudson (2001) also proposed a safety culture maturity model, based on the one originally developed by 
Westrum (1993) for the evolution of safety culture from the Pathological first stage through to an 
idealistic end-stage called Generative. Two additional levels, reactive and proactive, were initially 
proposed by Reason (1997) as extensions of Westrum’s original typology. The model extended to five 
stages in a sequence and replaced the bureaucratic label with calculative. Figure 1 shows the 
developmental stages of Hudson’s (2001) model. 


The descriptions of each stage of development of safety culture according to Hudson (2003) are as 
follows:  


Pathological: safety is a problem caused by workers. The main drivers are the business and a desire not 
to get caught by the regulator. 


Reactive: organizations start to take safety seriously but there is only action after incidents. 


Calculative: safety is driven by management systems, with much collection of data. Safety is still primarily 
driven by management and imposed rather than looked for by the workforce. 


Proactive: with improved performance, the unexpected is a challenge. Workforce involvement starts to 
move the initiative away from a purely top down approach. 


Generative: there is active participation at all levels. Safety is perceived to be an inherent part of the 
business. Organisations are characterized by chronic unease as a counter to complacency. 
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Figure 1 - Safety Culture Model of Hudson. Source Hudson (2001) 


Parker et al. (2006) then designed a framework that could be used by organizations to understand their 
safety culture maturity using Hudson’s (2001) model. The framework was developed through interviews 
with 26 senior oil executives working in a range of multinational oil companies and contracting 
companies. Interviewees were asked to describe how an oil company would function in terms of 11 
tangible and seven less tangible aspects of safety culture following a distinction pointed out by Zohar 
(2000). Tangible or concrete aspects included the system for benchmarking and auditing safety 
performance, and the way in which work is formally planned. Less tangible or abstract aspects involved 
the perceptions of the workforce. 


They broke down the qualitative descriptions of this framework into their constituent statements and used 
them to develop a questionnaire to investigate workforce perceptions of safety culture (Lawrie et al., 
2006). Fifty-nine out of 500 employees (11.8%) participated in the study which took place at a refinery and 
chemical plant. According to the authors, the responses of the questionnaire allowed an assessment of 
how far the statements formed statistically coherent factors and results showed that some, but not all, of 
the descriptions of the levels of safety culture were statistically reliable when broken down and submitted 
to principal components analysis. In general, the items grouped together in ways that did not contradict 
the 5-level framework. In other words, the respondents did not perceive features from the more advanced 
levels of safety culture (generative and proactive) associated with a less advanced level (reactive and 
pathological).  


Goncalves et al. (2010) applied the framework and the questionnaire developed by them to identify safety 
culture maturity in 23 petrochemical companies in Brazil. According to them, the questionnaire presented 
good reliability and framework may give both managers and researchers an overall assessment of safety 
culture in an organization or a set of organizations when they do not have time and resources to study a 


PATHOLOGICAL 


Who are as long as we are 


not caught


REACTIVE 


Safety is important; we do a lot every time 
we have  an accident 


CALCULATIVE


We have systems in place to manage all 
hazards 


PROACTIVE


We work on the problems that we still find 


GENERATIVE


Safety is how we do business round 
here 


Increasing 


Informedness


Increasing


Trust
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large company or many companies simultaneously, because the framework can be easily applied by 
managers. In the frameworks that Gonçalves developed, Hudson’s model was slightly modified, by 
renaming the calculative stage as bureaucratic (as in Westrum’s (1993) model) and the generative stage as 
sustainable, because these terms are easier to understand and more familiar to safety managers in Brazil. 


 


3 Material and Methods 
In the present study the concept of maturity was also applied to risk management, the objective was the 
comparison between the safety culture maturity and risk management maturity. Both Hudson's model 
and the framework developed by Goncalves et al. (2010) were used to identify the risk management 
maturity and the safety culture maturity, in 28 industrial organizations in Bahia, Brazil. This model was 
chosen because is more suitable for use in Brazil than Fleming’s (2001) model because the criteria to use it 
(e.g. an adequate Safety Management System, technical failures not causing the majority of accidents, the 
company is compliant with health and safety law) constrain it for general use in Brazil and the three stages 
of development of safety culture of the IAEA (2002a) are not sufficiently comprehensive. To identify the 
risk management maturity Goncalves' s framework was slightly modified by replacing the commitment 
dimension with the risk management, where it is described as : the support given by the organisation as 
far as safety is concerned: planning, priorities, training, auditing, contractor, rewards, investment, 
procedures and teaming. (DeJoy et al., 2004; Flin et al., 2000; IAEA, 2002b; Olive et al., 2006). 


The development of the framework  and the questionnaire has been described in detail elsewhere 
(Goncalves et al., 2010). Each item of the framework was used by Goncalves and colleagues as a statement 
to develop the questionnaire to investigate how each one of five dimensions (information, commitment, 
communication, organizational learn and involvement) was treated in the organisations studied . The 
number of questions for each one of five dimensions varied with the number of items in the framework . 
Each item represented one stage: 1 – Pathological, 2 – Reactive, 3 – Bureaucratic, 4 – Proactive and 5 – 
Sustainable. For each question, the respondents were required to select the item that best represented 
the position for their company (Goncalves et al., 2010). Table 1 shows one question with five items 
relating to the five levels of maturity for the dimension information. 


Table 1 – One of the questions with five items for information dimension 


QUESTION 1 - Relating to how the unusual events (near miss, accidents…) are reported... 


1. The unusual events which occur in the organisation are not reported by the employees.  


2. Only the serious accidents are reported by the employees.  


3. All the unusual events which occur in the organisation are reported by the employees.  


4. Most of the unusual events which occur in the organisation are reported by the employees.  


5. Most of the unusual events which occur in the organisation are not reported by the employees. 


 


The sample of workers to answer the questionnaire was of the stratified random type, based on samples 
defined by the following criteria: all the areas of the researched companies (production, maintenance and 
administration) should be represented; the selected employees should not occupy management or 
supervision positions and should not be from outsourced companies. Each company presented a list of 
employees in compliance with this criterion and some selected randomly by the researcher to answer the 
questionnaire.  If, for any reason, an employee was not able to answer the questionnaire (vacation, leave 
of absence, absent on that date), a substitute was chosen. 


The questionnaires were applied to the selected employees from each company on a previously set date 
and time.  The selected employees were assembled in a room in the company, and the researcher 
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described the purpose of the research and how they were chosen.  The questionnaire was then distributed 
among the parties present and the process of filling out explained, in order to obtain reliable answers. The 
participants were also informed that it was not necessary to identify themselves on the questionnaire in 
order to guarantee the anonymity of the participants. Once the questionnaires were answered ,they were 
returned to the researcher.  The average time for filling out the answers was of 30 minutes. 


4 Result 
The questionnaire was applied in 28 companies, of which 17 were petrochemical companies, 5 footwear 
industries and 6 cable TV companies. Table  demonstrates the quantity of employees answering the 
questionnaire for each type of company. 


Table 2: Number of employees per type of company  


Type of company Number of employees 
Petrochemical 172 
Footwear industry 112 
Cable TV 62 
Total 346 
 


Figure 2 presents the results of the answers of employees  from the footwear industries and the results of 
the answers of employees from petrochemical companies. The Figure 2 shows the percentage  of answers 
from 22 questions of questionnaire from 284 employees. The results demonstrate that the characteristics 
of the bureaucratic and proactive stages are dominant in the footwear industry, while in the 
petrochemical industry the characteristics of the proactive and sustainable stages are more present. The 
footwear industries also present more characteristics of the pathological and reactive stages than the 
petrochemical companies. 


 


Figure 2 - safety culture maturity in petrochemical companies and footwear industries  


Figure 3 presents the results of the answers of employees from cable TV companies and the results of the 
answers of employees from petrochemical companies. The Figure 3 shows the percentage  of answers 
from 22 questions of questionnaire from 264 employees. It can be observed that in the cable TV 
companies the most frequent characteristics are from the pathological stage of safety culture maturity, 
while in the petrochemical companies the proactive stage characteristics prevail.  
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Figure 3 - safety culture maturity in petrochemical and Cable TV  


Figure 4 presents the results of the answers of employees from cable TV companies in comparison with 
the answers from footwear industries and petrochemical companies.   The Figure 4 shows the percentage  
of answers from 22 questions of questionnaire from 346 employees. The cable TV companies present 
characteristics of the pathological stage when compared to the footwear industries and petrochemical 
companies.  The petrochemical companies present more characteristics of the proactive and sustainable 
stages than the other segments under analysis, while the footwear industries are located in the 
intermediate maturity stages of safety culture, bureaucratic and proactive. These results also show that a 
company can be at different stages of maturity of safety culture. 


 
Figure 4 - safety culture maturity in cable TV, footwear and petrochemical companies 
 
The results of the answers from the survey done by the employees in relation to risk management 
maturity are presented in Figure 5. The Figure 5 shows the percentage  of answers from 14 questions of 
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questionnaire about risk management maturity from 346 employees. According to those results, proactive 
stage characteristics are more frequent in risk management of the petrochemical companies, while the 
middle stage characteristic (bureaucratic) is the modal (most frequent) choice in footwear industries. The 
most frequent characteristics are  at the extreme lower end of maturity (pathological) in cable TV's risk 
management. These results also show that a company can be at different stages of maturity of risk 
management. 


 
Figure 5 - risk management maturity in cable TV, footwear and petrochemical companies 


5 Discussion 
Petrochemical companies have been established in Bahia for over 30 years.  Despite the risks involved, the 
petrochemical industries are not among the ten economical activities with the highest rates of labor 
accidents typical in Brazil and Bahia, specifically within the last five years (Bahia, 2007; Brazil, 2008; 
Conceição et al, 2003; Gonçalves; Ramos, 2010). According to information from the Industrial Fomentation 
Committee of Bahia, with which the petrochemical companies are associated, the rate of loss of time 
caused by labor-related accidents in the studied petrochemical companies is of one occurrence for every 
one million worked man-hours, compared to 17 occurrences in other industries in Brazil. The hypotheses 
for these results are the development of the petrochemical industries, within the last 20 years, with large 
companies of national capital, use of advanced technology, high level of automation and implementation 
of a risk management system.  


The footwear industry in the Northeast of Brazil gained strength as of the beginning of the nineties, with 
the immigration of large footwear industries from the south and southeast to this region.  The footwear 
industry, conditioned by the nature of the work process, intensive manual labor has, as its basic 
characteristic, the cost competitiveness of this productive factor.  The fact that the industries face 
difficulties in the automation of certain phases of the productive process, such as cutting, sewing, 
assembly and finishing, generates the necessity of having a large number of workers. Consequently, the 
footwear industry tends to present low salary levels, high personnel turnover, and simplification of the 
work and constant use of non-qualified workers (Silvestrin; Triches, 2008). Although some of the larger 
companies modernized their technological park at the end of the 20th century, the national footwear 
industry, and especially the industry in Bahia, continues to present manual workmanship characteristics, 
with obsolete machinery and without protection against work-related accidents (Silvestrin; Triches, 2008). 
These factors have contributed towards a high rate of labor accidents in the sector during the last few 
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years in Bahia.  In 2008 it was the sector that presented the highest register of labor accidents in the state 
of Bahia and in the last five years it  has been rated within the five economic activities with most labor 
accidents (Brazil, 2008; Gonçalves; Ramos, 2010). 


The cable TV industry began to be established in Brazil in the second half of the nineties, when it was still 
incipient, but as of the year 2000 it began to grow and in 2011 the number of employees in the sector 
tripled in relation to the beginning of the decade.  Nevertheless, the Risk management System did not 
evolve in the same proportion; consequently, the risk management is still incipient, although there is no 
available literature on information of the situation of the sector in Bahia. 


The different safety culture maturity stages found in this research in the three segments under study are 
congruent with the evolution of the sector in relation to safety system management. The petrochemical 
companies have over 30 years in operation and have, throughout the years, been developing a structure 
(committees, automation of activities, equipment and management systems) guided towards safety.  
Presently, it is possible to assert that the initial stages of pathological and reactive safety culture 
maturities are almost extinct in the petrochemical segment, because due to the complexity of the 
processes themselves, and the risks involved in the petrochemical activities, these stages are 
unacceptable. The cable TV industry is in a safety culture maturity which presents many characteristics of 
the pathological stage, with an incipient risk management system.  The footwear industry is in an 
intermediary phase, with characteristics of the bureaucratic stage of safety culture maturity, and still 
presents problems in risk management. 


6 Conclusion 
The present research demonstrated that the economic sectors in different states of safety culture maturity 
have also risk management systems in different stages and that Economic sectors which are more 
advanced in safety culture maturity stage also have a stronger risk management system. These results 
indicate that safety culture can contribute for risk management to prosper.  


According to literature presented above the established safety culture is crucial for the risk management 
System to prosper, be successful and have a good performance, because it is in a context where a safety 
culture exists that attitudes and behavior of the individuals in relation to safety are developed and persist. 
It is for this reason that the safety culture concept has received so much attention, because the 
management systems will function better in organizations where a safety culture maturity has been 
developed. 


The results show that safety culture maturity and risk management maturity are related, this is a 
contribution to development of the field and a academic finding, because that relation between safety 
culture maturity and risk management maturity have existed only empirically and in the literature. 
Furthermore, in this research the concept of maturity was also applied to risk management, this is also a 
contribution to development of the field. 
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Abstract 


Up to recent years aircraft production, especially the assembly of large structural components has always been 
compared more to a crafted shipyard labor than a highly productive automotive line. This paper aims to describes 
how lean concepts are helping Embraer to bring new paradigms in this stage by applying these fundaments to its 
new wing assembly line in Evora, Portugal. Starting from design for manufacturing principles in the product, full 
application of Production Preparation Process (3P) concept for the line early design planning, going through designed 
for automation assembly tooling, intense application of manufacturing simulation tools like ergonomic analysis and 
dimensional management as well as state of the art digital manufacturing execution systems for shop floor 
management Embraer intends to create a highly efficient work flow. All these developments ultimately will ensure 
product quality, continuous and stable production rates and a highly efficient use of all available resources. 


Keywords: lean manufacturing, automation, manufacturing engineering, aerospace structural assembly 


1 Introduction 
Embraer is the world’s largest manufacturer of commercial jets up to 120 seats, and one of Brazil’s leading 
exporters. Embraer’s headquarters are located in São José dos Campos, São Paulo, and it has offices, 
industrial operations and customer service facilities in Brazil, China, France, Portugal, Singapore, and the 
U.S. Founded in 1969, the Company designs, develops, manufactures and sells aircraft and systems for the 
commercial aviation, executive aviation, and defense and security segments. It also provides after sales 
support and services to customers worldwide. (Embraer, 2011). 


Embraer is implementing two new plants in Evora, Portugal (Figure 1). The units will be dedicated, 
respectively, to manufacture machined metal structures and composite material assemblies. The site is 
under construction and the plants are expected to start operating in 2013. At first moment, the company 
will produce at metallic plant, wings structural assembly and some components for its new aircraft, Legacy 
500.  


 
Figure 1: Embraer plant in Evora, Portugal. 


Composites Plant 
Metallic Plant 
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Legacy 500 (Figure 2) is an executive aircraft and can accommodate up to 12 passengers in a stand-up 
cabin with 6-foot (1.82-meter) ceiling and a flat floor. The aircraft will be certified by ANAC (Brazil), FAA 
(USA), EASA (Europe), and other aviation authorities in key markets throughout the world. The aircraft is 
powered by two Honeywell HTF 7500E turbofan engines, each one producing 6,540 pounds of thrust at 
takeoff. They will allow the aircraft to fly at a high-speed cruise of Mach 0.82, and to have a range of 5,600 
kilometers (3,000 nautical miles) with four passengers. The jet features the advanced Rockwell Collins Pro 
Line Fusion® Integrated Flight Deck, as well as a modern full fly-by-wire system with complete flight 
envelope protection. (Embraer, 2011). 


 


 


 
Figure 2: Marketing photo and roll out of Legacy 500 in end of 2011 


 


Figure 3 presents wing characteristics, composed mostly by aerospace aluminum. Some of its components 
will also be manufactured at the same plant and others at suppliers in Europe to minimize logistic costs 
and to be possible applying just in time deliverables. Dimensional management is used to ensure that all 
components allow assembly and to minimize recurrent costs. 


 


 


 


 
Figure 3: Legacy 500 - Half Wing characteristics. 
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To produce this new product more efficiently, many Lean manufacturing concepts have been applied in 
plant development and also in product development, as described in subsequent chapters. 


 


 


2 Legacy 500 Wing Product Development 
According to Huang (1996), the Integrated Product Development (IPD) approach is an ideal environment 
for product development. Its objectives include improving the quality, reduce costs, decrease cycle times, 
increased flexibility, increased productivity and efficiency, improving the image of the company, among 
others. According to the author, the means to achieve these objectives is through cooperative teamwork 
between multiple disciplinary functions, considering all the interactions in the products development, 
processes and systems, from conception through serialization until removal of the product market (phase 
out). 


IPD provides information to the application of tools that enhance the development of specific parts of the 
product as is Design for Assembly (DFA), wherein a product design is evaluated from the point of view of 
assembly, or on Automation standpoint, Design for Automation (DFAut). 


 


2.1 Design for Manufacturing and Design for Automation 
In the rush to beat competitors to the marketplace with high-quality low-priced products, many 
companies concentrate their efforts in the wrong place, the factory floor. The best way to cut costs, 
increase profits, and boost quality, however, is by focusing first on product design. If a company does not 
get it right at design stage, no amount of automation or advanced technology installed on the factory 
floor will make it right later on (Huthwaite, 1990). 


Although the design effort makes up only 5% of a product’s total cost, it usually determines more than 
70% of a product’s manufacturing costs. This means that at best only 30% of a product’s cost can be 
changed once the design has been finalized. The best strategy to lower costs is for the design team to 
recognize the importance of manufacturing quality, and total cost early in the product life cycle  
(Huthwaite, 1990). 


Then, the development of the wing, aspects relevant to the assembly and automation were observed, the 
search for a product that allows a more efficient assembly and a greater degree of automation. 


From the standpoint of assembly, the main actions were directed to the geometric dimensioning and 
tolerancing (GD&T) of the primary parts and the point of view of automation, the search of a product that 
allowed the process One-Up Assembly, which will be shown in the following sections. 


 


2.2 Dimensional Management 
The purpose of GD&T is more accurately defined as describing the geometric requirements for part and 
assembly geometry. Proper application of GD&T will ensure that the allowable part and assembly 
geometry defined on the drawing leads to parts that have the desired form and fit (within limits) and 
function as intended (Drake, 1999). 


The use of GD&T allows greater control in the production of primary parts, and consequently a better 
quality, ensuring more efficient assembly. Thus, the primary parts arrive at the assembly line with a greater 
number of operations performed and consequently reduce the cycle time of assembly and with 
guaranteed quality. 
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To simulate gaps between parts and to ensure if is possible to assembly them with the specified tolerance, 
it is used a software. Figure 4 shows an example. 


 
Figure 4: Legacy 500 - Wings Structural Assembly Line Overview 


 


2.3 One-up Assembly 
Demand in Aerospace for assembly systems utilizing industrial robots is rapidly increasing. To justify the 
costs of automation and to maximize build efficiency, the industry is striving toward "one-up" assembly, 
whereby the product is assembled one time - drilled, inspected, and ultimately fastened - without removal 
of components for deburring, cleaning, sealing, etc. 


To begin the process, pressure is applied to the part via the nose tip which is centered about the tool 
point of the end effector. Applying pressure serves to stabilize the system, provide an accurate reference 
for the location of the skin surface, enable automatic normalization, and serves to close gaps between 
skin and substructure components. (Devlieg, 2008). 


This process can use only a robot pressing the parts by just one side. To increase efficiency and to ensure 
the absence of burrs at the interface between the parts, the Wing drilling process uses cooperative robots, 
where a robot performs the drilling and the other exerts a force in the reverse direction, inside the 
product.  
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Figure 5: Legacy 500 – Cooperative robots. Courtesy of Eletroimpact. 


3 Legacy 500 Wing Assembly Line Development 


3.1 Lean Concepts 
In the 1950s, Eiji Toyoda, Shigeo Shingo and Taiichi Ohno at Toyota Motor Company, in Japan, developed 
the Toyota Production System (TPS). The TPS relies on the lean thinking (or philosophy), which is a way to 
specify value, align the value-added actions, when requested execute these actions without interruption, 
and improve continuously (Womack; Jones, 2003).  


Hence, the focus of lean must not be restricted to activity of waste reduction, but must address the 
process as a system of value creation (Browning et al., 2002). To guarantee the value creation and to 
create the needed countermeasures against waste, the lean thinking relies on five lean principles, such as 
specify value, identify the value, guarantee the flow, pull production and seek perfection (Womack; Jones, 
2003). 


 


3.2 Just in time 
To make full use of JIT, it is necessary to eliminate waste, assuming that the production is mandatory to 
use the minimum necessary equipment, materials, parts and workmanship. 


According to Ohno (1988), it is very difficult to apply the Just in Time to production plan of all processes 
in an orderly form. So that production can follow a plan as Just in Time, some concepts were defined, 
which are cited in this chapter such as streaming, takt time, pull system (kanban) and Heijunka (levelling 
production). 


3.2.1 Heijunka 
It is a Japanese word meaning "leveling" and is one of the main concepts of JIT. Heijunka is level the 
production mix, i.e., uniformly distribute the production of many different types of product or for a period 
of time. (Mello, 2009) 


3.2.2 Takt time 
It is a German word that refers to "a precise interval of time." This concept aims to align production with 
demand, providing a rhythm to the production system. It was first used by a company of the German 
aircraft industry in the 1930s. 


According to Rother and Shook (2003), takt time is used to synchronize the production pace with the 
sales pace, in the pull process. Takt time is calculated according to Equation 1, dividing the time available 
for work (in minutes) per month, the volume of customer demand (in units) per month. This result defines 
how many items should be produced per minute to meet the monthly demand of the customer. 
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(Eq. 1) 


 


3.3 Jidoka 
According to Jones, and Hazlehurst (2003), an ideal factory has a single moving line that connects a cell 
assembly to the next cell. Along these lines, parts, tools and equipment are positioned along the moving 
line so that the operators have only the necessary to produce, where and when they need to perform all 
activities. 


As Ghinato (2009), as well as Just In Time works towards reducing the product lead time, the Jidoka is 
continually seeking quality assurance, based on four key points: (1) utilization of preventive inspection, (2) 
use of 100% inspection, instead of sampling inspection, (3) reducing the time between detection of an 
abnormality and implementation of corrective action, (4) recognition that workers are not infallible, with 
the application of the fail-safe devices (poka-yoke). 


Using the full strength of staff is the main goal of Jidoka, which is performed by a system built of respect 
for the human, with emphasis on the following points: (1) elimination of unnecessary movement by 
operators, (2) considerations for the operator safety and (3) bet on the ability of employees, trusting them 
responsibility and authority. 


In view of Sugimori, Kusunoki, Cho, and Uchikawa (1977), the reasons that make Jidoka so important are: 


- prevention of excess production, if the equipment is built to stop when the required amount is 
produced, not to have production in excess of demand; 


- easy control of abnormal situations, which should only happen when improvements are still 
needed to meet the equipment stop and the worker who made the stop request. 


 


3.4 Streaming 
According to Rother and Shook (2003), streaming means producing a piece at a time without interruption 
between processes, reducing or eliminating the intermediate stocks. 


Figure 6 and Figure 7 show the difference between a production process flow that has pushed with a 
continuous flow. 


  


Figure 6 – Push Production Flow 


Source: Rother e Shook (2003). 


Figure 7 – Production with continuous flow - Pull 
Production 


Source: Rother e Shook (2003). 


The streaming highlights the need to produce only the amount requested by the consumer, resulting in a 
pull production. (Carvalho, 2011). 
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3.5 3P (Production Preparation Process) 
To perform a 3P, it is necessary to have a theme and a defined scope. Subsequently, it is necessary to 
elaborate ideas, and it is recommended that there be seven ways to solve the distinct purpose outlined. 


Then, it is essential to set relevant criteria for choosing the best solution, and the proposals should be 
scored according to note for each criterion. 


The 3P aims to make a workshop that is present in all areas involved in the new production process. The 
Production Preparation Process should be performed when a new production plant will be created, or 
when there is change in the design of a product, or even when the variation of the rate of production, or 
when a new product is introduced in the company. 


To apply those concepts at Wings Assembly Line, during process development, it was done a Production 
Preparation Process and the chosen alternative is shown in Figure 8. To perform the 3P, aspects of Lean 
Concepts presented before it was considered, such as Just in Time, Heijunka, Jidoka, streaming and 
balance the operation for each station to meet takt time. 


 
Figure 8: Legacy 500 - Wings Structural Assembly Line Overview 


 


After completion of the 3P, the line rate expectation was updated and consequently the layout has also 
been updated. An overview of the line is shown in Figure 9. At the line with six stages will be assembled 
the right and left wings, where the second and fourth ones are composed by automation cells. 


 
Figure 9: Legacy 500 - Wings Structural Assembly Line Overview 


 


4 Legacy 500 Wing Assembly Line Characteristics  
Optimized processes, layout and the application of fundamental lean principles like visual management, 
tools and parts delivered on a surgeon like way to operators will also ensure minimum waste on human 
resources. Tools, parts and other accessories are delivered into kits to operators reducing non productive 
movements, as showed in Figure 10. 
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Figure 10: Kits of Tools 


The line will take advantage of aspects like moving assembly jigs that will ensure production rates by a 
pulsed system. All the jigs will be pulled by a equipment, MasterMover® (Figure 11) that can move the jig 
with just one operator driving it. 


 
Figure 11: MasterMover® 


 


The layout was also developed so that material, tooling and production flows are segregated giving 
operators a clear and visual management capability of their daily tasks. Assembly instructions will be 
offered to operators on paperless environment, and a Manufacturing Execution System (MES) will also be 
applied to manager shop floor. 


Elevating platforms on each station will provide the best ergonomic conditions to operators, and tooling 
carts will be attached on it to reduce operator’s movement. Also in ergonomic issues, a load and unload 
system will be provided where it is necessary to carry heavy loads. 


The line, drilling and fastening cells and minimized production stands were all designed to be flexible to 
different product models that can be manufactured at the same plant. 


5 Conclusion 
The use of Lean Manufacturing concepts is becoming increasingly common in all branches of industries 
around the world and, despite all the challenges, in the aerospace industry could not be different. The 
application of these concepts are increasingly present in the philosophy of Embraer and is being heavily 
used in the deployment of its newest structural assembly line, with many benefits and the company 
proving be able to efficiently meet the challenges presented. When this plant becomes operational, it will 
be possible to measure how effective it is and can be compared, pointing out the proper proportions, 
with automotive industries. 
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Abstract 


The Local Productive Arrangement (APL) of ornamental stones of Santo Antônio de Pádua, located in the northeast 
region of the state of Rio de Janeiro, is currently the most important productive activity in the region. Despite this, 
companies make use of simple and rudimentary techniques, which causes serious environmental and competitiveness 
problems. Aware that the main difficulty faced by this APL is related to the lack of technologies, many research, 
government and civil society organizations have tried to develop and diffuse technologies in order to enhance the 
APL’s competitiveness. However, some difficulties to diffuse technologies, especially to small companies, have arisen. 
The objective of this research paper is to identify and describe the factors that hold back technology diffusion. The 
research study used a qualitative approach and sought to work with multiple sources of evidence such as an extensive 
bibliographical review, multiple case studies with semi-structured interviews with entrepreneurs and industry 
professionals, in addition to technical visits to local companies. The elaboration of the data collection instrument was 
based on the Oslo Manual which categorizes the main barriers of technology diffusion into the following factors: 
economic, business and others. The results point to problems within the companies such as poorly qualified 
entrepreneurs and workforce, and their resistance to changes, since financial resources and institutional support for 
innovation are readily available. The analyses developed in the research study may contribute to the development of 
a sectoral policy of technology transfer in the Local Productive Arrangement of ornamental rocks. 


Keywords: Local productive arrangement (APL); environmental technological innovation; technological diffusion; 
ornamental stones; public policies.  


1 Introduction 
The exploitation of stones in the region of Santo Antônio de Páuda, in the northeast region of the state of 
Rio de Janeiro, is currently the most important productive activity in the region. This sector, according to 
data from DRM/RJ, comprises about 168 companies (103 quarries, 54 sawmills, 10 sand mines, 1 mineral 
water source), concentrated mainly in the region of Santo Antônio de Pádua. These companies are 
responsible for about 5 thousand direct and indirect jobs in the region, which is considered the poorest 
region in the state of Rio de Janeiro. According to SEBRAE, among the various specialization nuclei 
operating in the sector of mineral extraction that have been identified in the state, the extraction of 
ornamental stones in Santo Antônio de Pádua is the most relevant in terms of job generation and income 
in the local sphere, being very closely resembled to the definition of a Local Productive Arrangement, 
which is cited in the literature. 


In spite of the economic strength of the sector, the mining and cutting operations, in the majority of 
companies (most of them micro and small sized), make use, until this day, of simple, and even 
rudimentary techniques, causing uncountable environmental and competitiveness problems. Aware that, 
even nowadays, the main problems faced by the sector have been related to the absence of technologies 
for the extraction and refining of stones, several research, government and civil society institutions have 
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tried to develop and make technologies available that could minimize the sector’s problems. From 1990 
to the present day, there have been many coordinated and uncoordinated interventions from the 
institutions of the region and the state, in an attempt to develop technologies which could be 
implemented in the sector. Many of these technologies may be considered successful, because they were 
able to solve problems faced by the sector. However, the greatest challenge of the research, government 
and civil society institutions is to make these technologies available to the majority of micro and small 
companies, so that the diffusion of technology is performed effectively. Therefore, the research problem 
raised by this research paper is, given that many specific technologies have been developed and made 
available for the reduction of problems in the sector of ornamental stones in Santo Antônio de Pádua – 
RJ, why an overall progress and improvement in the technological situation of the companies is not 
observed, consequently generating higher productivity in the processes of extraction and refining, better 
quality products, improvement in the competitiveness of companies and a decrease in the environmental 
impacts of the activity? 


The analyses suggest hypotheses which indicate that these technologies have mainly assisted the large 
and well organized companies, but their diffusion to micro and small companies is ineffective for many 
reasons, such as: resistance to make changes in the company and the entrepreneurs lack of access to the 
research institutions. Another hypothesis raised is that the articulations try to solve specific problems in 
the supply chain, without using an integrated approach of the activities carried out in the supply chain. 
Thus, it is possible to identify the lack of a sector based policy regarding the transference of technology to 
all companies of the sector, in all areas of the supply chain. For that reason, the main objective of this 
research paper is to identify and to describe the factors that hinder technological diffusion in the Local 
Productive Arrangement of ornamental stones in the region of Santo Antônio de Pádua, making it difficult 
for available technologies to reach at micro and small companies of the sector and preventing the sector 
from becoming more competitive. With regards to the specific objectives, this research paper intends to: 
describe the traditional processes of extraction and refining of ornamental stones in the region, identify 
the main problems in all areas of the supply chain; recognize and describe the main technological 
innovations and their impacts in the sector, as well as identify the ways of articulation of institutions 
focused on developing them. 


2 Methodology 
The research study has a qualitative approach since it sought to obtain information and make subjective 
interpretations about the perspectives of individuals, who in this case, were various entrepreneurs and 
industry professionals; thereby aiming to interpret the environment of the supply chain and its 
problematic with regards to the difficulties of the diffusion of technologies. In order to capture the 
different points of view on the issue in question, the research study sought to work with multiple sources 
of evidence such as a comprehensive bibliographical review, semi-structured interviews with 
entrepreneurs and industry professionals and the participation in various technical visits which were 
carried out in businesses of the region. This multiplicity of sources of evidence turned out to be vital for 
the reliability of the results. According to Cauchick Miguel (2010), the most appropriate research methods 
in production engineering to carry out a qualitative research are the case study and the action research. 
But in the case of this study, the researchers had a low degree of involvement with the individuals and 
organizations surveyed, thus multiple case studies presented itself as the most appropriate method. The 
interactions took place during the technical visits, interviews, observations and document consultations. 
The case study is an empirical study that investigates a given phenomenon resulting from multiple 
sources of evidence, within a real contemporary context by means of in depth analysis of one or more 
objects of analysis (cases). (Cauchick Miguel, 2010; Yin, 2001) 


The research study began with the definition of a theoretical-conceptual framework by way of a broad 
bibliographical review composed of articles and technical publications regarding the sector of ornamental 
rocks, so as to describe the processes of companies and their problems, the innovations and technologies 
developed and available to businesses, as well as their impact on the sector. Next, a sample of 20 cases 
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(20 small businesses from a population of 54 legal sawmills) were selected, from which data was collected 
(qualitative data) through structured interviews conducted in technical visits and analyses of the 
production processes. The focus of the investigation was to identify the main factors that hinder the 
absorption of technological innovations by firms. The elaboration of the data collection instrument was 
based on the Oslo Manual (2011) which categorizes the main barriers of technology diffusion into the 
following factors: economic, business and others. At the end of the analysis of the information obtained 
from multiple cases, it was possible to identify the causes that hindered technological diffusion in the 
industry, hence allowing a greater generalization of the results. Furthermore, this information was 
corroborated by other sources of evidence such as the extensive bibliographical review and technical 
visits. 


3 The Supply Chain of Ornamental Stones in Santo Antônio de Pádua – RJ 
and the Environmental Impacts of the Activity 


3.1 The traditional processes of extraction and refining 
The traditional processes of extracting and refining rocks for the production of ornamental stones in the 
municipality of Santo Antônio de Pádua, that remain in all companies of the region, even those that have 
acquired new equipment and have implemented innovations, is still little mechanized and mostly 
handmade. The first activity of the process is the extraction of blocks of rock from the field. The basic 
extraction technology employed by the majority of companies consists of the detonation of the bedrock, 
which is very often done rudimentarily (by trial and error), which reduces the economical value of the 
blocks, because they may present cracks and not uniform edges, and causes severe environmental 
damages. In a second phase of the extraction, a worker, with the aid of a sledgehammer and chisel, 
removes small blocks of 50cm x 50cm x 40cm size from the bigger blocks. After the extraction of these 
small blocks, they are manually sliced into plates by a worker, with the aid of a sledgehammer and a 
chisel. The stone plates are then transported by truck to the refining companies where they are cut with 
small saw machines, equipped with a diamond disk, into the fine dimensions of an ornamental stone. 
Finally, these little plates are once again sliced manually. This procedure produces the end product – the 
plates of ornamental stone. After the refining, the products generally a commercialized by companies in 
the region are: Plate, 47 x 47 x 4 cm; Block, 23 x 11.5 x 4 cm; and Brick, 23 x 11.5 x 1.5 cm, or 11.5 x 11.5 x 
1.5 cm. 


3.2 The Severe Environmental Problems Caused by the Traditional Processes 
As previously mentioned, due to the lack of technology in the processes described above, the loss of raw 
material is very high throughout the supply chain. During the extraction the loss might be of about 30%. 
Besides the economic losses, the loss at this point of the process causes irreversible and severe 
environmental impact. Once the rocks have been extracted, the extraction area becomes useless, with no 
alternative use, since the stones are spread on the entire area. During the refining, the problem is even 
bigger. The loss of raw material may reach 50%. The result of this problem is mountains of debris 
irregularly disposed in abandoned lands beside the roads of the region. Also during the refining, besides 
the loss of raw material, there is the release of dust from the stones from the saw machine. This dust, with 
a very fine granulometry, is inappropriately disposed together with the water used in the process, as mud. 


According to Ribeiro, Correia and Seidl (2005), this mud is mostly constituted of water, grit, lime and 
smashed rock (aluminosilicates, feldspar and quartz), which after the process are disposed in the 
environment. After the evaporation of the water, the resulting dust spreads, contaminating the air and the 
water resources. In some cases, the resulting mud is directly channeled to rivers and lakes, causing a 
serious environmental problem. These serious and recurring environmental problems have caught the 
authorities’ attention since the 1990s. The authorities, through environmental laws, started to fine and 
close the sawmills and quarries which disposed their rejects inappropriately in the environment. 
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4 The Technological Innovations in the Sector and Their Benefits for the 
Productive Activities and the Environment 


The process of meeting and supporting the manufacturer of ornamental Stones in the region of Santo 
Antônio de Pádua began in the late 80’s, by DRM-RJ (Departamento de Recursos Mineirais do Rio de 
Janeiro). At that time, the non-articulate action of institutions and local government did not help to 
minimize the problems in the sector, mainly due to the great expansion in the quantity of production 
areas and the addition of young miners to the business; all similar to the mining phenomenon. Thus, the 
implementation of technological innovations was scarce till the mid 90’s. 


Back in that time, the Serviço Brasileiro de Apoio às Micro e Pequenas Empresas (SEBRAE–RJ) and the 
Associação de Empresas de Pedras Decorativas (AEPD) were able to sign a contract with the Centro de 
Tecnologia Mineral (CETEM) in order to try to solve the problems that companies in the region were 
facing (Almeida, Chaves and Leal Filho, 2001). From the problems diagnosed, the Centro de Tecnologia 
Mineral (CETEM) developed works for the improvement of the production of the quarries, especially the 
aspects related to the extraction of rocks, the safety of workers and the treatment of effluents. These 
actions, though considered of low impact by some entrepreneurs of the sector, were continued in the 
project Rede de Tecnologia Mineral – RETECMIN. According to Silva and Margueron (2002), the 
RETECMIN, was a technology cooperative network for the “support of the Productive Sector of 
ornamental Stones in the state of Rio de Janeiro”. This network included: DRM (Departamento de 
Recursos Minerais), INT (Instituto Nacional de Tecnologia, UENF (Universidade Estadual do Norte 
Fluminense), UFRJ (Universidade Federal do Rio de Janeiro), CETEM (Centro de Tecnologia Mineral) and 
FIRJAN (Federação das Indústrias do Estado do Rio de Janeiro). Despite the broad articulation, the 
RETECMIN was largely criticized by some entrepreneurs for not providing quick and practical results. 


Another institution which intervened in the sector in the late 1990’s, not articulated with RETECMIN, but 
with other agencies like SEBRAE, FINEP and FAPERJ, was the ETFC – Escola Técnica Federal de Campos, 
currently known as IFF – Instituto Federal Fluminense. 


Therefore, after the effort to identify the main problems of the sector, several applicable researches have 
been developed by institutions of the region aiming to find viable alternatives for the use of residues of 
the extraction and refining processes of the ornamental stones and for the improvement in the 
competitiveness of the companies. The technological innovations made available through those 
researches and to be used in the supply chain of ornamental stones in Santo Antônio de Pádua can be 
organized according to Figure 1. 


Segregation of fine solids (Effluent Treatment Units) and their use in mortar for Construction 
(Mortar Factory) 


One of the first and most important projects, within the associations of RETEMIN, was the “Segregation of 
fine solids and their use in mortar for construction”, a technology developed by CETEM which proposes 
the use of fine grained gneiss in the production of mortar. In the first phase of the project, CETEM 
elaborated a system for the treatment of liquid rejects in order to avoid the disposal of such rejects into 
the rivers of the region of Santo Antônio de Pádua. The cutting equipment of the companies were, and 
still are, obsolete since they do not take into consideration the capture and reutilization of water and the 
fine rejects of the slicing process of stones. These became one of the main legal/environmental problems, 
due to the intervention of the Public Ministry. At this phase, according to Peiter (2000), RETECMIN was 
very successful for establishing a simple and low cost process for the collection, cleaning and recycling of 
water originating from the sawmills – the effluent treatment units, also known as settling ponds. 
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Figure 1: Available Technologies for the supply chain of Ornamental Stones in Santo Antônio de Pádua. 


In the second phase of the project, the researchers searched for alternative uses for the fine solid rejects 
resulting from the first phase of the project. The results demonstrated that the fine grained gneiss could 
be used as an alternative to lime in mortar production, a solution achieved by CETEM along with 
Universidade Estadual do Norte Fluminense (UENF), in Campos dos Goytacazes – RJ. The research resulted 
in the patent PI0205481-7. With new funds, the technical project and the feasibility study for the 
implementation of a mortar factory which should consume all the mud resulting from the sawmills in 
Santo Antônio de Pádua were carried out. The study demonstrated the investment’s feasibility and caught 
the attention of the local community and Public Ministry, for the promise of lowering the level of pollution 
of the Pomba River, which is usually harmed by the disposal of residues (PEITER, 2000). Thus, after the 
demonstration of the feasibility of the project and with the support of INVESTRIO, the institutions were 
able to convince a private group of the region, Mil Group, to invest in the construction of a mortar factory, 
ARGAMIL, which is still operating by collecting fine residues of several sawmills and recycling them into 
mortar. 


The use of fine grained gneiss in Ceramic Mass for Shingles 


Also aiming at recycling the residues from the sawmills previously mentioned, and within the sphere of 
action of RETECMIN, a new proposal was made for the use of stone dust in the ceramic mass for the 
production of shingles. The work of Vieira, Henriques, Peiter, Carvalho, Monteiro (2006) aimed to evaluate 
the effects of substituting sand with fine graned gneisse, which is a residue of the refining process, in a 
red ceramic mass used in the manufacture of shingles. The results showed that the fine grained gneiss can 
easily be used in the composition of the red ceramic mass. The greater mechanical resistance of such a 
ceramic is the main justification for its use instead of sand. 


The use of residues from the sawmills in asphalt production 


Once again, based on the attempt to recycle the residues from the sawmills previously presented, but 
outside the sphere of action of RETECMIN, there was a proposal for the use of this abundant mineral 
residue in the production of asphalt. According to Elphingstone (1997) and Franquet (1999) apud Ribeiro, 
Correia and Seidl (2005), the asphalt used for paving consists of, generally, 95% of mineral aggregates 
(generally basalt gravel and sand) and 5% of petroleum asphalt cement (CAP). Based on these 
considerations, the project’s objective was to replace the mineral aggregates usually used in asphalt with 
residues generated in the extraction and refining of ornamental stones, through crushing and screening. 
Therefore, there was an intention to reduce the costs of asphalt production and, more importantly, 
diminish the environmental impact caused by those residues. The project’s results, according to Ribeiro, 
Correia and Seidl (2005), indicate that the mineral rejects produced by the quarries and sawmills of 
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ornamental stones of the region, if properly crushed and screened, could be used in paving asphalt 
instead of the commonly used aggregates, thus reducing the costs of production and decreasing the 
environmental impacts. 


The Gantry Crane, the Hydraulic Gripper and the Bridge Saw 


Another important public intervention in the sector, also outside the sphere of articulation of RETECMIN, 
happened in the late 1990’s, when the so called ETFC – Escola Técnica Federal de Campos, nowadays 
known as IFF – Instituto Federal Fluminense, supported by SEBRAE and FINEP through the “Programa de 
Apoio Tecnológico a Micro e Pequena Empresas” (PATME), developed, for a consortium of entrepreneurs, 
a group of equipment  which allowed a new layout and a new physical arrangement for the unloading of 
the blocks removed from the field and taken for refining in the sawmills. The first equipment was the 
Gantry Crane, used to unload blocks from the truck and move them transversally, longitudinally and 
vertically. In order to develop a gantry crane able to comply with the technical demands of unloading and 
cutting blocks of ornamental stones, a technological innovation was required – the “Hydraulic Gripper”, a 
mechanism able to unload large blocks of ornamental stone (SILVA NETO, 1990). Yet, in the sawmill, 
another innovation adopted by the consortium of companies, was the importation of a circular saw of 
high precision, also known as bridge saw, which is able to cut large blocks of stone. (SILVA NETO, 1990). 
After the implementation of such equipment, the whole extraction and refining processes was 
revolutionized, because the unloading of blocks from the trucks and their placement upon the bridge saw, 
by means of the hydraulic gripper, allowed the companies some other benefits. 


Gravel Plant which uses crushed rejects from the quarries and sawmills 


The rejects of quarries and sawmills, as mentioned before, are inappropriately disposed along roads or in 
abandoned lands, causing a significant environmental impact. A technically viable alternative for the use 
of such rejects consists in crushing such material so as to produce aggregates for construction: gravel 
stone, sand and dust. In 2010, supported by the Serviço Nacional de Aprendizagem Industrial (SENAI) and 
funds from FAPERJ, a Gravel Plant was installed close to the Raio do Sol Sawmill, on the road between 
Santo Antônio de Pádua and Paroquena, (Km 04), which belong to Mr. João Luíz Nacif. After crushing the 
rejects, three materials are produced: Gravel 2, which is mainly used in asphalt cement, Gravel 1, which can 
be used in cement, asphalt and precast, and stone dust, usually used in the production of mortar and 
precast. The results of analyses, according to the mentioned authors, suggest that the material is suitable 
for construction, even though it is limited to small and medium sized constructions. 


The mobile crusher machine 


Another initiative of IFF – Instituto Federal Fluminense, which took place in 2010, was the development of 
the mobile crusher machine with funds of FAPERJ, through the Technological Innovation Announcement 
2010. According to Silva Neto (2012), the project aimed to project, develop and build a mobile crusher 
machine which should be able to process residues originating from both the extraction and refining 
processes, complying with the technical characteristics of the rocks of the region, with the objective of 
producing material suitable for paving country roads of the region. A set of equipment was assembled 
upon a chassis for the crushing process. In this process, the residues/stones enter through a vibrating 
feeder which constantly supplies a jaw-like crusher. The crushed material is then placed onto a conveyor 
belt and guided to a truck so it can to be transported to another location. This processing of residues, 
which changes them into sub products for paving, reduces environmental impacts originating from 
residues disposed at different locations of the region and also increments the availability of raw material 
for paving the country roads. 


The greatest advantage of the mobile crusher machine in face of the Gravel Plant is that the equipment 
can be transported to the places where the residues are deposited so as to crush them at the same 
location, and placing them close to where they will be used, thus decreasing the costs of transportation. In 
the Gravel Plant, on the contrary, the transportation costs are higher, once the trucks must go to the 
places where the residues are located, collect and take them to the plant, and only after being crushed, 
can the material be relocated to its destination.  
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The slab opener 


This ongoing project, is another initiative of IFF – Instituto Federal Fluminense and is also supported by 
FAPERJ, through the Technological Innovation Announcement 2011, which aims to project, develop and 
build a “Hydraulic Machine able to slice Ornamental Stone” with the objective of increasing the 
productivity, reducing waste and improving the quality of end products of the ornamental stone industry 
of the municipality of Santo Antônio de Pádua. The results expected from this equipment, which is still 
being developed, are: an increase in productivity of plates, once this process will be performed by a 
modern and precise equipment; reduction of waste, once most of the handmade cuts will be avoided, 
causing a reduction in the amount of rejects; and consequently, the reduction in the environmental 
pollution (SILVA NETO, 2011). This equipment is considered by the entrepreneurs as the most important 
innovation for the sector, because currently the main problem faced by the companies is the lack of 
specialized workforce able to open blocks into slices. According to the entrepreneurs, this activity, 
historically, used to be performed by teenagers who would learn the work from a young age. But, due to 
the efforts of the Work Ministry which has enforce the prohibition of child labor, this “training” of kids is 
not allowed and has caused a scarcity of specialized labor. Therefore, the most important problem in the 
supply chain of ornamental stones lies in the last activity performed, the slicing of plates, which demands 
a very specialized workforce. 


5 Innovation and Technological Diffusion – Challenges for the Local 
Productive Arrangement of Ornamental Stones of Santo Antônio de Pádua. 


A Local Productive Arrangement (APL), according to Lastres & Cassiolato (2005), is defined as a territorial 
agglomeration of economic, political and social agents - with focus on a specific set of economic activities 
- which have links, even though they may be incipient. It usually involves the participation and interaction 
of companies - which can range from producers of end products or services, all the way to suppliers of 
inputs and equipment, consulting companies, service providers, distributors, among others - and its 
various forms of representation and association. It also includes several other public and private 
institutions focused at training human resources, such as technical schools and universities; research, 
development and engineering; policy, promotion and funding. When a productive arrangement evolves 
into a relationship of consistent interdependence, articulation and linkages that result in interaction, 
cooperation and learning, with the potential of generating increased endogenous innovative capacity, 
competitiveness and local development, it becomes a Local Productive and Innovative System (LPIS). 


Lastres & Cassiolato (2005) highlight innovation and interactive learning as one of the main features of 
LPAs. They are a key source for the transmission of knowledge and the expansion of the capacity of 
production and innovation of companies and other organizations. They allow the introduction of new 
products, processes, methods and organizational formats, being essential for the assurance of sustained 
competitiveness of the different local players, both individually and collectively. Although several efforts 
have been developed, the LPA of ornamental stones of Santo Antônio de Pádua, is not yet an LPIS, given 
that the governance system is not essentially cooperative. It is necessary to build a structure of 
relationships between the agents involved in the activities of the arrangement. The agents still do not 
share history, standards and common values that facilitate the development of social capital and act as a 
buffer; a control of opportunistic or malicious behavior. 


The Technological Innovation increasingly assumes the role of the key-resource in the organizations and a 
source of a competitive advantage. Mueser (1985) defines technological innovation as "a new idea, a 
discontinuous technical event, which after a certain period of time, is developed until the time comes in 
which it becomes handy, and is then used successfully." On the other hand, Rothwell and Gardiner (1985) 
point out that innovation does not necessarily mean the commercialization of only major technological 
advances, but also includes the use of small-scale changes in technological knowledge. Utterback (1983), 
suggests that technological innovation is understood as a process that involves the creation, 
development, use and dissemination of a new product or idea, or the introduction and diffusion of new 
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products and processes which have improved in the economy. Nevertheless, a Technological Diffusion can 
be conceptualized as the process by which an innovation is communicated over time, through certain 
channels, among members of a social system (Rogers and Schoemaker, 1971). However, Tigre (2006) 
states that "the processes of innovation and diffusion cannot be completely separated, because in many 
cases diffusion contributes to the process of innovation". To meet the objectives of this research paper, it 
is important to identify what factors harm the diffusion of innovations in the LPA of ornamental stones of 
Santo Antônio de Pádua. The Oslo Manual (2011) declares that the major obstacles to technological 
diffusion are the following factors: 


Table 1: Major obstacles to technological diffusion by Enterprises 


Economic Factors 
 excessive perceived risks; 
 very high costs; 
 lack of appropriate sources of 


finance; 
 long pay-off period of innovation  
 


Enterprise Factors 
 innovation potential (R&D, design, etc.); 
 lack of qualified workforce; 
 lack of information on technology; 
 lack of information on markets; 
 innovation expenditure hard to control; 
 resistance to change in the company; 
 deficiencies in the availability of 


external services; 
 lack of opportunities for cooperation. 


Other reasons 
 lack of technological opportunity; 
 lack of infrastructure; 
 no need to innovate due to earlier 


innovations; 
 weakness of property rights; 
 legislation, norms, regulations, 


standards, taxation; 
 customers unresponsiveness to new 


products and services. 
 


Source: Oslo Manual (2005) 


Based on the technical visits and the interviews with entrepreneurs of the sector and with professionals of 
the supporting institutions, it became evident that despite all of the efforts of the institutions to raise 
funds and to develop technologies to minimize the problems of the sector, these are not widely 
widespread. As shown in Table 2 below, the Enterprise factors, especially the lack of qualified workforce, 
lack of market information and the resistance to changes in the company, were the main obstacles to the 
technological diffusion in the sector. In some cases, the Economic Factor, 'too expensive', was a barrier to 
diffusion. 


Table 2: Diffusion of the Technologies by Companies 


Technology Number of 
Companies which 


adopted the 
technology 


Obstacles for Technological 
Diffusion 


Comments 


Effluent treatment 
unit 


47 No obstacles The great adherence to the technology is justified by 
the obligation imposed by the Term of Conduct 
Adjustment of the Public Ministry  


Use of fine grained 
gneiss in mortar for 
Civil Construction 


1 factory 
producing 


mortar 


No obstacles The great adherence to the technology is justified by 
the obligation imposed by the Term of Conduct 
Adjustment of the Public Ministry  


Use of fine grained 
gneiss in ceramic 
shingles 


0 (zero) Economic factor: 
- very high cost 


Although the technical feasibility has been 
established, the cost of transportation is not 
economically feasible for the use of the residue by the 
ceramic shingle producers in the region. 


Gravel plant for the 
use of rejects in civil 
construction or in the 
production of asphalt 


1 enterprise built 
the Gravel Plant 


Economic Factors: 
- very high cost 
- excessive perceived risks 
Enterprise Factors: 
- lack of qualified workforce 
- lack of information on markets 
- resistance to change in the 
company 


The high investment costs associated with the low 
qualification of entrepreneurs and their employees do 
not allow them to identify market opportunities or 
take risks on new business ventures. 


Gantry Crane 2 Economic Factors: 
- very high cost 
Enterprise Factors: 
- lack of qualified workforce 
- resistance to change in the 
company 


Only two companies in the region have this type of 
equipment to assist the processing of ornamental 
stones. The high cost of equipment and the lack of 
qualified workforce for its operation are limiting 
factors for its dissemination among companies in the 
region.  


Hydraulic Gripper 1 Economic Factors: Only one company in the region has this type of 
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- very high cost 
Enterprise Factors: 
- lack of qualified workforce 
- resistance to change in the 
company 


equipment to assist the processing of ornamental 
stones. The high cost of equipment and lack of 
qualified workforce for its operation are limiting 
factors for its dissemination among companies in the 
region. 


Bridge Saw 2 (operating) and 
1 (being 
installed) 


Economic Factors: 
- very high cost 
Enterprise Factors: 
- lack of qualified workforce 
- resistance to change in the 
company 


Only three companies in the region have a bridge saw 
or a circular saw. The high cost of equipment, which is 
imported, is a limiting factor for its dissemination 
among companies in the region 


Mobile Crusher 
Machine 


1 Economic Factors: 
- very high cost 
- excessive perceived risks 
Enterprise Factors: 
- lack of qualified workforce 
- resistance to change in the 
company 
Other factors: 
- lack of technological opportunity 


Only one company owns the mobile crusher machine. 
The equipment was built with public funds (FAPERJ). 
The difficulty in most companies approaching the 
research institutions is a factor that limits the spread 
of such support. 


Slab Opener 3 (entrepreneurs 
are interested) 


The equipment is still being 
developed with public resources 
(FAPERJ). 


This equipment is in the same situation as the Mobile 
Crusher Machine. The equipment was built with public 
funds (FAPERJ). 


Source: Technical visits with entrepreneurs and professionals in the sector 


However, obstacles such as lack of appropriate funding, hard to control expenditures on innovations, 
insufficient innovation potential, or even a lack of technological opportunity were not observed during the 
interviews and technical visits. These results indicate that there is broad availability of public resources for 
technological innovation, as well as the capacity and initiative on the part of research institutions to 
develop technologies for companies. Therefore, the survey results point to the need for interventions to 
be made in the companies, in view of the fact that the Company Factors were the main obstacles to the 
diffusion of technology. In particular, one can highlight the need to increase the level of education and 
qualification of entrepreneurs and workforce in the sector, as well as to provide specific training with 
regards to technological innovation. This is the only possible way to make innovations available to the 
micro and small companies of the sector. 


6 Conclusion 
It is believed that if the innovations presented in this research paper are properly diffused to other 
companies in the sector, they can lead to significant advances in quality, productivity and competitiveness 
in the sector in a generalized form, consequently raising the technological level of the sector. Moreover, 
there is a guarantee of low production of waste and effluents in the production process, guaranteeing a 
lower rate of environmental pollution. However, great difficulty to diffuse the technology was found. Thus, 
the study sought to identify and describe the factors that withhold the diffusion of technology. Factors 
that make it impossible for this technology to reach micro and small companies in the sector, and prevent 
the increase of the sector’s competitiveness. 


The results of the analyses results showed that the main obstacles to technology diffusion in the sector 
were the Company factors, especially the lack of qualified personnel, lack of market information and the 
resistance to changes in the company. In some cases, the Economic Factor 'too expensive' was also a 
barrier to diffusion, but because of the availability of several lines of credit to entrepreneurs, this factor 
cannot be regarded as decisive. 


Therefore, the research study sought to describe the scenario for the development of a sectoral policy of 
technology transfer to reach the micro and small enterprises of the sector at all stages of the supply chain. 
In particular, it is possible to deduce from the analyses carried out that, among the various sectoral policy 
actions that could be taken, the need to increase the level of education and qualification of the 
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entrepreneurs and workers in the sector, as well as the need to implement specific training with regards to 
technological innovation, are priorities. Also, it is necessary that the elements involved in the supply chain 
attempt to solve the problems in the supply chain by means of an integrated view of the activities and 
through a system of cooperative governance. Only then is the Local Productive Arrangement likely to 
become a Local Innovation and Production System and the sector can increase its level of 
competitiveness. 
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Abstract 


The socio-technical systems that make part of our lives are subject to disturbances through disasters that can have 
serious consequences (at the limit, completely destabilizing the basis system). To deal with this situation modern 
societies have developed structures, tools and mechanisms that aim to reduce the probability of occurrence of these 
negative situations. 


Good decision making is critical and information is needed when analyzing the environment for risks, when defining 
emergency plans, when training agents and society to deal with the foreseen accidents. All elements and people 
involved in the emergency cycle phases need to have a common mental structure to deal with information issues. 


The present work is an exploratory study that aims to identify a semantic base underlying the mental model from the 
field of emergency management, using a collaborative approach to build it. Mental models, underlie how people 
structure concepts; how they relate them; what concepts they recall first and which concepts they associate with 
them. We use a group Civil protection graduates to verify the suitability of the proposed methodology. 


This approach merges both the power of collaborative techniques and the use of social sciences methods to obtain 
the data that will allow to build a network of concepts that represents the participants’ mental models. 


The data obtained, by aggregating all the answers, allow us to deepen the analysis of the resulting network, to 
understand connections and main group concepts in this domain. Some of the questions we want to answer are: (1) 
type and intensity of the relations defined; (2) network coherence, by searching missing key nodes or relations. 


Keywords: Conceptual maps; mental models; emergency management; networks 


1 Introduction 
The disturbances that socio-technical systems are subject to through accidents and emergencies can have 
serious consequences. To deal with this situation modern societies have developed structures, tools and 
mechanisms that aim to reduce the probability of occurrence of accidents, their consequences when 
accidents cannot be avoided, a rapid response to the parts of the system that are under threat and a rapid 
recovery afterwards. 


One issue that is crucial to the good functioning of all the above mentioned moments is decision making 
and, to be effective at this task, information is needed. The challenges of information production, usage 
and communication are critical to the success of this process. Information is present when analysing the 
environment for risks, when defining emergency plans, when training agents and society to deal with the 
foreseen accidents. When an accident happens information is needed to access the situation, to 
coordinate the response teams and later on the recovery phase. 


Decision-makers need a permanent and updated information supply that is frequently distributed over 
multiple documents, information systems and even, organizations (Kai, Qingquan, & Lili, 2008), given that 
poor decisions, ineffective communication and lack of information can result in disaster expansion. 
Conversely, the rapid dissemination and exploitation of usable information can be of great benefit in the 
first few hours after disaster strikes (Scott & G. L. Rogova, 2000:1).  


Gaining insight into those aspects of human cognition that underpin preferences, action, and behaviour is 
of great value to the field emergency management. It is widely accepted in the cognitive science and 
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psychology literature that people develop and use internal representations, i.e., ‘mental models’, of 
external reality that allow them to interact with the world. (Jones, Ross, Lynam, Perez, & Leitch, 2011) 


Mental models are conceived of as a cognitive structure that forms the basis of reasoning and decision 
making. They are built by individuals based on their personal life experiences, perceptions, and 
understandings of the world. Mental models provide the mechanism through which new information is 
filtered and stored. However, people’s ability to represent the world accurately is always limited and 
unique to each individual. (Jones et al., 2011) 


A variety of techniques exist for eliciting mental models, ranging from brainstorming, to interviews or text 
analysis. They can be applied both individually or to a group of people. (Carley & Palmquist, 1992; 
Langan-Fox, 2001) The majority of procedures used are based on the assumption that an individual’s 
mental model can be represented as a network of concepts and relations. Some procedures are designed 
to elicit a network representation of a mental model directly from the interviewee through a diagrammatic 
interview. Other procedures require the researcher to re-create, or infer, the network from oral interview 
data or questionnaire data. (Jones et al., 2011) 


When working together people must share a part of the mental model to deal effectively with each other. 
Team mental models promote understanding among team members regarding information requirements 
and the need for communication and coordination. (Sayama, Farrell, & Dionne, 2010) 


In the case of emergency management cycle all elements and people involved need to have a common 
mental structure to deal with information issues. This is a common problem referred in emergency 
management literature (Alexander, 2002; Griffin, 2009; Kai et al., 2008). This common structure can be 
referred to as an ontology (Noy & Mcguinness, 2000).  


The present work aims to develop a semantic base underlying the mental model of a group of civil 
protection graduates by using a collaborative tool to build and define it. The use of this group of study is 
justified by the ease of reach for the authors and because civil protection, in the Portuguese context is the 
societal branch related to emergency management. 


The emergent network of concepts will be studied through complex network analysis tools to understand 
connections and main group of concepts in this domain. 


2 Network approach 
The study of networks has become very important even outside their traditional areas of application, such 
as mathematics, computer science, and the social sciences. This use resulted from the development of 
mechanisms for representation, measurement, and modelling (Butts, 2009). 


In order to represent a network a group of entities is needed. Each element of the group is usually called a 
node and it represents a single entity that may take part in the relation under study. Relationships are 
represented via edges, that can be either unordered pairs of nodes (i.e. the relation is said to be 
undirected) or ordered pairs of nodes (i.e. the relation is said to be directed). The network is represented 
by a graph, which is defined as a set of nodes together with a set of relationships among them. 


The main result of the study of complex networks has been the identification of a series of unifying 
principles and statistical properties common to most of the real networks considered. It is possible to 
identify different kinds of networks (Newman, 2003): 


 social networks if the entities are people and the edges are their relationships; 


 technological networks if we are analysing the connection between resources, commodities or 
man-made facilities; 


 information or knowledge networks when the relation is between entities that fall in this category 
(books, citations, films) and 
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 biological networks, representing biological systems. 


As mentioned above, an ontology is a description of concepts and the relations among them formally 
describing a field of knowledge which results in a shared conceptualization. If we take the concepts as 
nodes and relationships between them as edges it is possible to represent the ontology as a network (or 
graph).  


Therefore (following the above classification), the network representation of an ontology falls in the 
information network category.  


However, in this work it is proposed a fifth category, named “concept network”, given the special nature 
of the entities under study. These entities are abstract yet powerful, and have a great impact in the daily 
lives of individuals and institutions, therefore they have the potential to become an autonomous branch 
of study. 


It is important to note that the representation of an empirical phenomenon such as a network is a 
theoretical act, that is based on assumptions about what is interacting, the nature of that interaction, and 
the time scale on which that interaction occurs (Butts, 2009). In this case we are considering the concepts 
and the way respondents relate them. 


2.1 Network measures 
A relevant property in networks is the degree of a node, which is, the number of its direct connections to 
other nodes. In real networks, the degree distribution, P(k), defined as the probability that a randomly 
chosen node has degree k (or, equivalently, as the fraction of nodes in a graph having a k degree), 
significantly deviates from the Poisson distribution expected for a random graph and, in many cases, 
exhibits a power law (scale-free) tail.  


Scale-free networks are also indicated by low clustering and average path length as we will verify later in 
the present work.  


A first approach, as we follow the network perspective, is to rely on mainstream measures suitable to its 
analysis (node degree, average path length, clustering, centrality). As referred earlier, the node degree, 
usually denoted <k>, is the number of connections to other nodes. It’s possible to isolate the incoming 
links to the node, the in-degree or the outgoing links to other nodes, the out-degree. 


The average path length is the average number of connections joining two randomly chosen nodes 
(denoted l). The clustering coefficient of the network reflects the transitivity of the mean closest 
neighborhood of a network vertex, that is, the extent to which the nearest neighbors of a vertex are the 
nearest neighbors of each other. (Borge-Holthoefer & Arenas, 2010) 


Centrality coefficient measures to which extent a node i is near to all the other nodes along the shortest 
path, thus given an indication of its importance in the network. 


In the table below are summarized some common measures suitable to network analysis (Johnson, 2006). 


Number of branches  Network complexity 
Variety  Number of dimensions 


Size, size of grammar, size of matrix Number of internal relations 
Connectivity  Number of variables 


Table 1 ‐ Measures of network complexity 


In some of the ontologies about emergency management (e.g. Kai et al., 2008; X. Li et al., 2008; Little & G. 
Rogova, 2006; D. Maio & P. D. Maio, 2008) a repetition of groups of elements can be observed since they 
are related to several concepts. This fact may suggest that, also in the case of “concept networks”, it is 
possible to identify the existence of modules (modularity), that can be or are reused (reuse) and have a 
hierarchy (Hornby, 2007). This proposal was originally intended to be applied on software complexity 
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analysis, but it seems to us that, given the nature of elements we are dealing with, we could extend the 
application to this case, fostering and testing other possible applications. 


Modularity takes into account the number of modules, i.e., an encapsulated group of elements that can 
be manipulated as a unit. Reuse is a measure of the average number of times modules are used to create 
the resulting design. Finally, hierarchy tries to capture the number of nested layers of modules. 


3 Methodology 
Although some ontologies for emergency management have been proposed (Kai et al., 2008; X. Li et al., 
2008; Little & Rogova, 2006; D. Maio & Maio, 2008) they are mostly developed to be applied in contexts 
such as decision support systems or artificial intelligence applications. In this work we will start from the 
concepts from experts and analyse it. 


The approach we propose merges both the power of collaborative web-based techniques and the use of 
social sciences methods (since it asks real people about their knowledge about an issue) (Carley & Lee, 
2002) to obtain the data that will allow to build the network.  


To accomplish this we ask group of graduate students to identify, organize and relate the concepts they 
recognize in the emergency management field.  


For each of the concepts initially identified they were asked to indicate a new level of concepts related to 
them. By iterating on the mentioned steps, identification of a concept, related sub-concepts and again 
with this ones, put together a new sub-level of concepts, it is possible to build several levels of inter-
related concepts (as represented in Figure 1). An individual structure is obtained representing the mental 
model of concepts of the respondents. The mental model of concepts and relations among them is  
representable as a network. 


Figure 1 exemplifies the expected structure. 


 
Figure 1 – Model of data gathering 


3.1 The study 
To implement the structure of data gathering presented in figure 1 above, a questionnaire was 
implemented, allowing to capture answers in a multilevel and relational format. The questionnaire was 
sent, by email, to 60 graduates in Civil Protection. Fourteen answers were received (23% of the sample).  


As the concepts are words, the several responses were verified for major spelling errors and typos. This is 
an important step to ensure that the same concept indicated by two different respondents was not coded 
as different because of an error. Finally, the individual networks were grouped and processed to create a 
unique network with all the contributions. 


In this network, we take into account the number of times a pair of concepts was mentioned by the 
respondents, because this stresses the importance of that relation among the group. That total amount 
was taken as a weight of the edge between concepts. In later extensions of this work we intended to 
introduce the weight of the nodes, i.e. the number of different times a individual concept was mentioned. 


Starting concept 
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The data was processed to transform the concepts identified in a network structure, where a node 
represents a concept and an edge represents a connection between two concepts. Additionally, for each 
pair of nodes the respective weight was indicated. 


A file was created in the native format of Pajek software  and this package used to perform the analysis. 


4 Results 
In table 2 are presented some basic measures about the aggregate network of concepts. The difference 
between the two columns is the consideration of the starting concept or not. As mentioned above, when 
collecting the data for the construction of the network, the starting question was: “What are the main 
concepts you relate with civil protection?”. “Civil protection” becomes the starting concept and therefore 
all other concepts propagate from this first one. It is important to analyse how the structures holds if we 
withdraw this (“Civil protection”) concept.  


  With the starting concept Without the starting concept


Nodes  262 261 


Links  357 315 


<k>  2,7251  2,4138 


L  3,7275 4,2401 


C  0,11828 0,08461 


Table 2 ‐ Summary of network measures 


If the initial concept (“Civil protection”) is taken into account we have 262 different concepts and 357 links 
between them. The average degree (number of average links per node) is 2,7. Although the number of 
nodes (concepts) is high the average degree indicates that each was related with few other concepts. This 
can be due to the small sample of individual responses. The average path length (l) is 3,7 referring to 
average number of connections joining two randomly chosen nodes. The small value reflects the 
proximity between concepts but may be justified with the dimension of the network. 


If we remove the initial concept (“Civil protection”), only one node is loosed but some changes occur in 
the network. The more notorious is a strong decrease in the number of links, meaning that the concept is 
strongly connected. It is also significant the increase in the average path length and the fact that some 
nodes became orphans (unconnected to the main core of the network ). This can by observed in the 
following image representing the network. 
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Image  1 - Representation of the concept network with initial concept 


 
Image  2 -Representation of the concept network without initial concept 


The values suggest that the network is a small-world type of network, because of low clustering and 
average path length. 


Since the number of times individual answers indicated that a pair of concepts were related we can spot 
the main pairs on the network. In Table 3, we present the highest weights between concepts in the 
network, signalizing the respective importance. 


As expected the more important ones are related with the main functions of emergency management in 
Portugal (Prevention, Rescue and Planning). We must note the absence of references to mitigation and 
recovery as key concept in the emergency management cycle and referred to in the Portuguese civil 
protection law. This can be due to lower emphasis given to these activities in common activities and 
decisions. 
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With starting concept  Without starting concept 


Start/End Nodes  Weight  Start/End Nodes  Weight 


Civil protection‐Prevention  6  Planning ‐Responsabilities  3 


Civil protection ‐ Rescue  6  Planning – Emergency Planning  2 


Civil protection ‐ Planning  5  Anticipation‐ Internal Emergency Planning   2 


Civil protection – Protection  4  Prevention‐Antecipation  2 


Civil protection ‐ Emergency  3  Emergency Planning ‐Action  2 


Civil protection ‐Safety  3  Prevention‐Scenaries  2 


Planning‐Responsabilities  3  Planning‐Risks  2 


Planning ‐Risks  2     


Table 3 - Weights of links between nodes 


Once more, if the starting concept is removed the weights of the linked nodes strongly decrease. This is 
due to reduction in connectivity. As referred earlier, removing the starting node strongly reduces the 
clustering in the network, 


In Table 4 we present the nodes with higher centrality index for both the networks (with and without 
starting concept). In the first case “civil protection” is the concept with higher centrality (and this help to 
justify the need to analyse the network without this concept). The more central nodes are the ones that 
represent basic functions in the field (planning, prevention, assistance and protection). 


With starting concept  Without starting concept 


Civil protection  0,49  Planning  0,34 


Planning  0,41  Prevention  0,32 


Prevention  0,40  Assistance  0,32 


Assistance  0,39  Protection  0,28 


Protection  0,37  Plans  0,28 


Table 4- Centrality coefficient 


5 Conclusions 
Network analysis seems to be a valid tool to study the mental maps of concepts that were elicited. It was 
possible to identify the most important pairs of concepts using the aggregated network built from 
individual answers. These pairs of concepts reflect the key concepts used in the field as defined in the 
legal basis of Portuguese civil protection and in the literature. The use of the links weights and centrality 
coefficients corroborate this claim. 


Despite  these findings, we must note that some other key concepts are not indicated, thus not receiving 
importance. This may , point the need for further information and training to the studied group. 


Since this is an exploratory study that used a sample of graduates as the source of concepts, future work 
will replicate this approach with key professional in the civil protection field, in order for us to depict the 
mental models of the emergency managers. 


To improve the analysis, using this technique, we think there is a need for a measure to compare different 
networks. This measure will enable to identify similarities and dissimilarities between mental models of 
individual and groups of people. The understanding resulting from that is helpful to take decisions 
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regarding the improvement of training and information sharing between individual or groups in key 
organizations in the field.  
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Abstract 


The use of vegetable wastes as raw material for cellulose fibers production has revealed to be an attractive alternative 


to residue’s valorization and reduction of environmental impact. Canned heart palms production (Archontophoenix 


alexandrae) in Brazil generates a large amount of wastes which could be a source of cellulose. With the aim to get a 


pulp extraction method adjusted to the canned heart palms processes’ wastes, the objective in this paper is to 


develop a Response Surface Methodology (RSM) to evaluate the influence of the process variables over the cellulose 


pulp characteristics. Response variables selected for experimental design included the degree of delignification, 


capability and speed of water absorption, and fiber density. The pulp cellulose absorption characteristics were defined 


from specifications for use of it in hygiene products as diapers, for instance. Statistical tools were used to determine 


the influences of controlled variables over the response variables through the formulation of n-dimensional equations 


and surfaces, which allowed the optimization of the interest variables. The results have indicated that the pulps 


obtained from the processes proposed have not reached the quality characteristics required for the use intended. The 


values for the absorption variables showed to be lower than those established in the research hypotheses, but the 


RSM essays have established basis for further experiments accomplishment. 


Keywords: Vegetable wastes; Canned heart palm; Response Surface Methodology (RSM); Pulp extraction; Design of 


Experiments. 


1 Introduction 


Design approaches that emphasize the economic, social and environmental dimensions, associated with 


advances in technology, make the efforts to find sustainable solutions more effective. One aspect referred 


to in the sustainable approaches is the reuse of process waste, as well as the minimization of its 


generation (PAULI, 1996; McDONOUGH and BRAUNGART, 2002). Waste recovery for the purpose of 


generating new products has been an object of research, since there is a significant variation in the quality 


of these products and due to the need to design processes that can efficiently effect this transformation. 


The most attractive aspect in relation to natural fibers is their positive environmental impact, since they 


represent a renewable resource and are produced with low energy consumption (JOHN and THOMAS, 


2008). In line with this trend is the proposal to obtain cellulose from King Palm (Archontophoenix 


alexandrae) leaf sheaths, thereby taking advantage of and recovering an abundant by-product which 


results from the industrial processing of canned heart of palm. Three layers of leaf sheaths that surround 


the heart of palm constitute the waste from this process. The leaf sheaths of the King Palm are an 


agricultural waste, which are lignocellulosic in nature, like most of these types of plant waste (KEREM et 


al., 1992).  


Several studies have been conducted to investigate different applications for the waste from the King 


Palm, since they can add value to waste left behind on the field and reduce environmental damage 


resulting from its accumulation (TONINI, 2004). Noteworthy among the research studies is the application 


of the middle leaf sheath for food products (TONINI, 2004; VIEIRA, 2006). In a research performed at the 


Rural Federal University of Rio de Janeiro (UFRRJ), the use of the Euterpe edulis Martis stem, was 
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investigated as a fibrous raw material alternative for producing cellulosic pulp by the kraft method 


(ANDRADE et al., 2000). 


To carry out such a project, the leaf sheaths must undergo cellulose extraction using specific equipment. 


Normally, the most industrially-used chemical pulping of lignocellulosic raw materials employs alkaline 


reagents for transforming the fresh fiber into cellulose pulp (SIXTA, 2006; SOUZA et al., 2008). Pulping 


with soda (NaOH) and anthraquinone (AQ) as an additive is suitable and common for pulping processes in 


plants that are not subject to seasonality (ANTUNES et al., 2000). A variety of references can be found on 


treating plant waste with alkaline extraction using NaOH and even an additive for delignification, 


including: rice straw pulping (RODRÍGUES et al., 2010), corn husks pulping (REDDY and YANG, 2005), 


soybean husk pulping (REDDY and YANG, 2009) and banana fiber pulping (ELANTHIKKAL et al., 2010).  


Few researches were found for King Palm leaf sheaths (TONINI, 2004), but no specific study on cellulose 


fiber extraction.  


Therefore, the object of study in this research is to develop a Response Surface Methodology (RSM) to 


evaluate the influence of the process variables over the cellulose pulp characteristics using alkaline 


pulping for King Palm leaf sheaths. This process uses NaOH as a delignifcation reagent and AQ as a 


process additive. Then an experimental design was proposed to examine the feasibility of extracting 


cellulose from King Palm leaf sheaths in order to obtain a fiber with absorbent capacity and low residual 


lignin content, as well as demonstrate the influence of the controllable process factors on the response 


variables analyzed.  


2 Theoretical Review 


This review deals with King Palm leaf sheaths and cellulose extraction methods. In the literature on 


lignocellulosic materials, there are few scientific publications available about the properties and behavior 


of their fibers. 


2.1 King Palm  


The high productivity of King Palm leads to the generation of large amounts of plant waste from 


processing. The heart of palm extraction process requires cutting down the palm tree, because only a 


small part inside the stem is used for commercial purposes and food consumption. Thus, recovering the 


waste that is generated is an attractive alternative for fomenting development in the sector, aligned with 


sustainability concepts, such as zero waste generation principles (PAULI, 1996; McDONOUGH and 


BRAUNGART, 2002). The main constituents of the plant are cellulose, hemicellulose and lignin (OKEKE and 


OBI, 1994). Of the different agro-industrial wastes with the potential to be used in bioprocesses, the 


middle sheath of the heart of palm, which has a high concentration of lignocellulosic material (TONINI, 


2004), has been still little studied. 


2.2 Industrial cellulose extraction processes 


There are two alkaline pulping processes are the soda process and kraft process. In both NaOH is the 


largest delignifcation reagent in the cooking liquor, while the kraft process also contains sodium sulfide 


(Na2S). The use of process additives has been a highly regarded option in alkaline processes since it 


enhances the efficiency of the pulping reactions and reduces the active alkali load and sulfur compounds. 


Studies with soda process showed that the action of AQ as an additive affords greater benefits in the 


pulpings done with a lower NaOH concentration, since the action of this additive can be masked by the 


presence of OH- ions in higher concentrations. These studies indicate that the effect of AQ is more 


pronounced in soda pulping as compared to kraft pulping (HOLTON, 1977).  


The advantages of the alkaline processes over the others, lie in their adaptability to all types of wood for 


producing high quality pulps with excellent resistance properties, in addition to having an efficient system 


for recovering chemical reagents and energy. The soda process with the use of additives proves to be 


potentially favorable for application when the use of sulfur is restricted (SOUZA et al., 2008). In regards to 
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the concerns about applying this process, it should be noted that the excessively long cooking time, high 


temperatures and high NaOH concentrations used can promote the degradation of the wood 


carbohydrates, reducing the yield of the process (D’ALMEIDA, 1988; SIXTA, 2006). In industrial practice, 


temperatures in the 170°C range are recommended, but, according to D'Almeida (1988) the time and 


temperature factors are interdependent. If a higher pulping temperature is used, a shorter time period can 


be selected, or the opposite. Thus, process conditions are sought that promote delignification without 


excessive degradation of the cellulose fibers. 


2.3 Design of Experiments 


A design of experiments will be efficient if a scientific approach is applied in its planning. The planning 


process of the experiment is designed through the integration of statistical methods, so that the data 


collected can be analyzed statistically, leading to objective and valid conclusions (MONTGOMERY, 2001). 


Many kinds of design of experiments are suggested.  


2.3.1 Response Surface Methodology (RSM) 


Response Surface Methodology (RSM) is a combination of experiment design techniques, regression 


analysis and optimization methods that is widely applied in industrial surveys where a large number of 


variables of a system influences a fundamental feature of this system. According to Ribeiro (2007) (RSM) is 


well-suited for application in experiments where the intent is to optimize products and processes, because 


it generates the mapping of regions modeled through n-dimensional surfaces. For applying this 


methodology, Central Composite Design (CCD) offers certain advantages, in that it is recommended for 


the adjustment of quadratic models, making possible the study of linear and quadratic terms. Likewise, 


the alpha value can be set enabling the design to acquire properties of rotationality or orthogonality. In 


multiple regression equations, in order to compare the effects of the model's different controllable factors 


(terms), it is necessary to standardize their variation interval. The standardization is done by converting 


the actual levels of the investigation interval into coded levels of the interval. 


3 Method 


For the experimental research, the waste resulting from the processing of heart of palm was used, which 


consists of the leaf sheaths that surround it. Until now only the leaf sheaths are gathered by the company 


and the other elements remain on the field (stem, trunk and leaves), that is, on the properties of the heart 


of palm suppliers. In light of this, the study proposes utilizing the King Palm leaf sheaths, with the 


shipping cost built into the heart of palm processing cost, in other words, without extra expenses for the 


extraction process. From the results of the preliminary alkaline pulping tests on King Palm leaf sheaths, 


performed in a processing company in another study, the possibility was evaluated of conducting 


experimental designs in equipment used to extract cellulose from plant materials for bench-scale pulp 


production. It is important to mention that previous studies with the waste from the canned heart of palm 


process found that treatment via acid hydrolysis was a means of generating a product with high 


commercial value – inulin. This study is found in Patent 0606063-3 (FEPAGRO, 2008). Inulin, a natural 


sweetener, is present in the filtered liquor following the acid hydrolysis of the palm leaf sheaths. 


Thus, the chemical pulping of the leaf sheaths, proposed in this paper, was developed in two ways: from 


fresh leaf sheath waste and after undergoing acid hydrolysis. The fresh crushed raw material was dried in 


an oven at 68°C and set aside in a container to be used during the tests. It was considered that the raw 


material, before drying, should have firm fibers and not be in a stage of decomposition. Similarly, for the 


acid hydrolysis stage, the already dry fresh raw material underwent the hydrolysis reaction in several 


rounds, after which it was dried in an oven, mixed and homogenized to then be used in the alkaline 


extraction tests. The acid hydrolysis process of the leaf sheaths (upper third of the stem of the palm tree 


from where heart of palm is removed) entailed attacking the fiber with an acid solution diluted in water. 


The conditions for the acid hydrolysis according to Patent 0606063-3 (FEPAGRO, 2008) are the following: 


liquid-sample ratio (10:1), acid concentration (3% v/v), pressure (1,5 atm), temperature (127ºC) and time in 
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the autoclave at the stipulated temperature (30 min) . 


The experiment designed for alkaline extraction was a CCD, 2
k
 with star points and center points. The 


pulping temperature had to be maintained at 127°C, corresponding to the maximum operating limit that 


the equipment used was able to support. Reaction time, NaOH and AQ concentration were the 


controllable factors of the process, while the kappa number, absorption capacity, absorption speed and 


apparent pulp density were the response variables analyzed. The levels investigated, according to 


industrial parameters and those available in the literature (SMOOK, 1982; D’ALMEIDA, 1988; KHRISTOVA 


et al., 2004; SIXTA, 2006; KHIARI et al., 2009; RODRÍGUES et al., 2010). The intervals were established 


according to the CCD with an alpha value of 1.68 and two center points. The study points and their 


respective coded levels are listed in Table 1.  


Table 1 - Points and controllable factors, in their high and low levels, and center point for the Central Composite 


Design (CCD) 


Factors CONTROLLABLE FACTORS Real Levels Center Level Star Level 


Low Level High Level 


(-1) (+1) (0) (-1.68) (+1.68) 


X1 AQ concentration (%) 0.5 1.0 0.75 0.33 1.17 


X2 Time (min) 120 150 135 110 160 


X3 NaOH concentration (%) 15 29 22 10 34 


Table 1 shows the controllable factors, intervals used and their respective levels analyzed in the 


experiments. The order of the trials was randomized and without repetition.  


3.1 Laboratory description 


The treatments were performed in the Plant Pathology laboratory located at FEPAGRO (Porto Alegre, RS, 


Brazil). Two kind of treatment were performed: acid hydrolysis reaction and alkaline pulping, and the first 


followed the patent recommendations. For both treatments it was used a vertical autoclave (BIOENG 


brand, model A50, number 274). The samples that had the acid hydrolysis treatment were neutralized in 


an aqueous medium with NaOH until reaching a pH close to 7.0 and then placed in an oven (BIOMATIC 


brand) for drying, in order to serve as raw material for the second round of experiments with alkaline 


treatment.  


Following the preparation of the hydrolyzed material, the trials for cellulose extraction followed the CCD 


design points. First, the quantities of straw and water used in each experiment were determined. The trials 


were performed with 50 g of dry material and 500 ml of solution. The alkaline solutions were prepared 


from dissolving NaOH and AQ in distilled water, as per the predefined concentrations. The weighing of 50 


g of plant material, whether hydrolyzed or fresh, after drying, was done on a digital analytical BEL MARK 


500 scale with a maximum capacity of up to 500 g. The drying of the plant material was done in the same 


oven used in the previous stage, at a constant temperature of 68°C to constant weight. The autoclave 


available for carrying out the tests was regulated to operate at a constant temperature (127°C) and 


pressure (1.5 atm), which represent the maximum parameters permitted for operating the equipment. The 


autoclave has a 20-liter capacity and contains a basket which is capable of supporting two two-liter 


beakers. The experiments were done by placing the straw in heat-resistant beakers and then adding the 


alkaline solution at the set concentration. The equipment is used for bench-level experiments, since 


despite its small size it can reproduce industrially-applicable process parameters. 


Once the experiment began, control over the time factor was maintained. The time established for each 


point was measured from the time the system reached a temperature of 127°C. At the end of the cooking 


time, the equipment was opening to remove the beakers, and then they were cooled. The material inside 


the beakers was separated, since it consisted of pulped material and black liquor. The pulp was filtered 


and washed three times with distilled water before undergoing a drying process. Drying took place in an 
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oven, whose temperature was maintained at 68°C for 24 hours. The black liquor was neutralized for later 


disposal.  The solid part was analyzed to determine the response variables. 


3.2 Analytical methods 


Samples were taken in order to analyze the response variables: Kappa number, absorption capacity (g of 


water), absorption speed (g of water/s) and apparent pulp density (g/cm
3
). All the samples were dried 


after collection and sent for analysis, which was done once for each sample. The analysis of the response 


variables was conducted at SENAI (Telêmaco Borba, PR, Brazil), which provides a specialized service for 


testing paper and cellulose pulp. It's worth noting that proposed analyses were a laborious and expensive 


task. The methods used for measuring each response variable are detailed described below. 


3.2.1 Methodology for determining the Kappa number 


This analysis provides an indication of the degree of pulp delignification. The analyses for determining the 


kappa number of pulp from King Palm leaf sheaths proceeded according to ABNT NBR ISO 302 (2005). To 


determine the kappa number, a gram of dried pulp was used for each test, and the tests were performed 


in triplicate for each sample. For more details see ABNT NBR ISO 302 (2005) specifications.  Interval 


specification for kappa number in commercial sanitary pulps is 5 to 10, and the target value can be 


considered 8. 


3.2.2 Methodology for determining water absorption capacity and time 


For both the absorption capacity and absorption speed tests, 5 grams of cellulose are used, and the tests 


are carried out in that sequence, just once for each sample. The analyses proceeded in accordance with 


ABNT NBR 15004 (2003). Interval specification for absorption capacity is 8 to 14 g of water/ g dry pulp 


(FOELKEL, 2010), and he target value considered was 10 (g of water/ g dry pulp). Considering the 


absorption speed the interval specification for it is 3,2 to 20 g water/s (FOELKEL, 2010) and the he target 


value was 12 g water /s. 


3.2.3 Methodology for determining apparent density 


The determination of apparent density was done in accordance with ABNT NBR NM - ISO 534 (2006), with 


a 1.6 gram mass of cellulose fiber. The tests were performed just once for each sample and he interval 


values are 0,4 to 0,6 g/cm
3 
(FOELKEL, 2010). The target value estipulated was 0,55 g/cm


3
. 


3.3 Obtaining the regression model and the Response Surface graphics 


In multiple regression equations, in order to compare the effects of the model's different controllable 


factors (terms), it is necessary to standardize their variation interval, so they are codified. Using CCD, it was 


necessary to code each of the investigated controllable factors at high levels (+1) and low levels (-1), the 


center point (0) and the star points (± 1.68). The values of the star points (alpha) were calculated in order 


to confer the orthogonality condition to the project. All the results were treated with Minitab 15 statistical 


software in order to statistically evaluate, to the 15% significance level, which factors and interactions 


among the controllable factors have significant influence on the values obtained for the response 


variables. Response Surface graphics were generated on the basis of the influence of pairs of coded 


controllable factors on each of the response variables. They provided to define optimal conditions to the 


response variables. 


4 Results and Discussion  


Absorbent materials such as paper for sanitary purposes must display certain important characteristics to 


ensure the efficiency of their function. According to Jordan and Neves (1989), the most relevant properties 


of this kind of pulp are: high absorption speed and the ability to retain or absorb liquids. However, the 


pulp’s ability to retain liquids is tied to its fibrous structure and arrangement thereof. The author states 


that the fibers of the material need to be long, porous and rigid. Foelkel (2010), who has studied the 


behavior of pulps for absorbent purposes, the specific volume, which corresponds to the inverse of the 
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density, is also an important feature. Pulps with a high specific volume or low density generally exhibit 


high water absorption.  


In order to determine these parameters for the pulp obtained from the process waste (leaf sheaths), 


experiments were performed from November to February 2010. Sixteen tests were performed with fresh 


material and another sixteen with hydrolyzed material, which generated 32 different samples that were 


analyzed in a specialized laboratory. Only one test was performed for each experimental condition, since 


these are cumbersome and require a lot of time to perform. The results obtained for the response 


variables for each treatment, without and with acid hydrolysis of the raw material, are listed in Table 2 and 


3, respectively. The statistically significant linear and quadratic effects, at the 15% level, were noted for the 


response variables. The value was set according to data presented in the literature for working with 


experiments with vegetable sources that involve chemical reactions (REZAYATI-CHARANI and 


MOHAMMADI-ROVSHANDEH, 2005; REZAYATI-CHARANI et al., 2006; ZENG et al., 2011). Researchers 


performed pulping with NaOH and AQ of palm fruit bunches after extracting the oil, through a design of 


experiments and with the generation of regression models to predict the value of the variables of interest 


of the pulp, accepting a statistical significance level of up to 20% (JIMÉNEZ et al., 2009). 


Table 2 - Process factors and response variables for extracting cellulose with sodium hydroxide and additive 


 
CONTROLLABLE FACTORS AND CODING OF THE 


FACTORS 
RESPONSE VARIABLES 


POINT 


AQ 


Concentration 


(%) 


Time 


(min) 


NaOH 


Concentratio


n 


(%) 


Kappa 


No. 


Absorption 


Capacity[g] 


Absorption 


Speed 


[g/s] 


Apparent 


Density 


[g/cm3]  


1 
0.5  -1 120 -1 15 -1 51.38 


 


3.52 0.71 1.17 


2 1 1 120 -1 15 -1 41.27 2.17 0.17 1.34 


3 0.5 -1 150 1 15 -1 46.18 2.58 0.16 1.36 


4 1 1 150 1 15 -1 66.50 2 0.51 1.27 


5 0.5 -1 120 -1 29 1 42.49 2.49 0.14 1.3 


6 1 1 120 -1 29 1 41.16 2.44 0.28 1.23 


7 0.5 -1 150 1 29 1 61.68 3.82 0.6 1.07 


8 1 1 150 1 29 1 60.04 4.83 0.91 1.21 


9 0.33 -1.68 135 0 22 0 51.87 2.92 0.53 1.36 


10 1.17 1.68 135 0 22 0 51.10 2.36 0.16 1.29 


11 0.75 0 110 -1.68 22 0 48.40 3.43 0.45 1.28 


12 0.75 0 160 1.68 22 0 50.48 1.8 0.02 1.24 


13 0.75 0 135 0 10 -1.68 51.43 2.75 0.65 1.24 


14 0.75 0 135 0 34 1.68 62.39 2.04 0.47 1.15 


15 0.75 0 135 0 22 0 60.45 2.34 0.55 1.2 


16 0.75 0 135 0 22 0 62.00 2.98 0.6 1.22 







 


Evaluation of Process Variables Influence over Cellulose Extraction from Vegetable Waste 


using Response Surface Methodology 


ID100.7 


Table 3 - Process factors and response variables for extracting cellulose with sodium hydroxide and additive after acid 


hydrolysis 


 
CONTROLLABLE FACTORS AND CODING OF THE 


FACTORS 
RESPONSE VARIABLES 


POINT 
Concentration 


AQ (%) 


Time 


(min) 


Concentration 


NaOH (%) 


Kappa 


No. 


Absorption 


Capacity 


[g] 


Absorption 


Speed 


[g/s] 


Apparent 


Density 


[g/cm3] 


1 0.5 -1 120 -1 15 -1 66.12 3.23 0.38 1.19 


2 1 1 120 -1 15 -1 47.61 2.93 1.04 1.17 


3 0.5 -1 150 1 15 -1 50.23 3.3 0.58 1.39 


4 1 1 150 1 15 -1 61.5 4.05 0.8 1.34 


5 0.5 -1 120 -1 29 1 43.73 3.48 1.47 1.12 


6 1 1 120 -1 29 1 35.28 4.12 0.71 1.14 


7 0.5 -1 150 1 29 1 43.27 3.73 1 1.21 


8 1 1 150 1 29 1 49.23 3.32 1.36 1.06 


9 0.33 -1.68 135 0 22 0 38.76 4.53 1.45 1.12 


10 1.17 1.68 135 0 22 0 54.86 4.53 0.74 1.14 


11 0.75 0 110 -1.68 22 0 25.17 3.86 0.17 1.27 


12 0.75 0 160 1.68 22 0 22.41 4.13 0.37 1.45 


13 0.75 0 135 0 10 -1.68 60.89 3.14 0.64 1.2 


14 0.75 0 135 0 34 1.68 43.38 3.41 0.52 1.3 


15 0.75 0 135 0 22 0 39.51 2.83 1.24 1.49 


16 0.75 0 135 0 22 0 39.39 3.31 1.36 1.3 


 


Once the laboratory results were obtained, a modeling was done through multiple regression, using only 


the significant effects indicated by the statistical analysis. Table 4 shows the equations generated by the 


experiments that only had the alkaline extraction stage. 


 


Table 4 - Proposed models for the response variables of the experiments with alkaline extraction 


Variable (Y) Equation R2 - coefficient of 


determination 


p - value 


Kappa number Y= 61.298 + 4.51X2 – 4.342 X22 69.40% X2: 0.059; 


X22: 0.114 


Absorption capacity Y= 2.6177 + 0.6038 X2X3 54.30% X2X3: 0.090 


Absorption speed [g/s] Y= 0.5686 + 0.1625 X2X3 60.60% X2X3: 0.113 


Apparent density [g/cm3] Y= 1.2119 - 0.0352 X3 – 0.0462 X2X3 61.90% X3: 0.139; 


X2X3: 0.137 


 


For the response variables (Y) it is possible to see the positive or negative influence through the signal “+” 


or “-“, respectively, and the interactions and linear influences by the factors (X1, X2 and X3) in the 
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equations. However, the R
2
 values which indicate how well the regression equation fits the sample data, is 


between 54.3 to 69.4%, and is the highest value found for the kappa number variable. This indicates that 


the models reveal a greater influence of external factors. Since the experiments were performed without 


repetition, it can be expected that the sample data generated will not be sufficient to describe models 


that manifest the influence of the controllable factors on the response variables analyzed. Table 5 


presents the equations generated by the software for the response variables of the experiments that also 


had the acid hydrolysis stage followed by the alkaline extraction stage. 


Table 5 - Proposed models for the response variables of the experiments with alkaline extraction after 


acid hydrolysis 


Variable (Y) Equation R2 - coefficient of 


determination 


p - value 


Kappa number Y= 38.618 - 6.107X3 + 4.61 X12 + 


6.493 X32 + 5.524 X1X2 


81.60% X3: 0.034;    X12: 0.141;      


X32: 0.054;     X1X2: 0.108 


Absorption capacity Y= 3.1149 + 0.4077X12 67.30% X12: 0.042 


Absorption speed 


[g/s] 


Y= 1.2702 – 0.2923X22 59.30% X22: 0.080 


Apparent density 


[g/cm3] 


Y= 1.3984 + 0.05 X2 - 0.1019X12  – 0.0595 


X32 


74.50% X2: 0.116; 


X12: 0.022; 


X32: 0.122 


 


The regression models provide information about the linear effects and interactions. The regression 


analysis for the kappa number showed that the NaOH concentration influences in a linear way, causing 


the kappa number to decrease if there is any increase in the NaOH concentration. Data from the literature 


strengthen the proposed model, since an increase in the concentration of NaOH leads to a decrease in 


the kappa number, indicating a higher degree of delignification. On the other hand, studies have also 


found that the presence of a small amount of liquor affects the kappa number (ABNT, 2005), and for this 


reason, if the washing of the sample is insufficient, this variable can increase. 


Based on the generated regression equations, which highlight the significant coefficients for the model, 


software was used for generating Response Surface graphs which highlight the interaction of pairs of 


controllable factors or even the quadratic effects for each response variable. These graphs with the effects 


of the factors are presented in: 


 https://docs.google.com/open?id=0B8VVSr93P98ibTZJY09oNTZRNzJtYWh1NW5hRjJIZw.  


For the tests that only entailed alkaline extraction, the analysis of the AQ concentration versus time graph 


for the Kappa number is sloped, indicating the quadratic effect of the time variable. For the absorption 


capacity, absorption speed and apparent density variables, the graphs show the behavior of the 


interaction of time versus NaOH concentration. Meanwhile, the graphs of the experiments that contained 


the acid hydrolysis reaction followed by alkaline extraction, for the Kappa number, show the quadratic 


effects of the AQ and NaOH concentrations through the AQ concentration versus NaOH concentration 


graph. The positive interaction between the AQ concentration and time variables is shown through the 


graph with both factors. 


For the absorption capacity variable, the quadratic effect of the AQ concentration variable is seen through 


the AQ concentration versus time interaction. The same graph was constructed for the absorption speed 


variable in order to reveal the quadratic effect of the time factor. These results indicate that it would be 


beneficial to find an optimal value between the time and AQ concentration factors, since both of them 


influence absorption capacity and speed, which are important response variables for pulp intended for 


sanitary purposes. They are important variables because from a practical point of view the pulp must meet 



https://docs.google.com/open?id=0B8VVSr93P98ibTZJY09oNTZRNzJtYWh1NW5hRjJIZw
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these parameters. Lastly, for the apparent density variable, an AQ concentration versus NaOH 


concentration graph was constructed to observe the slope that indicates the quadratic effects of these 


factors. For the analysis, areas can be proposed that lead to lower apparent density values, because 


generally that’s where the most absorbent pulp is. 


The generation of regression models as well as response surface graphs can lead to the analysis and 


proposal of favorable conditions for the quality of the pulps obtained. Then, with the help of the software 


it was possible to predict the optimization of the response variables as a whole, through multivariate 


optimization, from the reference values used commercially. The multivariate optimization was done via 


the models generated for each of the response variables, estimating the relative importance of each of 


these variables with numbers on a scale from 1 to 10. The absorption capacity variable achieved greater 


importance and was assigned a value of 10. Then, absorption speed the value was 7, apparent density the 


value was 4, while the kappa number variable had the lowest relative importance with a value of 1.  The 


graphs generated for the behavior of each of the three controllable factors in relation to the response 


variables according to the proposed models presented in tables above can be showed in 


https://docs.google.com/open?id=0B8VVSr93P98iV0tNal8zOEtSTktpZzFZTnF3dnFCUQ. The optimization 


was done from the coding of the three controllable factors, abiding by the upper interval for the star point 


of 1.68 and the lower interval for the star point of -1.68. The specified upper and lower limits for the 


response variables, as well as the target value were specified in the methodology. Table 6 lists the values 


and experimental points for the optimized values of each response variable through multivariate 


optimization.  


Table 6 - Values for the response variables from the experiments with alkaline extraction after acid hydrolysis after 


optimization 


Response 


Variable 


 


Optimized values Level for AQ 


concentration factor 


Level for time factor Level for  NaOH 


concentration factor 


Without 


hydrolysis 


With 


hydrolysis 


Without 


hydrolysis 


With 


hydrolysis 


Without 


hydrolysis 


With 


hydrolysis 


Without 


hydrolysis 


With 


hydrolysis 


Kappa number 41.4784 95.7789 -1.68 -1.68 -1.68 -1.68 -1.68 -1.68 


Absorption 


capacity 


4.3219 4.2648 -1.68 -1.68 -1.68 -1.68 -1.68 -1.68 


Absorption 


speed 


1.0272 0.4458 -1.68 -1.68 -1.68 -1.68 -1.68 -1.68 


Apparent 


Density 


1.1406 0.8592 -1.68 -1.68 -1.68 -1.68 -1.68 -1.68 


 


Even with optimization of the variables, it can be seen from the results presented that the pulps produced 


by the proposed processes do not meet the quality standards required for absorbent pulps. The very high 


kappa numbers are not in line with the reference numbers for pulps for sanitary purposes, which are 


usually between 5 and 10. The very long absorption times presented by the pulps led to low absorption 


speeds, which are less than or close to 1 g/s. In turn, the absorption capacity is also low for the samples, 


with maximum values close to 5 g of water/g of dry pulp. For the apparent density variable, the samples 


studied indicated values close to or slightly higher than 1g/cm3, likewise not meeting commercial 


reference values. Another factor pertains to the morphological characterization of the fiber, for proposing 


improvements in the experiments, as well as pretreatment of the fiber. Due to the limitations imposed by 


the process, regarding the use of temperatures not exceeding 127°C, the process conditions were 


unfavorable. The literature recommends the use of temperatures in the range of 170°C, but processing 


time can help in the delignification process if these temperatures are not possible. However, in the study, 


prolonged pulping time did not totally compensate the deficiencies in the delignification.  



https://docs.google.com/open?id=0B8VVSr93P98iV0tNal8zOEtSTktpZzFZTnF3dnFCUQ
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5 Conclusion 


The study showed the possibility of obtaining cellulose pulp through alkaline pulping using the leaf 


sheaths of the King Palm. A design of experiments RSM was used, with an experimental design along the 


lines of CCD.For this purpose, models were generated for the response variables (kappa number, 


absorption capacity, absorption speed and apparent density) through multiple regression, using a 


statistical significance level of 15%. These models took into account the influence of three controllable 


factors – AQ concentration (0.33 to 1.17%), Reaction time (110 to 160 minutes) and NaOH concentration 


(10 to 34%) – on the response variables. 


The results of the experimental design tests show that the pulps produced through the proposed 


processes do not meet the quality standards required for absorbent pulps. The very high kappa numbers 


are not in line with the reference numbers for pulps for sanitary purposes, which are usually between 5 


and 10. The very long absorption times presented by the pulps led to low absorption speeds, which are 


less than or close to 1 g/s. In turn, the absorption capacity is also low for the samples, with maximum 


values close to 5 g water/g of dry pulp. For the apparent density variable, the samples studied indicated 


values close to or slightly higher 1g/cm3, likewise not meeting commercial reference values. In the 


practical and exploratory study, prolonged pulping time did not totally compensate the deficiencies in the 


delignification, since there was a limitation imposed by the process as far as using a maximum 


temperature of 127°C, lower than the temperatures recommended in the literature which range from 160 


to 170°C. In light of this, for future works, it would be suggested to investigate temperature ranges from 


150 to 180°C, with pulping time between 90 and 180 minutes, NaOH concentration within the 


investigated interval of 10 to 34% and AQ concentration from 0 to 1% in relation to dry matter. In the 


event there are still restrictions on the use of higher temperatures, the tests could observe the same AQ 


and NaOH concentration intervals but with larger investigation intervals for the time factor, in order to 


serve as indicators for analyzing the effect of this factor on the response variables. 


Acknowledgements  


We thank the National Council for Scientific and Technological Development (CNPq) for providing a 


research scholarship and to FEPAGRO that made it possible to carry out this study. 


References 


ABNT NBR ISO 302. Associação Brasileira de Normas Técnicas (Brazilian Association of Technical Standards). Pasta 


celulósica - Determinação do número kappa, 2005 (“Cellulose paste – Calculation of the kappa number”). 


ABNT NBR 15004. Associação Brasileira de Normas Técnicas (Brazilian Association of Technical Standards). Papel e 


Produto para fins sanitários – Determinação da capacidade e tempo de absorção de água, 2003. (“Paper and 


Product for sanitary purposes – Calculation of water absorption capacity and time”) 


ABNT NBR NM-ISSO 534. Associação Brasileira de Normas Técnicas (Brazilian Association of Technical Standards). 


Papel e Cartão – Determinação da espessura e da densidade aparente de uma única folha ou de um maço, 


2006. (“Paper and Cardboard – Calculation of the thickness and apparent density of one single sheet or a 


stack”) 


ANDRADE, A. M. et al. (2000). Polpação Kraft do estipe de Euterpe edulis Martius (Palmiteiro). Floresta e Ambiente, Rio 


de Janeiro, v. 07, n. 01, p.227 – 237. 


ANTUNES, A.; AMARAL, E.; BELGACEM, M. N. (2000). Cynara cardunculus L.: chemical composition and soda-


anthraquinone cooking. Industrial Crops and Products, Tucson, v.12, p.85–91. 


D’ALMEIDA, M. L. O. (1998). Celulose e papel: tecnologia de fabricacão da pasta celulósica. São Paulo: SENAI; IPT. 


ELANTHIKKAL, S. et al. (2010). Cellulose microfibres produced from banana plant wastes: isolation and 


characterization. Carbohydrate Polymers, [s.l.], v.80, p.852–859. 


FOELKEL, E. (2010). Mini artigo técnico: Polpas ou Celuloses Tipo "Fluff". Accessed on: Sep 12, 2010: http://www.celso-


foelkel.com.br/pinus_26.html. 


FUNDAÇÃO ESTADUAL DE PESQUISA AGROPECUÁRIA (Porto Alegre, RS). Reinaldo Simões Gonçalves. Processo de 


produção por hidrólise ácida a partir da planta de palmeira de inulina e substrato para plantas. BR n. PI 


0606063-3A, Dec 27, (2006) Aug 19, 2008.  


JIMÉNEZ, L. et al. (2009). Soda-anthraquinone pulping of palm oil empty fruit bunches and beating of the resulting 


pulp. Bioresource Technology, [s.l.], v. 100, p.1262-1267. 







 


Evaluation of Process Variables Influence over Cellulose Extraction from Vegetable Waste 


using Response Surface Methodology 


ID100.11 


JOHN, M. J.; THOMAS, S. (2008). Biofibres and biocomposites. Carbohydrate Polymers, [s.l.], v.71, p.343–364. 


KEREM, Z.; FRIESEM, D.; HADAR, Y. (1992). Lignocelullose degradation during solid- state fermetation: pleorotus 


ostreatus versus phanarochaete chrisporium. Applied and Environmental Microbiology, [s.l.], v.58, n.4, p.1121-


1127. 


KHIARI, R. et al. (2009). Chemical composition and pulping of date palm rachis and Posidonia oceanica – a 


comparison with other wood and non-wood fibre sources. Bioresource Technology, [s.l.], v.101, p.775–780. 


KHRISTOVA, P. et al. (2004). Alkaline pulping with additives of date palm rachis and leaves from Sudan. Bioresource 


Technology, [s.l.], v.96, p.79–85. 


McDONOUGH, W.; BRAUNGART, M. (2002). Remaking the way we make things: cradle to cradle. New York: North Point 


Press. 


MONTGOMERY, C. D. (2001). Design and analysis of experiments. New York: John Wiley & Sons. 


OKEKE, B. C.; OBI, S. K. C. (1994). Lignocellulose and sugar compositions of some agro-waste materials.  Bioresource 


Technology, [s.l.], v.47, p.283. 


PAULI, G. (1996). Emissão zero: a busca de novos paradigmas: o que os negócios podem oferecer à sociedade. 


Translation: José W. M. Kaehler, Maria T. R. Rodriguez. Porto Alegre: EDIPUCRS. 


REDDY, N.; YANG, Y. (2005). Properties and potential applications of natural cellulose fibers from cornhusks. Green 


Chemistry, [s.l.], v.7, p.190–195. 


REDDY, N.; YANG, Y. (2009). Natural cellulose fibers from soybean straw. Bioresource Technology, [s.l.], v.100, p.3593–


3598. 


REZAYATI-CHARANI, P.; MOHAMMADI-ROVSHANDEH, J. (2005). Effect of pulping variables with dimethyl formamide 


on the characteristics of bagasse-fiber. Bioresource Technology, v. 96, p. 1658–1669. 


REZAYATI-CHARANI, P. et al. (2006). Influence of dimethyl formamide pulping of bagasse on pulp properties. Science 


Direct, v. 97, p. 2435-2442. 


RIBEIRO, J. L. D. (2007). Projeto de experimentos. Porto Alegre: UFRGS. Production Engineering Course Handout. 


RODRÍGUEZ, A. et al. (2010). Feasibility of rice straw as a raw material for the production of soda cellulose pulp. 


Journal of Cleaner Production, [s.l.], v.18, p.1084-1091. 


SIXTA, H. (2006). Handbook of pulp. Lenzing: Wiley-VCH. 


SMOOK, G.A. (1982). Handbook for pulp and paper technologists. Atlanta, TAPPI. SOUZA, A. H. C. B. et al. (2008). Guia 


técnico ambiental da indústria de papel e celulose. São Paulo: CETESB.  


TONINI, R. C. G. (2004). Utilização da bainha mediana de palmito (Euterpe edulis Mart.Arecaceae) como substrato para 


cultivo de Lentinula edodes (Beck.) Pegler. 2004. 125p. Thesis (Masters in Environmental Engineering) – Center 


for Technological Sciences, Regional University of Blumenau (FURB), Blumenau. 


VIEIRA, M. A. (2006). Caracterização de farinhas obtidas dos resíduos da produção de palmito da palmeira-real 


(Arcontophoenix alexandrae) e desenvolvimento de biscoito fibroso. 2006. Thesis (Masters in Food Science and 


Technology) – Federal University of Santa Catarina, Florianópolis.  


ZENG, X. et al. (2011). Statistical optimization of culture conditions for bacterial cellulose production by Acetobacter 


xylinum BPR 2001 from maple syrup. Carbohydrate Polymers, v. 85, p. 506–513. 








 


ID302.1 


Theory of Pollution Certificates: Policy Developments and 
Industrial Applications  


Antonio Henriques de Araújo Jr*, Marcus Vinicius Faria de Araujo*, José Glênio Medeiros de Barros+, Isabel Cristina 
dos Santos+, Rosinei Batista Ribeiro+ 


*State University of Rio de Janeiro and Centro Universitário de Volta Redonda 
*Centro Universitário de Volta Redonda 
+State University of Rio de Janeiro 
+Universidade Municipal de São Caetano do Sul 
+State University of Rio de Janeiro 


E-mail: anthenriques2001@yahoo.com.br, vwabr@uol.com.br, glenio.barros@gmail.com, isa.santos.sjc@gmail.com, 
rosinei1971@gmail.com  


Abstract  


The Pollution Certificate Theory is evaluated for an industrial cluster in Brazil, through a mathematical applicability 
test carried out in this paper. The objective of the research was to test the economic feasibility of using the theory of 
pollution certificates with the purpose of achieving the goal of environmental quality of a water body at at the lowest  
possible cost to society by investigating and assessing  the total costs of pollution control that occur through the 
same Biochemical Oxygen Demand (BOD) emission  in the situations: a) when using conventional regulatory 
instruments and b) when using the theory of certificates, associated to the game theory, as proposed by Dunford and 
Schwartz (1988). The purpose here is to discuss the contributions made by environmental agencies in controlling 
water pollutant emissions. This is considered by means of an instrument associated with economic regulatory 
instruments (as used in Brazil). A scenario is designed for an Industry Cluster with five industries and a potential to 
cause water pollution by the release of organic waste. In the test it is considered that the effluent is released in a Class 
2 river, according to Brazilian CONAMA Resolution (no. 357). The marginal costs of abatement are arbitrated, whilst 
the reductions necessary to achieve the environmental targets were calculated. The control costs comparison and the 
use of standard emissions with the utilization of Pollution Certificates led to the conclusion that the Pollution 
Certificate Theory is a beneficial tool for water management issues, as it meets the environmental requirements at the 
lowest abatement cost possible in industrial activities. 


Keywords: Pollution certificate theory; pollution certificate; pollution credits; industry clusters pollution. 


1 Introduction 
When considering the discussions promoted by the United Nations Climate Change Conference, 2009, in 
Denmark, we are able to produce the research question: “How to manage scarce environmental resources 
when our needs regarding consumption are growing at such a strong pace”? 


We consider here the idea that the environmental problems of our planet are the result of synergies 
regarding local environmental problems. The global management of environmental problems will only 
have some success when resources are also properly managed locally. It is essential therefore, to take 
hold of our environmental “economato”. This is the way forward considering the many layers of 
institutional arrangements: locally, regionally and globally (e.g. at country level, at a regional-bloc level 
and internationally). We may consider, for example: Brazil, Mercosul, and the United Nations (or USA-
NAFTA-UN; and also Germany-European Community-UN). 


If by one interpretation consumption stimulates production (creating jobs and improving the economy of 
countries), by another interpretation this same consumption generates higher levels of emissions and 
pollution (and also greater use of natural resources). It must be mentioned that the systems considering 
pollution abatements are not 100% efficient (and are also not 100% effective). 
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When considering for example, the use (exclusively) of regulatory instruments to control water pollution – 
there is the case of discharge patterns considered in pollutant concentrations [mg/L] – it is possible to 
observe that this criteria enhances environmental problems. This occurs as it considers only marginally, 
the volume of water being discharged. 


Hahn and Stavins (1991) mentioned that “Some seventy years ago, Pigou (1920) suggested corrective 
taxes to discourage activities that generate externalities. A half century later, Dales (1968) showed how the 
introduction of transferable property rights could work to promote environmental protection at lower 
aggregate cost than conventional standards. From these two seminal ideas - corrective taxes and 
transferable property rights - a substantial body of research has developed”. 


Environmental Licenses are given, many times, without an accurate analysis of environmental matters. 
These matters may be related to private costs or also social costs (externalities). There is, therefore, a need 
for good management where the sustainability of decisions have to be understood under a perspective 
taking into account costs (industrial, commercial, institutional, etc.), and also savings (saving the “natural 
capital” of our planet). 


Environmental Management (EM), as suggested here, must consider economic instruments that may 
make viable the instruments and tools used for this management. The solution, we consider, will be where 
the “optimum” cost is found (balancing resource needs and consumption with the needs relating to 
preservation and the limits of environmental degradation). 


There is no doubt that management strategies have greater chances of succeeding when “subjectivities” 
are also reduced. This must be the “objectivity” when dealing with the environment. This objectivity may 
be found in the “Theory of Pollution Certificates” (Dales, 1968). 


Combining the ideas developed by Dales (1968) with modern-day mathematical applications and making 
use of Operational Research (OR), also helped by “Game Theory” as published by John von Neumann and 
Oskar Morgenstern in 1944, it is feasible to construct ways in which better environmental management is 
possible. In this case, EM takes mathematical arguments in order to reduce matters relating to 
“subjectivities” (including policy and political arrangements). This will promote clarity of objectives and 
hopefully reduce environmental costs and “pay-offs” (for all stakeholders). 


This society, as above described, is represented here in this text by an “Industrial Cluster” having water 
emissions discharged in a “Class 2” river (according to the 2005 CONAMA Resolution number 357). This is 
our case for study: the actors, players, are respectively, the river, the environmental regulatory agency and 
the companies of our fictitious industrial cluster. 


1.1 Motivation and objectives of the research 
The motivation for this research was the fact that the environmental regulatory instruments currently used 
in Brazil, do not benefit from economies of scale and consequently, do not offer an incentive 
for additional control of pollutants. The question here is:  how to create instruments that will 
encourage industrial companies, major emission sources of environmental pollution at addressing this 
environmental issue from the economic point of view? It was attempted, in the context of this research, to 
propose such instruments of control and to simulate mathematically the results of 
the economic benefits created by such instruments. 


The purpose here is to discuss the contributions made by environmental agencies in controlling water 
pollutant emissions. This is considered by means of an instrument associated with economic regulatory 
instruments (as used in Brazil). A scenario is designed for an Industry Cluster with five industries and a 
potential to cause water pollution by the release of organic waste. In the test it is considered that the 
effluent is released in a Class 2 river, according to Brazilian CONAMA Resolution (no. 357). The marginal 
costs of abatement are arbitrated, whilst the reductions necessary to achieve the environmental targets 
were calculated.  
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A mathematical applicability test is carried out in this paper. The Pollution Certificate Theory is evaluated 
for an industrial cluster in Brazil. The objective of the research was to test the economic feasibility of 
using the theory of pollution certificates with the purpose of achieving the goal of environmental quality 
of a water body at a lowest possible  cost to society by investigating and assessing  the total costs of 
pollution control that occur through the same Biochemical Oxygen Demand (BOD) emission  in the 
situations: a) when using  conventional regulatory instruments and b) when using the theory of 
certificates, associated to the game theory, as proposed by Dunford and Schwartz (1988).  


2 Literature review  
The Economics of Natural Resources (ENR) is a trans-disciplinary field of research. Its aim is to consider 
the interdependence between the human economy and natural ecosystems. Any economic system (within 
a modern-day perspective and taking into account a contemporary sustainability view), must operate 
within certain ecological limits (protecting the natural resources of our planet for future generations). 


ENR connects different disciplines: “natural” (environmental) sciences, “pure sciences”, social sciences, and 
humanities. ENR must consider Geology, Biology, Chemistry, Physics, Economics, Management, Law, 
Political Sciences (and Institutions), and even History and Philosophy. Only with this holistic view we will 
create ways in which the environment is better used and better protected (“humanizing” Nature and 
“naturalizing” the Economy). 


The effectiveness of what is called “cap-and-trade approach” (a management approach for pollution 
control, based on economic concessions and incentives for those who reduce their emissions), was 
developed in 1967 (Burton and Sanjour, 1967). From 1967 up until 1970, the approach was developed by 
the National Air Pollution Control Administration (NAPCA), the predecessor of the American Agency for 
Environmental Air and Radiation Protection. 


Gregório (2009) relates that a central authority, usually a national government or an international body, 
stipulates a limit (cap) to the emissions of pollutants. Credits are granted to enterprises and individuals; 
these enterprises and individuals must limit themselves to emit what corresponds to their credits. The 
total of credits must not exceed the limits of the agreed “cap”.  


The enterprises that need to enhance its emissions will have to buy credits form those who pollute less. 
There is, therefore, a “credit transfer” (a trade) between parts. The result, in theory (and that should reflect 
also in practice), is that companies needing to enhance their emissions will acquire (as an ordinary 
business) credits from the less polluting companies. The intended result would be one in which the more 
polluting companies will be motivated to reduce their negative impacts on the environment (investing in 
new technologies and promoting needed innovations). 


According to the above quoted author, there are similar environmental programs all over the world. In the 
case of pollutants of the so-called green-house-effect (Carbon, Methane, Nitrogen), the main program is 
that of the European Union (EU). In the USA there is a national project for reducing acid rain (and there 
are also some regional programs). Another interesting (global) program is the “Clean Development 
Mechanism” (CDM), created by the Kyoto Protocol (dealing with reduction of Green-House Gases – GHG). 
These cases are all models for further development. 


For those who adopt cap-and-trade practices, the major advantage is that taxes can be set in order to 
minimize pollution. The “cap” approach allows for a market-driven determination of emission costs (and 
legal costs). 


Other benefits of “cap-and-trade” are: 


(1) Safety: There is little risk (different from taxation systems) of changes in aliquot (tax rates), which would 
alter economic conditions and stability. 
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(2) Environmental Certainty: Considering a previously agreed “cap”, what may change is the operational 
cost, but not the total emission. This would also avoid special treatment for “privileged sectors” (politically 
motivated problems). 


(3) Emission / Agent Incentives: Individuals and enterprises are stimulated to create new technologies and 
to find better equipped suppliers (with sound environmental policies). 


(4) The cap-and-trade system allows for economic shock absorption. In times of recession, prices for 
credit emissions would fall (due to a reduction in consumption, of production and demand for there 
credits). 


North-American experience suggests, also, that quick changes within businesses, and well-developed 
environmental controls, may be helpful in producing technological innovations (reducing emissions and 
industrial costs in general). 


Those defending taxation increases, on the other hand, argue that: 


(1) Taxes are simpler to put into practice (when compared to other “systems of commerce” which is 
dependent on extensive and complex regulation procedures). 


(2) Due to its complexity, the cap-and-trade system will run the risk of being corrupted by politics 
(lobbies) and social pressure (litigation and lawsuits). Lawyers and other agents, when standing for this 
view, would find quicker ways to corrupt the system (being more efficient then regulatory bodies). The 
examples from North America demonstrate this vulnerability (in practice). 


(3) There is less consumption of what is (heavily) taxed. If the Government stipulates taxes for labor and 
capital, why not suspend these taxes in favor of pollution taxation? 


(4) Decisions regarding strategies for reducing costs of emissions is something that would be better done 
by individuals and enterprises; which would be better (and faster) than governments. 


(5) Although it is possible that individuals and enterprises would merely pay more taxes (and not pollute 
less), this seems highly improbable. The experience from the USA indicates that taxation mechanisms are 
quite efficient in order to change behavioral patters. 


As a conclusion to this part of the text, it may be considered that a viable alternative to promote 
environmental protection would be by “setting limits” for the degradation of the environment. A cap-and-
trade system could be adopted, together with two other mechanisms: (a) government monitoring (e.g. via 
a regulatory agency), and (b) taxation over pollutants and emissions. 


Doing so, speculation over prices and emission titles would be avoided; this because the buying of credits 
in cases of low prices is economically accepted and stimulated. Another incentive would be to change 
habits (behavior changes), protecting the environment sooner (which is better than leaving things for 
“future correction”). 


Burton and Sanjour (1969) consider the use of mathematical models applied to different towns and 
sources of emission. Their study compares cost and effectiveness regarding different strategies for 
environmental control. These authors also consider that each individual strategy of pollution reduction 
was compared with the minimum cost solution. This minimum cost solution was produced by an 
“optimization” program, where the combination of minimum cost and reduction of polluting sources was 
identified (considering certain targets which should be met). 


According to Helfand, Berck and Maull (2003), physically, pollution occurs because it is practically 
impossible to have a perfect (nonpolluting) productive process. Industrial processes are waste producers. 
Also, when it comes to economic analysis, pollution occurs because it is cheaper to pollute than to 
operate within a cleaner structure. 


The characteristics of each pollutant performs an important role when considering the defining agents 
considered by environmental policy institutions and practices; this context “frames” what will be done 
regarding pollution control. Carbon Dioxide (CO2), for example, presents what is called a “global action” 
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(or global impact), and, therefore, this impact is considered to be similar in all parts of the planet. Pointing 
out where emissions are (specifically) produced, does not matter. 


The political context, therefore, should produce different considerations when dealing, for example, with 
more “regional” pollutants (such as SO2, NOX, and even mercury). The effects of these cited regional 
pollutants are not the same everywhere. The same quantities of a so called regional pollutant may cause 
diverse (greater or smaller) effects within different parts of the planet. The reasons for this are many: water 
availability (and local hydrology), geological setting, soil and geochemical characteristics, etc. What really 
matters here is the pollutant itself (this is known as a “Hot Spot” problem). 


A Lagrange method is usually applied to determine the minimum cost possible in order to reach the 
desired objectives (when it comes to total emission conditions). It is possible to use, in some cases, the 
Lagrange method of optimization to determine required reductions for different countries. These 
calculations are based on Abatement (reduction) marginal costs; so that the global cost of pollution 
reduction is minimized. 


Under such a scenario, the Lagrange multiplier may represent the price taken by the market for a certain 
pollutant. This is the case in Europe and the USA, when many emissions are considered (institutionally 
speaking). 


Each country will confront its own licensing system price-levels with other countries. This will enable them 
to make their individual (national / regional) decisions regarding licensing (e.g. laws, practices, taxes), in 
order to minimize their costs. By doing so, there will be more “regulatory conformity”, which constitutes 
another view of the principle of “marginal equivalence” (used by economists in order to decide the most 
efficient solution for a problem). 


3 Methodological approach  
The methodology used here (for this specific research) consisted as a simulation of an Industrial Cluster 
near a river margin (but outside of its marginal protection zone). The river is a “Class 2” river (according to 
Brazil´s CONAMA Resolution number 357 as of 17th March 2005). One of our objectives, therefore, will be 
to establish a discussion concerning potential polluting activities. The main pollution problem will be that 
of liquid effluents being discharged into the quoted class 2 river. The main problem is to understand how 
to reduce polluting discharges into the river. 


The environmental control of liquid effluents is performed in accordance to regulatory instruments, 
considering each (different) industrial activity. The control of pollution sources is usually undertaken in 
relation to the “receptor body” (i.e. the river class 2 in this specific case). By doing this, society is able to 
internalize all social costs (due to multiple emissions, not only industrial). 


Once the simulation scenario is established, we may consider a control that is the reverse (opposite) to 
the one being considered: in other words, from the “receiving (affected) body” to the pollutant sources. By 
doing so, in order to allow a simulation, the quality of water parameter was elected (Biochemical Oxygen 
Demand – BOD) as our method of analysis. It was then considered that the “water body” under study 
could receive an excess of up to 5% downstream (from the emission source belonging to the Industrial 
Cluster). 


It is important to know that the criteria allowing for a 5% excess (as quoted above), is only an illustration 
(taken as example). This percentage may be reconsidered according to different needs not compromising 
our research conclusions regarding cost-effectiveness between regulatory and economic instruments and 
conditions. 


From data considered for outflow (discharges) and concentrations (measured in BOD´s), a simple model 
for mass balance was performed, in order to define concentration of discharges for the liquid effluent 
coming from the Industrial Cluster. The value obtained by such method was used as an environmental 
marker for the pool of polluting activities present in the Cluster. 
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When adopting these steps for our research, it was possible to define (for our simulation), uniform levels 
of control which may be required from each activity of the Cluster (knowing that there is a wide rage of 
activities). It is then possible to simulate (and apply) only the “standard” value (for regulatory purposes). 


Deriving from the values (the targets) considered for the study of the effluents coming from the Industrial 
Cluster (our environmental goal), and also from individual targets (from each of the enterprises of the 
Cluster), it was possible to establish a system for comparing environmental cost-effectiveness. This was 
undertaken in order to compare the situation that can be found (in practice; in the field) with the 
“Pollution Certificate Theory”. 


When using the pollution certificate theory it was considered that the environmental body (e.g. the 
regulatory agency) would file certificates in a quantity equivalent to the BOD capacity (the allowed limit of 
discharge for the Industrial Cluster). The distribution of certificates was performed so that each individual 
industry would be considered (in proportion to the total environment). This allows for negotiation 
between parts (among these individual enterprises). 


The method for reaching the environmental target (at a minimum BOD cost level) allows for individual 
industries to buy and sell their certificates when convenient. 


4 Environmental management: the rules of the game 
Taking hydrological pollution as the “controlling issue” for environmental management practices, we may 
define, therefore, the strategy of the game. The main condition (main strategy) is to reach optimum levels 
of water pollution (at the lower possible cost) for those polluting and for those suffering from pollution. 
This model, when applied in practice, will need to consider Command and Control (CAC) regulatory 
instruments and requirements. 


Our “game” constitutes itself by an Industrial Cluster with five individual enterprises or industries (all of 
them capable of polluting the environment). The pollution under consideration is water waste 
(hydrological pollution) originating from organic matter. The polluting sources are located on one side of 
a “river class II” (as already mentioned). See Figure 1. 


 
Figure 1: Representation of the proposed scenario. 


According to the Brazilian Environmental National Council (CONAMA), the Class 2 category refers to the 
river, whose waters may be intended to supply for human consumption.   


In order to allow for an interesting (useful) simulation, different polluting activities are considered. 
Emissions are of different types (being distinguished according to their industrial typology production 
factors and sources, and “size” or volume). These activities all present different costs in accordance to their 
“vocation” (or their possibilities) for pollution mitigation purposes. The marginal costs (for their 
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mitigation), by these standards, as well as their discharge volumes and BOD concentrations (which was 
selected as tracing parameters), are represented in Table 1. 


Table 1: List of quantitative and qualitative characteristics for effluents derived from the Industrial Cluster; and 
marginal costs for mitigation purposes. 


 


 


 


 
1The mitigation marginal 
costs were considered 


constant. 
 


At an imaginary point, upstream, and near the source of effluent discharge, the BOD concentration would 
be of 4.0 mg/L. The outflow of the river (at that point) was 2,400,000, m3/day. The BOD just after the place 
of junction (or confluence) should have a maximum value of 4.2 mg/L (around 5% more; considering the 
standard for the river-type under scrutiny of 5.0 mg/L). A simple calculation was undertaken to determine 
the reduction index to be applied to the organic material discharged by the Industrial Cluster. 


Under the conditions described, the organic matter at “point number 1” (Figure 1) amounts to 9,600 
kg/day. “Point number 2” would have (at most) some 10,086.3 kg/day. The total organic volume 
(discharge) permitted for the Cluster is 486.3 kg/day. This represents an 82.3% reduction in terms of 
organic matter – as the average effluent concentration for the Cluster would be 1,826.7 mg/L (while the 
environmental requirement for BOD discharges would be 324.2 mg/L). 


Table 2: Reductions necessary for achieving defined environmental targets. 


 


 


 


 


For managing industrial water emissions, the concept of “uniform and ample control” is applied, 
considering that reductions can be applied to each case (each industry) inside the Cluster. Table 2 
presents results in terms of BOD reduction load (using the required 82.3% index, as mentioned above, for 
each industry of the Cluster). 


5 Economic analysis: the “game” with regulatory instruments 
Judging the environmental effectiveness for applying regulatory instruments as “standard”, it was possible 
to determine cost controls for each industry (of the Cluster). This is done in order to reach environmental 
goals (e.g. as required by the CONAMA Resolution). 


In Table 3 we have the final result for each industry of the Cluster (considering a uniform reduction of 
82.3% in BOD terms). It is useful to remember that the reduction being applied is that in concentration 
terms, and not in polluting “volume” (total discharge). This is how the environmental bodies tackle the 


                                                      
 


Industry Discharge 
 [m3/day] 


Effluent 
BOD [mg/L] 


Weight  
[kg/day] 


Mitigation Marginal Cost  
(US$/kg BOD)1 


1 100 2500 250 1.60 
2 200 2100 420 1.20 
3 300 4300 387 1.00 
4 400 1200 480 1.40 
5 500 600 300 2.00 
Total 1500 - 1837 - 


Industry Total Discharge 
[kg/day] 


 Discharge after reduction index 
[kg/day] 


1 250 44 
2 420 74 
3 387 69 
4 480 85 
5 300 53 
Total 1.837 325 
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matter under discussion. This must be further discussed and hence more research requires to be 
undertaken. 


Table 3: Organic load, BOD concentration of treated effluent, and total costs for mitigating the BOD´s. 


 2 Rounded values. Conversion for US$ with exchange rate, as of  May 19th, 2011. 


At first glance it is noticeable that the use of standards as water pollution management instruments 
makes the cost for each industry proportional to their emissions (not considering the cost for controlling 
each polluting source). 


It must be noticed that, once the defined pattern is reached (as defined by regulation and appropriate 
authorities), there is no reason for industries to pursue greater improvements. The next section will 
consider this issue. 


6 Economic analysis considering the use of the “theory of certificates”: using 
economic instruments 


To take advantage of Pollution Certificate Theory it was required to use “Nash equilibrium”, or the 
strategic solution by Dunford and Schwartz (1988), where the final interest (and common to all) would be 
to reach a stipulated environmental target (level) at the lowest possible cost (for each industry). In 
mathematical terms, the strategic profile to be stimulated may be expressed as follows: 


s* = (s1*, . . . , s(i−1)*, si*, s(i+1)*, . . . , Sn*) Є S, where “S” is a finite conjunct of strategies relating to an 
utility function “u”, in order that “ui : S → R”; associating gain (payoff), ui(s*) of a certain industry (gi 
player), to each strategic profile s* Є S. 


The following sequence was considered for the trial analysis (the testing) of the applicability of the 
“Pollution Certificate Theory” to the Industrial Cluster: 


I. The environmental body (public or private) defines a target (environmental objectives) based on the 
main uses of water resources receiving polluting effluents. 


II. The controlling environmental agency (be it public or private) certifies that it is possible to establish 
control at only one point of discharge. 


III. The controlling body for the environment (public or private) will monitor the flow and the BOD of the 
effluent (for each industry of the Cluster), in order to define the maximum levels and conditions for 
organic discharge (for each industry). 


IV. The environmental agency (public or private) establishes a “maximum organic volume” permitted. 
Once this is done, the agency will then issue “pollution certificates” with “values” (1 certificate = 1 kg 
BOD/day), and distribute the “BOD credits” (in proportion to the level of pollution of each industry in the 
Cluster). 


V. The agency (public or private) allows for trade between industries; the companies will trade their 
certificates (according to their needs). Resulting in a “optimum pollution level” which can be reached 
(allowing some industries not to reduce their pollution levels). 


Industry Load of treated effluent in
82.3% 
[kg/day]2 


 BOD of treated 
effluent in 82.3 %   
 [mg/L] 


Mitigation costs for a   reduction of 82.3% in BOD 
[US$/day] 


1 44 442.5 204,10 
2 74 371.7 257,11 
3 69 761.1 196,92 
4 85 212.4 342,44 
5 53 106.2 305,90 
Total 325 - 1306,47 







 
Theory of Pollution Certificates: Policy Developments and Industrial Applications 


ID302.9 


VI. The agency (public or private) allows that the “pollution market” may work freely, not performing 
individual pollution checks, but only monitoring a single location (which represents total pollution output 
for the Cluster). 


Taking into account Table 1 it is simple to infer that the certificates obtained for each industry 
(separately), according to marginal costs for BOD mitigation (for each activity), will acquire a value for this 
“pollution market”. This value is an alternative for reaching environmental objectives (targets). 


Knowing that the marginal costs for mitigating pollution and the value of BOD certificates are constant in 
time “t”, instantaneous probability analysis may be performed in order to understand cooperation 
between industries. At another opportunity we intend to perform an analysis with broader time intervals 
(and with value fluctuations for the certificates, according to their scarcity). 


For now the US$ 0,96/certificate value was used, and considering that one certificate is equivalent to 1kg 
BOD/day. In Table 4 some results immediately after the distribution of BOD certificates (provided by the 
official agency) are shown. 


Table 4: Initial configuration for the “pollution market” (immediately after distribution of certificates). 
 


 


 


 


 


 


 


 
3 Rounded values (the smallest unit for the certificates is 1). 


As mentioned previously, one of the main elements used to achieve the objectives (the environmental 
targets), at a minimum cost (for all industries), is strategic interdependence (player gi). This means that the 
optimum result is obtained when the “game” is “played” with cooperation between parts, aiming for a 
common objective (including industries and regulatory agency). 


According to marginal costs for mitigation of BOD´s and the market value at an instant “t” (for the BOD 
certificates), both arbitrated, it is reasonable to advocate that industries number 2, 3 and 4 would have a 
greater vocation to reduce their pollution output. They would also have a greater vocation to buy 
certificates. There is a technological limit for BOD mitigation at the instant “t”. 


Knowing that there is no system for pollution reduction that is 100% efficient, it is also necessary admit an 
BOD mitigation performance rate (here considered to be 99%). By adopting these considerations we have 
a sort of “mathematical lock” that disallows a paradox where those industries with smaller marginal costs 
for BOD mitigation would try to reach zero emission levels (in order to maximize their gains with the 
certificate commerce). We must remember, therefore, that zero pollution is something impossible (this 
would only occur when industries ceased to exist). 


Mathematicaly we have: 


G = {Industry 1, Industry 2, Industry 3, Industry 4, Industry 5} 
s Industry1 = {buy certificates from Industry 2, buy certificates from Industry 3, buy from Industry 4} 
s Industry 2 = {sell certificates to Industry 1, sell certificates to Industry 5} 
s Industry 3 = {sell certificates to Industry 1, sell certificates to Industry 5} 
s Industry 4 = {sell certificates to Industry 1, sell certificates to Industry 5} 
s Industry 5 = {buy certificates from Industry 2, buy certificates from Industry 3, buy from Industry 4} 


Industry Total Mass 
[kg/day] 


Mass after mitigation  
(kg/day) 


Number of BOD certificates 
received3  


1 250 44.3 44 
2 420 74.3 74 
3 387 68.5 69 
4 480 85.0 85 
5 300 53.1 53 
Total 1,837 325.2 325 
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The space for pure strategy will be the Cartesian product (S) for the strategies of each of the 5 industries. 
The determinant of the payoff matrix will be obtained when industry 3 (having smaller mitigation marginal 
cost), maximizes its sales, initially to industry 5 and, on the sequence, to industry 1. After this (and under 
the condition that there still is a market for certificate commerce), would come industry 2; and after that, 
would come industry 4 (maximizing their sales to other industries). 


Finally, in the case where there are no certificates available, industries still in need of certificates would 
have to reduce (to mitigate) their polluting levels (this, therefore, in a non-cooperative manner). 


Table 5 and Table 6 present results for the emission and trade of certificates traded, total costs and gains 
for each industry (after negotiations have taken place and considering the levels imposed by the 
environmental agency). 


Table 5: Total costs with mitigation of pollution and certificate commerce. 


Once the results from Table 6 are obtained, it can be noticed that the use of the “Theory of Certificates” 
for the control of BOD at the hypothetical Industrial Cluster presents greater cost-effectiveness than by 
simply waiting for the results of regulation.  


With the assumptions in this research, the simulation of the sales of carbon credits, as shown in Table 6 
the 5 industries cluster generated a total daily saving of US$ 215,96 and the issuance and sale of 
325 certificates.  
 


Table 6: Initial state of the “pollution market” (immediately after the distribution of certificates). 


7 Conclusion 
From the research, and considering the implications of different economic and mathematical tools, it can 
be concluded that the regulatory instrument used nowadays in Brazil (and also in other places and 
countries), does not take into account (and does not take advantage of) economies of scale. This indicates 
that there is scope for using the Theory of Pollution Certificates (associated to Game Theory). 


In this study, by considering a standard level for reduction of pollution (in BOD terms), total cost results 
for a Cluster (after negotiations) was shown. The results points to a saving of 5.54% of total costs. 


With the exception of Industry 1 (which needed more certificates than those available, and, therefore 
stayed out of the “pollution market”), all other industries of the Cluster beneficiated with the economic 


Industry Total certificates 
received 


BOD level to be reduced 
without commerce of 
certificates  
[kg/day] 


Total cost with BOD 
mitigation 
 
[US$/day] 


Total cost with trade of 
certificate  
 
[US$/day] 


1 44 206 329.60 - 
2 74 346 502.80 - 
3 69 318 386.00 - 
4 85 395 670.60 - 
5 53 247 44.00 348.75 
Total 325 1,512 1,933.00 348.75 


Industry Total gain with trade of 
certificate  
[US$/day] 


Number of certificates after 
negotiations 
 


Total cost after trade 
[US$/day] 


1 - 44 204,10 
2 70,07 1 241,28 
3 65,27 1 173,76 
4 80,62 1 334,63 
5 - 278 243,20 
Total 215,96 325 1196,97 
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instrument presented here. This indicates a stimulus for greater developments in the area of control 
technologies applied to broad environmental management. 


It is obvious that our choice of Industrial Cluster made our research easier to present. The reason for this 
was simplicity of presentation. Once the basic framework is understood, other (more complicated) cases 
may be considered. There are limitations of course. For example: in cases of enterprises dealing with 
radioactive material, the use of negotiation instruments between industries have no sense (and is not 
recommended). 


Legal and institutional considerations are very important to be discussed together with technical, 
economical and mathematical applications and methodologies. 


Finally, our expectations point to more complicated cases. Cases where mathematical modeling (and 
simulations), may be performed with the aid of computerized processes. By doing this it will be possible 
to describe more complicated cases and environments, and, therefore, be more realistic. A reality where 
marginal control costs (and the value of certificates), may freely fluctuate according to market forces. 
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Abstract 


The economic growth has been expanded based on the consumption of energy from fossil fuels, such as coal, 


petroleum, natural gas and the uranium. Much has been alleged on global warming due to carbon dioxide and other 


greenhouse gas emissions coming from fossil fuels, as a consequence renewable energy sources is a top subject on 


the political agenda. This work treats the selection of a theoretical framework for the research on Economics of 


Renewable Energy. this research addresses the application of a method for selecting references in a case study of the 


Economics of Renewable Energy. The method is designed to identify references with high academic relevance in 


scientific databases using a bibliometric analysis to sift the selected articles. Journals “Energy Policy” and “Renewable 


Energy” are the most significant vehicles of scientific knowledge conveyance as they are both highlighted on the 


Bibliographic Portfolio and on the references of the portfolio. 


Keywords: Renewable Energy; Economy; Portfolio. 


1 Introduction 


The work presented in this paper treats the selection of a theoretical framework for the research on 


Economics of Renewable Energy. This framework will be a background for a larger project to be carried 


out by the authors on this field. 


The selection of a bibliographic portfolio for reference is of fundamental importance for any thorough 


scientific research. Notwithstanding, this research addresses the application of a method for selecting 


references in a case study of the Economics of Renewable Energy. The method is designed to identify 


references with high academic relevance in scientifc databases using a bibliometric analysis to sift the 


selected articles (Tasca et al, 2010). Bibliometric analysis is a process of disclosure of quantitative statistical 


data of a defined set of articles for information management and scientific knowledge of a given subject, 


conducted by counting the documents (Tasca et al, 2010).  


This paper presents the method and the results based on a bibliometric analysis. Accordingly, it 


introduces opportunities for research as well as clues for a research question and objectives. Besides the 


introduction, this paper presents the theoretical framework, the methodology procedures, the main 


results and the conclusions of the paper. 


2 Theoretical Framework 


The economic expansion and demographical growth place pressure on the natural resources on our 


planet. Among the necessary natural resources the energy is one of the most important, a crucial element 


for human life and therefore for every nation’s development. As far as now the economic growth has been 


expanded based on the consumption of energy from fossil fuels, such as coal, petroleum, natural gas and 


the uranium, accounting for 87% of the world’s energy consumption in 2008 (IEA, 2010). 


Despite vigorous growth rate the renewable energy sources accounts only for 2.8% of the world’s total 


electricity energy production in 2010, while the combined wind and solar electricity generation alone is 
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estimated to account for approximately only 0.8% (REN21, 2010). Nonetheless a lack of substantial share 


of clean energy on the energy producing framework clearly evinces the economic barriers faced on 


investments within RE sources when compared to fossil fuels and the uranium. On the other hand, the 


percentage of electricity generation from RE sources for the three years moving average growth of 14% in 


2009 indicates a low but growing mark though (US Pew, 2010).  


The investment analysis of RE encompasses the decisions about capital expenditure with long-termed 


ventures, with the objective of making appropriate economic returns for private and public investors. An 


economic issue that arises at this point regards to the optimal investment portfolio for RE, a 


comprehensively study for the case of Spain is made by Muñoz et al (2009). 


Investment analysis models for infrastructure ventures are proposed by Diniz (2003), while selection of 


projects for investment is backed by Kopittke (1978). The project financing is crucial for long-term 


investment (Cunha, 1981) and should be prepared by the entrepreneurs (Túlio, 2006). 


The economic return is intimately related to the risk and so it is necessary to evaluate and minimise it as 


much as possible as treated by Markowitz (1952) and Hochheim (1986). The application of mitigation 


models such as postulated by Cleijne et al (2004) and Santa-Catarina (2008) is important for the planning 


of RE ventures. 


3 Methodological Procedures 


3.1 Methodological Framework 


The research is descriptive; therefore, aims to identify a portfolio of relevant articles on the economics of 


renewable energy, and for this portfolio literature highlight the most outstanding articles, authors and 


journals. As to the nature of the article is characterized as a theoretical study of illustration, therefore, 


seeks to understand the research that serve as a practical guide Alavi & Carlson, cited by Rosa et al (2009). 


The data collection of these is primary and secondary origin. The primary concerns the definition of 


keywords and search sites defined by the researcher and the secondary with respect to international 


scientific papers.  


As for the research approach is characterized as qualitative and quantitative, for seeking to obtain more 


knowledge about renewable energy economy through quantitative literature review and the 


implementation phase of the bibliometric analysis is the identification of where (s) variable (lo) and count 


their occurrences in a defined set of articles (Bibliographic Portfolio). As to the technical procedures 


characterized by the documentary analysis and action research. As for the results of the research has been 


the portfolio bibliographic and bibliometric analysis. 


3.2 Selection Process 


A procedure for the theoretical revision of papers can be defined with the following steps (Ensslin et al, 


2010): a) Assortment of a Rough Set of Articles; b) Filtering articles from the Rough Set of Articles; c) 


Bibliometric Analysis; and d) Identification of opportunities, objectives and a research question 


4 Results  


4.1 Database Research Process 


4.1.1 Rough set of Articles 


Prior to start searching for scientific published literature on a given subject, it is recommended to 


establish previously an organised methodology for this search. A representative sample for the universe of 


all scientific material is therefore essential.  
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For current research it was obtained from the available databases on (CAPES, 2011) the ones related to 


the following knowledge areas “Engineering” and “Energy”. 


It was then decided to select four representative databases, whose description was aligned with 


economics of renewable energies, among the available 48 databases that resulted from the search. The 


authors of the present work believe these four databases delineate properly all the most important 


contributions to the mentioned topic. The selected databases are the following:  


a) Web of Knowledge: It has more than 10,000 frequent publications, that publish only the most cited 


articles. Web of knowledge is also a citation index, which shows the number of times one article is 


cited in scientific publications. 


b) Scopus: It is a database of publications with broad gamma of frequent publications (8,000) in all 


scientific areas. Scopus has more than 41 millions of published registers worldwide. 


c) Compendex: Also known by Engineering Village, Compendex has a substantial number of frequent 


publications on its database (5,600), as well as 12 millions of published registers. It is a 


multidisciplinary database on the engineering publishing since 1884.  


d) Inspec: It is also an important database with more than 5,000 frequent publications and 11 million of 


published registers. Inspec’s database encompasses the areas of physics, engineering, mechanics and 


electric, electronic, information and technology sciences. 


Having the above-defined framework of databases we were able to get trough the first step on the 


process of bibliographic selection, which is using key words for search articles. 


A special attention was given to the use of the key words as they have direct impact on the final results. 


Two axes of key words were established to get full correlation with the research topic. One axe deals with 


economics and the other treats with renewable energies. The table 1 below explicit the first set of related 


key words utilized on the research. 


Table 1: Set of key words. Source: Authors. 


Set of Key-words utilized 


Economics Axe   R.E. Axe 


"Investment Analysis" 


AND 


"Renewable Energy" 


"Economic Returns" "Wind Power" 


"IRR" "Alternative Energy" 


"Internal Rate of Return"  


"Portfolio Management"  


Because of the poor number of results the key words “Investment Analysis”, “Portfolio Management” and 


“Economic Returns” was giving, they were substituted by “Investment”, “Earnings”, “Economic Analysis” 


respectively. 


The total number of results that came within the 15 final searches was 7,127 registers as shown in table 2. 


From such search the combined key words “Investment” with “Renewable Energy” was the one returning 


the most number of registers (3,205). 


The conducted current research and analysis was developed in March and April 2011, so numbers herein 


can be changed as time goes by. 


Table 2: Key word search results. Source: Authors. 


Economic Axe  R.E. Axe ISI Web Scopus Compendex Inspec 


Investment 


Renewable Energy 171 1563 1307 164 


Wind Power 57 643 570 108 


Alternative Energy 18 374 97 15 
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Earnings 


Renewable Energy 8 34 61 3 


Wind Power 4 22 27 8 


Alternative Energy 0 11 2 1 


Economic Analysis 


Renewable Energy 127 402 328 90 


Wind Power 21 185 143 68 


Alternative Energy 7 111 20 8 


IRR 


Renewable Energy 17 29 32 16 


Wind Power 3 13 13 13 


Alternative Energy 2 6 2 1 


Internal Rate of Return 


Renewable Energy 24 40 48 20 


Wind Power 4 18 17 16 


Alternative Energy 2 11 2 0 


  
Total 


465 3462 2669 531 


  7127 


4.2 Filtering articles from the Rough Set of Articles 


The Rough Set of Articles is then submitted for a filter for duplicates. The total number of 1,702 articles 


was suppressed from the list as their counterparts were found.  


Following that, we carried out a title alignment filtering process on the remaining articles of the list. Only 


the articles whose title were well connected with the topic of the current research were left on the list, 


being all the rest suppressed. The final total number from this step was 1,411 remaining articles.  


The results from the four databases were put together. A filter for duplicates was applied again, in order 


to find duplicates among databases. A total number of 592 articles were suppressed from the main list at 


this stage from what resulted in 819 eligible articles. 


After that, it was identified on Google Scholar, 2011 the number of times that each article is cited on 


literature, so scientific reconnaissance can be testified. In this process it has been noticed that a number of 


articles could not be found on Google Scholar, were confirmed to be a book or conference proceedings. 


These types of publishing papers are not considered suitable to be part of the portfolio, as they have not 


been picked up for publishing throughout a selection process. Therefore, a final number of 677 articles 


were kept on portfolio with a total of 6,748 citations. 


These selected articles, which are not duplicates, neither are conference proceedings or books, but are 


title aligned, representing a very rich scientific contribution for the topic to be studied. Although, for 


practical reasons, this number of articles shall be once again dramatically reduced because of the time 


needed for reading the papers at later stage. Thus, a 61% cut factor was adopted to take the most cited 


articles as a representative sample from the list of selected articles. 


The cut-factor applied on the list retained only the articles having at least 21 citations on literature, so at 


total 4.116 citations were kept on the main list. This number of citations resulted in 90 articles that were 


kept on the list. The chart 1 evinces the 61% cut factor. 


In addition, two routes are defined for the analysis that follows: (i) the articles with scientific recognition 


advance through the standard process (ii) the articles without scientific recognition so far goes through a 


recap process.  


(i) Standard Process:  The 90 articles with scientific recognition are analysed on the basis of their abstract 


content and citation number. The 30 most cited articles, which are abstract aligned, are retained at this 


stage.  
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(ii) Recap Process: the 587 articles rejected from the scientific recognition process are still analysed with 


an alternative route.  


It has to be considered that new articles have not got the time to attain reconnaissance from the scientific 


community, as it shall be a delay between the article’s publication date and its impact. Also, the authors 


with premium recognition, the ones that theirs articles are listed on the main list, may also have issued 


quality material on the literature that are still not recognised by the public. 


Subsequently, we conducted a search on the rejected articles finding those whose publishing year were 


newer than 2009, as well as those articles whose authors are listed on the main list of recognised articles. 


We found that 101, 64 and 29 articles were matched with date year 2009, 2010 and 2011 respectively, with 


a total number of 194 articles fitted in the first criteria while 38 articles matched on the author’s criteria. 


All of these articles are abstract checked, for a final retention of 5 articles from the recap process. 


 


Chart 1: Illustration of the cut factor on the full list of titled aligned articles for the research topic “Economics of 


Renewable Energy” 


The articles retained from the Standard Process and those from the Recap Process are then put together, 


when they finally are read for full content alignment. At this final stage we found that 2 articles could only 


be fully accessed upon payment, these articles are suppressed from the list, as the authors believe it 


should not be a further payment for specific scientific research (the public academic institutions access to 


international databases are already paid by Brazilian government through CAPES). All the remaining 33 


articles were content aligned, thus we accounted for 33 articles, which are altogether called now on the 


Bibliographic Portfolio. 


4.3 Bibliometric Analysis 


To better comprehend the behaviour of an academic transmitted knowledge area, bibliometric techniques 


are applied to measure, map, interpret, evaluate and collect indicators of scientific output. Bibliometric is a 


technique for quantitative analysis, producing statistics used to measure the production and 


dissemination of scientific knowledge (ARAUJO, 2006). 


The bibliometric analysis of the current research topic was made upon the following points of view: a) 


Bibliometric analysis of the selected articles; and b) Bibliometric analysis of the references of the selected 


articles. 
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4.3.1 Bibliometric Analysis of the selected articles 


The Bibliographic Portfolio was defined throughout a sift process where a personal view specially weights 


on the selection of articles.  As a result, it is reasonable that different personal views would result in 


different Bibligraphic Portfolios. It is rather a boundary requisite than a limitation of the method. 


The bibliometric analysis of the selected articles is based herein on 3 points of observation: (i) the 


scientific reconnaissance of articles; (ii) relevance of journals and; (iii) relevance of authors. 


(i) The scientific reconnaissance of articles, by the number of citations as shown in Table 3; 


Table 3: Bibliographic Portfolio. Source: Authors. 


L. Year Author(s) Article Title Cit.


a 2004 Crabtree, G. W., M. S. Dresselhaus, et al. "The hydrogen economy." 187


b 2005 Junginger, M., A. Faaij, et al. "Global experience curves for wind farms." 140


c 2005 Lund, H. "Large-scale integration of wind power into different energy systems." 114


d 2005 Caputo, A. C., M. Palumbo, et al. "Economics of biomass energy utilization in combustion and gasification plants: Effects of logistic variables." 109


e 2001 Dornburg, V. and A. P. C. Faaij "Efficiency and economy of wood-fired biomass energy systems in relation to scale regarding heat and power generation using combustion and gasification technologies." 93


f 2005 Bird, L., M. Bolinger, et al. "Policies and market factors driving wind power development in the United States."86


g 2007 de Vries, B. J. M., D. P. van Vuuren, et al. "Renewable Energy sources: Their global potential for the first-half of the 21st century at a global level: An integrated approach."81


h 2005 Khan, M. J. and M. T. Iqbal "Pre-feasibility study of stand-alone hybrid energy systems for applications in Newfoundland." 76


i 2006 Nelson, D. B., M. H. Nehrir, et al. "Unit sizing and cost analysis of stand-alone hybrid wind/PV/fuel cell power generation systems." 69


j 2006 Bergmann, A., M. Hanley, et al. "Valuing the attributes of Renewable Energy investments." 68


k 2007 Bresesti, P., W. L. Kling, et al. "HVDC connection of offshore wind farms to the transmission system." 63


l 2002 Ibenholt, K. "Explaining learning curves for wind power." 63


m 2003 Lund, H. and E. Munster "Modelling of energy systems with a high percentage of CHP and wind power." 60


n 2005 Domac, J., L. K. Richards, et al. "Socio-economic drivers in implementing bioenergy projects." 55


o 2004 Murphy, J. D. and E. McKeogh "Technical, economic and environmental analysis of energy production from municipal solid waste." 55


p 2005 Kaldellis, J. K. "Social attitude towards wind energy applications in Greece." 48


q 2006 Bueno, C. and J. A. Carta "Wind powered pumped hydro storage systems, a means of increasing the penetration of Renewable Energy in the Canary Islands." 45


r 2002 Celik, A. N. "Optimisation and techno-economic analysis of autonomous photovoltaic-wind hybrid energy systems in comparison to single photovoltaic and wind systems." 43


s 2006 Lund, H. "Large-scale integration of optimal combinations of PV, wind and wave power into the electricity supply." 43


t 2002 Wu, C. Z., H. Huang, et al. "An economic analysis of biomass gasification and power generation in China." 41


u 2004 Bremnes, J. B. "Probabilistic wind power forecasts using local quantile regression." 40


v 2004 Geller, H., R. Schaeffer, et al. "Policies for advancing energy efficiency and Renewable Energy use in Brazil." 40


w 2003 Celik, A. N. "Techno-economic analysis of autonomous PV-wind hybrid energy systems using different sizing methods." 39


x 2003 Rehman, S., T. O. Halawani, et al. "Wind power cost assessment at twenty locations in the Kingdom of Saudi Arabia."39


y 2007 Swider, D. J. "Compressed air energy storage in an electricity system with significant wind power generation."38


z 2006 Lund, H. and E. Munster "Integrated energy systems and local energy markets." 37


aa 2007 Soderholm, P., K. Ek, et al. "Wind power development in Sweden: Global policies and local obstacles." 37


ab 2006 Bernal-Agustin, J. L. and R. Dufo-Lopez "Economical and environmental analysis of grid connected photovoltaic systems in Spain." 36


ac 2010 Kubiszewski, I., C. J. Cleveland, et al. "Meta-analysis of net energy return for wind power systems." 20


ad 2009 Poullikkas, A. "Economic analysis of power generation from parabolic trough solar thermal plants for the Mediterranean region - A case study for the island of Cyprus."5


ae 2009 Muñoz, J. I., A. A. Sanchez de la Nieta, et al. "Optimal investment portfolio in renewable energy: The Spanish case." 3


af 2011 De Jonghe, C., E. Delarue, et al. "Determining optimal electricity technology mix with high level of wind power penetration."1


ag 2010 Talavera, D. L., G. Nofuentes, et al. "The internal rate of return of photovoltaic grid-connected systems: A comprehensive sensitivity analysis." 1  


The descriptive work of “The Hydrogen Economy” is the article on selected portfolio with the most 


number of citations on literature, followed by “Global Experience Curves for Wind Farms”, which treats the 


decline of wind power costs with learning. 


(ii) Relevance of journals, as analysed in chart 2 


Both journals “Energy Policy” and “Renewable Energy” have 9 articles each, while the third most published 


journal on the selected portfolio has only 3 articles. Consequently, it can be assumed that these two 


papers compose the most important publication vehicle within the Bibliographic Portfolio.  


Despite journals “Energy Policy” and “Renewable Energy” have same quantity of articles published on 


portfolio they have different impact on scientific literature though, as far as the articles published in 


“Energy Policy” has about 37% more citations on academy.  


(iii) Relevance of authors, as evinced in chart 3 
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The chart 3 highlights Henrik Lund with 4 articles published within the Bibliographic Portfolio. In special, 


his work on the integration of wind power into different energy systems has caused significant impact on 


the literature. The chart clearly evinces Mr. Lund as the prevailing author for the selected portfolio. 
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Chart 2: The number of publications per journal, showing only journals having more than 2 articles 


4.3.2 Bibliometric analysis of the references of the selected articles 


A scientific study is a result of a constructivist process, which the accumulation of knowledge supported 


by previous works, researches and personal experiences underpin it. The attainment of leading knowledge 


advancement is not made from the zero, there is always a background that explain the directions, the 


means and the obtained results.  


In this sense, it is important to build a wider comprehension of the actual status of the Economics of 


Renewable Energy as presented on our portfolio. A good manner to do this is to analyse the references 


containing in each article. For this purpose, a bibliometric analysis is made on the references of all the 


articles of the Bibliographic Portfolio in order to create an overview of the groundwork culminating into 


the presented papers. 


The bibliometric analysis of the references of the selected articles of the portfolio is drawn on the 


following points of observation: (i) the scientific reconnaissance; (ii) the relevance of journals and; (iii) the 


relevance of authors. 


(i) the scientific reconnaissance, is evinced on chart 4. 


The legendary work of Harry Markowitz with the “Portfolio Selection” has no less than 13,134 citations. It 


is the most impacting article from the references of the articles of the Bibliographic Portfolio. Together 


with the works of Lancaster, K. with the “A new approach to consumer theory” and Artzner et al with the 


“Coherent measures of risk” they represent together almost 50% of all scientific impact of the 353 articles 


containing within the bibliographic references of the Bibliographic Portfolio. 


(ii) Relevance of journals, as illustrated on chart 5 


Again the journals “Energy Policy” and “Renewable Energy” have the most number of articles. Also 


journals “Solar Energy” and “Energy” deserve attention as they have more than 30 articles each. 


(iii) Relevance of authors, as evinced in chart 6 


The chart 6 highlights author Henrik Lund as having the most number of articles within the bibliographic 


references of the Bibliographic Portfolio, at the same time he also is the author with most number of 


articles within the Bibliographic Portfolio as seen before. 
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Chart 3: The number of articles per author within the bibliographic portfolio, showing only the 8 authors with most 


number of articles 
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Chart 4: The number of citations for the articles within the references of the Bibliographic Portfolio, showing only the 


articles with more than 450 citations 
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Chart 5: The number of publications per journal, showing only journals having more than 13 articles 
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Chart 6: The number of articles per author within the references of the Bibliographic Portfolio, showing only the 


authors with more than 7 articles 


5 Conclusions  


The application of a novel approach for bibliographic selection permitted to establish a rich theoretical 


framework for the research of Economics of Renewable Energy, which contains 33 relevant articles with 


1,875 academic citations in total. Much of the framework, 12 articles, regards to Wind Power signifying 


that it is the main subtopic of the portfolio, while 6 articles relates to Stand-Alone Systems, discussing the 


integration of different RE sources to a closed electric system. Biomass has 5 articles as well as Renewable 


Energy treated in general, papers mainly addressing the problem of the composition mix of RE in large-
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scale systems. Completing the framework there are 3 articles for Solar Power, 1 article for Hydrogen and 


also 1 article for Distributed Electricity. 


The article “The Hydrogen Economy” is the most impacting article from the bibliographic framework 


containing alone 183 citations. Also, it can be concluded that Mr. Nick Hanley is the author from the 


Bibliographic Portfolio with the most impacting work in all articles analysed as he has written the 


important article “Using the Choice Experiments to Value the Environment”, which is listed on the 


references of the article from Muñoz et al, 2009 and has 351 citations on literature. 
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Abstract 


In this paper, it is presented a statistical modeling approach for daily counting data of units arriving at a quality 


control department of a food industry. Different regression Poisson models were considered to analyze the selected 


data, under a Bayesian approach. The counting was made as a diagnostic for the utilization rate of the quality control 


operators in the quality control department, using simulation methods. The discovering of important factors that 


affect these variability was essential for the industrial manager to take decisions in terms of reallocation of workers in 


the department (due to small mean rate of utilization) and for the programming of the statistical analyses (quality 


control), which implies in better planning of the productive capacity, without any significative effect on the lead-time 


of the quality analyses. 


Keywords: Poisson regression; Bayesian analysis; Markov Chain Monte Carlo methods. 


1 Introduction 


Great variability in the daily counting of manufactured units in a production line it is common in 


industries. The statistical modeling of these data are useful as a diagnostic to the production systems (as 


an example, in measuring the performance indicators using queue modeling theory), inference or 


simulation, especially for decisions in investment, production programming, allocation of the productive 


capacity, among many others). The discovering of these factors affecting the variability can be of great 


interest for industrial engineers and industrial managers.  


In practical work, in general there are two kinds of data which are fundamental for the modeling of 


productive systems: the times between the arrivals of manufactured units or the daily counting of the 


manufactured units.  


In this paper, it is considered the daily counting data of manufactured units sent to quality control of a 


food industry located in the São Paulo State, Brazil in a period of 30 non-consecutive days. This data set is 


presented in Table 1. Figure 1 shows the plot of the observed number of units (daily counting) against 


days, where it is possible to observe the great variability of the daily counting. 


The main goal of this paper is to analyze the daily counting data (arrivals to quality control) of Table 1, 


using Poisson regression models that assume some covariates like: days where it was collected the data, 


and seasonality factors (specific days of the week). 


The step of identifying probability distributions of times and its parameters, is often dealt superficially in 


papers about Discrete Event Simulation Modeling - see, for example, Sakurada and Miyake (2009). In 


Queueing Theory, by other hand, the identification of distributions and possible covariates that affect data 


has been focus of several studies, for example, Shin and Pearce (1998), Ausín et al. (2004), Ausín et al. 


(2008), Wu and Hui (2008) and others.  


Bayesian methods have been extensively used in many applied areas as Business  Administration, 


Economy and Industrial Engineering: Motta (1997), Quinino and Bueno Neto (1997), Ramirez Pongo and  
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Bueno Neto (1997), Droguett and Mosleh (2006), Cavalcante and  Almeida (2006), Kalatzis et al. (2006), 


Moura et al (2007), Ferreira et al. (2009), Barossi-Filho et al (2010) and Freitas et al. (2010).   


In this work, the inferences of interest were obtained using Bayesian methods. The posterior summaries of 


interest were obtained via MCMC (Markov Chain Monte Carlo) simulation  methods, as the popular Gibbs 


sampling algorithm (Gelfand and Smith, 1990) or the  Metropolis–Hastings algorithm when the 


conditional posterior distributions required for the Gibbs sampling algorithm do not  have standard 


parametrical forms (see for example, Chib and Greenberg, 1995). 


Table 1: Daily counting data of manufactured units send to quality control 


Observation i Date Number of Units Observation i Date Number of Units 


1 2011.04.04* 68 16 2011.04.27 123 


2 2011.04.05 99 17 2011.04.28 99 


3 2011.04.06 125 18 2011.04.29 108 


4 2011.04.07 117 19 2011.05.02* 91 


5 2011.04.08 84 20 2011.05.03 91 


6 2011.04.11* 73 21 2011.05.30* 58 


7 2011.04.12 100 22 2011.05.31 59 


8 2011.04.13 103 23 2011.06.01 70 


9 2011.04.14 91 24 2011.06.02 75 


10 2011.04.15 88 25 2011.06.03 58 


11 2011.04.18* 73 26 2011.06.06* 68 


12 2011.04.19 93 27 2011.06.07 90 


13 2011.04.20 95 28 2011.06.08 107 


14 2011.04.25* 95 29 2011.06.09 102 


15 2011.04.26 113 30 2011.06.10 90 


(observation with (*) is related to Mondays). Source: own. 
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Figure 1:  Daily counting (arrivals) versus days. 


The paper is organized as follows: in section 2 we present  some Poisson regression models; in section 3, 


we present a statistical analysis of the data presented in Table1; finally, in section 4, we present a 


discussion on the obtained results and in section 5, we present some concluding remarks. 
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2 Statistical modelling 


Let Yi be a random variable with a Poisson distribution given by, 


 


 


where yi = 0, 1, 2, ... denotes the daily number of units (arrivals) for quality control in the  i-th day, i = 1, 2, 


..., 30. Observe that the mean and the variance of the Poisson distribution (1) are  equal to λi. 


Different Poisson regression models can be considered to analyze the data set presented in Table 1, given 


as follows: 


Model 1: Consider λi. given in (1), by, 


  


where Xi denotes the i-th day (Xi = 1, 2, ...,30). In this case, it is assumed that days could influence the daily 


counting of units sent to quality control. The formulation (2) guarantees λi to be positive, for i = 1, 2, ..., 


30. 


Model 2: In this case, there is the addition of the quadratic term   in model (2), that is, 


 


where Xi is defined in (2), i = 1,2, ..., 30. 


Model 3: In this model, also there is the presence of an autoregressive effect of the daily counting  yi-1 in 


the modeling for λi , that is, a first order autoregressive model given by ,  


, 


 


where Xi is given in (2), and  yi–1 is the number of units (arrivals for the quality control) in the  (i-1)-th day, i 


= 2, 3, ..., 30. 


Model 4: Consider the introduction of another autoregressive term in λi, given by, 


, 


 


 


where Xi and yi are defined, respectively  in  (2) and (4), for  i = 3,4, ..., 30. 


Model 5 : Consider  λi, in (1), given by, 


, 


, 


, 


 


where i = 4, 5, ..., 30. 


In the models defined by (1), (2), (3), (4), (5) and (6), we also could consider a seasonal effect. For the data 


presented in Table 1, it could be considered the effect of a specified week day, in our case, Mondays, 


where it seems to have a smaller number of units sent to quality control as compared to other week days.  
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In this way, let us define the indicator variable zi = 1 when the  i-th day is a Monday and zi = 0 when the  i-


th day is not a Monday, for i = 1, 2, ..., 30. 


Assuming the models defined above, the likelihood function for the vector of parameters θ associated to 


each model is given by, 


 


where  for model 1;  for models 2 and 3; 


 for model 4 and   for model 5. 


For a Bayesian analysis, let us assume the following prior distributions for the regression parameters   of 


the models: 


 


where  denotes a normal distribution with mean   and variance ,  Also it is 


assumed prior independence among the parameters of the models. 


Combining the joint prior distribution (a product of normal distributions)  with the likelihood function L(θ) 


given in  (7), we obtain from the Bayes formula, the joint posterior distribution for θ (see for example, Box 


and Tiao, 1973).  


The posterior summaries of interest are obtained using MCMC methods. A great simplification in the 


simulation of samples for the joint posterior distribution for θ is given using the WinBugs software 


(Spiegelhalter et al, 2003) which only requires the specification of the distribution for the data and the 


prior distributions for the parameters. 


3 Analysis of the daily counting data of units sent to quality control 


To analyze the quality control counting data (data set presented in Table 1), initially we consider the 


model 1, defined  respectively by (1) and (2), with the following priors for β0 and  β1:  β0 ~ N(a0 ,10) and β1 


~ N(0,10), for fixed values of a0. In this analysis, considering different values of a0 we obtained similar 


results. With a fixed value for the variance of the normal distribution equals to 10, that is, a large value,  


we have approximately non-informative priors. 


Using  the WinBugs software, we  first simulated a “burn-in-sample” of size 10,000 discarded to eliminate 


the effect of the initial values used in the Gibbs sampling algorithm; after this “burn-in-sample period”, we  


simulated another 20,000  Gibbs samples for β0 and β1. From this sample, we  selected a final sample of 


size 1000 , taking a sample chosen from every 20 simulated samples to have an approximately 


uncorrelated sample to be used to find the posterior summaries of interest. The obtained posterior 


summaries of interest (posterior mean, posterior standard deviation and 0.95% credible intervals) are 


given in Table 2. Convergence of the algorithm was monitored using standard traceplots of the simulated 


samples (see, for example, Paulino et al, 2003, or Gamerman, 1997). 


In Table 2, we also have the posterior summaries of interest considering the models 2, 3, 4 and  5 


assuming the same normal prior distributions N(0,10)  for the regression parameters βj , j = 1, 2, 3, 4. 


In the simulation of Gibbs samples for the parameters of these models we have used the same steps in 


the WinBugs software used for model 1. 


For selection of the best model to be fitted by the data, it was considered three discrimination criteria:  


(a) Graphical verification of the fit:  in this case, it was considered plots of the observed values yi (counting 


of units sent to quality control in the i-th day) against days and plots of the fitted means  (posterior mean 


of  λi in (1)) considering the  five proposed models. 
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(b) Use of the Bayesian discrimination method DIC (Deviance Information Criterion) introduced by 


Spiegelhalter et al (2002). This criterion for model selection is useful in the selection of models when 


samples of the joint posterior distribution for the parameters of the models were obtained by MCMC 


simulation methods. Smaller values of DIC indicates better models. 


Table 1: Posterior summaries 


Model Parameters Mean S.D. 95% Credible Interval  


Model 1 


DIC = 299.84 


β0 


β1 


4.605 


-0.00653 


0.0379 


0.00218 


(4.531 ; 4.677) 


(-0.0106 ; -0.00216) 


Model 2 


DIC = 301.99 


β0 


β1 


β2 


4.617 


-0.00912 


0.000082 


0.06037 


0.00892 


0.00028 


(4.500 ; 4.733) 


(-0.0269 ; 0.00873) 


(-0.00047 ; 0.00066) 


Model 3 


DIC = 264.93 


β0 


β1 


β2 


4.211 


-0.00655 


0.00445 


0.08464 


0.00225 


0.000806 


(4.034 ; 4.380) 


(-0.01105 ; -0.00207) 


(0.00282 ; 0.006013) 


Model 4 


DIC = 255.53 


β0 


β1 


β2 


β3 


4.153 


-0.00408 


0.00772 


-0.00324 


0.08615 


0.00225 


0.001186 


0.001004 


(3.985 ; 4.3100) 


(-0.0085 ; 0.0005) 


(0.0054 ; 0.0102) 


(-0.0052 ; -0.0012) 


Model 5 


DIC = 256.30 


β0 


β1 


β2 


β3 


β4 


4.176 


-0.00366 


0.00723 


-0.00204 


-0.00109 


0.08917 


0.00236 


0.001286 


0.00151 


0.001014 


(4.007 ; 4.349) 


(-0.0084 ; 0.00088) 


(0.00486 ; 0.00993) 


(-0.00521 ; 0.00091) 


(-0.00312 ; 0.00089) 


Source: own 


(c) Determination of the sums of the absolute values of the differences between the observed values  yi  


with the fitted values  (posterior means of Yi ), i = 1, 2, ..., 30, that is, 


 


 │                                                           (9)   


  


where yi is the daily counting of units sent to quality control and   is the Monte Carlo estimate of the 


posterior mean for λi based on the  1000 simulated Gibbs samples. 


In Figure 2, we have the graphs of the observed values yi against days and the graphs of the estimated 


values  ( ) against days, for i = 1, 2, ..., 30. We observe that models 4 and 5 have good fit for the counting 


data presented in Table 1. We also observe smaller values for DIC (see Table 2) assuming models 4 and 5, 


an indication of better models. 


Considering the sums of the absolute values of the differences between the observed values  yi  with the 


fitted values  (9), we have: S1 = 435.26 ( model 1) ; S2 = 437.42 ( model 2); S3 = 345.26 ( model 3); S4 = 


314.19 (model 4) and  S5 = 299.19 (model 5). In this way, we conclude that models 4 and 5 are better 


fitted by the counting data of Table 1. 


Assuming model 4 (a model with less parameters) , it was considered the presence of an  indicator or 


“dummy” variable for week day , that is, Zi = 1 for Mondays and  Zi = 0 for the other week days  and the 


regression Poisson model (“model 6”) given by,  


 


 


                                   (10) 


where i = 3, 4, ..., 30. 
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Figure 2:  Daily counting (arrivals) versus days. 


In Table 3, the posterior summaries of interest are given for the model 6 defined by (1) and (10) assuming 


normal prior distributions with variance equals to 10 and the same simulation steps considered for the 


other models using the WinBugs software. 


Table 2: Posterior summaries ("model 6"). 


Parameters Mean S.D. 95% credible interval 


β0 4.245 0.09352 (4.060 ; 4.427) 


β1 - 0.00475 0.00240 (- 0.00912 ; 0.000197) 


β2 0.006532 0.00124 (0.00414 ; 0.00899) 


β3 - 0.00259 0.000984 (- 0.0044 ; -0.00068) 


β4 - 0.1462 0.05147 (- 0.2489 ; - 0.0452) 


Source: Own 


Assuming model 6, it was obtained DIC=249.12 and S6 = 304.33. We also observe in Figure 2, a good fit 


of the model for the counting data of Table 1. 


4 Discussion of the obtained results 


From the obtained results of Table 3, for “model 6”, we observe that the covariates yi-1 (counting with a 


lag of one day) , yi-2 (counting with a lag of two days) and  Zi (weekday) present significative effects in the 


daily counting of units sent to quality control, since the zero value is not included in the 95% credible 


intervals for the regression parameters β2 ,β3 and  β4. 


Since the Bayesian estimate of the parameter β4 is negative  ( 4= - 0.1462), we observe that Mondays 


present smaller countings of units sent to quality control as compared to the other weekdays. This result 


could be of great interest for the industry. 


Also it was possible to use the “model 6” to get predictions, from the fitted model (11):  


exp (4.245- 0.00475 Xi + 0.00653 yi-1 – 0.00259 yi-2 – 0.1462 Zi)                    (11) 
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In this way, considering the prediction for the future day (i=31),  we have X31 = 31, y30 = 90, y29 = 101, Zi = 


1 (if the next day is a Monday), that is,  = 72.0716 (72 units); if  Zi = 0 (the next day is not a Monday) , 


we have  = 83.4177 (83 units). 


Finally, in Table 4, we have the observed values (arrivals) and the fitted values for the means assuming 


each proposed model. 


Table 3: Observed values and estimated means   


Observation Arrivals Model-1 Model-2 Model-3 Model-4 Model-5 Model-6 


1 68 99.42 100.50 67.21 63.62 65.12 60.20 


2 99 98.77 99.54 90.14 107 105.90 108.00 


3 125 98.12 98.65 102.80 108.30 114.90 110.10 


4 117 97.48 97.79 114.70 119.20 120.30 119.90 


5 84 96.84 96.97 109.90 102.60 103.70 105.90 


6 73 96.20 96.16 94.25 81.33 80.41 74.97 


7 100 95.57 95.39 89.17 82.77 79.83 87.48 


8 103 94.95 94.64 99.89 105.20 102.50 106.80 


9 91 94.33 93.91 100.60 98.22 99.92 101.10 


10 88 93.71 93.20 94.71 88.31 88.08 92.32 


11 73 93.10 92.52 92.84 89.34 87.71 80.33 


12 93 92.49 91.85 86.28 80.04 79.94 84.53 


13 95 91.89 91.21 93.69 97.64 95.21 99.64 


14 95 91.29 90.58 93.91 92.54 93.91 82.48 


15 113 90.69 89.98 93.30 91.57 91.16 94.45 


16 123 90.10 89.39 100.40 104.80 103.20 105.70 


17 99 89.52 88.82 104.30 106.40 106.60 107.20 


18 108 88.93 88.27 93.13 85.22 85.80 88.93 


19 91 88.36 87.73 96.31 98.32 94.78 86.36 


20 91 87.78 87.21 88.70 83.41 84.15 86.90 


21 58 87.21 86.72 88.13 87.77 85.94 78.13 


22 59 86.65 86.23 75.61 67.81 68.78 72.57 


23 70 86.09 85.77 75.46 75.73 73.80 79.15 


24 75 85.53 85.33 78.71 81.83 82.36 84.41 


25 58 84.98 84.90 79.96 81.73 83.11 84.35 


26 68 84.43 84.49 73.67 70.26 71.65 64.12 


27 90 83.88 84.11 76.51 79.87 78.98 82.36 


28 107 83.34 83.74 83.83 91.26 92.11 92.22 


29 101 82.80 83.39 89.85 96.49 98.16 96.89 


30 90 82.27 83.07 86.91 86.81 88.30 88.72 


Source: Own. 


5 Final considerations 


This paper considered the problem of variability in the daily counting of manufactured units in a 


production line and sent to quality control department of a food industry. It contributed illustrating how 


to identify probability distributions for times between arrivals and its parameters, helpful to construct 


models for Discrete Event Simulation Modeling or for applying on Queueing Theory models. 


The statistical modeling of this data set presented, using Poisson regression models was very useful to 


indicate performance indicators of the industrial department (as a diagnostic device) in the company 


under study, using computational simulation. The discovering of important factors that affect the 


variability was very important in the decisions by the industrial managers in terms of reallocation of 


persons, due to small utilization average rate and in the programming of the statistical analyses (quality 


control), which implies in better planning of the production capacity, without affecting significantly the 


average lead-time of the quality verifications. 
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Abstract 


Several authors in the literature sought to develop systematic models of Service Development Process (SDP) in order 
to guarantee the success in this process. However, companies do not yet have a strategic focus on SDP and are still 
lacking appropriate skills and structures to support them. This study aims at characterizing a minimal model for SDP. 
To this end, this study relied on the identification of common features and phases of the main models of SDP in the 
literature. The SDP existing models were chosen using a systematic literature review, which included a comparative 
study of fourteen models. Systematic review was chosen for this study mainly because it allows the incorporation of 
the contributions of a greater volume of relevant results, allowing the evaluation of the consistency and 
generalization of the results. The proposed minimal model presents nine stages and details, in depth, eight key 
activities included in two of the phases. The stages and activities are: Strategic Planning (definition of competitive 
criteria, segmentation definitions, market positioning definition and ideas management), Project Planning, 
Informational Project, Conceptual Project, Detailed Project (process definitions, definitions of skills and knowledge, 
physical structure definitions and prototyping), Production Preparation, Launch, Market Monitoring and 
Discontinuation. The purpose of the characterization of a minimal model is to standardize the language, consolidate 
essential activities and facilitate the understanding of SDP, serving as support for companies that aim at simplifying 
the systematic development of their services or to provide guidance for companies that have no structure for this 
process. 


Keywords: service project; systematic review; models of SDP. 


1 Introduction 
Services have been responsible for the occupation of labour and the generation of wealth in many 
countries. This fact reflects the tendency of increase in the participation of services in Gross Domestic 
Product (GDP). However, many services are involved in an environment of aggressive competition and in 
markets in a constant state of transformation (D’AVENI, 1994). The companies then proceeded to pursue 
the strategy of adopting new services and continuous improvement of already existing services, seeking 
to ensure the quality of these services for their customers. Given this dynamic, the way the new services 
are developed and launched is becoming increasingly important in order to ensure good performance 
and the advantage before competition (FITZSIMMONS; FITZSIMMONS, 2005). 


The nature of services, focused on the lack of tangibility, is among the causes of the difficulties to ensure 
their quality and design them (LEVITT, 1981). In order to make the service more visible and manageable, it 
is important to develop an appropriate service project. Such development may constitute a key element 
for ensuring the quality once the release has happened (MA et al., 2002). According to Shostack (1984), 
flaws in services arise from human incompetence and the lack of a systematic method for design and 
control, and the development of a new service is characterized by trial and error. A systematic structured 
language is able to boost the ability of companies to develop them (MELLO et al. 2005). The service 
project takes place within the Service Development Process (SDP). 


Several authors in the literature sought to develop systematic models of SDP in order to guarantee the 
success of this process (COOPER; DE BRENTANI, 1991). Observing the recognized Gap Model in Quality of 
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Service of Parasuraman et al. (1985), the application of project concepts and service process helps in 
reducing the gaps between the service expected by the customer, the perception of management on 
those expectations, the service specifications and the service itself. What is noted, in fact, is that 
companies do not yet have a strategic focus on SDP and are still lacking appropriate skills and structures 
to support the process (EASINGWOOD, 1986; EDGETT, 1993; MARTIN; HORNE, 1993; SCHEUING; 
JOHNSON, 1989). 


In this sense, the objective of this study is to identify common characteristics and phases of the various 
models of SDP in the literature, raised through a systematic review, in order to obtain a minimal model for 
the SDP, aiming at making this process easier to be managed and repeated by the service companies. The 
contributions of this study are presented in five sections. After this introduction, the second section 
provides considerations about the research method. Then in the third section, the literature review is 
presented with a comparative analysis between the models studied. The fourth section presents the 
results, addressing the phased structure of the SDP minimal model. Finally, the last section presents the 
conclusions of this study, also describing suggestions for future studies. 


2 Method 
This study is a research of applied nature with objectives of an exploratory nature, since it makes a 
qualitative survey of publications in relation to SDP. The survey of publications was carried out using the 
method of systematic review of the literature. 


Systematic review is a form of research that uses the literature on a particular topic as a primary source of 
data. Therefore, the review is dependent on the quality of primary sources, and consists in a type of 
research that provides a summary of the evidences related to a strategy of interest intervention. The 
intervention, i.e., the interest objective is set right at the beginning of the method, which develops 
through stages that allow searching, critical appraisal and synthesis of selected information. This method 
is suitable to integrate information from a number of separate studies that may have conflicting and/or 
coincident results (LINDE; WILLICH, 2003). 


Systematic review was chosen for this study mainly because it allows the incorporation of the 
contributions of a greater volume of relevant results, rather than limiting the conclusion to just some 
authors, allowing the evaluation of the consistency and generalization of the results (AKOBENG, 2005). 
Table 1 shows the steps that make up the systematic review proposed by Sampaio and Mancini (2007), 
arising from adjustments to the work of Domholdt (2005), Law and Philp (2002) and Magee (1998). Also in 
Table 1 for each stage of the review, the operationalization for this study is explained. 


 


Table 1: Structure of the Systematic Review 


Steps  Operationalization for the study 


To define the 
scientific question; 


How to group the common characteristics of SDP models into a simplified model? 


To identify the 
databases, set 
keywords and 
search strategies; 


Some of the periodicals that were used in the inquiry, indicated by Google Scholar 
database, were published in Journals such as: Harvard Business Review, European 
Management and Journal of Services Marketing. Documents of the German 
standardization, DIN (2008), were used in the the making of this paper as well as service 
research centers,  Fraunhofer (2008), and domestic theses, such as Mello (2005). For the 
research in the databases the following keywords were used: New Service Development 
and Service Design. In this study, 'cross references' of publications were employed as 
search strategy, thus allowing the finding of older works on the subject. 
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To establish 
criteria for the 
selection of 
articles; 


The works selected for the study met the following eligibility criteria: (i) the existence of 
phased SDP models, which would be clearly identified and characterized by its authors, (ii) 
works that represent analysis units from different countries, (iii) representative works from 
different periods of time, (iv) studies of different groups of researchers, and (v) works with 
SDP models developed for different areas (sectors) of services. 


To carry out 
searches in the 
databases and 
compare searches 
of the examiners; 


The search for SDP models was carried out in a month. There was no comparison between 
the searches of more than one examiner, as the two investigators worked together to 
compose the journal base, organized in Mendeley software, always evaluating the number 
of citations as a relevance identification factor of the works to be read.  


To apply criteria 
for selecting the 
articles and justify 
exclusions; 


Sixteen papers were collected, of which fourteen were selected for comparison. The 
exclusions of two models are justified for those being developed for specific companies, 
making it difficult to generalize the results. 


To critically 
analyze and 
evaluate all the 
studies; 


The models for the SDP were organized and compared according to the nine-stage 
structure of the consolidated management model for Product Development Process (PDP) 
of Rozenfeld et al. (2006). The phases are: Strategic Planning, Project Planning, 
Informational Project, Conceptual Project, Detailed Project, Production Preparation, 
Release, Market Monitoring and Discontinuation. The PDP area perspective was the 
chosen option, considering that it is an area of increased volume of research in national 
scope and therefore to draw a parallel of the contents allows them to be more easily 
understood. 


To prepare a 
critical summary 
synthesizing the 
information; 


In the literature review a comparative figure (Figure 1) was elaborated for the fourteen 
models evaluated in depth, thus making it possible to generate a general characterization 
of the analysis units, identifying key countries, study groups and sectors that are 
concerned with the SDP systematization. The figure also allows the identification of 
macrophases of some models and the drawing of parallels between the phases of the 
models studied. 


To present a 
conclusion 
supplying the 
evidence. 


The information of the fourteen papers was synthesized engendering a minimal model for 
the SDP. The minimal model aims at valuing the main innovations introduced by each 
author, but also praising the information repeatability between the studies - the 
consensus. A summary table was elaborated (Table 2) with the inputs and outputs of the 
SDP phases, in order to make the understanding of the results easier. In addition to the 
phases, eight key activities were outlined in the summary table, four constituents of the 
Strategic Planning phase and four of the Detailed Project phase. An option was made in 
highlighting these activities with a view that they had particular responsibilities in relation 
to the dimension of service quality. 


Source: The authors 


3 Comparison between the Models for SDP  
The fourteen models selected in the systematic review were used for the comparison between the models 
for SDP. The phase by phase result of this comparison is shown in Figure 1, in which the models are 
arranged in chronological order of creation in the x-axis and in chronological order of occurrence of the 
phases in the y-axis. And the y-axis is also distributed according to the scope of the nine stages of the 
PDP generic model of Rozenfeld et al. (2006). For the models that have macrophases, these were placed 
to the left of the model with the phases belonging to each one differentiated by intercalating dotted 
rectangular boxes and not dotted. Only half of the models presented has the macrophase organization. 
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Figure 1: Literature models for SDP. 
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It is possible to see that there is a balanced distribution in the amount of models portrayed in the last 
three decades; six of the 80s, four of the 90s and four of the post-2000 period. It can also be noted that 
half of all evaluated models are American. Although the model of Shostack (1984) have been the first for 
the study area, the model of Scheuing and Johnson (1989) is still currently the most commonly reported 
one by authors. One of the reasons for such recognition is its greatest level of detail, which is composed 
of fifteen stages. The average of phases in the sampled model units is ten phases. The financial and health 
sectors were the first to demand greater rigor in SDP and therefore, models were developed for this need, 
as Donnelly et al. (1985) and Alam and Perry (2002) for the financial sector, and Bowers (1987) and 
Ramaswamy (1996) for the health sector. 


The phased models for SDP can be reduced to the following sequence: (i) to understand the needs of 
consumers, (ii) to transform those needs into the service concept and (iii) to plan the process, structure, 
support and infrastructure for this new concept (BOWERS, 1987; SCHEUING; JOHNSON, 1989). In general, 
the models lack a vision of Project Planning in how it is structured in PDP. The generation and screening 
of ideas appear as phases in the models, unlike the PDP in which they are usually treated as activities. 
Moreover, few models for SDP deal with a particular phase for the Informational Project and Market 
Monitoring and none of the models suggests a phase for the Discontinuation. 


As for the Production Preparation phase, only in the late 90s it began to have their activities broken down 
into independent phases for some models of SDP, as in the German models DIN (1998) and Fraunhofer 
(2008). These two models are nearly equal in its phases, since the model DIN (1998) is in force in the 
German standardization. For this reason, the Fraunhofer Institute, this provides business consulting, ends 
up using it as base. 


4 Results and Discussions  
In this section, the nine generic phases in which the models for the SDP were compared in Figure 1 were 
analyzed. The main contributions of the authors have been identified, in order to have those incorporated 
into the minimal model for the PDP, presented at the end of the section. 


The first generic phase is the Strategic Planning. It contains the strategic definitions concerning the 
services, defining the focus and giving priority to a few competitive criteria (quality dimensions) in 
accordance with the type of service according to its volume and variety (gradually increasing through the 
levels of professional services, service shops and mass services) and company size. For making decisions 
before the competitive criteria, the definitions before the segmentation and market positioning are 
important (GIANESI; CORRÊA, 1994). Segmentation is the definition of consumer groups with common 
characteristics, identified based on demographic and psychographic data. The positioning is more 
comprehensive and involves: identifying customer needs, segmenting, mapping segments according to 
the needs and attractiveness, estimating the ability of competitors and identifying niches and 
opportunities. 


According to Papastathopolou et al. (2001) the identification of the strategic roles is necessary, as well as 
the review of historical performance, the specification of research categories to be explored and the 
distribution of individual tasks and responsibilities. Fraunhofer (2008) suggests a portfolio structuring and 
catalog analysis on the services offered, standardization and modularization of services and strategies to 
internationalize the services. Tax and Stuart (1997) stress the importance, in this phase, of first 
understanding the role of consumers and the effective benefits they expect. 


It belongs to this phase what the DIN standards (1998) conceptualizes about the ideas management, and 
many models describe this as a phase. This deals with the generation and selection of ideas for the 
service. Therefore, it involves both the development team, especially the front-line employees, and users 
in order to formulate the problem and the possible solutions. Focus groups and interviews are important 
means to raise ideas. According to Mello (2005), the main criteria for selecting ideas are: market 
considerations, strategic plans, management decisions and competition analysis. 
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In the Project Planning phase, in the literature on product development, the information is documented 
and then begins the management of a new product through a project method, such as the PMBOK® 
guide, with the approval of the Project Plan as the result of this phase (ROZENFELD et al., 2006). Due to 
the lower maturity of SDP models compared to those of PDP, the project management scope is not 
detailed. The ten-phase model of Alam and Perry (2002) is about isolating the formation of a 
multifunctional team as a phase, which addresses the question of human resources selection and the 
responsibility activities of each employee within the new project (determined in team meetings). The 
nomenclature of ‘project’ is adopted by Ramaswamy (1996), who focuses on trying to measure the project 
performance to ensure the quality of service that will be delivered to customer. The project becomes an 
indicator of the stability and reproducibility of service performance. 


The Informational Project phase, translated from the product development process language, is 
responsible for defining the specifications (attributes) of the service, through surveys of customer 
requirements. The choice of specifications depends on the degree of customer involvement with the 
company (Swan et al., 2002). In addition to the technical statements, statements that express expectations 
or needs of customers must meet project standards (RAMASWAMY, 1996). The analysis of customer 
requirements must be measurable and verifiable to relate them to a new service opportunity. It is 
necessary to determine, besides market requirements, the prospects of the company, formulating clear 
and unambiguous requirements for the concept generation (FÄHNRICH; MEIREN, 2007). Silvestro et al. 
(1990) name two types of specifications for services: hard measures and soft measures. To translate the 
customer voice in technical specifications, the literature suggests the use of Quality Function Deployment 
– QFD. There are several domestic studies showing the application of QFD in service, such as the works of 
Ribeiro et al. (2001) and Magnago and Danilevicz (2009). 


In the Conceptual Project, solutions are defined for the requirements raised. The functional structure of a 
service can be understood as parts of its process. One way to obtain the parts of the process begins with 
the hierarchizing of requirements. With the requirements hierarchized, it becomes possible to produce a 
transfer graph as a means to define the tasks that will make up the architecture of the new service. Along 
with the task, the classification about their type begins, and according to each type, it is possible to carry 
out the interdependence analysis between tasks, thus defining the structure of the parts of the process 
(LUCZAK et al., 2007). 


Many SDP models found in the literature besides determining the process and then detailing its 
characteristics (Detailed Project), do so in a combined form. The factor that determined the division of 
Conceptual and Detailed Project is the intensity of the definitions about the new service. In the 
conceptualization, just one model results of what will be the outcome of the service delivered to the 
customer, and in the detailed phase, tools and simulations are used for determining the features and 
controls of the routines. A typical statement of concept should include a description of the problem which 
is expected to be solved, the reason why the new service will be offered and the outline of its 
characteristics and benefits and the justification for its purchase (SCHEUING; JOHNSON, 1989). 


In the Detailed Project, the entire system of the new service is carefully described and, if possible, 
prototyped. The existing skills, or to be developed, can be divided into three basic topics: (i) Processes, (ii) 
Skills and Knowledge, and (iii) Physical Structure (PRAHALAD, HAMEL, 1990). The tools to address these 
issues have evolved and are aiming at materializing the services in order to make them more 
comprehensible, ensuring the post-release success. That is the case of ServLab, a rapid service prototyping 
laboratory maintained by Fraunhofer Institute, which makes 3D virtual simulations of new services. Besides 
the physical structure, ServLab can also test the process flows and carry out trainings before investing in 
infrastructure (FRAUNHOFER, 2008). 


Regarding the topic of (i) Process, the best known method of service process definition is the Service 
Blueprint, developed by Shostack (1984). Despite having its origin in the flow charts of industrial 
processes, it is a systematic technique for mapping the processes considering the aspect of customer 
interaction, valuing the front office contact and the back-office activities. The Blueprint allows the team to 
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see the process flow, and for the critical parts to be delivered to customer, it allows the generation of a 
Failure Mode and Effects Analysis (FMEA) of services (LUCZAK et al., 2007). 


As for the topic of (ii) Skills and Knowledge, it refers directly to human resource capacities that are 
involved. Some SDP models highlight this topic in a separate phase calling it ‘staff training’, as Scheuing 
and Johnson (1989) and Alam and Perry (2002). Service providers (employees) should be selected and 
trained for the activities of the new service, and a means of reward for work done should be structured 
(SHOSTACK, 1987). Understanding the role of the customer in the execution of the service should also be 
considered to define the skills and knowledge required (BOWEN, 1986). Luczak et al. (2007) propose that 
the required skills should be identified for each task composing the map of the service process, thus 
allowing the understanding of the targeted profile of human skills and the classification of the specific 
skills in: professional, social, individual or (of the) system. 


As for the topic of (iii) Physical Structure, which deals with the definition of layout, flows in a space, 
acquisition of an environment for the service practice, among others, it is one of the least addressed 
subjects in the SDP models (MELLO, 2005). Ramaswamy (1996) is one of the authors dealing with the 
tangible structure of services, showing that customers’ perceptions of quality may be influenced by 
attributes such as cleanliness, space, color, lighting and physical layout of the environment where the 
service occurs. Mello (2005) focused on issues of facilities project, however, it was found that these 
decisions have direct correspondence with the execution of the project and therefore they were allocated 
in the Production Preparation phase. Mello (2005) suggests the use of the list of studies of Gianesi and 
Corrêa (1994) regarding the criteria of location factors for choosing the best place in the region, country, 
area or specific location of the facilities. The choice between the physical arrangement by product, 
process or positional, the most commonly used layouts in services (CORRÊA; CAON, 2002). The 
management of physical evidences, such as standard characteristics of the exterior and interior of the 
facilities and all materials (facilitating goods) to be provided by the service (HOFFMAN; BETESON, 2003). 
And also the suggestion to study the productive capacity of services, such as peak demand, queues, 
efficiency, etc. 


The Production Preparation in services is included with the implementation activities and service tests. 
Implementation is the stage of project execution, allowing the validation of the process structure, 
resources and end result of the new service. The tests are a pilot with the customer, acting to identify the 
acceptability and the potential improvements of the new service, as much as the marketing program for it 
(SCHEUING; JOHNSON, 1989). In parallel, the process structure is also tested, allowing a comparison of 
the expected situation with reality, and making possible the documentation of operational procedures to 
be followed (BITRAN, PEDROSA, 1998). 


The Launch is also called Introduction or Commercialization phase by the SDP models. This phase covers 
the management of the activities of service on a large scale, putting it on access to the entire market. The 
moment of launch requires a plan with basic decisions about when to do, where, to whom and how to 
promote this first contact of the company in the market according to the company's strategy (COWELL, 
1988). 


The Market Monitoring is a phase that is included in all activities of post-launch service performance 
control. Checking if the estimated financial returns are responding to the expectations and if the 
customers’ satisfaction in relation to quality are being met, for example, respectively by using techniques 
of financial analysis and the ServQual, with information collected through panels, questionnaires and 
observation of customers. The need for a constant control of the satisfaction is essential, since customer 
expectations may change after their experiences with the service operations or competitors may provide 
new standards for quality, creating new minimum levels of acceptable performance (RAMASWAMY, 1996). 
In this phase, when necessary, there are suggestions for recovery plans for services to drive improvements 
and not simply pacify unhappy customers. Recovery involves the management of practical problem 
solving (MELLO, 2005). 
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The Discontinuation phase, which in the product scope suggests actions for withdrawing it from the 
market, is not shown by the SDP models. However, the authors understand that every service has an end-
of-life and, accordingly, before the company ceases offering it, they intend to find opportunities for 
improvements or upgrades to the services already offered or the generation of ideas for future lauches. 


All generic phases, with eight key activities being highlighted, have been incorporated in the minimal 
model for SDP. Table 2 was developed in order to summarize the contents of this subsection, synthesizing 
the input and output of each phase and the key activities of the minimal model. 


 


Table 2: Minimal Model for SDP 


Phase/Activities of SDP Input Output 


1 


Strategic Planning 


Definition of Competitive 
Criteria 


Market data and review of strategic 
planning. 


Definition of competitive criteria 
(quality dimensions). 


Segmentation Definitions 
Demographics and psychographics 
of customers. 


Definition of consumer groups with 
common characteristics. 


Market Positioning 
Definition 


Customer segmentation and market 
opportunities. 


Definition of niche market and 
competitive strategies. 


Ideas Management 
(portfolio management) 


Surveys with stakeholders and idea 
generation methods. 


Survey of preliminary ideas of services 
to be designed. 


2 Project Planning Draft of the new service. 
Approval of the project plan, with 
timelines and budgets, by 
management. 


3 Informational Project 
Survey of customer opinion and 
team information. 


Definition and categorization of 
requirements. 


4 Conceptual Project Balanced requirements. 
Approval of a concept (model) of the 
process characteristics. 


5 


Detailed Project 


Process Definitions Service concept. Flowchart of the service process. 


Definitions of Skills and 
Knowledge 


Competitive criteria and process 
characteristics. 


Definition of the service provider 
human resources profile. 


Physical Structure 
Definitions 


Competitive criteria and process 
characteristics. 


Definition of the physical structure of 
service and facilitating goods. 


Prototyping (simulation) 
Process, human resources and 
physical structure definitions. 


Approval of necessary resources. 


6 Production Preparation Definitions of the detailed project. 
Certification and approval of the pilot 
test with end customers and 
resources. 


7 Launch Approval of the pilot. Release of the service. 


8 Market Monitoring Performance indicators. Improvement plans. 


9 Discontinuation Analysis of the life cycle. Remove service operation. 


Source: The authors 


5 Conclusion 
The model of minimal characteristics proposed aims at standardizing the language, consolidating 
essential activities and making easier the understanding of SDP, serving as support for companies that 
aim at simplifying the systematization of development of their services or providing guidance for 
companies that have no structure to this process. It is suggested for companies that aim at simplifying 
SDP a comparative analysis of their current model with the phase model of this study, identifying their 
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similarities and differences. The minimal model also aims at demystifying the difficulty of standardization 
of the development process for service managers and partially covering the gap of research studies on 
SDP in the same way as PDP. 


There are conceptual differences between the Minimal Model for SDP and the PDP reference model used. 
There was a need to understand how this would be the same frame of reference services. For this 
purpose, basing the characteristics of the Minimal Model phases using models developed for service 
literature. The detailed project activities are at greatest difference between the reality of services and 
products. The definition of process, skills, knowledge and physical structure; and the prototype of the flow 
of the service are the activities of this phase. Products capabilities and tools to supply this phase are quite 
different. The same team would be unable to supply this phase for the two realities. 


As recommended opportunities for future studies there is the development of a certification scheme for 
SDP, in the same way as it has occurred with PDP, in which there are minimum standards for the 
certification of the process, required by ISO, or by company-customer regulations or for operating in a 
specific industry. The SDP certification gains support in the context of outsourced services, in which it 
would be a way for the contracting company to know the capabilities and systematization of the provider 
in relation to SDP. It is also recommended the development of future studies to elaborate a didactic 
exemplification, applying step-by-step the minimal model of the proposed SDP. 
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Abstract 


In the chemical industry, the necessity for scheduling is becoming more pronounced, especially in batch production 


mode. Nowadays, planning industrial activities is a necessity for survival. Intense competition requires diversified 


products and delivery in accordance with the requirements of consumers. These activities require quick decision 


making and the lowest possible cost, through an efficient Production Scheduling. So, this work addresses the 


Permutation Flow Shop scheduling problem, characterized as Production Scheduling in Batch Process (PSBP), with the 


objective of minimizing the total time to complete the schedule (Makespan). A method to approach the problem of 


production scheduling is to turn it into Mixed Integer Linear Programming- MILP, and to solve it using commercial 


mathematical programming packages. In this study an electronic spreadsheet with user-friendly interface (ESUFI) was 


developed in Microsoft Excel. The results showed that it is possible to use the ESUFI for small problems.   


Keywords: Excel; Linear Program; Permutation Flow Shop.  


1 Introduction 


Permutation flow-shop scheduling problem (FSP) according to Wang et al. (2012) and J.N.D (2006),  has 


been extensively studied  because of its significance both in theory and industrial applications. The FSP 


system consisting to Zäpfel, Wasner and  Braune (2012) of multiple lines where each line comprises buffer 


stations and workstations. Therefore, this work presents the development of a spreadsheet, created using 


Visual Basic (VB) with interface with the user, whose goal is to minimize the task completion time 


(Makespan) of a Permutation Flow Shop Scheduling environment. 


This research is embedded in the area of Synthesis and Optimization of Processes of the Chemical 


Engineering Graduate Program at UEM – State University of Maringá, in partnership with GEPPGO - Group 


for Study and Research on Process and Operations Management from the Production Engineering 


Department of the State University of Paraná - Campus of Campo Mourão. 


In the chemical industry, the necessity for scheduling is becoming more pronounced, especially in batch 


production mode. According to Raklaitis (1995), batch production can be described as income-oriented 


production, with equipment network connectivity and resource limitations. Mendez et al. (2006) classifies 


this type of operation: Single stage, which is subdivided into single or parallel resources, and multiple 


stages, which are subdivided into multipurpose (Job Shop) and multiproduct (Flow Shop). 


The scheduling problem addressed in this work is of batch type - multiproduct - Permutation Flow Shop. 


According to Polon (2010), Batch-Multiproduct plants are in general employed for a set of products 


whose income structure is the same and production lines are also referred to as Flow Shop.  
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According to MacCarthy and Liu (1993) and Baker (1974), Flow Shop is a type of process where all tasks 


have a similar flow pattern, that is, they have the same processing schedule on all resources and the 


number of resources in each stage of production equals one.  


The environment of the permutation Flow Shop production scheduling problem is described by 


MacCarthy and Liu (1993), Baker (1974), Taillard (1993), and Moccellin (1995) as a type of Flow Shop in 


which the processing order of tasks is the same in all resources. Severo (2007) states that many chemical 


process industries such as oil and paint, pharmaceutical and fine chemistry industries fit into this category. 


The diversity and complexity of a batch production industry recommend, as stated by Severo (2007), the 


application of production planning techniques in order to meet consumer demands. Thus, scientific 


development in the area of Production Scheduling is increasing, especially concerning batch processes. 


2 Methodology  


For the creation of a user-friendly interface to solve a production scheduling model for the permutation 


Flow Shop system, it was necessary to divide it into five parts: Model development, model formulation, 


model resolution in Excel spreadsheets, creation of interface between user and worksheet in Visual Basic 


language (VB), and finally, evaluation of the consistency of the interface. 


The problem proposed by EDGAR et al. (2002, Apud Polon et al. (2006)), of a multiproduct batch plant, 


characterized as a permutation Flow Shop environment, was analyzed for the model development. At this 


stage, the objective function was defined, considering the case of production scheduling as a mixed 


integer linear programming problem (MILP). 


In this permutation Flow Shop programming environment, one research scenario  were modelled, all of 


them with the aim of minimizing the total task completion time (Makespan). 


The model constraints are: a) the storage of intermediate products should not be available between the 


processing resources, that is, if a product is processed at resource j and resource j+1 is not available at the 


time of completion, the finished product should be kept at resource j, until resource j+1 is ready; b) after 


finishing the processing of a product at the last resource (equipment), this product is immediately sent to 


the stock of finished products; c) all resources are initially empty at time zero and the manufacture of any 


product may be delayed an arbitrary amount of time to keep it in the previous resource; d) the ordering 


of tasks on each resource is the same. 


After finishing the modelling, the mathematical equations of all one scenario were manually transcribed 


into Excel spreadsheets, and solved by the add-in Solver. 


The VB language was used to create an interface between the user and the Excel spreadsheet. This way, all 


the mathematical equations that had been modelled in the one scenario, along with the add-in Solver, 


were developed in order to create a generalized programming model for this environment and with the 


restrictions imposed by the proposed model. 


The evaluation of the consistency of the spreadsheet interface with the user was done by comparing the 


results that were manually obtained with Excel spreadsheets with those obtained using the VBA language.  


3 User-Friendly Interface for the Resolution of a Model of Production 


Scheduling in a Permutation Flow Shop System with Makespan Reduction  


3.1 Model Development  


To develop the research was analyzed a research scenario, referring to the programming 


environment of three tasks (t1, t2, t3) and five resources, with the respective processing times shown in 


Table 1. 
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 Table 1: Processing time (h) 


 


Resources 


Tasks 


t1 t2 t3  


1 Pt 11 Pt 21 Pt 31  


2 Pt 12 Pt 22 Pt 32  


3 Pt 13 Pt 23 Pt 33  


4 Pt 14 Pt 24 Pt 34  


5 Pt 15 Pt 25 Pt 35  


 


 


3.2 Model Formulation 


The three scenarios were modelled. However, as all of them are part of the same programming 


environment (permutation Flow Shop) and meet the same constraints, only the modelling of scenario 1 


will be presented. In the mathematical modelling of this scenario, Equation 1 represents the main goal of 


the problem to be solved. 


    ( 1 ) 


Variable C in Equation 1 represents the Makespan, while N and M represent the number of tasks and the 


number of resources, respectively. Thus, the objective function expressed by Equation 1, is about finding, 


among the various combinations of tasks and resources, the NM sequence that provides the lowest 


Makespan. For the scenario 1, N = 4 and M = 3 in the objective function. This objective function is subject 


to a number of constraints, as described below. The first constraints, shown in Equations 2 and 3, are 


binary. 


   ( 2 ) 


   ( 3 ) 


Variable i represents the task to be processed at the resource and k represents the position of this task in 


the order of sequencing. Equations 2 and 3 thus represent a discrete optimization problem involving the 


decision between two alternatives, that is, if a task is processed at a given resource, the other tasks cannot 


be processed concurrently at the same resource. Therefore, Xik is a binary variable defined as: Xik = 1 if 


task i is in position k, and Xik = 0, otherwise. 


Each task is sequentially processed by resources (1), (2), and (3), respecting the permutation Flow Shop 


programming environment. 


Equation 4 represents another problem constraint, which also involves Makespan. In this Equation, Ck,j is 


the time of end of processing, by resource j, of the task occupying position k in the sequence; N is the 


number of tasks; Xs,k is the binary variable, and TPs,j is the time for processing task i at resource j. 


  (4) 


Generally, the resolution of the various alternatives of Equation 4 shows that for a scheduled task to be 


processed in resource j, from the second order of sequencing, it must present a Makespan greater than or 


equal to the Makespan of a task placed earlier on the same resource j, plus the processing time of the 


same task on resource j. 


Another important constraint is Equation 5, which also has to do with the Makespan of the tasks in the 


resources. Equation 5 shows that the Makespan of the task of order k on resource j is greater than or 
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equal to the Makespan of the same task on resource j-1 plus the sum of the products of the binary 


variable Xs,k and the processing times TPs,j, starting with resource (2 ) and finishing with resource (3). 


  (5) 


The Makespan of the task placed in the sequence 1 of the production scheduling, at resource j, is 


expressed in Equation 6. This Equation presents the constraint that the Makespan of such task is greater 


than or equal to the Makespan of the task placed in the sequence 1 of the production scheduling, at 


resource j-1, plus the sum of the products of the binary variable Xs,1 and the processing times TPs,j. In this 


Equation, resource j must start with resource 2 and finish with resource 3, according to the model initially 


proposed. 


(6) 


Another important constraint is the Makespan of the task sequenced with order 1 on resource 1, which is 


represented by Equation 7. This Equation shows that the Makespan of this task must be greater than or 


equal to the sum of the products of the binary variable (X1,1, X2,1, X3,1, X4,1) and the processing times (TP1,1, 


TP2,1, TP3,1, TP4,1). 


(7) 


The constraint presented in Equation 8 shows that the Makespan sequenced in the order k on resource j 


must be greater than or equal to the Makespan sequenced in the order k-1 on resource j +1, starting 


from the order of sequence 1 on resource 1. 


   (8) 


Finally, the last constraint of the problem concerns the question of non-negativity of the model, which is 


represented by the general Equation 9. 


   (9) 


3.3 Model Resolution in Excel Spreadsheets 


Equations (1) through (9) of the three tasks and five resources model were inserted in the worksheet, in 


different cells. After that, the add-in Solver, available within the Microsoft Excel electronic spreadsheet, 


was used to optimize the scheduling of the tasks on the resources.  


In general, for the development of the manual resolution of the processing orders scheduling model 


proposed in this study, all available data was first organized in an Excel spreadsheet, separating the cells 


representing the decision variables and the objective function. For each constraint of the problem, a 


formula was created in a separate cell of the spreadsheet, corresponding to the left-hand side (LHS) and 


the right-hand side (RHS) of the restriction. 


LHS and RHS correspond to the transformation of the set of constraints into a set of equivalent equations, 


by introducing variables that will represent the gap between the left (LHS) and right (RHS) sides of the 


inequalities. 


After inserting all the equations of the PSBP model, representing the objective function, decision variables 


and restrictions, in the Microsoft Excel electronic spreadsheet shown, the add-in Solver, available in the 


tool bar of this spreadsheet, was used to find the optimal solution for the problem. 


3.4 Creation of the Friendly Interface between the User and the Excel Spreadsheet in 


the Language Visual Basic for Applications (VBA) 


For the creation of the user-friendly interface with the Excel spreadsheet (ESUFI) used to solve the model, 


in order to reduce the Maskespan following the constraints set forth in the methodology, it was necessary 
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to first define a standard spreadsheet. The standard spreadsheet refers to a Microsoft Excel spreadsheet, 


composed of all the equations described in the study, organized in a standard model, which means to put 


each of the equations in an array of rows and columns, available to perform the generalization of the 


model. The generalization of this model was performed using the VBA programming language. 


The implementation of the VBA code in the spreadsheet made possible the generalization of the model of 


three tasks and five resources for the configuration of (n) tasks and (m) resources. With this 


implementation, a friendly interface was created between the user and the Microsoft Excel spreadsheet. At 


this friendly interface the user should only report the number of tasks (n) and resources (m), and the 


processing time of each task at the respective resource, and then click on the button "Optimize 


Scheduling Order"  to obtain the best production sequence that minimizes the Makespan. Figure 1 


exemplifies the model of the Microsoft Excel spreadsheet with user-friendly interface. 


 


Figure 1: Microsoft Excel spreadsheet model with user-friendly interface 


To build the user-friendly interface created for the ESUFI presented in Figure 2, it was necessary to carry 


out some validation tests for each of the model equations. These tests serve to validate the model, that is, 


to show the veracity of each of the equations from the expansion of the model of three tasks and five 


resources for different situations of (N) tasks and (M) resources. The tests also served to find a number of 


combinations of (N) and (M) possible to be applied with the help of the Solver tool. 


3.5 Evaluation of the Consistency of the Interface 


The assessment of the consistency of the generalized equations in the Excel spreadsheet with user-


friendly interface was done by comparing the results that were manually obtained with Excel spreadsheets 


with those obtained with the user-friendly interface, using the VBA language. 


To validate the automated spreadsheet regarding the accuracy of the equations generated by the 


expansion of the model, two scenarios were tested in each one of the classes N  


{2,3,4,5,6,7,8,9,10,11,12,13} and M  {2,3,4,5,6,7,8,9,10,15,20,25,30,40,60}, with time intervals of [1,99], 


totalling 360 problems tested (2 scenarios x 12 classes of tasks x 15 classes of resources). 


The classes of problems n  {2,3,4,5,6,7} and m  {2,3,4,5,6,7,8,9,10,15,20,25}, according to the 


classification of BOIKO (2008), represent the small sized production scheduling problems. However, for 


the same author, classes N  {8,9,10,11,12,13} and M  {30,40,60} correspond to medium-sized 


production scheduling problems. 
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In assessing the consistency of generalized equations in the Excel worksheet with user-friendly interface, 


tests were performed in cases of production scheduling in small and medium businesses. Besides verifying 


the veracity of equations (1) through (9), expanded on the Excel worksheet with user-friendly interface, 


the tests sought to find the limits of adjustable cells on the spreadsheet. Adjustable cells mean the largest 


number of tasks (N) and resources (M) of the subclasses that have the possibility of solving the objective 


function (minimizing the Makespan) in the Excel worksheet with user-friendly interface, regardless of the 


final solution. 


The correlation coefficient (r) given by Equation 10 (MOREIRA, 2000, p 327) was used to assess the 


relationship between the number of tasks (N) and resources (M) of the limiting subclasses of the Excel 


spreadsheet model with user-friendly interface.  


   (10) 


Where: r =  correlation coefficient; n = number of limiting subclasses;   = value of the number of the task 


subclass (n);   = value of the number of the resource subclass (m). 


4 Results and Discussion 


It was verified in the tests of each problem of subclasses {2,2}, {2,3}, {2,4}, {2,5}, {2,6}, {2,7}, {2,8}, {2,9}, {2,10}, 


{2,15}, {2,20}, {2,25}, {2,30}, {2,40}, and {2,60} that all equations were consistent with the generic model 


equations. However, one realized that there was still scope to increase the number of resources, since the 


expansion of the equations was not at the limit allowed in the Excel spreadsheet. Therefore, a new set of 


problems with N  {2} and M > 60 was tested, and the limit of {2,98} was found. 


The same behavior was observed with the subclasses {3,2}, {3,3}, {3,4}, {3,5}, {3,6}, {3,7}, {3,8}, {3,9}, {3,10}, 


{3,15}, {3,20}, {3,25}, {3,30}, {3,40}, and {3,60}. This way, a new set of problems with N  {3} and M > 60 was 


tested, and the limit of {3,62} was found.  


All equations of the problems of subclasses {4,2}, {4,3}, {4,4}, {4,5}, {4,6}, {4,7}, {4,8}, {4,9}, {4,10}, {4,15}, 


{4,20}, {4,25}, {4,30}, {4,40}, and {4,60} were consistent with the generic model. However, subclass {4,60} 


could not be verified, since it went beyond the limit of Solver adjustable cells present in the ESUFI. Thus, 


after conducting further tests, the limit of {4,46} was found. 


The same behavior was observed for the subclasses {5,2}, {5,3}, {5,4}, {5,5}, {5,6}, {5,7}, {5,8}, {5,9}, {5,10}, 


{5,15}, {5,20}, {5,25}, {5,30}, {5,40}, and {5,60}, and it was found that subclasses {5,40} and {5,60} went 


beyond the limit. New tests led to the determination of the limit {5,35}. 


Further tests with the subclasses {6,2}, {6,3}, {6,4}, {6,5}, {6,6}, {6,7}, {6,8}, {6,9}, {6,10}, {6,15}, {6,20}, {6,25}, 


{6,30}, {6,40}, and {6,60}, pointed to the limit of {6,27}, after it was found that subclasses {6,30}, {6,40}, and 


{6,60} went beyond the limit of Solver adjustable cells present in the ESUFI. 


Similarly, in the problems of subclasses {7,2}, {7,3}, {7,4}, {7,5}, {7,6}, {7,7}, {7,8}, {7,9}, {7,10}, {7,15}, {7,20}, 


{7,25}, {7,30}, {7,40}, and {7,60}, all equations were consistent with the generic model, although subclasses 


{7,25}, {7,30}, {7,40}, and {7,60} exceeded the limit of adjustable cells in the ESUFI. Thus, after performing 


new tests, the limit of {7,21} was determined. 


For the same reason, subclasses {8,20}, {8,25}, {8,30}, {8,40}, and {8,60} could not be verified, when 


analyzing the subclasses {8,2}, {8,3}, {8,4}, {8,5}, {8,6}, {8,7}, {8,8}, {8,9}, {8,10}, {8,15}, {8,20}, {8,25}, {8,30}, 


{8,40}, and {8,60}, but all equations were consistent with the model up to the limit of {8,17}. 


During the tests with the problems of subclasses {9,2}, {9,3}, {9,4}, {9,5}, {9,6}, {9,7}, {9,8}, {9,9}, {9,10}, {9,15}, 


{9,20}, {9,25}, {9,30}, {9,40}, and {9,60}, all equations were consistent with the generic model, but the last six 







 


Use of Excel Worksheets with User-Friendly Interface in the Production Scheduling in 


Batch Process (PSBP) to Minimize the Makespan 


ID193.7 


subclasses could not be verified, as they went beyond the limit of Solver adjustable cells present in the 


ESUFI.  New tests were performed and the limit of {9,13} was found. 


Analogously, the last six subclasses of the set {10,2}, {10,3}, {10,4}, {10,5}, {10,6}, {10,7}, {10,8}, {10,9}, {10,10}, 


{10,15}, {10,20}, {10,25}, {10,30}, {10,40}, and {10,60} were not verified, and the limit of {10,10} was found 


after performing new tests. 


Following the same pattern, the limit observed for the subclasses {11,2}, {11,3}, {11,4}, {11,5}, {11,6}, {11,7}, 


{11,8}, {11,9}, {11,10}, {11,15}, {11,20}, {11,25}, {11,30}, {11,40}, and {11,60} was {11,7}, while for the 


subclasses {12,2}, {12,3}, {12,4}, {12,5}, {12,6}, {12,7}, {12,8}, {12,9}, {12,10}, {12,15}, {12,20}, {12,25}, {12,30}, 


{12,40}, and {12,60} the limit was {12,4}. 


As for the results of the tests with the problems of subclasses {13,2}, {13,3}, {13,4}, {13,5}, {13,6}, {13,7}, 


{13,8}, {13,9}, {13,10}, {13,15}, {13,20}, {13,25}, {13,30}, {13,40}, and {13,60}, all equations were found to be 


consistent with the generic model, but only the subclass {13,2} could be generated on the spreadsheet, as 


the others went beyond the limit of Solver adjustable cells present in the ESUFI.  


Therefore, after performing all the tests in the classes of problems N  {2,3,4,5,6,7,8,9,10,11,12,13} and M 


 {2,3,4,5,6,7,8,9,10,15,20,25,30,40,60}, with time intervals of [1,99], for the validation of the automated 


spreadsheet regarding the accuracy of the equations generated by the model expansion, and 


establishment of the limits of classes NxM of the PSBP model in the ESUFI, it was possible to conclude 


that equations (1) through (9) were correctly expanded in all 360 analyzed problems, thus ensuring the 


accuracy of the results obtained with the ESUFI.  


Observing the limits found for the classes of problems N  {2,3,4,5,6,7,8,9,10,11,12,13} and M  


{2,3,4,5,6,7,8,9,10,15,20,25,30,40,60}, with time intervals of [1,99], there is a clear reduction in the number 


of resources (M), as the number of tasks (t) increases. This reduction in the number of resources, 


concerning the limitation of adjustable cells in the ESUFI for the use of the Solver tool to solve the 


objective function of the PSBP problem, can be assessed by the application of the correlation coefficient 


(r), given by Equation 10. The value of -0.89 shows a very high inverse correlation between the number of 


tasks (n) and the number of resources (m), that is, for the adjustable cells of the ESUFI, as the number of 


tasks is increased, the number of resources decreases, resulting in a reduction in the number of resources 


to be programmed in the ESUFI. 


In analyzing the performance of the model PSBP ESUFI held for class 3, were tested percentage of success 


of earch of the subclasses listed in Table 2. 


Table 2: class 3 


CLASS SUBCLASSES INTERVAL OF 


TIME 


 


 


3 


 


 


{3,2};{3,3};{3,4};{3,5};{3,6};{3,7};{3,8};{3,9};{3,10};{3,15};{3,20};{3,25};{3,30};{3,40};{3,62}; 


[1,8] 


[1,12] 


[1,24] 


[1,45] 


[1,99] 


 


In the time intervals [1,8] and [1.12], the subclasses {3,2}, {3,3}, {3.4}, {3,5}, {3,6}, {3 , 7}, {3.8}, {3,9}, {3.15}, 


{3.20}, {3.25}, {3.30}, {3.40} and {3.62 }, showed that 100% of the scenarios tested in the ESUFI (10 scenarios 


/ subclasses) had the objective function of optimization. 
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In the time interval [1.24] subclasses {3,2}, {3,3}, {3.4}, {3,5}, {3,6}, {3,7}, {3 , 8}, {3,9}, {3.15} {3.20} {3.25} {3.30} 


{3.40} and showed that 100% of the scenarios tested in the ESUFI (10 scenarios / subclasses) had the 


objective function of optimization, since the subclass {3.10} presented 90%. 


In the time interval [1.45] subclasses {3,2}, {3,3}, {3.4}, {3,5}, {3,6}, {3,7}, {3 , 8}, {3,9}, {3.15} {3.20} {3.25} {3.30} 


and {3.40}, showed that 100% of the scenarios tested in the ESUFI (10 scenarios / subclasses) had the 


objective function of optimization, since the subclasses {3.10} {3.62} showed 90%. 


In the time interval [1.99] subclasses {3,2}, {3,3}, {3.4}, {3,5}, {3,6}, {3,7}, {3 , 8}, {3,9}, {3.15} {3.20} {3.25} {3.30} 


and {3.40}, showed that 100% of the scenarios tested in the ESUFI (10 scenarios / subclasses) had the 


objective function of optimization, since the subclasses {3.10} and {3.62} showed 80% and 90%, 


respectively. 


In general, the results of tests   of Class 3, show that 93.33% of the scenarios tested in the ESUFI 


showed 100% response (optimization of the objective function), 5.33% had 90% response and 1.33 % 


showed 80% of responses. 


5 Final Considerations 


With the completion of this study, focused on the development of the Microsoft Excel spreadsheet with 


friendly interface, it was observed that this spreadsheet could be used to minimize the Makespan in the 


environment of production scheduling in batch processes. 


During the research, a primary study was conducted on the production scheduling, where it became clear 


the vast amount of information involved in this area. Thus, for the specific case of using the ESUFI in the 


sequencing of production orders for minimization of the Makespan, which is an activity involved in the 


production scheduling, the ESUFI played a very important role in the production scheduling, since 


spreadsheets are known by most computer users and are available in almost all Office packages. 


The ease of manipulation of the ESUFI is quite evident, as with the use of VBA language a user-friendly 


interface could be created between the user and the spreadsheet itself. To generate the production 


scheduling that minimizes the total time of completion of tasks, the only information needed in the 


worksheet is the number of tasks and resources and the processing times of the tasks in their respective 


resources. However, the ESUFI had some limitations. 


In carrying out the validation tests of the macros used to automate the use of the Microsoft Excel using 


Visual Basic Application (VBA), a limitation of the spreadsheet was found concerning the amount of 


adjustable cells, that is, as the number of tasks to be programmed in the spreadsheet increases, the 


number of resources decreases. Thus, production scheduling is limited to an amount of up to 13 tasks, 


and therefore this shows that within standard Excel, the present ESUFI can be used for small-scale 


problems. 


As a suggestion, it is important to develop studies applied to real cases, as well to use a professional Excel 


version to increase the number of adjustable cells, which would extend the limit of variables in the 


production scheduling and therefore permit working with larger problems. 
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Abstract 


The changes in the electricity sector along with the need for sustainable development required traditional electricity 
planning to expand beyond pure financial analysis and even beyond direct environmental impact analysis. The 
electricity planner has now the task of designing electricity strategies for the future with the view of enhancing the 
financial performance of the sector while simultaneously addressing environmental and social concerns. However, the 
integration of the relevant dimensions of sustainable electricity planning poses important challenges to researchers. 
In addition, to properly deal with the increasing use of renewable energy sources of variable output, traditional 
optimisation models must be able to integrate the short term operational planning and dispatching process with the 
long range planning models. This paper proposes a new framework to sustainable electricity planning, based on 
optimisation models for electricity power planning combined with participatory methodologies for addressing the 
social dimension of the problem. The effective implementation of this framework is demonstrated for a real case 
study based on the Portuguese electricity system. The research started from the presentation of electricity generation 
scenarios for 2020 drawn from a mixed integer linear optimization model. These scenarios were then characterized 
under different social, economic and environmental impacts, and evaluated according to a multicriteria procedure 
based on experts’ inputs.  


Keywords: Electricity planning; Optimization model; Participatory methodologies. 


1 Introduction 
The electricity planning process needs to rely on a formal approach to the assessment of the overall 
financial, environmental and social outcome of each particular scenario. This work addresses this matter 
and deals with the complexity of the interdisciplinary process surrounding electricity planning. The paper 
presents a research project under execution, based on a methodology combining different techniques 
and comprising both mathematical evidence and value judgment considerations in order to give a 
contribution to the sustainable central electricity planning problem. The structure of the paper is as 
follows.  Section 2 deals with electricity planning and Section 3 presents a short review of the electricity 
planning models. In Section 4 a structured methodology for sustainable electricity planning is proposed. 
Section 5 describes the implementation of the proposed framework to the Portuguese electricity system. 
The main conclusions are summarized in Section 6.  


2 Electricity planning 
Electricity power planning is, using the definition of Hobbs (1995) “the selection of power generation and 
energy efficiency resources to meet customer demands for electricity over a multi-decade time horizon”. 
This author presents three reasons for the increased complexity of the energy planning process: the 
increasing number of options, the great uncertainty in load growth, fuel markets, technological 
development and government regulation, and finally, the inclusion of new objectives other than cost. In 
fact, the changes in the electricity sector along with the need for sustainable development required 
traditional electricity planning to expand beyond pure financial analysis and even beyond direct 
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environmental impact analysis. The increasing use of renewable energy sources (RES) in electricity systems 
adds additional considerations to the traditional planning models, in particular the need to take into 
account: (i) their frequent priority access to the grid system; (ii) the impacts that technologies of variable 
output, such as wind energy can have on the overall operation of the electricity system and (iii) the public 
attitude towards these technologies. In addition, the central electricity planning process based on a single 
decision maker is no longer acceptable, and the importance of examining tradeoffs among objectives is 
now well recognized. Considering the three dimensions of sustainable development the importance of the 
social aspect in the decision process has significantly increased.  


The central planner has now the task of designing electricity strategies for the future with the view of 
enhancing the financial performance of the sector while simultaneously addressing environmental and 
social concerns. Thus, the planners must deal, not only with variables that may be quantified and 
simulated, but also with the social impact assessment. As Bruckner et al. (2005) note this is an ever 
changing field, depending on aspects like policy issues, advances in computer sciences and developments 
in economics, engineering and sociology.  


Hobbs (1995) classified energy planning according to the time length and objectives, including for 
example resource planning, long range fuel planning, maintenance, unit commitment and dispatching. 


The centralized long range resource planning is mainly concerned with socio-economic policy making. It 
is dedicated to decision-making on the choice of technologies, given objective functions and some 
constraints. The decision model used identifies which technologies should be chosen to get as close as 
possible to the objective (Boulangera and Bréchet, 2005). Frequently there is more than one objective to 
consider and there is a plurality of decision-makers with different preferences and expectations. On the 
other hand, the mid and short term planning mainly consist of making production decisions aimed at 
meeting demand with an adequate security level and taking into consideration cost and emissions 
objectives. As the time horizon gets lower, the accuracy of the forecasts available to the planners gets 
better and new decisions must be made in order to accommodate possible changes and even regulate 
production in real time. This type of planning assumes as a given input the technologies available in each 
period and is based on the specific characteristics of the generators in the system. 


3 Electricity planning models 
The electricity planning process has been addressed by a large number of authors, proposing different 
approaches and models to solve these problems. Most of these approaches include diverse multicriteria 
tools, expressing each criterion in its own units, or are based on some kind of cost benefit analysis, in 
which environmental criteria are expressed in economic terms. The process frequently requires the 
planner to work with quantitative and qualitative information. However, continuous models focus mainly 
on the cost and economic dimensions of the problem. Some of the less quantifiable issues associated with 
the social impacts of electricity generating activities have been covered by multicriteria models, using well 
recognized methods like the ones from the outranking family such as the Analytic Hierarchy Process 
(AHP), or by the economic valuation of externalities like the ExternE study (European Commission, 2003).  


The literature, for long has been debating the planning models available and providing some examples of 
application. Ferreira (2008) reviewed recent papers proposing different approaches to electricity planning 
and distinguished two broad methodologies: Single or multiobjective optimization procedures and 
discrete models. 


3.1 Single or multiobjective programming models 
Single or multiobjective programming models are based on the mathematical description of the electricity 
systems. Figure 1 summarizes possible approaches used in the literature. 
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Figure 1: Single or multiple objective models for energy planning.   


Most of these studies are based on complex mathematical models backed up by powerful software 
systems. They have the advantage of combining a large number of constraints and variables described by 
mathematical functions. This means that no initial description of the possible scenarios or plans is needed 
to be presented to the decision maker. The outputs of the model are already optimal plans in regard to 
the objectives considered, obtained from optimization procedures based on the supplied data and on the 
functions described. 


Optimization models may include real and integer variables and include one or more objective functions. 
The use of integer variables takes into account the discrete nature of the capacity of new plants available 
in the market. When a single objective cost function is considered in the model, the environmental 
impacts are usually included in the function as external costs or are included in the model as constraints. 
The models used may adopt an existing model such as MARKAL, LEAP or EFOM-ENV (see a description of 
these and other models in http://www.energycommunity.org/) adapting it to each particular case, or may 
rely on the development of individual models for a region or for a segment of the energy sector like 
electricity power planning. The obtained plans, representing different tradeoffs among the distinct 
objectives are then presented to the decision makers for the selection of the final solution. Nevertheless, 
some models already employ a participative approach, including the decision maker on the assignment of 
weights or aspiration goals to the considered objectives. However, the more subjective impacts frequently 
associated with the social dimension of the energy planning problem are not treated explicitly. The social 
impacts are assumed to be included in the monetary values assigned to the externalities or are not 
brought into the analysis at all. 


According to Loken (2007) the main advantages of the single or multiobjective programming models 
include their low subjectivity, the straightforward procedure well understood by decision makers and the 
possibility of using linear programming solvers. However, the complexity of the models is a considerable 
drawback, along with the need to assign weights to different objectives and the difficulty of integrating 
non quantitative criteria. Lehtila and Pirila (1996) call attention to major problems of the optimization 
models, including the need to keep the model size manageable, the fact that small variations in input 
parameters can sometimes lead to large variations in the solution and that the most attractive alternatives 
tend to dominate the solutions, even if the cost differences are low. Also, Jaccard et al. (2003) report that 
an optimization model calculates technology shares on the basis of winner-take-all and that small change 
in costs can lead to dramatic changes in outcomes. The solution found is optimal from the point of view 
of all information available to the model, disregarding non quantitative aspects which may be difficult to 
include in the model as constraints. 
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3.2 Discrete models 
Discrete models generally recur to the comparison of scenarios, technologies or projects, based on value 
measurement and outranking methods. Figure 2 summarizes possible approaches used in the literature.  
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AHP- Analytic Hierarchy Process; MAUT- Multi-attribute Utility Theory 


Figure 2: Discrete models for energy planning. 


The studies based on discrete models start by identifying a number of possible energy plans or strategies. 
These plans are then characterized according to a set of criteria and different methods may be used to 
aggregate all the information in a final ranking of the available alternatives. The models often deal with 
the economic, environmental and social dimensions of the problem. Depending on the model used, a 
final score may be obtained for each alternative either dimensionless or with monetary translation or the 
final output may be the preference ranking of the alternatives or the proposal of the best alternative. 
Discrete models often call for the stakeholders and/or the decision maker involvement throughout the 
process to assign weights, to indicate preferences or to participate in pairwise comparisons. The 
participatory multi-criteria analysis can be resource intense, but it allows decision-making based on a 
robust and more democratic process, addressing uncertainties, acknowledging multiple legitimate 
perspectives and encouraging social learning (Kowalski, 2009). 


Discrete models have the advantage of presenting to the decision maker a set of detailed characterized 
alternatives, which may make the decision process clearer than when complex mathematical functions are 
involved. Also, these models have the ability to include both quantitative and qualitative criteria in the 
same framework. Methods such as AHP or outranking are claimed to be simple and easy to understand 
(Loken, 2007) and are frequently used with discrete models. However, energy problems are frequently 
very complex involving a large number of alternatives and criteria, which represents an important 
drawback to these methods.  


In the case of electricity power planning, the large number of possible mixes of electricity generation 
technologies gives rise to an extensive number of alternatives, thus requiring special attention on the 
selection of the feasible electricity plans to be analyzed under discrete models. These alternatives 
frequently come from government organizations or from the company in charge of the management of 
the electricity system, may be proposed by experts or stakeholders or may be developed by the 
researcher taking into account the specific characteristics of the electricity system under analysis. 
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Corroborating studies such as Hobbs and Meier (2003) and Loken (2007), Ferreira (2008) concluded that a 
combination of more than one models and methods in the planning model could give an effective 
contribution to the design of sustainable energy scenarios for the future, accommodating the economic, 
social and environmental dimensions and simultaneously addressing the impact of electricity generation 
sources of variable output, as wind power. 


For long the literature, has been debating the planning models and underlying methods available and 
providing some examples of application. A detailed analysis of the subject may be found in studies such 
as Loken (2007), Pohekar and Ramachandran (2004) or Kowalski et al (2009), where the authors review a 
large number of publications on the use of multicriteria decision making for energy planning. Also Hobbs 
and Meier (2003) present what they call a “representative sample” of multicriteria decision making 
applications to energy planning and policy problems. Huang et al. (1995), present a comprehensive 
literature review on decision analysis on energy and environmental modeling, including studies published 
from 1960 to 1994. Greening and Bernow (2004) collect some examples describing the application of 
several multicriteria methods to energy and environmental issues. Diakoulaki et al. (2005) analyzed a large 
number of publications addressing the use of multicriteria methods to energy related decisions and 
Jebaraj and Iniyan (2006) review several energy models including planning and optimization models, 
among others . 


4 An integrated framework to sustainable electricity planning 
There is no single way to proceed with an energy project evaluation and the energy planning process. It 
clearly depends not only on the objective of the work but also on practical aspects like the available data 
and time, the specific characteristics of the region and the members of the team. As Georgopoulou et. al. 
(1998) state “energy planning should be seen as a complicated task to be performed in an ill-structured 
environment through a hardly prescriptive procedure”. An approach to the sustainable central electricity 
planning problem is proposed, combining different techniques and involving several integrated steps, 
reflecting both mathematical evidence and value judgment considerations. 


 The process must rely on a detailed analysis of the electricity system under study, including: 


• The characterization of the present situation of the electricity system should be the first 
stage, as the process is based on an incremental approach. 


• The characterization of the future prospects of the electricity system (namely demand and 
electricity generation technologies). 


• The description of the legal and technical restrictions expected for the planning period. 


 The economic and environmental dimension of the problem does not directly involve the decision 
makers’ participation but rather includes:  


• The identification of all relevant costs and environmental impacts. 
• The monetization of the tradable environmental damages. 
• The development of an optimization procedure for detailing future plans for the 


electricity system, including all the criteria capable of being described by 
mathematical functions. 


 Given the distinctive character of the social dimension, it cannot be addressed with the same 
analytical toolbox as the environmental and economic ones (Lehtonen, 2004). The information 
developed through the optimization procedure is enriched with the perception of the decision 
makers, including: 


• The identification of the relevant social impacts. 
• The development of a framework for collecting information and value judgments from 


the different agents. 


 The integration of these judgments into the decision process. 
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From the application of the outlined process, in respect to a selected number of feasible electricity 
generation plans, the decision maker should be given cost, total CO2, social impact assessment and 
external dependency of the electricity generation sector, from which a final decision may be made. 


5 The SEPP-Sustainable Electricity Power Planning project 
The work described here is included in the SEPP (Sustainable Electricity Power Planning) project, funded 
by the National Foundation for Science and Technology and involving researchers from University of 
Minho and Faculty of Economics of Porto. This research project started in June 2010 and it is expected to 
be finished by June 2013 and represents a real-case application of the proposed framework. This section 
aims to focus mainly on the methodology implementation showing how the proposed steps were carried 
out. The SEPP research strategy includes three main areas: 


(i) Optimization models for electricity planning based on mathematical formulation of models and 
search for optimal scenarios. 


(ii) Participatory methodologies for the evaluation of social acceptance of different electricity 
generation technologies.  


(iii) Integration of the collected information and proposed models and methodologies in a new 
framework to design and evaluate electricity generation scenarios. 


The project is expected to result in important contributions to the international scientific knowledge, to 
energy decision makers and to companies operating in the electricity market. The research team 
recognized major challenges associated with sustainable electricity power planning and proposes an 
integrated model to deal with these challenges, combining mathematical, engineering, social and financial 
knowledge. 


5.1 Scenario construction 
This phase of the research was based on the formulation of multiobjective mathematical models for the 
incremental electricity planning in Portugal for a ten years period (2011-2020), departing from the 2010 
situation. Their formulation involved: data collection from reports, legal texts and documents published by 
companies operating within the sector; the translation of the technical and legal requirements into 
mathematical functions (constraints); and the formulation of economic and environmental objectives 
which are also translated into mathematical functions.  


The model resulted in mixed integer linear optimization problems, assuming average operating conditions 
for all power plants. The model was translated in a GAMS (General Algebraic Modeling System) code and 
a regular optimization procedure was conducted. The final results were a set of optimal electricity power 
plans for each model, detailing: the electricity generation schedule for the next ten years, the monthly 
plans for electricity production, the yearly plans for generating capacity expansion, the total cost and the 
level of CO2 emissions. A full description of the model is available on Pereira et al. (2011). 


5.2 Social analysis of the scenarios 
Expert judgment of direct and indirect impacts is relatively quick and cheap and it can be used in 
applications like collecting data, developing alternatives from the strategic policy level to the detailed site 
level, analyzing and ranking them, predicting impacts, and suggesting mitigation measures (OCDE, 2006). 
Studies such as Alberts (2007) demonstrated that when the questions or matters under analysis are those 
of high uncertainty and speculation, a general population or sample might not be sufficiently 
knowledgeable to answer the questions accurately. Seeking inputs from technical experts is then easier 
and less resource consuming than to seek consensus from all stakeholders in a topic such as electricity 
planning.  


As such,, this phase of the research project included the following steps: 
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 Construction of the scenarios, as described in section 5.1. 


 Interviews with experts to clarify the relevant impacts of electricity generation technologies in 
Portugal. From this logic models were drawn for each technology demonstrating the short, 
medium and long term impacts, as described in Ribeiro et al. (2011).  


 Characterization of the scenarios under each impact (translated as objective criteria), focusing in 
the results for 2020. 


 Multicriteira evaluation of the described scenarios based on inputs from a group of experts. The 
inputs were collected both by email and in face to face interviews. The results of this multicriteria 
evaluation are described in Ribeiro et al. (2012). 


The construction, characterization and evaluation of the electricity generation scenarios took about 12 
months. The results demonstrated that the multicriteria evaluation of the scenarios is far from being a 
consensual matter. Nevertheless, important conclusions could be drawn, namely: cost remains by far the 
most important objective for most experts followed by the quest for energy independence of the country. 
This is not an easy trade-off in Portugal, as those are absolutely diverging objectives. The least cost 
solutions are the ones with higher fossil fuel share which in turn makes these solutions the ones with 
higher importation levels. This is in fact one of the most important reasons for the difficulty on achieving 
consensus among experts. Also, the scenario construction model demonstrated the need to combine long 
term energy expansion strategies with short-term electrical power generation scheduling, for an hourly 
time step during one year horizon planning, evaluating the impact that the hydro-wind power 
combination strategies may have on the efficiency of thermal power plants. 


5.3 Work in progress  
The research project is now proceeding with the development of optimisation models able to integrate 
the short term operational planning and dispatching process with the long range planning model. This is 
expected to make a contribution on properly dealing with the impact that renewable energy sources of 
variable output have on the electricity system management. This new approach creates additional 
complexity and must be supported by the development of robust optimisation procedures that may deal 
not only with non-linear mixed integer models fully characterising mixed hydro-thermal-wind (and even 
nuclear) systems, but also able to combine optimal decisions in different time frames plants.  


As for the social dimensions, the study will proceed beyond the first expert based experience, aiming to 
analyse the social acceptance of the different electricity generation technologies, identifying major 
sources of concern and geographical patterns. This study will provide information that can make an 
effective contribution to the social acceptance of electricity generation plans, minimising the social 
controversy and unexpected projects failures. For this, a field implementation of a large scale survey is 
being prepared aiming to assess the social acceptance of RES technologies and the evidence on NIMBY 
feeling, concerning RES in Portugal. The results gathered from the large scale survey will contribute to 
understating different attitudes between social groups and different regions. In addition, the work is also 
focusing on local and regional impacts of RES technologies, resourcing to interviews with local 
stakeholders. 


6 Concluding remarks 
This paper presented the foundation of the research project SEPP (Sustainable Electricity Power Planning). 
An overview of the key elements of sustainable electricity planning was provided. Central electricity 
planning models described in the literature were presented, demonstrating the complexity of the process 
and the possible approaches to the planning problem in order to design a methodology able to combine 
technical, social, environmental and economic evaluations. The literature review demonstrated that the 
integration of the relevant dimensions of sustainable energy planning poses important challenges to 
researchers. It is clear that the integration of the social criteria issues on the evaluation of future electricity 
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plans, although being fundamental, is not an easy and consensual task and merging mathematical 
evidence based on optimization procedures with value judgments seems to be fundamental.  


The results obtained so far allowed to conclude that cost remains as the fundamental barrier to RES 
growth in the electricity system. The optimization procedure indicated that as the CO2 objectives become 
more restrictive, replacing coal by natural gas, in general, still remains as a more interesting option from 
the cost point of view. Wind power contribution only increases significantly for highly environmentally 
constrained solutions. Also, aggregating the results of the multicriteria procedure, cost was considered 
the most important criterion; therefore, it stands as the major obstacle to the implementation of more 
renewable energy scenarios in the electric sector.  


Future results of the project are expected to give important contributions to central decision makers, 
supporting also investment decisions of companies operating in the electricity generation sector. 
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Abstract 


This work presents a decision support method for planning and administration of land use, with the concept of soft 
decision tree. The results are interactive maps of suggestion for land use. The source data are obtained from field 
survey and from thematic maps, combined in geographical information system environment. The data are stored in 
geodatabase, and operated by fuzzy logic. The information contained in the geodatabase is managed by a developed 
interface software (ALDA) that aggregates and analyzes the variables by a soft decision tree, using the fuzzyTech® and 
MS Access® software. The resulting data are then processed in ArcGis®, generating the interactive map of suggestion 
for land use. The application and validation of the proposed method is accomplished with the elaboration of the 
interactive map of suggestion for land use on the Island of São Francisco do Sul, Southern Brazil. 


Keywords: decision support system; fuzzy logic; soft decision trees; geographic information system; territory 
management. 


1 Introduction 
Improper use of space and deforestation are responsible for erosion, silting, landslides, floods, droughts 
and other natural disasters around the world. The month of November of 2008 is marked in the history of 
the middle and lower valley of the River Itajai, Santa Catarina State, Brazil, as a month of tragedies, which 
left over 100 dead. In January of 2011, in the mountain region of the State of Rio de Janeiro, 916 deaths 
were accounted and around 345 persons missing. The high rate of rainfall caused by unusual 
meteorological situation in regions formed by valleys, hills and mountains, caused flooding and 
landslides, with losses in human lives and material that reached millions of dollars. The search, rescue and 
shelters cost another millions dollars. 


The lack of planning and managing the use of space is compounded by the failure of the government not 
to intervene in the occupation of unsafe areas and the release of so many without a prior study. 


According to Santos (1997), "the use of inappropriate techniques and lack of understanding of the 
interdependence of processes that act on a particular area, are the main causes of environmental 
degradation (...). To reach a diagnosis of physical preservation or deterioration conditions of an area, you 
should first analyze the environment, which includes soil component as the most important (...). With the 
combined knowledge of geology, of Pedology and Soil Mechanics, it is possible to advance the 
knowledge of the physical and geotechnical parameters for civil works". Effective land management 
requires good planning and this can only be done with technology and the knowledge of the area you 
want to use. 


The diagnosis of the physical environment, which was developed in the past with the overlapping of 
overlays or thematic transparencies, today is done with the aid of Geographic Information Systems 
through the creation and linking of information plans. In these systems, the information plans are 
previously digitalized, stored, and the final synthesis maps are obtained by the intersection of these plans, 
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two by two to obtain the desired final map.  This analytical process involves the evaluation of the weight 
information plans that, in turn, depends heavily on the experience and filling of the researcher. 


This diagnosis depends intrinsically on the experience, sensitivity and knowledge of the analyst, and as a 
very subjective analysis, due to the characteristics and peculiarities of each of the components of the 
physical environment and its multiple relationships, may lead to inaccurate and unstable results. 


This work presents a decision support method for planning and managing the use of space, which seeks 
to overcome the exclusive dependence on the analyst's tacit knowledge, to an extent and integrated 
explicit knowledge base. The aggregation method of all the variables is supported by fuzzy logic, based 
on analysis of the main aspects that constitute and define the behaviour of the physical environment, 
which are: rocks, relief, soil and the effect of rainfall. This method makes the operation of integration and 
data analysis independent of the analyst's personal feeling, based only on their technical knowledge in 
thematic maps and data in data field mappings. 


The variables aggregation method of soft decision-tree are the same as presented by Son (2002) and 
Wehenkel Olaru (2003), using fuzzy sets originally defined by Zadeh (1965). The information analysis are 
based on fuzzy rules with the structure If – Then and membership functions, where the influence among 
variables are defined by analysts. The soft top-down decision tree shows efficiency when dealing with 
fuzzy variables, in an environment of incomplete information and heavily dependent variables. 


2 Model development 
The steps of method development are according to the flowchart of Figure 1 below. 


 
Figure 1 – Flowchart of system process. Source: FERNANDES, 2009. 


The proposed method was applied in a study of the island of Sao Francisco do Sul, northern coast of 
Santa Catarina province, Brazil (Figure2), with the original maps data from the  National Coastal 
Management Project (GERCO 3, 2002) – Brazil  performed by the Instituto Brasileiro de Geografia e 
Estatistica - IBGE / SC The sheets are SG-22-ZB-II-2 and SG-ZB-22-II-4, part of the “Mapeamento 
Sistemático do Brasil”, edited by IBGE scale 1:50.000 (1981). 
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Figure 2 – Location of Sao Francisco do Sul Island. Source: FERNANDES, 2009. 


Geologically, the island is inserted in the context of Paranagua Mobile Belt, which extends east from 
the southern Parana province to south of Sao Paulo province, and is constituted by a set of igneous 
rocks, formed by a variety of granitites, generally deformed (foliated), restricted portions of gneisses, 
schist, quartzite and amphibolites from Upper Proterozoic, embedded in marine sediments resulting from 
the deposition, wind and flood of to the Quaternary. 


The geomorphology of the area are of sharp and rounded hills, belonging to the Geomorphologic 
Domain of Pre Serra do Mar, with marine terraces, dunes, marine plains, alluvial depositional 
environments and mangrove morph structural domains of Quaternary sediments (Fernandes, 1999). 


The soils are mainly of ultisols, quartzipsamments and marine sands classes, and depositional 
environments of mangrove and dune field that occurs in the eastern portion of the island. 


2.1 Method presentation 
The process of analysis starts by the modelling of the decision tree scheme, developed in the top-
down direction, as shown by Boclin and Mello (2005), where the final systemic variable – the objective 
answer, occupies the top of the tree. The branches are formed by thematic variables and the leaves 
are formed by direct indicators (or primary variables), which are linked to rule blocks, as shows the tree 
drawing in Figure 3. 
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Figure 3 – Decision tree. Source: FERNANDES, 2009. 


The next step is the data input. The thematic information of geology, geomorphology and soils 
were originally obtained from IBGE maps in a 1:50,000 scale (IBGE, 2002), scanned and converted to 
closed polygons "shape files" by ArcGIS ®, as shown in Figure 4. 


 
Figure 4 – Interpretation of false-color infrared aerial photography, showing the contour (polygon) of masses 
of granite embedded in Quaternary sediments. Source: FERNANDES, 1999. 


The morpho-structural map, which stores the alphanumeric and graphical information of the 
early maps, was generated using the software ArcGIS® by the intersection of the topological features of 
the Geological and Geomorphological polygons maps, as shows the Figure 5 below. 
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Figure 5. Intersect operation of Geological and Geomorphological maps. Source: FERNANDES, 2009. 


A second useful intersection generates a morpho-pedological map, according to Fernandes (1999), from 
the soil and morpho-structural maps. In this map, the polygons are identified by similar characteristics 
in terms of rock, terrain and soil classes. The morpho-pedological map was the base for the suggestion 
of Space Use. 


A data base was then generated from graphical information contained in the morpho-structural maps and 
the alphanumeric information of each of the polygon.  This data base contains the primary indicators and 
the resulting systemic variables generated by the soft decision tree aggregations. 


2.2 The primary and thematic variables 
The two main themes that compound the final decision (suggestion of space use) are defined as the 
natural use constrains (CondUso) of and legal constrains (CondLeg).  


The Use Constrain (CondUso)  was compounded by physical constrains (CondFis), which express the 
characteristics of rocks, soil and topography, and by natural constraints (CondNat), which express the 
periodicity of the effects of climatic events on the physical environment. For the definition of the primary 
variables that constitute the class of physical constraints, the prevailing aspect was the resistance to 
erosion. 


For the rock, which conforms of natural landscape unit, the erosion resistance is a consequence of 
the degree of cohesion. Since a degree of cohesion of the rock means the intensity of the bond between 
the mineral particles or the constituent (CREPANI et al., 1996). As the degree of cohesion is a 
characteristic of the formation mineralogy and arrangement of the original rock minerals, and this 
formation mineralogy and arrangement depend on the origin of the rock, was defined the type of rock 
(TR) and its origin, as one of the conditioning characteristics the use of space. Thus, the rock type (TR) is a 
primary variable, and the values that this variable can assume, from least to most constraint condition 
are: igneous rock; high-grade metamorphic rock; metamorphic rock low degree; sedimentary rock and 
sediments. 
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The preponderant aspect in soil erosion resistance is the structure of the horizon B, the subsoil, and 
therefore adopted as the principal conditioning. The possible values for the variable soil type (TS), from 
least to most constraint condition, are: strong structure; moderate structure; weak structure and 
no structure. 


With respect to relief, the prevailing aspect was the slope. The possible values for this variable are: plain 
terrain; plain terrain with smooth wavy; wavy; strongly wavy; mountainous and steep topography, as 
shown in Figure 6. 


 
Figure 6 – Relief classes adopted in fieldworks. Source: Authors 


The natural constraints that express the effects of climatic events in the regional context are represented 
by the landslides (ES) or flooding (AL). The occurrence order of the primary variables (AL) and (ES, 
from less to more inhibitive, are the following possibilities: rare or null if not occur; occasionally, when 
they occur only in abnormal conditions of rainfall, and constant, when they frequently occur. 


The legal constraints are divided into two classes: laws (CL), which covers federal and state 
laws, and master plan (PD), which deals with municipal laws. It is possible that the master plan can be 
more restrictive then other laws. 


The primary variables (CL) and (PD) were defined from least to most conditioning factor, and can assume 
the following values: free - when there are no restrictions on use; restrictive - when there 
are restrictions but not prohibitions, like the case of parks, squares and public use areas, and prohibitive -
 when there are prohibitions to the use, reserving the area for permanent preservation. 


Thus the primary variables, or indicators, of this method are: class relief (CR), type of rock (TR), soil 
type (TS), flooding (AL), slipping (ES), law (LE) and Master Plan (PD), and represent the input data, 
occupying the space left at the base of the tree. 


The thematic variables express the results of the interactions occurring within the rules blocks and result 
in a systemic output variable, named (SugUso). The possible values that this variable can assume for each 
polygon in the maps are defined as: Free - when none of the restrictive conditions are 
present; Shotly restricted -when some of the physical, natural or legal  constraints variables need  more 
accurate studies for its use; Supervised - when more than one of the of physical, natural or legal  
constituents constraints need to have more accurate studies, and use of that space must be 
monitored; Very restricted - when one or more of the variables constraints have strong  impediments 
to their use, and Preservation - when the legal conditions so requires, regardless of  other constraints 
results. 


2.3 Structure of input data for the analysis in the Decision Tree 
The primary variables input data form of the morpho-pedological map was developed in the MS Access® 
software. The values of these variables vary from 0 to 1. The values relate the degree of the variable input 
data to the designed membership functions. The value 1 when the relevance is total, and 0, when there is 
no relevance. For example: When the soil distribution in a polygon   presents a wavy slope, the value for 
this variable is 1. If the soil presents a smooth wavy relief distribution to wavy, the expert can assign 
different values according to their knowledge, such as values 0.8 to smooth wavy and 0.2 to wavy (Figure 
7). 
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Figure 7 – Input/output data form example. Source: FERNANDES, 2009. 


2.4 Decision Tree Processing 
The authors developed an interface application called ALDA (ArcGis® - Fuzzy Logic - Access®) that 
manages and integrates data from GIS and Fuzzy Logic and also generates the final maps.  The ALDA 
application is interactive, allowing the analyst to enter or change data in the MS Access® interface form of, 
aggregate the variables by the soft decision tree and verify the answer before writing it to 
the georeferenced database and then letting it available to use by GIS. It also allows that changes or 
corrections after the map preparation can be interactively appended to the geodatabase and 
consequently the map itself. 


The developed application works in an MS Access® environment. It is the server that controls the soft 
decision tree in the fuzzyTech® program. The results are the thematic variables and the systemic 
"Suggested land use (SugUso)”. Figure 8 below shows the application screen and the results of a study. 


 


 
Figure 8 – Soft decision tree study data. Source: FERNANDES, 2009. 
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3 The Map of Suggestion of Land Use  
The developed application is able to receive the resulting data from the soft decision tree and to generate 
the maps by the Geographic Information System. Figure 9 below shows the suggestion of land use 
map "SugUso" of a practical study. The generated map is result information according to the knowledge 
of experts that define membership functions for each variable. These functions can be modified, based on 
new information or from others knowledge sources. Thus, if membership functions change, a new map 
will be produced. 


 
Figure 9 – Map of suggestion of land use. Island of Sao Francisco. Source: FERNANDES, 2009. 


The method also allows an alphanumeric information consult in the database, to the details of 
each generated polygon. This query may be performed on the same form shown in Figure 8. For 
example, the map shown in Figure 10 contains 211 polygons. The Figure 10 below shows a partial detail 
of polygons example. 


 
Figure 10 - Partial detail of polygons example. Source: FERNANDES, 2009. 


In this example, the polygon number 1 consists of Paranagua complex rocks; Cambisol altered soil, and 
has wavy topography. The area has no information of landslides and flooding, and there is no legislation 
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restricts for its use. The Figure 11 shows the area form. The soft decision tree analysis results show a 
suggestion of “Shortly Restricted” area. This means that the polygon area has few restrictions on its use, 
and that the restrictions are related to the relief slope.  


 
Figure 11 - Input/output form to polygon 1- (ID 1). Source: FERNANDES, 2009. 


In another example, the polygon 78 shows rocks from Paranagua Complex with igneous and metamorphic 
formations, Cambisol soil with weak to moderated structure and a relief with mountainous to strongly 
classes. Those natural characteristics, associated to a legal restriction, strongly influences the results to a 
very restrict suggestion for use, as shown in Figure 12. 


 


Figure 12 – Input/output form to polygon 78- (ID 78). Source: FERNANDES, 2009. 


4 Conclusion 
The developed model and application is based on a well known method of soft decision trees, associated 
to an also well known geographic information system. The contribution of our model and application is to 
integrate those methods and to turn the operations easy and understandable to experts and stakeholders. 


The expert’s knowledge is dynamically incorporated by the membership functions definitions and by field 
assessments. The model allows comparisons among diverse opinions of experts and stakeholders.  


The model is sensitive and robust. All the 211 polygons were analyzed by the model and in the field. The 
results show that there are consistencies among both results. The island area is a mosaic natural systems 
ranging from mountains to beaches. The model is able to classify all of them.  
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The model is sufficiently robust to be used in any scale, preserving the fact that the larger the scale, the 
greater will be the need of detail of the data mapping and field work. The decision tree can also be 
altered to contain any other necessary variables for more detailed studies on larger scales of work, with a 
change in the input/output. 


The generated information must be used simultaneously. The form provides technical information of 
values of the variables, and the map provides the locations of the final results in different colors.  A new 
knowledge can be obtained, providing indications to the space use to public managers, stakeholders and 
dwellers, providing a responsible use of space. 
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Abstract 


This paper presents an analysis of inventory of carbon monoxide emissions using a discrete event simulation model 
integrated with a combinatorial optimization model. The analysis addresses the rate of emission of gases in a system 
of sugarcane transport, typically used in the mills. Environmental issues, such as controlling the emission of 
greenhouse gases, are at the heart of business decisions. This statement applies both to Brazil and others countries. 
Gradually, whether through sanctions, or by government incentives and entrepreneurial vision of sustainable 
companies, this has been a relevant factor in resource allocation. The simulation optimization model was adequate to 
analyze the greenhouse gas inventory and the results were consistent with the levels of emissions of gases, set in 
standards here and abroad. 


Keywords: Discrete Event Simulation; Simulation Optimization; Genetic Algorithm; Sustainability, Emissions 
Inventories. 


1 Introduction 
In recent studies, Zhou and Kuhl (2009, 2010 and 2011) show the structure of a simulation toolkit to 
analyze the greenhouse gas emission. This kit allows the use of discrete event simulation to analyze 
factors related to the greenhouse gas emission along with traditional measures of productivity and 
sustainability. Similarly, Widok and Wohlgemuth (2011) attempt to highlight shortcomings in the concept 
of sustainability and ways to make the concept more workable by presenting the development of an 
Environmental Management Information System (EMIS) as a combination of discrete event simulation and 
ecological material flow analysis for production. Page and Wohlgemuth (2006) combine discrete event 
simulation and analysis of material flow in an approach based on components for protection of the 
industrial environment. 


On the other hand, simulation combined with optimization has been of great interest in research for over 
a decade. Fu (2002) highlights the applicability of the integrated optimization to simulation to evaluate 
various types of problems. In most recent work, Huang et al. (2010) use discrete event simulation and 
optimization to the management of water resources in Tarim River basin, China. These works are part of 
the applicability of these approaches for sustainable analysis of problems. The integration of both 
approaches provides a more comprehensive evaluation than each one separated, thus, getting inherent 
advantages to both of them. Among the main advantages, there is the possibility of adding to 
optimization the random factor of the input data to be analyzed. Thus, the values can be represented by 
statistical distributions, making input data closest to the real data, something rarely used in pure 
optimization. However, using the simulation, even though enables the analysis of various scenarios, 
requires the individual execution of each of these. This process generates good results, but may be very 
tiring, consume a lot of time and, in most cases, may not guarantee the best configurations of results 
(PINHO, 2008). 
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In this context, this paper presents an analysis of emission inventory of carbon monoxide (CO) using a 
model of discrete event simulation integrated into a model of combinatorial optimization. The analysis 
addresses the rate of gases emission in a hypothetical system of sugarcane transport, typically used in 
sugarcane mills. Environmental issues, such as the control of greenhouse gas emission, are at the heart of 
business decisions. This statement applies to Brazil as well as other countries. With the imminent need to 
reduce the rates of greenhouse gas emission, there is a necessity for solutions that do not compromise 
productivity and high-cost. Gradually, whether through punishment, government incentives or the 
entrepreneurial and sustainable vision of the enterprises, this has been a relevant factor in resource 
allocation. Like other companies, aiming to meet the interest groups increasingly demanding, the 
sugarcane sector seeks to management models that meet mutual interests related to sustainability, 
quality, environmental responsibility and consumer market (OLIVEIRA, 2007; PEREIRA et al, 2010). 


2 Problem Description 
The hypothetical logistics system used took into account the sugarcane transport typically used in 
sugarcane mills and described in works as in Rangel et al. (2010); Iannoni & Morabito (2002). Figure 1 
shows, schematically, the receiving system of sugarcane used. This system considered 5 (five) harvest front 
(HF), each supplying sugarcane for a mill by means of 5 (five) trucks allocated on each HF. 


 
Figure 1: Logistics system of sugarcane transport and transport time from the harvest front to the mill  


To regulate the emissions of pollutants in Brazil, the Environment National Council (CONAMA – in 
Portuguese) created the Control Program of Air Pollution by Motor Vehicles (PROCONVE – in Portuguese). 
This program follows the Standards Euro of Air Pollution and has as the main objective, according to 
Resolution 315/02 of CONAMA in its Art 1º, "to reduce the emission levels of pollutants in motor vehicles 
and promote national technological development, both in engineering of design and manufacturing, as in 
methods and equipment to control the emission of pollutants ".  


This way, the data used for the preparation of the model followed the same Resolution 315/02 of 
CONAMA. This one establishes new stages to PROCONVE, which follows the standards Euro on rules of 
emissions of pollutants from automobiles sold in European Union countries. These standards have been 
adopted by the European Union since 1991. Table 1 illustrates the situation of Brazil since the beginning 
of the implementation of such standards in 1989. Currently, it follows the P6 with much lower emission 
levels compared to those allowed from the start. It may be noted that while Brazil has adopted the P6, 
which follows the standard Euro 4, the European Union has already adopted the standard Euro 5. 
Although the level of CO is the same in Euro 4 and 5, it is noteworthy that the levels of emissions of other 
pollutants have been reduced from one standard to the other. 
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Table 1: PROCONVE phases and their respective rates 


PROCONVE EURO CO (g/kW.h) TERM STANDARD (CONAMA) 


Phase I (P1) Without Specification 14.00 1989 to 1993 Res. 18/86 
Phase II (P2) Euro 0 11.20 1994 to 1995 Res. 08/93 
Phase III (P3) Euro 1 4.90 1995 to 1999 Res. 08/93 
Phase IV (P4) Euro 2 4.00 2000 to 2005 Res. 08/93 
Phase V (P5) Euro 3 2.10 2006 to 2008 Res. 315/02 
Phase VI (P6) Euro 4 1.50 2009 to 2012 Res. 315/02 
Phase VII (P7) Euro 5 1.50 From 2012 Res. 403/08 


In this study, we analyzed only the factor CO, but the model could be used to analyze emissions of 
hydrocarbons (HC), nitrogen oxides (NOx) or particulate material (PM), among other elements normally 
used for calculating inventory emissions. 


Furthermore, analysis with mixed fleets (vehicles of different years of manufacture, which cater to different 
emission standards) can be performed, enabling decision-making considering the environmental factor. 


The randomness is considered by the model in the time factor, taking into account that the traffic of the 
fleet will not have a constant time. It was considered that 90% of the total power available from the truck 
are used in the transportation of sugarcane from the harvest front to the mill. In return from the mill to 
the HF, with the empty truck, it was considered that only 40% of the available power of the truck are used. 
Thus, the emission of pollutants in return is lower due to the fewer load transported. In the model, the 
power may vary from 90 to 130 kilowatts, depending on the type of truck. Similarly, the capacity may vary 
from 10 to 18 tons. 


Among the 25 trucks in the fleet, each group of 5 represents one of the first five phases of PROCONVE. 
This way, 5 trucks meet Phase I (P1), generate 90 kilowatts of power and carry 10 tons. Other 5 meet 
Phase II, generate 100 kilowatts of power and carry 12 tons and so on. The amount of emissions 
generated by burning fuel is a function of several parameters, including the fuel type, the engine power of 
the truck and the time the engine is running (MANICOM et al. 1993). These results provide a list of 
emission factors in the unit of grams per kilowatt hour (g / kW ∙ hr) for various types of fuels, including 
diesel. Thus, we have the relationships shown in Equation 1:                                                                                        


Ex(t) = Cco*Pot*t                                                                         (1) 


Where the produced emissions (E) of the vehicle (x) along the time interval (t) are equal to the emission 
coefficient (Cco of vehicle x) times the power of the truck in kW (Pot), still multiplied by the time period (t) 
(ZHOU; KUHL, 2010). 


3 Simulation Model 
The methodology by Freitas Filho (2008) was followed, to prepare this simulation project, with the next 
steps: formulation and analysis of the problem; project planning; gathering of macro-information and 
data; modeling of the input data; construction of the conceptual model; verification and validation; 
experimentation; interpretation and statistical analysis of the results; comparison and identification of the 
best solutions; and documentation and presentation of results. 


From the IDEF-SIM technique (Montevechi et al, 2010), it was possible to construct the conceptual model 
of the process with a visual aspect of easy understanding and logic similar to that used in programming of 
the computational model. The conceptual model to carry out computer simulations was translated into 
software Arena ® 12 of Rockwell Automation to carry out computer simulations (Kelton et al. 2007). 
Figure 2 shows the conceptual model of the system. 
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It was used, in addition, the methodology proposed by Sargent (2011) for the verification and validation 
of the model. It is worth mentioning that the computational model was constructed after the conceptual 
model is ready, fully verified and validated (SCHRIBER AND BRUNNER, 2011; CHWIF and Medina, 2010). 


We used distribution functions of the Normal type to describe the dynamics of the processes. The Normal 
function may be used whenever the randomness is caused by various independent sources, acting in an 
additive way around a middle point (FREITAS Son, 2008).  


 


Figure 2: Conceptual Model of the IDEF-SIM – system 


The simulated system begins with the acquisition, by the simulation model, of the time needed for the 
departure of each of the trucks (E1) to the corresponding HF. This path has variable time, since they are at 
different distances from the mill and may suffer changes generated by factors as traffic. From these, the 
optimization is performed (as described in item 4) in order to allocate each truck to a HF. 


Then, the trucks follow to their respective HC (F1, F2, F3, F4 and F5). In this way, the pollutants are 
emitted, with emissions recorded in CO emissions inventory through the functions F6, F7, F8, F9 and F10. 
Arriving at HC, the trucks are loaded (F11). The loading and unloading times are not counted in the 
emissions inventory, since they are performed with the engine off. 


Once loaded, the truck returns to the mill, represented by functions F12, F13, F14, F15 and F16, where it 
waits until the unloading of sugarcane is done (F22). The functions F17, F18, F19, F20 and F21 register the 
emissions generated by the return of it to the mill. After this process is conducted, a new loading cycle is 
started. 


It is noteworthy that the round of simulation took into account one day of 8, 12 or 24 hours. In this sense, 
the system is characterized as a terminal system, because it presents initial flat condition and an event 
which determines a natural end to the simulation process(Law, 2007). 


4 Optimization Model 
Presented by Holland (1975), known as canonical, and increased in later works such as Goldberg (1989), 
Davis (1990), Michalewicz (1996), Bäck et al. (2000a), genetic algorithms (GA) belong to a class of 
probabilistic algorithms based on biological evolution (DIAGALAKIS et al, 2000). The GA's simulate 
biological processes of genetic recombination, mutation and selection, providing solutions for a given 
problem. 


This metaheuristic has been shown efficient for solving various problems. As examples, there may be 
mentioned the study by Costa et al (2011), which analyzes how to obtain consistency in the analytic 
hierarchy process. Coelho et al (2006) apply genetic algorithms in the solution of problems of cell clusters. 
Pezzella et al (2008) uses a genetic algorithm for the Flexible Job-shop Scheduling Problem. In the same 
year, Yang et al (2008) uses genetic algorithm for stand-alone hybrid solar-wind system with LPSP 
technology. 
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The proposed GA differs from canonical, mainly, due to specific restrictions of the problem to be 
analyzed: 


1. An initial population not only random but greedy; 


2. disturbances (inversion of bits) are carried out in random positions of the greedy individual for 
creation of 50% of the population; 


3. the mutation is not performed by changing the genes for random values, but through inversion in 
these positions; 


4. as an HF cannot own more than 5 trucks, individuals with more than 5 trucks in the same HF are 
eliminated. 


The individual consists of 25 genes, in which each gene can vary in value between 1 and 5, due to the 
nature of the problem. These values represent the possible HF that each truck can be allocated. The truck 
fleet is represented in the individual so that the first 5 positions of the vector represent a type of truck; the 
next 5 represent another type of trucks and so on. This approach was developed because it allows 
representing the individual in a simple vector of 25 positions, facilitating the calculation of the fitness of 
each one, since the models of trucks obey a sequence. 


The present work aims to minimize the amount of carbon monoxide emitted by the heterogeneous fleet 
of trucks without causing serious damage to the quantity shipped. Thus, the GA submitted allocates trucks 
to minimize the amount emitted by the fleet to carry a ton of cane from HF to the mill, as shown in 
Equation 2: 


Min Z = ∑ECO/∑TCana                                                                                                       (2) 


Where it is expected minimize the function Z. This function is formed by the emitted amount of CO, which 
is equal to the sum of CO emitted by each truck in grams (ECO), divided by the transported quantity of 
sugarcane, which is equal to the sum of the amount carried by each truck in tons (TCane). 


The structure of the proposed algorithm is represented in the flowchart of Figure 3. The differences from 
the proposed GA to the canonical are described in Sections 3.3 and 3.4 and are due to the constraints of 
the problem addressed. 


 
Figure 3: Flowchart of the proposed GA, developed from modifications of the method proposed by Holland, 1975. 


4.1 Initial Population 
At this stage, we define the initial population, which will be stored in a set of elements, usually divided 
into a vector, matrices or list of data. These are available from the generation of binary strings obtained by 
individuals composed by data set (chromosomes).  


In GAs complex that use constructive heuristics the generation of the initial population is such as the 
computer model that is presented and uses the combination of the Random and Greedy techniques. The 
proposed GA uses three constructive methods from which the necessary solutions were generated for the 
composition of the population. The first constructive allows generating, in a greedy way, a chromosome 
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on the criterion of the minimum CO emission; a second, depending on the maximum amount of tons of 
sugar possible to be transported in a period of one hour, in all the harvest fronts. In the third, disorders 
are made in these two chromosomes. 


According to the greedy criterion, a greedy chromosome is selected and 3 genes of the same are altered 
to create the other chromosomes. Figure 4 shows the exchange of material between the gene of the 3-
position of the vector, value 3, with the gene of number 14, of value 5. This means that the truck 3, which 
was allocated in HF 3, was relocated to the HF of cut 14. Truck 5 that was in HF 14 was assigned to HF 3. 
The same occurs with the genes of numbers 8 and 12 and genes 16 and 18. 


These bits to be changed are randomly selected. Thus, half of the initial population is created from the 2 
greedy chromosomes and disorders made on them. In the third and final construction method, new 
chromosomes are generated in a totally random way, completing the initial population. 


 


Figure 4: Disorder performed in greedy solutions. 


4.2 Operators 


4.2.1 Crossover 
At this stage, the crossover of individuals (crossover) is performed, thus, getting children who have 
parental characteristics selectively. The goal is to seek best features for continuation of the interactive 
process (in this case, the worst children will be dropped). 


The process is carried out from a cut point in the chromosomes, dividing them into parts for the 
generation of obtained children. The intersection with a cut point is the simplest way of implementation 
of the crossover operator, where two individuals of the population, after selection, are subjected to the 
crossover process. This crossover process takes place as follows: the cut point is randomly generated , and 
this is less than or equal to the length of the chromosome. Then, the characters preceding the cut point 
are preserved, and the subsequent characters are exchanged between the participant pair (parents) in the 
process. 


Figure 5 illustrates the operation of crossover of a cut point. In this individual, the cut was made between 
the seventh and eighth gene (this cut position is randomly selected in this work). In blue, we have genes 
that will be maintained and, in green and yellow, genes to be exchanged, thus, generating new 
descendants. 


 
Figure 5: Crossing with a cut point. 


4.2.2 Mutation 
At this stage, the data structure is maintained. Yet, changes in genes are generated in order to increase 
the diversity of chromosomes, circumventing the problem of local optima. 
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In the process of mutation, all the genes of the chromosome are traversed and, according to the 
probability of mutation rate (typically from 0.1% to 5%), the inversion takes place. Figure 6 illustrates the 
situation in which, in traversing the chromosome, we selected the 3rd and 5th chromosome gene to 
mutation takes place. The value of the 3rd gene, 3, was inverted to the value of the 5th gene, 5, 
generating a change in the individual. 


 
Figure 6: Mutation by exchanging 2 random genes. 


Cartwright (1995) states that the effect of the mutation operation is twofold, as it can be seen as followed: 
Firstly, it provides a mechanism where values not present in the chromosomes of the initial population 
can be generated. Secondly, it prevents the stagnation of the population. The mutation improves the 
diversity of the chromosomes in the population, however, destroys information contained in the 
chromosome.  Therefore, a small rate of mutation (usually 0.1% to 5%) must be used, but sufficient to 
ensure diversity. 


In the proposed algorithm, the mutation is not done randomly. The mutation is made from the random 
exchange of material between 2 genes, ensuring a diversity of solutions due to constraints of the problem 
discussed earlier. It was empirically defined the mutation rate of 1% after testing the performance of the 
optimizer. 


4.2.3 Selection 
At this stage, we try to select the best individuals for the crossing, thus, aiming at the evolution for future 
generations. There are several methods for making such a selection, such as Random Selection, Roulette, 
Tournament; Deterministic Selection, Stochastic Selection by Remainder With and Without Replacement; 
Selection by ranking, and so on. 


The selection method used was Roulette, proposed by Holland (1975). Its operation is based on the 
probability of each individual to be selected. This probability is found by obtaining the ratio of the 
objective function of each individual of the population by the sum of objective functions of all individuals. 


4.2.4 Make Feasible Solution 
As the process of crossing between individuals (parents) does not guarantee that the new individuals 
(children) meet the assumptions of the problem (just 5 trucks associated with the same HF), it was 
necessary to develop a procedure to detect the harvest fronts with a different quantity of trucks. 
Randomly, a gene, which results in a number of trucks on a harvest front beyond the 5 set, is removed 
and replaced until all the harvest fronts have 5 trucks. 


5 Experiments 
The experiments were performed in a computer with a 2.27 GHz processor and 3GB of principal memory. 


The instance used was proposed by Cardoso et al (2011). This was, originally, used to analyze the 
emissions inventory using a standard discrete event simulation. Some changes were made for further 
analysis using the optimization of the simulation. 


It would be necessary the creation of scenarios with the possible combinations of allocations of the trucks 
to test the performance of the model developed without the integration of the optimizer. The number of 
combinations would be 2k scenarios (Mattos et al, 2008; MONTGOMERY, 2009; Montevechi et al, 2010), 
resulting in 32 scenarios. It is possible to perform the analysis without creating them due to the 
integration of generic algorithm. Table 2 presents data obtained from the pure simulation model. Among 
the 32 possible scenarios, this is the one with the worst outcome. This could represent a real situation, and 
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will be used for analysis in sets with data obtained with the integration of the optimizer. Table 3 presents 
the data obtained by the model integrated with the optimizer. 


Table 2: Data obtained from the simulation model to 8, 12 and 24 hours of transport. 


Scenario 
Transport 


time 
(h) 


Individual 
 


Emission 
(g) 


 
Transport 


(Ton) 


Emission/ 
Transport 
(g/Ton) 


1 8 1111122222333334444455555 101466  5314 19,09 


2 12 1111122222333334444455555 154347 8067 19,13 


3 24 1111122222333334444455555 312609 16231 19,26 


 Média  19,16 


Table 3: Data obtained from the integrated simulation model to the optimizer for 8, 12 and 24 hours of transport 


Scenario 
Transport 


time 
(h) 


Individual 
 


Emission 
(g) 


 
Transport 


(Ton) 


Emission/ 
Transport 
(g/Ton) 


1 8 5555544444333331222211112 125401 7054 17,78 


2 12 5555544444333332122212111 189615 10949 17,32 


3 24 5555544444333332221211112 389815 23077 16,89 


 Média 17,33 


It is possible to note that the results of the simulation model have absolute values of low emissions, but 
with a significant reduction in the quantity transported. When comparing the values of the emitted 
amount to transport a ton of sugarcane, of the results obtained by this (Table 1) with the results obtained 
by the optimizer (Table 2), it is observed that the latter has a lower rate of emission. This feature shows 
the results obtained by the optimizer as the best long-term, since all cane produced will be transported to 
the mill. 


Considering that the total quantity of cane to be transported to the mill is 4279860 ton - value related to 
the harvest of 2005 of the municipality of Campos dos Goytacazes according to IBGE (2005) at a rate of 
emission of 19.16 g / ton (average rate of emission with the allocation made by the simulator), it would be 
emitted 82,002,118 g of CO. While at a rate of 17.33 g / ton (average rate of emission with the allocation 
made by the optimizer), it would be emitted 74.169.974g. This value would result in the emission of up 
7.823.144g of carbon monoxide less. 


It is still not excluded that it would take approximately 263.7 days to transport all production with the 
allocation made by the simulator, considering a journey of 24 hours worked. While the one made with the 
aid of the optimizer would take approximately 185.4 days, resulting 78.3 days less. A reduction of 9.54% in 
the amount of emitted CO and 29.69% in the amount carried on days. 


6 Concluding Remarks 
The simulation model with optimization developed was adequate to analyze the inventory of CO 
emissions, and the results were consistent with the levels of gas emissions expected in Brazilian and 
international standards. 


The optimization model tested various possible combinations in the simulation model in search of an 
optimal solution to the problem. The integration of simulation with optimization enabled a more rapid 
and less exhaustive analysis by eliminating less relevant scenarios. 


The results showed that the best way to reduce the amount emitted could be the replacement of older 
trucks (carry less load and emit more pollutants) for newer trucks. However, using the GA, it was possible 
to reduce the emission of pollutants by up to 9.54% without exonerating these costs, and enabled an 
increase in the quantity transported by up to 29.69%. 
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Finally, it was stated that the integration of the two approaches proved to be efficient for sustainable 
allocation of a fleet of heterogeneous trucks in the evaluated system. 
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Abstract 


This article presents an approach for analysis of the competitive dynamic in local clusters through an evolutionary 
perspective. From a review of the concepts and basic principles of the economic change evolutionary theory, a set of 
general hypotheses is considered for the treatment and analysis of the competitive environment in local competitive 
clusters.  In local competitive clusters, the stratification process of firms can be seen as a decurrent phenomenon of 
the diversity of adaptation strategies of each one front to a selective environment where technological changes can 
modify the structure of the system.  In the approach proposal, evolutionary concepts of path dependence, 
technological patterns and regimes are adopted.  Instead of analyzing the evolution of a specific technology in global 
level, as the traditional concept of "technological path" suggests, for the boarding proposal, the focus of the analysis 
is centered in the competitive dynamics of a determined local cluster, for paralleling, evaluate the behavior of the 
firms and so the possible chances of technological change.  The analysis of the competitive dynamics of firms in local 
clusters is treated from the population diversity hypothesis.  In order to capture such diversity, a methodology of 
stratification in specific groups was adopted.  Last, the general lines and the results of the approach proposal and the 
methodology applied in a typical case of local cluster are presented. 


Keywords: Industrial Organization; Competitive Dynamic; Industrial Clusters; Evolutionary Approach; Technological 
Change; Competitive Stratification. 


1 Introduction 
The growing importance of the processes of innovation and technological advances for 
increased competitiveness and sustainability of businesses and countries has caused considerable 
increase in the number of approaches to understanding the progress and economic growth. 
The approaches to these developments basically follow two  distinct streams,  one  mainstream, 
called neoclassical, and other alternative, called evolutionary (or neo-Schumpeterian), more prominent in 
recent years. In this paper it is propose a dynamic approach to competitive industrial clusters based 
on evolutionary principles. In the evolutionary approach of Nelson and Winter (1982), using the 
theoretical framework of Simon (1959), the neoclassical notion of "optimizing rational behaviour" is 
replaced by a more realistic concept of "temporary satisfaction" in situations of uncertainty and imperfect 
information. Subsequently, the fact that the process of decision making occurs within the borders of pre-
existing routines was also incorporated. 


According to Nelson (1995:56), the term "evolutionary" "defines a class of theories, models 
or arguments that have the following characteristics: 1) explain the motion of a system over time, or 
explain how such a system is what is a moment in time, i.e., the analysis is essentially dynamic, 2) the 
explanation involves both random elements which generate or  renew  the system variables  in 
question and mechanisms to periodically select the ones survivors, and 3) assume that there are inertial 
forces that "ensure the continuity of the winners" for a period of time following. 


In this sense, uncertainty and bounded rationality are important assumptions of evolutionary theory, since 
they imply a change in focus on the nature of the process of decision making and adjustment to the 
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problem. A recurring criticism  of the defenders  of the  evolutionary approach  to the traditional 
approach focuses on the problem of economic agents are confronted with high uncertainty  due  to  the 
complexity and instability of the economic environment in which they operate, while the information 
really useful or valuable to  decision making  are not  freely available,  as assumed  by neoclassical 
theory (Nelson & Winter, 1982).  


In a system evolutionary stability of any macroscopic shape is continuously tested by events in each local 
context of the system. The power of self-transformation is a natural result of the proceeding involving the 
ability to evolve and ability to adapt and change in response to the uncertainties of the real world. These 
characteristics result in internal diversity and variability of populations (Foster, 1997; Ziman, 2000). In this 
view, we understand that the present circumstances are not inevitable. They are part of a particular 
story that was created and marked by decisions, events and creative emergence of new 
forms, functions and organizations.  Thus,  the survival  (or extinction) in the long run  of 
any particular system or body is, to some degree more a function of their ability to cope 
with uncertainty and change, generating appropriate responses (local) than the optimization needs of 
their behaviour in a given period. In evolutionary economic approach, in general, we can 
highlight four main concepts, which are: variation, selection, retention and competition (for scarce 
resources and markets), which can be interpreted and summarized as follows: 


Variation: refers to changes in routines, skills and organizational structures. This concept is not 
restricted to a simple Darwinian biological analogy, in which there would be no room for human 
intentionality and conscious activities of searching for targets. Thus, it is assumed lack of purpose in the 
action of agents, and one way of change is just that generated by intentional actions. When individuals 
act in the search for alternatives and adjustments (trial and error) to solve concrete problems, the learning 
process may involve political factors (characteristic of human behaviour), generating an intentional 
variation (Allen, 1987; Metcalfe, 1994; Saviotti, 1996).  Variations may result from unintended and 
unpredictable random factors, such as accidents, accidents, unforeseen and even 'luck', fruit of 
the creative process itself or what is sometimes called serendipity. The set of alternatives generated in a 
competitive environment (adaptation and interaction with the environment), certain types of variation are 
more likely to succeed than others (innovations), setting a selection process. In this process, the ability 
to recombine resources accumulated and to obtain new resources is a key factor for survival.  


Selection: refers to the capacity of the environment to favour certain variations (or types of variation) over 
others. In this decision process, the selection mechanisms prioritize and evaluate certain 
requirements, characteristics and trends through which condition the medium. According 
to Lambooy (1988), three main types off actors influence the selection process: the economic (capital, 
demand, competition pattern etc.), the institutional (laws, rules, patterns, etc.) and geographic (climate, 
natural resources, infrastructure structure, etc.). According to the dynamic environment, the selection 
mechanisms operate at different levels of demand, conditioned by the availability of resources (physical, 
financial, knowledge) and suitable for the environment (legal, regulatory, demand) that restrict certain 
types of variation. At each level, however, such mechanisms operate through a process of trial and error 
with several iterations, which characterize learning. Information on which, and at what level, such factors 
will be prioritized are fundamental in the indication of the possible directions of the process of change 
and adaptation.  


An evolutionary process involves a third mechanism: The selective retention of certain variations. This 
mechanism provides incentives to preservation of certain kinds of variation, duplication and other forms 
of reproduction of certain species best adapted to the means (market). Genes (in biology) would 
exert a similar role. Within  organizations  this mechanism  is represented by  technical patterns  and 
procedures adopted  and retained,  encoded  and transferred through rules of  conduct 
and operational behaviours, seeking general objectives of the organization as an organization, quality, 
productivity, profitability,  among others.  Moreover, this mechanism can generate a trend due 
to inertial stability that gives activities and administrative structures, and physical resources associated 
with certain technologies, buildings and machinery (Nelson & Winter, 1982, Hannan & Freeman, 1984). 
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Variations selected (retained) can also spread through imitation and adaptation (mimetism), due to the 
mobility of people, technologies and organizations. Despite advances in telecommunications and 
transport, spatial proximity can be a key factor for the transfer and diffusion of innovations, imitations and 
adaptations found uncertain activities due to social and cultural aspects involved (Baum & Singh, 1994; Zi
man, 2000). 


In an evolutionary system, the selection mechanisms guide and constrain the creative and 
adaptive behaviour, and thus determine what changes will thrive and which fail. New varieties (firms, 
products, technologies) that do not fit within of the local environment (market rules, cultural 
norms), tend to disappear. 


The selection environment consists of markets (such as capital markets and products), and a set of extra-
market factors, which include opportunities,  institutions,  values, norms,  beliefs, customs and socially  
accepted practices ( Dosi, 1982).  In this system, stochastic events can influence the environment, but 
the "selection mechanisms" such limited randomness to a certain set of elements "that are better 
adapted." However, the intensity of the selection process, and the consequent pressure to search 
for effective change (new solutions), is proportional to the scarcity of resources.  


Competition: The competition between economic actors for supplies and production inputs is larger and 
fiercer when they are limited or scarce. Markets with greater potential returns, or more attractive in 
terms of status and power also tend to be played (which is compatible with the Darwinian notion of 
"struggle for life"). Thus, the competitive environment is established. The set of ideas that are formed 
and who hold the majority of strategic corporate decisions can be seen as heuristics (principles with 
which to seek an "approximate solution" or a proposal for improved survival problems and increasing 
profitability, which is not necessarily the best answer), which have been treated under the generic name 
of "corporate strategy" or "competitive strategies" (see, eg, Hamel & Prahalad, 1995; Henderson, 1998; 
Mintzberg et. al., 1998)  


In this context, firms will not adopt or implement new technologies or adapt to environmental changes as 
smoothly as conventionally assumed. Well, due to uncertainty, they tend to behave "routinized" by 
setting certain patterns of behaviour more or less predictable. Thus, rather than consciously maximize 
profits or utility functions, the typical attitude of producers and buyers is to form habits and 
conventions in the medium in which they operate. Such habits and conventions are formed within 
a specific context of interactions between agents, which are "embedded" in the local culture (Arthur, 1980; 
Best, 1990; Storper, 1997). 


An innovation in an organization may consist of the establishment of new patterns of information and 
material flows between sub-routines previously established.  According to Nelson and 
Winter (1982): "(...) routines reliable, well-defined scope, provide the best components for 
new combinations to be successful" (op. cit., p.131). In this view, the routine would be "a kind 
of 'gene' built and modified over the organizational history" (op. cit., p.134). In this sense, improvements 
and technical advances are more likely to be undertaken locally, and thus more likely to go after markets 
and technologies with which firms have become "family" or had any previous contact (Nelson & Winter, 
1982). From the standpoint of the firm, this process can be rational in the sense that some times are 
discarded promising alternatives (and sometimes higher, incidentally), due to high adjustment costs, high 
risks and greater uncertainties involved. Thus, the local environment acts as a kind of selection mechanism 
that may or may not provide favourable conditions to achieve new requirements change.  In 
other words, the boundaries of existing paths act as restrictions on the ability of economic agents react to 
market changes or technological changes (Vietor, 1994). These elements support the neo-
Schumpeterian concept of "path dependence" (Dosi, 1988), which, in a sense, opposes the 
concept of Schumpeterian "creative destruction", because while the first reflects an inertial tendency to 
keep step by step (events) on a certain route (time irreversibility), the other represents the forces that lead 
to jumps in a certain trajectory (substantial improvements) or switching to alternative routes (new 
opportunities and technologies).  
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The story, in terms of heritage structures, institutions and regional cultures, often acts as a filter to access 
and make use of new opportunities. New developments are not always perceived as anew mode of 
production or organization within the context where they occur. Established groups (political, industrial, 
cultural, etc.) naturally tend to resist fundamental changes that are happening in the environment as a 
way of keeping  positions obtained, since  the benchmarks  that held  such  positions, with the 
changes hardly remain intact (Bianchi & Miller, 1996). On the other hand, in a dynamic environment and 
competitive evolutionary, the "winner" is not always "selected" by the environment. For example, as 
noted by David (1985), there was no choice in the selection or optimization of the pattern QWERTY 
keyboard (PC's). He was just chosen.  


A similar process has happened with the choice of the technological pattern of digital TVs, high-
resolution, whose dispute involves three main patterns (European, American and  Japanese,  among 
others) in which the selection criteria involve political and strategic interests of different countries and  
economic blocks.  


Considering  the fundamentals and  economic  ramifications of  an evolutionary  approach  set out 
above, the overall goal of this paper is to present the competitive dynamics of the evolutionary approach 
proposed by  Souza (2011),  for understanding, studying and analyzing the  competitiveness  and 
sustainability of enterprises in industrial clusters.  


The choice of the Norte Fluminense’s cluster of structural ceramic  for that research is paradigmatic. Due 
to its characteristics rudimentary, in technological terms the cluster can be seen as an "enclave of 
technological backwardness." In this sense, the research questions posed are: There is a process of 
stratification between firms of the cluster? If there is a stratification process, this follows certain 
competitive patterns? What are the effects on the strategies of the firms in terms by product, process and 
market? This paper presents an approach to try to answer some of these issues. In follow sections, are 
presents the general assumptions considered, a specific proposition derived from such assumptions and a 
summary of a methodology for analyzing the competitive dynamics with applying in a case of local 
cluster. 


2 The evolutionary competitive dynamic of firms in industrial clusters  
Understanding the formation of segmentation and competitive dynamics in industrial clusters is essential 
to define the business strategies and the effects of dependence on local history, preservation of socio-
environmental conditions at satisfactory levels and direction of new investments.  However, for 
methodological reasons, traditionally incentive policies and programs to support the development and 
industrial competitiveness are distributed generally to a sector or region, and clusters are assumed to be a 
homogeneous and complete. The internal diversity of these clusters, and the stratification factors between 
companies, are not captured, which makes such initiatives inefficient and often ineffective (Souza, 2011). 
The effect of such treatment, a considerable portion of business cannot qualify for government 
programs to support competitiveness.  For others, such initiatives do not meet your needs or 
not they contribute to overcome their organizational and technological barriers, develop and 
implement improvements or innovations.  


Advances in the study of local economic development and new forms of productive organization have 
shown that there is a need to explore a new frontier of research in this field. In this case, the traditional 
view of the division of economic phenomena in microeconomics and macroeconomics needs to be 
replaced by the sight of another dimension, which could be regarded as 
mesoeconomic, bound specifically to aspects of the competitive dynamics of local clusters (Souza & 
Arica, 2006).  This dimension interacts with and is conditioned by the dimensions of the micro 
and macro economic environment, social and environmental, but that is not captured by traditional 
approaches. 
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In this sense, the consideration of evolutionary principles can contribute to development of specific 
approaches to the study and analysis of the competitive dynamics of industrial clusters. Consequently, 
some cases of a general set that characterizes the concept of "evolutionary" should be 
assumed. Souza (2003) presented a set of assumptions that characterize the competitive dynamics of 
the evolutionary approach: 


H1 - The "path dependencies" influences the capacity to absorb new technologies; 


H2 - The competition is constrained by selection mechanisms; 


H3 - The domain and use of available technologies cause diversity among competitors; 


H4 - The occurrence of own contributions (adaptations, changes) affect the performance (this is a 
feature closer to the concept of Lamarckian to Darwinian evolution); 


H5 - The dynamics of adaptation and change, there is a characteristic of self-organization of the 
system, caused primarily by competition for survival. This hypothesis implies a degree of rationality of 
agents (unlike the biological environment). 


Souza (2003) proposed to adopt the perspective catching-up (Abramowitz, 1986) for the study and 
analysis of the competitive process of firms into clusters through an evolutionary approach. Accordingly, 
companies in local productive cluster can be classified into three distinct groups: 


- Group 1 (Forging Ahead) - comprises those companies that "jump ahead" of the competitive 
process of their arrangement. Dominate the production process in terms of technical, cost, quality 
and flexibility of products. These companies develop expertise and generate from these products, 
innovative technology; compete externally to the arrangement or imitate, assimilate and adapt 
foreign technology and develop their own solutions. Emerge in the competitive landscape 
sectoral / regional markets and expand have competitive advantages based on skills specific. 


- Group 2 (Catching up) - characterized by companies seeking to follow the technological 
evolutionary process and organizational leaders (group 1), but with some lag technical and 
organizational. Not mastered technical knowledge, or dominate, but do not have 
ability to convert it into useful technology and performance operating competitive. These are 
aimed at adapting and developing substitute products through engineering simple imitation and 
reverse. During the time, restrictions on internal competence, and investments in 
Research and Development (R & D), production management and quality, only a small portion of 
these can inclusion in the leadership group of the arrangement.  


- Group 3 (Falling Back) - This group is characterized Companies that fail to follow the 
technological advances and market demands, compete primarily on price, tend to become 
increasingly technologically outdated and "disappear" from the arena 
competitive or lose the most significant portion of its market. Following this trajectory, such 
companies would be bound to pay a price higher and higher by Therefore, due to the fact that 
they become mere clients external technological products. This group has been dedicated 
to niche markets with low purchasing power with processes based on technologies with declining 
demand or already in obsolescence. 


The methodology based on the above hypotheses, and in the "catching up" classification have been 
adopted in a study to analyze the impact of technology insertion of natural gas in the cluster of red 
ceramic in the city of Campos dos Goytacazes, localized at North of Rio de Janeiro State (SOUZA &ARICA, 
2003a). In that approach, it is assumed that changes in technology  and opportunities  offered  by  the  
local  environment  cause  a  competitive process of stratification  between  competing  one  cluster (H3.1 
– The hypothesis of stratification patterns among firms, derived  from H3).  In this case, firms in 
the cluster were stratified according to levels of resources and performance through specific 
indicators were modelled as shown by Souza (2003; 2011). 







 
ICIEOM 2012 - Guimarães, Portugal 


ID313.6 


3 Characteristics of the Structural Ceramic Cluster  


The choice of the Campos dos Goytacazes’s red ceramic cluster is paradigmatic. Due to its characteristics 
almost craft, in technological terms the cluster can be seen as an "enclave" of technological 
backwardness. This would as a "worst case", to observe and verify aspects evolutionary dynamics of local 
arrangements. With this, it is believed that even additionally, arise contributions to the conceptual 
approach of microsystems evolutionary "quasi-static". In general, except for some characteristics 
dynamic, it may be affirmed that segment is in a vicious cycle, determined primarily by competition for 
the price, the inability to incorporate more advanced technologies and the difficulty to explore new 
markets. 


The availability of natural gas in the North Fluminense (Rio de Janeiro), and related technology for use as 
fuel in the production processes of various industrial sectors roughly represent an exogenous source of 
technological change. However, the feasibility of its implementation involves several endogenous factors 
such as organizational structure, efficiency process, the logistics, the pattern of competition, cost 
structure and skills. The traditional process of burning fuel is based on a process model 
whose production cost structure and value chain specific, although essential from the point of view of the 
pattern of competition site are shown saturated technological point of view and new markets. In this case, 
the technology prevents the diversification of products (including roofs and coatings) due to 
limitations inherent in the process of burning wood (eg, for temperature and uniformity). Such technical 
constraints affect other factors that influence the strategies and the competitive performance of 
companies, such as product mix, quality, differentiation, and exploring new markets, among others. 


However, technological change involved in implementing burning natural gas can not be considered 
solely from the standpoint of costs, as this will enable the processing of all or much of the value 
chain and organizational configuration of the local industry. On the one hand this change increases the 
cost of the production process, and would now be comparatively "less profitable" in relation to 
the wood, on the other hand, allow another product portfolio with new profit margins and opening 
new markets. In this sense, the implementation of natural gas in red ceramic segment in the 
North Fluminense, for example, should not be seen based on the current production structure (with the 
input fuel), which will certainly prove to be unfeasible economically for many units. It should take into 
account the trend of course competitive cluster, the dynamics of consumer markets, the new 
products and their substitutes. 


At first, by changing the production process and products, the factors to enable the implementation of 
the gas depend more internal elements (more control over the process, increasing efficiency, reducing 
wastage of raw materials, new products, new markets among others) than external (such as public 
policy incentives). However, from the standpoint of economic and social development location in 
a period of transition and adaptation, a greater concentration of efforts may be crucial to 
overcome historical barriers of the effects of path dependencies and the vicious cycle in which the 
industry is. In this case, specific incentives to certain groups (assuming stratification) may represent a key 
factor to encourage and promote change and enable a leap in technology and quality in the industry, 
considering the diversity of the medium. 


4 Research methodology 
The impact of technological change brought about by the implementation of natural gas, compared to 
burning wood, was assessed through the identification and analysis of the technical patterns of both 
technologies, also considering a hybrid system, a transition stage to another technology.  Through 
the reference variable "technology",  conceptually  considered  as "a way  of doing things", was 
established a taxonomy of  "technological level",  from differences in  technical patterns  identified 
in technological regimes observed in the production system (basically: 1 - the wood burning, 2 -
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 burning mixed, 3 - burning natural gas). Here, technological regimes represent segments in technological 
trajectories considered.  


Where: n ({1,2,3}; RT1 = [firewood]; RT2 =[mixed regime]; RT3 = [natural gas].  It is assumed  that 
each system is composed of m technical and organizational patterns, which are established in the process 
of learning and absorbing the technology specific to each unit. In the passage of a technical pattern to 
another, in each regime, it is considered "stationary periods" representing time lags, certain gaps, needed 
to overcome barriers such as inefficiency or  endogenous disability itself, and  exogenous,  such 
as imbalances in relative prices, unfavourable industrial policies, social or economic crises, etc. (see 
Souza, 2011). The study was conducted in a stratified sample with representative elements of each of 
the schemes considered (RT1, RT2 , RT3).  It was assumed each of the schemes as representing a stage of 
technological development in time, although they coexist in practice.  Each system includes 
certain technical patterns and organizational characteristics, which must be assimilated in the transition 
between two technological regimes different (Spencer, 2011). Technical and organizational patterns that 
characterize each of these schemes were raised in a specific investigation (see Souza et al., 2003). 


4.1 Approach method 
At first, we attempted to gather information and data reported on similar sectors in other regions (in 
theses, books, websites, newspapers and magazines), in order to define the type and information to be 
gathered for this specific case. Then, the same procedure was performed to the researched cluster.  This 
information served to a general mapping of the companies of the Cluster and the type of information 
needed but not available on them. Thus, we defined a set of information that should be raised 
through direct research. The next stage was a survey of information and primary data through 
interviews and observation techniques on site in a stratified sample of firms of that cluster. To select the 
sample, was previously elaborated a questionnaire to the technological diversity of the cluster. It were 
consulted professionals and researchers from institutions in the region working in the area, including: 
the Association of Potters, the Laboratory for Advanced Materials and Civil Engineering (both from UENF), 
and technicians at High Technology Park North Fluminense (TECNORTE ),  the Federal Center 
of Technological Education (CEFET-Campos), the National Service of Industrial Learning (Senai) site, and 
the potters themselves.  


In order to capture the diversity of the arrangement for the research sample, we requested that 
respondents indicate four companies of the arrangement for each of the three proposed groups (leading, 
intermediate, tardy), using as parameter the technology x product x market. It was suggested that would 
base their choices on criteria such as (i) modernization of the production process, (ii) products of 
better quality and (iii) product adding value. After the nominations, the most mentioned companies were 
chosen for the sample of the ceramic cluster. The total number of selected companies was fifteen, four in 
each group and three otherschosen at random among those cited. In the stratified sample canbe 
considered that the companies indicated for the first group accounted for nearly 100% of the stratum in 
the population and the second group, about 80%. The third group, even though the sample for 
that segment is low compared to its corresponding population (about 5%), verified by a previous 
mapping and informal visits to a dozen other  random units, the lack of  diversity 
technology justifying include more units in the sample representative of that group. Whereas the total 
population of the array is approximately 120 units, can be considered a stratified sample of 15 units 
selected as highly representative. 
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4.2 Procedure method 


This stage of the work, the research field itself, in two phases: (i) interviews with the owner or manager of 
each firm, (ii) monitoring the production process. In the first phase, the owner (or manager) answered 
a standard questionnaire containing general information on the value chain, data related to the 
management, processes, products, markets, investments and strategies. The second phase took place in 
situ monitoring of all stages of production, the deposits from extraction, through the stages of mass 
preparation and manufacture, until the stock of end product, with emphasis on points differential. Besides 
the observations of process steps, each point representing diversity in terms of equipment, method, 
or routines was photographed for later analysis (Souza, 2011). Based on this information, a report was 
drawn up with a multicriteria analysis of each company, step by step. The field work lasted about six 
months. 


5 Results 
Among the ceramic visited (fifteen), only eight companies (A, B, D, G, H, K, L, M) actually used natural gas 
as fuel. These companies are among those that have the ability to burn and higher volume of parts 
produced. Due to the more homogeneous pattern provided by natural gas, the products manufactured 
by units in this group have characteristics more uniform and better quality. The patterns and 
characteristics of diversity observed in the arrangement were classified according to the methodology 
proposed in three distinct groups:  


The first group (G1) consists of those companies considered the most dynamic and are ahead of the 
competitive process in the cluster. Dominate techniques of production that enable better product quality  
and diversification of parts. These companies acquire expertise through conferences and journals, using 
them according to their needs and constraints. Their strategies are aimed at producing higher value-
added items and expansion of market niche, catering to a market share of greater purchasing power 
and growing demand. This group represented approximately 4% of the companies of studied cluster.  


Companies in the second group (G2), the intermediate units are seeking to accompany or join the 
group leader, but still have internal barriers and limitations, both in the production process and 
management activities in the value chain that prevent a better performance. Deficient with respect to cost 
control process, and do not use techniques to control the production process. As a result, their profit 
margins are much smaller than those of group leader. Marketing strategies have blurred, trying to 
position it to meet the consumers without definite profile. Invest in product diversification, but without 
setting specific niches. This group represents about 10% of companies in the cluster.  


In the latter group (G3), are characterized by those companies unable to keep up the competitive 
process and technological change. This group includes companies that serve a large market share, but 
in terms of "predatory competition" suffering as a consequence, strong pressure on prices. These, they 
can not even become "recipients" of foreign technology (as in the case, the deployment of burning gas), 
and tend to become increasingly excluded from more lucrative markets. However, still manage to sell 
their products to consumers undemanding in niches with low purchasing power. This group comprises  
the remaining  companies of the cluster studied. Table 1 summarizes the characteristics representative of 
the units of each group. 
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Table 1 – Competitive Stratification for the cluster analyzed 


Stratification Unities (firms) Main Characteristics 


G1 B, L 


Process/Technology Product Market 


More compact plants; 
Increased productivity; 
More efficiently 
burns Conducting tests in clays; 
Treatment after extraction;  
Reuse the heat of the drying 
ovens. 


Compliance testing; 
Average variability of 
patterns; 
Diversification directed. 


Exploitation of specific 
niches (higher 
purchasing 
power); Demand 
somewhat variable. 


 


G2 
A, C, D, E, F, G, K, 
M 


Modernization of the furnaces; 
Replacement (slow) of 
wood by natural gas; 
Initiatives to reduce costs. 


Informal tests of 
compliance; 
Wide variability of 
patterns; 
Diversification is 
not targeted at specific 
niches. 


Strategies undefined; 
Sales is not directed 
at specific market 
niches; 
Large variability in 
demand 


 


 G3 H, I, J, N, O 


Family management; 
Inefficient furnaces; 
Rudimentary equipment; 
Low productivity; 
Lack of process losses and their 
costs. 


No testing or 
inspection; 
Variability 
of patterns out of 
control; 
Parts of low quality. 


Sell to niches with low 
purchasing power; 
Demand somewhat 
variable. 


 


Source: Souza (2011) 


6 Conclusions 
The understanding and analysis of external factors, of market, which determine the behaviour of firms 
in certain environments has advanced greatly in the literature recent. However, it remains an open 
question what the relationship between the internal factors that emulate the capabilities and 
competencies of an organization and the effects of their strategies and behaviour in certain clusters 
of companies. In this case, answers to such questions depend on empirical research and, above all, robust 
methodologies and approaches that reflect the diversity of behaviours and their effects on 
the competitive performance of these systems. The approach to the stratification of groups of companies 
as their patterns of competitive behaviour in a “porterian way” rescues the idea of "strategic groups", 
but the local point of view  and dynamic, whereas the  learning process  and selection 
mechanisms (technologies, technical standards and operational, etc.) influence the process of stratification 
in  local clusters. Considering the evolutionary hypotheses proposed suggest a new 
perspective to address this problem. If the specifics in relation to its internal value chain, productivity, 
quality, routines, and other parameters of competitiveness training, follow certain patterns and 
form characteristic clusters, will be able to propose specific programs and differentiated solutions for 
businesses of every group identified according to their characteristics and needs, their level of resources 
and technological stage, and their difficulties, considering their skills. 


The approach enabled the capture of information for understanding the mechanism of specific 
selection. Such information suggests that the future development paths of the array undergo a certain 
type of trade-off between the effects of "creative destruction" and "path dependencies". The first, caused 
by pressure of the competitive market and the availability of the necessary conditions for 
implementation of the technology of natural gas. In a way they are opposed to the effects of "path 
dependence" because of the historical features of underdevelopment, the slow development of technical 
and organizational segment, and corporate culture-specific cluster. These factors are strongly 
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conditioned by the effectiveness and efficacy of interventions on adjustment activity, through institutional 
and governmental policies (programs, incentives and tax exemptions) and regulatory 
patterns (monitoring environmental and social), which traditionally represent only one character to the 
welfare sector. 


Pragmatically, in principle, it may be affirmed that the cluster is in a vicious cycle, characterized primarily 
by competition for price, the inability to incorporate more advanced technologies, and the difficulty of 
exploiting new opportunities, in this case, the availability of natural gas. However, it was found that the 
characteristics of "path dependence" and lock in technology are addressed differently by the 
companies of each group.  


As seen, the vast majority of companies in the cluster of ceramic structural North of Rio de Janeiro State 
is strongly  dependent on the traditional process of  burning  wood (group 3), which,  although 
still supported by the pattern of local competition, it constitutes a model saturated in terms 
of technology, new markets and competitive sustainability. The process of burning the wood hinders the 
diversification of products (including roofs and coatings) due to technical limitations inherent in the 
system (temperature, uniformity, etc.). Due to their technical constraints, other factors necessary for a 
better performance as the optimal mix of products, quality, differentiation, and exploring 
new markets, are limited by the technology of burning wood.  


The availability of natural gas in the North of Rio de Janeiro State, and the associated technology 
of burning as fuel in the production processes of various industrial sectors roughly represent an 
exogenous source of technological change, it can be purchased and implemented (since proven its 
technical feasibility and cost for each case). However, to facilitate its implementation, several endogenous 
factors are involved, such as organizational structure, process efficiency, logistics and the pattern 
of competition, cost structure, skills, among others. The mechanism of change is through changes to the 
technology of burning gas, and consequently the search for new products and new markets (eg, tiles 
and building blocks). The selection mechanism is characterized by the type of furnace and new technical 
patterns for new products, profitable operation in the new process and market. The retention 
mechanism consists of the learning process from the new technology adopted and the incorporation of 
new technical patterns and values  added to the product, process and market through 
different competitive strategies.  


In the evolutionary view, the environment and the agents are interacting in a dynamic 
process with uncertain future outcomes. However, in situations of sharp technological gap, in a first stage, 
trajectories of development of similar systems in other regions can serve as a reference 
for a benchmarking process and absorption of advanced technologies, with regards to the local and 
regional specificities.  


At first, by changing the production process and products, the factors to enable the implementation of 
the gas would be more in the hands of entrepreneurs, through greater control over the 
process, increasing efficiency, reducing wastage of raw materials, new products and new markets, rather 
than externally through public policy incentives. However, from the standpoint of sustainability, in a 
period of transition between different trajectories and adaptation to  new technological 
regime, justified a higher concentration of efforts of stakeholders in support through training programs 
and specific training for each group so to disseminate technical and managerial patterns observed in the 
group leader to the other, enabling the transition of enterprises to the highest patterns of performance. In 
this case, consider the differences between companies and the existence of distinct groups with the skills, 
behaviours and performance is critical to implementing actions more efficient, more effective and more 
effective to leverage elements of the mechanism of learning and retention of the cluster.  


In this sense, rather than the adoption of generic solutions for the industry, are more important to define 
key actions for the solution of specific problems of each group. 
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Abstract 


The improvement in current processes and in new processes triggers the search for materials and practices that can 
enable such advancement. However, in order to suit these improvements, it is relevant to consider sustainable issues. 
This paper presents sustainable approaches for processes and product development. From these approaches it was 
possible to derive guidelines that may be used as criteria for the analysis of pulp extraction processes, with focus on 
their environmental and economic features. Therefore, the assessment regarding these criteria use was done from the 
analysis of industrial processes of pulp extraction through bibliographic research and through opinion of experts from 
this field. The analysis of industrial processes of pulp extraction has shown practices developed in this sector, vis-à-vis 
sustainable requirements and the trends for processes improvement in order to make them more sustainable. 


Keywords: Sustainability; sustainable approaches; pulp extraction processes; cellulose pulp; environmental impacts 
assessment. 


1 Introduction 
Currently companies that seek after innovations or improvements in product or process development with 
an emphasis on sustainability, meet up with requirements of technical, economic and also environmental 
natures. Concepts for reducing negative environmental impacts, combined with economic gains, have 
emerged as premises for starting up projects related to product and process development. So, it is 
appropriate to consider the term eco-efficiency, which combines economic benefits with the more 
efficient use of resources and the prevention of emissions, based on the idea of "producing more with 
less" (WBCSD, 1998). In the pursuit of eco-efficiency, managers need support, whether in the form of 
guidelines, tools, methods or strategies, in order to transform their production processes.   


There are many approaches dealing with sustainability that mention both the economic aspects and the 
negative environmental impact associated with production processes or product development. The more 
comprehensive approaches take into account the production chain of the business and its effects on 
society, while other approaches are limited to the operations within a chain, sector or specific process 
(MANZINI and VEZZOLI, 2002).  According to the authors the application of an environmentally-conscious 
strategy from the beginning stages of a project makes it possible to limit problems and thereby prevent 
loss of resources in repairing already caused environmental damage. They also mention that, in general, it 
is unlikely that one single strategy will be the best for meeting all environmental requirements and, for 
this reason, suggest a combination of environmental practices and strategies to achieve improvement 
objectives. So it is recommended to study different sustainability approaches, as ZERI Method (Zero 
Emissions Research & Initiatives) (PAULI, 1996; PAULI, 1998), Cradle to Cradle (McDONOUGH and 
BRAUNGART, 2002), Clean Production (GREENPEACE, 1997; THORPE, 1999; CLEAN PRODUCTION ACTION, 
2010), Green Engineering (ANASTAS and ZIMMERMAN, 2003), Green Chemistry (ANASTAS and WARNER, 
1998), Cleaner Production (CP) (CNTL, 2003), Design for Environment (DfE) or Ecodesign (FIKSEL, 1996; 
LUTTROPP AND LAGERSTEDT, 2006; VEZZOLI and MANZINI, 2008; BACK et al., 2008) and Green Supply 
Chain (EPA, 2000; SRIVASTARA, 2007). Approaches that extend beyond the horizons of a factory are 
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strategic in nature, since they present a systemic view of the business, and their applications entail 
multiple efforts. 


The pulp and paper industry, which in Brazil is very important in environmental, economic and social 
terms, serves as a case for evaluating sustainability (LINS and OUCHI, 2007). In light of the direct 
environmental impact it has, due to greenhouse gas emissions, waste generation and effluent disposal, 
regulatory agencies in the country impose strict environmental requirements on companies in the sector. 
Therefore, the sector is striving to review processes for the purpose of saving and reusing water, energy 
conservation, adopting alternative sources of raw materials and reducing the consumption of material 
resources (LINS and OUCHI, 2007; SOUZA et al., 2008; LINS and ZYLBERSTAJN, 2010). The process 
conditions and raw materials used are factors that influence the sector's performance, since the chemical 
processes for cellulose pulp extraction are the largest source of environmental impact in the pulp and 
paper industry (EPA, 2010). So, the choice of raw materials, which can stem from the waste of another 
process, the reuse of energy and materials, are elements that can contribute to economic and 
environmental gains.  


Knowledge and understanding of the chemical processes for cellulose extraction which use lignocellulosic 
materials, as well as the identification of guidelines for minimizing adverse environmental impact and 
obtaining economic gains are needed in order to analyze processes. From these guidelines, the possibility 
is then examined of designing an industrial cellulose extraction process that is more efficient from an 
environmental and economical point of view, contemplating the use of lignocellulosic plant waste, instead 
of wood. Enhanced sustainability is then achieved incrementally, on the basis of tests and the adaptation 
of existing extractive processes for application in different lignocellulosic plant materials. Considering the 
information presented, the research question is: is it possible to select a current pulp extraction process to 
be adapted to cellulose extraction from plant waste raw materials, while attending sustainable principles 
as well? The goal of this study is to select a chemical process for cellulose extraction that is flexible 
enough for use with lignocellulosic plant waste, based on the determination of economic and 
environmental criteria. These criteria were developed according to the guidelines contained in the 
approaches that deal with sustainability in production processes. This research focus is not the 
proposition of an innovative industrial extraction process. It is limited to the analysis of the transformation 
stage of raw materials until the pulp is obtained (pulping), the analysis of waste and emissions that are 
generated and set ups in the case of discontinuous processes. The analysis will be performed according to 
compliance or non-compliance with the criteria of interest. In this study, the aspect of economic gains 
takes into account the possibility of reusing resources and energy within the process, in addition to the 
efficient use of these resources with the least waste possible, thereby avoiding the accumulation of waste 
for further treatment. 


2 Theoretical review 
This section presents the cellulose extraction processes and approaches that deal with sustainability. 


2.1 Industrial cellulose extraction processes 
Cellulose is the most commonly found carbohydrate in plants. However, its source is lignocellulosic 
materials, in which other compounds are also present, such as hemicellulose, lignin, extractives and 
inorganic compounds (D’ALMEIDA, 1988). The pulping process aims to remove the lignin to get a pulp 
with high fiber content. The evolution of technologies applicable to different chemical processes enables 
adjustments of process variables that lead to process optimization, that bring benefits  in economic and 
environmental terms. Most of the pollutants emitted by industrial operations in the manufacturing of pulp 
and paper occur in the pulping and bleaching stages, where various chemical components are used. The 
bleaching operation is not within the scope of this study.   
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2.1.1 Acid processes 
The sulfite pulping process is based on the use of acid solutions with sulfite (SO3


2-) or bisulfite (HSO3
-) 


ions, which characterize the aqueous solution with free sulfur dioxide (SO2) and sulfur dioxide in 
combination. In the aqueous solution it is added an alkaline solution such as (Ca (OH)2), NaOH, NH4OH 
and (Mg (OH)2) although the most commercially applied alkaline solution is (Mg (OH)2), once it has a 
facilitated recovery system, both for energy and chemical reagents. 


The advantages of using the sulfite process are based in the highly sensitive to types of raw material. It is 
worth noting that a limited number of species of wood can be used, such as hardwoods that have low 
resin content and high density. Most softwood, with the exception of pine, is considered less susceptible 
to acid pulping (SIXTA, 2006). Also this process produces a clear pulp that is easier to bleach and can be 
refined more quickly and with less expenditure of mechanical energy. However, the major disadvantages 
of the process are that it cannot be applied to any and all plant species, requires longer cooking times 
and generates a less resistant paste due to increased cellulose degradation (SIXTA, 2006; EPA, 2010). 


2.1.2 Alkaline processes 
There are two main alkaline pulping processes, which are soda process and sulfate or kraft process. In 
both processes, sodium hydroxide (NaOH) is the main reagent in the cooking liquor, but  sodium sulfide 
(Na2S) is also present in the sulfate process only, in an approximate proportion of 75% Na2S and 25% 
NaOH. The use of the kraft process has been more widespread than the soda process due to the 
economic benefits in being able to recover the chemical agents, thereby avoiding their release into the 
environment, in addition to improved yield and pulp quality (pulp produced by percentage of raw 
material) (EPA, 2010). The kraft process is selective and flexible, since it can be adapted to many distinct 
types of raw materials, besides enabling the recovery of chemical reagents for the formation of the 
cooking liquor and power generation (EPA, 2010). However, the soda process is recommended in cellulose 
production based on straw, bagasse and other agricultural waste. The selectivity of kraft process over 
soda process is greater, that is, it has a greater ability to remove lignin without a prolonged attack on the 
carbohydrate fraction of the wood (SMOOK, 1994). The disadvantage of using sodium sulfide (Na2S) in the 
kraft liquor is the release of malodorous and toxic organic compounds, such as methyl mercaptan 
(CH3SH), dimethyl sulfide (CH3SCH3), dimethyl disulfide (CH3SSCH3) and other reduced sulfur compounds, 
referred to as total reduced sulfur (TRS), which are formed during the delignification (D’ALMEIDA, 1988; 
SIXTA, 2006). Such compounds are strictly controlled in pulp industries, since they have to meet 
environmental requirements (SIXTA, 2006).  


The main reasons that lead to improvements and modifications in the kraft process are environmental in 
nature: to reduce sulfur compound emissions or obtain pulps with a higher delignification content that 
requires a smaller chemical load for bleaching. Alkaline processes allow the use of chemical additives, 
since the use of additives can lead to environmental and economic benefits. These modifications are 
being studied, in light of the behavior of the variables, the reagents used and way the kraft process is 
conducted. The use of additives which enhance the efficiency of pulping reactions, enabling the alkaline 
load and sulfur compounds to be reduced and resulting in less malodorous pollution, is an alternative 
that has great application potential and has subsequently been developed by companies. The use of 
anthraquinone (C14H8O2) as an additive in the two main alkaline processes affects the delignification 
reactions by promoting a higher delignification rate and less carbohydrate degradation, thus 
counteracting some of the main mechanisms responsible for low alkaline pulping yield (SIXTA, 2006). 
Nevertheless, the results show that the effect of anthraquinone is more notable in soda pulping as 
compared to kraft pulping (HOLTON, 1977).  


2.2 Approaches that address sustainability 
Even when considering one single company or sector, every product creation stage have impacts on the 
environment, besides the products themselves. These stages need to be studied from the very beginning, 
starting with product design, since each stage has the potential for environmental improvement, including 
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the choice of raw materials, technologies and processes involving manufacturing and product waste 
recovery, as presented in some approaches in the sequence.  


2.2.1 Green supply chain 
Vachon and Klassen (2006) define the green supply chain as the interaction between organizations, within 
the production chain, in relation to prevention of pollution at the source, which may occur upstream, in 
negotiations with suppliers, or downstream, in the contact with consumers. This approach deals with 
integrating the environment and management of the supply chain, for activities related to product design, 
definition and selection of raw material sources, final product delivery to consumers and end-of-life 
product management after its use (SRIVASTARA, 2007). This type of interaction helps generate significant 
results for improving environmental and economic performance throughout the chain (EPA, 2000; 
VACHON and KLASSEN, 2006). 


2.2.2 Cradle to Cradle 
This approach deals with technological metabolism, where the waste from one process should serve as 
raw material for another, as in a cycle of nature (PAULI, 1998; McDONOUGH and BRAUNGART, 2002).  It is 
like the ZERI method, which is a systemic approach, proposed by Pauli (1996). It states that in designing 
products and developing production systems, waste from one activity should be considered as raw 
material for another. Its goal is zero emissions in systems, based on designs with an emphasis on the life 
cycle, economic and ecological strategies (PAULI, 1996; PAULI, 1998; GUIMARÃES, 2006). 


The approach, which also acts as a certification of materials and practices related to their use, entails 
generating products from "cradle to cradle", as opposed to the concept of "cradle to grave". Cradle to 
Cradle is highly complex, because it restricts the use of products that can cause any harm to the 
environment, and thus also promotes the certification of the system's elements (materials, reuse of 
materials, energy, water and social responsibility) (MBDC, 2007). Cradle to Cradle certification seeks to 
develop designs that add more value to the environment during and after the use of materials, as 
opposed to elaborating plans to minimize environmental impact (McDONOUGH and BRAUNGART, 2002). 


2.2.3 Green chemistry 
Green chemistry (GC) refers to the use of a set of 12 principles to reduce or eliminate the use and 
generation of hazardous substances in designing chemical products and processes. Professionals in the 
chemical industry are constantly striving to develop efficient processes and methods, since efficiency is 
important for both measuring the quality of the transformation process of a raw material and analyzing its 
technical and economic feasibility. Economic considerations play a key role in process design, since the 
selection of raw materials is based on greater availability and lower cost (ANASTAS and WARNER, 1998). 
Some of the principles are similar to those from Green Engineering (ANASTAS AND ZIMMERMAN, 2003)  
and includes: opt to prevent waste generation, as opposed to treating it once it has been created in order 
to eliminate its toxic properties; design synthetic methods to maximize the incorporation of all the 
substances used throughout the process into the final product; to use and produce substances that are 
non-toxic (or slightly toxic) to human health and the ecosystem; design chemicals at the molecular level 
so as to achieve the desired functions and minimize their toxicity. For more details see Anastas and 
Warner (1998). The guidelines set forth by the authors result in the choice of materials that enhance the 
efficiency of chemical reactions with minimal waste generation. 


2.2.4 Cleaner Production 
According to UNIDO (United Nations Industrial Development Organization) (1989) and UNEP (United 
Nations Environmental Program) (1989), Cleaner Production (CP) is the continuous application of an 
integrated preventive environmental strategy to processes, products and services, in order to increase 
eco-efficiency and reduce risks to humans and the environment. This approach proposes saving energy 
and raw materials, minimizing or recycling generated waste and pollution control, in addition to gains 
related to the improved work of those involved, which are factors that contribute to optimum 
environmental and economic performance for production processes, even if such factors require joint 
efforts (ranging from top management to the production sector) to be achieved.  It applies to processes, 
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products and services (WBCSD, 1996; GUNNINGHAM and SINCLAIR, 1997; SOUZA et al., 2008; CNTL, 
2003). Its guidelines are geared towards the reduction or substitution of toxic materials in the production 
process or during product use (WBCSD, 1996). The processes that use CP practices also seek to provide 
improvements in productivity and economic benefits, through flexible systems, which involve zero-
emission goals, continuous improvement toward a closed circuit and adding value throughout the 
product chain (GUNNINGHAM and SINCLAIR, 1997; SOUZA et al., 2008).  


3 Method 
In this study, a review was conducted using a variety of sources in terms of approaches that address 
sustainability and industrial cellulose extraction processes. The working method for the paper was carried 
out according to the four stages outlined below: 


i) Literature review and analysis of bibliography 
The literature review was divided into two stages: a study of the characteristics of the kraft, soda and acid 
sulfite cellulose extraction processes and a study of the guidelines for enhancing the sustainability of 
processes and product development, in related approaches. Important to declare that pulp extraction is 
long established and, therefore, mainly published in books. For collecting the information, the following 
databases were consulted: the library of the Engineering School of UFRGS, Google Books 
(books.google.com.br), Scielo (scielo.br) and Science Direct (sciencedirect.com). The keywords that were 
consulted included: cellulose extraction process, chemical pulping, alkaline extraction, acid process, soda 
process, kraft process, delignification and process additives. During the second stage, the keywords 
researched were: ZERI Method, Green Supply Chain, Cradle to Cradle, Green Engineering, Green 
Chemistry, Ecodesign/Design for Environment, DfE, Clean Production and Cleaner Production. More than 
100 articles that deal with cellulose extraction processes were identified. The eight approaches most 
frequently cited in the literature which address improving the sustainability of production processes were 
recognized. Some approaches were described above. We pinpointed approximately 200 articles and 50 
books on the subject, but the most-cited ones were chosen in order to support this work upon an analysis 
of citations from the literature. The texts with the approaches were compiled and analyzed in relation to 
the existence of guidelines for improving production processes. The guidelines were cataloged by 
approach/source, according to the information drawn from the literature in the manner proposed by 
reference sources. 


ii)       Definition of criteria for the evaluation of cellulose extraction methods 


The set of guidelines generated in the previous phase was reorganized and redundancies were eliminated, 
creating only one list of guidelines. These guidelines were converted into criteria for evaluating the 
cellulose extraction processes and compiled in tables, where each criterion is linked to the approaches 
and authors. The criteria established for analyzing the processes were evaluated and grouped into three 
categories: selection criteria for material and energy resources; production preparation and adaptation of 
processes; end-of-life management. In addition, the flexibility of the processes vis-à-vis different types of 
plant material was evaluated. 


iii)       Development of an analysis tool for cellulose extraction methods 


The criteria established for the analysis of cellulose extraction processes were subjected to evaluation. The 
tool that was elaborated includes criteria blocks, a two-level scale for the subjective evaluation of each 
aspect. The answers “met” or “not met” were proposed to express if the industry includes or not that 
aspect in their processes, also there is a space for comments from the evaluator if the criterion failed to 
comply. The tool also contains a field for the evaluator to indicate the level of knowledge they have in 
regards to the extraction process being analyzed, as well as completion instructions, since the space for 
analysis only includes the operations related to the pulping stage, preparation of the cooking liquor and 
energy resources used. 


iv)       Analysis of the cellulose extraction processes and Selection of the method 
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On the basis of the bibliographic material on cellulose extraction processes, presented in item (i) of the 
method, it was possible to analyze each process in relation to the criteria proposed in the analysis tool 
from item (iii). After the researcher’s evaluation, experts, defined by convenience, performed an analysis of 
the processes vis-à-vis the criteria, in order to confirm the results obtained via the analysis conducted 
previously from the literature review. Three professionals were interviewed: one of them a technology 
manager from a Rio Grande do Sul unit of a Brazilian company, that is a world leader in bleached 
eucalyptus cellulose production using the alkaline process; the other is a production manager of the only 
Brazilian company that uses the acid process in its operations; and the third is a major consultant to the 
pulp and paper industry, with training in the area. Based on the analysis of the processes, the one that was 
most flexible in relation to the raw materials used for cellulose extraction and that also met the proposed 
criteria, generating pulp suitable for different applications, was selected. 


4 Results 
The results presented in this article are based on the proposed qualitative method from section 3. The 
material reviewed made it possible to extract guidelines that can lead to improvements in the economic 
and environmental sustainability dimensions of production processes and product development. The 
economic aspects were directly or indirectly considered according to the possibility to avoid wasting 
material or energy resources as well as time and space in carrying out operations, which represent 
environment aspects. In addition, reuse capability or maximum efficiency in the use of material and 
energy resources, with minimized waste generation, was examined. These guidelines bring out economic 
aspects, since they enable cost reductions in the process. The guidelines applicable to production 
processes, as per the sustainable approaches studied in the literature review, were then selected. These 
were arranged according to environmental or economic aspect, related approach and source, as partially 
shown in Table 1. The entire table may be seen in Seben and Paula (2012a). 


Table 1: List of process guidelines from the sustainability approaches and their authors of reference (partial view) 


Sustainability 
aspect 


Guidelines Approaches Author/Organization 


Econ. Use more economically viable raw materials GSC, EcoD, GC, CP  9, 20, 19 


Env. Use raw materials from renewable sources CP, GC, GE, EcoD  11, 6, 5, 21, 8, 19 


Env. & Econ. Ability to use smaller quantities of energy 
(efficient use)  


CP, CP, GC, GE, EcoD, 
ZERI  


11, 6, 5, 21, 12, 4, 1, 13, 2 


Env. Use the least amount of different materials CP, GE ,EcoD   11, 13, 5, 19 


Env. Reduce or eliminate the use of toxic substances 
(teratogenic, carcinogenic, etc.) 


GSC, C2C, ZERI, CP, 
CP, GE, GC, EcoD 


 13, 17, 9, 10, 16, 6, 11, 5, 8, 4, 
1, 13, 19, 2, 7, 3 


Env. Choose raw materials that do not generate 
waste and/or toxic emissions or replace those 
that do 


GSC, C2C, ZERI, CP, 
CP, GE, GC, EcoD 


 3, 7, 14, 17, 9, 10, 16, 11, 6, 5, 
21, 8, 4, 18, 1, 13, 19, 2 


Env. & Econ. Avoid additional steps in the processes, thus 
avoiding the additional use of chemical 
reagents 


GC, EcoD  6, 19 


Legend: Clean Production (CP); Green Chemistry (GC); Green Engineering (GE); Ecodesign (EcoD); Cleaner Production (CP); Green 
Supply Chain (GSC); Cradle to Cradle (C2C), Environment (Env); Economic (Econ). Reference number: (1) Fiksel (1996); (2) WBCSD 
(1996); (3) Pauli (1996); (4) Gunningham e Sinclair (1997); (5) Greenpeace (1997); (6) Anastas e Warner (1998); (7) Pauli (1998); (8) 
Thorpe (1999); (9) EPA (2000); (10) McDonough e Braungart (2002); (11) Anastas e Zimmerman (2003); (12) CNTL (2003); (13) 
Luttropp e Lagerstedt (2006); (14) Vachon e Klassen (2006); (15) Guimarães (2006); (16) MBDC (2007); (17) Srivastara (2007); (18) 
Vezzoli e Manzini (2008); (19) Back et al. (2008); (20) Souza et al. (2008);  (21) Clean Production Action (2010)   


The set of generated guidelines was then reorganized to eliminate redundancies and to propose one 
single list of guidelines for processes whose economic and environmental aspects are in line with 
sustainability. After that the guidelines were converted into criteria for evaluating the cellulose extraction 
processes, which were subdivided into three subgroups (i) Selection of material and energy resources; (ii) 
Production preparation and adaptation of processes, taking into account waste and emissions control; (iii) 
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End-of-life management. Seben and Paula (2012b) present the entire criteria table ensuing from the 
guidelines in Table 2.  


Table 2: Partial list of criteria according to environmental and economic aspects 


Subgroups Criteria 
Selection of material and 
energy resources 


Use more economically viable raw materials 
Use raw materials from renewable sources 
(…) 
Use energy derived from renewable resources 


Production preparation and 
adaptation of processes, taking 
into account waste and 
emissions control 


Ability to use smaller quantities of raw materials (efficient use) 
Provide the maximum integration of raw materials in the final product – 
efficiency 
(…) 


Avoid additional steps in the process, thus avoiding the additional use of 
chemical reagents 


End-of-life management Design products with longer life 
(…) 
End-of-life product management 


 


The criteria established for evaluating the processes were placed in an analysis tool (see Table 3 partial 
view) in order to question professionals from the field in regards to the compliance or non-compliance 
considering the cellulose extraction processes. The researchers have also applied the tool for analyzing 
kraft, soda and acid sulfite cellulose extraction processes, based on information from the literature. In 
addition to evaluating the processes in relation to the criteria, they were evaluated in terms of flexibility 
for use with different types of plant material. Upon receiving the commented responses following the 
application of the tool combined with the study and understanding of the processes on the part of the 
researcher, it was then possible to analyze the processes employed. The questions in Table 3, and the 
items marked as not evaluated by the professionals (interviewees) in the field are commented in the text 
in italics. A summary of the analysis performed by the interviewees and researcher is found partially in 
table 3. The complete table may be seen in Seben and Paula (2012c). In light of their extensive knowledge, 
the acid process was assessed by the professional who works in the industry that uses this process, while 
the soda and kraft processes were evaluated by the professional who works in a company that uses 
alkaline processes. The consultant assessed the items in general, once he knows about both processes, 
arguing that "in order to analyze the use of sustainable practices in reagent recovery and minimization of 
emissions, it would be worth analyzing how much the company is able to provide capital and technology 
resources." The consultant argues that the items vary according to the technologies adopted by 
companies and the capital available to improve sustainable approaches. 


As per the responses from the experts and the researcher's analysis, the evaluation of the alkaline process 
industrially applied with the use of additives indicated that most of the above criteria are considered, once 
the answers “met” was choose. According to the expert, who is the manager in the pulp sector, the criteria 
presented "are process management items for complying with sustainability issues that guide the design of 
new industrial projects." The existing industrial facilities seek to recover the reagents used in the cooking 
liquor and other compounds, as well as thermal energy. The study and questions indicated that "air 
emissions are monitored in accordance with current legislation, so as to fit within the required standards." 
These standards are not presented in this text but for more information see (CONAMA, 2010) and table is 
available in Seben and Paula (2012d).  The research shows that the soda process does not use sulfur in the 
cooking liquor, and is thus less selective than the kraft process in attacking lignin, since NaOH is the only 
delignification agent used for pulping. However, according to the expert that was interviewed, "the soda 
process uses less sodium sulfide, but contains salt nevertheless, which is formed through the accumulation of 
sulfur from the auxiliary fuels in the process cycles." In the expert's opinion, "the soda process is not 
significantly different in terms of sustainability compared to the kraft process, since high investments in 
more efficient technologies for the recovery and filtration of malodorous sulfur compounds have been made 
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in the process using sulfur." However, it should be emphasized that the feasibility of having effective gas 
filtration systems depends on the capital invested in industrial facilities. Therefore, using a sulfur-free soda 
process ensures that malodorous sulfur compounds will not be generated. In the entire evaluation done 
with the tool, only the items referring to long-life product design and end-of-life product management 
were deemed as not being met. The industry expert claimed that "the life cycle for the manufacture of 
cellulose is defined on the basis of its final use and is not generated by the stages of the extraction process." 
In Table 3, these items are shown as not being met, eliciting these comments and explanations. During 
the evaluation of the acid sulfite process, both through the study conducted by the researcher and the 
expert's responses, it was verified that neither additives nor process catalysts are used and that alkaline 
solutions are defined according to greater efficiency and ease of recovery within the process. Also, as 
occurs with the alkaline processes, gaseous emissions are monitored according to the standards of 
current legislation. In collaboration with the economic and environmental aspects of the processes, 
technologies are used for washing the gases and reincorporating them into the process. 


Table 3: Analysis of the cellulose extraction processes (Sulfite, Kraft, Soda) in relation to the economic and 
environmental sustainability criteria (Partial view) 


Met Not met Met Not met Met Not met


Use more economically viable raw materials x x x


Use raw materials from renewable sources x x x


Use the least amount of different materials x x x


Reduce or eliminate the use of toxic substances 
(teratogenic, carcinogenic, etc.) x x x


Choose catalytic reagents, as selective as possible x x x


Choose raw materials that are biodegradable x x x


Choose raw materials that do not generate waste 
and/or toxic emissions or replace those that do x x x


Soda


Selection of 
material and 
energy 
resources


Criteria / Processes
Sulfite Kraft


 


g p g


 Recycle or reuse materials within or outside the 
process, thereby adding value to them x x x


End-of-life product management x x x


Selection of the 
process


Be flexible for use with different plant materials


x x x


End-of-life 
management


 
Also, the acid process evaluation of showed the items relating to long-life product design and end-of-life 
product management were deemed by the acid process expert as not being met. According to the 
interviewee, "the final application of the cellulose pulp and its end-of-life will not be defined by the industry 
operating the extraction process or be under its responsibility." Based on the literature review and the 
interviewee, the most recommended alkaline solutions to use in the acid sulfite process are (Ca (OH)2) and 
magnesium (Mg (OH)2). According to the expert, the consultant to companies in the sector, "if an alkaline 
solution with Ca is used in the cooking liquor, the residual liquor rich in Ca and lignosulfonates is sold for 
application in other high added-value products. Only then is it feasible to use Ca, since the reagents cannot 
be recovered in the process due to incrustation problems". The literature review showed that the constituent 
materials of the cooking liquor include: dissolved lignin, lignosulfonates, degraded carbohydrates, calcium 
and magnesium sulfate, extractives and resins, among others.  In the case of applying the bisulfite process 
with an (Mg (OH)2) solution, it is feasible to recover the latter by burning magnesium oxide (MgO) and 
sulfur dioxide (SO2) in the recovery boiler, whose recombination allows the cooking liquor to form. The 
literature review indicated that the use of alkaline solutions with Na or NH4- is not feasible due to the 
difficulties in recovering the reagents and their high cost. As noted above, the air emissions from both 
processes are monitored via current legislation. In the kraft alkaline processes, the most critical 
compounds to control are the reduced sulfur compounds, while in the acid processes hydrogen sulfide 
(H2S) is the most strictly controlled. 


The literature review also indicated greater flexibility in terms of using different raw materials for cellulose 
extraction through alkaline processes. These processes also permit the use of process additives that help 
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in the selectivity of the reactions and cellulose preservation. In addition, the economic and environmental 
sustainability aspects are bolstered by the fact that the process allows the cooking liquor to be reused 
both for forming new liquor and power generation. Besides that, energy efficiency is remarkable. The acid 
process, in turn, also provides energy efficiency and pulp with a high degree of delignification, but the 
choice of materials and reagents is limited. 


In light of what’s been shared, the industrial sector is striving after technology and the selection of 
reagents for adapting processes to sustainability requirements. Compliance with the different criteria 
demonstrates that the sector's performance has been improving in order to conform to sustainable 
practices. One aspect worth mentioning is that the technologies for controlling greenhouse gas emissions, 
as well as recovering reagents and energy within the process, are becoming increasingly sophisticated. 
However, the incorporation of these new technologies by industries in the sector depends on the capital 
invested by the industry. On the basis of the information collected and studied from many bibliographical 
sources, and via professionals from the sector, it was possible to assemble the information in a process 
summary table for the purpose of selecting the most flexible one with different plant materials and in line 
with the sustainability aspects addressed. The analysis of the extraction processes for selecting the most 
appropriate one according to the criteria that were broached is a subjective task and difficult to carry out, 
since it depends on investments in technology and the availability of capital to do so. However, in view of 
the materials studied and the experts who were questioned, the analysis resulted in the choice of the soda 
process as the most suitable one for application in extracting cellulose from different lignocellulosic plant 
sources.  The process is applicable to various plant sources, and its selectivity can be improved through 
the use of additives, without the drawback of generating malodorous compounds. 


5 Conclusion 
This paper presented the main approaches dealing with sustainability applicable to product and process 
development. Industrial cellulose extraction processes were also investigated. In view of the guidelines 
established by the approaches, analysis criteria were defined for current industrial processes. These were 
analyzed according to the criteria from the literature review conducted by the researcher and through 
inquiries with professionals from the sector. The sustainability approaches, with an economic and 
environmental focus, list practices for reducing negative environmental impact, such as: emissions control, 
efficient use of material and energy resources and waste minimization or reuse. In line with such 
guidelines, companies have been striving to comply with these factors. The analysis of extraction 
processes for selecting the most appropriate one resulted in the choice of the soda process in that it 
complies with most of the sustainability criteria and is also applicable to different lignocellulosic plant 
sources. In selecting processes and verifying compliance with sustainability criteria, it is worth noting that 
improvements often depend on the company disposing of financial resources to invest in its projects and 
processes through the acquisition of technologies and materials. Likewise, customers, for whom the 
products are intended, need to be aware of sustainable practices so that the results can be optimized. 
Opportunities for further improvement may lie in the path of greater energy recovery and emissions 
control, since the recovery of material within the process is already well represented. 
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Abstract 


Adequate management of urban solid waste (USW) is beneficial to the environment, cities and people who depend 


on the income generated from collecting this waste material to survive. Due to the level of complexity of these 


processes involved in recyclable USW sorting, management tools which enable systemic studies become valuable 


assets by evaluating the effects changes may cause on the organization. This paper presents a case study in which a 


USW collection process was evaluated using computational simulation. The study was conducted in conjunction with 


the USW trash gatherers association of Itajubá, Minas Gerais, Brazil, and used both quantitative and qualitative 


methods. Data were collected via observation, interviews and questionnaires. Computational simulation enabled the 


visualization of the flow of materials in the process, the bottleneck indication and the experiments to simulate 


scenarios in order to increase the association’s productivity. 


Keywords: Urban Solid Waste (USW); Simulation; Productivity; Aiding Decision-Making. 


1 Introduction 


In the past, urban solid waste (USW) was largely organic and, due to its quick degradation, the 


population’s production of USW did not cause much adverse impact on the environment (CAVALCANTE, 


2002). Currently, packaging used for product distribution and protection offer practicality to costumers; 


however, this only increases USW production (GRADVOHL, 2001). Thus, adequately treating and disposing 


USW are necessary processes and offer many benefits, such as: improving environmental and sanitary 


conditions within the municipality, diminishing waste volume, saving energy and raw material and, 


furthermore, both directly and indirectly creating jobs by generating income from treating recyclable 


waste.  


As to not miss out on the opportunity, in Brazil and other developing countries, organized recyclable 


material gatherers associations have utilized an ever increasing amount of discarded materials in order to 


create new products by treating and, in turn, selling them.  However, managing collected and separated 


material in these associations’ deposits still needs to be improved (OLIVEIRA, LIMA and LIMA, 2009). On 


the other hand, tools are needed which can aid in improving these productive processes, such as the use 


of conceptual and computational modeling by means of process mapping and simulation, respectively. 


According to Spina (2007), simulation not only enables the analysis of results of a solution without having 


to implement it in real life, but it also makes possible the testing of many scenarios of action which, 


implemented in real life, would incur elevated costs without knowing the results of its implementation. 


Simulation allows for the adequate comprehension of all of the activities which participate in the process, 


thus helping identify the system’s bottlenecks. Once these observations are made, action can be taken to 


improve the process. 


This investigation aimed to examine alternatives which increased the productivity of recyclable materials 


selection in the Association of Recyclable Materials Gatherers of Itajubá (ACIMAR) in Itajubá, Minas Gerais. 


Computational simulation was chosen as the research method, starting with the project’s conceptual 


modeling phase (IDEF-SIM technique), upon which a computational model was built and tests were 


conducted to aid decision-making. A literature review was carried out to characterize recyclable material 


selective collection in Brazil and contextualize computational simulation’s relevance in this research 
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question. Data were collected by means of observation, interviews and questionnaires in order to model 


the materials separated by the association under study and, in turn, study scenarios. 


Within the selective collection process, USW treatment implies job creation and income for thousands of 


people. Nevertheless, in 42% of Brazilian cities, there are still no USW selective collection initiatives 


(ABRELPE, 2010) due to the cost involved for the municipalities (O’LEARY and WALSH, 1999; MONTEIRO et 


al., 2001). Another factor that complicates recycling in Brazil is the lack of correctly dimensioned systems 


in relation to storage capacity and waste treatment in sorting areas (SIMONETTO and BORENSTEIN, 2006). 


Because this deals with businesses competing for profits, trash gatherers’ associations need structures 


capable of efficiently managing all steps of the process and, thus, turn into sustainable enterprises.  


In spite of the cited problems, according to D’Almeida and Vilhena (2000), a sorting and compost system, 


when well-operated, can diminish solid waste volume by 50%, which is otherwise destined for landfills. 


This in turn reduces the landfill’s cost of services and increases its lifespan. Productive chain sustainability 


is maintained when selective collection diminishes solid waste volume destined for landfills, or when USW 


is sent to sorting centers maintained by gatherer cooperatives, which have a much more respected job 


than when searching through dumpsters. 


In general, the processes related to USW treatment ranges from collection phases, which involves 


collecting the material from the street; separating and cleaning organic residue off, which would be the 


adequate treatment of collected material; and finally disposing of the waste through recycling or compost 


processes; are transformed into raw material and return to the productive chain. According to Simonetto 


and Borenstein (2006), in the recycling stage, the materials are transported to a sorting center where a 


thorough sorting of the materials is done in order to put it back on the market. The sorting units must 


possess industrial presses in order that the recyclable material, such as paper, cardboard, aluminum and 


plastic, may be baled in order to ease storage, transport and resale. Obviously, there are many processes 


involved from generating the solid waste until its final destination. For the gatherers’ associations, much 


importance is given to the processes of USW treatment, as this composes the organization’s structure. 


Along this chain, the association’s productive process consists in materials collection, box distribution, 


sorting, pressing and tying the bales for storage and resale. Thus, in order for the enterprise to succeed, 


an organization must manage its processes in an organized fashion, utilize techniques to analyze its 


bottlenecks and seek productivity improvement with frequent analyses of activities to identify those which 


do not aggregate value and may be eliminated, simplified or combined.  


Bottlenecks may be present in any link of the productive chain, and may be due to material causes (such 


as low quality production inputs or equipment), organizational causes (such as organizational structure), 


labor organization, or even the procedures adopted and personal motivation factors, such as salary and 


effort (PARREIRA, OLIVEIRA and LIMA, 2009). The dynamic nature of bottlenecks is worth mentioning. 


Upon discovering a bottleneck in a productive process, decision makers should search for the cause(s) for 


low productivity and seek solutions for the problems located. However, after having taken care of the 


bottleneck problem, another activity may then turn into the new bottleneck, necessitating new studies to 


continue improving the system. 


2 Simulation Projects 


Computational simulation of productive systems is used as a powerful tool for planning, designing and 


controlling complex productive systems (SILVA, 2006). According to O’Kane et al. (2000) some 


manufacturing simulation applications are:  Aiding in layout dimensioning; planning factories and helping 


in decision-making about necessary plant capacity; define intermediate stock size and analyze effects 


caused by the passage of time in the plant; guide process development; and evaluate impacts of 


manufacturing strategies. Banks et al. (2005) assert simulation’s greatest benefit is being able to visualize 


the effect of a small change on the global system.  
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In general, the simulation is divided into three phases: conception phase (conceptual model), 


implementation phase (computer model) and analysis phase (operational model). Figure 1 clarifies the 


conceptual model importance, which is not only for the conception phase, but also to obtain the 


operational model (the verified and validated model that can be used to run scenarios), in the analysis 


phase. During the conceptual model creation, the main issue that might occur is the use of process 


mapping techniques, which were not developed focusing on simulation projects. This issue might prevent 


the conceptual model from entirely doing its objectives.  


N Y


N Y


N


Y


1.1 Objectives and 


system definition
1.2 Construction of the 


conceptual model
1.3 Validation of the 


conceptual model
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Figure 1 – Simulation study phases [Adapted from Montevechi et al. (2010)] 


According to Moreira (2001), in the first step (Conception), simulation objectives must be clearly defined 


in order to establish the study’s amplitude, guide the modeling process, and determine the level of detail 


of the analyses and resources available. This initial problem definition may be altered during the 


simulation as needed. Pereira and Chwif (2010) warn that a building a simulation model should never be 


the final objective of the study, but rather a means by which to achieve those goals. Some simulation 


objectives examples include: bottleneck identification, excessive lines, low productivity, inadequate service 


levels, productivity or service level goal verification (regardless in an existing or new system designs). 


In the conceptual modeling phase it is important to avoid complex models with irrelevant details which 


do not completely encompass the fundamental system questions. To avoid these errors, the abstract 


model must be developed using some kind of representation which aims to make it more representative 


to reality so that other people can understand it (PINHO et al., 2009). Some techniques that can be used 


in this phase are: value stream mapping (ABDULMALEK and RAJGOPAL, 2007), process mapping 


(GREASLEY, 2006), flow chart and IDEF-SIM (Integrated Definition Methods – Simulation). Other 


techniques are used mostly for modelling business processes, as the Event-Driven Process Chain (EPC) 


and the Business Process Modeling Notation (BPMN), but do not yet include any means for modelling 


process goals and their measures (LIST and KORHERR, 2006). The conceptual modeling technique used for 


this article is IDEF-SIM (Integrated Definition Methods – Simulation), which was proposed by Leal et al. 


(2008). The conceptual model evaluation phases aims to verify if the model meets the simulation 
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objectives, correctly representing the studied system. As the model will be utilized in the following phases 


of the simulation process, this stage is decisive since model incoherence may harm the subsequent 


stages’ development (LEAL, 2003). The elements used to compose the IDEF-SIM technique, were selected 


from the already acclaimed modeling techniques IDEF0 and IDEF3 (NIST, 1993) and flowchart (AGUILAR-


SAVÉN, 2004). 


The data collection phase is one of the most difficult simulation aspects due to the level of quality, the 


quantity and variety of data needed to obtain reasonable and reliable analyses (VICENT, 1998). Data 


treatment involves techniques to identify possible problems with the sampled values and increase the 


knowledge about the phenomenon, resulting in a probabilistic model which will stochastically represent 


the phenomenon by incorporating data which describe its behavior (PINHO et al., 2009). According to 


Pereira and Chwif (201), dedicating time to conceptual modeling becomes necessary, as the inexistence of 


the conceptual model or the use of a poorly constructed model will lead to the computational model 


demanding more time and rework and not being able to meet simulation objectives.  


In the computational modeling phase, care must be taken to maintain the balance between creating 


models which are not too complex while still meeting the initial simulation objectives. Finally, the analysis 


and scenario study phases allow for programmers to use validated computational model to carry out 


experiments which seek solutions related to the objectives. It is important to highlight the benefit that 


brings to the analyzed process, since there are no necessities for physical alterations in order to envision 


the results generated and thus, spare the organization the trouble of convincing change-resistant workers 


to adapt to (potentially) inefficient problem resolutions.  


3 Methodology 


This research utilizes modeling and simulation as quantitative research methods and qualitative methods 


for the bibliographic review and data collection. Observation, interviews and questionnaires were the 


means of collection, enabling the elaboration of the conceptual and computational models and the 


scenario studies. 


The case study focused on the Municipal Trash Gatherers Association of Itajubá (ACIMAR) – MG, Brazil. 


The city is situated southern portion of the state Minas Gerais, 418 Km from the state capital of Belo 


Horizonte; it is considered a typical city by Brazilian standards, with approximately 100,000 inhabitants 


and a population density of 402.7 inhabitants/km
2
. In the ACIMAR municipality, the Itajubá Recyclable 


Materials Gatherers Association, is one of the groups responsible for selective collection and counts on 


support from the city’s office of the Secretary of Environmental Affairs (OLIVEIRA, LIMA and LIMA, 2009). 


Previous research (LOBATO and LIMA, 2010) showed that in relation to the volume collected, plastic 


materials are the most common and are composed of green, transparent, and oil PET; Tetra park; and 


white and colored PEAD, taking up a great amount of space in the ACIMAR installations. However, when 


the number of bales produced and stored is considered, the quantity of cardboard is rather dramatic and 


makes up the most commonly stored material when compared to papers and plastics. However, just 


paper, plastic and cardboard are baled by ACIMAR. Aside from collection of material in the streets, 


ACIMAR counts on donations from businesses in the region. Among the received materials, cardboard 


and plastic are the most donated, representing 80% of all donations. The profit originating from these 


material donations is divided among all the associations.  


3.1 Conceptual Modeling 


The first stage of the project was to establish the project’s objectives in order to orient the following 


steps. Thus, this project’s objective was to seek alternatives for the productive system which would enable 


an increase in quantity of bales produced daily and increase the salaries received by the ACIMAR 


members. 
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To develop the concpetual model, the recyclable materials selection process developed by Lobato and 


Lima (2010) was used as a base. The map presented seven activity flows divided by each type of material 


(Plastic Material – PM; Cardboard – CB;; White paper – WP; Cans – C; Glass – G; Metals – M; Electronic 


Materials – EM). The mapping information served as the basis for the conceptual model which was 


developed using the technique IDEF-SIM, as presented in Figure 2.  


The conceptual model developed using IDEF-SIM is restricted to the process of USW selection of plastic 


and cardboard. The model was limited to these two materials due to their importance to the entire 


process, as they represent the greatest contribution to the organization’s profit. Analyzing the process via 


the conceptual model, one can see the productivity is limited by weighing and pressing, since the entities 


already separated by the conjunction “OR” (the box with the X) in different routes, need to resume the 


single path to pass through these resources, forming lines and consequently wasting time and, thus, 


harming productivity.  


WEIGHING 
LINE A


PLASTIC


CARDBOARD


X XSORTING WEIGHING


A


PRESS 


AND 


BALED


PLASTIC


CARDBOARD


STORE


X X


STORE STORE


BALED PLASTIC


BALED CARDBOARD


STORE


X


RAW MATERIAL


 


Figure 2 – Conceptual model using IDEF-SIM 


Once the conceptual model was developed, the following stages are collection and input data alaysis. The 


analysis consists in statistically evaluating the data collected, verifying the existence of outliers and the 


type of probability distribution in which the data fit. For this investigation, the input data are based on 


time collection and interviews with the process’s actors.  


The variables were represented in the form distributions with the aid of the software Stat:Fit®, that 


statistically fits to data the most useful analytical distribution. It provides relative comparisons between 


distribution types, and an absolute measure of each distribution's acceptability. The export function 


translates the fitted distribution into specific forms for simulation software. Features include descriptive 


statistics, parameter estimates, goodness of fit tests, graphical analysis, random variate generation and 


more. 


3.2 Computational Model 


The computational model was developed using ProModel 2011®. Functions were used within the 


parameters defined according to the process’s reality, demonstrated in the input data. The input data 


relied on: distances and times in queues waiting for materials transportation, the measurement of stock 


areas and the unit capacity of each piece of equipment (scale and press). The system entities are: raw 


material (material collected in bags from the streets), cardboard and plastic after sorting and cardboard 


and plastic bales (simulation output entities). Figure 3 shows the environment in which the simulation was 


developed. 
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Figure 3 – Simulated Area 


The simulation was run for 10 days according to the frequency of shipments of the baled material, thus 


enabling the verification of the quantity of bales produced. The process’s starting point is defined as the 


arrival of material collected from the street, being directed to the sorting activity. Each gatherer is 


responsible for sorting and moving the collected material, and the material donations are moved by those 


associates who do not take part in street collection. The process then procedes to the balance, press and 


baling before terminating with the baled and stocked material being ready for shipping. 


In order to validate the computational model, Kleijnen’s (1995) method was used. It is described in 


Equation 1. The data corresponding to the quantity of bales produced daily are shown in Table 1. The 


model was validated, with the zero value contained in the interval [-1,7187; 3,0186] obtained by Equation 


1.  


          (1) 


Where: : Average simulated results 


 : Average real results 


 : Standard deviation of the simulated results 


 : Standard deviation of the real results 


 : Student’s t distribution for 2n-2 degrees of freedom and a significance level of  


Table 1 – Computational model validation data  


 
Average (X) Standard Deviation (s) t2n-2, α/2 n 


Real [r] Xr = 6,017 Sr = 1,360 
2,776 3 


Simulated [s] Xs = 6,667 Ss =0,577 


 


3.3 Scenario generation 


The analysis stage deals with the development of scenarios for the verification of productive bottlenecks 


and proposal of process improvements. The first scenario represents reality, which was simulated using 


the computational model using time data, and information obtained from interviews and observations. 


Figure 4 presents the output results generated by the software.  
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Figure 4 – Real Scenario: Model Outputs 


The graph in Figure 4 emphasizes the problem verified during mapping developed in previous research 


(Lobato and Lima, 2010) in which the pressing stage is a bottleneck and, therefore, the daily production of 


bales is limited by equipment availability. The press is in operation the entire workday. It is observed that 


23% of the maximum capacity is used in sorting, coinciding with reality, since the rest of the shift is 


directed to material collection throughout the city. It can be seen that the storage areas used for plastic 


material and cardboard, before pressing (storage1_plastic and storage1_cardboard) are also occupied 


after the sorting due to the material collected in the street and, principally, to the donated material. As the 


press is not able to process this material, there is an accumulation of material in the storage area prior to 


baling. This scenario has a daily production of 6 bales.  


In the mapping, a large distance was noted inside the shed for the gatherers and associates to carry out 


their activities. Nonetheless, this stage does not appear as a bottleneck since the utilization percentage is 


low. In relation to the storage area, cardboard takes up around just 8% of the area available for this 


material and the area’s low utilization might be an indication of poor dimensioning of the space, thus 


indicating a necessity for the improvement of the shed’s layout.  


Three scenarios were simulated as described in table 2. 


Table 2 – Summary of evaluated scenarios 


Scenarios Description 


Real 
1 press 


 1 operator 


Current situation: one press and one operator who feeds the equipment the material, 


operates the press and wraps the wire around the bale  


A 
1 press  


2 operators 


Scenario which simulates an assistant aiding the press operator, helping him/her to load 


the press with material and in the baling phase  


B 
2 presses 


1 operator  
Scenario that simulates the process with an additional press with a single operator  


C 
2 presses 


2 operators  
Scenario which simulates the use of two presses and two operators for each 


 


In scenario “A”, a model was created in which two operators worked the press, thus simulating a situation 


in which the operator’s assistant aids in loading the press with the material to be processed and wrapping 


the bale with wire when the pressing is finished, thus reducing the total time of operation of this 


equipment, as shown in Figure 5.  


By utilizing an operator and an assistant in the press, the time to carry out the activities of pressing and 


baling falls by approximately 50%. There is a considerable reduction in the cardboard storage area’s use 


due to the presses greater processing capacity. In turn, there was also an increase in the utilization of the 


baled cardboard storage area by about 13%, due to the greater production of bales, which rose to an 


average of 11 bales per day. This represents a productivity jump of 83% when compared to the real 


scenario. 
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Figure 5 – Scenario A: Model Outputs 


In scenario B, two presses are used with two operators without any assistants. Thus, the operator would 


be responsible for operating the equipment, loading the material in the press and wrapping the bale. 


Figure 6 presents the output data for Scenario B, which showed utilization of the two presses around 80% 


of the time (Press and Bale). The daily production attained a value of 12 bales, which represents double 


the bale production when compared with the real scenario, but has little variation when compared with 


scenario A.  
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Figure 6 – Scenario B: Model Outputs 


Finally, the last scenario reflects a situation with two presses and two operators for each. In this 


experiment the bale production reached an average of 12 per day, equal to the previous scenario. 


However, this value is limited to the sorting processing capacity since the presses were utilized just 13% 


due to the lack of material to be processed. Figure 7 represents the utilization of each function in scenario 


C. This scenario also validates the study of other authors (PARREIRA, OLIVEIRA and LIMA, 2009), in which 


one of the principal bottlenecks related to the waste treatment was sorting the material which arrives at 


the shed mixed and dirty with organic material. 


% utilization
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Figure 7 – Scenario C: Model outputs 


Considering the three plausible scenarios being executed, if there were no investments for improvements 


in the sorting phase, the acquisition of another press would not bring about many benefits for the 


process.  The scenarios with two presses (scenarios B and C) would not present great increases in daily 


productivity due to the limitation in the quantity of material to be pressed. Thus, in order to effectively 


increase the association’s daily productivity it becomes evident that a greater investment is needed in 
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manual labor in order to improve sorting. Figure 8 shows a graph with each scenario, comparing 


utilization of the press and the number of bales produced. 
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Figure 8 – Press Utilization and Number of Bales Produced in Each Scenario 


Scenario A requires the allocation of manual labor while scenario B requires the investment in new 


equipment. However, scenario B does not demonstrate a significant productivity increase. Scenario C does 


not initially show itself compatible with the association’s reality, since the association would have to 


increase its materials gathering and/or donations in order to make the investment in equipment (2 


presses) and manual labor (4 operators) worthwhile. Moreover, sorting time would have to be improved, 


which ended up becoming the new system’s bottleneck. Thus, scenario A, which involves allocating one 


more operator in the pressing activity, is the most appropriate for the gatherers’ association’s reality. This 


would increase the press’ productivity by 50% and enable increased productivity in the case of an increase 


in raw material. 


4 Final Considerations 


This work aimed to study a USW selection process by means of computational simulation. The project 


reached its global objective since the method utilized enabled the proposal of improvements for the 


Recyclable Materials Gatherers Association (ACIMAR) in Itajubá, Minas Gerais, Brazil. 


Aside from proposing improvements, it also fell within the scope of this article to present the application 


of mapping and simulation techniques applied to a problem of USW treatment. It is well-known there are 


many hurdles for trash gathering associations, principally in terms of process management and 


administration. However, the research shows that it is possible to intervene and improve the recyclable 


treatment processes without harming the system’s functioning. 


The simulation developed enabled the perception of some particularities, such as the inadequate use of 


the press, proving to be the process’s current bottleneck. However, with two presses and two operators, 


the new bottleneck would be the sorting activity, which would not be able to meet the demand necessary 


to feed the ideal press operation. The scenario that simulated two operators with a single press is the one 


which best adapts itself to the association’s reality, as it would bring about a reduction in material 


processing time and a daily productivity increase of 85%, thus leaving room for an increase in the amount 


of material collected or received from donations. 


In conclusion, the research enabled the most detailed look yet at the association’s USW treatment process 


and, as a product of the investigation, operational improvements were suggested. This should not, 


however, be the concluding study for this line of research, and for future opportunities, the authors 


recommend a standardization and rationalization of the activities performed by the gatherers and 


associates, aside from the possibility to use quality techniques, such as 5S in order to redo the simulation 


project with the aim of refining its analysis.  
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Abstract 


Today's competitive scenario challenges companies to continue producing but also thinking in terms of resources 
scarcity and production processes impacts. Sustainable development proposes alternatives for companies to develop 
by getting the best results with minimal destruction caused to the environment and society of all present and future 
generations. The challenge is to show that this model of development can be employed by controlling the use, 
consumption and waste generated. However, this requires a management that involves all stages of the production as 
well as internalization of the concepts involved in sustainable development. Therefore, the objective of this study is to 
know the profile of some companies and the actions employed by them to overcome problems related to the 
implementation of sustainable processes changing paradigms. The study was divided into four steps, as the first one 
being the selection of eight companies from different segments and areas. The second one was an exploratory search 
in order to know companies’ production processes. The third step was the application of a structured questionnaire 
on environmental issues, aiming to measure and evaluate some of the actions taken by the selected companies. The 
last step was the analysis of results, giving the possibility of classifying the companies’ stage of sustainability in four 
stages, according to their actions. The survey results showed that companies have already implemented several 
practices in ways that benefit society and the environment, but the actions employed are just in the very beginning 
once it involves investments in management software, technology and professionals. 


Keywords: sustainable development; indicators; sustainable actions. 


1 Introduction 
The concept of Sustainable Development was created in the 1980s by Prime Minister of Norway Gro 
Harlem Brundtland, indicated by the United Nations to study environment and development. The studies 
resulted in a document called "Our Common Future or Brundtland Report" in which it is quoted that 
sustainable development is "one that meets present needs without compromising the ability of future 
generations to meet their needs." The report warns about the differences between regeneration capability 
of natural resources and ways of consumption, and the risk of its overuse. The document also proposes a 
development model joining economic growth, environmental and social issues. Sustainable development 
is also an answer to the global awareness of the threats embedded in industrial civilization, population 
explosion and poverty, pollution, uncontrolled and predatory use of natural resources in early 1970 
(Sampaio, 2002). 


The Environmental Protection Agency of the United States (EPA) realizes Sustainable Development as a 
long-term approach and a viable balance between economic, environmental and social development. This 
balance provides opportunities for economic growth and social responsibility.  


Following the same thought, John Elkington suggested the term Triple Bottom Line or "3P's" (People, 
Planet, Profit) in order to measure the financial performance, environmental and social enterprises. Since 
organizations are directly related to these three aspects, when they start measuring impacts not only by 
their profit but by social and environmental aspects, they will become environmentally responsible. Figure 
1 shows the interrelation of the three factors and the link with sustainability. 
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Figure 1: The Triple Botton Line – 3P’s – People, Profit, Planet. Source: John Elkington, 
http://www.economist.com/node/14301663. 


The education of new generations is the most appropriate and effective tool for sustainability. Neto and 
Froes (2002) define sustainable societies as those ones where consumerism is replaced by constant 
investment in the community, promoting a continuous and healthy process for both the man and nature.  


Thus, it can be emphasized the need to work in partnership between government, schools, society, 
companies and organizations to develop sustainability projects, that is, all segments requiring growth and 
development. The industries have their role in the growth of economy and society, although it is often 
seen as a source of destruction and depletion of environmental resources and they must, therefore, show 
their importance in society and be prominent in the identification and implementation of more 
sustainable options (Azapagic & Perdan, 2000). 


Matos & Hall (2007) consider sustainable development as a problematical reality that requires 
coordination of social, economic and environmental dimensions. Linton, Klassen & Jayaraman (2007) see 
sustainability as an integrative concept with new initiatives aimed at society regarding environmental 
problems, which are adopted and proposed by public and private sectors. 


Facing this situation, what perspective can be taken in the near future? It is necessary an effective 
environmental management as fast as the advance of the problem. It is mandatory to review some 
environmental laws to assess the individuals or corporations conduct, as Brazilian law does not punish as 
severely as it should (Giansanti, 1998). 


According to Karam (2009), industrialized countries and industrial society in capitalist development have a 
great share of responsibility regarding the destruction of planet's natural resources. Scarcity of natural 
resources is a fact, and some of these resources that still exist and are available at low cost, in the near 
future will have costs that will have to be internalized at all levels of the production chain, directly 
impacting the business of organizations, as well as all involved. 


Therefore, this work intends to analyze the profile of some companies about their social-environmental 
actions within their production processes in order to show how much those environmental practices 
impact in their sustainable development. 


2 Sustainable Development Models 
In order to allow the implementation of sustainable processes, it is necessary to design a model of 
sustainable development, that is, to structure the company in a way that its processes and functioning 
follow a sustainable model with a clear goal on the point the project should achieve. The importance of a 
partnership between the public and private sector relies on the fact that it is necessary to plan cities with 
districts and schools focused on a sustainable structure, to create sustainable enterprises or even raise 
awareness of sustainability for existing businesses. Silva (2006) points out that the public and private 







 
Sustainable Development Actions Employed in Different Industrial Sectors 


ID336.3 


actions should be directed from the mutual influences of those involved in the process, so that impacts 
about costs and benefits of each influence on the system can be assessed. 


Braga et al. (2005) show that in their new model of sustainability it must work as a closed system which 
employs recycling and reuse of resources and it is based on the following assumptions: 


 Dependence of continuous external supply of solar energy; 
 Rational use of energy and resources focused on conservation and not wasting; 
 Promotion of recycling and reuse of materials; 
 Control of pollution, generating less waste to be absorbed by the environment; 
 Control of population growth to acceptable levels, as a perspective of population stabilization. 


Another model of sustainable development for businesses cited by Hart & Milstein (2003) shows that it is 
possible to create value for the company and all involved without losing focus on competitiveness and 
contributing to the environment. The four dimensions this model proposes are: clean technology 
develops skills for sustainable future; pollution control minimizes waste emissions from operations; 
product management integrates the perspectives of stakeholders in business; the vision of sustainability 
creates a common map to meet the unmet needs. 


Porter & Kramer (2002) show a model that deals with corporate social responsibility (CSR) which can be a 
source of opportunity, innovation and competitive advantage for organizations. They show that corporate 
social responsibility can promote social and economic benefits to the organization applying responsive 
CSR and strategic CSR. This is due to the fact that practically all activities in processes chain of business 
affect the communities in which they are inserted leaving social and environmental consequences either 
positive or negative. 


Thus, each of the presented models emphasize some aspects of sustainable development, at times 
visualizing the entire production chain to strengthen the environmental impacts of each step, or showing 
the company as a single process, or focusing a model on corporate social responsibility. 


2.1 Sustainable Companies 
Attitudes and consistent, ethical and rational measures aiming the protection and conservation of the 
environment becomes a sine qua non condition for good deals and for the business survival in market 
(Donaire, 2009).  


Sharing the same idea, Savitz (2007) showed that all areas and functions of an organization, no matter its 
size, should be integrated into the sustainability movement such as: production and manufacturing; 
marketing department; sales department; department of research and development; relationship with 
customers; human resources department; information technology department; purchasing department;  
process of managing the supply chain; relationship with investors; finance and accounting; public relations 
of the organization; environmental health and safety; legal and governmental issues. 


Some strategies of the organization may change with the environmental awareness of its leaders, 
reflecting the change in behavior and attitudes of its employees. Valle (2006) shows the changes from a 
conventional approach to a conscious approach through environmental awareness. The conventional 
approach reports the transposition of environmental problems and impacts to third parties, and the 
conscious approach makes it clear that these results can be opportunities through environmental 
awareness. 


Meul & Passel (2012) add that when it strengthens the knowledge and information focused on 
sustainability for the people involved with the processes in organizations, projects and environmental 
actions are best developed once all sectors in the company benefit. Besides, the path to sustainable 
enterprises also rely on the fact that their products are made under socially acceptable circumstances of 
work and that all stakeholders are informed of the sustainable actions taken, showing transparency 
Wognum et al. (2011). 
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3 Research Development 
This research was carried out in four steps: 


1. Selection of eight companies from different segments and areas, as well as size and longevity in the 
market; 


2. Visiting selected companies to know steps and operation of supply chain, their processes management 
and the impacts generated by their activities; 


3. Application of a structured questionnaire with 37 objective questions on environmental issues, aiming 
to measure and evaluate some of the actions taken by companies in their production processes and their 
impacts to the environment and society; 


4. Analysis of results, giving the possibility of classifying the companies’ stage of sustainability in four 
stages as a method of monitoring their environmental management, according to their actions. 


3.1 Selection of Companies 
The surveyed companies were selected from different industrial segments, sizes and manufacturing 
processes with different levels of environmental impacts. This ensured that the research would cover 
environmental concerns in several areas. The companies’ segments selected were: furniture, 
transportation, organic food, non-organic food, textile, metallurgical, telecommunications cables and 
plastics. 


All the selected companies employ actions and develop programs inside and outside their plants, aimed 
at environmental protection and biodiversity. This can be seen in Table 1, in which it can be found some 
of the key actions that each company practices.  


Table 1: Key actions practiced in companies 


COMPANY MAIN ACTIONS EMPLOYED BY COMPANIES 


A 


 products are purchased only from suppliers accredited with organic 
certifications; 


 it has labels which certify that their production is organic, and processing 
and storage of products are sustainable; 


 working model follows internal programs of environmental conduct in the 
organization management.  


B 


 it uses only renewable wood production, 60% of suppliers are FSC 
certified (Forest Stewardship council) - the green label for wood; 


 100% of waste generated in production process is recycled internally and 
externally; 


 it develops products designed for maximum exploitation of all raw 
materials, reducing significantly the waste. 


C 


 plan for fleet renewal, keeping it between five and six years, once new 
trucks pollute less, spend less fuel and their maintenance is cheaper; 


 it carries out a maintenance plan directly with the dealership ensuring the 
proper condition and operation of trucks’ equipment; 


 it maintains the CO2 emissions levels of the fleet within standards of 
environmental law. 


D 


 it has a recycling program to properly allocate the leftovers of 
telecommunications cables regardless of manufacturer, via exchanging 
the old ones for their new cables; 


 it is certified by ISO 14001:2004; 
 it meets European standards for production of electrical and electronic 


products. 


E 


 through its Wastewater Treatment Plant it allows reuse of approximately 
one third of the water in their production processes; 


 it has ISO 14001:2004 certification; 
 it has own industrial landfill where its industrial solid wastes are disposed. 
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F 


 the company invests in research and development of products aiming 
rationalization of water consumption; 


 it develops programs with the community about efficient and rational use 
of water; 


 it treats, reuses and properly disposes its solid and liquid waste. 


G 


 the company has a program of recycling and reuse of all waste materials 
internally produced; 


 in partnership with the community, it recycles more than 60 tons of PET 
bottles / month for reuse in the production of some kinds of its products. 


H 


 it uses renewable energy internally produced through biodigestion 
systems with their own waste, and the use of this alternative energy has 
already reached 27% of the company energy consumption; 


 it uses the Wastewater Treatment Plant to reduce its own waste 
environmental impacts; 


 it has development projects about building new biodigestion systems for 
the production of renewable energy through other industrial waste. 


Source: authors 


3.2 Questionnaire 
The structure of the questionnaire with its indicators and the four stages of performance for sustainable 
development were adapted from Ethos indicators of sustainability (2007). The 37 questions that comprise 
the questionnaire addressed issues concerning quality, environment, environmental education, process 
management, life cycle impacts of products and others which are inherent to this research. The selection 
of the questions used in the questionnaire is given on the basis that these ones would be necessary to 
meet the aim of the research which is to analyze the sustainable profile of some companies in order to 
measure the how they are involved with environmental practices. 


Each set of questions belongs to certain indicators, structured as follows: indicators 1 and 2 are directed 
to the responsibility in relation to future generations, and indicators 3 and 4 are directed to the 
management of environmental impacts. Indicators are divided as follows: 


 Indicator 01 - Commitment with Improvement of Environmental Quality; 
 Indicator 02 - Environmental Education and Awareness; 
 Indicator 03 - Management of Impacts on the Environment and on Products Life Cycle and Services; 
 Indicator 04 - Sustainability and Forest Economy and Reduction of Inputs and Outputs of materials. 
In Indicator 01, the company should deal with the impacts of its activities giving their importance and 
following national legislation and developing internal environmental programs emphasizing the principles 
of environmental sustainability and its opportunities. Indicator 02 shows that the company should 
contribute to public awareness about the environmental challenges resulting from human activity, 
strengthening values of environmental responsibility. Indicator 03 takes into account studies, analyzes and 
actions taken to prevent the environmental impacts caused by its processes, products or services. 
Indicator 04 notes the company's contribution to forests conservation, combating illegal and predatory 
exploitation, as well as protecting biodiversity. It is still characterized by optimizing companies’ processes, 
prevention and reduction of environmental damage. 
 
Indicators have a number of questions according to their subject getting organized as follows: indicator 
01 with 11 questions, indicator 02 with 6, indicator 3 with 13, indicator 04 with 7 questions, summing up 
37 questions of the questionnaire applied for companies. 


3.3 Data Analysis 
Based on the results of the questionnaires and the respective indicators in percentage, the companies 
were classified according to the stage they are in relation to their attitudes to sustainable development. 
Each stage shows where the company is with its actions thus allowing the company to evaluate its 
evolution. 
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The stages are divided into four, and each of them has a percentage which represents the efficiency of the 
organization to environmental practices. The percentage is obtained by the positive answers given in the 
questionnaire, as follows: 


• Stage 1 - up to 60% positive answers; 
• Stage 2 - from 61% to 80%; 
• Stage 3 - 81% to 90%; 
• Stage 4 - over 90% positive answers. 


Table 2 shows what each stage represents as well as their percentages. Each stage shows the level of 
good practice in sustainability and environmental management activities that the company employs. 


Table 2: Stage classification of companies related to environmental actions taken 


It represents a basic 
stage of the 
company's actions, in 
which it is still in the 
reactive level to legal 
requirements, 
complying only with 
their obligations. 
 


It represents an 
intermediate stage of 
actions, in which the 
company maintains a 
defensive stance on 
environmental issues, but 
it is starting the changes 
and progress toward 
compliance of their 
practices. 


It represents an advanced 
stage of action, in which the 
benefits of environmental 
awareness are already 
recognized beyond legal 
compliance, preparing the 
company for new regulatory 
pressures of the market, 
society, etc. Sustainable 
development and 
environmental responsibility 
are seen as strategic for the 
company. 


It represents a proactive 
stage, in which the 
company has achieved 
standards of excellence in 
its environmental 
practices, involving 
suppliers, customers, 
clients, the community 
and also serves as 
reference for society. 


STAGE 1 
Up to  
60% STAGE 2 


61% 
to 


80% STAGE 3 


81% 
to 


90% STAGE 4 


More 
than 
91% 


Source: Adapted from Ethos Indicators of Sustainability (2007) 


4 Results and Discussion 
For a better understanding and interpretation of data collected in the survey some graphics were drawn 
with results. Thus, each graphic represents a company reporting the numbers and results according to the 
sustainability indicators used. For greater credibility of information received from the companies they had 
access only to the questionnaire, but the four indicators and the four stages classifications were not 
shown. 


Figure 2A shows the graphic of Company A, in which positive answers were all above 70% with an overall 
average of 80%, resulting in a Stage 2 of environmental practices (almost being classified at Stage 3). This 
result can be proved by some of the actions described in Table 1, once the company develops good 
management with respect to Indicators 02, 03 and 04. Company A’s concern about its supply chain 
certification and the labels reached according to sustainable actions at process, production and storage 
levels gives it this classification. On the other hand, there are no management strategies to deal with 
sustainability as an opportunity to improve competitiveness what results in internal problems becoming 
difficult its maintenance in the market. 


Figure 2B represents Company B, which had one single indicator below 90%, Indicator 04 with 71% 
positive answers. The average of Company B was 91% leading it to Stage 4. Table 1 shows that the 
company has an efficient management of its processes from production through product life cycle, 
employing environmental practices. This company has achieved a stage in which all actions employed 
lead to reductions in raw materials and, consequently, in waste reduction, allowing the introduction of 
competitive products in the market regarding cost and differential. 
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Figure 2: Data processed from Companies A and B. Source: Authors (2012). 


Company C got an average of 74%, showing that the company is at an intermediate level of actions, that 
is, it is at Stage 2 as shown in Figure 3A. Indicators 01, 03 and 04 showed percentages of 72%, 54% and 
71%, respectively, leading to the conclusion that these indicators need to be carefully taken into account. 
Otherwise, Table 1 shows that some actions have already been employed such as fleet management and 
gas emissions control into atmosphere. Considering the characteristics of this company’s segment, 
transportation of goods, the results are due to the gas emissions that are associated to this service once 
the main kind of transport is made by trucks. Besides, there is an increasing concern about tires’ 
discharge. These could be the reasons why indicator 3 was only 54% and the company was classified at 
stage 2. Some actions such as use of fuel alternatives, logistics analysis with clients for route and time 
alternatives and the correct discharge of waste (tires and oil, for example) should contribute for getting a 
better classification. 


In Figure 3B, data is showing that Company D has also good management attitudes with an average score 
of 93%. Among indicators, the minimum percentage was 85% to Indicator 03. Table 1 shows some actions 
taken, such as recycling program and implementation of ISO 14000, which led this company to be 
classified at Stage 4. Despite of having a well structured reverse logistics, this company could not reach 
100% for indicators 3 and 4 because there is still a gap of more appropriate alternatives for dangerous 
components reuse or retake which are the input materials of this industrial segment. 


 


 


 


 


 


 
 


 


 


Figure 3: Data processed from Companies C and D. 


Figure 4A shows that Company E achieved 98% of efficiency in its actions and environmental practices 
with good results in all indicators. Table 1 shows some examples of actions which reflected in indicators 
classifying this company at Stage 4: a landfill site, a sewage treatment plant and ISO 14000 


A B 


A B 
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implementation. Besides, it must be highlighted that the company reuse water in the process what can be 
seen as a cleaner production action. On the other hand, many other aspects should be monitored as a 
way of improving the sustainability indicators as time goes by, such as technological innovation. 


Company F results shown in Figure 4B is at Stage 3 with an average of 84%. Table 1 shows examples of 
environmental practices taken in company’s management, which are mainly directed to the responsible 
consumption of water, but many actions should also be implemented in order to strengthen the aspects 
of Indicator 03. The main point here is that it is necessary to review products concepts in order to manage 
the most problematic impacts. 


 


 


 


 


 


 


 


 


 


 


Figure 4: Data processed from Companies E and F. 


Data for Company G are shown in Figure 5A, and brought more modest results mainly in Indicator 03 
which refers to management of product life cycle and environmental impacts, and only 23% of answers 
were positive. However, Indicator 04 surprised with no positive percentage related to the optimization of 
production processes, resulting in an overall average of only 45%. Table 1 shows that some of the key 
actions taken by this company on environmental practices are really simple, compromising the result and 
leaving the company at Stage 1. Stage 1 shows that the company should evaluate and review their 
practices as soon as possible. Recycling is not the most appropriate alternative to reduce environmental 
impacts, and it must be seen as a common process with many steps which end in solid and liquid waste. 
Then, a very detailed process flux should be elaborated aiming minimization at every level. 


Figure 5B shows Company H with a low percentage of Indicator 03, the same result showed for Company 
C, but better than Company G. Even with an average of 77%, Table 1 shows that the company employs 
some actions of high relevance for environmental preservation, getting Stage 2. Actions are concentrated 
in reducing energy consumption, but the company should analyze its product process and improve it with 
other practices. 
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Figure 5: Data processed from Companies G and H. 


Figure 6 brings the result of all companies, showing that the overall positive average was 80%, placing 
companies at Stage 2 (almost classified at the Stage 3). This was due to the simplicity of actions taken by 
some of the companies surveyed, as shown in Table 1. However, none of the companies were classified at 
Stage 1 of development what can lead to the conclusion that despite of not having ISO 14000, most of 
the companies are concerned about practices that bring positive results to environment. 


 
Figure 6: Average data processed from all Companies. 


Only one company was at Stage 1, which is the initial stage in which the company is only worried to 
comply with legal obligations. The result showed that three companies were at Stage 2, one at Stage 3 
and three companies at Stage 4. The four levels bring information on sustainability issues of interest to 
companies, so each of them has its degree of difficulty according to the type of company. 


Indicator 3 (Management of Impacts on the Environment and Products Life Cycle and Services) is the one 
that varied the most among companies, and Indicator 02 (Environmental Education and Awareness) 
presented less difference. Thus, it can be noticed that organizations are most active when it comes to 
environmental awareness and education and are much more vulnerable to environmental impacts and 
product life cycle. 


Indicators 01, 03 and 04 show similar results between the companies, once commitment to environmental 
quality, sustainability and minimization of inputs and outputs of materials, respectively, are almost 
equivalent, empowering companies in these respects. 


A B 
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5 Conclusion 
In a general way, companies have already shown a concern about environment and society. This research 
contributes to ensure this fact, but it also makes clear that there is still much to do. It is not possible to 
make a true statement for all companies, but the fact is that many of them find it difficult to manage the 
life cycle of their products and the environmental impacts related, once it involves investments in 
management software, technology and professionals. 


In short, companies have already developed many actions directed to environment and society, what 
could be demonstrated during the research once they already have projects under development on 
reducing the environmental impacts linked to society's satisfaction and the reduction of process costs. 
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Abstract 


In the search for solutions to the disposal of solid waste, composting as an important tool for the treatment of 
organic fraction of urban solid waste, they use sustainable technologies that process the organic residues origin of 
agriculture, agribusiness and forestry. In the process method called "respirometric", uses a new methodology in which 
the parameters of biological degradation of waste is not measured in the solid phase, but in the gas phase. The 
analysis performed in the gas phase have advantages such as greater representativeness, precision and reliability, 
because this has to be totally homogeneous. In addition, the gaseous medium allows the analysis to be performed in 
real time and continuously, which is fundamental to the operational monitoring "on line" process. The parameters 
measured in the gas phase consisted in determining the temporal evolution of O2 consumption and their CO2 
generation, these gases are analyzed and recorded by the meter continuously throughout the process, its data is sent 
to a computer. Measurements of parameters in the gas, proved to be far superior in terms of representativeness, 
precision and reliability when compared to the traditional method, which makes the evaluation of the degradation 
process second analysis of the solid phase, and provide answers "on line" in small time intervals, allows a transaction 
set and much more efficient, including the possibility of interventions in a timely manner to correct certain errors or 
failures that may eventually occur in the course of the process. The application of data obtained through the analysis 
of compost in the gas phase, allows the planning of projects for operation of the process on a large scale, 
contributing to the correct disposal of organic solid waste. 


Keywords: composting; "respirometric" method; solid waste 


1 Introduction 
The environmental crisis in our contemporary, globalized world, is facing a paradigm: the society that now 
has the biggest technological development, also is the society that most destroys in the history. All the 
achievements of our civilization provide different negative factors, such as fast-paced population growth, 
the depletion of natural resources, the expansion of materials consumption and of the production systems 
that use polluting production processes and residue generators, which if untreated and / or properly 
designed will produce imbalances in the biosphere, changing vital ecosystems. (Barbieri, 2003). 


On the looking for solutions for the destination of organic solid residues, we find that the composting 
process can be considered one of the most appropriate alternatives in the environmental point of view, 
promoting greater and more appropriate recycling in terms of material and energy when compared with 
other methods. 


Composting is a biological process in which microorganisms transforms organic material in a material 
similar to the soil, which is called compound and can be used as fertilizer, but may occur through a group 
of techniques used to control the decomposition of organic materials, in order to obtain the shortest 
possible time, a stable material, rich in humus and mineral nutrients (Kiehl, 1998). 


However, the use of the composting process in Brazil is still quite restricted compared to the method of 
the landfill, mainly because they require a bigger initial investment, and show more operational difficulty 







 


ICIEOM 2012 - Guimarães, Portugal 


ID59.2 


operating the unit cost of treatment very superior to that method, besides the fact that negative 
experiences occurred in the past, by the high degree of empiricism used in the control and evaluation 
process, due to the lack of a further technical knowledge. 


There are several attempts to reproduce in a laboratory scale the composting process, however, the 
reproduction on laboratory scale is not a very simple task, a lot of considerations and conditions must be 
considered (Petiot et al., 2004). 


The first factor is associated to the quality or composition of the residues, being the composition 
extremely varied of solid residues in the space and in time, one of the difficulties in obtaining and setting 
of certain design parameters. 


Beyond the question of the qualitative aspect of the residue, several other parameters interfere in the 
composting process, moisture, oxygen, temperature, carbon/nitrogen ratio of particle size and pH. These 
aspects generate indexes that are used for the evaluation and monitoring of biological activity in the 
composting process (Herbets, 2005). 


According to Akutsu (2009), using a technique that doesn’t have criteria, parameters and consolidated 
indices, as regards the evaluation of their performance and operational control, presents uncertainties and 
lack of reliability, contributing for that doesn't exist a progress in your application, especially in large scale. 


This work discusses an experimental project conducted at the Faculty of Engineering of the UNESP - 
Universidade Estadual Paulista, Bauru Campus since 2009, through a new methodology for evaluating, 
monitoring and operational control of the composting process, called "respirometric” method, where the 
approach in which parameters of biological degradation of waste is not measured in the solid phase, but 
in the gas phase. Through the analysis performed in the gaseous medium can be found numerous 
advantages such as greater accuracy, representativeness and reliability to constitute a homogeneous 
medium, and allow them to be performed in real time and continuously, which is essential for operational 
monitoring "on line" process (Akutsu, 2009). 


This study monitored and analyzed by the "respirometric" method, the composting process of organic 
matter (crushed sugar cane, feed the foal, wheat germ and citrus pulp), seeking to increase the utilization 
and improvement the quality of the products generated, and reduced processing time, contributing to the 
existing literature on the subject and enabling disclosure and dissemination of results. 


2 Bibliographic review 
In the literature review, themes of interest to this research were approached, especially in regard to the 
correct destination of solid urban residues, and specifically the organic ones. 


2.1 Solid waste 
According to Albuquerque et al. (2007), the formation and development of cities, and even more with the 
Industrial Revolution as an important part of the rural population went in masse to the cities, resulting in a 
major urban growth and, on the other hand, when it began having a intensive use of the planet's 
resources, the problem of the residues management has worsened and Its bad domain began to give rise 
to the first serious environmental problems. 


The concern about the destination of solid waste have reached levels increasing in all the sectors of 
society. This concern increased due to the growing garbage production in urban centers and the clear 
negligence resulting of the Government, Legislators, Administrators and, consequently, the poorest 
people who do not have the financial conditions, much less, an environmental education. 


The National Solid Waste Policy, enacted in 2010, a compilation of principles, objectives, instruments and 
guidelines for the management of solid waste. The bill, which has handled more than 20 years in Congress 
until it was approved, the companies responsible for the collection of disposable products (reverse 
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logistics) and establishes the integration of cities in waste management and blame the whole society 
because of generating garbage.  


According to the Instituto de Pesquisas Tecnológicas (Institute for Technological Research)  – IPT (2000), 
the provision of waste ground in the form of landfills untreated, results in high risks such as: 
contamination of underground aquifers, resulting in possible damage to public health, and other 
nuisances related to smell, fumes, visual impact, devaluation of land. 


According Albuquerque et al. (2007), in the technical design waste, should be seen and analyzed from a 
biological perspective, and organic waste is all trash that has animal or vegetable origin, in other words, 
who recently was part of a living being. In more technical and modern language, we approach the solid 
waste, and its biological component of organic matter, but likewise from the living beings, animals and 
plants. 


Even today this type of waste is considered polluting and where accumulated organic waste can often 
become highly rejected and smelly, usually due to decomposition of these products. Natural phenomena 
of decomposition occurs by the initial action of microorganisms, whose metabolic work has as a result the 
water, carbon dioxide and energy (heat).  


2.2 Recycling 
Recycling is a process that has gained considerable space and whose primary function is to promote the 
recovery of material taken as solid waste, transforming them into raw materials for use in processes for 
reprocessing. 


The cycle disposal, recovery and secondary processing or reprocessing of recyclable material, also called 
"recycling." For Calderoni (apud Bautista, 2001), this end can be extended as a process by which any 
product or material which has served for the original purpose which it was designed, it can be regarded as 
a secondary raw material for producing new products and therefore able to be reintroduced separately 
from the waste and new production process in a same or similar to the former. 


Regarding the level of recycling, Fialho (apud Baptista, 2001), considers that only purely economic aspects 
lead to solutions that are not optimal from an environmental standpoint. According to the author, the 
market alone cannot cause recycling to become an instrument of environmental management of solid 
waste. It is necessary a discipline of the whole process and it passes through the help of the brazilian 
legislature. 


2.3 Composting 
Composting is not a recent practice. One of the first records of the application of this technique in 
agriculture dates back to the Empire of Akkad in Mesopotamia, about 4500 years ago. Since then several 
civilizations, including Chinese, Egyptians, Greeks and Romans, piled in stacks of vegetable matter, 
manure, food scraps and other organic waste, and left them to decompose and stabilize until they are 
ready to be returned to the soil. However, after World War II, the increasing use of chemical fertilizers has 
increased and the traditional methods of fertilization have fallen into disuse (Almeida et al., apud Santos, 
2007). 


The definition of compost, is not universal being defined as the aerobic decomposition of organic 
material such as manure, leaves, paper and food scraps, promoted by microorganisms and being held in 
controlled conditions converting organic material into a product similar to the stable humus . Decrease 
(apud Santos, 2007) defines a composting process as controlled two oxidation heterogeneous 
biodegradable substrate resulting from the action of microorganisms (bacteria, fungi and actinomicetas) 
naturally associated with the substrate, during which there is a thermophilic stage, the temporary release 
of substances with the biomass and phytotoxic effect suffer profound changes (partial digestion and 
humification), and the major end product, designated compound, which must be uniform, resulting in 
heterogeneous two oxidation, biodegradable substrate which is sufficiently stable to be stored, cleaned 
and whose application to soil does not have adverse effects on the environment. 
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According Vallini (apud Santos, 2007) the composting process takes place in two phases: active and 
finishing (curing). The active phase of the composting is characterized by fast and intense aerobic 
biotransformation and high temperature, since the degradation reactions are very intense, affecting the 
release of energy in the form of heat, CO2 and water vapor. The step of processing (curing), following the 
active phase is characterized as being a slow and gradual decrease in temperature. 


The main factors influencing the composting process are those that affect, directly or indirectly to the 
metabolism of the microorganisms that are responsible for the decomposition of waste and its 
transformation into a stable product rich in humic substances - a compound (Santos, 2007). 


In relation to the substrate, the factors influencing the composting process are: nature of the substrate as 
the origin is agriculture, forestry, urban, industrial particle size, the optimum size is 1-5 cm, since, as 
smaller size, easier to microbial attack and faster processing of the material composition, the amount of 
nutrients may be a factor which limits the growth and development of microorganisms involved in the 
composting process (Santos, 2007). 


In relation to the composting process the important factors are: temperature, which varies depending on 
the microbial activity and pH, the optimum value is between 5 and 8; aeration, excess may cause the 
ventilation of the biomass and slow cooling the composting process, moisture content, during the 
decomposition, in which bacterial activity is prevalent, the biomass for composting shall have a moisture 
content of between 45 and 65%. For contents of moisture below 40%, microbial activity decreases and to 
greater than 65% water expels air most of the interstices between the particles of biomass, which hinders 
the diffusion of oxygen and can lead to conditions microaerophilic or anaerobic (Santos, 2007). 


2.4 Applications respirometric method in the evaluation of composting process 
The Stability is an important quality characteristic of the compound, but it is also difficult to measure an 
index. For Lasaridi et al (1998), a simple technique for evaluating the stability of the composting is 
respirometric method, which uses a dissolved oxygen probe to measure changes in oxygen concentration 
in an aqueous extract compound under conditions which ensure the activity microbial optimum and 
maximum reaction rates 


The respirometric method or simply respirometry is a procedure in which the measurements of the speed 
or rate of oxygen consumption, or the rate of generation of gaseous by-products resulting from the 
respiration of active biomass when they perform biological degradation of a substrate organic, are 
performed in liquid or gaseous fuels (Akutsu, 2009). 


In the case of composting processes, where there is a predominance of activity of aerobic bacteria in the 
degradation of waste, measures both the rate of oxygen consumption (O2) and temporal generation rate 
of carbon dioxide (CO2), in which case is the main by-product gas can be conducted in a controlled 
atmosphere, for example, the interior of a reactor (Akutsu, 2009). 


According Akutsu (2009), 


"The respirograma can extract various information and rates, also allowing the phases (lag, exponential 
and endogenous) process are identified. The lag phase is that associated with starting the process where 
there is usually the beginning of growth and adaptation of bacteria to the environment and waste. The 
exponential phase is characterized by intense bacterial activity in the conversion of residues, usually 
associated to the intense heat release which can have a predominance of thermophilic bacteria. The 
endogenous phase is characterized by the gradual extinction of food for bacteria, and they use up their 
own energy reserves to make the breath. In practice, it characterizes the initial end of the process herein 
referred to biostabilization, after which begins the stage of humus production of the compound. " 


In the aspect of controlling production of the compound of quality, the degree of stability desired in a 
composting process determines various parameters and system design such as aeration rate and 
treatment time required for each type of organic waste, considering the various intrinsic qualitative 
aspects involved. 
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Gea et al (2004) examined the composting of various organic residues of different chemical compositions, 
using controlled conditions to study the suitability of different biological indices (oxygen uptake rate, 
respirometric index, and respiratory quotient) to monitor the biological activity of composting process. 
Among the tested rate, the rate of oxygen consumption (also referred to as dynamic content 
respirometric) gave more reliable values to evaluate the microbial activity in a composting environment. 


Experiments performed by Tremier et al using respirometric method was created to study the kinetics of 
biological reactions involved in the treatment of organic waste, using waste to the composting process, 
the sludge mixed with pine bark. The rates of oxygen consumption of such mixture were monitored for 
10-20 days using a 10 cell respiration maintained at constant temperature and humidity. The influence of 
temperature on the kinetics was tested. The results showed that this method respirometric is a useful tool 
for the characterization of biodegradability of the solid matter to organic and biological modeling the 
kinetics of the composting process. 


3 Materials and methods 
The experiments to evaluate the method "respirometric" were conducted on the premises of a 
composting pilot project at the premises of the laboratory of solid waste at the Faculty of Engineering, 
UNESP - Bauru, which has undergone reformulation, as the exchange of the rotary drum, and of 
maintenance that were required in other equipment, due to the long period that has been inactive. 


Figure 1 identifies the general structure of the process equipment for experimental analysis of composting 
solid waste by the method "respirometric", which were used in this study. 


 
Figure 1:  Structure of the process of composting experiments basically formed by: tumbler, gas analyzer and data 
acquisition. 


Equipment used were of a rotating drum, connected in a box with closed windows, to minimize the odor 
of the process, thus enabling the visualization of the same (figure 2), a gas analyzer (Figure 3) and a 
microcomputer data acquisition and control of the rotary drum (figure 4), each of these stages are 
interconnected and dependent. 


    
Figure 2: Rotary drum.                           Figure 3: Gas analyzer.                          Figure 4: Acquisition of data. 
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The rotating drum, made of stainless steel, has a useful volume of 90.135 liters, has a tubular shaft which 
serves as a support for transferring the rotation and at the same time has inlet and outlet of the gases. It 
also has two sets of blowers (air pumps), one for feeding the reactor and another for the recirculation. 
Presents one of its walls, a removable window for handling the samples. 


Connected to the recirculation line, the pilot assembly has a complete system of automated collection and 
analysis of gases O2 and CO2. The meter, a device model S710, manufactured by Sick Maihak, shows in its 
display and record the values of concentration of these gases in terms of percentage (% O2 and% CO2), 
with options to collect and record data at intervals of 1s the 600s. In the case of the experiment, the range 
of data collection instrument was set to 60s, in other words, 1 minute. In these terms, the device records a 
day a total of 1440 data. This equipment has a serial communication interface that sends the values 
measured consecutively in specific periods of time at a computer that receives an "on line", the 
information in the form of a sequence of alphanumeric characters (string), and its format is as follows: 


 


where: 


a) # MS: indicator (header) analysis results of the S710 in operation; 
b) 07/02/12: date of submission of data; 
c) 15:41:08: time of data transmission; 
d) 4.381 Vol% CO2: measure of CO2 in Vol%; 
e) 16.227 Vol% O2: measure of O2 in Vol%; 


After a detailed knowledge of the pattern of data generated by the gas analyzer, a software was 
developed by Prof. Dr. João E. M. Perea Martins, Department of Computer Science Faculty of UNESP 
Bauru, which continuously receives data from the analyzer, analyzes this data and separates the 
information concerning the levels of O2 and CO2. According to the percentage levels of gas 
concentrations, the software controls a hardware mechanism that allows the desired concentration and 
injecting a predetermined air flow rate into the reactor, for consumption of bacteria involved in the 
degradation of the waste. In this study we worked with O2 levels between 5% and 20%. 


The data structure has received a text format (TXT), which can be imported directly by other software such 
as word processors, spreadsheets, or mathematical processing software and hence the construction and 
analysis through charts. 


3.1 Waste used for conducting experiments 
Although the primary objective of the work is the evaluation of the method "respirometric", we sought to 
work with organic residues that are arranged in large quantities in the reality of Brazil. So, we choose to 
work as the main residue, bagasse from sugar cane (figure 5), found in abundance in the country due to 
the large scale production of ethanol and sugar, and which has as a primary disposal incineration, 
resulting in generation of electricity. This form of disposal is not suggested, because the soil is not 
suffering replenishment of organic compounds, requiring more remedial interventions. 


#MS 07.02.12 15:41:08 4.381 Vol% CO2 16.227 Vol% O2 







 
Monitoring of the composting process through "respirometric" method 


ID59.7 


 
Figure 5:  Waste of cane sugar dropped in the courtyards of the processing industries brazilian ethanol and sugar - 
http://www.agricultura.gov.br. 


It is observed in Figure 5, the high amount of waste sugar cane, found scattered all distilleries in the 
country, being intended for the most part, and the production of electricity through incineration. 


Table 1 describes the materials that were used in an experimental procedure for composting and which 
can be observed in figure 6. 


Table 1: Materials used. 


Material Mass (kg) 


Bagasse sugar cane 1 


Citrus pulp 1 


Feed the foal 1 


Wheat germ 1 


Water 1,2 


Total 5,2 


 
Figure 6:  Material used in the composting process, from left to right: I) Citrus pulp; II) Bagasse sugar cane; III) Feed 
the foal; IV) Wheat germ. 


As illustrated in Figure 6, it can be noted that although the materials exhibit the same mass in kg, the 
volumes are not proportional as a function of their density, which verifies a much larger volume of 
crushed sugar cane compared with others. 


3.2 Survey data “respirometric” - Measuring rates of O2 and CO2 
The parameters measured in the gas phase essentially consisting in determining the time course of its O2 


consumption and CO2 generation these gases are analyzed and recorded by the measuring device 
continuously, except collection periods materials for moisture analysis, in the process and represented 
here referred to as a cycle. When constructing a graph, by Matlab by plotting the values of the evolution 
of O2 consumption and CO2 to the respective generation cycle of the entire process, which in this trial 
achieved a total of 39 870 rows of data, there was obtained a diagram here called "respirograma" of the 
composting process. 
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4 Results 
Are presented in Figure 7 a graph plotted by Matlab software, with the results obtained in the conduct of 
laboratory experiments using the method "respirometric" in this experiment between 01 to 29 December 
2011, the period of 29 days. The "respirograma" of the composting process clearly presented the 
temporal evolution of sub-cycles of O2 consumption and their CO2 generation. 


It should be noted that the "x" axis of the graph represents the period of 29 days in which occurred the 
composting process and the "y" axis the percentage of gases inside the rotating drum. 


 
Figure 7: "Respirograma" process, analyzed over a period of 29 days. 


By means of Figure 7, sees that the degradation process starts at around day 2, from which the stresses 
occurring high O2 consumption and CO2 production high. Halfway through the process, around the 15th 
day, there was sharp fall in the rate of O2 consumption by raising the percentage of this gas in the reactor. 
In the same period is noted the same proportion, the decrease of CO2 production, indicating that this 
residue was already stabilized. There are some points on the graph where the points are within the ceiling 
or the minimum percentage, are moments in which there were momentary interruptions systems, or by 
collecting samples for analysis of moisture and pH or lack of electricity. 


Can be visualized by means of Figure 8, the physical result obtained by the process, noting that the mass 
of the compound was reduced to 2.230 kg, with a greater compression and an intense odor. Although the 
composting process have stabilized, there is waste of sugar cane is not decomposed, probably due to the 
presence of lignin, phenolic polymer, which provides protection, rigidity and impermeability to the cell 
wall, being difficult to bacterial decomposition. 


 
Figure 8: Compound stabilized, obtained at the end of the decomposition of organic material. 


 







 
Monitoring of the composting process through "respirometric" method 


ID59.9 


5 Conclusions 
We can highlight the following conclusions: 


a) The method "respirometric" through the pilot project Akutsu (2009), proved to be an extremely 
useful and reliable with respect to the responses that can provide the operational monitoring and 
evaluating the progress of the progressive degradation solid waste; 


b) The measurements of parameters in the gas phase, through the evolution of O2 consumption and 
their CO2 generation, proved far superior in terms of representativeness, precision and reliability 
when compared to the traditional method that performs the evaluation of the degradation 
process the second analysis of the solid phase; 


c) The “respirometric” method for presenting real-time responses "on line" in reduced time intervals, 
allows an operation much more tailored and efficient, including the possibility of interventions in 
a timely manner to correct certain errors or failures that may eventually occur during the process. 


d) The parameters obtained by the method "respirometric" allow their use as design parameters, 
operation and control of the composting process, the process to be used in full scale. 


e) The results demonstrate the feasibility and potential projects, focused on the development of 
technological tools for use in process automation for disposal of solid organic waste by 
composting 


These findings demonstrate the feasibility and potential projects for the development of technological 
tools applied in process automation, not only in the disposal of organic solid wastes by composting, but 
in all areas of environmental management. 


It should be remarked that the search is in a second phase of experiments, with the use of other organic 
waste, sewage sludge. 
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Abstract 


The present study consists in establishing mechanisms of comparability between implemented aspects of 
Sustainability, which may allow an evaluation of the stage of maturity and the adherence to the Sustainability 
Management Systems of firms in the Buildings subsector of the Brazilian Civil Construction business. An analysis of 
the Sustainability Management Systems implemented by firms in the Civil Construction business was made, utilizing 
the evaluation tool developed, and conducting interviews with five firms in that segment. The results collected were 
treated under intracase and intercase methods, indicating the current maturity stage and the level of adherence to 
the Sustainability Management Systems. The utilization of a simulator made possible the determination of a final 
classification of the firms, in relation to the efficiency of their Sustainability Management Systems. 


Key words: Sustainability Management Systems; Sustainability; Indicators of Sustainability Performance; Civil 
Construction. 


1 Introduction 
In order to carry out a comparative analysis, an evaluation tool was developed which included four 
dimensions – Leadership, Economic, Environmental and Social. The further subdivision of these 
dimensions resulted in 13 aspects, and later, 81 Sustainability performance indicators were identified, 
which became the basis for the Study of the Organizational Sustainability Evaluation, and for the 
questionnaire used to collect information for the study. The questionnaire is presented in Nichioka (2008) 
and was the instrument used for collecting information obtained from the five Civil Construction (CC) 
firms which participated in the study. 


2 Sustainability and the Instruments for Evaluating Sustainability 
The World Commission on Environment and Development (CMMAD, 1988), published, in 1987, the 
Brundtland Report, which provided the now accepted definition of Sustainable Development as “that 
which implies meeting the needs of the present without compromising the ability of future generations to 
meet their own needs”. Since then, and with the succession of worldwide events, there has been an 
increasing level of attention to ensuring that the pillars of business continuity (ELKINGTON, 1994) are met 
– economic, social and environmental, which are also aspects of sustainability. 


Amaral (2003) declares that the process of establishing Sustainability performance indicators is partially 
scientific and political, since a given impact – atmospheric emissions – can be scientifically characterized 
as environmental, since it affects the air. But in relation to the political aspect, it can be essential or not to 
the company, when analyzed under the perspective of the acting influences and pressures at any given 
moment. 


Mitchell (1997), on the other hand, declares that in relation to Sustainability Indicators, the debate is just 
starting, since there does not yet exist a single formula or recipe to evaluate that which is unsustainable. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID165.2 


There are several instruments or related documents for the evaluation of Sustainability, which, with small 
adaptations, can be utilized as reference documents, since they have been utilized by several Brazilian 
companies which demonstrate concern and carry out effective actions towards Sustainability.  


Sustainability has been much discussed in the media as of the late 1990s, but little has been published in 
an academic level in Brazil (Silva (2003); Amaral (2003); Librelotto (2005); Vieira (2005); Santos (2007), and 
Deponti; Eckert and Azambuja (2002)). Among those Brazilian publications analyzed, five cover economic, 
environmental and social dimensions (EES), while one covers the technical dimension, in relation to 
agriculture. Only three are directed towards CC, but two of those are directed towards the product 
(buildings), and a third is related to strategic management, where the performance, positioning and 
conduct of the company, as well as its competitive advantages are evaluated. 


In relation to the world, there are publications and methodologies directed at several segments: (Jung, 
Kim and Rhee (2001); Singh et al (2007); Labuschagn, Brent and Erck (2005); Montabon, Sroufe and 
Narasimhan (2007); Shen et al (2005); Tam et al (2006); Székely and Knirsch (2005)) – which utilize various 
instruments and methodologies of environmental and/or sustainability evaluation. 


Observing the sectors which are the subject of the works identified, only two are related to CC, as follows: 


 Shen et al (2005) – with a focus on measuring the environmental impacts of the CC business, through a 
life cycle analysis, and which utilized the Multi Dimensional Analysis Matrix as the measuring metric; and 


 Tam et al (2006) – evaluates the performance of environmental indicators, using Regulatory Norms of 
Hong Kong and Management System Audits as instruments. The quantification of indicators was obtained 
by Weighted Average / Relative Importance. 


3 The Study of Organizational Sustainability Analysis 
Three points must be highlighted as relevant: 


a) The establishment of a study of Organizational Sustainability Management Evaluation for companies in 
the CC business, Buildings sector, which would furnish interested parties or development and investment 
banks with information for decision making; 


b) Rising concerns among countries and international organizations, in relation to the social, economic 
and environmental impacts of activities, which seek not only economic efficiency of productive processes, 
but also an improvement of the standards of social wellbeing and environmental quality; 


c) The recognition of intangible assets of companies as part of their valuation and as an instrument to 
facilitate the allocation of private funds among productive activities, since interested parties will evaluate 
organizations based on those assets, and those assets are measured and leveraged positively by the 
control and minimization of social and environmental impacts. 


3.1 Methodology and The Structure of the Study 
Regarding the methodology, this research initially investigate a group of fourteen public traded 
companies of the construction sector, that allowed their financial and societal information to the public by 
Bovespa site. After an initial analysis of data, only four companies were chosen for a multiple case study. A 
questionnaire was generated from the selection of dimensions, variables and constructs based on 
academic Surveys. The results allowed the construction of a comparative ranking of the most important 
variables dent of each company, as well as the construction of a ranking of the companies investigated.  


The study contemplated four dimensions – Leadership, Economic, Environmental and Social. The 
subdivision of these dimensions resulted in 13 aspects, and later, 81 Sustainability performance indicators 
were identified, which became the basis for the evaluation questionnaire, and allowed it to become the 
most adequate questionnaire applicable to the CC business, Buildings subsector. 
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The 81 Sustainability performance indicators were consolidated according to the aspects of 
Organizational Sustainability considered by the GRI G3 (2006); the article “The measure of corporate 
environmental performance and its application to the analysis of efficiency in oil industry”, by authors Jung; 
Kim and Rhee (2001) – Gscore Methodology; the Excellence Criteria of the Brazilian National Quality 
Foundation (Fundação Nacional da Qualidade) (Fundação Nacional da Qualidade, 2008); as well as the 
inclusion of specific criteria developed by the author, thus establishing the study of the Organizational 
Sustainability Analysis (OSA) proposed. 


3.2 Selection of Civil Construction Companies 
Some researchers recommend defining the size of the sample to be studied right at the beginning of the 
planning process, but Eisenhardt (1989) doesn’t recommend this practice, but instead suggests that the 
limiting factor is attained when “theoretical saturation” is reached. This situation tends to occur, typically, 
in the interval between four and ten cases studied. Eisenhardt (1989) also emphasizes that in various 
investigations the ideal sample is detected when five cases are analyzed. 


Three companies which went public on the BOVESPA market, and which are considered large (GP), were 
chosen as the first group of companies to be studied, as well as another company indicated by a 
professional in that field. 


Another ten companies of medium or small size (MP) were selected because they were indicated by 
specialists who operate in companies in the CC business or who had a professional relationship with such 
companies.  


It can be concluded that of the 14 companies identified for participation in the initial evaluation, the study 
was restricted to only five companies, which were subsequently codified as CC 1, CC 2, CC 3, CC 4 and CC 
5. 


The Mean of Importance of the Aspects IA value is obtained by calculating each IA, less the mean value 
considered (5) of the Likert scale. The results allow for the identification of the values which are above or 
below the Neutral Importance. The Mean IA-is called the Degree of Importance of the Aspects (IA) of 
Sustainability for the Companies Studied. 


The degree of Importance of the Aspects (IA)of Sustainability for the companies can be calculated by 
utilizing the following expression: 


ISC = Importance of Sustainability in Company CC = Sum of the IA of CC / nr. of aspects 


Thus, calculating, we have: 


Table 1: Degree of Importance of the Aspects of Sustainability for the Companies Studied  


Importance of Sustainability for the Company Value obtained Importance Classification 


CC1 5,43. Neutral 2º 


CC2 5,02 Neutral 4º 


CC3 1,22 None 5º 


CC4 7,23 Important 1º 


CC5 5,11 Neutral 3º 


Source: prepared by the authors 
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3.3 Degree of Adherence of the Management of Sustainability 
Table 2: Degrees of Adherence of the Aspects (AA), for the companies studied 


ASPECTS CC1 CC2 CC3 CC4 CC5 
AA Mean 


AA 
AA Mean 


AA 
AA Mean 


AA 
AA Mean 


AA 
AA Mean 


AA 
1º. To have available 


an Effective 
Corporate 
Governance 


5,80 +0,80 7,40 +2,80 2,00 -3,00 6,60 1,60 3,40 -1,60 


2º. To develop a pro-
active 
organization, 
responsive to 
strategies and its 
objectives 


4,71 -0,29 7,00 +2,00 3,00 -2,00 5,57 0,57 2,43 -2,57 


3º. To minimize direct 
economic impacts 


4,33 -0,67 6,83 +1,83 0,50 -4,50 7,33 2,33 6,33 1,33 


4º. To obtain "social 
license of 
operations" 


2,00 -3,00 5,25 +0,25 0,25 -4,75 4,00 -1,00 6,50 1,50 


5º. To effect positive 
indirect economic 
impacts 


2,00 -3,00 4,67 -0,33 0,33 -4,67 7,00 2,00 4,33 -0,67 


6º. To reduce inputs in 
the materials and 
supplies processes, 
in relation to a 
standard 
productivity level 


2,57 -2,43 4,14 -0,86 2,29 -2,71 5,57 0,57 5,00 0,00 


7º. To preserve nature 5,00 0,00 1,50 -3,50 0,00 -5,00 2,50  -2,50 2,50 -2,50 
8º. To increase 


production of 
good products 


0,22 -4,78 1,11 -3,89 0,44 -4,56 2,33 -2,67 3,00 -2,00 


9º. To pollute less 2,75 -2,25 6,75 +1,75 0,50 -4,50 6,00 1,00 6,00 1,00 
10º. To establish 


correct and decent 
labor practices 


4,45 -0,55 4,55 -0,45 1,27 -3,73 8,64 3,64 3,73 -1,27 


11º. To respect people 3,13 -1,87 4,50 +0,50 0,88 -4,12 7,75 2,75 3,63 -1,38 
12º. To reduce the 


impact to 
communities and 
society 


2,88 -2,12 2,88 -1,22 0,63 -4,37 7,75 2,75 3,25 -1,75 


13º. To reduce the 
impact of Product 
Responsibility 
aspects 


4,83 -0,17 5,50 +0,50 0,63 -4,37 7,33 2,33 5,33 0,33 


Source: prepared by the authors 


The Mean AA value is obtained by calculating each AA, less the mean value considered (5) of the Likert 
scale. The results allow for the identification of the values which are above or below the Neutral 
Adherence. The Mean AA-is called the Degree of Adherence of the Aspects of the company in relation to 
the mean. 


The ASC was calculated as the arithmetic mean of all aspects, according to the following equation: 
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ASC= Adherence of the Management of Sustainability of Company CC = Sum of the AA of CC / nr. of 
aspects 


Thus, calculating, we have: 


Table 3: Adherence of Management of Sustainability for the companies studied  


Adherence of the 
Management of 
Sustainability 


Value 
obtainbed 


Characterization Classification 


ASC1 3,37 The practice is non-existent, but will 
be implemented soon 


4º  


ASC2 4,78 Occasionally practiced 2º 


ASC3 0,98 Practice does not exist 5º 


ASC4 6,04 Between occasionally practiced and 
practiced routinely, but not 
documented 


1º 


ASC5 4,26 Occasionally practiced 3º 


Source: prepared by the authors 


3.4 Intercase Analyses 
The intercase analysis allowed for comparing the degree of maturity with its practice in the Management 
of Sustainability of the companies in relation to the dimensions and the aspects contemplated in the OSA 
study. 


The degrees obtained in each dimension were observed, and the description of the degrees obtained for 
the aspects, and in some situations, the basic comments about the probable reasons for differences in the 
final results. 


Company CC4 stands out as the one which has the highest degree of maturity, since it considers the 
aspects of sustainability as “important” (value of 7,23) in the corporate management, while Company CC3 
had the smallest degree of maturity, with the result of “without any importance” (value 1,17). 


The other three companies studied are categorized as “neutral importance”, with less than 7,5% difference 
between them (highest = 5,43 and lowest = 5,02). Thus we can say that there is not much difference in the 
management of Sustainability among those organizations. 


To complement the information provided, Company CC4 obtained the highest score in the aspects of 
Corporate Governance (8,60); Leadership and Performance Analysis (8,14); Economic Performance (8,33); 
Indirect Economic Impacts (8,33); Reduction of Consumption of Materials and Supplies (7,57); Products, 
Services and Conformity (8,00); Labor Practices (9,00); Human Rights (8,50); Society (8,50); and Product 
Responsibility (8,00). 


Regarding the aspects which are above neutral importance in each organization, it is believed that the 
higher values for importance are associated with indicators that show that the company is already utilizing 
management concepts in its projects, or even if it does not use them, it has prior knowledge about trends 
in the application of these concepts in its business sector. 


The aspect with least importance can be seen to be that of emissions, effluents and wastes, which 
suggests that the introduction of new concepts is required at the technological level, as well as in the 
methodological and cultural levels. 


The leadership dimension was rated high at three organizations: Company CC4, with 8,37; Company CC1, 
with 7,55; and Company CC2, with 7,40. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID165.6 


From the statements given, and not only by its final score, it can be seen that Company CC4 already has a 
well defined organizational structure, with a vision that entails functional management and management 
by processes, besides utilizing six committees and management instruments that give it the dynamism 
required by its corporate management. 


The Economic Dimension had three of the highest scores: Company CC4 with 7,39; Company CC5 com 
6,61; and Company CC2 with 5,75. 


The Environmental Dimension had Company CC4 with the highest score, of 5,27, followed by Company 
CC1, with 5,13, and Company CC5, with 4,90. The three companies achieved values near “neutral 
importance”, showing that there is still much to be done in the environmental approach, so that 
significant results will be achieved in the CC field. 


The Social dimension had Company CC4 with the highest score, of 8,50, followed by Company CC1, with 
5,61, and Company CC5, with 4,84. A large difference can be seen between Company CC4 and the others, 
so it is hoped that its positive results will eventually be matched by the others. 


3.4.1 Degree of Adherence of the Aspects of the OSA study 
The highest global Adherence to Sustainability was achieved by Company CC4, with the value of 6,03 – 
between practiced routinely and occasionally practiced, followed by Company CC2, with 4,78 (occasionally 
practiced) and Company CC5, with 4,26 (between occasionally practiced and practice does not exist but 
will be implemented soon). 


With the analyses done in relation to the importance of the dimensions and aspects, once more it can be 
concluded that Company CC4 has a higher degree of maturity than the other companies which 
participated in the study. 


To complement the information provided, Company CC4 obtained the highest score in the aspects of 
Economic Performance (7,33); Indirect Economic Impacts (7,00); Reduction of Consumption of Materials 
and Supplies (5,57); Labor Practices (8,64); Human Rights (7,75); Society (7,75); and Product Responsibility 
(7,33). 


The company which showed the best result in relation to the Adherence of the Aspects of Sustainability in 
the business is Company CC4, while Company CC3 showed that the practice does not exist in its 
organization. 


Company CC2 stands out in the Leadership dimension, where it achieved a score of 7,20, which represents 
that this aspect is “practiced routinely, but not documented”. 


In relation to the Economic and Social dimensions, Company CC4 achieved the highest scores, obtaining, 
respectively, 6,11 (between “occasionally practiced” and “practiced routinely, but not documented”) and 
7,87 (between “practiced routinely, but not documented” and “practiced routinely and documented”). 


In relation to the Environmental dimension, Company CC5 had the highest score, with 4,13 (between “the 
practice is non-existent, but will be implemented soon” and “occasionally practiced”). 


With the analyses done in relation to the Adherence of the dimensions and aspects, once more it can be 
concluded that Company CC4 achieved the highest score, of 6,03, which represents between “occasionally 
practiced” and “practiced routinely, but not documented”. It can be seen that Company CC4 has a better 
routine practice of Sustainability management than the other companies which participated in the study. 


In order to provide a better understanding, with a synthetic and conclusive view, Table 4 was prepared 
with the information presented so far. 
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Table 4 – Synthesis of the Evaluation of the Companies in the Civil Construction Business  


  
Importance Adherence 


Result Interpretation Result Interpretation 


CC1 5,43 
Neutral 
Importance 


3,37 Practice is non-existent, but will be implemented soon 


CC2 5,02 
Neutral 
Importance 


4,78 
Occasionally practiced 


CC3 1,22 No importance 1,03 Practice is non-existent 


CC4 7,23 Important 6,03 
Between “occasionally practiced” and “practiced routinely, but not 
documented” 


CC5 5,11 
Neutral 
Importance 


4,26 
Between “occasionally practiced” and “practice is non-existent, but will be 
implemented soon”  


Source: prepared by the authors 


 


3.4.2 Analysis of the Efficiency of the Sustainability Management Systems 
Carrying out comparisons of SMS composed of elements with different valuations, as a function of the 
initial stage of the establishment of the concepts involved in Sustainability, required using a simulation 
with weights for each component element of the OSA. The weighing of the indicators was obtained by 
using averages of the values given for the indicators, as provided by the managers interviewed, since all of 
them are active in CC, Buildings subsector, and are knowledgeable about the impacts of the indicators on 
their companies. 


The weighing of the aspects and dimensions was obtained in a “workshop” with Production Engineering 
graduate students from a university, with the rounding of the values to whole numbers. The range of 
scores went from 0 to 5, for each element. 


a) Values of the Indicators 


The results for each item of the questionnaire, obtained during the interviews, correspond to the 
indicators – the values of the Importance of the Sustainability Indicator. For the simulation, the values 
used for the adherence of the aspects are those declared by the persons interviewed. 


b) Values of the Aspects 


The final value of each aspect of an organization was obtained by calculating the weighted average of the 
values of the indicators (results from the interviews), pertaining to each aspect, and the mean of the 
values of the indicators. The column “Mean” was computed as the arithmetic mean of the evaluations 
given to the same indicator, by the managers of the companies. 


The values of the aspects of each company were obtained by utilizing the weighted average, which is the 
sum of the products of the scores attributed by those interviewed (columns CC) and the respective means 
(column Mean), divided by the sum of the means. The calculation for Company CC1 is shown as follows: 


Corporate Governance Aspect of Company CC1 = AGC1 


   AGC1=  7X7,4 + 9X6,8 + 7X4,0 + 7X7,0 +9,0X7,4  =  7,9 


    7,4 + 6,8 + 4,0 + 7,0 + 7,4 


The choice of the weighted average was based on the principle that each decision maker values, perceives 
and has a different vision, when he analyzes any theme, thus it is desirable to adjust the methodology for 
each item calculated by means of an appropriate weighing. It is worth noting that if the same weight were 
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to be given to all the indicators, which is the concept underlying the arithmetic average, one would return 
to the condition developed in the prior chapter of this study. 


c) Values of the Dimensions 


For the calculation of the values of the dimensions, weights were also chosen to be allocated to aspects. 


The weights of the aspects and the dimensions were obtained in a “workshop”, with Production 
Engineering graduate students from a university. The group was composed of 18 students, who gave 
scores between 0 and 5, to the aspects and dimensions. The mean values obtained were rounded to 
whole numbers. 


Then, the Leadership dimension was obtained by the weighted average of the values of the component 
aspects of each dimension. Maintaining the same computing logic, the other dimensions can likewise be 
obtained. 


d) Values of the OSA Study 


Based on the values calculated for the dimensions, again taking the weighted average of those values, 
with the weights described before, the following results, shown in Table 5, were obtained: 


 Company CC4 in 1º place - best efficiency of the SMS – with a final average of 8,2, out of a 
possible 9,0; 


 Company CC1 in 2º place, with a final average of 6,7, out of a possible 9,0; 


 Company CC2 in 3º place, with a final average of 6,6, out of a possible 9,0; 


 Company CC5 in 4º.place, with a final average of 5,3, out of a possible 9,0; 


 Company CC3 in 5º place – worst efficiency of the SMS -  with a final average of 2,2, out of a 
possible 9,0. 


Table 5: Scores achieved by the companies studied  


 CC1 CC2 CC3 CC4 CC5 Dimension Weight CC1 CC2 CC3 CC4 CC5 


ASO 6,7 6,6 2,2 8,2 5,3 


1.Leadership 5 7,7 7,8 4,0 8,5 4,1 


2. Economic 2 5,3 6,7 0,3 7,7 7,0 


3.Environmental 3 6,1 5,2 1,3 7,7 6,1 


4. Social 2 6,8 5,6 1,0 8,7 5,5 


Source: prepared by the authors 


 







 
Organizational Sustainability: A Comparative Analysis of the Brazilian Building Industry 


ID165.9 


For Company CC4, the final value obtained, despite being the result of a self-evaluation process, shows 
that there is only a small variation between the four dimensions studied, equal to 1,0, which demonstrates 
that the management of the organization follows a well drawn path. The highest value calculated was for 
the social dimension, with 8,7, and the lowest value calculated was for the economic dimension, with 7,7. 
These results demonstrate well that Organizational Sustainability is being implemented as a directive 
established within its business strategy, and that it is backed by a real commitment on the part of its Top 
Management. Some evidences, such as the creation of a specific Committee for Sustainability, with 
effective performance analyses coordinated by management, reflect its pro-active institutional stance. 


4 Final Considerations 
This study sought to establish comparability mechanisms for the Sustainability aspects implemented 
within Brazilian companies in the Civil Construction (CC) business. 


 With the OSA the maturity stage of the adherence of the Sustainability Management of Brazilian 
companies in the CC business, Buildings subsector, could be evaluated; 


 The constructs of the OSA were fundamental in order to evaluate the level of implementation of the 
aspects of Sustainability of a company, and to allow the quantification of the indicators established; 


 The operation of the OSA study occurred by generating and applying the supporting 
instruments/documents during the interviews at the companies, which then allowed new evaluations to 
be made of the management of Sustainability; 


 Through the collection of data and information, the study resulted in metrics which allowed the 
quantification and subsequent comparison between different Sustainability Management Systems; 


 In developing an evaluation of the Civil Construction Companies, the study made possible the analysis 
of the maturity and the adherence in relation to the Sustainability Management System, allowing a 
comparative and quantitative analysis. It was found that Company CC4 showed the highest degree of 
maturity and adherence, while Company CC3 obtained the lowest score in maturity and adherence; 


 In performing efficiency analyses of the Sustainability Management Systems, it became possible to 
convert those values to a referential basis, through the utilization of a simulator, which allowed the 
development of an index for comparison and relative positioning. 


After carrying out the study, it is hoped that it will contribute towards: 


 Greater dissemination of the concepts of Sustainability and of Organizational Sustainability 
Management Systems in the Buildings subsector of the Civil Construction business; 


 Including the aspects of Organizational Sustainability in the strategic business directives of companies 
in the Buildings subsector of the Civil Construction business; 


 Creating a culture of establishing metrics for the aspects of Sustainability in business activities, both 
on an operational level and on a strategic level; 


Despite the fact that the Brazilian Civil Construction segment is stigmatized as being conservative, the 
present study identified signs of a change in that posture, likely due to globalization and the constant 
threat of the entry of foreign capital into that segment. It was clear during the execution of this study, that 
there are clear signs of a managerial redirectioning, towards Green Building, as well as towards the 
insertion of Sustainability in the management of the projects of those companies. 


 







 
ICIEOM 2012 - Guimarães, Portugal 


ID165.10 


References 
AMARAL, Sérgio Pinto. Estabelecimento de indicadores e modelo de relatório de sustentabilidade ambiental, social e 


econômica: Uma proposta para Indústria do Petróleo Brasileiro. Tese de Doutorado.  Rio de Janeiro: 
COPPE/UFRJ, 2003. 


BRAZILIAN BUSINESS. Investimento Consciente. Entrevista com Fábio Colletti Barbosa. Brazilian Business, maio, 2008. 
CMMAD. Comissão Mundial Sobre Meio Ambiente E Desenvolvimento. Nosso Futuro Comum. Rio de Janeiro, 


Fundação Getúlio Vargas, 1988. 
DEPONTI,. C. M., ECKERT, C: AZAMBUJA, J. L. M. Estratégia para Construção de Indicadores para Avaliação da 


Sustentabilidade e Monitoramento. de Sistemas. Agroecol. e Desenv. Rural Sustentável. Porto Alegre, v.3, n.4,  
out/dez, 2002. 


EISENHARDT, K. M. Building Theories from Case Study Research. The Academy of Management Review, 14, 4, 1989..  
FNQ. Fundação Nacional da Qualidade. Critérios de Excelência 2008. Avaliação e Diagnóstico da Gestão 


Organizacional. Fundação Nacional da Qualidade, S. Paulo, 2008. Disponível em 
http://www.fnq.org.br/site/484/default.aspx. Acessado em 20/02/08. 


GRI. Global Reporting Initiative. Sustainability Reporting Guidelines. Amsterdam, 2006. Disponível em 
http://www.globalreporting.org/NR/rdonlyres/812DB764-D217-4CE8-B4DE-
15F790EE2BF3/0/G3_GuidelinesPTG.pdf. Acessado em junho de 2007. 


INSTITUTO ETHOS. Critérios Essenciais de Responsabilidade Social Empresarial e Seus Mecanismos de Indução no 
Brasil. Instituto Ethos, São Paulo, 2006. Disponível em 
http://www.uniethos.org.br/_Uniethos/Documents/criterios_essenciais_web.pdf  Acessado em 5 mar 2008. 


_________. Guia de Elaboração de Relatório e  Balanço Anual de Responsabilidade Social Empresarial. Instituto Ethos, 
São Paulo, 2007. Disponível em 
http://www.uniethos.org.br/DesktopDefault.aspx?TabID=3706&Alias=uniethos&Lang=pt-BR. Acessado em 5 
mar 2008. 


JUNG, E. J. ; KIM, J. S. ; RHEE, S. K. The Measurement of Corporate Environmental Performance and its Application to 
the Analysis of Efficiency in Oil Industry. Elsevier, Journal of Cleaner Production 9, p. 551-563, 2001 


LABUSCHAGNE, E. C ; BRENT, A. C. ; ERCK, R. P. G. Assessing the Sustainability Performance of Industries. Elsevier, 
Journal of Cleaner Production 13, p 373-383, 2005 


LIBRELOTTO, L. I. Modelo para Avaliação da Sustentabilidade na Construção Civil nas Dimensões Econômica, Social e 
Ambiental (ESA): Aplicação no Setor de Edificações. Tese de Doutorado. Florianópolis, PPGEP-UFSC, 2005. 


MITCHELL, G. Problems and Fundamentals of Sustainable Development Indicators [1997]. Disponível em: http:// 
www.lec.leeds.ac.uk/people/gordon. html (Acesso em 13/07/01) 


MONTABON, F.; SROUFE, R.; NARASIMHAN, R. An examination of Corporate Reporting, Environmental Management 
Practices and Firm Performance. Elsevier, Journal of Operations Management 25, p 998-1014, 2007. 


NICHIOKA, J. Análise da sustentabilidade organizacional : o caso da construção civil. 2008. 268 f. Tese (Doutorado em 
Engenharia Civil) – Departamento de Engenharia Civil, Universidade Federal Fluminense, Niterói. 2008. 


QUELHAS, O. L. G. e ARAÚJO, F. O. Responsabilidade Social e Estratégia Corporativa: Uma Proposta Orientada à 
Sustentabilidade Organizacional na Indústria Automobilística Brasileira. In. Boletim Técnico Organização & 
Estratégia 2(1) 1-28, 2006. 


QUELHAS, O. L. G. e SILVA, L. S. A.  Sustentabilidade Empresarial e o Impacto no Custo de Capital Próprio das 
Empresas de Capital Aberto. Ins. Gestão e Produção, v.13, n.3, p 385-395, set-dez, 2006. 


SANTOS, L. L. Sustentabilidade na Construção Civil: Proposta para um Conjunto Residencial Popular Sustentável. 
Monografia. Belo Horizonte, Escola de Engenharia da UFMG, 2007 


SHEN, L. Y.; LU, W. S.; Yao, H.; Wu, D.H. A Computer-based Scoring Method for Measuring the Environmental 
Performance of Construction Activities. Elsevier, Automation in Construction 14, p 297-309, 2005. 


SILVA, Vanessa Gomes da. Avaliação da sustentabilidade de edifícios de escritórios brasileiros: diretrizes e base 
metodológica. Tese de Doutorado. Escola Politécnica da Universidade de São Paulo, São Paulo, 2003. 


SINGH, R. K.; MURTY, H. R.; GUPTA, S. K.; DIKSHIT, A. K. Development of Composite Sustainability Performance Index 
for Steel Industry. Elsevier, Ecological Indicators 7, p 565-588, 2007 


SZÉKELY, F.; KNIRSCH, M. Responsible Leadership and Corporate Social Responsibility: Metrics for Sustainable 
Performance. Pergamon, European Management Journal, vol. 23, no 6, p. 628-647, 2005 


TAM, V.W., TAM, C.M., ZENG, S.X., CHAN, K.K. Environmental performance measurement indicators in construction. 
Elsevier, Building and Environment 41, p. 164-173, 2006 


VIEIRA, T. M. P. Proposta de indicadores de sustentabilidade para o setor de distribuição de combustíveis: o caso da 
Petrobras Distribuidora S.A. Dissertação de Mestrado. Niterói, UFF,  2005. 








 


ID257.1 


Evaluation of Production Sequencing Rules in Job Shop and 
Flow Shop Environment through Computer Simulation 


Edna Barbosa da Silva*, Michele Gonçalves Costa*, Marilda Fátima de Souza da Silva*, Fabio Henrique Pereira** 


*Diretoria dos Cursos de Informática – Ciência da Computação, Universidade Nove de Julho – Uninove, Av. Francisco Matarazzo 612, 
05001100 São Paulo, Brasil, 
**Programa de Mestrado em Engenharia de Produção 


Email: bsa.edna@gmail.com, miklina@gmail.com, marilda.silva@uninove.br, fabiohp@uninove.br 


Abstract 


In this work, the computational simulation is employed to study the effects of production sequencing rules in the 
performance of Job Shop and Flow Shop manufacturing environments. Eight sequencing rules have been considered: 
SIPT (Shortest Imminent Processing Time), EDD (Earliest Due Date), DLS (Dynamic Least Slack), LWQ (Least Work in 
next Queue), FIFO (First In First Out), LIFO (Last In Last Out), CR (Critical Ratio) and LS (Least Slack). These different 
sequencing rules was evaluated in relation to the makespan, the total tardiness and number of tardy jobs, considering 
an experimental scenario which includes two configurations, with 8 machines (processes) and 10 different types of 
orders. A model of the system was developed in the ARENA® simulation software, taking into account the 
randomness of the orders arrival profile and of the production times in such environments. The results show that the 
rules EDD and SIPT have been presented the better performance in the Job Shop and in the Flow Shop environments, 
respectively. 


Keywords: Production Scheduling rules; Manufacturing, Computer Simulation; Job Shop; Flow Shop. 


1 Introduction 
Due to the difficulties faced by the manufacturing companies to improve their productive systems, before 
priorities quite often conflicting, the simulation has become a widely utilized tool to manage production. 
One of the main advantages of such technique is to be able of handling bigger problems and in a 
reasonable computer time, by integrating the diverse system restriction, which can be coupled to the 
simulation model. 


According to Watanabe, Ida and Gen (2005) among the main and hardest problems faced by the flexible 
manufacturing companies is the production sequencing, also called scheduling, which means to identify 
the one or the one ways to better ordering the production program in the machines in such a way that 
they may meet various objectives simultaneously. In this scenario, the environment Job Shop scheduling 
problem has been extensively studied (Akasawa, 2007; Moreira, 2007; Xu and Zhou, 2009). 


The classical Job Shop model addressed in literature shows the following characteristics: a set of n orders 
{O1, O2, O3,..., On} that has to be processed by m machines {M1, M2, M3,..., Mm} according to p processes 
{P1, P2, P3…Pp} and some such restrictions thereby: there is a process sequencing, in which each machine 
processes in its turn, from the start to the end; the processing times can be fixed or variable and the due 
date may be different (Baptiste, Flamini and Sourd, 2008). 


In an attempt to solve this problem, several works have exploited the issue of production sequencing 
assessing from simple sequencing rules (Montevechi, Turrioni, Almeida, Mergulhão and Leal, 2002; Sims, 
1997) up to dynamic systems of rules selection in real time (Mouelhi-Chibani and Pierreval, 2010; Vinod 
and Sridharan, 2007), in different production environments.  
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In fact, a large number of approaches have been reported in the literature to the modeling and solution of 
these scheduling problems, which include mathematical programming, dispatching rules, neural networks, 
neighborhood search methods, Petri nets, just to name a few.  


In the mathematical programming point of view, formulations using integer programming (Sand and 
Engell, 2004), mixed-integer programming (Ronconi and Birgin, 2011), and dynamic programming 
(Ronconi and Powell, 2010) has been extensively applied. However, the use of these approaches to job 
shop scheduling problems is limited because its computational complexity.  


More recently, a large number of new technologies based upon artificial intelligence techniques has been 
applied to job shop scheduling problems. These include neural network models and neighborhood search 
methods, such as the tabu search (Hurink, Jurisch and Thole, 1994), simulated annealing (Jeffcoat and 
Bulfin, 1993) and genetic algorithms (Buzzo and Moccellin, 2000). Although these methods are very 
popular and provide good feasible solutions, they have some serious disadvantages as the lack of 
optimality criteria and the computational cost. 


Other important kind of methods that stands for many contributions in the modeling and simulation of 
production scheduling and routing is the formalism of Petri nets. Petri nets addresses the issue of 
flexibility which is frequently discards in effective algorithms for scheduling problems (Aalst, 1992). 
Extensions of this approach, which typically are the addition of ‘colour’, ‘time’ and ‘hierarchy’ (Bai, Zhang 
and Zhang, 2005; Zhang  and Gu, 2009), have been proposed to modelling of complex systems with very 
good results. In fact, according to Zhang  and Gu (2009), comparison with some previous approaches 
shows that the timed Petri nets model is more compact and effective in finding the best solution in 
practical job shop scheduling problems. 


Finally, simple sequencing rules based on information related to the jobs as, for example, processing 
times e due dates, also have been applied consistently to scheduling problems, mainly designed to 
provide good and fast solutions to complex problems (Jones and Rabelo, 1998). 


It is highlighted here the work designed by Santoro and Mesquita (2008), which addresses the problem of 
Job Shop environment production sequencing, in which the orders stick to a route specific and pre-
determined. A simulation model created on Visual Basic for Applications (VBA) in Excel spreadsheets, was 
used to evaluate the effect of the work in process in relation to the total tardiness and the total number of 
tardy orders, making it possible to conclude that it is possible to decrease the total tardiness and the total 
number of tardy orders and, even so, to keep the intermediate stocks at a constant volume. 


The production scenario used by those authors made up of two distinctive production environments, was 
the grounding for this work. However, instead of considering that all orders are available for production 
input in the system at the instant Zero (0), this work takes into account the randomness of the time 
between arrivals of the orders, which reflects the intent of simulating a flexible manufacturing 
environment with a high products mix alongside lots tending to the unity. 


Indeed, simulation has been one of the most utilized tool in the manufacturing area once it provides 
means to identify, analyze and improve the parameters of production and process such as: analysis of 
machinery and operators; processing time; evaluation of operational performance and procedures as well 
as to assess the production sequencing and production flow, allowing for the knowledge of the points 
where the system permits a broader production flexibility (Costa and Jungles, 2006; Pontes, Yamada and 
Porto, 2007). 


In accordance with which has been pointed out by Chwif and Medina (2006), the use of computer 
simulation makes it possible to predict with a certain degree of assurance and meeting a set of 
assumptions, the behavior of  a system holding a database of specific input elements. In this work 
computer simulation is used to study the effect of the production sequencing rules over the performance 
of a Job Shop manufacturing environment, whose process allows the production orders to move from a 
workstation to another, according to the pre-determined production sequencing, and in a Flow Shop 
environment, in which the process permits that the production orders go to just one workstation ahead. 
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Herein, eight sequencing rules are addressed and evaluated with regards to the completion time of a 
schedule (makespan), total tardiness time and the average number of tardy orders, taking into 
consideration an experimental scenario, which comprises two settings of work environment with 8 
machines (processes) and 10 different type of orders. A model of the system was developed on the 
simulation software ARENA®, featuring the random behavior of the orders arrival and the production 
times in this kind of environment. The obtained results show that the EDD and SIPT rules yield the best 
performance at Job Shop and Flow Shop environments, respectively. 


2 Production Sequencing Rules 
Production sequencing rules, which are also called production scheduling and dispatching rules, are 
understood as being the event of orders arrival, pieces and tasks of the system. The sequencing rules are 
normally classified in different classes according to the performance criteria for which they have been 
developed (Wu, 1987). The first of these classes contains simple rules designed mainly to provide good 
and fast solutions to complex problems (Jones and Rabelo, 1998). These rules are based on information 
related to the jobs, such as processing times e due dates, and have been applied consistently to 
scheduling problems. 


The sequencing rules can be also classified as local or global rules (Reid and Sander, 2005). The local rules 
establishes priorities based only on orders that are waiting at a specific workstation. Global rules, on the 
other hand, consider factors related to all workstations on the orders route. The rule Least Work Next 
Queue (LWQ) is an example of a global sequencing rule in which the priority is given to the task heading 
to the machine or workstation with the smallest queue.  


Overall, the simulation approach has been extensively used to study the performance of these rules. Start 
from Conway and Maxwell (1967), who were the first to study the Shortest Processing Time rule (SPT) and 
its variations, a lot of works have been carried out to find the best choice for optimizing different 
performance measures.  


The main dispatching rules adapted from Mesquita et al. in Lustosa et al. (2008), Tubino (2007), Suresh 
and Sridharan (2007), Chan and Chan, (2004) and Gaither and Frazier (2002), can be defined as it follows: 


 FIFO – (First In, First Out) Priority is given to the first piece that is input, which must be the first to 
be output. It can be taken as an arrival order into the machine in the factory. This rule seeks to 
minimize the time of staying on the machine or in the factory.  


 LIFO – (Last In, First Out) Priority is given to the last piece that is input, which  is the first to be 
output. Due to the fact of it being adverse and negative with regards to reliability and quickness 
to deliver and for not having a sequencing based on quality, flexibility or cost, this rule is used 
hardly ever.  


 SPT – (Shortest Processing Time) Priority is given to the shortest total processing time. It is 
classified in an ascending time order. Its use is aimed at reducing the size of the queues and the 
increasing of the flow.  


 LPT – (Longest Processing Time) Priority is given to the longest total processing time. It is 
conversely to the SPT rule. Its utilization focus on reducing the changes of machines.  


 EDD – (Earliest Due Date) Priority is given to the fulfillment of the most urgent orders in terms of 
delivery deadline. The main purpose is to reduce tardiness.  


 LS – (Least Slack) Priority is given to the shortest slack between the due date and the total 
processing time among the tasks that are in queue. It is classified by delivery deadline and focus 
on reducing tardiness.  


 SIPT – (Shortest Imminent Processing Time) Priority is given to shortest individual processing 
time. SIPT and SPT are alike.  
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 LIPT – (Longest Imminent Processing Time) Priority is given to the longest individual processing 
time. LIPT and LPT are alike.  


 LWQ – (Least Work Next Queue) Priority is given to the task heading to the machine or 
workstation with the smallest queue. This rule is targeted at avoiding the stall of a subsequent 
process. 


  CR – (Critical Ratio) Priority is given to the smallest critical ratio (time span until the expiring date 
divided by the total production remaining time) between the tasks in queue. This is a dynamic 
rule, which seeks to combine EDD with SPT, that relies solely on the processing time. 


 DLS – (Dynamic Least Slack) Priority is given to the least slack (difference between the estimated 
date of delivery and the total processing remaining time). This rule gives priority to the most 
urgent tasks with the purpose of reducing tardiness. However, it is a little bit more complex to 
implement than LS because it is a dynamic rule. 


In fact, there are numerous objectives in scheduling and, therefore, there are dozens of sensible 
performance measures which are complex and often conflicting. So, in order to evaluate the impact of the 
sequencing rules on the manufacturing performance specific performance measure must be considered. 
This issue is addressed in next section. 


3 Performance Indexes 
In order to measure the efficacy of a decision, we lay hands on performance indexes. Each objective 
outlined by the company is attached to a measure of performance, which in its turn, is connected to one 
or more performance indexes.  
In general, these measures can be grouped in two categories: (i) the job-related performance measures, 
such as due date and tardiness, which are indicative of customer satisfaction and deliverability; and (ii) the 
shop-related measures, such as earliness, mean total time in the system, mean queue time in the shop-
floor and machine utilization . 
The most common indexes according (Gaither and Frazier, 2002; Reid and Sanders, 2005; Arenales et all., 
2007), are: 


 Flow average time or follow through (Makespan): the average between the orders flow time. This 
index is related to the operating efficiency indicating the time required to execute a set of N 
orders. 


 Average tardiness or maximum tardiness: the average of the tardiness or longest tardiness 
between the orders appraised. 


 Work total time: the time interval between the release of the first operation of the first order and 
the ending of the last process of the last order. 


 Average of the work in process: the average of the number of open orders and not finished yet. 
 Number of tardy orders: the number of orders that were not delivered to the customer on due 


time. 
 Tardiness total time: it is the sum of all the times of all orders that have been tardy. 


In general, the performance measures are often conflicting and the optimization of more than one 
criterion must take into account the trade-off characterized by a multiple objectives optimization 
(Arenales et al., 2007). 


4 Modeling and Simulation 
Computer simulation refers to the methods to study various real or artificial models on numerical 
evaluation systems using softwares designed to mock an operation system and/or characteristics usually 
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over a period of time. In practice, it means that it is a creation process of computerized model intended to 
carry out numerical trials, in such a way, to foster the understanding of this system, subjected to a certain 
set of conditions (Kelton, Sadowski and Sadowski, 2000). 


In order to develop a simulation model it is necessary take into account a few procedures to ensure that it 
can predict the behavior of a system with some confidence, and respect a set of assumptions, based on 
specific input data (Chwif and Medina, 2006). These procedures can be divided into four major steps: (i) 
Planning Stage, which includes the formulation and analysis of the problem, project planning, conceptual 
model formulation  and macro collection of information; (ii) Modeling stage, formed by the data 
collection, the computational implementation, verification and validation of the model. (iii) stage of 
experimentation and statistical analysis of data, and (iv) the last step in which the best solutions are 
compared and identified, and the results are presented (Freitas Filho, 2008). 


Working with a larger variety of scientific models than the mathematical analysis, computer simulation is 
used in cases where the models or problems are highly complex for formal mathematical analysis 
(Bertrand and Fransoo, 2002). It cannot be taken as a mathematical model, though it employs 
mathematical formulas in the quest for solutions to the various systems. It cannot be mistaken for an 
optimization technique because it is a tool for the scenarios analysis, however, it can be coupled with 
optimization algorithms to figure out better solutions. 


The simulation softwares work basically set on graphical interfaces, where the user can use it in an 
intuitive manner through graphical menus and chat boxes. The possibility of building models run with 
animations may make it easy to understand the system once they allow to add movements which change 
their dynamics. 


Alongside simulation softwares, there are simulation languages that make up a set of one or more 
programs designed for the most specific applications. Its main advantage is to pave the way for the 
generation of the most varied type of systems. Notwithstanding, they require that the users have a deep 
knowledge of this type of language, so they may be able to bring forth more complex systems. 


5 Model Description 
The simulation model was built based on the production scenarios configured by Santoro and Mesquita 
(2008), made up of 8 machines and 10 types of orders with pre-established routes and production total 
times determine according to Table 1. It was chosen to mock a production type of Job Shop and Flow 
Shop environments. The starting conditions for the simulation model proposed were: 


 Each machine is always available, that is, temporary unavailability caused by breaking down, 
maintenance or set ups, or for whatsoever reason, were not considered; 


 Once a production process of an order gets started on a machine it cannot be stopped; 
 When the execution of a task on a machine is finished, it is sent automatically to the next without 


considering eventual transport time; 
 There is no operations overlapping; 
 The orders are fulfilled independently of one another; 
 For the purpose of keeping a ratio, it was determined that the deployment likelihood of each one 


of the 10 order types is 10%. 


The same parameters were also utilized to generate the delivery date, yielded by Normal distribution of 
(1+k) *t0 average and 0.1* (1+k)*t0’ standard deviation, where t0 is the production total time and k is a 
confidence factor with regards to this time. To this situation, it was used a 30% fixed value for the 
confidence factor. As an example of a formula loaded into Arena®, we have: Normal 
(1.30*16.9;0.1*1.30*16.9), where 16.9 is the total time of the first order in accordance with Table 1. The 
base-scenario employed assumed that all the orders were available to be input into production in the 
system at the instant Zero (0); however, in this work modeling, the time intervals between the arrival of 
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the orders were randomized and described for an exponential distribution of 11 minutes average. The 
choice makes evident the intention of simulating an environment of flexible manufacturing holding a high 
mix of products alongside lots tending to the unity. 


Table 1: Estimated time and route data 


Job Shop Routes Flow Shop Routes  
# Route Time # Route Time 


1 1,2,3,6 16.9 1 1,3,5,6 15.5 
2 1,3,7,8 16.4 2 2,3,4,5,6,8 25.6 
3 1,5,8 11.6 3 1,3,4,7,8 20.3 
4 1,2,3,5,6,7,8 27.3 4 3,4,5,7,8 20.9 
5 3,4,6,7 16.3 5 1,2,3,5,6,7,8 26.5 
6 1,2,4,3,1,2,4,5,7 36.0 6 1,2,3,5,7 19.8 
7 2,6,5,6,8 20.7 7 1,2,3,4,5,7 24.5 
8 1,2,4,5,7 19.7 8 1,3,5,6,8 19.8 
9 2,3,4,6,7 21.0 9 2,4,6,7,8 19.1 
10 1.2.4.5.8 20.6 10 3.4.5.6.7 20.1 


Source: Santoro e Mesquita, 2008, p.81 


Figure 1 shows a simulation model developed, where the Process Maq i modules can be identified, which 
represent each one of the 8 machines of the environment studied, followed by the module that informs 
the route of each order upon going through the machine. The first route is identified in the Tasks 
Launching Station (Lanc de Tarefas). 


After the Exit the System Station, are the modules related to the performance of each one of the 
sequencing rules of the production orders as well as the modules which register the storing of the results. 


 
Figure 1: Developed Simulation Model 


The information of the arrival of the production orders in the system are inserted in the Create module, 
identified in Fig. 1 as Tasks Arrival. It is determined in this model: what is the orders arrival behavior; how 
many orders get in at a time; what is the maximum number of orders scheduled; and what is the time 
basic unity utilized. The routes of each order have been inserted in the module Route and fulfilled with 
their respective sequence in the module Sequence as shown in Fig. 2: 
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Figure 2: Example of routes insertion on Arena 


 


The equations used to calculate the processing time and due date of each order can be seen in Fig.3: 


 
Figure 3: Processing Times Settings 


The definitions of the attributes of the production orders like the kind of order and its processing time are 
inserted in the module by the module Assign (Tasks Types module in the model), as it has been shown in 
Fig. 4. If it is needed to change or add a new definition, a new module can be added as it was done in this 
simulation to attribute a new valid condition for the tardy orders. 
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Figure 4: Production Orders Attributes Definitions 


The information needed for the simulator to identify which sequencing rules must be followed by the 
orders in conformity with the route assigned to in each machine are defined  according to Fig. 5: 


 


 
Figure 5: Identification of the simulated sequencing order 


6 Results 
20 replications with 1,000 minutes each were considered. The number of replications was validated by 
data analysis with 95% confidence for each run. The quantity of minutes used is sufficient to meet the 
time the simulation needs to enter the period of stability. A system is said to be stable when the 
production process gets into permanent regime and eventual variations caused by start-up have already 
been ruled out. 


The results obtained from the simulation model are graphically shown below. Taken into account the 
measures related to performance (Makespan, Tardiness Total Time, and the Number of Tardy Orders) and 
setting up of the two environments (Job Shop and Flow Shop), these results are presented into two 
subsections. Each subsection displays a brief analysis of the results achieved. 


6.1 Job Shop Environment 
For this environment, the performance measures are presented in Fig. 6, 7 and 8 to Tardiness Total Time, 
Number of Tardy Orders and Makespan, respectively. 
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Figure 6: Total Tardiness – Job Shop 


 


 
Figure 7: Number of Tardy Orders – Job Shop 


 
 


 
Figure 8: Makespan – Job Shop 


In accordance with Fig. 6, 7 and 8, in the Job Shop environment, the sequencing rules which presented the 
best performance, were EDD and LIFO. The performance indicators Makespan and Tardiness Total Time, 
shown better results with the EDD rule; nevertheless, the Number of Tardy Orders presented a better 
performance under the LIFO rule. When making use of the 95% confidence interval, the following margin 
errors were shown: 0.18 to Makespan (EDD), 99.8 to Tardiness Total Time (EDD) and 10.66 to the Number 
of Tardy Orders (LIFO). 
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6.2 Flow Shop Environment 
For this environment, the performance measures were displayed in Fig. 9, 10 and 11 for Tardiness Total 
Time, Number of Tardy Orders and Makespan, respectively. 


 


 
Figure 9: Tardiness Total Time – Flow Shop 


 


 
Figure 10: Number of Tardy Orders – Flow Shop 
 


 
Figure 11: Makespan – Flow Shop 


 
In accordance with Fig. 9, 10 and 11, in the Flow Shop environment, the SIPT sequencing rule presented 
the best performance for the three indicators. 
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The following margin errors were shown, using the 95% confidence interval: 0.22 to Makespan (SIPT), 
121.61 to Tardiness Total Time (EDD) and 9.54 to Number of Tardy Orders. 


7 Conclusion 
First of all, it is necessary to consider which of the performance indicators are the most outstanding ones 
when choosing the work order sequencing. The results analysis, considering the Tardiness Total Time with 
the most important indicator, shows that, in Flow Shop environment, the SIPT rule presents better results 
in relation to the other rules. Nevertheless, in Job Shop environments the best result was shown by the 
EDD rule. Considering Makespan the most important indicator, the EDD rule, once again, presents a better 
result in Job Shop environments. In Flow Shop environments, SIPT and CR rules showed results alike. 
Taking into account the Number of Tardy Orders as the most important indicator, the LIFO rule, presented 
better result in Jop Shop environments. In Flow Shop environments the best result was shown under SIPT 
rule. The results demonstrate that the sequencing rules should be applied to in accordance with the 
environment and the indicators significance. It is worth pointing out that, despite the developed model 
assumes a hypothetical production scenario, it can be easily adjusted to a real environment by changing 
properly the number of workstations and adjusting the distributions of the orders arrival likelihood and 
processing times by means of data collecting. These adjustments can be easily carried out in the modules 
that have been presented in Fig. 3, 4 and 5. 


Finally, it is made evident that the observing of the randomness of the arrivals and the production times 
may reflect more appropriately the reality of manufacturing environments, in which, the demand, is 
characterized by a high mix of products and lots, whose sizes, tend to the unity. 
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Abstract 


With respect to the development process of the principles of Corporate Social Responsibility in the organizations, a 
current and very relevant question is to know how the concepts related to this subject are being implemented in the 
companies. To obtain information regarding this issue is necessary to construct a model that allows the evaluation of 
economic, social and 51environmental dimensions separately, allowing adequate visualization of the stage where the 
organization is in each of these dimensions. This article discusses the rationale for the proposed development of a 
model to evaluate the sustainable management in organizations, as well as its architecture and system evaluation. 


Keywords: Corporate Social Responsibility; Corporate Social Responsibility Management Model; Sustainable 
Management 


1 Introduction 
The concepts related to the Corporative Social Responsibility theme are increasingly been used by 
organizations, and some questions about it have been raised: How do these concepts is been inserted in 
the companies? How has been performed the management of the inclusion, in the organization, of the 
factors associated with this concept? 


The present article discourse the fundaments used in the development of a model proposal to evaluate 
the sustainable management in the organizations, as well as their architecture and system of evaluation. 


The model is grounded in three theoretical strands development; they are:  


 Evolution of the excellence models to the models of sustainable excellence; 


 Organizational values and behavior to the corporative social responsibility; 


 Corporative Social Responsibility. 


The objective of this article consists of the presentation of the foundations / structure and evaluation 
system of a self-assessment model that allows subsidizing the organizations in the incorporation and 
treatment of the socio-environmental factors in its management, according to the excellence models, 
specifically to the model used in Brazil by FNQ (National Quality Foundation). 


The characteristics of the research that will be developed in this work are the following ones: 


a) Descriptive analysis of the foundations used to the development of the model; 


b) Presentation of the results of bibliographical research, basis of the formulation of the model. 
Outreach bibliographical research; 


c) The accomplished research intends to formulate a relationship between the developed model and 
their foundations / structure and evaluation system. 


The research is classified, based in the foregoing aspects, in the following way:  
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a) According to the nature: the research is characterized as a basic research since it seeks the 
acquisition of nature knowledge without practical or immediate purposes. (Jung, 2003) 


b) According to the objectives: it can be characterized as an exploratory research, since it looks to 
develop, explain and modify concepts and existent ideas, taking into account the formulation of 
more precise problems or researchable hypotheses for subsequent studies. (SELLTIZ, 1997). 
According to the approach: it is characterized as a qualitative research. 


“The qualitative research doesn't try to enumerate and/or to measure the studied 
events. It also doesn't use statistical instruments in the data analysis. It’s based on 
subjects and broader focuses of interest, that becomes more defined as the study 
advances, trying to understand the phenomena according to the perspective of the 
subjects, in other words, of the participants of the situation in study.” (MARTINS, 
1996) in (Rodrigues, 2006). 


c) According to the procedures: it is defined as a bibliographical research. This research will be 
elaborated starting from some material that were already published, mainly constituted of books, 
articles from newspapers and magazines, master's thesis and Doctoral dissertations and of 
material available in the Internet. 


2 Review of Literature 


2.1 First foundation - Evolution of the excellence models to models of sustainable 
excellence 


The first foundation of the model refers to the use of the concept of corporate social responsibility, 
through the evolution of the excellence models. According to March (1999), Edwards, the first ASQ 
president (American Society for Quality), indicated that the statistical techniques of quality not only should 
be focused in the economic extent, but could also be used in other areas as the social ones. March 1999) 
and Zairi and Peters (2002) argue that Juram also emphasizes the importance of the quality to serve the 
society. Zairi and Peters (2002) indicate that Deming extends the concept of quality as being guided for 
the satisfaction of the requirements not only of the customers but also of all the stakeholders. 


This idea is reinforced by Van Marrewijk and Zwetsloot, (2004) Karapetrovic (2002) in their works, in which 
they indicate that the new objective of the businesses is the creation of value and synergies. So, the focus 
of the businesses is no longer the customers but all the stakeholders. The business also is concerned 
about the environment and about the society, showing the importance of the organization’s incorporation 
of the concepts associated to the corporate social responsibility and to the corporate sustainability. Van 
Marrewijk (2004) points that “the foundations of CSR / CS (Social Corporate Responsibility) / (Corporate 
Sustainability) can be built in the bases of the quality management and of the excellence models.” 


Wilkinson and Dale (1999) also point out that the organizations should focus not only in the satisfaction 
of their customers' needs, but also in other type of factors as: their employees' well-being, work 
atmosphere, impact that their products and services produce in the neighborhood and local communities, 
as well as the effects produced in the use and discard of these products and services. 


Wilkinson and Dale (1999) still indicate that the stakeholders themselves are ever more concerned about 
this kind of issues, due to which the organizations are using different methodologies and tools to 
guarantee their customers and stakeholders’ satisfaction. This situation - implementation of a series of 
methodologies and tools - can drive the organization to create series of administration systems inside of 
it. Wilkinson and Dale (2001) propose in his work the use of a single integrated system of administration 
(IMS Integrated Management System) that could include, in a united way, the methodologies and tools 
associated to the quality as well as to the environment and society. 
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In this train of thought, Waddock and Bodwell (2002) inform that, due to the pressures exercised by the 
different stakeholders and to the globalization, the organizations are more and more concerned about 
other factors beyond the economic ones. Because of this new concern, they are beginning to implant 
administration systems to help in the management of these stakeholders. These systems start to exist in 
the organization together with the system of quality management. For this reason, the authors propose 
an expansion from the concept of TQM (Total Quality Management) for the concept of TRM (Total 
Responsibility Management) that starts to contemplate the needs and concerns of all the stakeholders 
that interact with the organization. 


The third generation of the quality movement rises that way. It is a generation based on the inclusion of 
the socio-environmental variables in the current models of organizational management. Jonker (2002), 
Van Marrewijk and Zwetsloot, (2004), and Waddock and Bodwell (2002) indicate that the changes in the 
organizational administration systems should begin for the changes in the structural pillars of the 
organization (values, foundations, vision, mission), transforming, thus, the organization as a whole, 
defining new work means, new objectives and goals, as well as new evaluation tools that include the 
evaluation of the socio-environmental factors. This idea is reinforced by Castka, Bamber, Bamber and 
Sharp (2004) for who any model of change of the management implemented in the organization should 
be took as a change in the organizational philosophy that should include all the existent processes in the 
organization. 


Through this evolution, it is explicit the need of expansion from the quality concept (TQM) to a larger 
concept in what could be appraised the relationships of the organization to the environment and society. 
But it is pertinent to do the question regarding the form how would be implemented the insertion of 
these new socio-environmental variables in the organization management. 


Karapetrovic 2003) and Dale and Wilkinson 2001) refer to the existence of a varied range of researches 
and works focused in the analysis of different ways of passage from the second to the third quality 
generation, indicating the need of integration models definition capable to help the organizations in the 
implementation these new forms of administration. 


Wilkinson and Dale (2001) demonstrate the existence of two possible ways of passage for the third quality 
generation. The first of them happens through the integration of the different administration systems in a 
great and integrated administration system that consider equally systems of quality, environmental, health 
and safety among others. The second one happens through the expansion of the concept TQM, to which 
would be incorporated the socio-environmental factors, through the satisfaction of the needs of all the 
stakeholders and not only of the customers. 


Karapetrovic (2003) follows the same train of thought of Wilkinson and Dale (2001), indicating that this 
passage for the third quality generation can happen through two different roads to which the quality 
concept is associated. 


Karapetrovic (2003) defines quality as the ability the organization possesses to satisfy the customer. 
Analyzing this definition, Karapetrovic indicates that the first step in this evolution happens when the 
organization do not tries only to satisfy its customer but all the other stakeholders that are related to the 
organization. The second step happens due to a change in the ability of fulfillment of the costumer’s 
needs - this ability passes from a simple fulfillment of the needs to a fulfillment of these same needs with 
excellence.  


On the first road, the organization begins satisfying some of the customers' needs through some 
administration system deployment; the evolution of the organization begins when it starts to give 
attention to other stakeholders (other systems implantation as ISO 14.000 and OHSAS 18001). This 
second passage happens when the organization begins its road to the excellence (the total satisfaction of 
the customers' needs).  


Another train of thought points the existence of a third way to reach the satisfaction of the needs of 
different stakeholders (third generation of the quality movement). This third passage would occur through 
the dialogue with the different stakeholders, identifying, through this dialogue, their interests, which 
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would have an important incidence in the strategic planning of the organization and in their operational 
processes.  


Following the incorporation of this new vision, three forms of passage from the second quality generation 
to the third quality generation can be identified: 


a) Through the integration of the different existent administration systems in the organization;  


b) Through the extension from the excellence concept to the concept of sustainable excellence;  


c) Through the incorporation of the dialogue with the stakeholders of the organization. 


In this work we emphasize the third form of passage, through the expansion of the excellence concept, to 
a concept of sustainable excellence. 


2.1.1 Third Quality Generation through the extension of the excellence concept to the concept of sustainable 
excellence. 


The excellence is seen as a synonymous of TQM, which is applied in the organizations through different 
existing models in the world (BEM - Business Excellence Model). These models present a methodology 
that, through the use of a self-assessment tool, helps the organizations measure its degree of adherence 
to the model in subject. Through these models incorporation of the concepts associated to the 
sustainable development, (motivated by stakeholders pressures or by the competitive structure of the 
market) the organization would be evolving to the third generation of the quality concept. 


Hensler and Edgeman (2002) in “Measuring Business Excellence: an expanded view” exposes a general 
vision of his proposal of an excellence model that, besides the quality, considers the social, environmental, 
and technological factors. Edgeman nicknamed this model as “BEST Business Excellence” in which the 
acronym BEST refers to the four basic components of the model of sustainable excellence proposed by 
him: B – Biophysical; E – Environmental; E – Economic; S – Societal and T – Technology. According to 
Edgeman, this model tries to unite the concepts of sustainable development to the excellence models. 


Hensler and Edgeman (2002) indicate that the basis of the excellence models (or of the performance 
measurement) is in the foundations and criteria that his model defined, through which application can 
guide the organization in its road to the excellence. They also affirm that his model is based on the 
insertion of principles and socio-environmental criteria through which the organization could evaluate its 
level of adherence to the business sustainability, through the BEST pillars (B – Biophysical; E – 
Environmental; E – Economic; S – Societal and T – Technology). 


This relationship between sustainable principles and excellence models can also be found in the model of 
McAdam and Leonard (2003). According to them, the organization should identify sustainable principles 
and values of performance, which would come to permeate all the processes and structures of the 
organization (planning, processes and results). The definition, application and measurement of these 
principles should be accomplished taking into account the different social players with which the 
organization interacts. 


The first foundation refers the expansion from the excellence models to the models of sustainable 
excellence, in which the associated concepts related to the social aspects as well as to the environmental 
ones should be inserted in all criteria of the excellence evaluation.  


2.2 Second foundation - Values and organizational behavior to the corporate social 
responsibility 


The Second foundation of the model refers to the organization behavior to its Socio-environmental 
responsibility, which will depend both of the individuals' values and of the organization’s values. 


2.2.1 Individual Values 
According to Schwartz (1999) the values refer the way people react or behave in different life situations. 
They are criteria or goals that guide the individuals' life and the way they behave. Agle and Caldwell 
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(1999) indicate that the values are integral part of the people's lives, and it is determining, modifying and 
regulating the relationships among individuals, organizations, institutions and society. For Rokeach (1968), 
the values are manners of conduct; it is the belief that a certain way of conduct is better than other. A 
value is a pattern of behavior that is applicable for several purposes in the human life. Based on their 
structure of values the individuals act, evaluate and make judgment of actions and attitudes. 


Schwartz 1999) indicates that the values are forms used by the different social players (organizational 
leaders, politicians, and common people) to behave, to evaluate the other ones behaviors, as well as to 
explain and to judge the other’s behaviors. 


For Schwartz and Bilsky 1987), Tamayo et al 2000) and Oliveira and Tamayo (2004), the values are 
cognitive representations of three types of universal human needs: 


 Biological needs of the organism;  


 Need of social interaction for the regulation of the interpersonal relationships, and; 


 Socio-institutional needs, that aim the well-being and survival of the group. 


Thus, to manage the reality, the individuals have to recognize those needs and to drift, create or learn 
appropriate answers for its satisfaction. This satisfaction, however, should happen through acceptable 
forms for the rest of the group. The values, that are principles and goals that orientate the individual's 
behavior, arise like this. 


2.2.2 Organizational values and organizational behavior 
According to Rokeach (1968) and Oliveira and Tamayo (2004) the individual values definition can be used 
to define the organizational values. In this article the definition of values of Rokeach (1968) will be used to 
define the organizational values as the ones that orientate the individuals’ behavior of an organization 
(shared values). Paarlberg and Perry (2007) refer to the organizational values as the principles that guide 
the behavior of an organization; these principles are also known as organizational culture. Erez and Gati 
(2004) defines organizational culture as a group of beliefs and values that are shared by the members of 
the same organization; Tamayo et al (2000) refers to the organizational culture as a group of values 
existent in the groups that are shared. 


For Erez and Gati (2004), Tamayo and Gondim (1996) and McDonald and Gandz (1991) the importance 
given to the organizational values is due to the establishment of the administration practices in the 
organization. For Agle and Caldwell (1999) the organizational values have a strong relationship with the 
strategies proposed by the organization. Oliveira and Tamayo (2004) indicate that the values have 
important organizational functions: the first of them regards the creation, mainly among the employees, 
of mental models that help in the fixation of the objectives and of the organization mission; the second 
one refers to the fact that the organizational values help in the construction and fixation of the 
organizational identity. Tamayo et al (2000) argue that the organizational values are decisive in the 
employees' performance, satisfaction in the work and in their productivity. 


2.2.3 Organizational continuous ethics  
In spite both the theory and the practice evidence an organic and committed supposed relationship, it is 
relevant to question: how to know, in fact, if the organization behavior is an appropriate one? Joyner and 
Payne (2002) argue that this behavior can be evaluated through the usage of the ethics concept, 
specifically of the corporate ethics. Raiborn and Payne (1990) defines this corporate ethics as: a system of 
values and of organizational principles that are associated to a definition of right or wrong. 


In Joyner and Payne vision, the organization’s ethical behavior can be understood as a continuum one. In 
one extremity of this continuous is an ethical-legal behavior, in which the actions that the organization 
accomplishes are a minimum necessary for the execution of the laws and ruling norms. On the other 
extremity of the continuum is an ethical-moral behavior, in which the actions that the organization 
accomplishes aim to reach the individuals' well-being as well as all society groups well-being. Between an 
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extremity and another of the continuum, it can be identified other types of behaviors associated to this 
ethical continuum.  


For Porter and Kramer 2006) from Harvard Business School, the companies that answer to the call of the 
social responsibility can make it adopting a reactive or strategic approach. What defines one and another 
approach is the ethical involvement of the company with the society issues. 


In this train of thought, some authors like Carroll (Carroll, 1979, 1991, 1998, 2000a, 2000b), Raiborn and 
Payne (1990, 1997), and Van Marrewijk (2004) also identify different responses from the organizations to 
its social responsibility. 


For Carroll 1979, 1991, 1998, 2000a, 2000b) the possible strategies are: 


 Reaction: The organization is concerned about the social aspects (socio-environmental) due to the 
existent legal mark that includes the organization; the organization is forced to interact. 


 Defense: The organization interacts with the social aspects to avoid and to flee, thus, the 
pressures that could exist (legal and social) due the fact of its lack of socio-environmental 
concern. 


 Accommodation: The organization is concerned with the socio-environmental aspects just 
because they exist; without any other interest. The organization just does it because the company 
wants to do it. 


 Proaction: The organization, in a voluntary way, interacts with the socio-environmental aspects 
looking forward to the problems that the organization could cause, only for the fact that it is the 
right thing to be done. 


 However, Raiborn and Payne 1997) classify them as: 


 Basic level: In this basic level the organizations just accomplish what the laws and associated 
regulations indicate that should be done;  They don’t do anything beyond it. 


 Current attainable level:  In this level the behavior of the organization is accepted by the society, 
in general. The organization accomplishes the laws and regulations, although it is also 
characterized by its lack of effort and of dedication in regard to the socio-environmental 
problems. 


 Practical level: In this level organization tries to make an effort to find some solution to the socio-
environmental problems existent. 


 Theoretical level:  In this level the organization presents an ethical-moral behavior turned 
completely for the solution of the socio-environmental problems caused by the existence of the 
company. 


 Finally, Van Marrewijk 2004) and Werre and Van Marrewijk (2003), classify them in: 


 Compliance-driven corporate sustainability: The corporate social responsibility at this level 
consists of providing welfare to society, within the limits of regulations from the rightful 
authorities. In addition, organizations might respond to charity and stewardship considerations. 
The motivation for CS is that CS is perceived as a duty and obligation, or correct behavior. 


 Profit-driven CS: In this level the corporate social responsibility consists in the integration of the 
ethical, social and environmental aspects in the organization management, contributing to the 
maximization of the profits and minimization of the risks. The corporate social responsibility 
actions are always developed and promoted aiming the economic well-being of the organization. 


 Caring CS: In this level the corporate social responsibility consists in the balancing of the 
economic, social and environmental aspects, being that all of them are important in the 
organization. The corporate social responsibility goes beyond the legal indulgence and of the 
search for the profit or for the risks minimization. 
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 Synergistic CS: In this level the social responsibility consists of a search for well-balanced, 
functional solutions creating value in the economic, social and ecological realms of corporate 
performance, in a synergistic, win-together approach with all relevant stakeholders. The 
motivation for CS is that sustainability is important in itself, especially because it is recognized as 
being the inevitable direction progress takes. 


The organization has to take account of the economic, social and environmental variables in any 
corporate social responsibility system evaluation, since these three variables are the pillars of all kind of 
sustainable actions (Elkington, 2000). Authors like Sachs (1993) in (Oliveira, 2002) and Wilsdon (1999) (5K 
Model) increase another variables that should be addressed in the course of the corporate social 
responsibility studies. Only the economic, social and environmental variables were considered for the 
development of this model displays. The intersection of these 3 variables is known as the tripod of the 
sustainable development or of the corporate social responsibility. 


Ketola (2007) indicates that the evaluation of the corporate social or sustainable performance should take 
into account each one of these variables, as well as the relations between each one of them. 


Ketola (2007) defines the evaluation of the corporate social responsibility through the analysis of the 
behavior of the organization in relation to each one of the variables asunder (economic, social and 
environmental), giving in the end one evaluation that considers these three variables connectedly.  


The second fundament of the model says that the responses of the organizations to its socio-
environmental responsibility may be found in some position of the ethical continuums of the 
organization. These responses have to be seen in a separate way, since the different behaviors of the 
organization responsibility (social / environmental and economic) may have different positioning (degrees 
of maturity or of response) inside of the ethical continuum. 


2.3 Third foundation: Integrated vision of the corporate social responsibility 
The third foundation refers to the understanding and insertion of the corporate social responsibility 
concept in the organization. 


2.3.1 Corporate social responsibility: definitions 
Several studies and definitions in the literatures associate the concept of the organization to their 
economic, social and environmental impacts (VALOR, 2005). Valor (VALOR, 2005) indicates that the same 
author can use different definitions associated to this concept in the same article or in different ones. One 
of the approaches more commonly associated to this concept is known as corporate social responsibility. 
This denomination has a series of different definitions, with barely defined borders and completely 
questionable legitimacy (Lantos, 2001). 


The corporate social responsibility is also discussed in the literature through themes as: corporate 
citizenship; corporate philanthropy; corporate responsibility; governance; environmental and sustainable 
development. All these concepts are used to characterize both the responsibility of the organization to 
their stakeholders and the social, environmental and economic impacts caused by its operation (Murray, 
Hazlett,S. and McAdam,Rodney, 2007). 


According to Murray and Hazlett et al (2007) the corporate social responsibility has been defined in 
different ways, for instance: as concept; as term; as theory and / or as an activity or group of activities. 


For the WBCSD in (Holme and Watts, 2000), the concept associated to the corporate social responsibility 
will depend both of the country, of the economic section, and of the type of business where the 
organization in inserted. For instance, the concept associated to the corporate social responsibility used in 
Brazil is different from the concepts used at other countries of the world. These different visions of 
corporate social responsibility were developed in 1998, in the first international forum to discuss CSR 
issues, which was promoted at Netherlands in 1998 for WBCSD. 
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2.3.2 Systemic integration of the concept of Corporate Social Responsibility 
Archie Carroll was the first one that worked with this concept of the corporate social responsibility in an 
integral or systemic way. In 1979 he developed a model called “Organizational Social Performance Model” 
(Carroll, 1979) in (Joyner and Payne, 2002), through which were integrated the socio-environmental 
pressures of the society, the forms of responsibility that the organization assumed, as well as the ways 
these responsibilities were accomplished.  


Wartick and Cochran 1985) give an evolution of the Carroll’s model. They argue that the organization 
corporate social responsibility performance model is one of the first models that look to the corporate 
social responsibility from an integral point of view. they propose an evolution in the Carroll’s model 
indicating that the corporate social responsibility can be seen through 3 dimensions. 


The model of Wartick and Cochran 1985) develops the Organizational Social Performance Model, in 
relation to the concept associated to the dimension of the stakeholders’ socio-environmental pressures. In 
this new proposal this dimension shall known as social politics or administration aspects, where the social 
problems, are identified and analyzed for a subsequent implementation in the different ways of response 
that the organization will implement. 


Donna Woods 1991) uses both the models definitions of Carroll and of Wartick and Cochran to propose 
an evolution of the social model of the organization’s performance, arguing that the model to insert the 
social responsibility in the organization should possess 3 dimensions. The first dimension is of principles; 
the second is of processes and the third is of results. This third dimension of results may have a function 
similar to the social politics dimension defined for Wartick and Cochran. For Woods (1991), the corporate 
social responsibility would be a consequence of the principles of the organization to its social 
responsibility. In this context, these principles will be reflected through the processes of the organization 
and might be analyzed through the results given by the organization. 


Woods (1991) still increases this model proposal the relationships of the organization, in its different 
contexts of performance. These relationships are: the responsibility of the organization to the society 
(social contract), the responsibility of the organization to the products and services offered and, lastly, the 
responsibility of the organization to the individuals that work in it.  


Another model that complements this vision regarding the integral management of the corporate social 
responsibility is the integral model of Wilber (1997), Varey (2008b), known as AQAL (All quadrants All 
Levels). This model indicates that the concepts and definitions used by the organization in relation to  the 
corporate social responsibility has to include 4 performance quadrants; these 4 quadrants have to be 
treated jointly so that the organization could put itself in the corporate social responsibility road. 


Bill Varey (2008) also shows that any concept of corporate social responsibility is pegged to the scoping, 
depth and temporality characteristics. Varey (2008) argues that all definitions of sustainability can be 
constructed through these 3 variables  


According to Varey (2008) the definitions associated to each one of these concepts are the following:  


• Depth: what will be valued – This concept is associated to the values that are related to the sustainability 
concept, identifying, thus, the foundations of the sustainability concept development.  


• Scoping: who will be benefitted with these concepts implementation – Refers to the boundaries of the 
concept implementation, identifying who will be benefitted by the concept and which will be the borders 
of this concept expansion.  


• Time: How far this concept can be visualized – It indicates the time in which this concept will be 
implemented. 


For authors as Carroll (1979) in (Joyner and Payne, 2002), Wartick and Cochran (1985), Wood (1991), 
Wilber (1997), Varey (2008, 2008a, 2008b) and Wood (1991), the corporate social responsibility has to be 
seen inside of the organization in an integral and holistic way. In first way, considering the CSR as an 
integral structure, in which the visions in long and short terms have to be included. Also has to be 
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included the internal and external agents that are related with the organization, as well as the tools that 
will be developed and used. 


Thus, the corporate social responsibility should be assumed by the organizations in an integrated way, 
showing that the organization possesses a corporate social responsibility to the society in which it is 
inserted, to the products and services that the organization offers, and to the people with which it 
interacts.  


Analyzing the process, we can notice that the themes of leadership, strategies and plans, as well as results, 
has a direct relationship with the three levels presented in the illustration (Responsibility to the society; 
Responsibility to the products and services that the organization offers; Responsibility to the people with 
which it interacts). However, the theme of processes is directly related with the responsibility for the 
products and services provided by the organization and the theme of people is directly related with the 
level of responsibility of the organization to the people that interact with it.  


The third foundation indicates that the corporate social responsibility should be analyzed as a whole in 
the organization, from the leadership aspects, which are influenced by the individual and the 
organizational values, including all the organization chain, and even the results. These results should 
reflect the strategies defined by the leadership on each level of responsibility of the organization. 


3 Model Specification 
The structure of the model of sustainable excellence is defined through these three foundations. The 
model aims to evaluate the economic, social and environmental excellence of the organization 
administration as an integrated set, considering the relationship of the organization with society, with the 
products and services offered, and with the stakeholders. 


This evaluation should consider the different aspects that have been part of the organization (leadership, 
strategies, processes, people and results) and their responsible relations in their different operational 
levels. 


4 Conclusions and final considerations 
This article presented a model proposal for evaluation of the sustainable management of the 
organizations. For the authors the evaluation of the organizational sustainability has to be seen as a 
whole, knowing that the company is an integral being who has several types and degrees of relationships. 
At the present time there are countless definitions of corporate social responsibility (organizational 
sustainability), but these definitions always treat the corporate social responsibility in an insulated way, 
treating only some aspects of the organization’s relationship with its different types of responsibility. 


The most used representation of the sustainable evaluation is known as ‘Triple Bottom Line’, in which the 
sustainability is the intersection of the economic, social and environmental aspects. 


According to the authors, the corporate social responsibility is characterized not only by the intersection 
of these three aspects but also by the different options of relationship existent among the three basic 
pillars of the sustainability. Thus, the sustainability would have to be evaluated through the evaluation of 
these different relationships among these three pillars: economic, social and environmental. 


This work is still developing the research instrument based on the model proposal. The following step of 
this work is the analysis and tabulation of the data obtained with the application of the research 
instrument. The model was applied in Brazilian and Chilean civil construction companies, evaluating how 
the social responsibility concept in treated. The concept is much better applied in the Brazilian companies, 
where exists a deep and mature understanding of how the triple bottom line variables has to be inserted 
in the company behavior.  
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Abstract 


Production systems have evolved over centuries from handcraft activities to high-tech complex operations. Through 
the years, studies aiming to understand best practices for production systems have multiplied; applied techniques, 
adopted management systems and available resources have changed to continuously produce gains and improve the 
productivity of the enterprises’ production factors. Enterprises experimented high growth in aggregating value to 
their products, and consequently, firms have aggregated value to their own market value. Organizations that did not 
accompany the evolution of society have disappeared, while others that ‘grasped’ this evolutionary process have been 
quite competent in influencing the behavior of the world’s population. This paper is based on a longitudinal study of 
theoretical literature on how the concept of ‘value’ has been approached in different moments of the development of 
the Industrial Engineering maturity. The study highlights aspects that influenced different perceptions about the 
definition of ‘value’ over the years; it indicates new possibilities for the development of the concept of value in 
sustainable production systems. It also intends to provide an in-depth understanding of the basic elements of the 
sustainable value for modern production management and value chain creation. The concept of value is extensively 
used to define production systems performance. Nonetheless, its use at times does not cover the multiple aspects 
that a systemic understanding of value creation encompasses. The present paper emphasizes trends on the increasing 
offer of high value products in a world that demands sustainable production systems to reach a consistent sustainable 
development ‘utopia’. This task can be accomplished only if the concept of value is revisited. 


Keywords: value concept; production evolution; sustainable production. 


1 Introduction 
Industrial Engineering is supported by many other sciences such as Economics, Business Administration, 
Statistics and Mathematics, among others. The associations between these sciences allowed the 
development of disciplines and theories related to production. Thus, certain research studies and seminal 
works belonging to these sciences can be considered as part of the Industrial Engineering field. 
Considering the topics that have evolved from the Industrial Revolution and presented different versions 
and interpretations over time, the attempt to establish the concept of value can be underlined. This paper 
seeks to analyze different versions of the concept of value adopted and employed over the years. It aims 
to observe what Marshall indicated in the preface to the first edition of the book “Principles of 
Economics”, where the author addresses changes in economic conditions: “Each generation looks at its 
own problems at its own way” (Marshall, 1890). In consequence, as academic research on Economics has 
evolved, studies on management have been developed, technological innovations have emerged and 
environmental matters have been noticed, the focus on the definition of value has changed. Aiming to 
indicate how the concept has evolved, the first years of the Industrial Revolution were adopted as the 
starting point for the present study, including the first landmarks such as the invention of the steam 
engine and the introduction of the book “The Wealth of Nations” by Adam Smith. Since then, other 
events, inventions, books and authors have contributed to the changes of viewpoint on the use of 
production systems or generated studies on other aspects that shifted the analysis, bringing new 
approaches and definitions of relevant concepts. 
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Following Marshall’s statement, one of the topics that society has indicated as essential for the 
development of new approaches to production management is the sustainability of operations, which has 
been incorporated into the research, and, in consequence, in the study of the concept of value. Clearly, 
the number of themes approached by the different sciences does not allow a detailed account of the 
different topics. The study of the history of the term “value” would lead to the study of what Ueda et al. 
(2009) indicated in the paper “Value creation and decision-making in sustainable society”. The authors 
begin their analysis on the concept of value during the third and fourth centuries BC, considering the 
philosophers Plato, Aristotle and Epicurus. The main aim of the present study is to facilitate the 
association of various studies that focused on the formulation of the concept of value from the Industrial 
Revolution, throughout the evolution of society. Aspects related to the development of the production 
are considered, moving toward the objective that is envisaged, the search of a world close to the 
sustainability. Currently, the topic “value” is directly connected with the stock market, with the formulation 
and indication of value for stocks and enterprises, the measurement and qualification of personal and 
institutional assets, the production of goods and provision of services. Different methodologies are 
generated from the concept for the calculation of value for enterprises, assets and rights, considering 
contemporary tangible and intangible aspects. However, to understand the evolution of the concept of 
value, it is necessary to contextualize the productive environment during the nineteenth and the twentieth 
century; this is presented next. 


 
Figure 1: The Process Established for the Study of the Concept of Value 


2 Landmarks of the Production Development 
Among the many studies and discoveries that could be indicated as the starting point for this research, 
the studies of the philosopher, chemist and physicist Robert Boyle, born in Ireland in 1627, died in 1691. 
Boyle stated the Compressibility Law of Gases, which establishes the relationship between temperature, 
volume and pressure of a gas mass. Around the same period, the topic was being studied by Mariotte in 
France. Both studies reached the same conclusions and the law was named Boyle-Mariotte. In 1675, Boyle 
worked with Denis Papin, a French physician, physicist and inventor, who was born in 1647 and died in 
1712. In 1690, Papin developed a piston model, which allowed the utilization of mobile parts in steam 
engines. Up until that time, an English military engineer and inventor, Thomas Savery (1650-1712), had 
patented in 1698 a machine to pump water from coalmines by turning water into steam, but his invention 
did not contain mobile parts. In 1712, Thomas Newcomen, an English blacksmith and mechanic, born in 
1663, died in 1729, installed and patented a steam machine which drained the water accumulated in 
coalmines. Newcomen combined the discoveries of Papin and Savery, made an agreement with Savery 
due to the domain over the registered patent. Scottish-born inventor James Watt (1736-1819) developed 
studies and research in a small workshop in the University of Glasgow. While repairing a Newcomen 
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machine, he introduced improvements, producing a more efficient engine. In 1769, the inventor patented 
the engine, later produced and marketed it on an industrial scale.  


The development of new production technologies resulted in great social changes at the end of the 
eighteenth century and beginning of the nineteenth century. There was a great rural exodus, and in 
consequence, the industrial organizations had the opportunity to hire workers with very low wages, 
demanding high workloads and providing hazardous working conditions. Within this context, the world 
experienced a rapid growth in the industrial production and academic production as well. Similarly, new 
inventions and others were improved, e.g., the use of the electricity. The publication of the “Treatise on 
Electricity and Magnetism” in 1873 constitutes a landmark for its acknowledgement and application. While 
innovations emerged, academic work including economical and social analyses multiplied, introducing the 
thoughts of different economic trends, those in favor of capitalism and those closer to socialism.   


The end of the nineteenth century was marked by the beginning of scientific studies on labor productivity, 
resulting in 1911 in the publication by American mechanical engineer Frederic Winslow Taylor, who was 
born in 1856 and died in 1915, of the book “Principles of Scientific Management”. That book presents the 
fundamentals and principles of the Scientific Management. In general, a methodology to enhance 
productivity is attributed to the author, however, in his book, where the author states how he believes the 
distribution of benefits associated with the scientific management should be, he indicates that, “the rights 
of the people are therefore greater than those of either employer or employee. And this third great party 
should be given its proper share of any gain” (Taylor, 1911). Considering the way of life and guidelines of 
the period, this was a seminal positive purpose: the offer of social benefits to society, a concern that was 
relegated to an inferior place in the proliferation of the work of this researcher.  


With the combination of efforts of several employees within his company, Henry Ford, who was born in 
the United States on June 30th 1863 and died on April 7th 1947, the founder of the Ford Motor Company 
implemented in 1913 an assembly line of Model T cars on moving benches. The entrepreneur utilized a 
wage policy, which allowed the best workers to remain in his installations, resulting in high productivity. 
Other researchers such as Frank and Lillian Gilbreth and Henri Fayol presented work that improved 
production systems. Another eminent entrepreneur, from the 20s of the last century, was American 
business executive Alfred Pritchard Sloan Jr, who was born on May 23rd 1875 and died on February 17th 
1966. Sloan was an executive of the General Motors Corporation, who managed several changes in the 
way cars were produced and marketed. It is credited to him the formulation of a pricing structure for 
different products launched yearly, including changes of style and resulting in a planned obsolescence. 
Following a natural progression of management and economic studies and starting in 1940, books, 
papers, and works about Marketing were produced. They highlighted the outcomes of the creation of 
value for products and services in terms of consumer satisfaction, and resulting in advantageous 
relationships for both parties. Theodore Levitt and Philip Kotler constitute eminent authors in this field. 


Nonetheless, the evolution of production counts on the predominance of the technology factor, which is 
incorporated into the traditional production factors described by Adam Smith: capital, natural resources 
and labor. Thus, it moves from a mechanized production to automation and cybernetics. The two World 
Wars of the 20th century promoted research on new weapons, defense systems and communication. 
Many of these new discoveries were improved during the post-war years, resulting in products and 
services, which changed dramatically the formulation and management of production. In the 30s, 
Germany developed the first robot through the Goliath Program, a remote control land mine. Because of 
the development of Cybernetics in 1946, a group of scientists led by American electrical engineer John 
Presper Eckert, born on April 9th 1919 and died on June 5th 1995 and physicist John Mauchly, born on 
August 30th 1907 and died on January 8th 1980, created the ENIAC (Electronic Numerical Integration and 
Computer). It is regarded as the first digital computer and the inspiration for the informatics industry. 
Moreover, because of the “war industry” investments, beginning in 1957, ARPA (Defense Advanced 
Research Agency) developed Arpanet, an operational network of computers based on commuting. It was 
developed by Joseph Carl Robnett Licklider and Lawrence Roberts; the latter based his work on the 
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research of Paul Baran. Counting on the collaboration of Leonard Kleinrock, Robert Kahn and Vinton Cerf, 
Robert developed work that originated the Internet.  


The changes regarding the concept of value followed the described modifications of products and their 
way of production. Until the end of the nineteenth century, the concept of value was one of the main 
objects for these studies. However, throughout the twentieth century, some economic concepts were 
“strengthened” and new situations, and elements received more attention from academics, such as the 
events of the World Wars and the crash of the New York Stock Exchange, though the term would still 
generate various interpretations and definitions, which are discussed next. 


3 Historical Review of the Concept of Value 
In 1804, Richard Trevithick’s steam carriage reached the maximum speed of 8 km/h. At present, the TGV 
train in France, among several models of “bullet trains”, can reach 574.8 km/h. This rough comparison 
establishes the context in which the authors who described economic, management, political and social 
aspects in the beginning of the 19th century were found. The access to the literature of the period was 
extremely slow. As an example, the access to the contents of Adam Smith’s “The Wealth of Nations” by 
David Ricardo only occurred in 1799, i.e., 23 years after its first publication; and the analysis of the text was 
published in 1808. The analyses of seminal works and concepts, such as the concept of value, proceeded 
throughout the nineteenth century, as in the case of Karl Marx, who in 1867 publishes his first book, “The 
Capital”, with critiques regarding Smith and Ricardo. 


Another important factor to be considered, which indicates major changes in the world over these years, 
is the variance of the world’s population beginning with the Industrial Revolution. Through the table 
“Evolution of the World’s Population”, a drastic positive variance of the growth is observed, and in 
consequence, the human occupation of the planet and the deployment of resources. This trend had 
already been identified at the end of the eighteenth century and beginning of the nineteenth century. This 
was indicated by the first publication, still anonymous, of the “Essay on the Principle of Population” by 
Thomas Robert Malthus, who was born in England on February 14th 1766 and died on December 23rd 
1834. In spite of Malthus expressing his concern on the future of humankind, since he considered that the 
production of food would be smaller than the population growth, the discovery of more effective 
techniques for the agriculture and raising livestock, as well as the use of contraceptives did not confirm 
his studies.    


Table 1: Evolution of the World’s Population 


Year Population Variance* 


1750 791,000,000  


1800 978,000,000 +23,6% 


1850 1,262,000,000 +29,0% 


1900 1,650,000,000 +30,7% 


1950 2,518,629.000 +52,6% 


2000 6,070,581.000 +141,0% 


2011 7,000,000.000 +15,3% 


*in relation to the previous period 


The authors of the nineteenth century that studied the topic “value” can be categorized through the 
theories they developed. Smith, Ricardo and Marx among others presented objective theories, thus 
bringing classical approaches; on the other hand, Jevons, Enger, Walras and others introduced subjective 
theories, elaborating approaches that were considered marginalists, and, finally, there were other authors, 
who presented theories for market prices such as Mill and Marshall.  
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Beginning in 1776 with the work of Scottish economist Adam Smith (1723-1790), who published “The 
Wealth of Nations”, his text influenced not only researchers of economics whether they were his followers 
or his critics, but other academic disciplines as well. The book presents through a clear and organized 
language a well-structured analysis of possibilities for the economic growth of different countries through 
the potentialities of production resources. Smith defined the production factors as land, capital and labor 
(the rent of the production factors would be the income from the land factor, the profit or interests of the 
capital factor and the wages of the labor factor). Considering that “in every society, the price of every 
commodity finally resolves itself into some one or other, or all of those three parts” and that “the real 
value of all the different component parts of price, it must be observed, is measured by the quantity of 
labour which they can, each of them, purchase or command”. The author differentiates between the 
natural price (real cost of a commodity including the profit) and the market price (price regulated by the 
quantity put on the market and the demanded quantity). It also considers that depending on the sectors, 
“the same quantity of industry will, in different years, produce very different quantities of commodities; 
while, in others, it will produce the same or very nearly the same” (Smith, 1776). For the first part of the 
citation, the author considers agricultural activities while the second relates to the textile industry.  


In 1803, French author Jean Baptiste Say, who was born in 1767 and died in 1832, publishes the book 
“Treatise on Political Economy”. In his book, Say states that the “valuation of an object is nothing more or 
less than the affirmation, that it is in a certain degree of comparative estimation with some other specified 
object; an any other object possessed of value may serve as the point of comparison. A house, for 
instance, may be valued in corn or in money”(Say, 1803). The author also indicates that “the wants we feel 
make us desire to possess the things to satisfy them” and “of these wants, some are satisfied by the 
gratuitous agency of natural objects; as of air, water or solar light ... because they are the spontaneous 
offering of nature; and, as such, mankind is not called upon to earn them by any sacrifice or exertion 
whatever; for which reason, they are never possessed of exchangeable value” (Say, 1803).     


In 1817, English economist David Ricardo (1772-1823), wrote the “Principles of Political Economy and 
Taxation”. Ricardo differentiates between the concepts of value and wealth (riches), considering that 
“value, then, essentially differs from riches, for value depends not on abundance, but on the difficulty or 
facility of production” (Ricardo, 1817). Analyzing Smith, the author indicates that “it is true, that the man in 
possession of a scarce commodity is richer, if by means of it he can command more of the necessaries 
and enjoyments of human life; but as the general stock out of it which man’s riches are drawn, is 
diminished in quantity, by all that any individual takes from it, other men’s shares must be necessarily 
reduced in proportion as this favoured individual is able to appropriate a greater quantity to himself”. 
Ricardo (1817) cites Lord Lauderdale, regarding the analysis of the value of water, “if it should be scarce, 
then the riches of the country and of individuals would be actually diminished inasmuch as it would be 
deprived of a portion of one of its enjoyments”, and as he concludes, “not only would there be a different 
distribution of riches, but an actual loss of wealth” (Ricardo, 1817).   


German philosopher Karl Marx, who was born in 1818 and died in 1883, publishes between 1867 and 
1905, a set of four books which together are designated as “The Capital”. Within the text that presents a 
prolix language, the author criticizes the work of a number of his predecessors. However, there is an 
agreement with some of their positions such as the acceptance of the labor theory of value and the focus 
given by Ricardo, which attributed a value to the time of labor, but not Smith’s focus on the “value of 
labor”. Marx is connected with authors with a socialist tendency. Considering that the contents of the four 
books were written in different periods and different stages of his life, philosophical, economic, social and 
political analyses are evidenced in his work. 


Léon Walras was born in Normandy on December 16th 1834 and died on January 4th 1910. It is among 
the first authors to explore the possibility of establishing a study for “value” using a mathematical focus: 
“Since value in exchange is a magnitude that is measurable, and the object of mathematics is to study 
magnitudes, it follows naturally that the theory of value in exchange is a branch of mathematics, this far 
forgotten by mathematicians and still not elaborated, which is the theory of value in exchange” (Walras, 
1874).   
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William Stanley Jevons, who was born on September 1st 1835 and died on August 13th, also deals with 
economic themes with greater mathematical focus. Referring to the term “value”, Jevons (1871) points 
out: “I must, in the first place, point the thoroughly ambiguous and unscientific character of the term 
value. Adam Smith noticed the extreme difference of meaning between value in use and value in 
exchange; and it is usual for the best writers on Economy to caution their readers against the confusion to 
which they are liable. But I do not believe that either writers or readers can avoid the confusion so long as 
they used the word” (Jevons, 1871). The author emphasizes that, “thus I come to the conclusion that, in 
the use of the word value, three distinct meanings are habitually confused together, and require to be 
thus distinguished:  


1. Value in use; 
2. Esteem, or urgency of desire; 
3. Ratio of exchange. 


Jevons also highlights the existence of the concept of negative and zero values, according to the author, 
“yet there cannot be the least doubt that people often labour, or pay money to other labourers, in order 
to get rid of things, and they would not do this unless such things were hurtful, that is, had the opposite 
quality to utility - disutility” (Jevons, 1871). 


Carl Menger, who was born on February 28th 1840 and died on February 26th 1921, brings to the 
economic literature a distinction between first order (consumption), second, third, and higher orders and 
complementary goods. Menger (1871) also reflected on the production systems, as observed in the 
excerpt: “However great these differences between the various branches of production may be, and even 
though the progress of civilization tends to diminish the uncertainty involved, it is certain that an 
appreciable degree of uncertainty regarding the quantity and quality of a product finally to be obtained 
will always be present, although sometimes to a greater and sometimes to a less extent, according to the 
nature of the case” (Menger, 1871).  In consequence, the author explores the topic of demand and offer of 
goods. Regarding economic and non-economic goods, analyzing the variation of the flow of the water of 
a river throughout a year to supply a small village, observing the water as a non-economical good, he 
concludes: “under such circumstances, there is no practical necessity for any individual to secure a part of 
the whole sufficient to meet his requirements” (Menger, 1871).  The author concludes that ”... it is clear, 
accordingly, that all the various forms in which human economic activity expenses itself are absent in the 
case of goods whose available quantities are larger than the requirements for them, just as naturally as 
they will necessarily be present in the case of goods subject to the opposite quantitative relationship. 
Hence they are not objects of human economy, and for this reason we call them non-economic goods” 
(Menger, 1871).  However, according to the author, “conversely it may happen that there are some goods 
that nature spontaneously produces in excess of those required by men, but for consumers who purchase 
the same economic if a despot excludes other economic entities of the free disposal of such property”. 
According to Menger, “value is the importance which concrete goods, or quantities of goods, receive for 
us from the fact that we are conscious of being dependent on our disposal over them for the satisfaction 
of our wants” (Menger, 1871). 


Alfred Marshall was born in England on July 26th 1842 and died on July 13th 1924, he organizes diverse 
economic concepts studied to date; the classification attributed to the term “goods”, divided into external 
and internal, economic and collective can be highlighted. The seminal reference to “value” of a “free” 
natural resource can be underlined: “But the Thames has added more to the wealth of England than all its 
canals, and perhaps even its railroads. And though the Thames is a free gift of nature (except in so far as 
its navigation has been improved), while the canal is the work of man, yet we ought for many purposes to 
reckon the Thames a part of England’s wealth” (Marshall, 1890). Specifically related to the concept of 
value, the author regards the theory established by Smith as partially correct, he states: “the value, that is 
the exchange value of one thing in terms of another at any place and time, is the amount of that second 
thing which can be got there and then in exchange for the first. Thus the term value is relative, and 
expresses the relation between two things at a particular place and time” (Marshall, 1890). 
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The Moravian economist Joseph Alois Schumpeter, born on February 8th 1883, died on January 8th 1950 
in the US, published in 1909 a text that presented an analysis of the economic dynamics. Considering the 
possibility of observing the evolution of the events originated in the use of the discoveries of the 
beginning of the 19th century, such as the mechanic looms, the author listed aspects that contributed to a 
better understanding and entrepreneurial development. As verified in the excerpt: ”The profit will fall to 
those individuals whose achievement it is to introduce the looms, whether they produce and use them, or 
whether they only produce or only use them. In our example the chief importance attaches to 
employment, but that is not essential. The introduction is achieved by founding new businesses, whether 
for production or for employment or for both. What have the individuals under consideration contributed 
to this? Only the will and the action? Not concrete goods, for they bought these – either from others or 
from themselves; not the purchasing power with which they bought, for they borrowed these – from 
others or, we also take account acquisition in earlier periods, from themselves. And what have they done? 
They have not accumulated any kind of goods, they have created no original means of production, but 
have employed existing means of production differently, more appropriately, more advantageously. They 
have ‘carried out new combinations’. They are entrepreneurs” (Schumpeter, 1911). In the sequence of his 
study, Schumpeter (1911) addresses the issue of the value for new products, indicating that: “First of all a 
valuation must be made by producers: the value of new products must be compared with the value of the 
products, which the same means of production were producing until then on a normal circular flow. This 
valuation is perfectly necessary to make any estimation on the advantage of the new combination and 
without it no action would be possible” (Schumpeter, 1911). 


During the first half of the 20th century, studies on the production resources and the concept of value do 
not present specific research, which would change dramatically the consolidated concept. However, after 
the Second World War, many authors focused on studies and theories that concluded that the creation of 
value had become essential to widening markets or even maintaining them. Peter Ferdinand Drucker was 
born in Vienna on November 19th 1909 and died on November 11th 2005. Drucker summarized the main 
thoughts of diverse studies and theories, which indicated the acknowledgement of the growing 
importance of intangible assets for the valuation of enterprises and their production as shown in the 
following excerpt: “The basic economic resource - the means of production - is no longer capital, nor 
natural resources, nor labour. It is and will be knowledge. The central wealth-creating activities will be 
neither the allocation of capital to productive uses nor ‘labour’... Value is now created by ‘productivity’ and 
‘innovation’, both applications of knowledge to work” (Drucker, 1995).  


The speed of the changes that have occurred is intense. As a function of this intensification of the use of 
the natural resources and the growth of pollution levels and residuals generation, the number of 
investigations on the relationship between environment and industrial production has increased. At the 
end of the 20th century, studies about sustainable production can be highlighted. In consequence, a new 
way of observing the concept of value has emerged.  


4 The Concept of Value for the Sustainable Production 
As an increase of the speed of available transportation means has been observed, the outcome of the 
growing importance of knowledge has been the recognition on the need for studies on the utilization of 
production natural resources and the treatment of generated residuals through a new rationale. This new 
rationale aims to improve the quality of life for the planet inhabitants and the preservation of an 
appropriate environment and resources for the next generations.  


The first scientist to formalize the existence of the “Greenhouse Effect” was French author Jean-Baptiste 
Joseph Fourier, who was born on March 21st 1768 and died on May 16th 1830. Fourier observed that, if 
the warmth of the Earth were only due to the incidence of direct sunlight, its temperature would be a lot 
inferior than the one usually registered, because the atmosphere captures the energy and recycles the 
energy emitted by the surface of the Earth.   
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Still in 1896, Svante August Arrhenius, working on studies that sought a more in-depth understanding of 
the events related to the ice ages, called attention upon the increased levels of carbon dioxide in the 
atmosphere and consequent temperature increases. However, as the aim of the research was connected 
with specific aspects of the Ice Age, his work did not get much attention from scientists.  


Other researchers highlighted certain aspects related to the changes in the environment throughout the 
first half of the twentieth century. These discoveries received attention only after the publication by 
American scientist Charles David Keeling, born on April 20th 1928 and died on June 20th 2005, of the 
findings of his research, known as the Keeling Curve. It presented in 1961 the results of his investigation 
on the increase of the levels of carbon dioxide originated by human action. After this alert, main scientific 
institutions and important researchers began to develop new studies and monitor environmental 
indicators. Furthermore, organizations of a political nature expressed opinions on this emergent topic. 
Among the initiatives, the United Nations Conference on the Human Environment, which took place in 
Stockholm in 1972 and resulted in the Stockholm Declaration, can be underlined.   


The global concern related to the publication of the results of other studies that indicated the occurrence 
of great environmental problems has brought growing concerns. Nevertheless, in spite of the 
acknowledgement of negative indicators, there was some resistance from certain political and business 
sectors. This was due to the belief that an environmentally correct production and behavior could 
generate the need for unforeseen investments and costs, resulting in a reduction of financial outcomes for 
the institutions involved in the economic processes. However, according to Hart and Milstein (2006) “the 
1980s brought a growing sense of unease with command and control regulation. Despite enormous 
expenditures, it was not at all clear that the end-of-the-pipe approach to pollution control and regulation 
was working. Greening, which first appeared in the mid-1980s, was an important breakthrough, because it 
eliminated, once and for all, the myth that a trade-off exists between a firm’s financial and societal 
performance”. 


For Ueda et al. (2009), “now is time to begin a new study of values toward a sustainable society… 
‘sustainable value’ is an important concept that targets not only ecological sustainability but also social 
and economic values”. For these authors, “it is desirable to realize a system in which both the overall 
purpose and individual happiness can be achieved concurrently through decision-making among various 
stakeholders. To this end, we must study values from various viewpoints: environmental, national, 
economic, ethical, and psychological viewpoints. Moreover, ‘sustainable value’ must be a synthetic value 
that is achievable through dynamic interaction among decision-making agents that have various goals 
and values” (Ueda et al., 2009). Hart and Milstein (2006) developed a model that directly combines the 
challenges of a globally sustainable society and the creation of value for enterprises: “the framework 
shows how the global challenges associated with sustainability - viewed through the appropriate business 
lens - can help identify strategies and practices that contribute to a more sustainable world while 
simultaneously driving shareholder value. This ‘win-win’ approach is defined as the creation of 
‘sustainable value’ by the firm. There are four core dimensions of sustainability strategy with different 
linkages to firm performance and value creation:  


 Pollution Prevention: minimizing waste and emissions from current facilities and operations;  
 Product Stewardship: engaging stakeholders and managing the full life cycle of today’s products;  
 Clean Technology: developing and deploying ‘next-generation’ clean technologies; and  
 Base of the Pyramid: co-creating new businesses to serve the unmet needs of the poor and 


underserved”. 
Porter and Kramer (2006) point toward the current priority for the business world leaders to establish their 
corporate strategies: “the mutual dependence of corporations and society implies that both business 
decisions and social policies must follow the principle of shared value”. As observed in new studies, the 
new point of view has evolved from the concept of value creation to the concept of “co-creation” of value. 
A common place for society, environment and enterprises is envisaged. Similarly, Hutchins and Sutherland 
(2008) write: “the interrelationships among society, the environment, and economic/industrial 
development are integral to the concept of sustainability. In order to achieve sustainable development in 
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both industrialized and developing nations, we must characterize the connections and interactions among 
these three ‘pillars’ of sustainability. This is because a balance among the pillars cannot be achieved 
without an adequate understanding of how societal and industrial actions affect the environment or how 
today’s decisions may impact future generations. Therefore, increased knowledge and awareness of the 
issues encompassed by sustainable development are needed”. 


The concept of value has changed since the studies of Adam Smith. This evolution can be observed in the 
table “Associations of the Types of Productive Operations with the Concept of Value over Time”, which 
contains a summary of the profile of the evolution of industrial operations and productions factors and 
considerations on the environmental concerns in the analyzed periods. As initially reported, the industrial 
operations were based on the production factors, land, capital, human and natural resources; and yet they 
did not consider environmental aspects. As described by Say when the author pondered that air, water, 
sunlight did not possess any value; this was attributed as a function of the work, utility and scarcity. As 
time went by, there was an increase in the productivity of production factors, and, in consequence, gains 
in scale, technology was valued and knowledge was enhanced. The summary of the study on this 
evolution can be observed in the following table. 


Table 2: Associations of the Types of Productive Operations with the Concept of Value over Time 


Period Beginning 


19th century 


End  


19th century 


Beginning 


20th century 


End 


20th century 


Operations Industrial Scale Automated Sustainable 


Production Factors Capital 


Human resources 


Natural resources 


Increase in the 
productivity of the 
factors 


The technology factor is 
incorporated 


Ethics in the use of the 
factors 


Environment Not considered First considerations First records and 
effective studies 


Setting a global agenda 


Concept of Value A Function of Work and 
a Function of Utility and 
Scarcity 


A Function of Offer and 
Demand 


A Function of Creation A Function of Co-
creation 


5 Conclusion  
Currently, a common direction is perceived among those who study and work with production 
management. The search for integration between society, environment and enterprises, and the use of a 
new rationale for the deployment of production factors, not only considering the valuation of resources in 
a specific place and time as established by Marshall, but considering the impact of the use of factors for 
the planet and society and also in the future. The immediatism indicated by Menger in the use and 
availability of concrete goods is abandoned, to pursue ways to assure that the future generations will have 
the potentialities of available means of production and will recognize the importance of knowledge. The 
healthy sharing of the environment by society and entrepreneurial organizations indicates the need to 
establish a new concept of value, which encompasses the possibility of co-creation of situations, goods 
and production means, to maintain the balance between different parties, and to consider the possibility 
of good quality of life for future generations and ours. Among the “despot” cited by Menger, the villains 
may be corruption, ignorance, and arrogance, lack of interest or greed of people, institutions and 
industries. The academic stream devoted to the production management may provide benefits to society 
if it studies new methodologies and production systems, which will include the goal of a world with 
sustainable operations. To make those responsible for the capital and resource administrators 
sympathetic, the need for new studies on the concept of value ought to be emphasized, showing the 
importance of aspects that have been otherwise sidelined, as the valuation or change of point of view 
related to non-economic assets/goods. Certainly, managers and entrepreneurs are familiar with the 
language that will allow them to determine numerically the advantages or disadvantages of operations. 
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Specially, regarding the concept of sustainable value, methodological procedures to attribute value to 
companies and stocks and shares, patrimonial valuation systems and lines of production or products 
should consider sustainability. As a result, they could be reviewed, and eventually, modified or even new 
valuation methods could be created. As occurred over 200 years, there will be diverse focus and points of 
view for the study of sustainable value. Nevertheless, it is a selective process, and incremental 
improvements will be integrated into the different analyses conducted by academics and researchers. 
These will certainly contribute with views of different sciences and areas of human knowledge. 
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Abstract 


Active noise control is studied and developed by many NETWORK researchers for several decades. The strategies of 
noise control in confined three-dimensional areas require the prior knowledge of system dynamics. The objective of 
this study is to evaluate a hybrid structure for modeling and representing these dynamics. The hybrid structure herein 
evaluated associates a multiple-input multiple-output (MIMO) neural network with an auto-regressive with 
exogenous input (ARX) structure. It is capable of predicting the dynamic behavior of the acoustic field in a three-
dimensional region of a confined physical space. It was used an industrial rotary equipment to generate an acoustic 
field (undesirable noise) and a setup composed of a microcomputer, an amplifier and a speaker to generate an 
acoustic field which will act as the control action in an ANC application. Thus a model structure was proposed for 
relating the vibration sign of the pump and the acoustic pressure in any point of the room. This structure was inspired 
in ARX models. In the interpolation of the several groups of parameters obtained for the ARX models, a multi-layer 
feed-forward neural network was used. The network estimates the parameters of the model at any point of the room, 
having as input variables its Cartesian coordinates X, Y and Z. As a result of the applied method, an expressive 
reduction of the total number of parameters (minimum number of necessary parameters for the representation of the 
dynamics of the system) was obtained. This expressive reduction attests the use of the proposed structure for ANC 
applications in real time. At the end of the study, a comparison between measured experimental data and simulated 
results is presented. The result of this study can be useful for applications in active noise control systems. 


Keywords: active noise control; hybrid structure modeling; ARX models; NN models. 


1 Introduction 
In closed environments, as in the case of machine rooms, compressors rooms, command or control 
rooms, a high noise level can be harmful to the people that need to access these places. In these 
environments, the main source of noise is rotary equipment, such as pumps, compressors, turbines and 
many others. Depending on the intensity of the noise and the time of exposition, the noise can cause 
irreparable hearing loss to people. 


The reduction of the noise level can be obtained through prior knowledge of the acoustic pressure at a 
point in the controlled space. Using a simulation model, associated to a controller capable of promoting 
the control action, it is possible to obtain the reduction of the noise level. Active noise control starts by 
the superposition of the sound (from the controller) with the disturbing noise (Elliott et al., 1987 and Lueg, 
1936). 


Many researchers have dedicated and developed techniques driven to active noise control (Lueg, 1936; 
Chang and Luoh, 2007; and Zhang et al., 2006). Some research lines have the focus in nonlinear active 
controllers (Bouchard et al., 1999; Bouchard, 2001). Nonlinear controllers are necessary whenever the 
resonant system presents nonlinear behavior.  


Artificial Neural Networks (ANNs) have been researched and tested as an alternative to model structures 
destined to active noise control, mainly in applications that involve acoustic systems with nonlinear 
behavior (Bouchard et al., 1999). 
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A great problem in the use of an ANC system based on ANN is associated to the time required for 
processing the learning algorithm. Some strategies can be adopted to cope with this difficulty. Zhang 
(2002) proposed a neural network with a faster learning algorithm. Other algorithms have been proposed. 
Bouchard et al. (1999) proposed an ANC nonlinear controller based on a multilayer neural network 
perceptron with a backpropagation-type learning structure, two layers of neurons and a feedforward 
processing type. Bouchard (2001) also proposed a filtered-x recursive algorithm, using the least square 
method based on a heuristic procedure to be applied in a controller for a nonlinear system. 


A method that uses transfer functions (room transfer function - RTF) was proposed by Miyoshi and 
Kaneda (1988). This method is capable of describing the characteristics of transmission of the sound 
between an emitting source signal and a receiver, considering a closed environment based on inverse 
filters. Another modeling method (common-acoustic-pole-zero -CAPZ) was proposed for multiple RTFs 
(Haneda et al., 1999). However, even when the CAPZ model is used, RTF must be measured for each 
source-receiver position due to the dependence of zeros with the positions of source and receiver.  


Magalhães et al. (2009) propose the use of a transfer function between the room and the emitting source 
(machine-room transfer function - MRTF) that considers the vibration of the machine (primary source) in 
the dynamic modeling of RTFs. Magalhães et al. (2009) also propose an interpolation procedure for 
MRTFs estimates in any arbitrary position of the room, considering a fixed primary source. 


Salmasi et al. (2011) compare the results of an active noise control system using feedforward neural 
networks and recurrent neural networks. The authors used the same database, the same amount of 
neurons and the same initial data for the networks training. According to the obtained results in the 
process of noise reduction, the authors concluded that recurrent neural networks are better than 
feedforward neural networks. 


The aim of this study is to model and to apply a hybrid structure composed of ARX models and neural 
networks to the simulation of a three-dimensional acoustic system, inspired in the structure proposed by 
Magalhães et al. (2009). The neural network can estimate the unknown MRTF in any arbitrary position 
among known MRTFs. The neural network is applied to estimate the model parameters, mapping the 
relationship between these and the Cartesian coordinates X, Y and Z, supplying model predictions in any 
arbitrary position. 


2 Modeling and Methodology 
The environment in which the experiment was carried out is a 4.9 x 3.6 m room with a height of 3.2 m. The 
room (Figure 1a) houses a centrifugal pump powered by an electrical asynchronous motor, with two ICP 
sensors, a piezoelectric accelerometer of 100 mV/g which receives the dynamic generated by the primary 
reference signal and a microphone that receives the sound pressure at each point in a previously defined 
mesh (Figure 1b). 
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(a) (b) 


Figure 1: Mapping of the acoustic field generated inside the test and simulation environment (a) - identified by the 
coordinates X, Y, Z: X = 1, 2,..., 7 (0.44 m); Y = 1, 2,..., 8 (0.44 m); and Z = 1, 2,..., 5 (0.44 m). Microphone displacement 
(passive sensor): experimental setup (a) - grid of the 280 collected data (7x8x5 assumed positions by the passive 
sensor) (b). 


During each measurement the passive sensor was positioned with its axis parallel to the wall (length of 
the room) and to the floor’s plane, in front of the primary reference signal. The data was collected by 
National Instruments platform (model NI cRio-9014 and modules NI 9233 and NI 9234): CMXA50 
Microlog collector (SKF) which relies upon a compact collecting data device. The signal treatment is 
composed of an ICP integrated font linked with a band-pass filter (10-1000 Hz) adjusted to a sample 
frequency of 2048 Hz with a collect time span of 2 seconds. A collection of 4096 points per channel in 
each sampling mesh was carried out for each variable data. The nominal rotation of the centrifugal pump 
(primary reference signal) is 29 Hz. As the highest level of power is below 200 Hz band, the collected 
signal underwent a tenth power reduction prior to the identification of each MRTF. 


The vibro-acoustic system shown in the Figure 1 comprises the centrifugal pump as noise source (primary 
source) together with an accelerometer. Each point in the grid is identified by its coordinates (X, Y, Z). The 
transfer function of the machine-room vibro-acoustic dynamics (MRTF) is denoted by H(q-1), where q is 
the forward shift operator and this model represents the vibro-acoustic system irradiating between the 
pump and any point of the grid. 


As demonstrated by Magalhães et al. (2009), Fang et al. (2004) and Silva et al. (2011), the minimum order 
of the ARX model capable to describe the dynamic behavior of the system presented in Figure 1 is:  
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where e(n) is white noise in the time instant n and d represents the delay (dead time) between the output 
signal (y) and the input signal (u) of the system. 


According to Magalhães et al. (2009), even if in some situations the structure proposed in Eq. (1) is 
enough to solve the identification problem, the behavior of the real phenomenon can be more complex, 
and therefore requires a more complex model capable of describing the diversity of different harmonics 
(Fang et al. 2004). Magalhães et al. (2011) suggest the use of a model order slightly higher to improve the 
model performance phenomenon can be more complex,: 
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The ARX model expressed by equations (1) and (3) was applied to predict the output of the system in a 
simulation fashion (multi-step ahead prediction). The proposed grid has 280 positions with an ARX model 
associated to each position (280 models) and five parameters for each model (a1, a2, b0, b1 and b2) need to 
be estimated. 


A recursive least square method described by Haykin (1996) was used (Magalhães et al., 2011). In order to 
describe the acoustic pressure in the whole room, a total of 1400 parameters (280 x 5) were estimated, 
but this number is very high for real time applications. 


Based on Magalhães et al. (2011), a neural network was used to estimate the parameters of each model in 
an arbitrary point of the room, using the Cartesian coordinates X, Y and Z of these points as input 
variables of the network. The number of neurons in the hidden layer of the ANN was determined through 
a dynamic cross-validation procedure (Embiruçu, 1998; Vieira et al., 2003; Embiruçu et al., 2004; Huynh 
and Rudy, 2005). Figure 2 shows the value of the total loss functions (Ji) obtained for each number of 
hidden neurons (i) tested, summed over all parameters, and illustrate this procedure showing the value of 
the performance criteria as a function of the number of hidden neurons. The best results were obtained 
using a network with eight neurons in the hidden layer (Figure 3). 


 


Figure 2: Number of neurons (hidden layer). 


 


Figure 3: MIMO feedforward artificial neural network - global architecture of the network and its training. 
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3 Results 
Each transfer function between the transmitter and the receiver (MRTF) is composed by an ARX model 
according to the equations (1) and (3). The estimated parameters for those models were adjusted through 
the best structure obtained by ANN according to the procedure proposed by Magalhães et al. (2011) and 
illustrated in Figure 4. 


 


Figure 4: Parameter adjustment procedure for the hybrid ARX-ANN system. 


Magalhães et al. (2011) proposed a hybrid ARX-ANN structure for a MISO (multiple input single output) 
model, different from the MIMO structure used in this work. 


The use of a MIMO ANN for the parameters interpolation of the ARX models resulted in a reduction of 
the total number of parameters (initially equal to 1400) to 77. This reduction of 94.5% represents an 
expressive reduction of the computational effort in the estimation of the behavior of the acoustic field 
generated by the primary source. 


The same input signal was applied to evaluate the efficiency of both MIMO and MISO ARX-ANN 
structures. The MISO ARX-ANN structure used by Magalhães et al. (2011) comprises three inputs (X, Y and 
Z), five neurons in the hidden layer and just one output that corresponds to one of the five parameters of 
the ARX model. In this case there are five networks to estimate the parameters of the ARX model. The set 
of five networks has a total of 80 parameters. 


The efficiency of the model structures was evaluated through the comparison between the values 
obtained by the Euclidean norm of the error in the estimation of the output signal. Table 1 displays these 
values. 


Table 1: Euclidean norm of the error  


Model structure 


ARX 
Hybrid ARX - ANN 


MISO 
Hybrid  


ARX - ANN MIMO 


0.5194 0.5731 0.5632 


 


The spatial distribution of the estimated parameters can be represented through surfaces which are 
exemplified in Table 2. Table 2 presents the spatial behavior of model parameters a1, b0, and b2 in a 
specific Z plane, which is indicated in the table (the behavior of other parameters and other Z planes 
follow a similar pattern). Therefore, each surface shows parameter variations in both X and Y directions.  


The parameter value at a specific point is related to the physical-acoustic features of this point, such as 
the distance from the primary reference signal or the wave sound reflection measured from the point. The 
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first column of Table 2 presents the surface obtained using the parameter values of the Identified ARX 
models. The second column presents the parameters estimated in the ANN-MISO. Finally the third 
column presents the parameters estimated in the ANN-MIMO modeling procedure (spatial neural 
network with simultaneous optimization applied to the same 280 points, Figure 4). The other parameters 
a2 and b1 not presented in the table 2 have the same behavior.  


Table 2: Model parameters spatial distribution. Plane Z = 1 (0.44 m) 


Parameter Identified ARX Grid ANN-MISO Grid ANN-MIMO Grid 


 


 


a1 


 


 


 


b0 


 


 


 


b2 


 


 


Figure 5 presents the average power spectral density (PSD) of the output signal (measured and estimated 
signal with each one of the applied model structures). The ARX model supplies the best description of the 
dominant dynamics of the system (highest peak of PSD), where there is a concentration of energy in the 
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signal (amplitude and frequency). The dominant frequency is evidenced by the peak observed around 76 
Hz. 


Figure 6 presents the PSD in the region of the dominant frequency (76.35 Hz). Figure 6 attests that the 
ARX model supplies the best description of the system´s dominant dynamics. In this case, the output 
signal is estimated that is closest to the measured signal. The structure proposed in this work (MIMO 
ARX-ANN) presents a better representation than the MIMO ARX -ANN, as can also be seen by the 
smallest Euclidean norm of the model error in the prediction of the output sign (Table 1). 


  
Figure 5: Average PSD of measured and estimated signals. 


 
Figure 6: Average PSD of measured and estimated signals in the region of the dominant frequency. 


4 Conclusions 
In this article, it a MIMO ARX-ANN hybrid structure model was proposed and applied to describe the 
dynamics between the vibration of a pump and the resonant pressure in an arbitrary point in a room. 
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More specifically, this work presents the comparison between the hybrid MIMO ARX-ANN and the 
structure proposed by Magalhães et al. (2011) (MISO ARX-ANN). The proposed model shows a substantial 
agreement with the experimental data. 


When compared with the ARX structure, the application of the MIMO ARX-ANN hybrid structure model 
results in a methodology with a significant reduction in the number of parameters. In the prediction of the 
acoustic field behavior generated by the primary source, the MIMO model provides an expressive 
reduction in the parameters to be estimated. This reduction enables the implementation of this model 
structure in active noise control (ANC) systems in real time. Considering many applications where there is 
a tonal dominance, the use of a second order black-box model is an interesting approach in the 
description of this type of systems. 


The MIMO structure presents better performance than that found by Magalhães et al. (2011), also 
considering the reduction in the number of parameters. 
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Abstract 


The quest for sustainable development is becoming more widespread among government, private organizations and 
members of civil society motivated primarily by environmental imbalance and social problems. So it conceptualizes, 
measures and works toward sustainability has become the goal of many of these organizations. This study aimed to 
apply the framework developed by the Lowell Center for Sustainable Production (LCSP) to measure the "level" of 
maturity in the sustainability of a large petrochemical company, ranking sustainability indicators already used by it. 
The research examined aspects related to the applicability of the framework, emphasizing the difficulties encountered 
in relation to its application. Also enabled a greater understanding of how the framework can help companies assess 
the maturity level where they are and how they can improve their level of maturity in sustainability, according to the 
above framework. It was conducted during the research: the literature research and an exploratory case study with 
data collection by structured tables. It was observed too the positive effectiveness of the framework and the company 
had most of its indicators classified at Level 3 for the LCSP framework, as that Level has the scope to assess the 
natural environment and human health. 


Keywords: sustainability, sustainable framework, sustainability indicators, measurement of sustainability. 


1 Introduction 
Considering the current dilemmas of society related to sustainable development, the civil society, 
governments, non-governmental organizations, and private organizations search the adoption of tools or 
methods that will help manage the organizational actions related to sustainability (Veleva e Ellenbecker, 
2001a). 


Throughout the years, Veleva et al (2003) and Rametsteiner et al (2011) are remarkable, it can be noticed 
a growing number of companies that are developing and utilizing indicators of sustainability.  These 
indicators have as their function to describe the current conditions and tendencies and help on 
comprehension and discernment of how the human being and the organizations work, and provide better 
comprehension of how actions taken on the organizational side affect the different dimensions of 
sustainability (RAMETSTEINER et al, 2011). Mastroti & Souza (2011) emphasize that, currently, it is 
unthinkable to adopt a tool/method that supports the management of the sustainability indicators 
without contemplating its three dimensions, the known: social, economical and environmental. 


Considering the relevance of the management of these indicators in the search for sustainable 
development, the Lowell Center for Sustainable Production (LCSP) developed a framework that qualifies 
the set of indicators of the company, named LSCP framework that can be used by companies to measure 
and, throughout the time, monitor its actions relating to sustainable development (VELEVA e 
ELLENBECKER, 2001a) 


The use of indicators of sustainability can provide adequacy about the environmental legislation and 
good practices for the society that, direct and indirectly, relations to the organizations. Strategically, the 
company with elevated levels of sustainability can get competitive advantages in a environment that is 
progressively getting more conscious and critical about sustainable development. 
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This way, facing the importance that the tools to measure sustainability can have in an organizational 
context , this work has as its objective, to spread the application of a method in an organization, the LCSP 
framework, and contribute to the edification of knowledge in this subject. 


The case study was chosen in the chemical industry because, as stated by Delgado (2007), the production 
aspects are considered to be the most polluting. The author adds that the relevance of the chemical 
industry is growing and can be observed by an increase of 0.8% of Brazilian GDP in the period 1990 to 
2004. 


This paper presents a theoretical review about sustainable development, sustainability, indicators of 
sustainability and sustainability frameworks.  In the following paper it is presented the application of the 
LSCP framework at a petrochemical industry, the analysis of results and conclusions. 


2 Theoretical review 
The concept of sustainable development comes from a long historical process of critical reassessment of 
the relationship between society and the environment. Because it is a continuous and complex process, 
many approaches appear to define sustainability (BELLEN, 2005). 


The term “sustainability” comes from the Latin meaning Sustentare: to sustain, support, maintain in good 
repair, maintain, resist. The most known definition of sustainability contained in the Brundtland Report, 
which was developed from the World Commission on Environment and Development (WCED), States that 
sustainable development is what meets the needs of present generations without compromising the 
ability of future generations to meet their own needs (WCED, 1987,) and also adds a need to create 
balance between the economic, social and environmental (BELLEN, 2005). 


The WCED (1987) related that the industrial planning and the decision process of the governments and 
the industrial must take into account issues about resources and environment. It is possibility to reduce 
the amount of energy and resource necessary for future growth through the use of the resource efficiently 
and stimulate the recycle and reuse of the materials.      


Veleva et al (2001) defines sustainable production as the creation of goods and services; using processes 
and systems that, do not pollute, enable the conservation of energy and natural resources, are 
economically viable, are safe and healthy for employees, the community, consumers and society. 


Veleva and Ellenbecker (2001b) describe six main aspects of sustainable production for Lowell Center for 
Sustainable Production (LCSP): 


• Energy and material use (resources) 


• Environment 


• Social justice and community development 


• Economic Performance 


• Employees 


• Product 
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The literature (Bellen, 2005) has presented studies that go towards sustainable development and provide 
tools to measure and evaluate sustainable processes through indicators. 


”The term indicator originates from the Latin Indicare; finding, pointing, advertising, estimating” 
(HAMMOND et al, 1995). The main functions of indicators are evaluation of conditions and trends, 
comparison between places and situations, assessment of conditions and trends in relation to the goals 
and objectives, to promote information and warning conditions and anticipate future trends (TUNSTALL, 
1994 apud BELLEN, 2005). 


Sustainability indicators have emerged as appropriate tools for all organizational levels (VELEVA et al, 
2003) and can be used as a basis for regional and industrial transformations (EBIHARA & AMANO, 2005). 


For Rametsteiner et al (2011) “sustainability indicators are at the same time a means to compile and 
structure knowledge and to express societal and political norms and priorities”. These authors add that 
the indicators developed are “results of continuous improvement process, particularly with regard to 
integrating emerging knowledge” (RAMETSTEINER et al, 2011).   


Dahl (2012) complements that “there is thus critical need for sustainability indicators to capture the 
dynamics of changes and trends and the trajectories of important features of both earth system and social 
and economic pressures”. That is because “one of the characteristics of technological process and 
globalization is the accelerating rate of change in many economic, social and environmental processes” 
(DAHL, 2012).  


According to Bonniot and Spangenberg (1998) sustainability indicators should be simple and the number 
of indicators should be limited and its calculation methodology transparent. 


To Veleva and Ellenbecker (2001b) the main goals of sustainable production indicators are: 


 • Generate knowledge on sustainable business. 


 • Inform decision makers that are promoting consciously information about the current status and 
trends in company performance. 


 • Promote organizational learning. 


 • Provide the organization with a tool to measure their achievements for the goals and targets 
towards sustainable production (internal benchmarking). 


 • Allow a comparison between the performance of organizations with respect to the environment, 
social and economic aspects of production. 


 • Provide a tool to review the company's mission, and return the results to interested stakeholders. 


 • Provide a tool to motivate the involvement of stakeholders in decision making. 


The Lowell Center for Sustainable Production (LCSP) has identified four key dimensions of the indicators 
of sustainable production (VELEVA and ELLENBENCKER, 2001b). 


 1 Unit of measure ・ is a metric used in the calculation of indicators such as kilograms, tons, dollars, 
percentages, times, etc. 


 2 Type of measure ・ (Absolute or Relative) is an indicator that can be measured as a total (example: 
total energy used per year in kWh) or relative terms (energy used per unit of product / service per 
year). 


3 Measurement period・is the time reference period which demonstrates the indicator was calculated 
(fiscal year, calendar year, quarter, month, etc.). 


4 Scope・ determines how far the company wants to go (product lines, ability, suppliers, distributors, 
life cycle of material or product, etc.). 


To Veleva and Ellenbecker (2001b) some of the qualities desirable for indicators of sustainable production 
are: 







 
ICIEOM 2012 - Guimarães, Portugal 


ID170.4 


 • Ensuring sustainable production. 


 • Based and calculated using reliable data. 


 • Comprising of essential and supplementary indicators. 


 • Addressing indicators for all six aspects of sustainable production. 


 • Including a manageable number of indicators. 


 • Easy to implement and evaluate. 


 • Simple in its meaning, and purpose. 


“Indicators should be able to improve the public image of the company and create a competitive 
advantage through differentiation of products and services” (PORTER, 1998 apud VELEVA et al., 2003). 
Each company must be analyzed by observing its peculiarities. According to Bellen (2005), the indicators 
are not universally applicable, so it is necessary to know the specifics of each company as well as their 
characteristics and applications. 


According to Veiga (2010) evaluation, measurement and monitoring of sustainability necessarily require a 
set of indicators, it is statistically inconceivable to merge into a single index within only two of its three 
dimensions (economic and social environment). 


The Report by the Commission on the Measurement of Economic Performance and Social Progress states 
that the measurements of sustainability are necessary projections and not only observations and adds 
that it is necessary require some preliminary answers to normative questions. The report also adds that 
"the problem is global, especially in its environmental dimension and what really matters most is the 
contribution that each country may be giving to global unsustainability" (VEIGA, 2010 p. 48). 


Bellen (2005) raised the worldwide broadcast systems indicators. The most often mentioned were: the 
Ecological footprint, the dashboard of sustainability and the barometer of sustainability. The three 
indicators presented try to aggregate the data and result in a quantitative analysis. For Bellen (2005), the 
Dashboard of sustainability and the Barometer of sustainability have more impact on decision makers and 
is used for visual representation for future analysis. The author adds that the Ecological Footprint has a 
one-dimensional focus on aspects of environmental sustainability. The Barometer of sustainability 
analyzes social and environmental aspects of sustainability or Dashboard for when the analytical basis is 
more complete, because it explores the social, economic and environmental. 


The literature also presents a LCSP framework  by Veleva et al (2003). This framework was developed as a 
tool for organizing and helping companies evaluate the effectiveness of its set of sustainability indicators. 
The framework has five hierarchical levels to categorize the indicators, as illustrated in Figure 1, explained 
below: 


Level 1: Categorize indicators that are to pursue changes against a company to comply with regulations. 
This is the minimum number of items that the company needs to attend current legislation. 


Level 2: This level measures the performance of the production process and use of materials. The 
indicators used are related to cost reduction and therefore are widely used by businesses. 


Level 3: Indicators of this level assess the effects generated by operating activities in the company on the 
environment. For example, CO2 emitted by energy used in millions of tons. 


Level 4: Analyze the supply chain and product life cycle, in the other words, attempt to assess the overall 
chain. These kinds of indicators measure the level of reuse; recycling and use of renewable materials. For 
example: CO2 emitted in the transportation. 


Level 5: Kinds of indicators that show the action of companies which provide broad sustainability to the 
society. Sustainable production is not an isolated activity. The social, economic and environmental issues 
must be considered. The 5 level indicators measure the effects of production on the quality of life, human 
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development and assimilation capacity of the negative impacts on the environment. For example, 
percentage of water collected from the source compared to the percentage of return 


 
 
 
 
 
 
 
 
 


 


Figure 1 – LCSP Framework. Source: Adapted of Veleva et al (2003). 


  
Veleva et al (2003) performed a case study with six multinational pharmaceutical companies in order to 
classify them and determine the level of sustainable employees in its operations; following the framework. 
It was chosen for these pharmaceutical companies to adopt policies of social welfare, environmental 
protection and conduct their business responsibly. Three of these companies implement management 
report for sustainability, called the Global Reporting Initiative (GRI). The aim of this study was to classify 
the indicators already adopted by companies in the levels developed by researchers at the LCSP. As a 
result, the authors found that most indicators concentrated at level 2 and concluded that this is connected 
to the search for cost reduction and increasing competitiveness. Another relevant fact is that neither 
company had indicators of level 5. The Companies that had applied the GRI, had a larger number of 
indicators. 


The above framework allows companies to have their practices and actions in relation to sustainability 
assessed and classified by the indicators used. The tool is generic and works with several indicators that 
are categorized in Level 1, 2, 3, 4 or 5. It provides for the adoption of indicators according to the segment 
of the company's operations -- enabling a better comparison between companies in the same sector. 


The LCSP framework is not a quantitative indicator like the Ecological Footprint, Dashboard of 
sustainability or the barometer of sustainability, but a framework that assesses the degree to which a 
company is in relation to sustainability. 


“For generations, the world seemed so large as to be inexhaustible, but between our population growth 
and the scale with which science and technology have multiplied our impacts, planetary limits or 
boundaries suddenly seem very near or have already been overstepped” (MOLDAN, 2012). Dahl (2012) 


Level 1: 
Company Compliance/ 
Conformance Indicators   


Level 2: 
Company Material Use and 
Performance Indicators 


Level 3: 
Company Effect 
Indicators  


Level 4: 
Supply Chain and 
Product Life-cycle 
Indicators 


Level 5: 
Sustainable Systems 
Indicators  
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related a “long way from realizing the full potential of indicators to support the increasingly urgent 
transition to sustainability” and included “scientific information such as indicators is usually not sufficient 
to motivate fundamental change, yet the achievement of sustainability will require fundamental changes 
in lifestyles, consumption patterns, resource use and economic system” (DAHL, 2012). 


Dahl (2012) affirms that just values can “move the society towards sustainability, such as justice, 
moderation, solidarity and respect for the environment and its limits, contradict the dominant materialistic 
and self centered values of the economic system and the consumer society” (DAHL, 2012).    


The themes covered in this topic are related to indicators, frameworks and measurement of sustainability. 
The review conducted in the scientific literature that the framework allows the evaluation of Lowell is 
applicable to production systems and covers the triple bottom line focus in its scope (economic, social 
and environmental). The following section describes the method used and the research that was 
developed. 


3 Application of the LCSP Framework at a Petrochemical Industry  
The analysis of the applicability of the LCSP framework demanded to conduct a study in a structured 
manner, is detailed below. 


First, a theoretical study was conducted to increase knowledge about sustainability, enabling future 
discussions and basing the analysis of the case study. 


A case study was subsequently conducted at a petrochemical company a petrochemical company that 
commercializes polymeric resins, copolymers, soda and other substances used in the chemical industry. 
The company is a leader in thermoplastic resins in Latin America and the third largest producer in the 
Americas. According to the company, it bases its strategic competitiveness on technological autonomy, 
coupled with a commitment to promote sustainable development. The organization is part of the 
Corporate Sustainability Index of the Stock Exchange of São Paulo, and is certified by Bureau Veritas 
Quality International (BVQI) ISO 9001 and also ISO 14001 certification for Environmental Management. 


The conduct of the case study was adopted because, according to Voss et al (2002), is the history of a past 
or current phenomenon, was shaped by multiple sources of evidence. Data can be included from direct 
observation and interviews, as well as access to public and private archives. Meredith cited by Voss et al 
(1998) said “the use of case study for exploratory research, where the variables are unknown and the 
phenomenon is not fully understood, it needs to develop research ideas and questions about the 
problem”. 


A current phenomenon in the present study is the search for a sustainable corporate segment in order to 
use a framework that can classify the company in relation to sustainability. 


As a research proposal, the case study was defined in a company, due to the specific period in the initial 
design. Analysis emerged from the knowledge gained from the application of the framework, showing 
theoretical studies on a visual application (CmapTools). 


The first part of the case study consisted of data collection. Structured tables were developed that allowed 
the collection of indicators related to energy and material use (resources), the environment, social justice 
and community development, economic performance, employees and product. Roadmap explanatory and 
regular meetings guided the collection. 


Data collection was conducted with a representative of the team responsible for the management of 
sustainability, reporting directly to the Director of Sustainability. The company said the indicators are used 
for the control and measurement of sustainability. All indicators collected met the minimum requirement, 
according Veleva and Ellenbecker (2001b), holding the unit of measure, type of measurement (absolute or 
relative), the measurement period and scope. 
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 The analysis of information collected was supported by a conceptual map used to facilitate the 
classification of the indicators in the levels of the framework. Such analyzes are presented in the next topic 
and aim to discuss the applicability of the LCSP framework. 


4 Analysis of results 
By applying the LSCP framework, the result is the quantification of the survey or the number of indicators 
used by the company, at each hierarchical level. Thus, it isn’t possible to say that the company is 
sustainable at some level, but rather that its measured activities focuses on a specific level. 


The framework also allows the company to be aware of daily measurement and how they can improve its 
system of measurement in the future, formulating indicators of higher levels in the LCSP framework 
hierarchy. The LCSP framework is easy to apply, because the scopes are very clear and distinct, making the 
simplified classification of the indicators. It seemed to be a good tool for continuous improvement 
practices. However, it was found that conceptual knowledge is extremely important to the modal and its 
scope. 


A major problem found is related to the classification of unclear indicators which can have two or more 
focus points, for example, the noise indicator provides the environmental compliance and also provides 
an improvement to the environment. In such cases the indicator is classified at the highest level of the 
hierarchy proposed by LCSP (in this example, level 3: the natural environment and human health and not 
level 1: Compliance and enforcement). The index number of records of fines and infringements clearly 
enables the company to comply with the regulation and is therefore classified as level 1 in the framework. 


The CmapTools used in the analysis part has a visual list of indicators with the focus of each level and 
provide a volume of indicators at each level. 


Twenty seven indicators were collected in the company for the management of sustainability. All 
indicators have already been classified according to the LSCP framework shown in Table 1. 


A map was concocted to try to relate the six aspects of sustainable production (use of energy and 
materials environment, social justice and community development, economic, employees, and product) 
against the indicators collected by each scope of each hierarchy level proposed by LCSP. 


The results showed that for the aspect of energy and use of material which provided three indicators, 
rated as level 2, they are related to the production input (power). It was raised nine indicators of natural 
environment, eight of them being classified at level 3 and only at one level 1, because it is directly linked 
to factors of legislation. Only one indicator was raised in the aspect of cost performance which shows an 
identity of level 1, since it refers to penalties incurred if not complying with legislation. For the aspect of 
community development and social justice were collected six indicators, and four indicators to level 3 and 
two indicators to level 1. About seven employees were identified and all are indicators of the level 3, 
referring directly to human health. Finally, the product appearance is not lifted by any indicator. 
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Table 2: Indicators were classified into levels 
Sustainability Productive Indicators 


Aspects of SP Indicators Metrics Level 


Energy and Material use 


Power consumption (relative) GJ  2 
 Energy consumption by source type 


(Absolute) 
GJ 2 


Water consumption (relative) m3 2 


Natural environment (including human health) 


Environmental Noise community Hz 3 
Gaseous emissions total (absolute and / 


or Relative) 
- 3 


Specific gaseous emissions (CFCs, NOx, 
SOx ...) 


- 3 


Total wastewater (relative) - 3 


Pollution load in wastewater (BOD, COD 
...) 


BOD/Kg e COD /Kg 3 


Solid Waste liquid or paste (relative) - 3 


Level of service of legal environmental 
requirements 


% 1 


 Resources for investment in 
environmental improvements (Absolute 


and / or Relative) 
Número de projetos 3 


 Resources allocated to fund 
environmental control (treatment of 


emissions, effluents or wastes) 
R$ 3 


Economic performance 
Number of records of fines or violations 


of environmental agencies 
Number of fines 1 


Community development and social justice 


Level of service of legal requirements 
(labor relations, pension and other) 


Number of labor 
lawsuit 


1 


Number of records of fines or violations 
of supervisory boards (work, social 


security ...) 
R$ 1 


 Human development index of the 
communities where it has manufacturing 


operations 
Variation in HDI 3 


 Resources for improving community 
relations with neighboring communities 


R$ 3 


Resources for training in social, health 
and safety (time or economic) 


R$ 3 


 Visits from community Number of  visits 3 


Employees 


Accidents result people Number of accidents 3 


Diseases recorded number (rates) Quantities of diseases 3 


Relations between the highest and lowest 
salaries 


rate 3 


Number and quality of benefits available 
to the workforce 


Number 3 


Funds for capital improvement of working 
conditions 


R$ 3 


Loss of working days due to accidents or 
occupational diseases 


Number of days 3 


Turnover rate of staff rate 3 
Products       


Source: Own Prepared. 
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It can be seen in Table 2 that 74% of the indicators were classified as level 3, in other words, the enterprise 
is focusing of measurement the environment and community. By analyzing the company was noted of 
effective efforts related to promoting social and environmental responsibility. As an example, the 
continuous effort to improve production processes to reduce emissions of greenhouse gases. The 
company also has policies for recycled water and increase of the efficiency of processes to avoid waste 
and high water consumption. 


The company manages the environmental impacts of activities, products and services through a specific 
program for the Health, Safety and Environment (HSE) certified by ISO 14001 in all factories. The program 
sets annual performance targets in all aspects of manufacturing plants and measures such as: eco-
efficiency, energy consumption, water consumption, waste water generation and solid waste, climate 
change, biodiversity and environmental monitoring, compliance, innovation and investment. 


The company invests in social projects in a planned way, monitored (technical visits) and systematic, it 
avoided actions merely for welfare, focusing on projects that involve the community in developing the 
action. Social projects are linked to culture (music courses), professional education (hydroponics, 
beekeeping and fish farming) and environmental education among others. A note to the company's 
commitment in focusing on improves and its performance regarding factors related to the natural 
environment. 


Table 2 also shows that 14.8% of indicators were classified as level 1 and 11.2% level 2. It was noted that 
larger number of indicators are level 3 which is different from the case study cited by Veleva and 
Ellenbecker (2001b) in the America pharmaceutical industry, where higher number of indicators were level 
2, because this enables cost reduction and economic benefits for the company. 


None of the 27 indicators provided by the company were to measure the scope of a supply chain or 
product life cycle, so it didn´t achieve level 4 indicators. The same was observed with indicators at level 5, 
which seek to measure the three pillars of sustainability (economic, social and environmental) into a single 
aggregate index. In the case of pharmaceutical companies analyzed by Veleva et al (2003) level 5 
indicators were not raised. 


5 Conclusion 
Considering the study carried through a national petrochemical industry, the LCSP framework showed 
revealed itself to be viable. This tool makes a diagnostic analysis related to the support towards the 
company possible. It also allows the identification of one determined level based on the current 
indicators, and how the LCSP framework must formulate new indicators as well. These indicators will be 
capable to control other focuses in higher hierarchic levels in the future. 
Each level presented by framework LCSP has a clear and well-defined target, facilitating the sorting of the 
indicators separately. However, with the application of the framework, it cannot be affirmed that the 
company is sustainable; but, it can be said that the gamma of collected indicators takes the sorting of the 
company to one determined level. 
During the research, one difficulty that appeared was the sorting of indicators that signalled to cover two 
or more levels. In this case, it was stipulated that the indicator must be categorized in the highest level of 
hierarchy (the greatest indicators have wider target ranges). A second thing that can be pointed out was 
the necessity of a larger dissemination of concepts and indicators of environmental, social, and economic 
support in the companies and that distribution's effective use as an important tool for environmental 
managing. 
The studied company presented a greater number of indicators classified as level three, illustrating a 
greater concern with environmental and communal aspects. The practices of using and reusing the natural 
resources in a responsible way are noticeable and are being presented very clearly. The monitoring and 
evolution of its environmental indicators present continuous improvement in its goals stipulated in all the 
industrial units. The main indicators can easily be followed in the support reports emitted by the 
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company; currently the publication of this document is becoming common. A marking feature of this type 
of document is how clearly the data is being presented. 
It was noticed with the study of case that the framework can be applied to the national enterprise culture, 
because the current management techniques are globalized. However, it is important to point out that the 
peculiarities of each company and each sector must be pondered in analysis as reported by Bellen (2005). 
A suggestion for future research would be to carry a comparative study between companies from the 
same sector, like the petrochemical industry sector, utilizing the studied framework. 


Confirming the proposals of Veleva and Ellenbecker (2001b) the indicators of sustainable production 
demonstrated that they are capable of generating knowledge in businesses to the involved companies, 
benefiting the decision makers and promoting conscientious information on the current status and the 
trends in the performance of the company about the measurement system. Additionally, they can 
promote organizational learning to the involved managers, and insertion of sustainability in strategical 
planning, showing that they can be a good tool to promote a continuous improvement. 


The use of sustainability indicators makes the companies more transparent and facilitates the practice of 
benchmarking, as well as the monitoring of its environmental, social and economic performance, besides 
the fact that it assists the company in carrying through a reasonable comparison aiming at sustainable 
development with companies of the same sector using the same framework of measuring. 


Currently sustainability gains force in the framework of enterprise management and many companies are 
guided strategically towards gaining knowledge and improving its performance to become more 
sustainable (ALMEIDA, 2009). Measuring sustainability is a new subject and a challenge, what motivated 
the realization of the research. However, additional researches in this area can amplify the scientific 
knowledge and support the companies in their way to fulfil their strategies in sustainability. 
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Abstract 


Learning process is an important activity for the humans. Thus, the use of new technologies in this process, such as 
affective computing, is promising. In affective computing, the areas as psychology and cognitive science are closed. It 
is possible to study how computer systems can detect, classify and respond to human emotions. This paper presents 
the development of an animated pedagogical agent, expressing emotions (tutor agent), embedded in a virtual 
learning environment, to interact with users in organizations. Doris tutor agent has a role like a guide, identifying the 
characteristics of user learning. Piaget’s clinical method was used for the validation of the methodology utilized by the 
virtual learning environment. The present study developed in the perspective of a pedagogical practice for 
qualification purposes in organizations, with the aim to qualify the learning process via Distance Learning. The 
advantage of using emotional pedagogical agents lies in the pursuit of an improvement to the interaction processes 
with the users. With an eye toward the continuous globalization and expansion process, organizations require 
innovation in their segments, while the market is getting ever more specialized, and the concern with qualifying 
professionals has been rising among organizations. More and more people are submitted to training programs, 
courses and specializations with the aim to boost the value of the organization. It is believed that the process of 
organizational learning can assist in organizational sustainability through environments that provide organizational 
learning that are fundamental to promote the process of sensitization, awareness and training to change behaviour. 


Keywords: cooperative/collaborative learning; interactive learning environment;, teaching/learning strategies. 


1 Introduction 
With an eye toward the continuous globalization and expansion process, organizations require innovation 
in their segments, while the market is getting ever more specialized, and the concern with qualifying 
professionals has been rising among organizations. More and more people are submitted to training 
programs, courses and specializations with the aim to boost the value of the organization. 


Therefore, the target is to maximize time and resources, while maintaining efficient and quality results. 
Nowadays, organizations frequently offer refresher and other qualifying courses to their employees, but 
to provide them during a definite period of time might prove to be a difficult task, resulting into 
absenteeism from / or lack of interest in these courses. Factors that account for this may include a priority 
task to be performed at the moment or the impossibility to attend the course, among others.  


To this end, the goal of this research work was to develop a pedagogical approach to qualification in the 
organizations with the use of virtual learning environments, comprised by intelligent agents with 
emotional expressions, in order to impart motivation and enthusiasm in the learning processes and 
provide challenging activities. 


The article is split into the following sections: section 2 describes the importance of distance learning in 
the companies, stressing the use of virtual learning environments, their benefits and characteristics, the 
importance of pedagogical agents resorting to the use of emotions; section 3 describes the research 
method used in the case study, justifying the objectives of the work; section 4 presents clear and concise 
results, demonstrating through the application of Piaget’s clinical method the importance of emotion as 
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an interaction factor of the agent with the user, imparting more motivation and enthusiasm in the virtual 
learning processes; finally, the conclusions. 


2 Theoretical Basis 
For some years now, the learning process has stopped being the exclusive concern of the academic 
environment and moved onto the agenda of the organizations. These are huge teams that constantly 
improve their capacity to create, and real learning, according to Senge (1990, p.22), “is intimately related 
to what it means to be human”. Therefore, great teams are organizations that learn how to develop new 
skills and capacities, leading to new perceptions and sensitivities, which, in turn, revolutionize beliefs and 
opinions. 


As a process to stimulate even further the search for knowledge by their professionals, the organizations 
count on support from DL (Distance Learning), where the difference lies in the flexibility of space and time 
that is provided (Vieira et al, 2007). 


This attests to the importance of qualifications in organizations, which are now being pursued by DL 
(Distance Learning), in line with what is pointed out by Litto and Formiga (2009), improved training 
presupposes enhancing the results assessment mechanisms and returns on capital invested in personnel 
qualification and, within this context, technology offers several learning measurement and control devices. 


And one of the manners to provide for an appropriate distance environment for capacity building 
purposes consists in resorting to Virtual Learning Environments, since they can be used as useful tools in 
managing and training human resources, whilst imparting agility, speed and a real reduction in costs, 
along with routine training and personal improvement.  


Therefore, a VLE (Virtual Learning Environment) consists of a technological infrastructure (graphical 
interface, synchrone/asynchrone communication and other functionalities) and of all relations (affective, 
cognitive, symbolic, among others) established by the participants, where learning is the main focus 
(Behar, el al., 2010). 


Figure 1 features the essential elements of a VLE. The control and maintenance tools point to some 
indicators like reports, activity records and user attendance. The integrating tools see to a variety of 
communication, information and interaction needs, either synchrone (Chat, Tutor On-line, internal ICQ), or 
asynchrone (Forum, Discussion List, Noticeboard, Virtual Library), among others. And, finally, the tools for 
editing didactic material make it possible to provide the professor with this material. 


 


  Figure 1: Basic composition of a VLE 


  Source: adapted from (Fernandes, 2006) 


For this reason, we can deduce that a VLE goes beyond the idea of a set of educational pages on the Web, 
but is a virtual learning environment where the social space consists of cognitive-social interactions about, 
or on the knowledge object, which could be considered as the subject or theme of study. 


The actions of a teacher within the VLEs could unfold in the same manner the VLE is supposed to act, in 
other words, stimulate the construction in the social and personal sense of knowledge through 
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interactions and interventions whenever deemed necessary, so as to control, or even evaluate the 
chronogram of the content and learning activities, and could be understood by some of its characteristics, 
according to Dallfovo; Vicenzi and Domingues (2005): 


 Time: refers to time during which the learning activity occurs. 
 Location: refers to the physical location for the learning activity. 
 Space: refers to the set of materials and resources available to the student. 
 Technology: refers to the set of tools utilized in the distribution of learning materials and in the 


ease of communication between the participants. 
 Interaction: refers to the degree of contact and educational exchange between the students and 


between students and instructors. 
 Control: refers to what extent the student is able to control the pace of the learning activities.  


As the development of these environments unfolds, the use of Pedagogical agents, who have been 
qualified for educational purposes, with the goal to help the students with their teaching-learning 
process, providing the environments with improved interaction and dynamism, has gained momentum as 
a manner to help and motivate the users.  


The pedagogical agents, according to Frozza (2001), possess some basic attributes as intelligent agents, 
like autonomy, social capacity (interactions and communication), and adaptability to the environment. 
Besides these attributes, pedagogical agents should be able to learn, since they possess teaching 
strategies to be used and, in most cases, they can be represented by a character. 


According to dictionary Wilkens (2008), emotion is the act of moving (morally), a disturbance or variation 
of the spirit stemming from situations and which expresses itself in the form of happiness, sadness, and so 
on. It could also be a moral shock, commotion, or an intense and brief reaction of the organism to an 
unexpected event, which is followed by an affective state of painful or pleasant connotation.  


But, according to Berch & Vicari (2000), emotion in computation implies in different aspects in the 
systems, from the control and personalization of the interfaces, from the simulation of systems with 
emotions to the representation of emotions, from the study of the emotions through systems and even 
research works that involve emotions in the Man-Machine interactions, which leads us to the concept of 
emotional agents, that is to say, intelligent agents who possess affectivity characteristics, without losing 
the capacity to perform purely intellectual reasoning. These characteristics lead to the concept of Affective 
systems, which are systems developed with some of the capacities to recognize, express, possess or 
develop emotions. 


In the words of Gerald el al (2005), the role of the emotions has been examined in studies of decision-
making processes, moral judgment and team guidance. This is what Damásio also studies, famous 
Neuroscience researcher, who maintains that emotions play a preponderant role in decision-making 
processes, even exerting an unconscious influence. 


Within this context, several educational systems have tried to consider the emotions of the student/user 
through inference, as well as giving an emotional response to him/her, through the generation of 
emotion. The evaluation of the teaching and learning process should go beyond the goals mentioned in 
the content. 


One of the most utilized models in Artificial Intelligence, since it is easily instanced in computers through 
a knowledge basis, is known as OCC, which was developed in 1988 by authors whom the model is named 
after (Andrew Ortony, Gerald Clore e Allen Collins) which, according to Lino, Tedesco and Rousy (2006), is 
based on the cognitive structure of the emotions. This model comprises 22 emotions that describe the 
cognitive evaluation processes responsible for triggering an emotion. Emotions are split into three 
categories, depending on the stimulus: Events (objectives or consequences; for example, fear), Agents (self 
or others; for example, pride), Objects (can be appreciated or not; for example, to like).  
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Because the OCC model specifies, according to (Morgado, 2005),  a concrete set of appreciation criteria 
subject to being expressed under the guise of formal rules, directly implementable in computer models, 
has turned into a major support to emotion modeling in intellectual agents, since the 1990s.  


This leads us to conclude that the entry of external information and perception acts like a filter subject to 
be influenced by several factors, such as attitudes, self-esteem, social standards, motivation, cultural 
aspects and, of course, emotion. 


For this reason, the pedagogical agents are represented as animated characters, able to represent a 
variety of emotions like: happiness, sadness, surprise, expectation, and others. But there is a need to 
identify the most appropriate behavior intended to arouse a positive action in the student, so as to 
provide improved learning.  


Picard (1997), explains that Affective Computation is a computer area linked to aspects that exert an 
influence on the emotions and this field of Artificial Intelligence is split into two branches, as illustrated in 
figure 2: one, in which mechanisms for the recognition of emotions in machine are studied through man-
computer interaction and, in the other, where the synthesis of emotions is conducted through the 
simulation of emotions in machine, so as to discover more about human emotions.  


  
Figure 2: Branches of affective computing 


Source: Jaques & Vicari, 2007 


Therefore, as demonstrated by figure 2, Jaques and Vicari (2007) also explain that the study on the 
recognition of human emotions and the expression of emotions by machines is commonly used in the 
area of Informatics in Education, studying the recognition of the emotions by the student and expressing 
emotions through agents. 


3 Methodology 
The research referred to an exploratory and experimental research. According to Gil (2002), the goal of an 
exploratory research is to provide higher familiarity with the problem and a better knowledge for the 
researcher regarding the subject, to give him/her a chance to formulate problems more precisely or 
create hypotheses that could be examined in later research works. And experimental research, when the 
object of a study is established, defines the manners to control and observe the effects generated by the 
research work. 


Just like what happens with the history of humanity, where society and economy transformations have 
also acted as innovation propelling factors, all areas of knowledge attest to the fact that a part of these 
transformations represent a pursuit of personal growth, through quality of life and work. Within this 
context, technologies can be viewed as effort joining components within organizations, facilitating, 
among other things, information and knowledge, because, according to Drucker (1999; p.83), “information 
has turned into the production organizing principle”. 


This justifies the importance of devising a pedagogical practice geared toward entrepreneurial 
qualification through a virtual learning environment, which adjusts to the profile of every company user, 
motivating them at every expression demonstrated by the pedagogical agent towards interacting with the 
system.  
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The proposed research required the definition of a working methodology, as shown in figure 3, involving 
the following steps, in the following sequence: 


 
Figure 3: Work Methodology 


1st Study of work-related subjects: a survey of the theoretical reference was conducted, in order to 
expand the research in question, attesting to the importance and contributions that research works in this 
area provide for new improvement ideas, scientific and practical enhancements. 


2nd Study of the mechanisms utilized to recognize human emotions: in this case, talks were also 
conducted with researchers that act directly in this area (researchers in Psychology and Education 
Informatics), besides theoretical reference. Papers already concluded were analyzed to lend support to the 
proposal developed. 


3rd A survey of data on the domain that was addressed as case study in this research: the survey of data 
on the domain, which refers to selective collection and composting, carried out at Unisc (University of 
Santa Cruz do Sul).  
4th Modeling of emotions at agent Dóris was enriched with the emotions model as methodology to 
improve the individualized interaction process of the environment with the users. As addressed in section 
2, on the importance of emotions in the learning process, and after studies on emotions, the choice was 
for the development of seven emotions for modeling on the tutor agent, according to table 1. These 
emotions were chosen based on model OCC and on the theory of the book, “The Body Speaks” 
(Tompakow, 2008) and by author Ekmann (1999), since emotions are not only represented by the face, 
but also by the body. For example, in the indignation emotion, the hands are clasped at the waist.  


Table 1: Characteristics of the agent’s expressions 


Expression Description 
Happiness Relaxed eyebrows; mouth open and sides of the mouth upturned; shiny 


eyes. 
Sadness Inner side of the eyebrows (near the nose) upturned; eyes slightly closed; 


relaxed mouth, and sides downturned. 
Expectation Attentive eyes to the front; mouth (tight lip smile); hands: clasped in front 


of mouth or under chin; upturned eyebrows (distension of orbicular muscle 
plus frontal contraction). 


Anger Eyebrows and eyelids closer together and eyes slightly closed; upper lip 
asymmetrically upturned forming a tiny curve; hands on waist. 


Surprise Upturned eyebrows; upper eyelids wide open and lower eyelids relaxed; 
open mouth and downturned lower jawbone. 


Attention Elbows on the table, with one hand resting against the face and the other, 
with the fingers in the mouth; attentive eyes focused forward; (distension 
of orbicular muscle plus frontal contraction). 


Doubt  Upward eyes; one hand over the head. 


Source: Based on EKMANN, P. Basic Emotions, 1999. Available at: http://www.paulekmann.com/ 
pdfs/basic_emotions.pdf; e WEIL, Pierre; TOMPAKOW, Rolland. The body speaks. 64th edition. Petrópolis: 
Vozes, 2008. PICARD, R. Affective Computing. Cambridge: MIT Press, 1997. 
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The OCC model contributed towards defining the behavior of agent Dóris in the expression of every 
emotion, depending on the stimulus received by the action of the environment user. The emotions, 
according to this model, are split into three categories that induce types of emotions, depending on the 
stimulus: 


 Events – Objectives or consequences (for example: fear). 
 Agents – Standards or actions (for example: pride). 
 Objects – Attitudes or aspects (for example: to like). 


Many expressions are able to translate emotions and feelings without using words, and the face is seen as 
the main element of expressions, that is to say, the main elements in human education. Therefore, 
Ekmann (1999) stresses that facial animation requires a certain knowledge of facial anatomy, especially 
the muscle structure, since its objective is to represent facial expressions in a manner that make them 
continue being recognized as familiar to human beings.  


As they are characterized as one of the non-verbal communication manners, facial expressions are 
essential for perceiving and interpreting the emotions and behavior among humans. To this end, we used 
a simple muscle structure, as it can be observed in the description of table 1. Universal facial expressions 
of Ekmann (1999) were also observed, like in figure 4, where (a) represents sadness, (b) (hatred), (c) 
happiness, (d) fear, (e) disgust and (f) surprise. 


 
Figure 4: Universal Expressions 


Source: (Ekmann, 1999) 


Kendall and Creary (1995) also state that facial movements are strongly influenced by three areas: 
eyebrows, eyes and the mouth. 


The emotions, shown in table 1, happiness, sadness, expectation, indignation, surprise, attention and 
doubt, have their description related to the expression on the face of pedagogical agent Dóris. These 
emotions are expressed by the agent in the interacting environment with the student.  


What follows is some modeled expression.  


 Expression of happiness 


 
Figure 5: Stages in the expression of happiness of the agent modeled for the virtual learning environment 


Figure 5 presents the expression of happiness, as described in table 1. The image of the first picture 
expresses a kind of sympathy, which could change as the user continues acting; in the second picture the 
eyebrows are relaxed, the mouth is half-open and the sides slightly upturned, the eyes are shiny and 
smaller. According to the explanation by Kendall and Creary (1995), the facial movements are strongly 
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influenced by the eyes, eyebrows and mouth, illustrated in the last picture, fully demonstrating the 
expression of happiness. 


This expression is used in the environment whenever the user demonstrates interest, fondness, for 
example, at the moment the user accesses the complementary material and carries out the suggested 
random exercises (Figure 6), and gets them right (Figure 7). 


                             
Figure 6: Agent proposing random exercise                      Figure 7: Agent expressing happiness at the accomplishment 


of the random exercise by the user 


 Expression of attention 


 
Figure 8: Stages in the expression of attention of the agent modeled for the virtual learning environment 


This expression is always used in moments the agent presents some activity to the user, like, for example, 
when he presents him random exercises, figure 8, exercises that appear randomly in the interaction of the 
use with the environment, in the dialogue box, when he presents a new strategy upon changing the 
profile for presenting the user’s instructional material. It is possible to observe the upturned eyebrows and 
attentive eyes with the elbow leaning on the table and hand on mouth, like featured by the fourth picture 
of figure 9, attentive to user’s reply. 


 
Figure 9: Example of an expression of attention in the user-agent interaction 


These emotions developed on the agent were a determining factor for students in the area and for the 
defined objectives regarding the qualification in organizations.  


The performance of agent Dóris in the environment is determined by a set of production rules (format: IF 
<condition> THEN <action>) consisting of conditions/perceptions and reactions/actions. The idea is that, 


Expression of 
attention 


Random 
exercise 
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upon perceiving situations that take place in the environment, the agent reacts with the performance of 
some action.  


5th Modeling of the pages of the virtual learning environment for qualification for the chosen study: 
creation of the Web pages structure on the domain addressed and its inclusion in the basic knowledge of 
the environment previously developed by the research team at UNISC Informatics Department (Frozza el 
al., 2007). 


6th Validation of the methodology utilized by the virtual learning environment: practical interaction of the 
users with the virtual learning environment has been performed, monitoring the actions of the agent with 
emotions and how this has reflected in learning and interaction with the different users. Piaget’s Clinical 
method was utilized as evaluation tool, seeing that, for Piaget (1971), knowledge results from interactions 
that are produced half way between the subject and the object, but, in spite of depending on both at the 
same time, it stems from a complete difference between the subjective and the objective and, therefore, 
not from interchanges between distinct forms.  


To this end, Piaget’s clinical method serves as scientific basis for the project, as it suggests what the 
examiner should always do before the examination, what he should try to do during the examination and 
the evaluation methods of the answers. Trying to learn the sequence of the subject’s thoughts, instead of 
counting the number of replies predetermined as correct, a system common with existing tests.  


This method is a procedure that consists of interviews with the subject, collecting and analyzing data, 
which follow the subject’s thought, with systematic intervention, always devising new questions based on 
the subject’s replies, and evaluating the quality and scope of these answers, as well as to what extent the 
subject masters his answers in light of counter-arguments.  


In spite of the flexibility of the clinical method, Mayer (2005) explains in his book that the examination of 
any aspect of the intelligence is not done in a totally free manner. It is always guided by the knowledge of 
both the solution for the specific problem, which constitutes the object of the exam, and by the 
intelligence development stages. 


In other words, the examiner should have a good grasp of the concept of the object of the study, to 
define the range of questions to be answered by the subject. At this stage, the questions’ role is to check 
the subject’s understanding as to his task; or for determining the development stage. 


An example of this stage can be observed in the studies by Borin (2009), who utilized Piaget’s clinical 
method to analyze the study context of the subjects before and after the use of a virtual learning 
environment in the Geography domain. In this analysis, some subjects were interviewed, and the first 
question was: In what manner do you study? 


The subject replies: “I take my notebooks and revise alone with music playing loud; I try to memorize the 
content”; And after some days, do you still remember? “Then I forget”; Then why do you study? “To get 
good marks at school and pass the year”. And do you study at the computer? “Sometimes, I look for the 
sites contained in the books; sometimes I read and summarize them, and sometimes I only copy them”. 


In this dialogue, it is easy to observe that the examiner conducts the questions according to the replies, 
although time is short, since, according to Piaget’s clinical-critical methods, some characteristics come as 
questions that lead to exploration, making new questions surface which will be justified in on-the-subject 
centered manner, like in the dialogues recorded by Borin (2009). 


Another important step, the examiner is supposed to explore during the exam, is to follow the subject’s 
reasoning, paying close attention to what the subject says or does, without automatically correcting the 
replies given by the subject and without completing what the subject says. 


Therefore, through this methodology, the intention was to achieve the objectives regarding the proposal 
of this paper, joining educational and computational methodologies to adjust and propose improvements 
to capacity building programs in organizations for different domains. 
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4 Results 
The objectives of the work were achieved, and they are as follows: 


 Pedagogical Practice: The use of the environment as a didactic resource which brings 
contributions to the teaching-learning process, turning the subject pleasant and attractive to the 
user. Conducted with 10 employees at the Campus Coordination sector, of the University of Santa 
Cruz do Sul, in July 2010. 


 Modeling of the knowledge basis: Instructional content in the domain of selective collection and 
composting with different teaching strategies (imagetics, textual, games and exercises). 


 Modeling of expressions: The use of emotions by the pedagogical agent and the importance of 
user and agent interaction, in the emotional question. 


 Validation of the Environment: Application of Piaget’s clinical method in the validation process. 
About which we can state that it works as scientific foundation for the project, as it suggests what 
the examiner should always do before giving the exam, what he should try to do during the exam 
and the response evaluating method. In an attempt to understand the sequence of the subject’s 
thoughts, instead of counting the number of answers pre-determined as correct, a common 
system with the existing tests. 


 Organizational sustainability: The possibility of use of this environment in order to support for 
training in organizations. Thus, this proposal can contribute to keep the learning organization, it 
can be disseminated to the people involved (people management) and contributing to the 
politics of economic and social sustainability of the organization. 


5 Conclusion 
The use of educational environments as pedagogical practice for cognitive development has been 
providing for challenging activities, which arouse more motivation and enthusiasm in the teaching-
learning processes. 


The present study developed in the perspective of a pedagogical practice for qualification purposes in 
organizations, with the aim to qualify the learning process via Distance Learning (DL). Within this context, 
on the grounds of this research, one can conclude that virtual learning through the use of a pedagogical 
agent expressing emotions is a didactic resource that contributes toward the teaching-learning process, 
making the subject attractive and pleasant to the user. 


To evaluate the pedagogical practice, Piaget’s clinical method was utilized, where the essence of the 
method lies in discerning between the data that have something to do with us from the ones that just 
confuse us, that is to say, situate every answer within its mental context, just like in Piaget’s citation (1926, 
p.11), "the good experimenter should effectively have two qualities very often incompatible: to be able to 
observe [...] and, at the same time, know how to go after something precise…” 


Analyzing the results of the evaluation through Piaget’s clinical method, described in section 3, what is 
perceived is the importance of the interaction of the agent with the user, in the emotional matter, even in 
the cases when the subjects answered in the interviews that they did not perceive the expressions 
performed by agent Dóris, because in observation, which is also a method technique, it was ascertained 
that they were important in the interaction of the subject with the environment. The inquiries made by the 
agent captured the attention of the subjects to the context, particularly when the agent questioned them 
on the subject being presented. 


Therefore, a major contribution of this research was the development of emotions in pedagogical agent 
Dóris, acting in a virtual learning environment, and its evaluation by a group of users. Its purpose was to 
arouse, through expressions, users’ reactions with regard to what she was doing in the environment, like, 
for example, what happened to a subject, described in section 3, when the agent expressed the doubt 
emotion, a difference in the understanding to the approached subject.  
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In the study of pedagogical agents’ affectivity, three research lines can be considered: emotion 
recognition, emotion expression and emotion analysis. The focus of this dissertation was the expression of 
facial emotions by pedagogical agent Dóris. The justification refers to the analysis of the use of a learning 
environment, with an emotional agent, as pedagogical practice for the use in capacity building. The 
advantage of using emotional pedagogical agents lies in the pursuit of an improvement to the interaction 
processes with the users.  
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Abstract 


The development of sustainable energy supply chains represents one of the most relevant challenges to our 
contemporary society. The dynamics of this evolution are conditioned by a broad array of positive and negative 
feedbacks. In this context, the present paper aims to approach systemic challenges for innovative and sustainable 
energy supply chains. Initially, a conceptual model of the innovation process in energy supply chains will be 
described. Then, using a scenario planning methodology, systemic challenges and potential overcoming strategies for 
the Brazilian bioethanol supply chain will be systematised. Finally, policies and guidelines for decision-makers of this 
energy supply chain will be proposed. Innovation tackling sustainable energy supply chains in a complex world will 
come to life along networks that properly deal with diversity and complementarity of knowledge, resources and 
assets. Today and in the decades to come, sustainable energy supply chains will represent a huge challenge for the 
integration of production and logistic networks. 


Keywords: energy supply chains; innovation; sustainability; scenario planning; integration of production and logistic 
networks. 


1 Introduction 
Innovation occurs through a complex interaction between agents and stakeholders involved in the 
production, diffusion and use of new and economically-useful knowledge. Innovation can be interpreted 
as an iterative matching of technical possibilities to market opportunities. The fitting occurs through both 
market and non-market interactions and feedbacks along research and development (R&D), production 
and logistic networks. Innovative and sustainable energy supply chains represent one of the most relevant 
challenges to our contemporary society. Nevertheless there are broad arrays of positive and negative 
feedbacks that bound the evolution of these energy supply chains.  


In this context, the present paper aims to approach systemic challenges for innovative and sustainable 
energy supply chains, focusing specifically in the Brazilian bioethanol supply chain. The paper is structured 
as follows: first, a conceptual model of the innovation process in energy supply chains is described. Then, 
using a scenario planning methodology, systemic challenges and potential overcoming strategies for the 
Brazilian bioethanol supply chain are systematised. Finally, policies and guidelines for decision-makers of 
this energy supply chain are discussed and further research guidelines are proposed.  


2 Conceptual model of the innovation process in energy supply chains 
Innovation can be defined as the economically-useful combination of capabilities (Nelson and Winter, 
1992), based on an evolutionary routine both path- and context-dependent. The connection and further 
integration of demand and supply must be congruent with strategic choices that determine which 
activities and processes an organisation will perform and how they will be design and coordinated. In fact, 
business strategy is about how to combine and fit activities and processes to obtain and sustain 







 
ICIEOM 2012 - Guimarães, Portugal 


ID4.2 


competitive advantage (Porter, 1996). Furthermore to preserve this advantage the organisation has to be 
unique; and, to generate and sustain uniqueness, its resources must be (Barney, 1991): (i) valuable, in the 
sense that it exploits opportunities and/or neutralises threats in firm’s environment; (ii) rare among a 
firm’s current and potential competitors; (iii) imperfectly imitable, either through unique historical 
conditions, causal ambiguity, or social complexity; and (iv) singular, without strategically equivalent 
substitutes.  


The adoption of business strategies that meet the needs of the enterprise and its stakeholders today while 
sustaining the resources that will be needed in the future (IISD, 1992) is a well-recalled requirement 
nowadays. In a broader sense sustainable development is the development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs (UN, 1987). 
Social, political, environmental and economic perspectives should be taken into account throughout the 
evolution for a sustainable world.  


Systems thinking can uncover the systems complexity by revealing what underlying structures exist, how 
complex problems are generated and which/how factors influence them over time (Senge, 1990). 
Absorptive capacity management construct will be adopted as basis for the conceptualisation of the 
innovation process in energy supply chains. Absorptive capacity is the firm’s ability to value, assimilate 
and apply new knowledge to create value through innovation (Cohen and Levinthal, 1990). Its cognitive 
basis is derived from individual's absorptive capacity including, for instance, prior related knowledge. At 
the most elemental level, this heritage would include basic skills and even shared language, but might 
also comprise market, scientific or technological knowledge, obtained by educational formation and/or 
practical experience. Thus prior related knowledge confers a potential ability to recognize the value of 
new information, assimilate and apply it to commercial ends.  


In a recent reconceptualization, absorptive capacity is defined as a dynamic capability (Barney, 1991) 
pertaining to knowledge creation and utilization that enhances a firm’s ability to gain and sustain 
competitive advantage (Zahra and George, 2002). The absorptive capacity concept (Cohen and Levinthal 
1990) emphasises that successful knowledge identification and acquisition require the receiver to possess 
a suitable knowledge base and skills to assimilate new information. Potential absorptive capacity 
represents the organisational capability of (i) identifying and obtaining external knowledge and 
experience, and (ii) integrating it in order to attain and/or enhance competitive advantage. Potential 
absorptive capacity is directly influenced by the awareness of contextual information and knowledge. 
Promoting wide organisational awareness is important for organisations aiming to recognise a fuller set of 
opportunities to leverage its assets (Frazzon, 2009). 


On this basis, the absorptive capacity of an organisation in a networked environment would be a realistic 
starting point for the analysis of strategic interactions (Frazzon, 2009). Absorptive capacity within logistic 
systems refers to the organisational ability to recognize the value of new information, assimilate and 
integrate it in order to be applied to a competitive advantage creation. This organisation acts in a multi-
level logistic system where the sources of information are positioned in different layers. The descriptive 
model represents a strategic overview and aspires to connect in a suitable fashion the constructive 
elements, enhancing the understanding of this specific socio-technical system. In fact, innovation activity 
results from interactive relationships between institutional and organisational elements of science, 
technology and business, which together could be called systems of innovation (Sundbo, 1998). Expected 
benefits derived from a collaborative network approach normally include: acquisition of institutional 
relevance, access to new/wider markets and knowledge, share of risks and resources, and optimisation of 
complementary skills and capacities, which would allow each entity to focus on its core competencies 
while keeping a high level of agility (Camarinha-Matos and Afsarmanesh, 2006).  


The following section approach the systemic challenges and potential overcoming strategies for Brazilian 
bioethanol supply chains, like: existing and forthcoming complex environment, technologies, logistic 
systems, sources and markets. 
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3 Brazilian bioethanol supply chain 
Increasing renewable share in world energy matrix would help to (i) prolong the existence of fossil fuel 
reserves, (ii) address some threats posed by climate change, and also (iii) improve security of energy 
supply on a global scale (Goldenberg, 2007). Nevertheless energy supply and climate change are not just 
economic and environmental issues, being connected to fundamental social geopolitical challenging 
topics. Many decisions of critical importance for both global climate and transition to a low-carbon 
economy will take place outside the climate policy community, in the fields of energy, security, trade, 
investment and development cooperation (IISD, 2007). 


Most of the new renewable energy sources (e.g. modern biomass) are still undergoing large-scale 
commercial development with small market-share. On this grouping, biofuels are referred to liquid or 
gaseous fuels for the transport sector that are predominantly produced from biomass. Biofuels are 
generally considered as offering many advantages, including aspects of sustainability, reduction of net 
greenhouse gas emissions, regional development and supply security (Reijnders, 2006). One of them, 
ethanol or bioethanol is a petrol substitute/additive derived from alcoholic fermentation of sucrose or 
simple sugars, which are produced from biomass by hydrolysis process (Demirbas, 2007). 


3.1 Overview 
As an important part of this scene, Brazilian sugarcane bioethanol is: (i) a well-established program (30 
years in production), (ii) an energetic commodity fully competitive (Figure 1), without subventions, in 
global market against gasoline and, (iii) suitable to be replicated in other developing countries 
(Goldenberg, 2007).  


 
Figure 1: Ethanol Learning Curve (Goldemberg et al. 2004) 


Today, bioethanol production from sugarcane in Brazil is 27 billion litres per year, requiring around 6 
million hectares of land (Dias et al, 2011). The competition for land use between food and fuel has not 
been substantial, i.e. sugarcane covers 10% of total cultivated land and only 1% of total land available for 
agriculture in the country (Goldenberg, 2007). Nevertheless the enormous scale of the automobile 
industry creates a wide range of feedback processes that confer substantial disadvantage to new 
technologies, like: lack of field experience, doubts about vehicle performance and lack of drive-
experience. The successful introduction and diffusion of alternative fuel vehicles is more difficult and 
complex than that for many products (Struben and Sterman, 2006).  


As for The Economist (2007) ‘transport is trickier, because car ownership is rocketing and the demand for 
fuel is fairly inelastic. If people want to drive they are going to drive, unless governments jack up petrol 
prices to levels that are politically unacceptable. So for emissions to fall in the transport sector, new 
technologies, such as more efficient biofuels or electric cars, are needed’. And, ‘given a big research and 
development (R&D) effort in this sector, there is a good chance that those will be forthcoming’. Of course, 
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this implies that barriers to development, acquisition, deployment and diffusion of technologies and to 
market access are effectively addressed (IPCC, 2007). 


Considering that, an effective market-driven innovation should be pursued by: (i) introducing and 
continuous adopting of flex-fuel vehicles (FFV, vehicles that could run using both gasoline and/or ethanol) 
and (ii) increasing ethanol blends. Then, the growing demand for pure/blended ethanol would draw 
automotive industry and oil sector along with the initiative (Mathews, 2006). It is probable, based on 
Brazil’s experience, that these two measures would have the desired effect of underpinning bioethanol 
diffusion trajectory, progressively diminishing the dependence on fossil fuels.  


In Brazil, one of the pillars of the success of ethanol is due to creation of the motor vehicle flex-fuel. These 
have significant participation in the Brazilian vehicle fleet, with successive increases in the sales (Gurgel, 
2011). Since 2003, participating with only 4% of all licensed vehicles, the trend was significant in sales, 
closing the year 2011 with 83.1% of all licensed vehicles (ANFAVEA, 2012). FFV’s allow for a conscious 
decision of consumers for renewable fuels and also increase the visibility of biofuels in the market 
(BMVEL, 2005). They would give motorists a choice – fill up with ethanol or petrol, depending on the price 
and personal preference. This choice engenders confidence, and overcomes any lingering doubts about 
ethanol, building consumer demand, bringing competition to the petrol forecourt and finally creating a 
real bioethanol market. Then, the previously planned and implemented policies for supplying ethanol – 
either through imports or through local production – would get a relevant impulse based on popular 
demand (Mathews, 2006).  


There is already substantial momentum behind the enactment of subsidies to encourage production of 
ethanol in northern temperate climates – from corn in the United States and from sugar beet in Northern 
Europe. Considering future demand, complementary bioethanol supplies might be imported from 
developing countries in tropical regions. Nevertheless, issues regarding feedstock’s cost and energy 
balance have to be necessarily taken into account (Table 1). 


Table 1: Ethanol cost and energy balance 


 
Source: Goldemberg (2007) 


Brazilian impulse could be transfused to others developing countries in tropical regions. It should 
comprise primarily an indispensable and consistent long-term political commitment and also transparent 
strategic choices, regarding mechanisms to balance and ensure supply for both internal and external 
markets. Furthermore, the existence of long-term commercial agreements (including import tariffs and/or 
quotas) as well as clear and stable regulatory model could drive both national and international 
investments.  


3.2 Production of bioethanol 
The crescent energy demand spurred the need to develop more efficient systems and technologies, 
particularly clean and renewable energy (Masiero & Lopes, 2008). Biofuels are a viable alternative in the 
global context. Global biofuel production had a notable expansion, from 20 billion litres in 2001 to 50 
billion litres in 2007 (Gurgel, 2011). Accordingly, this tremendous growth creates opportunities to 
countries that hold the production technology to attend the requirement of global demand.    


Feedstock  Cost Energy balance
(US$ per gallon) (renewable output to fossil input)


Sugarcane, Brazil
2006, without import tax  0.81
2006, with U.S. import tax 1.35
Sugar beet, Europe, 2003 2.89 2.1
Corn, U.S., 2006 1.03 1.4
Cellulose ethanol, U.S.
Achieved in 2006 2.25
Target for 2012  1.07


10.0


10.2
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Brazil has proved a strong contender in this stage. A number of factors influenced the country to achieve 
this level. In Brazil, areas planted with sugarcane had a significant increase over the years, observing an 
increase of 67% in volume produced, considering the crops from 2004/05 to 2008/09 (UNICA, 2012a).. 
Most areas are in South-Central region of the country, where the State of São Paulo stands holding 60,1% 
of sugarcane production produced in Brazil. Worldwide, the production of sugarcane, raw material to 
bioethanol production, is 1,5 billion tons and is found in the tropical zone of the planet, particularly in 
developing countries of Latin America, Africa and Southeast Asia (UNICA, 2012b). In this context, Brazil 
stands as the largest sugarcane producer, followed by India, China, Thailand, Pakistan and Mexico 
(Rudorff et al, 2010). Factors such as productivity developments of sugarcane, involving constant 
researches, whose results show growth indicators around 18,63% over the last six crops harvested, 
contributed to reinforce this prominent position. 


Over three decades Brazil led fuel bioethanol production, losing its position to the United States after the 
commitment to its use required by Energy Policy Act of 2005 (Masiero & Lopes, 2008). The growth of 
sugarcane sector in Brazil can be noted by the expansion of producing mills, ending 2011 with 406 
producing bioethanol mills (ANP, 2011). The Brazilian bioethanol production showed significant growth 
over the years. Considering the crops from 2006/2007 to 2010/2011, an increment happened in 53,87% of 
bioethanol production, increasing from 17.939.428 m3 to 27.604.120 m³, severally (Figure 2). 


 
Figure 2: Brazilian ethanol production (UDOP, 2012a) 


The majority of bioethanol produced in Brazil is consumed in domestic market. In the international market 
2008 was the year which presented the most expressive results with exported volume of 5,12 million of 
m³. In 2011, the bioethanol exportations reached 1,96 million of m³. Most part of it was directed to the 
United States of America (33,8%), followed by South Korea (15,3%) and Japan (14,3%). (UDOP, 2012b) 


3.3 Logistics 
Logistics has primordial importance in the sugarcane sector in view of the requirement to supply the 
producing sugarcane mills and distribute bioethanol to the dealers’ network reaching the consumer. The 
process to turn the raw materials, semi-finished products and stocks of finished products available in the 
right place and with the lowest possible cost is the logistic responsibility (Bowersox & Closs, 2001). The 
implementation of these processes requires a set of involved companies, direct or indirectly, that belong 
to a supply chain. The supply chain of Brazilian fuels is fairly comprehensive, including a number of 
interrelated agents during the process to turn the product available to the consumer.  


The cane transport until the mills is done in bulk in open trunks (Caixeta-Filho et al, 2001). From the mill 
to the distribution bases road transportation is the most widely used, followed by railroad and in small 
proportion the pipeline (Milanez et al, 2010). In the distribution to retail tankers are used because they are 
suitable for this purpose and type of product. In the export flow, the predominance of road transportation 
to the ports as only choice is related to short routes, high costs of intermodal transfers and deficiencies in 
the structure of other modalities in the access to ports (Milanez et al, 2010).  An overview of the supply 
chain of Brazilian fuels can be seen in Figure 3. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID4.6 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 3: Brazilian matrix of Brazilian fuel logistics (SINDICOM, 2012) 


According to Caixeta-Filho et al (2001), the cost of cutting, loading and transport represents 30% of 
sugarcane production cost, and transport cost represents 12%. Accordingly, logistic costs are directly 
affected by the distance to be travelled. The distribution of the plants to produce fuels refers to the 
grassroots distributors that perform the delivery to service stations and other stakeholders serving the 
end consumer. The choice of transport mode influences the levels of stock. Normally, the transport modes 
that are more present lower freight costs are also slower, what create the need to maintain higher 
inventory levels. 


These are crucial questions that need to be analysed, because the complex production process and the 
fuel distribution requires a wide infrastructure, e.g. railways, waterways, roads and polyducts, that allow 
the fuels distribution via bases distribution established in the country.   


4 Systemic challenges and potential overcoming strategies 
Planning the future is a challenge to the strategist. Stage planning constitutes an important tool that aims 
to visualize certain future plausible situation. Therefore, good stages are devices of thought and 
perception that have the function of making a new and restructured perspective visible (van de Heijden, 
2009).   


A scenario is an internally consistent view of what the future could become (Porter, 1989). It is not a 
prediction exercise, but an effort to describe future situations in plausible and consistent form (Wright & 
Spers, 2006). It is a continuous process of iterance, in which the analysis result of the environment 
surrounding the business, identifying a small number of fundamental uncertainties, whose construction 
stage is given by the combination of this uncertainties with the predetermined elements: the events 
already known that are underway (van der Heijden, 2009). These interpretations substantiated with the 
predetermined events refer to the stages constructions. The starting point is the survey of the sector 
landscape, previously interpreted considering what really makes difference. 


In this article, the applied methodology to stages construction uses the SRI International method, 
classified as intuitive logics (Ringland, 1998 apud Boaventura et al, 2004). The method includes specific 
steps that direct the planner’s actions: (i) strategic decisions; (ii) decision key factors; (iii) analysis of 
environmental forces; (iv) logical stages development; (v) stages description and, (vi) strategic implications 
(Boaventura et al, 2004). The authors describe that, in the current version, the method suffered slight 
changes such as the junction of steps 1 and 2 and steps 4 and 5, but the creation of the monitoring phase 
seems to have been the main change. 
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Based on the investigation of the Brazilian bioethanol panorama, key factors related to "supply" and 
"demand" sides where proposed. From these factors, an interpretation of the environmental forces that 
impact the sector was created. In the sequence, plausible scenarios for a horizon of 10 years are 
presented.  


The analysis is based on the following questions to (i) how to turn Brazil into a real player in bioethanol 
global market; (ii) how to make Brazilian bioethanol competitive in global market. These questions are 
related to key factors of “supply” and “demand”. Regarding to the supply, Brazil has consolidated itself as 
a strong sugarcane and bioethanol producer. The demand from the domestic market is already 
consolidated and from the global market has a huge potential. The supply and demand of bioethanol are 
affected by environment forces, domestic and foreign, and they are related to: (i) predominant weather; 
(ii) charged price; (iii) competition; (iv)   governments regulatory processes; (v) geopolitical and economic 
conditions of countries; (vi) innovation capacity of companies.  


In Brazil, the challenges of bioethanol supply chains are the complexity of the operations performed 
between the various actors involved and the unpredictability of demand. This unpredictability is 
influenced by (i) lack of information on real demand down the supply chain, (ii) fluctuations in the selling 
price of bioethanol, (iii) fluctuations in sugar prices, and causes an increase in costs related to inventory, 
imbalance in production and transportation difficulties in programming. 


Considering that a supply chain is a set of companies that aims to provide products to final consumers, it 
is noteworthy to say that the unpredictability of demand affects all elements of this chain. The factor is 
called the bullwhip effect, refers to the distortion of demand information throughout the various 
companies, generating cost overruns by the mismatch between production and demand. To partly solve 
this mismatch, it creates the safety stocks to meet these oscillations, reflecting the costs that become 
representative. 


In the process of production and distribution of bioethanol, the rebuilding of inventories in distribution 
bases occurs when their levels are reducing and are established through deterministic rules. The existence 
of unpredictability requires safety stock, which have to consider variations of supply and demand. The 
frequency and amount of resupply are the main factors that determine the level of inventory to be 
maintained. 


The unpredictability affects the production plants and is related to the production process of both raw 
material and finished product. The lead-time of sugar cane production is usually 12-18 months, which 
requires a more refined plan in relation to demand forecasts. Thus, variations in demand cannot be 
supported, quickly, by the transformation industry. Considering this situation, three scenarios were 
systematized for the Brazilian supply chain of bioethanol in the following section. Policies and guidelines 
for dealing with these systemic challenges for innovative and sustainable energy supply chains of were 
also proposed. 


4.1 Stage 1 – Optimistic 
In the next decade, bioethanol is a certified and standardized fuel, widely spread in the international 
market, with growing demand in recent years, particularly in the United States of America (EUA). In 
Europe, the use of renewable is 10%, 6% of first generation biofuels and 4% from alternative sources. 
Estimates indicate a global demand of about 73 billion liters / year. According to estimates, Brazilian 
exports should reach 6.8 billion liters by the end of the decade. Other countries, such as China and India, 
increased their participation in the American and European markets that present strong demand due to 
the requirements imposed by programs to reduce greenhouse effect. Ethanol production in the U.S. and 
European countries is significant, but almost uncompetitive in regard to costs. In Brazil, it is anticipated a 
demand for fuel ethanol from 63.1 million liters / year. The second generation of Brazilian ethanol is a 
consolidated reality, but the volumes produced are still lower than the first generation. Cooperation 
agreements between countries help in the diffusion of technology. 
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Global manufacturers of vehicle have incorporated, broadly speaking, the flex-fuel engine in its 
production, and other means of transport such as bus, airplanes and motorcycles also use bioethanol 
intensively. On the other hand, electrically powered vehicles have become known and accessible. 


Strengthening the ecological awareness of consumers of ethanol enhances its image by projecting it as a 
fuel with low levels of pollution. The choice of renewable and low emission of pollutants is the difference 
that motivates consumers to choose this fuel.  


In Brazil, the investments in the logistics structure offer advantages in terms of costs and production flow 
with the use and integration of various transportation modes. 


4.2 Stage 2 – Realistic 
In the next decade, ethanol is a fuel widely used in the international market, but there are still tariff 
barriers, especially in European and Asian markets. The European and Asian countries reinforce their 
position as global competitors in bioethanol supply, but the division between the production of food and 
fuel generates instability in the countries.  


Global vehicle producers maintain global production of vehicles with flex-fuel engines, but the efforts are 
focused on engines powered by other energy sources, such as electricity. The 2008 crisis in Europe still 
has its lingering effects in the medium term generating some shrinkage of markets. 


The environmental awareness of consumers is large, but the actions taken by these people do not take 
into account the type of fuel with the level of pollution exhaled. The actions are restricted to other 
consumption habits and the price is a determinant factor in the demand for ethanol. 


In Brazilian logistic matrix, investments in smaller proportion and regions result in the development of 
certain producing regions over others. 


4.3 Stage 3 - Pessimistic 
In the next decade, Brazilian bioethanol has difficulties to establish itself in the international market. Only 
a few countries import Brazilian products. Agreements signed between the European Union (EU) and 
Asian countries ensure the supply of fuel to these regions. The U.S. sign agreements with smaller 
countries and propitious for ethanol production, but also reduces the imports from Brazil. 


Global vehicle producers are not interested in continuing the flex-fuel vehicle and direct their investments 
in powered engine researches, mainly electricity and solar energies. Sales are regionalized, and the market 
resists accepting this vehicle. Consumers do not incorporate earth-friendly habits. Demand for Brazilian 
ethanol remains essentially in the domestic market. The logistic problems in Brazil will continue to exist 
and investments will be directed to other fronts. It implies bottlenecks in the logistic process. 


The stages visualization assists in setting policies and strategic guidelines, which will be discussed in the 
next session.  


5 Discussion 
The consolidation of bioethanol in the world market goes through the promotion of some initiatives, 
beyond the need to establish policies and guidelines that support strategic decision makers of renewable 
energy supply chains. Production and distribution of biofuels imply important challenges for supply chain 
design, planning and integration. The following aspects have to be properly considered: production, 
processing, and logistic technical and economic characteristics; taxes, monetary policies and fiscal 
incentives in different regions/countries. Clear commitment to existing or forthcoming public-private 
frameworks would also ensure fair partnering in strategic logistic projects. These projects would include 
the necessary infrastructure for transportation, intermediary and regulatory stocks, intermodal terminals 
and further interfaces that support stable and reliable supply of biofuel. 
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The balance between production and demand implies the control of variables that impact the flow of 
information and products. Sharing information about the actual demand between companies in the 
network, enables a mitigation of effects that influence the unpredictability and the consequent imbalance 
between production and demand. The real market information represents the most significant portion of 
the process. As the vast majority of the gas station has a unique supply company, the insertion of check 
devices, in real time, for measuring the consumption would allow a more effective control, allowing a 
greater degree of assertiveness for production volumes as well as inventory to be maintained. This 
information should be shared among all other members along the chain. Concomitantly, other actions 
would be important to minimize the effects of the imbalance between production and demand. 
Equilibrium is achieved when prices remain constant, without abrupt changes. Also, clear rules for the 
government would provide stability, reliability and consistency in the supply of bioethanol. 


The interaction between different members must be coordinated for a common goal, with the purpose of 
optimizing the supply chain. For this a systemic view that offers a complete analysis of all functions, 
activities, relationships and processes would be need. The alignment should focus on the timing, seeking 
to simplify tasks, eliminate delays, expedite flows and scale processes for allowing greater dynamism 
among the elements of supply chain. 


Regarding to environmental issues and the integration within existing natural systems, it is obligatory and 
critical to ensure and enhance bioethanol holistic sustainability, from feedstock till final consumption. 
Clear foundations for the cited holistic sustainability are: establishment of stable and optimal production 
zoning, ensuring minimal impact on the environment (e.g. reuse of degenerated areas like pasturage); 
studies related to production expansion; development of human capital; as well as macro and micro-
logistic integration.  


Intensification of researches related to advanced biofuels and new applications, besides, stimulating the 
exchange of experiences and technologies searching for standardization and product certification are 
important to consolidate bioethanol in global market. 


Prospective research, considering the multitude of direct and indirect effects as well as private and public 
actors/stakeholders that should be involved in order to deal with existing complexity, is definitively a huge 
challenge. This applied research could follow a 4-phase structure: (i) identification of potential partners 
and collaboration frameworks; (ii) identification of main focus considering business interests; (iii) 
development of customised descriptive model and evaluation framework, and (iv) proposition of strategic 
implementation roadmap, including feasible actions toward increasing competitive advantage. 
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Abstract 


The actions of social responsibility and environmental concerns have increasingly been required of companies, with 
studies in the literature arguing that companies with highest social responsibility practices have further evaluation by 
the market. In this sense, this research studies the social responsibility practices employed by the two largest private 
Brazilian banks. We checked annual reports published by these companies for the year 2010 employing the content 
analysis approach. These institutions are important sectors, which performs intermediation of financial 
resources enabling the financing of companies of different segments. The aim is to verify whether and how such 
companies disclose these actions. The results show that the two banks disclose information about its corporate social 
responsibility and although there are similarities in some points it can be said that companies disclose 
such information in different ways. 


Keywords: corporate social responsibility; CSR dimensions, disclosure; Brazilian banks. 


1 Introduction 
The market has become increasingly complex and stakeholders’ expectations are pushing for better 
organizational behavior. As stated by Ashley (2002) the complexity of the globalized world and the speed 
of innovation and information technologies create the need for businesses to carry out their transactions 
in a new way. 


With the arising of stakeholders’ expectations, not only for shareholders but also customers, suppliers, 
government and society in general, the Corporate Social Responsibility (CSR) becomes central for the 
business. Therefore companies begin to disclose their actions and information, allowing greater 
transparency and ethics.  


Gray, Kouhy and Lavers (1995), Gibson and O'Donovan (2007) and Barnea and Rubin (2010) are just a few 
authors who underline the importance of CSR activities in contemporany firms. On the other hand there 
are the financial institutions that mediate the cash flow from savers to borrowers with the prospect of 
investments that may or may not be appropriate to sustainability issues.  


The background shows that it is important to check if financial institutions disclose information about 
RSC. In this context may be said that this study has two main questions: Do Banks disclose information 
about their CSR? How do they carry out the disclosure? Thus the research objective was to determine 
whether and how banks disclose their CSR information. 


For the purposes of the research were selected the two largest private banks, because they have similar 
modes of action and size and do not suffer pressures from the government as may occur in public banks. 
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2 Theoretical Framework 
The theoretical framework can be seen as a set of theories and practices (knowledge and practical 
experience) that will assist the researcher in achieving its goal. Therefore be able to respond the research 
question and solve the problem identified. In this sense, to begin this presentation of concepts and results 
already obtained by other authors, we can say that the social and political role of the company may go 
beyond profit maximization and law compliance. According to Ashley (2002) the complexity of business in 
the globalized world and the speed of technological innovation and information encourage companies to 
conduct their transactions in new ways. 


Realizing that the contribution to sustainable development can result in benefits for the business itself, 
companies began to consider social responsibility in their decisions. Then comes the term Corporate 
Social Responsibility (CSR). Perottoni (2000) explains that this concept raises a pertinent discussion about 
the company's relationship with society and ecosystem. According to Ashley (2002), CSR may be 
interpreted as a form of management committed to the welfare, which requires actions in different 
directions. 


Thus, we can say that the goal of CSR is an ethical and transparent relationship between the company and 
its customers, by establishing business goals compatible with sustainable development of society. 
Economic performance is related to cultural diversity, reducing social inequalities and preservation of 
natural resources for future generations. As a broad concept, consider the company's relations with 
various stakeholders in its marketing context.  


Vellani (2011) states that the concepts of Corporate Social Responsibility and Corporate Sustainability 
converge to the same purpose: to integrate economic performance, social and ecological business 
aspects. However, the social can subdivide into five sub-dimensions. Together, the CSR can be analyzed 
under seven aspects: Corporate governance, relationship with the workforce; with suppliers; with 
customers; with government and society; with shareholders and investors and with the environment.  


Vellani and Pirani (2009) used this classification to analyze the CSR of three Brazilian banks: Banco 
Bradesco SA, Banco Itaú Holding SA and Unibanco. Based on this study, the following illustration was 
prepared:  


 


 


 


 


 


 


 


 


 


 


Figure 1: CSR dimensions. Source: based on Vellani and Pirani (2009). 


A brief explanation of the seven dimensions: 


 Corporate governance: values of the organization summit can influence the ethics of executives in 
business management. An ethic company in business management is the one committed to transparency 
in its financial and non financial reports. Examples: compliance with ethics in all proceedings involving the 
company management and the application of the concepts of corporate governance. 
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 Workforce relationship: how the company relates to its employees can strengthen the relationship 
between those involved. Elkington (2012) identifies a variable to this place: trust between people. With 
trust you can create a healthy working environment and increase productivity. Example: fair compensation 
programs, such as participation in the company's results. 


 Suppliers Relationship: the relationship between the company and its suppliers can enhance both 
sides to negotiate ethically and fairly. Examples: transparent partnerships between the company and its 
suppliers; preference for suppliers with CSR in business management.  


 Costumer relationship: to evaluate harm potential to costumers, transparency in the relationship and 
dialogue can be considered CSR attitudes. Examples: programs for evaluating the quality of products / 
services and after-sales programs. 


 Government and society relationship: the maintenance of government initiatives, public-private 
partnerships and community action strategies as a way of reducing inequality may help the government 
to satisfy the desires of the community and contribute to the improvement of society. Examples: literacy 
programs, health care, cultural events.  


 Shareholders and investors relationship: to inform the economic performance with transparency 
through the disclosure of the inherent risks in the business. Examples: reliable financial statements or even 
voluntary disclosure of the Economic Profit. 


 Environment relationship: how to use natural resources, the emission reduction of waste and adoption 
of clean technologies in its production process can help companies to become environmentally friendly 
and therefore fulfill their social role of maintaining the ecological sustainability of ecosystems 
interdependent and interconnected to business. Examples: programs for wastewater treatment for water 
reuse, waste recycling and actions to reduce emissions.   


Every company has an impact on one or more dimensions of CSR. In particular, the banks activities have 
an impact on the economy, society and to a lesser extent on the environment. Hoffmann (2003) argues 
that as service provider, banks impact on the environment and around (even on a small scale). They use 
energy, paper and other materials, generating waste. Indirectly, financial institutions can impact the 
environment when approving or denying funding to companies with activities that cause pollution. 


Breton and Côté (2006) explain that banks historically carry a bad reputation. Therefore, the principles of 
social responsibility that already guide many corporations, gain greater strength in the financial area. The 
publication of social reports attached to the annual reports, in Brazil it is becoming increasingly common 
among banks. 


Investments in the dimensions of CSR can contribute to society and environmental enterprise integration, 
ensuring business continuity. Breton and Côté (2006) argue that it is estimated that in a short time to be a 
socially responsible bank will be a basic condition to continue operating in the market and gain the trust 
of investors.  


Craven (2003) explains that when considering the variable CSR in business strategic planning the company 
improves its accountability. This is because the CSR as a strategy allows further performance analysis. This 
performance can be standardized, compared and measured by procedures and structures that are 
accepted and used by companies to manage the assets involved with the CSR.  


According to Ribeiro (2006) there is the ISO 9000 and 14000 series which expounds on quality and 
environmental protection respectively, and the 8800 British Standard - BS 8800 and the Occupational 
Health and Safety Assessment Series 18001 - OHSAS 18001, focused on safety and health at work, the 
Social Accountability 8000 - SA 8000, also on staff and working conditions, the Accountability 1000 - AA 
1000 concerning social responsibility in general, and the Global Reporting Initiative - GRI, with emphasis 
on ecological aspects as examples of standards recognized internationally.   


Thus, the financial and nonfinancial companies interested in managing CSR can work with these 
standards. Depending on the relevance, some patterns can be achieved first. For example, if the business 
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has more social impacts, certifications such as British Standard 8800 - BS 8800, the Occupational Health 
and Safety Assessment Series 18001 - OHSAS 18001 and the Social Accountability 8000 - SA 8000 should 
be targeted. If the environment is the most affected, the ISO 14000 will be needed to ensure credibility.  


The Donaire (1996) results show that the importance given to environmental activity changes from 
company to company. This study also showed that the environmental activity can be implemented 
systematically in three distinct phases: 1. perception; 2. commitment; 3. effective action. The name of 
these steps identifies three possible contexts in which environmental activity can be maintained.  


Gray, Kouhy and Laves (1995) and Gray, Javad, Power and Sinclair (2001) analyzed only companies in the 
UK and realized that there are relevant environmental disclosure. Guthrie and Parker (1990) study the 
differences in relation to social and environmental disclosure in the UK, USA and Australia companies. The 
results indicate differences in the level, method and location of disclosure. Therefore, do not identify a 
pattern of environmental disclosure between companies in these three countries.  


Xiao, Gao, Heravi and Cheung (2005) found that UK firms publish more information than Hong Kong 
firms. In the absence of laws or rules, companies in Indonesia are not proactive in relation to 
environmental disclosure. Similar to results found in Basalamah and Jermias (2005) and Frost (2007), they 
evaluated companies in Indonesia and Australia respectively and found that they only disclose 
information when there is environmental risk of penalties.  


Gibson and O'Donovan (2007) have analyzed the environmental disclosure of Australian companies for 20 
years, from 1983 to 2003. Jaggi and Zhao (1996) analyzed the social and environmental reports of 
companies in Hong Kong and concluded that the disclosure is low.  


Adams, Hill and Roberts (1998) investigated factors which affect the degree of environmental disclosure in 
European companies. This study evaluated the company size, sector and country of residence. They 
obtained consistent results; the larger the size of the organization increased its disclosure. The disclosure 
is greater for polluting industries and developed countries. Bewley (1998) examined whether changes in 
the pattern of disclosure impact on the value of environmental liabilities. Results indicated it changes. 


In Brazil, the study of CSR disclosure is in the beginning. Calixto, Lima and Barbosa (2007) compared the 
environmental information disclosed by financial reports available on companies’ websites. They verified 
that the information disclosed on the Internet is more extensive and complete than financial documents.  


Murcia et al. (2008) analyzed voluntary environmental disclosure in the 2006 Standard Financial 
Statements of sample companies listed on BM&BOVESPA, belong to high environmental impact sectors. 
They investigated which factors are relevant to explain the voluntary environmental disclosure in the 
financial statements. They concluded that the size factor and the variables “audit firm” and “ISE 
participation” are relevant. In time, ISE is a Portuguese abbreviation of “Indíce de Sustentabilidade 
Empresarial” (Corporate Sustainability Index), it is a BM&BOVESPA index composed of companies 
with advanced sustainability practices. 


Similarly, Rover and Borba (2007) seek to identify information on environmental costs and investments 
and how they are evidenced in companies listed on ISE 2006/2007 of the BM&BOVESPA. They find that 
most information about the environmental costs have been disclosed in the annual reports while 
information about environmental investments were disclosed in the Standard Financial Statements.  


Later, this same work has evolved to Rover, Borba and Borget (2008), they compared CVM (Comissão de 
Valores Mobiliários) with SEC (Security and Exchange Commission) and revealed the presence of 
inconsistency between them. In one case, a Brazilian company reported to CVM that environmental 
impacts are small and irrelevant. Do foreign markets require more information about the company's 
relationship with the environment than Brazilian?  


Answering this question is not the purpose of this article. Vellani (2009) compared the environmental 
disclosure among ethanol producers with shares on BOVESPA and NYSE. The author concluded that U.S. 
companies have demonstrated what is required by law, while the Brazilian released beyond compliance to 
describe their environmental programs. The term compliance is widely used in banks chart to refer to the 
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department that aims to adapt all processes to certain standards or laws. In this article, as did Vellani and 
Pirani (2009), the dissemination of CSR in the banking sector will be analyzed.  


3 Methodological Aspects 
The methodology is considerated the way to try reaching the goal. In this section are presented the 
principal methodological aspects about the research, like the classification of the study and the collected 
data. 


3.1 Classification of Research 
Using the classification created by Gil (2002) this research can be classified according to their goals as 
exploratory since it seeks a greater familiarity with the problem, ie, attempts to identify how the largest 
Brazilian private banks disclose information about its Corporate Social Responsability (CSR). The technical 
procedure used is a documentary research, because available reports will be analyzed from financial 
institutions, no specific procedure was used for the documental analysis. 


3.2 Data and Analysis Procedures 
The data were obtained from the Annual Reports of the two Brazilian largest private banks. For selection 
we used the classification of Banco Central do Brasil in relation to the size, refered to September/2011, 
latest available at the time of data collection. Total Assets is considerated for the classification of banks, 
respectively as being five largest banks: Banco do Brasil, Itaú, Bradesco, Banco Nacional de 
Desenvolvimento Econômico e Social (BNDES) and Caixa Economica Federal. Among the five largest banks 
are only two private capital (Itaú and Bradesco) and they were selected because of the study scope. 


It is understood that the main channel for disseminating information to investors is the annual report and 
it is available on their official websites. Thus, information about the Corporate Social Responsibility should 
be included in this report and therefore it was the source of data used.  


This study used the 2010 annual reports (latest available at the time of data collection). It should be noted 
that Bradesco made available the "Annual Report" and a "Sustainability Report" in 2010 and both reports 
were used for this research, because sustainability is directly related to CSR. In turn, only a "Sustainability 
Annual Report" was available from Itaú Bank which includes information equivalent to two reports 
released by Bradesco. 


The reports were obtained directly from the "Investor Relations" area on Itaú’s (www.itau.com.br) and 
Bradesco’s (www.bradesco.com.br) websites. Content analysis technique was applied to verify the 
information disclosed by the two organizations. The analysis was made in relation to the seven CSR 
dimensions. The data analized refer to Itaú Unibanco Holding S/A, but the Itaú nomenclature was used 
because it is the brand that the group uses commercially. The next section presents the findings. 


4 Results and Analysis 
The investigation of the banks reports allowed identifying the practices disclosed, their similarities or 
differences according to the seven dimensions discussed. Below the information is displayed in each 
dimension. 


4.1 Dimension 1: Corporate Governance 
In its Annual Report, Bradesco announces its participation and voluntary adhesion in 2001 to Level 1 of 
Corporate Governance BM&FBOVESPA - Stock Exchange, and Futures Markets. Bradesco also discloses 
that it received the Gamma score 7 (Governance, Accountability, Management Metrics and Analysis), 
assigned by Standard & Poor's Governance Services on a scale of 1 to 10. The bank also discloses that has 
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the rating AA (Optimal Corporate Governance Practices) received from Austing Rating. Banco Itaú does 
not mention any of these aspects in its Annual Sustainability Report. 


Both banks have a Corporate Ethics Code (Bradesco called Bradesco Organization Conduct Code) which 
addresses the focus of its policy of corporate governance, values and principles. Bradesco also asserts the 
existence of sectoral codes. 


Bradesco informs in its report eight committees: the Ethical Conduct Committee - responsible for the 
dissemination and enforcement of ethical conduct codes, the Audit Committee - in order to advise the 
Management Board (MB) in matters relating to the adoption of accounting practices, preparation and 
dissemination of such demonstration, the Compliance and Internal Control Comittee - which aims to 
assist the Board of Directors regarding the adoption of strategies, policies and measures to disseminate 
the culture of internal controls and risk mitigation, the Payment Committee - responsible for policies and 
guidelines for the remuneration of managers; the Risk and Capital Allocation Integrated Management 
Comittee – advise the MB in relation to institutional policies and operational guidelines and in relation to 
risk exposure; Corporate Governance Executive Committee - in order to advise MB on Corporate 
Governance Policy, the Disclosure Executive Committee - responsible for ensuring compliance with the 
policies of disclosure, and the Sustainability Executive Committee - which aims to analyze issues related to 
environmental responsibility. 


Itaú reports the existence of the following five committees: Audit Committee, which aims to ensure the 
quality and integrity of financial statements and compliance with legal requirements; People Committee - 
which aims to develop the human resources area and retention of talents, Nominating and Corporate 
Governance Comitee - which fulfills the governance aspects, especially in matters of MB appointment; 
Risk and Capital Management Comittee - has the objective to monitor and review risk policies, and 
Strategy Committee - concerned to discuss and analyze issues that may impact the business. Itaú 
announces two more committees related to issues of sustainability, they are: Sustainability Executive 
Committee - it sets policies and guidelines to organization's sustainability; Sustainability Committee - in 
order to define strategies for action and monitoring action plans, performance indicators and targets 
related to sustainability. 


In general we can say that the two banks have very similar patterns with respect to disclosure about 
corporate governance, the report of Bradesco only becomes better because of a greater level of detail 
than Itaú. It is important to mention that non-disclosure by Itaú, for example, participation in Level 1 of 
Corporate Governance does not mean its not there, but just not transmitting such information in the 
report under review. 


4.2 Dimension 2: Workforce Relationship 
Bradesco informs that had 95,248 employees in 2010. Discloses that this year the company was 
considered one of the best companies to work for Guia Você S/A - Exame and Época magazine (Great 
Place to Work Institute - IGTPW). It also informs that was part of the ranking of the 100 Best Companies in 
Organizational Human Development Index for Gestão RH magazine and was recognized as one of the 
best companies in people management for Valor Economico newspaper. Itaú reports that had 108,040 
employees in 2010, and also informs its award for the second time in the survey 100 Best Companies to 
Work for IGPTW, its rating among the 50 Best Companies for Executive also by IGPTW and at the Young 
People’s Dreams Company Award it was placed at 7th position, granted by the Cia. de Talentos.  


In its report Bradesco makes clear the importance given to employees training, informing the 
development of investments reached R$ 107 million in 2010. Bradesco also discloses the geographic 
distribution of its staff, and relevant information about organizational climate research, rate of turnover 
number and value of labor process, labor health, safety and union relations. Itaú informs the providing 
training to employees in Brazil and abroad, he announces a career advancement program based on their 
performance, in addition to the program to develop young talent, the financial education program for 
employees, and support diversity in its staff. The two institutions also have a series of employees’ tables 
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numbers by age, gender, total hours of training, etc. In the case of Bradesco's reports there are also 
graphics, for example, about employee training and training investment. 


Despite the similarity in the items disclosed on this demension, the information provided by Bradesco in 
its reports is more detailed, including graphs and trends, also provides information of amounts invested in 
training and relevant data, for instance, about turnover and labor processes. 


4.3 Dimension 3: Suppliers Relationship 
For the information on Bradesco reports, suppliers’ selection is based on factors such as sustainability 
commitment using the tool Request for Information (RFI) that evaluates the administrative, financial, 
commercial, technical and socio-environmental aspects of potential suppliers. It also informs the 
engagement actions for suppliers follow the bank policy of environmental responsibility, and a supplier 
relationship program which aims to align the goals of supply chain. 


Itaú reports an effort to align suppliers' policies and practices required by the bank. Also publishes a 
policy of local source, including showing the percentage of suppliers by region. This bank also said that 
presses its suppliers to suit the human rights policies and practices, such as child or slave labor, reporting 
that in 2010 there was compliance. Itaú also discloses the need for education and training of surveillance 
teams and outsourced service providers. 


There is some disagreement in the information profile disclosure between the banks analyzed, while the 
information provided by Bradesco seems to concern with the integration of suppliers as part of its supply 
chain, the Itaú report gives the impression of greater requirement or proof of compliance with the bank 
policies/requirements. 


4.4 Dimension 4: Costumer Relationship 
Bradesco informs actions as architectural adaptations of bank branches and facilities for wheelchair users 
and visually impaired. Training up to 2010 more than 24,900 employees in Brazilian Sign Language, 
initiatives that demonstrate concern for accessibility for customers. Itaú only mentions the possibility of 
visually impaired customers to read the contract at the time of opening of the account. 


In its report, Bradesco bank provides a Management Demonstrations site, it lists the number of 
complaints, suggestions and compliments received and its evolution over the years, the information is 
presented in a figure. Bradesco publishes several annual complaints charts at Procon and Bacen and on 
satisfaction research chart by segment. Itaú emphasizes the transparency of relationship with customers 
and disseminates a lot of content about complaints at Procon, the complaints origin, the reduction in 
2010 compared to previous years and strategies for the reduction. It also states the commitment to 
ensure customer satisfaction. Reports market segmentation strategy for customer service. 


Both banks mention security initiatives for clients. Overall, the two banks make full disclosure of customer 
dimension, but the approach adopted by Bradesco provides a greater breadth of information and visual 
appeal. Additionally, Bradesco informs accessibility issues that are not mentioned by Itaú. 


4.5 Dimension 5: Government and Society Relationship 
Bradesco informs its relationship with the government and society through partnerships that cover tax 
payments, contributions, transfers to BNDES credit, including bank stocks, promotion of education and 
concern for environmental preservation. In relation to the government, Itaú highlights the wide 
dissemination of transparency in the elections, stating donations made by the bank in terms of support, 
including graphs of the distribution of resources. 


Bradesco reports actions such as courses in technical education, literacy, digital inclusion centers and 
other social projects in education, art, culture, sports, health, sanitation, fighting hunger held by Bradesco 
Foundation and Bradesco Organization. Itaú also disseminates information on similar projects, such as 
reading incentives, investments in social and cultural actions. Itaú also informs the adoption of hiring 
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practices in local communities where it operates. Likewise the bank informs the practice of hiring local 
suppliers when it adds efficiency to the operation. 


Banks differ in the way of reporting their relations with the government. Itaú has a scope attached to the 
government, quite different from the analysis adopted by the other bank. However in questions related to 
society and/or community the two banks have a similar disclosure. 


4.6 Dimension 6: Shareholders and Investors Relationship 
In this dimension, Bradesco claims to have the practice to pay shareholders more dividends than the 
minimum percentage laid down by regulation. The Bank shows their actions evolution in relation to 
Ibovespa. Itaú, in turn, carries the motto of "creating value and information." Both banks claim the 
existence of public meetings, participation in the Meeting APIMEC and the existence of investor relations 
department that allows particular access to that audience. The financial statements disclosure of the two 
institutions is quarterly. 


4.7 Dimension 7: Environment Relationship 
Both banks announce environmental issues. Bradesco informs that works with a concept of eco-efficiency 
adjustement based on the definition of the World Business Council for Sustainable Development 
(WBCSD). Reports work in order to “create more value with less environmental impact "and the creation of 
a new governance for the topic. This bank informs actions related to the environment as the management 
of greenhouse gases emissions (GHG) based on the guidelines of the Brazilian GHG Protocol Program and 
under the management of ISO 14064, sustainable constructions that follows the principles of sustainability 
construction, "green IT" to incorporate sustainability practices and guidelines for the management of 
technological resources. In addition, Bradesco announces a list of social and environmental goals and its 
justifications. It also presents a list of social and environmental investments made or encouraged by the 
bank, including dissemination of values. 


Itaú reiterates its concern about the impact of their activities on the environment and carries out efficient 
management of natural resources. It asserts that its integration of agencies (Itaú Unibanco) in 2010 was a 
challenge for environmental management. It generated 3,800 tons of electronic garbage that was 
collected and properly disposed. Tables present the amount of waste generated by its operations in the 
year. Itaú says it uses only FSC-certified paper in its operations, which is a seal that ensures environmental 
compliance of the production process and the inputs used. Reports say that the water consumption does 
not cause significant impacts to the environment. It also informs the GHG emissions inventory in the same 
format as Bradesco, besides a host of other information of reduced environmental impacts, as well as 
products and services linked the question of environmental benefit. 


In this dimension the two banks have announced similar actions, as well as in their amplitude of 
disclosure, many points are found in reports of the two institutions about environmental issues. 


5 Concluding Remarks 
The CSR is a topic of great relevance nowadays, so there is concern for companies of different segments 
in their disclosure, mainly because as stated by Barnea and Rubin (2010) the amount of resources 
allocated to CSR activities have increased. 


Banks are important economic agents, because they do the intermediation of financial resources thus 
providing money for those interested in making investments. If dealing with an important segment we 
chose to analyze the two largest private banks because they have the same profile of action in terms of 
segmentation and size. So we selected the banks Itaú and Bradesco in order to verify whether and how 
such institutions disseminate information from CSR. 


Therefore, we analyzed the Annual and Sustainability Reports of these companies; it was found that the 
two banks fully disclose information about their CSR. About the reports there are differences in format, 
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however, in general the two banks provide information about the seven dimensions of CSR. The main 
findings were: first the large space devoted to information on Corporate Governance of the two banks, 
which demonstrates the concern of these companies providing greater transparency for Market agents 
interested in its information. Secondly, it is disclosed a large amount of environmental information in two 
banks, which will align with the current concerns about operational environmental impacts. Thirdly there 
are similarities in the format and on the information presented to shareholders of both banks and 
investors. Finally, in the workforce dimension Bradesco bank provides more detailed information than Itaú 
in its reports. 


It is important to state that this research is limited to information disclosed in the reports of the banks in 
2010. The non-observation of certain information in the reports does not necessarily mean that banks do 
not apply particular procedure, practice or action, but only that do not disclose. This research achieves its 
goal by checking that banks disclose information about CSR and have some similarities and differences 
between them. Future work could go deeper into a dimension of CSR and analyze the impacts of each 
action or policy at companies in terms of socio-environmental impact and economic results, as well as 
relations between them. 
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Abstract 


The energy is a strategic input for the establishment of any regional economic and social development policy. 
Electricity is the basis for industrial production as well as in providing services chain; hence, the need to reduce the 
cost for that input is vital. The aim of this paper is to present industrial efficiency studies and three case studies in 
Northeast Brazil. There was a reduction until 69% in some cases. It was shown in this new methodology the points of 
energy losses and the most influenced industrial sectors within the production process and propose mitigation 
measures.  


Keywords: energy efficiency; industrial production; energy management.  


1 Introduction 
Energy management in industry or commerce should not be limited to concerns about assistance in 
demand and taking energy-efficiency measures; it should also sustain the idea of knowing policies and 
rules of energy compound, quality certificates, as well as environmental and CO2 certificates (Cullen et al. 
2010, Siitonen et al. 2010). 


Currently, there are several industrial sectors that have already obtained opportunities to improve energy 
efficiency in thermal systems, efficient motors, buildings with thermal insulation, efficient automated 
cooling, expert systems, and more efficient compressed air and chilled water and boilers (Laurijssen et al. 
2010, Hasanbeigi et al. 2010, Kirschen et al. 2009, Hammond, 2007). 


In industries it is common to apply conventional techniques in the operation of motor system. The 
interpretation of this reality drives us to undertake studies in this sector, proposing improvements in the 
production system. The following are noteworthy: Replacement of induction motors with a conventional 
high-yield motor, methods of motor drives with direct starters or star-delta starting device for smooth, 
soft-starter, and frequency inverter mainly used in processes that enable operation to change motor shaft 
speed (Panesi, 2006). 


The energy is a strategic input for the establishment of any regional economic and social development 
policy. Electricity is the basis for industrial production, agriculture, as well as in providing services chain; 
hence, the need to reduce the cost for that input is vital. This produces great benefits to the production 
chain by making companies more competitive, and people benefit because the products’ final price 
becomes cheaper. 


The aim of this paper is to present a new methodology for assessing industrial efficiency energy and 
identify points of energy losses and the most influenced sectors within the production process, and 
propose mitigation measures.  
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2 General Considerations 
From the scope of production chains, energy efficiency is concerned with productivity, which in turn is 
linked to economic results and management. The management aspects are those that relate to project 
deployment and implementation, hiring, training and retraining of personnel, as well as system evaluation 
in general (Jochen et al. 2007). 


The most important energy-efficiency evaluation factors in economic terms are data consistency, behavior 
of the consumers, and incentive for participation as well as implementation of energy-efficiency programs 
(Vine et al. 2010). 


Figure 1 presents a schematic diagram of the energy path between primary energy and time used for 
energy services. In this way, primary energy is transformed and presents a number of ways that can be 
measured by the same unit as the power was a kind of fluid through all sectors of the economy. The 
various ways in which energy is present in each group: primary energy, secondary energy, and energy 
service are represented in Figure 1 (Inee, 2001). 


 
Figure 1: Chain of Energy Use 


Improving efficiency means reducing consumption of primary energy required for the production of a 
given energy service. Reduction can occur at any step of this chain. It can also occur due to substitution of 
one form of energy for another end use. Historically, the replacement of fuel for electricity results in 
reduction of primary energy. In northeastern Brazil, today, the substitution of electricity by natural gas in 
some thermal processes may reduce the primary energy needed. For practical reasons, the activity areas 
are usually divided into two broad classes: supply and end use of energy. 


2.1 The Current Situation 
The energy cost in an industry has a great influence on their operating costs. Energy management is very 
often overlooked, thus generating significant energy waste and contributing to reduction in 
competitiveness among the enterprises. 


Besides the need to save energy for environmental issues, there is an economic advantage in the saving. 
However, not all actions of electrical energy saving are easily returnable in financial terms (Peres et al. 
2009). Saving electrical energy means to optimize production and reduce energy consumption and other 
inputs, thus reducing costs without losing efficiency and quality of services at any instance (Mamede, 
2008, Reis et al. 2006). 


Tackling waste is a virtual source of electric power production. In other words, energy that is not wasted 
can be used to move another load, thus making the source of production cheaper and cleaner, without 
polluting the environment (Granderson et al. 2010). 


The Figure 2 illustrates the ecological footprint index of the world (ecologicalfootprint, (2011). In 2010 the 
index was 1.4 the capacity of the world, If the world keep the same pace the world will need two planets 
by 2040, to achieve balance in 2050 has to reduce consumption by 0.8% per year.  
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Source: ecologicalfootprint (2011) 


Figure 2: Actions for Conservation and Cost Reduction 


In Brazil, during the last 15 years, the energy-efficiency scenario has been going through a lot of changes. 
These have been caused mainly by the creation of agencies, programs, and laws, with the intention of 
regulating, inspecting, and stimulating the activities at all levels. The perspectives for the energy sector 
deserve further study, because we still do not have a regulatory framework that meets the expectations of 
the private sector, creating public–private partnership, and thus the required investments for the sector 
(Cardoso et al. 2010). 


3 Methods and Models 
In industries, energy efficiency can be applied from observations of some systemic savings opportunities, 
which, when analyzed, may indicate lower costs for the industries. 


3.1 Analysis of Energy Efficiency Stages 
 Energy Audit → reveals opportunities 
 Energy Diagnosis → measures the opportunity 
 Energy Committee → implementation of schedule, energy management, training, and internal 


audits 
 Action Implementation → performing opportunities 


3.2 Topics of Energy Efficiency  
 Engines with low financial gain, poorly scaled, or operating at low load; 
 Electrical inadequacy; 
 Thermal losses in cooling system and air conditioning; 
 Thermal losses in boilers, heating systems, furnaces, kilns, etc. 
 Losses in compressed air system; 
 Losses in pumping systems and fluid distribution; 
 Wasteful lighting – bulbs, fixtures, and automation; 
 Inefficient maintenance of mechanical systems; 
 Joule effect losses in substations, panels, and electric cables; 
 Lack of management of energy inputs and contracts with concessionaires; 
 Lack of a control system of production efficiency; 
 Lack of focus in the energy systems of process automation; 
 Loading of transformers. 
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All the aforementioned items are directly related to the process of verifying energy-efficiency conditions 
in the industrial environment. Figure 3 shows a schedule of topics in energy management: 


 
Figure 3: Diagram of Actions for Conservation and Cost Reduction 


4 Case Studies and Industry Application: Analysis and Discussions 
To endorse the proposed methodology, three case studies of eco-efficiency energy applied in industries 
have been presented. These cases were studied and researched by the Production and Energy Research 
Group of the Federal University of Paraiba and applied in industries in Northeast Brazil. 


4.1 Study of a Cooling Tower in Paper Industry 
Some industrial processes, particularly chemical and biological exothermic processes, require proper 
cooling, obtained with the use of heat exchangers and transportation of heat to the environment. The 
cooling tower is the most commonly used equipment for that purpose, and its functional scheme is 
shown in Figure 4. 


 
Source: Own elaboration 


Figure 4 – Cooling system based on towers 


In the cooling tower, we have two refrigerants: 


 Cold water is pumped to a heat exchanger within the process, removing heat Q and raising the 
water temperature when returning to the top of the tower. 


Q 
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 Atmospheric air is blown over the water curtain formed inside the tower through a fan at the top 
of the tower, removing the heat from water and transferring it back to the environment. 


In this example, the returned water can reach a maximum temperature of 45ºC, and the tower has been 
designed for a differential temperature of 10°C. The designed temperature considered for cold-water 
injection into the heat exchanger process is 35ºC. 


As previously stated, a fan installed on top of the tower forces the air to circulate inside it, leaving through 
the small side windows. The air absorbs part of the injected water in the form of steam at the top of the 
tower, and the latent heat of water evaporation cools the remaining water, thus removing heat from the 
process and carrying it to the atmosphere. 


Each tower is built for maximum environmental conditions in the place where it will be installed. Taking 
the example of a city in Northeast Brazil, the average temperature varies from month to month according 
to the series represented in Figure 5. 


 
Source: Own elaboration 


Figure 5: Average temperature (°C) variation at an industrial city over a year 


Integrating the values over the years, we obtained an average change of 1.12°C. One can vary the flow of 
the two refrigerants (air or water) by considering that the tower was designed for a differential 
temperature of 10°C and that due to fall in temperature, it can work at 11.12°C without disrupting the 
process. In the analyzed case, we have the following situation: 


 Engine water pump → 30 HP 
 Fan motor tower → 60 HP 


The variation curve of power consumption in relation to the flow of a centrifugal pump and the fan is 
shown in Figure 6. 


 
Source: Own elaboration 


Figure 6:  Power consumed by the engine as a function of pump flow 


To not consider system thermal losses when reducing the air flow will be proportional to the increase in 
temperature gradient, because: 


Q/t = vwater . cwater . Twater = vair . cair . Tair 


vair = (Q/t) / (cair . Tair) 
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As heat is always removed from the process at the same rate, we will have 


vair . cair .  = v’air . cair . 


v’air = vair . (10/


To simplify the calculations as it is an estimate, by considering that the engine power variation is quadratic 
with the flow, we can obtain an average consumption throughout the year of approximately. 


P’ = P . (0.899)2 = 0.81 


This shows a saving of 19% when compared with an operation with constant rotation. To implement the 
solution, a frequency converter operating in a closed loop was introduced, which regulated the engine 
speed fan according to the temperature of the return water, whose set point is the nominal value 
designed for the tower, which is 45°C. After implementation, measurements were carried out during a 
week of operation, in two different situations. 


 A week with inverter operating at a fixed frequency of 60 Hz; 
 A week with temperature control loop return water by controlling the inverter frequency. 


The second situation presented a 63% reduction in electricity consumed by the cooling tower, when 
compared with the first situation. This result has far surpassed the expectations due to the following two 
factors not considered in this study: 


 The environment temperature varies over a day, but is substantially lower during the night; 
 The process itself varies, reducing the demand for heat exchange along a production run, due to 


several factors, such as unplanned downtime, stops to machine "set up", and product changes. 


4.2 Atomizer (Drying Tower) in a Cleaning-Material Industry 
The atomizer is a cylindrical tower with two cones, one on the top and one on the bottom. The bottom 
cone is elongated, and its shape encourages the flow of the final product, a powder that has two basic 
specifications that must be kept under control: humidity and granulation. The functional scheme of an 
atomizer is shown in Figure 7. 


 
Source: Own elaboration 


Figure 7:   Functional scheme of an Atomizer 


Hot gases are produced in a box mix by burning natural gas in a burner, such as "duct-burner," which has 
a wide range of uses and can operate with high excess air. Excess of atmospheric air is blown onto the 
burned air through a fan, producing dry air, thus warming the flow and making the temperature suitable 
for drying the product. This mass of hot air is injected into the central tower in an upward flow. The 
product to be dried is a paste of high viscosity, which is pumped at high pressure (approximately 50 bar) 
through the nozzles and sprayed inside the tower in a downward flow to form droplets of controlled size, 
which, once dried, form a granular powder, the final product of this stage of the manufacturing process. 
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Between hot-air entry and spray-up area (atomized), the product is dried by vaporization of water 
contained in the folder. From the standpoint of power, before the intervention to increase energy 
efficiency, control of air flow to the box mix is achieved by throttling the suction "damper," which causes a 
high pressure drop between the repression and the suction fan, with high energy consumption. The 
moisture content of the final product is measured in samples per hour, which causes a large fluctuation in 
the quality of the final product. 


The intervention basically consists of introducing a variable frequency drive, which is a device that has the 
purpose of controlling the engine speed, maintaining constant torque, not causing changes in the engine 
speed while it is under load, to drive the fan, and removal of "damper." The suction duct needs a major 
bottleneck for obtaining proper air flow, and the measured power in the engine is 44 kW, or 80% of the 
nominal power, as shown in Figure 8. However, when operating with frequency converter, the rotation 
falls to 55% (33 Hz), yielding the same air flow. Thus, the power reduces to 13.3 kW, or 24.2% of the 
nominal power, resulting in considerable saving of electric power. 


From the thermal standpoint, a continuous humidity meter of the final product, of infrared technology, 
and free of contact has been introduced into the process. The control system is equipped with a PLC 
(Programmable Logic Controller) and a mathematical model of the atomizer has been developed, tested, 
and validated. The PLC control algorithm adjusts the air flow and natural gas in the burner, "duct-burner," 
according to the mathematical model to obtain the desired humidity set-point with minimal consumption 
of thermal energy. Figure 8 shows the flow curve and load before (strangulation) and after (variable 
speed) intervention. 


 
Source: Own elaboration 


Figure 8: Flow Curve and Load (%) in the atomizer 


As a result, we can save a significant quantity of raw materials, according to the repeatability in the 
humidity of the final product. In Tables 1, 2 and 3 some of the measured and validated results are 
presented. In Tables 2 and 3, one can observe a significant reduction of 69.7% and 7.5% on electricity and 
heat, respectively, contributing to a decrease in the cost of approximately US$ 120000/year.    


Table 1: Raw materials results 


Raw Materials Before After 


Monthly production (final product) t/month 6500 6500 


Humidity % 3.5% 5.5% 


Water content t/month 228 358 


Raw materials t/month 6273 6143 


Economy of raw materials t/month 130 


% 2.1% 


Source: Own elaboration 
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Table 2: Achievements in Electric Energy 


Electric Energy Before After 


Load on the fan kW 44 13.3 


Fan consumption kWh/month 22000 6655 


Electricity cost US$/kWh 0.19 0.19 


Electric Energy saving kWh/month 15345 


% 69.7% 


US$/year 35216.8 


Source: Own elaboration 


Table 3: Results obtained in Thermal Energy 


Thermal Energy Before After 


Paste humidity % 30% 30% 


Water content t/month 2688 2633 


Evaporated water t/month 2461 2275 


Thermal power Mcal/month 1326325 1226225 


PCI of Natural Gas Mcal/m³ 8.5 8.5 


Natural Gas consumption m³/month 156038 144262 


Natural Gas cost US$/m³ 0.6 0.6 


Thermal energy saving Mcal/month 100100 


% 7.5% 


Natural Gas economy m³/year 141318 


US$/year 84790.6 


Source: Own elaboration 


4.3 Production Process in Soap Bar Industry 
The manufacturing process of soap bar is basically molding of the dough and forming a continuous bar, 
driven by a duo of rollers. After the formation of the bar, a knife (cutter) synchronized with the die plate 
performs cross-sections, in which the repetition interval is adjusted depending on the final product size, 
as shown in Figure 9. 


During field surveys in preparation for the energy-efficiency study, there were two problems on the 
production line: 


 After the cut, during packing, there were periods of overcrowding packer, and the die plate and 
the engine were kept at the same speed, which caused the problem of overlapping parts and 
which needed a large area for temporary storage of the bars already cut; 


 During the launch of the line, the amount of loss was due to substantial wrong cuts owing to lack 
of synchronism between the die plate and the cutter as the joint accelerated. Later, all these waste 
materials were reprocessed, returning to a machine, which increased energy consumption in the 
line (kWh/t). 


The proposed and implemented intervention was the introduction of a frequency inverter for variable 
speed drive motor wire drawing, as shown in Figure 9. 
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Source: Own elaboration 


Figure 9 – Scheme of production manufacturing of soap bar 


Besides saving the electrical energy through the vector drive and the engine that delivers only the power 
required to overcome the resistive torque of the load, we obtained an extraordinary reduction in 
noncompliance losses. The reduction in the waste material offered a reduction in energy consumption of 
the production line. 


5 Conclusion 
The use of this methodology would lead to the following outcomes: 


 Methodological Guide with a script to perform an analysis of energy efficiency in industries; 
 There was a reduction until 63% e 69% in the electric energy in studies cases presented;  
 Actions for simulation of demand management and the consequent results in carbon credits as 


well as in the production of electricity and natural gas;. 
 Industrial diagnosis technique of energy-efficiency to identify points of energy losses. 
 Need for the identification of equipment replacement and acquisition of energy data, and their 


influence on energy management. 
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Abstract  


Currently it is clear that the constant improvement in assistance services reflects the expansion of the quality of 
customer-supplier relationship. This improvement is directly related to the sustainability of an organization, seeking 
customer satisfaction. This article presents the use of simulation software (Arena) to analyze a process of requesting 
services in the informatics area of a university. The objective was to identify existing problems such as delays and 
resource overloads, and propose possible improvements in order to guarantee better assistance to users and to 
create satisfaction for this service. In this sense, we collected data of the process and different scenarios were defined 
for verification of their results compared with the current scenario. The results identified several points to be 
improved. We highlight one of the results that refers to the distribution of tasks. It was noticed that the team that 
makes the first contact with users is overloaded, receiving 10 times more jobs than the rest. A solution to this 
overload would be that the actual service requester selects the perceived problem with the equipment, which would 
be linked to a team. Thus, with this automatic forwarding, the initial analysis could be withdrawn from the flow. In 
addition to this, it was found that the tasks of service evaluation are burdening the process and causing queues. To 
handle this case it is possible to develop a procedure for finalizing the task automatically. Other solutions were found 
to improve the current process and are detailed in this article. 


Keywords: process simulation; computer services; process automation. 


1 Introduction 
The process simulation, as its name indicates, is a technique that allows emulating the operation of a real 
system. This is relevant when it is possible to identify bottlenecks, ie, areas which cause queues and 
overloads of the process resources.  


One way to better understand customer expectations is to identify the criteria that are used to evaluate 
services. These evaluation criteria should reflect the factors that determine customer satisfaction, or in 
other words, the quality of the project and service provision (Gianesi & Correa, 1994). 


Facing the possibility of using simulation and the customer’s knowledge of evaluation criteria about the 
service provided, we developed a simulation of a process for requesting computer services in the Arena 
software for analysis of their results, and verification of possible improvements. The process to be 
analyzed, which is the focus of this case study, covers the service activities of the area of informatics of an 
institution of superior teaching.  


The developed simulation is described in detail in this article. Initially, we present the related concepts, 
then the process of applying for services, data collection, simulation of the current process and its 
different scenarios, and finally the results obtained from their applications. 
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2 Theoretical References 
The subjects discussed in this section present the theoretical references which conceptualizes the 
management services that are important for companies and how a simulation can be used to analyze and 
improve a service process. 


2.1 Services Process Management 
The authors Rieg, Scramim and Zau (2009) point out that the growing importance of service operations in 
the economies of developed and developing countries has characterized the need to develop conceptual 
and empirical studies on quality evaluation of these operations. 


In service management, the idealization of services, providing identification of the demand for specific 
and targeted information to each segment is fundamental and necessary. It is essential to take notice of 
all participating users, what their needs are, promote interaction between the supplier and the user of the 
information, show emphasis when receiving and analyzing requests for service, detail the needs of each 
user, specify what is necessary and most appropriate to that user. In search, always, for improvements in 
the company performance and a greater alignment of their goals with customer goals. However, for this 
to happen, constant evaluations and analysis of the services and of the users are necessary. 


For Torres Junior (2009), good service processes not only create satisfied customers, but also reduce costs, 
increase the aggregate value and strengthen financial performance. Thus, it becomes important to 
identify, map and improve processes with a focus on customer needs. If we add to this process the use of 
simulation for analysis and monitoring of improvements in a service process one can generate dynamic 
scenarios and achieve better results quickly, focusing on cost reduction or expansion of added value for 
the customer. 


2.2 Process Simulation 
The principal motivation of the simulation is to improve processes and service delivery. However, any 
change process requires a clear justification. The simulation provides a means to get this, allowing all 
people involved to understand and analyze their processes in a computer simulation which means that it 
is cheaper and safer way of starting a change before doing it physically (Robinson, Radnor, Burgess & 
Worthington, 2012). 


In the opinion of Mareth, Alves and Borba (2009), the Computer Simulation is an analytical and strategic 
tool that aligns with the modeling of processes, allowing the visualization with its activity flows and its 
bottlenecks, without the cost and risk of acting in reality. Also, it enables you to change the inputs and 
resources and, therefore, analyze the impacts of these changes. You can analyze, for example, problems 
such as queues and delays. 


Similarly, Cox, Smith and Dimitratos (2006) state that with the use of simulation, a great variety of tasks 
can be performed and, as a virtual model, it becomes dynamic and easy to maintain. The simulation plays 
a significant role and can be used to design a new process, for solving problems of an already existing 
one; it can be used to test the efficacy of a new control and for the construction of a case study to see 
how much improvement adds value to a particular process. Although these tasks can be performed 
without a model, having a true to reality photo of a process readily available, radically changes the 
approach and countless possibilities can be used. 


Han, Kang and Song (2009) describe how they use simulation in their processes. The authors explain that, 
once the target business process is selected for innovation or improvement, its performance, even in its 
current state, also called as-is process, is revised from the data analysis. Then the to-be process, 
characterized by how the process should be, is designed using simulation software. In this phase, 
parameters such as processing time and several other performance metrics are tested and compared with 
actual performance to evaluate the newly designed process. Thus, it is possible to assess whether the 
proposal is valid and whether the current process should be modified. 
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Finally, Cox, Smith and Dimitratos (2006), complement that the task of building the model can be an 
educational experience, that is, it still has the advantage of being a way to know the process. This 
knowledge increases the positive risk to lead directly to the best solution of the problem, resulting in less 
rework. 


2.3 The Arena Software 
In many projects there is no need to invest in equipment for the results to appear. Sometimes just 
changing the logic of production allows to have various benefits (Chwif & Medina, 2007). 


The Arena Simulation Software (2011) performs the simulation of processes allowing to do analysis 
without interfering with the system. All and any modification in processes performed by the tool will only 
be modeled computationally and not with the real system. This is possible because all the defining 
characteristics of the real system are attributed to the software. 


Furthermore, this software provides an integrated graphical environment for simulation which contains all 
the features for process modeling, design and animation, statistical analysis and results analysis. One of 
the differentials of the Arena is the templates and components that allow the user to describe the 
behavior of the process under analysis without programming, in an interactive and visual way. 


The software also performs, through the information entered, coming from the real-time process, 
calculation of input data and delay of the tasks causing queues, among others. The obtained results are 
represented from reports and indicators of performance, to facilitate the analysis. 


3 Case Study 
This section presents the informatics sector and its teams. In addition to this, we describe how the service 
request process, objective of the simulation, works. 


3.1 The Department of Informatics 
The informatics sector, the focus of this case study, is an administrative area of an institution of superior 
teaching. It is the sector responsible for serving the employees of other administrative sectors, and also 
for providing the students of this institution with the resources of internet and access to the systems to 
consult their academic information. 


The Informatics is divided into teams: Support, Networking, Development - Maintenance and 
Development - Projects, First Assistance, EDM - Electronic Document Management, support for the 
printers of the institution, Database administrators (or DBAs) and support for third-party systems. These 
teams are responsible for ensuring that the assistance process of the services in the informatics sector 
occurs in practice. In the next subsection is an overview of the functioning of this process, which was 
automated by BPMS tool. 


3.1.1 The Process of Applying for Computer Services 
The process of applying for services, that is, assistance of the informatics sector was fully automated in 
2008 with BPMS technology. The software used to automate the process was the BPMS Orquestra 
(Orquestra BPM System, 2011), third-party tool that provides a visual environment for designing the 
workflow and build the electronic form with the fields that the applicant must fill out with the information 
of the request. 


In the market there are various types of systems that support business processes. The systems of BPMS 
(Business Process Management Suite) are among these types. With BPMS tools, you can build and 
automate the processes modeled in BPMN (Business Process Modeling Notation), which allows you to 
represent the processes in a standardized manner. 
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Through the BPMS it is possible to perform processes quickly and with a strict control. The rules set out in 
the modeling are automated and the system forwards the processing of tasks automatically in accordance 
with these rules. 


Figure 1 shows the service request process which was defined and modeled in BPMN into a process 
documentation tool. To initiate a service request, the user accesses the BPMS tool where the process is 
published. Following, the user fills out the form stating what problem was noticed on the computer, in any 
system, the mouse, keyboard, among others. 


 
Figure 1: Modelling in BPMN of the Service Request Process. Source: System Management Processes, 2011. 


The completed form is sent automatically to the task “First Assistance” of the process. The first assistance 
is a group that was created to answer directly to users demanding the service process. Currently this team 
consists of key people within the sector, they are experts and must be well trained to have knowledge of 
all services, understand the impact they have for the business and therefore have the facility to identify 
which is the adequate forwarding. 


In possession of the task, the first assistance group can forward the request to any team. If there is need 
for more information about the reported problem it is possible to refer back to the requestor and ask for 
more details. The first assistance output arrow with the description “Review” represents the return path.  


If it is possible to solve the problem immediately, without the involvement of the technical team’s 
specialists, the first assistance can terminate the call directly and send it to the applicant for evaluation. 
When the request is forwarded to a team, the job goes first to the respective moderator who is in charge 
of the team.  


The moderator, with the task shown in Figure 1 “Analyze Request - Moderator”, checks the complexity 
and the tasks that are with each technician of the group. Based on this information, the moderator has 
more subsidies to make the decision and send the job to the technician who is more available to serve. 


Once the technician is given the task “End the Service - Technician”, the requestor of the process is 
notified via automatic email sent by the BPMS. In the text of the email, it is stated that the service is 
underway with the technician and informs the estimates of the maximum time it will take for the solution. 


When the problem is solved, the technician ends the service and documents the solution found. Once the 
task of the technician is finished, the applicant receives the task “Evaluate the Service” to agree, evaluate 
and terminate the service. 


The applicant must verify whether the solution found by the technician solves his problem. If so, he must 
agree with the process. If agreed, the evaluation options are shown. These can be positive (as "Excellent" 
and "Good"), negative (such as "Could Be Better", "Bad") and exempt (as "No Answer" and "I prefer not to 
express an opinion.") 
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If the applicant evaluates in a negative way, he must inform a justification, in this case, an email is sent to 
the moderators involved in the assistance and also to the coordinator of the informatics sector. The 
evaluation of the applicant is very important for those responsible for Information Technology (IT), 
especially when negative. These undergo a review and appropriate actions are taken for constant process 
improvement. 


After evaluation of the applicant, the service is terminated and the process completed and is available 
only in the BPMS tool for consultation.  


The process information, not previously recorded, is available for inspection in the reports of the BPMS 
tool. All process times are recorded, such as the duration of each task, whether it was completed after the 
allotted time, and the number of times that a service was sent to a particular technician, among others.  


These and other data were extracted from the database system BPMS and were used as input in the 
modeling process in the Arena software to perform the simulation. The description of each step 
performed is detailed in this study.  


4 Methodology 
The simulation was carried out in stages: data collection, modeling of flow in the environment and the 
simulation itself. The description of each of these steps involved is presented in the following subsections.  


4.1 Data Survey 
Because the process is already fully automated in BPMS tool, where the intervals between the arrivals of 
requests for assistance, the duration of each task, in short, all times are recorded, it was possible to extract 
accurate data for the definition of variables input required to implement the model in Arena.  


To ensure the extraction of these data as consistent as possible routines were developed in language SQL 
(Structure Query Language). As a development environment for these routines we used the software 
Microsoft SQL Server 2005 (Microsoft SQL Server, 2011).  


The records of assistance in the period of one year were filtered: From August 2010 to August 2011, a 
total of more than 6,800 assistances were given.  


In order for the times of the services to remain consistent with reality, the hours after work of the sector, 
holidays, weekends and even the time reserved for lunch were deducted from the time of the tasks.  


Data were exported from the database into spreadsheets and then imported into the Arena via the Input 
Analyzer or "Input Data Analyzer". This is a module of Arena responsible for, based on arrival time and 
duration of the tasks, determining the statistical distribution that best fits these data.  


To exemplify the use of this module, Figure 2 shows the distribution generated by the Input Analyzer from 
the time duration of each task performed for evaluating the service during the period of one year.  
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Figure 2: Distribution of work in evaluating the service. Source: Arena Simulation Software, 2011. 


The distribution generated by the software was the Weibull. In order for this statistic to happen, to 
simulate the process, the resulting expression that lies just below the graph in "Expression: -12 + Weib 
(620, 0433)" is inserted in the configuration of the evaluation task.  


The percentage of forwarding each object of decision (or Decide) of the flow has also been precisely 
defined for configuration of this component in the modeling process in the arena software. Thus, it was 
possible to calculate, for example, the percentage of forwarding from the first assistance team to the task 
of revision, which is the responsibility of the applicant, in the last year.  


Based on these percentages or conditions it was possible to define which route the entities or in the case 
of this study, the assistance must take. Thus, reflecting the proportion of the forwarding of each team in 
the area of IT of the services to be met and, during the simulation, the routing of tasks follows this 
proportion.     


By having the data of the process, it was possible to perform the modeling in the environment of the 
Arena software. The result, which is the modeled process with all tasks and decisions configured, ready to 
start the simulation, is presented below.  


4.2 Process Modeling and Alternative Scenarios 
The process modeling in the environment tool was relatively simple, since the process had been 
previously identified and modeled in BPMN. From this, we only had to create the same components 
within the tool to represent this flow, because for all components of BPM notation similar objects existed 
among the options provided by Arena. 


Besides the process that is occurring in practice, that is, the current reality, two alternative scenarios were 
modeled for verification of the results. The first consisted of only reversing two tasks that already exist in 
the process: the “Review the Service Solution”, conducted by the team of the first assistance and the 
“Evaluate the Service”, performed by the applicant of the process. 


The choice of the inversion of these two tasks was the suggestion of the members of informatics sector 
due to the fact that the task "Review the Service Solution" was created with the intention of being a 
temporary task, since it exists in order to initially follow the solutions of the assistance reported by the 
technicians. 


The second simulated scenario, which would be to remove the task of "Review the Service Solution" in 
order to verify whether the service is met faster, has also been modeled and simulated. 
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After completing the modeling of the process of the current reality and of the alternative scenarios, it was 
possible to perform the simulation. The configuration of the simulation in Arena will be described below. 


4.3 Simulation Performed 
To perform the simulation process it is necessary to define the number of replications or repetitions to be 
done to reach the desired confidence interval. 


The process was run initially with 10 replications, which are defined as a repetition of the simulation 
model, with the same configuration, the same duration and with the same input parameters. Despite 
having the same parameters, each repetition produces different results. 


For 10 replications, with the defined period of 10 days and 1 day of "Warm-up", the following average of 
finalized and evaluated assistances was found: 18,2. The unit used for further analysis of the times and 
bottlenecks in the process was in hours. 


In this case, a day "Warm-up" was necessary because it defines a warm up period of the system and must 
not be considered. At the beginning of the simulation the process is "empty" and service requests start 
arriving. In Case Studies using Arena (2011) it can be verified that from the point of view of performance 
analysis, it is interesting that this period, since the beginning of the process until the moment the request 
arrives at the technician’s service task, is disposed of the statistics, because it distorts the results. 


In the process, the period of one day "Warm-up" was chosen, which means that from the 10 days of 
simulation, the results for the first day are discarded and only the next 9 days are considered. 


With 10 replications, the accuracy of the results is h = 3.85, that is, they can vary up (3.85) or down (-3.85). 
To increase the accuracy by 30%, reaching a h * = 2.70 it is necessary to increase the number of 
repetitions. The following formula is used to reach the new number of replications: 


n* = ( n ( h/ h*)2 ) = ( 10 ( 3,85 / 2,70)2 ) = 20,408 


Where:  n * = new number of replications 
            n    = actual number of replications 
            h    = current accuracy 
            h * = desired accuracy 


The result of n * = 20.408 may be rounded to 20. This is the new number of replications and it has been 
used in the simulation. 


The process was run again and officially, with 20 replications, during 10 days and 1 day of "Warm-up". The 
results are shown below. 


5 Results Analysis and Improvement Proposal 
This section presents the results obtained using the simulation software Arena and the improvement 
proposal that sets the points to be modified in the process. 


5.1 Results of the Simulation  
Arena Software provides various reports with the results obtained from simulations. The graph in Figure 3 
was extracted from one of these reports and summarizes the number of times that the services went 
through each team in the 10 days of simulation. 


The histogram shown in Figure 3 shows that the first assistance team received tasks a number of times 
considerably larger compared with the other teams. Compared to the support team, which ranks second 
on the chart, the first assistance team received 10 times more tasks, in other words, from the first to the 
second the number fell from 586 to 58 tasks received. 
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Figure 3: Overload in the first assistance team. Source: Arena Simulation Software, 2011. 


This contact with the first assistance would be receiving tasks during the execution of the process. 
Whether performing the initial analysis of the request, or by reviewing the solution informed by the 
technician. 


An interesting point, noted during the simulation was that an existing functionality in the flow which is 
sending for the approval of the manager when the service involves cost had never been used. The 
purpose of this referral was the approval if it was necessary to change a part and this would involve a 
purchase that presents costs not covered by the service.  


Another feature that exists in the flow is the possibility of returning the service to the requestor when 
some information of the request is unclear, raising doubts. In this case, the moderator of each team and 
the first assistance could send a review task to the requester. However, with the simulations performed, 
based on the real data, it was noted that this option was never used by the first assistance and only a 
percentage of 1% by the moderator of each team.  


The task called "External Pending" is used when the area of IT outsources any assistance or when the 
service is covered by warranty. Thus, the process is halted in this task until the return of the third-party 
company. However, it was realized that this task, even if it does not depend on the technicians of the 
sector, does not cause queues and is also used, but sporadically. Therefore, this is not a bottleneck in the 
process.  


The percentage of services that do not reach the technicians of the specialists’ teams, that is, that are 
solved and finalized by the first assistance is 8%. These problems are simpler and therefore faster. In 
addition to this, the first assistance also sends the tasks to the moderators, which corresponds to 90% of 
the cases. The remaining 2% refer to canceled requests. 


The simulation of alternative scenarios also showed good results. From this it was possible to conclude 
that by removing the review task the process time does not diminish; in other words, the aim was to 
reduce the time until the flow reached the end, as "Serviced". However the change in the process made 
no difference in this time.  


The conclusion is that the withdrawal of the review made no difference because the task of evaluation of 
the assistance that occurs soon after the first assistance, is taking too long to be concluded. In Figure 4, 
the highest average of tasks queues perceived in the simulation are presented. The longest queue was the 
task "Evaluate the service" which reached an average of 88 calls on hold. Therefore, this delay is the 
bottleneck. This is where the process is stopped and increasing the queue, which reach more than 100 
calls waiting in some moments of the simulation. 
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Figure 3: Average of services in queue per task. Source: Arena Simulation Software, 2011. 


The tasks "Analyze Request - Moderator Support" and "End The Service - Technician Support" came in 
second and third row in quantity of cases. However, the support team is responsible for 51% service 
requests in the informatics area. Therefore, these queues proved to be justified due to the large amount 
of requests attended by this team. In developing this graph, only the averages which were higher than 
zero were considered. 


With the simulation results, it was possible to identify several adjustment points in the process. Thus, an 
improvement plan could be developed. This will be presented in the next subsection of this study.  


5.2 Proposal for Improvement 
The team of first assistance was created in order to be the single point of contact with the user. When it 
receives the request, which refers to the perceived problem and described by the user, the first assistance 
classifies the call according to its type and forwards it to the appropriate team. As described in the 
simulation, the first assistance is overloaded, because the amount of tasks forwarded to this team is great. 
The proposal would be that the own service requester selects the perceived problem in his equipment, 
and this would be linked to a category that would also be linked to a team. 


With this automatic forwarding, the initial analysis of the first assistance could be withdrawn from the 
flow, thereby decreasing the tasks of this team. But for this to happen, it is necessary to define a list of 
services or problems that may occur and their respective categories. 


The task of evaluation by the manager, in case of unforeseen costs in the service, will be evaluated as it 
has not been used so far, this seems to be unnecessary. As it was noticed that the review task also is not 
being used by the moderator and first assistance, the doubts are eventually resolved, or even perceived, 
by the technician when performing the service and, as he does not have the option to review via the 
system, ends up using the phone or e-mail to the contact the requestor of the service. It was concluded 
that it is necessary to add this possibility of sending (via the system) for the technician’s use. 


The task of evaluation of the assistance is burdening the process and causing queues. Moreover, it cannot 
be replaced or withdrawn from the process because the evaluation of the assistance by the requesting 
client allows the continuous improvement of services. However, it is recommended to develop a routine 
program to automatically close the task of evaluating and finalizing the process as soon as the task 
expires and is not yet finalized, for example, determining a period of two days in case the return of the 
evaluation of the assistance by the requesting client does not occur. 


6 Conclusion 
In this study we present the results achieved with the use of process simulation software. Initially, a study 
was conducted on the process simulation and the Arena software was presented. The Arena Software 
provides a graphical environment that facilitates the modelling process, since it is possible to draw the 
entire flow only with the help of the mouse, dragging and dropping components on the screen. The 
simulation technique was adopted in order to analyze their results applied to a process of requesting IT 
services and propose, in a fast way and from solid data, possible improvements.  
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The step that took the longest time was the data collection due to the large number of records that were 
searched in the database and also due to the SQL routine that involved programming, which always takes 
more time by being more technical.  


The results from the simulation revealed several points that can be improved in the process. With the 
simulation of alternative scenarios, it was possible to analyze how the procedures of the process would be 
even without altering them in real life, almost costless. The amendment proposed by one of the scenarios, 
which would rule out the task of reviewing the solution, brought the result that would have no effect on 
the completion time of the flow, which was a surprise, as one would expect better results when reducing 
the time running the process.  


The reduction of the deadlines for assistance of the service, without sacrificing quality, is reflected in the 
company's strategy which is to improve its processes, constant adjustments are developed with the aim of 
achieving excellence in customer service of the institution.  


Numerous actions can still be taken to make it possible to serve the customers as efficiently as possible. 
The technique used in this study allowed the modeling and simulation of the process seeking 
improvements for their adequate implementation. It proved to be an important tool to support decision 
making. It enabled the identification of problems without interference in the real process, which means 
less time for analysis and thus less cost.  


The way in which a company organizes its key processes has a direct impact on customer service. Those 
involved in the process should work in an integrated manner and comprehensive at the same time, having 
the vision of the whole and how their activity affects the others. The administrators should worry 
constantly about the reevaluation of their methods and practices, reducing costs and time in order to 
ensure organizational sustainability.  
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Abstract 


The use of laboratory animals in experiments is relevant to the evolution of science. This fact, along with the 


development of new technologies and cultural ethical values, places the Bioterium under specific laws and 


regulations, which aim, among other things, the operationalization, biosafety, sustainability, quality and the animal 


health. It is known that the development of new processes and the design of new facilities are based on current 


standards, however, the existing facilities are now obsolete and their renovation are more complex. The absence of 


sanitary barriers is a major factor of contamination in older buildings that perform these functions. This fact can be 


represented by the cross-flow of materials, people and waste and by mishandling of equipment and instruments. 


However, reprogramming the flows, correct disposal of infectious waste, controlled manipulation and small specific 


interventions can minimize these consequences. Thus, the focus of this research is the analysis of flows of an existing 


vivarium in order to generate guidelines for implementation of a Waste Management Program site, with emphasis on 


Architecture Environmental sustainability and Biosafety. In this research, we used the following instruments: specific 


environmental and operational analysis; questionnaires answers by users, specialists and coordinators, interviews, 


photographic survey, architecture and urbanism plans; legislation; existing waste management plans; bibliographic 


research, among others. With a completed diagnosis, a strategic blueprint was drawn showing the solutions of the 


deviations found in workflows, as well as an assessment of the results. 


Keywords: Waste. Biosecurity. Sustainability. Health. Bioterium. 


 


1 Introduction 


1.1 Initial Considerations 


In recognition of the urgent need to change the current environmental reality, coupled with the objective 


responsibility of the users and, primarily, an awareness of sustainability and biosafety, Healthcare Waste 


Management Programs (HWMP) are being implemented in various facilities throughout the country and 


the world. 


Waste, produced in all stages of human activity, varies both in terms of composition and volume, 


according to consumption practices and production methods. It is the result of the processes of various 


activities performed by the community of origin: industrial, household, medical, commercial, agricultural, 


service related and are found in solid, gaseous and liquid states.  


Thus, such waste, whose composition varies according to its biological, physical and chemical properties, 


must be appropriately handled in a technological and sanitary manner, which is not only essential for 


maintaining environmental quality, but for the health of the professionals that work in areas that generate 


said waste.  


The main concerns are focused on the impacts that waste can have on the health of humans and the 


environment, such as the contamination of man, water, soil, the atmosphere and the proliferation of 
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vectors. Hazardous waste produced, generally by the healthcare industry, is particularly worrying, since 


when it is improperly managed, it becomes a serious threat to the environment and the individuals that 


handle it. This waste often comes from hospitals, medical clinics, laboratories and other large generators, 


and tends to be titled “medical waste”; however, waste of a similar nature is produced by extremely varied 


generators, including pharmacies, dental and veterinary clinics, home care, morgues, institutions for elderly 


care, blood banks, laboratory and research clinics, educational institutions in the area of healthcare, among 


others.  


1.2 Problem Situation Formulation 


According to ANVISA – National Sanitary Surveillance Agency (2006), 149,000 tons of residential and 


commercial waste is generated. Furthermore, due to the poor conditions of the waste management 


system, there are no precise statistics regarding the number of generators, nor the quantity of Healthcare 


Wastes (HCW) generated daily, but it is believed that HCW represent less than 2% of the total, of which 


10% to 25% require special care.  


According to data from the National Research on Basic Sanitation, conducted by the BIGS – Brazilian 


Institute of Geography and Statistics, in 2000, 74% of Brazilian cities deposit healthcare waste in the open 


air, 57% separate the medical waste and only 14% appropriately deal with healthcare waste.  


While new processes and systems have been designed to comply with the standards of Biosafety and 


Waste Management, the attempt to adapt establishments and the existing spatially obsolete work 


processes is met with many obstacles, including the fact that Brazil currently has few professionals 


specialized in this area, who can not only follow the standards and manuals, but also monitor their 


implementation in accordance with relevant legislation. 


In this context, this work describes the issue in order to gather a series of technical and historical 


information, by reviewing recent literature, that is capable of enabling the development of objectives and 


the proposal of methods to be applied that comply with the requirements of the establishment in question 


and serve as a guideline for any other establishment similar in size.  


1.3 Research Objectives and Delimitations 


This study’s general objective is to identify spatial and operational guidelines for the implementation of a 


Waste Management Program in the Laboratory Animal Breeding Bioterium in a sustainable manner, with 


an emphasis on Architecture and Biosafety. 


This research encompasses the analysis of waste, people, and material flow, architectural solutions, and 


final disposal, of the Rodents and Lagomorphs Breeding Service, in compliance with the emergency 


requirements and important guidelines for implementing a Healthcare Waste Management Program 


guided by the principles of biosafety, contamination risks and animal well-being. As a matter of 


confidentiality, the name and location of the Institution studied could not be disclosed.  


2 Review of Literature 


2.1 Healthcare Waste 


Because they are more specific and have a higher degree of danger, wastes from healthcare activities 


receive more targeted care and cannot always be reused.  


According to RDC ANVISA No. 306/04 and CONAMA Resolution No. 358/2005, the following are defined 


as HCW generators: all services related to human or animal healthcare, including home care and fieldwork 


services; analytical laboratories for health products; morgues; funeral homes and services where 


embalming takes place, forensic medicine services, drug stores and pharmacies including handling; 


teaching and research establishments in the healthcare area, zoonoses control centers; pharmaceutical 
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product distributors, importers, distributors and producers of materials and controls for in vitro 


diagnostics, mobile healthcare service units; acupuncture services, tattooing, among other related activities.  


 Classification 


According to RDC ANVISA No. 306/04, healthcare wastes are classified as:  


Group A – Biological: Waste with the possible presence of biological agents that, given its characteristics, 


may pose a risk of infection. 


Group B – Chemical: Waste containing chemical substances that may pose a risk to human or 


environmental health, depending on its characteristics of flammability, corrosivity, reactivity and toxicity.   


Group C – Radioactive: Any material resulting from human activity that contains radionuclides in quantities 


greater than the exemption limits specified in the standards of the National Nuclear Energy Commission – 


CNEN and for which reuse is inappropriate or unanticipated. 


Group D – Common Waste: All other wastes not included in the groups above. All of the wastes from 


groups A, B and C become part of this group if they have undergone preliminary treatment and have had 


their hazardous characteristics eliminated or minimized to the exemption limits established, no longer 


presenting biological, chemical or radiological health or environmental risks, and may be treated as 


household waste.  


Group E – Sharp Objects: Must be separately discarded in the location where they are generated, in duly 


identified compatible packaging receptacles resistant to breakage and leakage, and with a cover.  


2.2 Solid Waste 


Over time, several authors have emerged with the intention of designating what is “trash”, the “rest” or, for 


today’s society, everything resulting from some human activity that no longer serves its original functions, 


but can be recycled. Thus, the following are some definitions relevant to understanding this theme. 


According to Ferreira (1988), in everyday language, the term “trash” is usually used to describe everything 


that is no longer useful, whereas “waste” is more often used to describe the remains (scraps) from 


processing manufactured products.  


According to the Portuguese Language Dictionary, trash is that which is removed from the house, the 


garden, the street, and thrown away; useless, old, worthless things. Waste is that which remains of any 


substance; the remainder.  


CONAMA Resolution No. 05/1993 defines solid waste as: waste in a solid or semi-solid state that is the 


result of industrial, household, medical, commercial, and agricultural activities and sweeping services. 


Included in this definition is the sludge from water treatment systems, sludge generated in equipment and 


facilities for pollution control, as well as certain liquids whose characteristics make it impossible for them to 


be released into the public sewage system or bodies of water, or that require technically and economically 


unviable solutions when confronted with the best available technology. 


2.3 Sanitary Quality 


Currently, the criteria in scientific research require animals with known sanitary standards, which have 


contributed to national institutions investing in the improvement of their bioteriums. Microbiological 


standardization has decreased the number of animals used by reducing the variations within and between 


test groups, therefore contributing to the well-being and health of laboratory animals, reducing risks to 


human health due to zoonoses. (FELASA, 1999). 


The common practice of introducing new animals in bioteriums for research can cause, when standard 


health tests are not effective, certain types of epidemic diseases capable of generating significant loss of 


time, data and finances. Thus, for a bioterium to function ideally, evaluating the sanitary quality becomes 


essential. This evaluation begins with defining the microbiological standard and the animal’s parasite. 
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Ideally, the breeding bioteriums’ facilities should have sanitary barriers and health surveillance programs 


verifying that their colonies are free of specific pathogens and which microorganisms are monitored.  


2.4 Bioethics and animal welfare 


The proposal of modernity, research and technological evolution should be linked to the real contribution 


and benefits for the industry, medicine, agriculture, preservation of the environment and, ultimately, 


preservation of all segments. However, when it comes to something groundbreaking, questions arise with 


regard to the advantages stated. 


Ethics is the science of morals and has to do with right and wrong; it is a cultural attitude, a critique of the 


relevant values and positions at the time of action. “The conflicts between the attempts to resolve vitally 


important situations and the ethical principles of respect for life, the abstinence from inflicting pain and 


suffering, give rise to an ethical issue of using animals for experimentation”. (RIVERA, 2006). 


In turn, ethics summons man to use all the resources and products available, in such a manner as to 


promote integral development for the benefit of all. Therefore, when discussing matters regarding 


biomedical research, one must not forget moral and ethical values, because Science and Technological 


Progress should be developed with the well-being of society and the preservation of biodiversity in mind. 


Finally, we must have the perception that technology unleashes creative powers, but also destructive 


powers. (PESSOA, 2006) 


Ethics and social responsibility possess concepts that are intertwined. Social responsibility does not exist 


without ethics being present in all fields of action, such that an ethical attitude cannot abstain from respect 


for the environment, human relationships, animal welfare and the impact that any action can have on 


society. 


In this regard, Angeli (2003, p.21) believes that “man can use nature’s resources, but in the least aggressive 


manner possible”. And, that “man must stop being a subject to the Queen of pollution and destruction, 


(…)”. Thus, scientific work must be produced in a manner aiming for biosafety and biosecurity, through 


good practices, equipment introduction, and the construction of safe physical facilities so that the use of 


animals benefits society and healing, yet in a rational and conscious manner.  


The animals most used in Bioteriums, such as guinea pigs, rats, mice and rabbits, are animals capable of 


suffering and feeling pain, fear and stress. Therefore, it is essential to have an ethical stance that does not 


allow for the disrespect of these animals. There must be a concern for their well-being, and an attempt to 


avoid unnecessary stress and minimize the suffering that we may cause them. 


The humanitarian principle of animal experimentation consists of: 


a. Replacement: Indicates the replacement of animals with materials lacking sensation, such as tissue 


cultures and/or computer models; 


b. Reduction: Use the smallest possible number of animals; 


c. Refinement: Indicates the use of less invasive materials and techniques. 


Therefore, decisions must have clear limits in accordance with the appropriate scientific information, so 


that man may exploit natural resources without causing negative impacts on our planet. First, one must 


understand the advantages, the potential risks, the challenges and the impacts on the well-being, the 


human rights and the survival of mankind. 


Animal research, conducted in an ethical and responsible manner, always provides hope for the 


development of new methods of prevention, treatment, cures and control of disease, suffering and pain 


(ACLAM, 2004).  
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2.5 Biosafety 


Biosafety aims at minimizing risk. Corroborating this premise, Teixeira & Valle (2003) conceptualize 


biosafety as a set of actions focused on prevention, minimization and elimination of the risks inherent to 


research, production, teaching, technological development and service rendering activities, targeting the 


health of humans, animals, environmental preservation and quality results.  


The law that deals with biosafety in Brazil is Law No. 11.105, of 24 March 2005, which creates the National 


Biosafety Council (CNBS) and restructures the National Technical Biosafety Commission (CTNBio). It 


establishes safety standards and mechanisms for monitoring the construction, cultivation, production, 


handling, transport, transference, importation, exportation, storing, research, commercialization, 


consumption, release into the environment and the disposal of Genetically Modified Organisms (GMOs), 


aiming to protect the life and health of humans, animals, plants, and the environment.  


Classifying the level of biosafety in animal testing and breeding laboratories is guided by several factors. 


Among them is the pathogenicity of the infected microorganisms, virulence, route of infection, endemicity, 


epidemiological consequences, the availability of effective treatment and prophylactic measures. “The 


levels are assigned in ascending order, by the degree of protection provided for the laboratory personnel, 


the environment and the community”. (BRASIL, 2001) 


2.6 Breeding Bioteriums 


In general, within bioteriums there are chemical, physical and biological risks present. In these cases, it is 


important to take a precautionary approach in guiding preventative actions with regard to heath and the 


environment. This helps to minimize exposure of the work team, the animals and the environment to the 


potentially hazardous agents. Emphasis is placed on biological agents, because they are most commonly 


present in bioteriums, namely: fungi, bacteria, viruses, parasites, protozoa, insects and any other form of 


“life”.  


Bioterium facilities, according to Cardoso (2001), are capable of producing and maintaining animal species 


intended for serving as biological reagents in different types of controlled trials. However, its purity must 


be ensured and monitoring must occur within the bioterium in order to provide uniform reactions that 


enable the repeatability and reproducibility of experimental results.  


Also according to Cardoso (2001), both the bred animals that will be used as reactive, and the infected 


animals require a permanent monitoring of the environment, hygiene, prophylaxis, epidemiology, nutrition 


and genetics. This demonstrates a strict operational discipline. It also means that there should be a 


counterpart, in spatial and constructive terms, that responds to this functional organization.  


However, each situation is specific, and the design should be established in accordance with the 


production plan or the use of animals in accordance with the purpose of the institution. We must establish 


requirements regarding the functional organization, spatial and constructive, necessary for the 


implementation of an animal breeding or testing laboratory that complies with the standards of hygiene, 


asepsis and safety, which is necessary for obtaining or using the different animal species according to their 


sanitary standard.  


3 Methodology 


For this approach, we used the methodology of case study. 


According to Ludke and André (1986), case study is the study of a case, whether it is simple and specific or 


complex and abstract. The case is always well defined, and should develop clearly defined outlines during 


the study. The case may be similar to others, but must be distinct, with its own interest, unique.  
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The case study of this research is the Laboratory Animal Breeding Bioterium of FIOCRUZ, where data were 


collected on the geographical location, accessibility and priority needs to support good practices of 


Architecture and Biosafety. 


The following instruments were applied on this case study:  


• Questionnaires: Development of specific questionnaires for users, experts and coordinators according to 


their different activities and different interpretations of priorities needs for the Bioterium. 


• Architecture and Urbanism Plants: Analysis of the plans with the aim of to check the status of accessibility 


to the facilities. 


• Existing Legislation: Identification and analysis of legislation related to Architecture and biosafety with the 


aim of identifying the need for legal compliance of the Bioterium. 


• Plans for the management of existing waste: Identification of waste management practices used in order 


to propose opportunities for improvement. 


• Bibliographic research: Research in the areas of Healthcare Waste, Solid Waste, Sanitary Quality, Bioethics 


and animal welfare, Breeding and Biosafety Bioteriums. 


• Field of Research: Developed after the literature research, with the aim of increasing knowledge of the 


author about the case study, through interviews with experts and observation of facilities conditions and 


activities in the Bioterium (analysis of waste streams, people and materials, architectural solutions and 


waste disposal). 


 


4 Case Study 


The Laboratory Animal Breeding Bioterium studied aims at breeding, raising and maintaining laboratory 


animals under conventional conditions, free of specific pathogenic germs. These animals are used in 


research, production, and quality control programs and training developed internally and externally. It also 


develops activities for monitoring the genetic and sanitary quality of animals, enables internal and external 


human resources in the bioterium area, offers training and consulting, and develops genetic engineering 


and molecular biology techniques to create animals suited to research purposes. 


Currently, despite having received small physical and operational interventions, Bioteriums are obsolete 


before the new legislation, new equipment and new knowledge.  


Thus, it becomes important to develop a more detailed study and to recognize the points that need 


improvement in order to control the quality of animals, since the facilities influence the results. Applying 


the principle of containment harmonizes three elements, namely: the protection equipment, the physical 


facilities and the professionals’ behavior. 


4.1 Biosafety 


The laboratory is classified as Animal Biosafety Level 2 (ABL-2), since some of the obligatory and 


recommended requirements provided for by law are not met, such as: 


a) Signs with biohazard symbol: both the entrance door of the bioterium and the animal room doors do 


not have signs. 


b) Wash basin for hands near the animal room entrance/exit: there are no wash basins in the access 


corridors to the rooms and the existing ones were removed. 


c) Animal room entrance and exit doors with interlocking: this was turned off in several locations. 


d) Walls, doors, ceilings and floors impermeable and resistant to infection: the deterioration of the coating 


is more evident in areas for cage washing and those that require greater aseptic conditions. 
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Furthermore, the materials handled in these environments and the waste generated emit a very unpleasant 


odor, capable of interfering with the work routine of the professionals and compromising the health of 


those who work for 8 hours straight in these conditions. Added to this, most of these professionals work 


under the intense heat generated by the processes and equipment in the washing and sterilization areas, 


further decreasing the quality of their performance and the incentive to use PPEs, demonstrating the clear 


need to increase the exhaust fan and ventilation systems throughout the bioterium. 


4.2 Flows 


Although this construction has a nearly ideal physical structure, a series of non-conformities, resulting from 


improper operation generating cross flow, can be found. 


It was possible to identify that the circulation area that should receive employees, materials and wastes 


from the animal rooms and bring them to the exit is blocked, forcing the entrance and exit flows to cross, 


leading to possible contamination and compromising the hygienic condition of the animals. 


4.3 Waste 


According to the CONAMA resolutions, all establishments that generate Healthcare Waste are required to 


have a Healthcare Waste Management Plan – PGRSS. 


There are three destinations for waste generated. Common waste is separated and the recyclable material 


goes into containers in the building’s inner area, and the rest is taken to external storage. Biological waste 


is removed from the animal rooms with the materials used. The two are separated in the washing room, 


disposed into containers and taken to external storage. The carcasses are chemically treated, packaged and 


kept in the freezer until collection. The chemical and sharp wastes are collected in special receptacles and 


taken to external storage. Below are tables 8 through 13, with the wastes generated for each animal 


species bred in the bioterium and its general classification. 


4.4 Bred Animals 


The animals bred in the Bioterium studied are small in size, including guinea pigs, mice, hamsters and 


lagomorphs (rabbits). The sanitary standards for animals in this laboratory, according to MAJERWICZ 


(2003), are: 


a) “Conventional” animals, bred in bioteriums that do not have appropriate sanitary barriers for preventing 


the introduction of microorganisms, therefore having an unknown microbiota. They are usually bred in 


open cages and under conditions of open access to the animal room, and are therefore always subject to 


new infections (COBEA, 1996); 


b) Specific Pathogen Free Animals (SPF) are free of the defined pathogenic organisms that cause clinical or 


subclinical diseases, or even potentially pathogenic to a certain animal species. This health standard 


depends on an individual list of microorganism exclusion (Górska 2000). The SPF animals are kept in 


bioteriums with efficient sanitary barriers or are housed in facilities that guarantee their microbiological 


standard. Its microbiota is controlled, so that it houses only agents that are non-pathogenic to the species 


(COBEA 1996). The microbiota is unknown, so the undesirable pathogenic microorganisms must not be 


detected during testing (Górska 2000). 


4.5 Analysis of Results 


The Breeding Bioterium requires that the animals remain within the quality standards related to sanitary 


conditions. It is necessary to remember that this standard is not only linked to the origin of the animal, but 


it is affected by its management and the environment in which it is kept.  


In order to maintain the sanitary conditions recommended in the research, it is necessary that the 


environment has barriers that assist in controlling the risk agents. Thus, it is recommended that there be a 


separation between the clean flows and those that pose potential contamination risks, in cases where there 
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is sufficient physical space. This facilitates handling. It is important to intervene in order to maintain a 


balance between the containment elements, such as: the conduct, the physical areas and the collective 


safety equipment. 


In this sense, the case study verified that the flows led to a routine crossing of waste, clean material, 


equipment, people and animals. To improve the work procedure, changes in the direction of flow were 


suggested and some layout modifications were developed.  


To resolve some of these inadequacies, it is suggested that a unidirectional flow be implemented to 


provide procedures where there is no way for the work flow to travel back. Thus, it promotes procedures 


without resulting in counter-flows, proposing demarcated sectoring in order to provide for better control 


of environmental quality. This intervention demonstrates that good work practices, provided for through a 


waste management program, bring benefits to all working groups, primarily in the sanitary conditions of 


animal breeding.  


5 Conclusion  


For the proper functioning of a bioterium, there is a range of issues to be raised, discussed and solved, a 


collection of risks which go unseen without the aid of qualitative evaluations and special lenses, and 


relevant ethical and cultural debates capable of promoting the creation of laws and standards that serve to 


guide these and similar ideals. This whole carrousel is only capable of turning if it has a central axis and 


harmony between the processes, conduct, building facilities, and prevention. 


Taking from all the aforementioned information, one could say that with awareness, necessary training, 


identification of waste minimization practices, the participation and involvement of the establishment’s 


employees, social responsibility, updated equipment and practices, the creation of a manual for good 


practices for waste management and bioteriums, implementation of internal auditing and monitoring 


procedures and the improvement of work safety and hygiene measures, the results will rarely be 


satisfactory.  


Thus, one can conclude from a conceptual basis and the practices demonstrated that this work can serve as 


a starting point for the development of new research, not just for the animal breeding bioterium in 


question, but also for all those with the objective of starting a Healthcare Waste Management Program 


tied to Risk Management in their place of work.  
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Abstract 


In the search for solutions to the disposal of solid waste, composting as an important tool for the treatment of 


organic fraction of urban solid waste, they use sustainable technologies that process the organic residues origin of 


agriculture, agribusiness and forestry. In the process method called "respirometric", uses a new methodology in which 


the parameters of biological degradation of waste is not measured in the solid phase, but in the gas phase. The 


analysis performed in the gas phase have advantages such as greater representativeness, precision and reliability, 


because this has to be totally homogeneous. In addition, the gaseous medium allows the analysis to be performed in 


real time and continuously, which is fundamental to the operational monitoring "on line" process. The parameters 


measured in the gas phase consisted in determining the temporal evolution of O2 consumption and their CO2 


generation, these gases are analyzed and recorded by the meter continuously throughout the process, its data is sent 


to a computer. Measurements of parameters in the gas, proved to be far superior in terms of representativeness, 


precision and reliability when compared to the traditional method, which makes the evaluation of the degradation 


process second analysis of the solid phase, and provide answers "on line" in small time intervals, allows a transaction 


set and much more efficient, including the possibility of interventions in a timely manner to correct certain errors or 


failures that may eventually occur in the course of the process. The application of data obtained through the analysis 


of compost in the gas phase, allows the planning of projects for operation of the process on a large scale, 


contributing to the correct disposal of organic solid waste. 


Keywords: composting; "respirometric" method; solid waste 


1 Introduction 


The environmental crisis in our contemporary, globalized world, is facing a paradigm: the society that now 


has the biggest technological development, also is the society that most destroys in the history. All the 


achievements of our civilization provide different negative factors, such as fast-paced population growth, 


the depletion of natural resources, the expansion of materials consumption and of the production systems 


that use polluting production processes and residue generators, which if untreated and / or properly 


designed will produce imbalances in the biosphere, changing vital ecosystems. (Barbieri, 2003). 


On the looking for solutions for the destination of organic solid residues, we find that the composting 


process can be considered one of the most appropriate alternatives in the environmental point of view, 


promoting greater and more appropriate recycling in terms of material and energy when compared with 


other methods. 


Composting is a biological process in which microorganisms transforms organic material in a material 


similar to the soil, which is called compound and can be used as fertilizer, but may occur through a group 


of techniques used to control the decomposition of organic materials, in order to obtain the shortest 


possible time, a stable material, rich in humus and mineral nutrients (Kiehl, 1998). 


However, the use of the composting process in Brazil is still quite restricted compared to the method of 


the landfill, mainly because they require a bigger initial investment, and show more operational difficulty 
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operating the unit cost of treatment very superior to that method, besides the fact that negative 


experiences occurred in the past, by the high degree of empiricism used in the control and evaluation 


process, due to the lack of a further technical knowledge. 


There are several attempts to reproduce in a laboratory scale the composting process, however, the 


reproduction on laboratory scale is not a very simple task, a lot of considerations and conditions must be 


considered (Petiot et al., 2004). 


The first factor is associated to the quality or composition of the residues, being the composition 


extremely varied of solid residues in the space and in time, one of the difficulties in obtaining and setting 


of certain design parameters. 


Beyond the question of the qualitative aspect of the residue, several other parameters interfere in the 


composting process, moisture, oxygen, temperature, carbon/nitrogen ratio of particle size and pH. These 


aspects generate indexes that are used for the evaluation and monitoring of biological activity in the 


composting process (Herbets, 2005). 


According to Akutsu (2009), using a technique that doesn’t have criteria, parameters and consolidated 


indices, as regards the evaluation of their performance and operational control, presents uncertainties and 


lack of reliability, contributing for that doesn't exist a progress in your application, especially in large scale. 


This work discusses an experimental project conducted at the Faculty of Engineering of the UNESP - 


Universidade Estadual Paulista, Bauru Campus since 2009, through a new methodology for evaluating, 


monitoring and operational control of the composting process, called "respirometric” method, where the 


approach in which parameters of biological degradation of waste is not measured in the solid phase, but 


in the gas phase. Through the analysis performed in the gaseous medium can be found numerous 


advantages such as greater accuracy, representativeness and reliability to constitute a homogeneous 


medium, and allow them to be performed in real time and continuously, which is essential for operational 


monitoring "on line" process (Akutsu, 2009). 


This study monitored and analyzed by the "respirometric" method, the composting process of organic 


matter (crushed sugar cane, feed the foal, wheat germ and citrus pulp), seeking to increase the utilization 


and improvement the quality of the products generated, and reduced processing time, contributing to the 


existing literature on the subject and enabling disclosure and dissemination of results. 


2 Bibliographic review 


In the literature review, themes of interest to this research were approached, especially in regard to the 


correct destination of solid urban residues, and specifically the organic ones. 


2.1 Solid waste 


According to Albuquerque et al. (2007), the formation and development of cities, and even more with the 


Industrial Revolution as an important part of the rural population went in masse to the cities, resulting in a 


major urban growth and, on the other hand, when it began having a intensive use of the planet's 


resources, the problem of the residues management has worsened and Its bad domain began to give rise 


to the first serious environmental problems. 


The concern about the destination of solid waste have reached levels increasing in all the sectors of 


society. This concern increased due to the growing garbage production in urban centers and the clear 


negligence resulting of the Government, Legislators, Administrators and, consequently, the poorest 


people who do not have the financial conditions, much less, an environmental education. 


The National Solid Waste Policy, enacted in 2010, a compilation of principles, objectives, instruments and 


guidelines for the management of solid waste. The bill, which has handled more than 20 years in Congress 


until it was approved, the companies responsible for the collection of disposable products (reverse 
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logistics) and establishes the integration of cities in waste management and blame the whole society 


because of generating garbage.  


According to the Instituto de Pesquisas Tecnológicas (Institute for Technological Research)  – IPT (2000), 


the provision of waste ground in the form of landfills untreated, results in high risks such as: 


contamination of underground aquifers, resulting in possible damage to public health, and other 


nuisances related to smell, fumes, visual impact, devaluation of land. 


According Albuquerque et al. (2007), in the technical design waste, should be seen and analyzed from a 


biological perspective, and organic waste is all trash that has animal or vegetable origin, in other words, 


who recently was part of a living being. In more technical and modern language, we approach the solid 


waste, and its biological component of organic matter, but likewise from the living beings, animals and 
plants. 


Even today this type of waste is considered polluting and where accumulated organic waste can often 


become highly rejected and smelly, usually due to decomposition of these products. Natural phenomena 


of decomposition occurs by the initial action of microorganisms, whose metabolic work has as a result the 


water, carbon dioxide and energy (heat).  


2.2 Recycling 


Recycling is a process that has gained considerable space and whose primary function is to promote the 


recovery of material taken as solid waste, transforming them into raw materials for use in processes for 


reprocessing. 


The cycle disposal, recovery and secondary processing or reprocessing of recyclable material, also called 


"recycling." For Calderoni (apud Bautista, 2001), this end can be extended as a process by which any 


product or material which has served for the original purpose which it was designed, it can be regarded as 


a secondary raw material for producing new products and therefore able to be reintroduced separately 


from the waste and new production process in a same or similar to the former. 


Regarding the level of recycling, Fialho (apud Baptista, 2001), considers that only purely economic aspects 


lead to solutions that are not optimal from an environmental standpoint. According to the author, the 


market alone cannot cause recycling to become an instrument of environmental management of solid 


waste. It is necessary a discipline of the whole process and it passes through the help of the brazilian 


legislature. 


2.3 Composting 


Composting is not a recent practice. One of the first records of the application of this technique in 


agriculture dates back to the Empire of Akkad in Mesopotamia, about 4500 years ago. Since then several 


civilizations, including Chinese, Egyptians, Greeks and Romans, piled in stacks of vegetable matter, 


manure, food scraps and other organic waste, and left them to decompose and stabilize until they are 


ready to be returned to the soil. However, after World War II, the increasing use of chemical fertilizers has 


increased and the traditional methods of fertilization have fallen into disuse (Almeida et al., apud Santos, 


2007). 


The definition of compost, is not universal being defined as the aerobic decomposition of organic 


material such as manure, leaves, paper and food scraps, promoted by microorganisms and being held in 


controlled conditions converting organic material into a product similar to the stable humus . Decrease 


(apud Santos, 2007) defines a composting process as controlled two oxidation heterogeneous 


biodegradable substrate resulting from the action of microorganisms (bacteria, fungi and actinomicetas) 


naturally associated with the substrate, during which there is a thermophilic stage, the temporary release 


of substances with the biomass and phytotoxic effect suffer profound changes (partial digestion and 


humification), and the major end product, designated compound, which must be uniform, resulting in 


heterogeneous two oxidation, biodegradable substrate which is sufficiently stable to be stored, cleaned 


and whose application to soil does not have adverse effects on the environment. 
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According Vallini (apud Santos, 2007) the composting process takes place in two phases: active and 


finishing (curing). The active phase of the composting is characterized by fast and intense aerobic 


biotransformation and high temperature, since the degradation reactions are very intense, affecting the 


release of energy in the form of heat, CO2 and water vapor. The step of processing (curing), following the 


active phase is characterized as being a slow and gradual decrease in temperature. 


The main factors influencing the composting process are those that affect, directly or indirectly to the 


metabolism of the microorganisms that are responsible for the decomposition of waste and its 


transformation into a stable product rich in humic substances - a compound (Santos, 2007). 


In relation to the substrate, the factors influencing the composting process are: nature of the substrate as 


the origin is agriculture, forestry, urban, industrial particle size, the optimum size is 1-5 cm, since, as 


smaller size, easier to microbial attack and faster processing of the material composition, the amount of 


nutrients may be a factor which limits the growth and development of microorganisms involved in the 


composting process (Santos, 2007). 


In relation to the composting process the important factors are: temperature, which varies depending on 


the microbial activity and pH, the optimum value is between 5 and 8; aeration, excess may cause the 


ventilation of the biomass and slow cooling the composting process, moisture content, during the 


decomposition, in which bacterial activity is prevalent, the biomass for composting shall have a moisture 


content of between 45 and 65%. For contents of moisture below 40%, microbial activity decreases and to 


greater than 65% water expels air most of the interstices between the particles of biomass, which hinders 


the diffusion of oxygen and can lead to conditions microaerophilic or anaerobic (Santos, 2007). 


2.4 Applications respirometric method in the evaluation of composting process 


The Stability is an important quality characteristic of the compound, but it is also difficult to measure an 


index. For Lasaridi et al (1998), a simple technique for evaluating the stability of the composting is 


respirometric method, which uses a dissolved oxygen probe to measure changes in oxygen concentration 


in an aqueous extract compound under conditions which ensure the activity microbial optimum and 


maximum reaction rates 


The respirometric method or simply respirometry is a procedure in which the measurements of the speed 


or rate of oxygen consumption, or the rate of generation of gaseous by-products resulting from the 


respiration of active biomass when they perform biological degradation of a substrate organic, are 


performed in liquid or gaseous fuels (Akutsu, 2009). 


In the case of composting processes, where there is a predominance of activity of aerobic bacteria in the 


degradation of waste, measures both the rate of oxygen consumption (O2) and temporal generation rate 


of carbon dioxide (CO2), in which case is the main by-product gas can be conducted in a controlled 


atmosphere, for example, the interior of a reactor (Akutsu, 2009). 


According Akutsu (2009), 


"The respirograma can extract various information and rates, also allowing the phases (lag, exponential 


and endogenous) process are identified. The lag phase is that associated with starting the process where 


there is usually the beginning of growth and adaptation of bacteria to the environment and waste. The 


exponential phase is characterized by intense bacterial activity in the conversion of residues, usually 


associated to the intense heat release which can have a predominance of thermophilic bacteria. The 


endogenous phase is characterized by the gradual extinction of food for bacteria, and they use up their 


own energy reserves to make the breath. In practice, it characterizes the initial end of the process herein 


referred to biostabilization, after which begins the stage of humus production of the compound. " 


In the aspect of controlling production of the compound of quality, the degree of stability desired in a 


composting process determines various parameters and system design such as aeration rate and 


treatment time required for each type of organic waste, considering the various intrinsic qualitative 


aspects involved. 
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Gea et al (2004) examined the composting of various organic residues of different chemical compositions, 


using controlled conditions to study the suitability of different biological indices (oxygen uptake rate, 


respirometric index, and respiratory quotient) to monitor the biological activity of composting process. 


Among the tested rate, the rate of oxygen consumption (also referred to as dynamic content 


respirometric) gave more reliable values to evaluate the microbial activity in a composting environment. 


Experiments performed by Tremier et al using respirometric method was created to study the kinetics of 


biological reactions involved in the treatment of organic waste, using waste to the composting process, 


the sludge mixed with pine bark. The rates of oxygen consumption of such mixture were monitored for 


10-20 days using a 10 cell respiration maintained at constant temperature and humidity. The influence of 


temperature on the kinetics was tested. The results showed that this method respirometric is a useful tool 


for the characterization of biodegradability of the solid matter to organic and biological modeling the 


kinetics of the composting process. 


3 Materials and methods 


The experiments to evaluate the method "respirometric" were conducted on the premises of a 


composting pilot project at the premises of the laboratory of solid waste at the Faculty of Engineering, 


UNESP - Bauru, which has undergone reformulation, as the exchange of the rotary drum, and of 


maintenance that were required in other equipment, due to the long period that has been inactive. 


Figure 1 identifies the general structure of the process equipment for experimental analysis of composting 


solid waste by the method "respirometric", which were used in this study. 


 


Figure 1:  Structure of the process of composting experiments basically formed by: tumbler, gas analyzer and data 


acquisition. 


Equipment used were of a rotating drum, connected in a box with closed windows, to minimize the odor 


of the process, thus enabling the visualization of the same (figure 2), a gas analyzer (Figure 3) and a 


microcomputer data acquisition and control of the rotary drum (figure 4), each of these stages are 


interconnected and dependent. 


    


Figure 2: Rotary drum.                           Figure 3: Gas analyzer.                          Figure 4: Acquisition of data. 
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The rotating drum, made of stainless steel, has a useful volume of 90.135 liters, has a tubular shaft which 


serves as a support for transferring the rotation and at the same time has inlet and outlet of the gases. It 


also has two sets of blowers (air pumps), one for feeding the reactor and another for the recirculation. 


Presents one of its walls, a removable window for handling the samples. 


Connected to the recirculation line, the pilot assembly has a complete system of automated collection and 


analysis of gases O2 and CO2. The meter, a device model S710, manufactured by Sick Maihak, shows in its 


display and record the values of concentration of these gases in terms of percentage (% O2 and% CO2), 


with options to collect and record data at intervals of 1s the 600s. In the case of the experiment, the range 


of data collection instrument was set to 60s, in other words, 1 minute. In these terms, the device records a 


day a total of 1440 data. This equipment has a serial communication interface that sends the values 


measured consecutively in specific periods of time at a computer that receives an "on line", the 


information in the form of a sequence of alphanumeric characters (string), and its format is as follows: 


 


where: 


a) # MS: indicator (header) analysis results of the S710 in operation; 


b) 07/02/12: date of submission of data; 


c) 15:41:08: time of data transmission; 


d) 4.381 Vol% CO2: measure of CO2 in Vol%; 


e) 16.227 Vol% O2: measure of O2 in Vol%; 


After a detailed knowledge of the pattern of data generated by the gas analyzer, a software was 


developed by Prof. Dr. João E. M. Perea Martins, Department of Computer Science Faculty of UNESP 


Bauru, which continuously receives data from the analyzer, analyzes this data and separates the 


information concerning the levels of O2 and CO2. According to the percentage levels of gas 


concentrations, the software controls a hardware mechanism that allows the desired concentration and 


injecting a predetermined air flow rate into the reactor, for consumption of bacteria involved in the 


degradation of the waste. In this study we worked with O2 levels between 5% and 20%. 


The data structure has received a text format (TXT), which can be imported directly by other software such 


as word processors, spreadsheets, or mathematical processing software and hence the construction and 


analysis through charts. 


3.1 Waste used for conducting experiments 


Although the primary objective of the work is the evaluation of the method "respirometric", we sought to 


work with organic residues that are arranged in large quantities in the reality of Brazil. So, we choose to 


work as the main residue, bagasse from sugar cane (figure 5), found in abundance in the country due to 


the large scale production of ethanol and sugar, and which has as a primary disposal incineration, 


resulting in generation of electricity. This form of disposal is not suggested, because the soil is not 


suffering replenishment of organic compounds, requiring more remedial interventions. 


#MS 07.02.12 15:41:08 4.381 Vol% CO2 16.227 Vol% O2 
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Figure 5:  Waste of cane sugar dropped in the courtyards of the processing industries brazilian ethanol and sugar - 


http://www.agricultura.gov.br. 


It is observed in Figure 5, the high amount of waste sugar cane, found scattered all distilleries in the 


country, being intended for the most part, and the production of electricity through incineration. 


Table 1 describes the materials that were used in an experimental procedure for composting and which 


can be observed in figure 6. 


Table 1: Materials used. 


Material Mass (kg) 


Bagasse sugar cane 1 


Citrus pulp 1 


Feed the foal 1 


Wheat germ 1 


Water 1,2 


Total 5,2 


 


Figure 6:  Material used in the composting process, from left to right: I) Citrus pulp; II) Bagasse sugar cane; III) Feed 


the foal; IV) Wheat germ. 


As illustrated in Figure 6, it can be noted that although the materials exhibit the same mass in kg, the 


volumes are not proportional as a function of their density, which verifies a much larger volume of 


crushed sugar cane compared with others. 


3.2 Survey data “respirometric” - Measuring rates of O2 and CO2 


The parameters measured in the gas phase essentially consisting in determining the time course of its O2 


consumption and CO2 generation these gases are analyzed and recorded by the measuring device 


continuously, except collection periods materials for moisture analysis, in the process and represented 


here referred to as a cycle. When constructing a graph, by Matlab by plotting the values of the evolution 


of O2 consumption and CO2 to the respective generation cycle of the entire process, which in this trial 


achieved a total of 39 870 rows of data, there was obtained a diagram here called "respirograma" of the 


composting process. 



http://www.agricultura.gov.br/
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4 Results 


Are presented in Figure 7 a graph plotted by Matlab software, with the results obtained in the conduct of 


laboratory experiments using the method "respirometric" in this experiment between 01 to 29 December 


2011, the period of 29 days. The "respirograma" of the composting process clearly presented the 


temporal evolution of sub-cycles of O2 consumption and their CO2 generation. 


It should be noted that the "x" axis of the graph represents the period of 29 days in which occurred the 


composting process and the "y" axis the percentage of gases inside the rotating drum. 


 


Figure 7: "Respirograma" process, analyzed over a period of 29 days. 


By means of Figure 7, sees that the degradation process starts at around day 2, from which the stresses 


occurring high O2 consumption and CO2 production high. Halfway through the process, around the 15th 


day, there was sharp fall in the rate of O2 consumption by raising the percentage of this gas in the reactor. 


In the same period is noted the same proportion, the decrease of CO2 production, indicating that this 


residue was already stabilized. There are some points on the graph where the points are within the ceiling 


or the minimum percentage, are moments in which there were momentary interruptions systems, or by 


collecting samples for analysis of moisture and pH or lack of electricity. 


Can be visualized by means of Figure 8, the physical result obtained by the process, noting that the mass 


of the compound was reduced to 2.230 kg, with a greater compression and an intense odor. Although the 


composting process have stabilized, there is waste of sugar cane is not decomposed, probably due to the 


presence of lignin, phenolic polymer, which provides protection, rigidity and impermeability to the cell 


wall, being difficult to bacterial decomposition. 


 


Figure 8: Compound stabilized, obtained at the end of the decomposition of organic material. 
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5 Conclusions 


We can highlight the following conclusions: 


a) The method "respirometric" through the pilot project Akutsu (2009), proved to be an extremely 


useful and reliable with respect to the responses that can provide the operational monitoring and 


evaluating the progress of the progressive degradation solid waste; 


b) The measurements of parameters in the gas phase, through the evolution of O2 consumption and 


their CO2 generation, proved far superior in terms of representativeness, precision and reliability 


when compared to the traditional method that performs the evaluation of the degradation 


process the second analysis of the solid phase; 


c) The “respirometric” method for presenting real-time responses "on line" in reduced time intervals, 


allows an operation much more tailored and efficient, including the possibility of interventions in 


a timely manner to correct certain errors or failures that may eventually occur during the process. 


d) The parameters obtained by the method "respirometric" allow their use as design parameters, 


operation and control of the composting process, the process to be used in full scale. 


e) The results demonstrate the feasibility and potential projects, focused on the development of 


technological tools for use in process automation for disposal of solid organic waste by 


composting 


These findings demonstrate the feasibility and potential projects for the development of technological 


tools applied in process automation, not only in the disposal of organic solid wastes by composting, but 


in all areas of environmental management. 


It should be remarked that the search is in a second phase of experiments, with the use of other organic 


waste, sewage sludge. 
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Abstract 


The Genetic Algorithm consists in a meta-heuristic optimization technique inspired on  biological natural selection 
process, that has been used for solving optimization problems in several areas over the last decades, mainly because 
its efficiency in irregular search spaces. In this context, this work aimed to simulate and optimize the hydrolysis of 
cassava starch by α -amylase from Aspergillus niger, using genetic algorithm and to produce the bioethanol from this 
syrup. The hydrolysis occurred at temperatures ranging from 30 to 60 °C, with starch concentrations from 8 to 22 g/L. 
After ten trials it was obtained the optimal value for the efficiency of hydrolysis and 84.08% and, for concentration, 
temperature and time, optimal values equal to 23.4 g/L, 61.9°C and 111.0 min, respectively. In this condition, an 
ethanol yield of 88% was found, after fermentation process. Results pointed that this kind of metaheuristic 
optimization could be applied in the industrial bioethanol production. 


Keywords: genetic algorithm; optimization; starch hydrolysis. 


1 Introduction 


1.1 Second generation alcohol 
Ethanol and biodiesel are considered important energy options as a substitute for fossil fuels, because 
they are renewable resources and endless and can be produced from biomass in general, a culture of 
farming. The current belief is that replacing fossil fuels with ethanol and biodiesel can reduce emissions of 
greenhouse gases (Giraçol et al., 2011; Leão et al., 2011; Ometto and Roma, 2010; Pereira and Ortega, 
2010). 


 As Shi et al. (2011), who showed the correct way to obtain the glucose syrup by hydrolysis of Dacotah 
switchgrass. This raw biomass was pretreated with sulfuric acid solutions of 0.5-01.0 wt.% concentrations 
and 3 wt.% sulfur dioxide at 140-180°C a range of times, following of enzymatic hydrolysis with 48.6 mg 
enzyme/g. For sulfur dioxide pretreatment, the highest total sugar yield of about 87% of the initial glucan 
in raw biomass occurred, in that conditions. And Shen et al. (2011), who made the steam-pretreated sweet 
sorghum bagasse (SSB) and Douglas-fir (DF) for SHF and SSF, to evaluate the effects of xylanase 
supplementation and delignification on ethanol production. Results indicated that final ethanol 
concentration in SHF could reach 28.4 g/L (SSB) and 20.4 g/L (DF) by xylanase supplementation with the 
increase of 46% and 61% in comparison with controls. 


Telebnia et al. (2010) showed an attractive alternative form to utilization of wheat straw in bioethanol 
production Based on the type of pretreatment method applied, a sugar yield of 74–99.6% of maximum 
theoretical was achieved after enzymatic hydrolysis of wheat straw. Various bacteria, yeasts and fungi 
have been investigated with the ethanol yield ranging from 65% to 99% of theoretical value. 
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However, according to Dias et al. (2011), much of the controversy surrounding second generation ethanol 
production arises from the assumed competition with first generation ethanol production; however, in 
Brazil, where bioethanol is produced from sugarcane, sugarcane bagasse and trash will be used as 
feedstock for second generation ethanol production. Thus, second generation ethanol production may be 
primarily in competition with electricity production from the lignocellulosic fraction of sugarcane. 


1.2 Starch as a saccharide source 
Starch, the main reserve carbohydrate of several crops, is highly abundant in nature and can be easily 
extracted with high purity and at low cost (Cereda et al., 2001). The food industry is using starch for a long 
time as ingredient because of its functional properties. Depending on the source, the starches have 
different applications, improving consistency, stability, and other properties (Smith, 1982). The most 
common plant sources for food starches used all over the world are maize, wheat, potato, and manioc. 
However, there is a constraint because of the desire of the industries in bringing new products to the 
market and improving others (Takizawa et al., 2004). All starches have structural and compositional 
differences and a great number of studies are being done to show each particularity. These differences 
directly affect the yield of starch hydrolysis (Cereda et al., 2001).  


Starchy crops like cassava are candidates for commercial bioethanol. Starch hydrolysis at 30–80°C could 
reduce energy costs and improve fermentation yields (Krishnan et al., 2000; Yingling et al., 2011). 


An example of these differences is the presence of amylose in potato, sweet potato, corn, and cassava 
starches, which are 25.4% (w/w), 19.1% (w/w), 24.5% (w/w), and 18.6% (w/w), respectively (Cereda et al., 
2001; Curvelo-Santana et al., 2008; Ferreira et al., 2005; Takizawa et al., 2004). 


The hydrolysis of starch to products with low molecular weight, catalyzed by amylases, is the most 
important commercial enzyme process. The hydrolyzed products are widely applied in food, paper, and 
textile industries (Konzula and Liakopoulon-Kyriakides, 2004). 


An alternative to replace this raw material is the use of syrups obtained by the hydrolysis of starch.  


especially corn (Zea mays), rice (Oriza sativa), cassava (Manihot spp) and others (Biazus et al., 2009; 
Curvelo-Santana et al., 2008 and 2009; Ferreira et al., 2005; Leonel and Cereda, 2000). According to Alves 
(2005), one ton of sugar-cane produces 85 liters of bioethanol and, one ton of manioc produces 104 liters 
of bioethanol. 


Starch hydrolysis has been achieved to ethanol production from corn (Krishnan et al., 2000; Lamsal et al., 
2008; Matsumoto et al., 2011; Naidu et al., 2007), cassava (Curvelo Santana et al., 2008; Yingling et al., 
2011), potato (Liu and Xu, 2008; Mathew, and Adlercreutz, 2009; Matsumoto et al., 2011) and wheat 
starches (Matsumoto et al., 2011). 


1.3 Genetic Algorithm 
The Genetic Algorithm (GA) consists in a meta-heuristic technique of optimization inspired on biological 
natural selection process that has been used for solving optimization problems in several areas over the 
last decades, mainly because its efficiency in irregular search spaces (Goldenberg, 1989; Santana et al., 
2010). 
The GA operates over a population of individuals (usually binary strings) also called chromosomes that 
represent possible solutions to the investigated problem. At the beginning, a population of individuals is 
randomly generated and evolved to one solution by means of applying of GA operators (selection, 
crossover and mutation). In each generation, the chromosomes are evaluated and the most able ones 
among them are selected and crossed each other, generating new chromosomes better than those ones 
of the previous population. It makes to increase the probability of one or more individuals be a solution of 
the problem. Different from other search methods, the GA operates over the population in parallel, 
yielding various solutions at a time. Hence, this method has been used to solve many problems involving 
complex combinatorial optimization (Pham and Pham, 1999; Santana et al., 2010). 
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In the evaluation process, a fitness function is used to measure the aptitude of the individuals of the 
population, providing information such as the number of new individuals each one can generate 
according with its aptitude. Usually the fitness function is based on objective function to be minimized or 
maximized depending on the problem (Pham and Pham, 1999; Santana et al., 2010). 
A GA approach for solving a cell formation problem in cellular manufacturing was developed by Mahdavi 
et al. (2009). In their work, the authors proposed a model to solve the real size problems, which involve 
nonlinear terms and integer variables. A GA technique was applied in mechanic field to investigate cutting 
process parameters influence on workpiece price formation using the concepts of contribution margin. 
The obtained results from GA application presented in this work are in good agreement with others 
already reported and could be properly used in cutting process optimization parameters (Librantz et al., 
2011). 
Santana et al. (2010) studied the kinetic simulation and drying process optimization of corn malt by GA 
for estimation of temperature and time parameters, such that it maintains the maximum activity of  and 
-amylases enzymes into the obtained product. Besides, drying temperature and time showed a square 
influence on the enzymatic activity. Optimizations by GA showed that at 54º C and between 5.6-6.4 h of 
drying process, values of specific activity of 5.26±0.06 SKB/mg and 15.69±0.10% of remaining moisture 
into corn malt were found. 
However, the use of this technique in the simulation of hydrolysis is not cited by literature, until the 
current moment. Thus, this work has been proposed simulation and optimization of the hydrolysis of 
manioc starch by α-amylase from Aspergillus niger, a metaheuristic technique using genetic algorithms 
from a mathematical model presented in Curvelo-Santana et al. (2009). The hydrolysis occurred at 
temperatures ranging from 30 to 60 °C, with starch concentrations from 8 to 22 g/L. 


2 Material and Methods 


2.1 Raw matter preparation 
Manioc roots were washed with water at 2 ppm of chlorine concentration, their rinds were removed, and 
roots were cut in pieces of about 2 cm3. They were dried at 100°C every 8 h in a drier with air circulation. 
Drying roots were crushed in a Willye TE 650 flour-mill (Tecnal, São Paulo, Brazil) to obtain manioc flour 
(Curvelo-Santana et al., 2008; Takizawa et al., 2004). The percent composition of manioc flour was 
determined by methodologies showed by Ascar (1985), Bradford (1976), Ferreira et al. (2005), Leonel and 
Cereda (2000) and Takizawa et al. (2004). 


2.2 Kinetic study methodology 
Bioreactors with thermal heating, containing starch concentrations from 8 to 22g / L at temperatures of 
30 to 60 °C at pH 4.8 in acetate buffer 0.1 M. For the study of the hydrolysis bioreactor contained 25 ml of 
cassava starch solution and these were added 500μL of enzyme solution. Concentrations of reducing 
sugars (RS, given glucose) were measured from time to time, to obtain the kinetic curve for the 
appropriate temperatures and concentrations of starch used. Operation temperature and cassava starch 
contents were varied. The glucose concentration (CGlucose, g/L) released into bioreactor was measured by 
DNS method (Miller, 1959). Protein content was determined according to the dye binding method of 
Bradford (1976) with bovine serum albumin as protein standard. The yield of the hydrolysis process 
(%YHydrolysis) was obtained by the concentration of the hydrolyzed starch (CHydrolyzed Starch) and the initial 
concentration of starch (CStarch) or the relationship between glucose generated (CGlucose) and the 
theoretical concentration of glucose(CTheoretical Glucose = 1,111*CInitial Starch), according to Equation 1 
(Curvelo-Santana et al., 2008; Ferreira et al., 2005; Sleiman & Venturi Neto, 2004). 
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2.3 Scale-up of hydrolysis and fermentation 
The experiment of starch degradation was assayed in a bioreactor with 2 L of total volume, with mechanic 
agitator for mixing, and a jacket for heating at operation temperatures. Bioreactors were operated in 
boat-load, contained 1 L of 2 g/L cassava starch solution, and 20 mL of amylase solution (FORILASE 
NTL®), at constant agitation of 70 rpm and pH 5 (Ferreira et al., 2005; Konzula and Liakopoulon-
Kyriakides, 2004; Marshal et al., 1999).  


After hydrolysis process, it was added and mixed 1 g of (NH4)H2PO4, 0.1 g of MgSO4 and sugar mass until 
obtaining of 50 g/L of total reduce sugar content. The pH was adjusted at 4.5. Fractions of approximately 
10 mL, 100 mL and 1 L from the principal vats were distributed among different flasks, referred as vessels. 
They were heated in an autoclave and cooled rapidly in running water with the sole objective of 
sterilization of the medium. Saccharomyces cerevisae yeast (Flashmman, Jundiaí -SP, Brazil) at 1 g/L was 
added into the first vessel (10 mL) and the fermentation process occurred for one day. The total volume of 
fermented was transferred to the second vessel (500 mL) and the fermentation process occurred for one 
day. After the end of fermentation in the second vessel, the fermented was transferred to the principal 
vessel (1 L) until full fermentation of must. All fermentation occurred at 27°C and samples were collected 
daily for alcohol, total and reducer sugar determinations (Cadogan and Hanks, 1995; Ferreira et al., 2005). 
Equation 2 shows to obtain the fermentation yield (YFermentation, %), as follows: 
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2.4 Modeling of the hydrolysis 
New models for starch hydrolyses have been achieved for Curvelo-Santana et al. (2009). It can be 
proposed with base in Michaelis-Menten model for first order kinetics. It uses some considerations to M-
M model, showing into Equations 3 and 4, and they were fitted by GA technique. Following model had 
been adjusted to simulate the dependence of substratum concentration ([S], or starch concentration) to 
hydrolysis time (t): 


kt
eqeq eSSSS  )][]([][][ 0           


 (3) 
Where: [S]eq and [S]0 are the substratum concentrations at the equilibrium and initial of the reaction; and  
k is the kinetic constant of product formation.  
To simulate the dependence of the conversion rate of starch to the reduced sugar (d[S]/dt), the following 
model was used (Curvelo-Santana et al., 2008; Reguly, 2000; Wiseman, 1987): 
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 (4) 
Where: KM is Michaelis-Menten constant and Vmax is the maximum speed of starch hydrolysis by enzyme. 
 
The Vmax was obtained by the following Equation (Curvelo Santana et al., 2008; Reguly, 2000; Wiseman, 
1987): 


0max ][* EkV             


 (5) 
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Where: [E]0 is the initial concentration of enzyme, which is considered as the total protein concentration 
inoculated, obtained by the method of Bradford (1976). 


2.5 Genetic Algorithm Procedure 
The Genetic Algorithms (GA), consists of an optimization technique based on the natural biological 
selection process and has been used to solve optimization problems in some areas in recent decades 
(Librantz et al., 2011; Santana et al., 2010a). The GA is an optimization method inspired by non-
deterministic process of natural evolution. This procedure typically uses binary strings called 
chromosomes or individuals to represent the solutions of the problem. In fact, the chromosome can be 
encoded as binary, integer or real valued string. Through the competition, the chromosomes of the 
population most able are selected and crossed together to generate new chromosomes better than those 
of the former population. Thus, in each generation, the probability of one or more individuals to be a 
solution to the problem is greater (Librantz et al, 2011).  


2.5.1 Selection 
The selection operation consists of the choice of the best individuals for reproduction. Hence, the 
individuals with better aptitudes are selected while the other ones are discarded, that is, each individual 
has a probability to be selected according to its aptitude. There are many selection operators mentioned 
in the literature. The most common are: proportional selection, elitist selection and tournament selection. 
In the first one, the probability of an individual to be selected is proportional to its aptitude. In the second, 
among the better individuals selected in each generation, a few group remains intact to the next 
generation. In the tournament selection, the group of individuals that is responsible to compose the next 
generation is randomly chosen. 


2.5.2 Crossover 
The crossover operator is the main GA operator. It mixes the genetic material of the best chromosomes 
generating the individuals of the next population. The underlying idea is to generate a new population 
better than the previous one. To this end, a number of crossover points needs to be determined. Usually 
is used one or two points, fix or random. In order, to illustrate the crossover operation, it is showed by 
Figure 1. 


 
Figure 1.  Crossover scheme with one cutting point. 


2.5.3 Mutation 
Finally, the mutation operation consists in changing a small amount of bits randomly, with some small 
probability (less than 10% according to the literature). It is performed in order to preventing the 
population of chromosomes becoming too similar to each other, maintaining the diversity in the 
population. This operation is essential to avoid the premature convergence (Librantz et al., 2011; Linhares 
et al., 2011; Santana et al., 2010a). 
It is important to remember that the suitable convergence of the GA depends on its configuration, which 
is made by determining some control parameters such as: size of chromosome, size of population, 
crossover points and mutation rate. Unfortunately, the determination of these parameters is a notoriously 
difficult task and, in the majority cases, they are empirically defined (Myers, R., 2001; Santana et al., 2010a). 
Nevertheless, since the initial population is randomly generated, the performance and the results of GA 
vary at each execution. Therefore, GA is considered a stochastic-search adaptive method and a stochastic 
approach is, by nature, non-deterministic. So, the global solution can not be guarantied. Besides, to 
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demonstrate the performance of GA, the average over several executions of GA is more suitable than just 
one execution (Librantz et al., 2011; Linhares et al., 2011; Santana et al., 2010a). However, non-
deterministic methods as GA have been widely applied to achieve almost optimal solutions mainly in 
problems where the total number of possible solutions grows exponentially, in which deterministic 
methods can be very time-consuming. 
Figure 2 shows the main steps of the process of Genetic Algorithm. This process was performed in the 
optimization of parameters (concentration, temperature and time) hydrolysis of cassava starch. 


 


Figure 2. Process flow diagram of the GA. 


Thus, in each generation the probabilities of one or more individuals become a solution to the problem is 
increased. Unlike other search methods, GA works on the population in parallel, yielding several solutions 
at a time.  


2.5.4 Objective function 
In the proposed problem, the technique of GA was applied to determine the values of the three variables 
involved in the hydrolysis of cassava starch in order to optimize the yield of hydrolysis (Equation 6), of 
according to Benvenga et al. (2011). They are the following variables: C (Starch g/L) (starch concentration), 
T (°C) (Reaction temperature) and t (min) (Reaction time). 


             
 (6) 


2.5.5 Parameters of GA 
The areas of restrictions on the values of variables C (concentration), T (temperature) e t (time) are 
respectively the following: C   [6.59 to 23.375], T   [28.18 to 61.82] and t   [9 to 111]. 


To process the simulations the algorithm was calibrated with the following parameters: 


Initial population of 400 randomly generated individuals, 100 individuals per generation, elitism rate of 
40% and mutation rate of 4%. The stopping criterion of the algorithm was processed for 10 generations. 


3 Results and Discussion 


3.1 Calibration of GA 
Figures 3-7 present the results of experiments for performance analysis of the AG with the variation of its 
parameters in order to get the best performance of the algorithm in optimizing the hydrolysis of cassava. 


The parameters were:  


TtCtCTtTCtTCYHydrolysis 61.298.236.034.567.351.050.1123.825.107.44% 222 
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a. Number of generations, 


b. Population size, 


c. Mutation rate, 


d. Elitism rate and, 


e. Crossing scheme. 


The number of generations or iterations of the GA is a parameter that determines the amount of 
repetitions or cycles that the algorithm will be processed. There is no pre-established rule that determines 
the best value for this parameter; this depends on a little bit of experience and intuition of the process 
operator. 


Figure 3 shows the curves of the performance of GA for different numbers of generations keeping the 
other parameters fixed. Performances were tested with 5, 10, 15 and 20 generations, and the best 
performance occurred with 10 generations. Population parameter determines the number of individuals 
that will be evaluated according to the objective function in the process of finding the best solution to the 
problem proposed.  In this work, the initial population was determined randomly, ie, 400 individuals were 
randomly selected. These 400 individuals passed the first evaluation and then formed the population 
follows. After the initial population, other populations are formed by means of evaluation and selection of 
the best individuals. The number of individuals who made these populations was also tested in the 
performance of GA. 


 


 


 


Figure 3. Number or Generations   Figure 4. Population Size 


 


  


Figure 5. Mutation Rates    Figure 6. Elitism Rate 
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Figure 7. Crossing Schemes 


Table 1 shows the best results of the experiments carried out with the query parameters of the GA, 
extracted from GA performance. The values presented in Table 1 for the parameters of GA were applied to 
optimize the hydrolysis process of cassava. Table 2 presents the results obtained after the execution of ten 
trials. 


Table 1. Best results of experiments on the performance of GA 


Parâmeter Melhor Desempenho 
Number of generations 10 


Population size 100 
Mutation rate 4% 


Elitism rate 40% 


Crossover scheme 
Three (3) points chosen 


randomly  


3.2 Hydrolysis optimization 
The data optimized for the hydrolysis process were obtained from the tests generated by the GA and 
shown in Table 2. After ten trials, we obtained the best yield of hydrolysis at a rate of 84.08% (test 7), the 
variables concentration, temperature and time with the following values, respectively: 23.4 g/L of stach 
concentration, 61.9°C and 111.0 min of hydrolysis time.  


Table 2. Optimal values of AG obtained after 10 trials. 


Trials CStarch(g/L) T(ºC) t(min) %YHidrolysis Generation 
1 21.9 61.9 109.0 83.40 5 
2 21.0 61.8 97.2 81.23 2 
3 21.9 61.9 101.1 82.35 3 
4 22.2 61.9 101.2 82.42 3 
5 17.7 61.5 109.8 80.70 0 
6 21.3 61.7 97.2 81.03 2 
7 23.4 61.9 111.0 84.08 4 
8 15.5 61.9 111.0 80.39 1 
9 23.4 61.8 111.0 83.80 4 
10 23.0 61.9 101.4 82.57 1 


In the Roulette Addict, according to Librantz et al (2010), we add all the evaluations for each individual 
and allocate equal space to the evaluation of individual divided by the sum of the assessments of all 
individuals. In the process of Addicted to Roulette, individuals with better assessment have a greater 
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chance of being selected for the next generation. Once you obtain the best set of parameters, they were 
applied in the simulation. The results are shown in section 3.4., Simulation of the Hydrolysis.  


These results are similar to obtain for Matsumoto et al. (2011), who were the saccharification of starch 
using microwave irradiation with addition of activated carbon at 190-200°C and, more than saccarification 
of starch for similar method at 10-20°C. 


3.3 Hydrolysis Simulation 
Hydrolysis of cassava was evaluated by means of computer simulation Figures 8, 9 and 10 showed the 
result of the simulations for temperatures of 35°, 45° and 55° respectively. 


Figure 8 shows the optimal points obtained by the GA in the reaction of the enzyme to ten minutes. The 
best value for the hydrolysis yield of 35º C was 45.64% with 100 minutes of reaction and 23.4% 
concentration.  


Figure 9 shows the optimal points obtained by the GA in the reaction of the enzyme to ten minutes. The 
best value for the yield of the hydrolysis temperature of 45° C was 53.23% with 110 minutes of reaction 
and 23.4% percent concentration.  


 


  


Figure 8.  Temperature 35°C.   Figure 9.  Temperature 45°C. Figure 10.  Temperature 45°C. 


On the other hand, Figure 10 shows the optimal points obtained by the GA in the reaction of the enzyme 
to ten minutes. The best value for the yield of the hydrolysis temperature of 55° C was 68.87% with 110 
minutes of reaction and 23.4% percent concentration. 


3.4 Hydrolysis scale-up and fermentation 
Figure 11 shows the alcohol and sugar reducing varying the fermentation time, for the syrup must 
fermentation by S. cerevisae. After the end of fermentation process, an alcohol content of 3.4°GL and 
alcohol yield of 45% is obtained.  


According to Ferreira et al. (2005), Lima et al. (2001) and Reguly (2000). According to Lima et al. (2001) 
and Reguly (2000) and Wiseman (1987) the sugars released after starch hydrolysis are amylase inhibitors. 
Thus, when these sugars are consumed, the active sites from enzymes are reactivated. In this work there 
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was starch hydrolysis by amylase during the fermentation process, for the sugars produced of starch 
hydrolyses had been consumed during fermentation time. Therefore, hydrolysis yield of about 99% was 
found, for the simultaneous processes of hydrolysis and fermentation of cassava starch. 


Ferreira et al (2005) and Curvelo-Santana (2008) produced ethanol by fermentation of the syrup obtained 
from the cassava starch. The S. cerevisae yeast was used for ethanol fermentation of the sugars from 
manioc syrup. An ethanol yield of 39% was found in the best fermentation condition. Neves et al (2006) 
had obtained alcohol by simultaneous saccharification and fermentation of low-grade wheat flour was 
done in an agitated bioreactor. For fermentation of the wheat syrup S. cerevisae yeast was used. After 
total fermentation, an alcohol yield of 27% was found. 


 


Figure 11. Curves of fermentation of cassava must 


However, either common the use of S. cerevisae yeast in the fermentation processes, a culture of 
Kluyveromyces marxianus for ethanol fermentation was described in recent scientific research. The lactose 
from cheese was used as a substratum in a packed column bioreactor. The highest ethanol yield 
coefficient (35%) was obtained with a feed sugar content of 50 g/L (Ozmihci and Kargi, 2009 and 2008). 
Naidu et al. (2007) reported ethanol yields increasing from 10.4% to 12.6% v/v for corn starch. Thus, this 
work had obtained an ethanol yield more than Curvelo-Santana et al. (2008), Ferreira et al (2005 and 
2006), Naidu et al. (2007), Neves et al. (2006) and Ozmihci and Kargi (2009 and 2008). 


However, Yingling et al. (2011) studied the enzymatic hydrolysis of cassava starch and their conditions for 
bioethanol production by response surface methodology and on the best conditions, at 79°C and 117 
min, a hydrolysis yield amongst 92.50–94.64% were obtained and 60°C and 85 min for ethanol 
concentration, while an ethanol concentration between 15.96 and 18.25 wt.% were obtained. Lamsal et al. 
(2011) have been evaluated the efficient processing of corn into ethanol by granular starch hydrolysis and 
simultaneous fermentation by S. cerevisiae yeast. The hydrolysis yields were amongst 91 and 96%, while 
ethanol concentrations were amongst 18-19%. These hydrolysis and ethanol yields are similar to archived 
in this work. 


4 Conclusion 
The amylase-type FORILASE NTL® showed a good activity for hydrolysis of soluble starch, achieving a 
total conversion between 20-100 minutes and the yielding that came to reach 80% conversion of starch in 
the reducing sugar (RA, in terms of glucose), Once highest value was found at 45° C for a starch 
concentration of 22 g/L. 


Results showed that the models that best fit for both cases were formed by exponential equations. For the 


dependence of substrate [S], the starch, the hydrolysis time (t), a type models kteS ][ , where k is the 
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kinetic constant of product formation and to simulate the dependence of reaction rate (V) it was found 


that a type model 
][max S


K


V


MeV  showed the Best fit, where Vmax and KM are the maximum and constant 
Michaelis-Menten. The equations obtained allow predicting the concentration of substratum and product 
within a bioreactor on the investigated conditions, and thus allows to simulate this process. 


The optimized conditions were shown to be feasible and reliable through verification tests. This kind of 
meta-heuristic optimization is of potential importance in industrial bioethanol production. 


Acknowledgments 
Authors thank the UNINOVE and PROSUP/CAPES program for financial support. 


References 
Aguilar, G., Morlon-Guyot, J., Trejo-Aguilar, B.; Guyot, J. P., 2000. Purification and characterization of an extracellular a-


amylase produced by Lactobacillus manihotivorans LMG 18010T, an amylolytic lactic acid bacterium. Enzyme 
Microb. Technol., 27, 406 – 413. 


Alves, R. L. A., 2005. O mercado brasileiro e mundial e a perspectiva para a produção de álcool de mandioca. In: 
Workshop sobre tecnologia em agroindústrias de tuberosos – mandioca. Centro de Raízes e Amido Tropical 
(Cerat), Universidade Estadual Paulista, Botucatu – SP, Brazil, pp. 22-29. 


Benvenga, M. A. C., Mesquita, R. A., Librantz, A. F. H., Tambourgi, E. B., Santana, J. C. C., 2011. Obtenção da Condição 
Ótima do Processo de Hidrólise do Amido de Mandioca por Amilases de Aspergillus niger. In: XVIII 
Proceedings of Brazilian Simposium of Bioprocess, Caxias do Sul, RS, Brazil. 


Biazus, J. P. M., Souza, R. R., Márquez, J. E., Franco, T. T. Santana, J. C. C. Tambourgi, E. B., 2009. Production and 
characterization of amylases from Zea mays malt. Braz. Arch. Biol. Technol., 52:4, 991 - 1000. 


Biazus, J. P. M., Souza, A. G.; Santana, J. C. C.; Souza, R. R. Tambourgi, E. B., 2005. Optimization of drying process of Zea 
mays malt to use as alternative source of amylolytics enzymes. Braz. Arch. Biol. Technol., 48, special, 185-190. 


Biazus, J. P. M., Souza, A. G.; Santana, J. C. C.; Souza, R. R. Tambourgi, E. B., 2006. Caracterização da atividade amilásica 
do malte de milho (Zea mays L.). Acta Sci. Technol., 28:1, 13 – 19. 


Cadogan, A. and Hanks, J. Microbiology & Biotechnology: Biology Advances Studies. First ed., Nelson, Croatia. 
Curvelo-Santana, J. C., Librantz, A. F. H., Tambourgi, E. B., 2009. Approach Model for Simulation of the Starch 


Hydrolysis. Chemical Product and Process Modeling, 4: 4, Art. 13. 
Curvelo-Santana, J. C., Ferreira, G. B., Biazus, J. P. M., Souza, R. R., Tambourgi, E. B., 2008. Biochemistry characterization 


of α- and β-amylases from Zea mays malt and statistical analysis approach of the degradation of manioc 
starch. J. Food Process Eng., 31, 694 – 710. 


Dias, M. O. S.; Cunha, M. P.; Jesus, C. D. F.; Rocha, G. J. M.; Pradella, J. G. C.; Rossell, C. E. V.; Maciel Filho, R.; Bonomi, A., 
2011. Second generation ethanol in Brazil: Can it compete with electricity production? Bioresour. Technol., 
102:19, 8964-8971. 


Ferreira, G. B.; Melo, V. V.; Almeida, J. B.O.; Evangelista, A. F.; Souza, R. R., 2005. Characterizing of obtaining process of 
a manioc spirit. Braz. J. Food Technol., Special of 5º SIPAL, 2-7. 


Giraçol, J., Passarini, K. C., Silva Filho, S. C., Calarge, F. A., Tambourgi, E. B., Santana, J. C. C., 2011. Reduction in 
ecological cost through biofuel production from cooking oils: an ecological solution for the city of Campinas, 
Brazil. J. Clean. Prod., 19:12, 1324 - 1329. 


Goldberg, D. E., 1989. Genetic algorithms in search, optimization, and machine learning, Addison-Wesley Pub. Inc., 
Massachusetts, EUA. 


Krishnan, M. S., Taylor, F., Davison, B. H., Nghiem, N. P., 2000. Economic analysis of fuel ethanol production from corn 
starch using fluidized-bed bioreactors. Bioresour. Technol., 75, 99 - 105. 


Lamsal, B. P.; Wang, H., Johnson, L. A., 2011. Effect of corn preparation methods on dry-grind ethanol production by 
granular starch hydrolysis and partitioning of spent beer solids. Bioresour. Technol., 102, 6680 – 6686. 


Leão, R. R. C. C., Hamacher, S. and Oliveira, F., 2011. Optimization of biodiesel supply chains based on small 
farmers: A case study in Brazil. Bioresour. Technol., 102:19, 8958-8963. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID16.12 


Librantz, A. F. H. ; Coppini, N. L. ; Baptista, E. A.; Araújo, S. A. ; Rosa, A. F. C., 2011. Genetic algorithm applied to 
investigate cutting process parameters influence on workpiece price formation. Mater. Manuf. Process., 26, 
550-557.  


Liu, X. D., Xu, Y., 2008. A novel raw starch digesting α-amylase from a newly isolated Bacillus sp. YX-1: Purification and 
characterization. Bioresour. Technol., 99, 4315–4320. 


Lima, U. A., Aquarone, E., Borzani, W., Schmidell, W., 2001. Processos fermentativos e enzimáticos. V.3, first ed., Edgard 
Blücher Ltda, São Paulo, SP, Brazil. 


Linhares, H. M. S. M. D., Librantz, A. F. H., Gomes, L.,  Courrol, L. C., Baldochi, S. L., Ranieri, I. M. 2011. Energy transfer 
rates and population inversion investigation of 1G4 and 1D2 excited states of Tm3+ in Yb:Tm:Nd:KY3F10 
crystals. J. Appl. Phys. 109, 083533-1 – 083533-11. 


Mahdavi, I.; Paydar, M.M.; Solimanpur, M.; Heidarzadeh, A., 2009. Genetic algorithm approach for solving a cell 
formation problem in cellular manufacturing. Expert Systems with Applications, 36, 6598 – 6604. 


Mathew, S., Adlercreutz, P., 2009. Mediator facilitated, laccase catalysed oxidation of granular potato starch and the 
physico-chemical characterisation of the oxidized products. Bioresour. Technol., 100, 3576–3584. 


Matsumoto, A., Tsubaki, S., Sakamoto, M., Azuma, J-I., 2011. A novel saccharification method of starch using 
microwave irradiation with addition of activated carbon. Bioresour. Technol., 102, 3985–3988. 


Miller, G. L., 1959. Use of dinitrosalicyIic acid reagent for determination of reducing sugar. Anal. Chem., 31:3, 426 - 
428. 


Myers, R., 2001. Empirical modelling of genetic algorithms. Evolut. Comput., 9:4, 461 – 493. 
Naidu, K., Singh, V., Johnston, D.B., Rausch, K.D., Tumbleson, M.E., 2007. Effects of ground corn particle size on ethanol 


yield and thin stillage soluble solids. Cereal Chem. 84, 6–9. 
Neves, M. A., Kimura, T., Shimizu, N., Shiiba, K., 2006. Production of alcohol by simultaneous saccharification and 


fermentation of low-grade wheat flour. Braz. Arch. Biol. Technol., 49:3, 481 - 490. 
Ometto, A. R., Roma, W. N. L., 2010. Atmospheric impacts of the life cycle emissions of fuel ethanol in Brazil: based on 


chemical exergy. J. Clean. Prod., 18, 71–76. 
Ozmihci, S and Kargi, F. 2008. Ethanol production from cheese whey powder solution in a packed column bioreactor 


at different hydraulic residence times. Biochem. Eng. J., 42, 180-185. 
Ozmihci, S and Kargi, F. 2009. Fermentation of cheese whey powder solution to ethanol in a packed-column 


bioreactor: effects of feed sugar concentration. J. Chem. Technol. Biotech., 84:1, 106 – 111. 
Pereira, C. L. F; Ortega, E., 2010. Sustainability assessment of large-scale ethanol production from sugarcane. J. Clean. 


Prod., 18, 77–82. 
Pham, D. T, Pham, P. T. N. 1999. Artificial intelligence in engineering. Int. J. Mach. Tools & Manuf., 39:6, 937 - 949. 
Reguly, J. C., 1996. Biotecnologia dos processos fermentativos, V.1, first ed., EDUFPel, Pelotas, RS, Brazil. 
Reguly, J. C., 2000. Biotecnologia dos Processos Fermentativos: Produção de enzimas e engenharia das fermentações. 


V.2, firsty ed., EDUFPel, Pelotas, RS, Brazil. 
Santana, J. C. C., Araújo, S. A., Librantz, A. F. H., Tambourgi, E. B., 2010a. Optimization of the corn malt drying by use of 


genetic algorithm. Dry. Technol., 28:11, 1236 – 1234. 
Santana, J. C. C., Dias, C. G., Souza, R. R., Tambourgi, E. B., 2010b. Applying of neural network on the wine sensorial 


analysis from barbados cherry. J. Food Process Eng., 33, 365 – 378. 
Shen, F.; Kumar, L.; Hu, J.; Saddler, J. N. Evaluation of hemicellulose removal by xylanase and delignification on SHF 


and SSF for bioethanol production with steam-pretreated substrates. Bioresour. Technol., 102:19, 8945-8951, 
2011. 


Shi, J., Ebrik, M. A. and Wyman, C. E., 2011. Sugar yields from dilute sulfuric acid and sulfur dioxide pretreatments 
and subsequent enzymatic hydrolysis of switchgras. Bioresour. Technol., 102:19, 8930-8938. 


Sleiman, M., Venturi Filho, W. G., 2004. Utilização de extratos de malte na fabricação de cervejas: Avaliação físico-
química e sensorial. Braz. J. Food Tech., 7:2, 145-153. 


Smith, P.S., 1982. Starch derivatives and their use in food. In: Food Carbohydrates. (D.R. Lineback and G.E. Inglett, 
eds.), AVI Publishing Company, Westport, pp. 237 - 269. 


Takizawa, F.F.; Silva, G.O.; Konkel, F.E.; Demiate, I.M., 2004. Characterization of tropical starches modified with 
potassium permanganate and lactic acid. Braz. Arch. Biol. Technol., 47:6, 921-931. 


Talebnia, F., Karakashev, D., Angelidaki, I., 2010. Production of bioethanol from wheat straw: An overview on 
pretreatment, hydrolysis and fermentation. Bioresour. Technol., 101, 4744–4753. 


Wiseman, A., 1987. Handbook of enzyme biotechnology. Second ed., John Wiley Sons, New York, EUA. 
Yingling, B., Li, C., Honglin, W., Xiwen, Y., Zongcheng, Y., 2011. Multi-objective optimization of bioethanol production 


during cold enzyme starch hydrolysis in very high gravity cassava mash. Bioresour. Technol, 102, 8077–8084. 








 


ID60.1 


Environmental sustainability of urban traffic: the European 
backdrop and the Portuguese case 


Ana Luísa Ramos*, José Vasconcelos Ferreira* 


* Department of Economics, Management and Industrial Engineering, GOVCOPP Research Unit 
University of Aveiro, Campus of Santiago, 3810-193 Aveiro, Portugal 


Email: aramos@ua.pt, josev@ua.pt 


Abstract 


The impacts of urban traffic are considerable in number and diversity and they are typically categorized according to 
the 3Es of sustainability: social Equity, Economic efficiency, and Environmental responsibility. For a truly sustainable 
urban traffic system all of these interrelated dimensions should be taken into account but as a result of the enormous 
attention that has been devoted to the environmental aspect (“at the agenda” of the modern world), this work focus 
the synergies between the urban traffic system and the related environmental system (in particular, the air quality 
case). The European backdrop is described, in terms of milestones and most relevant directives and guidelines and 
then, the Portuguese case is explored in more detail. 


In order to achieve a sustainable traffic & environment system is then proposed a set of Intelligent measures (based 
on Intelligent Transportation Systems’ applications and technologies) for urban green transportation. 


This paper intends to present a review work on the traffic & environment subject and to catalog some intelligent 
measures to help the local authorities to improve the traffic & environment system of their urban jurisdictions. 
Supporting locally developed tailor made solutions based on accurate data/models and enforcing public consultation 
processes and citizens’ active participation are critical aspects to make the city a better place to live, work and play. 
These actions require a comprehensive modelling & simulation platform (based on a GIS) able to model the traffic 
and environment interactions and able to evaluate their impacts on the society. 


Keywords: air quality, Intelligent Transportation Systems, sustainability, urban traffic. 


1 Urban Traffic & Environment 
The urban traffic system is typically evaluated by its performance, its impacts, and the costs incurred in its 
construction, utilization and maintenance. This work is dedicated to the adverse impacts of the urban 
traffic system on the surrounding environment. The case of the air pollution is emphasized since it is 
probably the most prominent and the most experienced by the urban citizens. 


The contemporary challenge of the urban traffic system is more related with the “green management” 
and a qualitative improvement (through real time personalized travel services) of the available network 
and constituent entities than with the expansion of the network (prohibitive due to territorial, financial 
and environmental constraints) (Ramos, 2011). These concerns are reflected in the objectives of the 
modern Intelligent Transportation Systems (ITS) initiatives and are supported by an integrated operation 
of wireless communications, control and electronics technologies which are implanted in the 
infrastructure, vehicles, and users. As Tuominen and Ahlqvist (2010) state, by 2025-2050, the 
transportation system will be “a global system or a grid that functions and constantly communicates at 
every level: man-to-man, man-to-machine, and machine-to-machine”. 


The ITS encompass the three major elements of the transportation system namely, the infrastructure, the 
vehicles, and the users. The computing, information and communication technologies are coupled to 
these elements. Typically, the ITS are characterized along two dimensions: the functional categories and 
the user services. The general ITS subsystems or functional categories, based on the primary functional 
intent or application, include the ATMS (Advanced Traffic Management Systems), the ATIS (Advanced 
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Traveler Information Systems), the AVCSS (Advanced Vehicle Control and Safety Systems), the 
APTS (Advanced Public Transportation Systems), the CVO (Commercial Vehicle Operations), the 
EMS (Emergency Management Systems), and the EPS & ETC (Electronic Payment Systems & Electronic Toll 
Collection). 


Each of these functional categories includes a series of user services, such as: i) ATMS (Traffic Management 
Centers (TMC), ramp metering, adaptive traffic signal control, Variable Message Signs (VMS), HOT lanes), 
ii) ATIS (trip planning, location, route selection and guidance, en-route driver information, parking 
availability and reservation), iii) AVCSS (Intelligent Speed Adaptation (ISA), collision warning/avoidance 
systems, vision enhancement), iv) APTS (Automatic Vehicle Location (AVL), smart cards, Demand 
Responsive Transport (DRT), bus dedicated lanes, pre trip and en-route multi modal travel information), 
v) CVO (vehicle scheduling and dispatching, weight-in-motion, real time shipment status, monitoring 
hazardous materials cargo), vi) EMS (incident detection, emergency vehicle management, emergency 
notification and personal security), and vii) EPS & ETC (electronic toll collection, electronic road pricing, 
Automatic Vehicle Identification (AVI), variable parking fees, Vehicle Miles Travelled (VMT) fee system). 


The technologies associated with these functional categories and user services are diverse, at constant 
evolution, and can be considered as the basis that provides intelligence (the “I”) to the transportation 
system. In general, they can be accommodated into three major categories: i) Sensing/Surveillance (for 
example, GPS, probe vehicles, inductive loop detectors, radar and laser detectors, closed circuit TV 
cameras), ii) Communications (for example, dedicated short range communications, wireless networks, 
mobile telephony technology, digital broadcasting), and iii) Information/Control (for example, Internet, 
Geographical Information Systems, automatic passenger counter, ramp meters, computer controlled 
traffic signal systems, license plate recognition systems). The integrated utilization of these functions, 
services and technologies (or ITS), in a real time basis, will contribute to more efficient, safety and 
environmental friendly urban transport networks. 


The impacts of the urban traffic system are considerable in number and diversity. Normally, they are 
categorized according to the definition of sustainable transportation provided by the Council of Transport 
Ministers of the European Union and the Centre for Sustainable Transportation in Toronto (EU/CST 
definition) that considers the social/cultural, the economical, and the environmental dimensions. They are 
obviously interrelated and must be all taken into account for a truly holistic development of a sustainable 
transportation system but, due to the enormous attention that has been dedicated to the environmental 
dimension of sustainability, it was decided to accentuate this aspect. The traffic related environmental 
dimension, which is probably the most perceptible one, is “at the agenda” of the modern world being a 
priority in the political scene. 


People like cars because they provide transportation flexibility, they are often (not always) the fastest 
mode to reach a destination, they are private, they reflect a given position in society, and because people 
simply enjoy the sensation of driving (Sussman, 2006). Frequently, the most important Level of 
Service (LoS) variables for urban travelers, such as travel time, reliability, cost, waiting time, availability, 
comfort, and safety are “fulfilled” by the car. This significant utilization of private vehicles, allied to the 
growing mobility needs of modern societies, is causing notable congestion problems concentrated in and 
around cities where, according to Banister (2010), approximately 80% of the world’s population will live 
by 2030. As a result, the transportation sector is becoming increasingly linked to the environmental aspect 
(Rodrigue and Comtois, 2009). 


The environmental damages of this urban traffic congestion are quite dramatic (Eriksson et al., 2008) and 
are reflected on the air pollution, on the climate change, on the energy consumption, on the noise levels 
and vibration, on the land take and urban sprawl, and on the road accidents. The impacts on the 
environment are not just due to the vehicles’ travel activity. In fact, the construction and maintenance of 
the road infrastructure, the vehicles’ manufacturing, the vehicles’ maintenance, and the vehicles’ disposal 
are transportation related activities that may cause severe environmental damages. The air pollution is 
probably one of the most prominent cases and the most experienced by the urban citizens thus, it will be 
highlighted along this work. 
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2 European Backdrop and Portuguese Case 
In the following paragraphs it will be provided a description of the current European context and the 
Portuguese case, in particular, in terms of the major milestones, directives and practices concerning the 
deployment of ITS and the evaluation of the environmental impacts (air quality) of the urban traffic. 


2.1 Intelligent Transportation Systems 
The first works on ITS are assigned to U.S.A., Europe and Japan. Today, the ITS are spread through a 
considerable number of nations and countries. 


Japan, South Korea and Singapore are becoming the world leaders in what concerns ITS national 
relevance, deployment, and applications’ maturity (Ezell, 2010). In these countries, where the major goal is 
to provide real time traffic information on major urban expressways and arterials, the market penetration 
in ATMS, ATIS, APTS, and ETC applications has been prominent (Wu and Lee, 2007). The commitment and 
investment of the government and national authorities, and the synergies between public and private 
actors have been critical factors to achieve the leadership in the field. In the United States, the leader of 
ITS technologies in the 1990’s (with the GPS and the first generation of telematic systems), the adoption 
and deployment of ITS was not as successful as in the Asiatic countries. The ITS in U.S.A tend to be 
sporadic, isolated and not connected into a national integrated system. 


The European case is not so vibrant as the Asiatic but, the European Union (EU) has been making, since 
2006, considerable efforts to create a dynamic knowledge-based economy and an integrated vision for 
the information space. These efforts are also reflected in the transportation field, being the ITS one of the 
major applications of information and communication technologies. This vision and leadership is crucial 
for the development of the field but, by this time, there is still a lack of effective implementation. The 
majority of ITS applications that have been developed, since the 1980s, in areas such as traffic congestion, 
clean transport, and road safety, are stand alone systems that are neither integrated nor interoperable 
(like a “patchwork” of applications and services). Furthermore, the urban dimension asymmetries within 
European countries call for appropriate ITS solutions integrated in an overall framework but compatible 
with the city size. 


The European Commission (EC) has been underlying the relevance of ITS since 2001 when, with the White 
Paper on European transport policy for 2010: time to decide, the potential of ITS to provide solutions for 
the 21st century urban transportation system was manifestly emphasized. In its mid-term review Keep 
Europe Moving: Sustainable mobility for our continent, the agenda was renewed and, although following 
the main line of the White Paper, the concept of co-modality was underlined, given more importance to 
the efficient combination of the different modes instead of alternatives to the car. 


In 2008 the EC turned clear that the acceptance and market penetration of these intelligent novel 
applications and services was still low and, consequently, launched an Action Plan on Intelligent Transport 
Systems for Road Transport. This action plan aimed to accelerate and coordinate the deployment of ITS in 
road transport, in order to develop a more green, efficient, and safety transportation. This action plan was 
developed with the support of a wide consultation of stakeholders that enabled the identification of 
needs and priority issues. The majority of the stakeholders reveal that, for example, the deployment of ITS 
was slower than expected due to the lack of full coverage, consistent deployment and low penetration 
rates derived from too high costs for the public authorities. 


With this information, the Action Plan suggested six priority areas where mature and interoperable ITS 
applications can be deployed in the short to medium-term (until 2012-2014). They are (European 
Communities, 2008): a) optimal use of road, traffic and travel data (e.g., provision of real time traffic and 
travel information), b) continuity of traffic and freight management ITS services on European transport 
corridors and in conurbations, c) road safety and security (e.g., deployment of advanced driver assistance 
systems), d) integration of the vehicle into the transport infrastructure (e.g., adoption of an open in-
vehicle platform architecture for the provision of ITS services and applications), e) data security and 







 
ICIEOM 2012 - Guimarães, Portugal 


ID60.4 


protection, and liability issues, and f) European ITS cooperation and coordination (e.g., proposal for an ITS 
European legal framework, development of a decision support toolkit for ITS investment decisions). 


The actual initiatives taken by the EC comprise, for example, the Trans-European Transport Network 
Programme TEN-T, the GALILEO deployment, the eSafety project, the i2010 initiative on Intelligent Cars, 
the eCall project, and the 7th Framework Programme for Research and Technological Development (more 
details on each of these initiatives and related projects can be found at the website of the EC). The ERTICO 
European association for ITS has been actively working with the EC support in the R&D of intelligent 
initiatives for Cooperative mobility, Safety mobility, Info mobility, and Eco mobility. 


Regarding the intelligent urban mobility thematic, the EC launched a broad public consultation in 2007, 
involving the main stakeholders on urban mobility, gathering a consensus on the lack of efficient 
management of urban mobility, with ITS solutions underexploited or developed without due attention to 
interoperability, and on the need to establish a framework for ITS deployment in EU cities. 


As a result, the development of a sustainable urban mobility policy is a priority for world leaders, national 
governors and local authorities and the EC has been strengthen this preoccupation through the adoption 
of the Thematic Strategy on the Urban Environment in the 6th Environment Action Programme 2002-2012, 
the publication of the Green Paper Towards a new culture for urban mobility and the promotion of several 
initiatives like the European Mobility Week, the SMILE (The Gateway to Sustainable Mobility), the INSPIRE 
(Infrastructure for Spatial Information in Europe), and the CIVITAS (Cleaner and better transport in cities: 
CIty VITAlity Sustainability). All these plans and programmes recognize the car monopoly problem and the 
related environmental degradation, and identify the urban areas as the places that can significantly 
contribute to accomplish the EU policy objectives in the area of sustainable transportation. It is also 
highlighted the imperative responsibility of local authorities in the evaluation and enhancement of the 
environmental performance of their cities. 


The measures of this strategy, invoked as Sustainable Urban Transport Plans (SUTPs), intend to promote 
urban transportation systems more fluid, green, smart, accessible, and safe and are diverse: encouraging 
co-modality, and walking and cycling, promoting flexible, affordable and high quality public transport, 
encouraging car sharing and car pooling, endorsing urban charge schemes, promoting the development 
of clean, energy efficient transport technologies and alternative fuels, etc. 


Besides the EU networking support to improve and share knowledge between Member States, and the 
efforts to develop significant urban mobility initiatives and integrated databases, there are also common 
financial resources to assist national and local governors. They include, for example, the European 
Regional Development Fund and the Cohesion Fund that will contribute to almost 8 billion Euros for 
urban transportation during the period 2007-2013, the European Investment Bank that provides 
something like 2.5 billion Euros per year for urban transportation projects, the Intelligent Energy Europe 
programme, the CIVITAS initiative, and the 7th Framework Programme (FP7) for research and 
technological development. 


In 2009, to encourage this development, the EC launched the Action Plan for Urban Mobility that proposes 
twenty measures to encourage and help local, regional and national authorities in achieving their goals 
for sustainable urban mobility. This action plan, for the next four years, constitutes the first comprehensive 
support package in the field of sustainable urban mobility. The Action 20 refers to ITS for Urban Mobility 
and aims to complement the previously mentioned ITS Action Plan. The target goal is to develop an 
Urban ITS Platform, multi modal and broad in nature that can act as a guide to deploy ITS solutions on 
urban environments. 


The main barriers for ITS deployment are more organizational and institutional relying on the complexity 
of the urban transportation system with shared responsibilities across different stakeholders, the lack of 
“political will” and culture of ITS use, the variability in city size claiming for adjusted solutions, the lack of 
ITS expertise at the city level, the modal tension (mainly, car versus public transport), and the lack of 
interoperability and standards. 
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In Portugal, the ITS initiatives follow the same patchwork pattern that has been observed in the rest of 
Europe, with an obvious lack of institutional interest in the field. 


The National Strategic Reference Framework (QREN, 2007-2013), supported by the Structural Funds and 
the Cohesion Fund, provides three Thematic Operational Programmes and several Regional Operational 
Programmes which aim to qualify people and the national territory. The transportation field is obviously a 
strategic area involved in these programmes, including a particular regulation for Mobility. This regulation 
involves, as eligible actions, the development of transportation coordination centers, the promotion of 
sustainable mobility actions and alternative modes of transportation, the development of innovative 
solutions for public transportation, and the deployment of intelligent systems for passengers and drivers’ 
information, among others. 


The central administration body responsible for the coordination of inland transport with jurisdiction over 
the national territory IMTT (Instituto da Mobilidade e dos Transportes Terrestres), under the responsibility of 
the MOPTC (Ministério das Obras Públicas, Transportes e Comunicações) is, since 2009, a member of the 
European Platform for Mobility Management (EPOMM) (dedicated to the promotion and development of 
the European Mobility Management). Within this platform, the IMTT aims to develop a network for 
managing the mobility (CIDADES MÓVEIS, launched in April 2010) supported by the exchange of key 
information and knowledge between the involved European cities. 


The IMTT had established, in January 2010, the priorities of Portugal in the Urban Transportation field 
taking as reference the European Action Plan for Urban Mobility. The priorities include fostering the 
adoption of SUTPs, inciting eco driving habits, and analyzing financing sources. The development of IC 
Technologies for ITS is also a strategic concern but, unfortunately, without proper emphasis. In April 2010, 
the IMTT recognized the nonexistence of a coherent conceptual and operational framework devoted to 
this set of priorities and announced the Mobility Package which is a national strategy for mobility. This 
package includes a set of national directives (e.g., to ensure accessibility for all citizens, to reduce the 
negative environmental impacts of urban mobility, to promote the rational utilization of motorized 
vehicles, to improve the information about transportation and urban mobility, to involve the public on the 
decision processes), a guide for the elaboration of Mobility and Transportation Plans directed to the 
municipalities, a set of thematic fliers on sustainable mobility solutions (e.g., demand responsive 
transportation, car sharing), a collection of technical brochures on methodologies and technical tools for 
mobility solutions (e.g., Origin/Destination surveys, traffic counts), and a guide for the elaboration of 
enterprise and services plans. 


At the municipal level, the CIVITAS PLUS Projects (co-funded by the EU, from 2008 to 2012) are by now in 
intense activity. The group includes different target projects where are included some Portuguese cities 
(e.g., the CIVITAS ELAN project with the partner city of Oporto, the CIVITAS MODERN project with the 
partner city of Coimbra). A brief overview of the Portuguese medium size municipalities’ websites reveals 
that only some of them display a section dedicated to Mobility describing the different sustainable 
mobility projects that the municipality is promoting (e.g., the LifeCycle project in Aveiro, the Bus Blue Line 
in Bragança and Viseu). They also display insipient Geographical Information Systems (GIS) services that 
enable the interactive search of geo referenced information mostly related with road infrastructures and 
parking areas. These websites are considerably different and puzzled with a lack of clear and relevant 
information concerning the mobility issues. 


This fragmented pattern reflects, at some degree, the multifaceted problem of the Portuguese 
jurisdiction/organization associated to a lack of guidance strategies and coordinated policies. The 
municipalities are under the jurisdiction of Metropolitan Areas (AMTL and AMTP, for Lisboa and Porto, 
respectively) and/or Regional Authorities (CCDRs, Comissões de Coordenação e Desenvolvimento Regional, 
based on the statistical territorial units NUTS II) that are under the jurisdiction of the Central Government 
(MOPTC, MAOTDR, IMTT and INIR (Instituto de Infra-Estruturas Rodoviárias)) that manages the EU 
structural funds and must follow the EU directives. According to Viegas (2009), the European and national 
integrative guidance, strategic framework, and support are vital to the development of sustainable urban 
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mobility solutions but, it is the municipality that has to develop its own mobility strategies and plans and 
then engage the regional and national authorities in that tailored plans. 


In terms of R&D and education, the country has been significantly active with several research projects 
approved by the Foundation for Science and Technology (FCT) in the “Engineering Systems – Transport” 
track, with the post graduate courses in ITS offered by the MIT Portugal Program, and with the research 
projects being developed under this conjoint Program. 


The ITS deployments like advanced traffic monitoring systems, highway management systems, electronic 
toll collection systems, and intermodal traveler information systems are, for the Portuguese case, relatively 
scarce and, usually, limited to major urban centers. The medium size municipalities, which are spread over 
a considerable part of the territory, are implementing some piecewise intelligent solutions, yet with a clear 
lack of integrated guidance and support. 


Probably, the most famous ITS in Portugal is the system Via Verde that is a national system for electronic 
toll collection, using RFID technology. Since 2002, the system has been enlarged to allow the electronic 
payment at fuelling stations and parking areas, and the access to restricted historic zones in Lisbon. The 
website from Estradas de Portugal displays, to the public, a traffic monitoring system supported by 
cameras and sensors installed along the major arterials of metropolitan areas and along national 
highways, a system of road incidents’ alert, and a route planner tool. The Advanced Traffic Management 
Centre at Vasco da Gama bridge is another example of ITS. 


The national mass transit companies like Carris and STCP provide the general public with several 
Intelligent APTS that are strongly supported by AVL systems that enable GPS-based fleet location. The 
electronic panels at bus stops that display the “next bus” arrival time, the sms services to inform the public 
about the waiting times at given bus stops, the contact and contactless Smart Cards for “virtual” payment 
and multimodal travel, and the route planning services with public transportation are well known 
examples of these intelligent services. The ITS car sharing initiatives are also intelligent solutions 
supported by national public transportation companies and private business companies (e.g., Mob 
Carsharing from Carris, Citizenn.com from Transdev). The private companies Advantis, Critical, Dynasys, 
Efacec, Link, Makewise, NEC, OPT, SolTráfego, and TIS are examples of ITS stakeholders that contribute 
with their technical products and consulting services for Portuguese intelligent urban road solutions. 


The cooperation between all the stakeholders of the urban transportation system like national, regional 
and local authorities, citizens and users, public transportation organizations, employers and employees 
associations, urban transportation industries, universities, and research agencies is decisive to achieve the 
goals of sustainability. Furthermore, the public involvement and participation in the decision processes is 
critical to guarantee their commitment with the mobility system and to encourage effective change in 
their behaviors. It is probably the best option to attain well succeed plans of action. The public 
participation is becoming a more relevant issue in modern societies being one of the directives of the 
national Mobility Package. 


2.2 Environmental Impacts – Air Quality 
The Air Quality Framework Directive, adopted in 1996 (with following revisions known as “air quality 
daughter directives”), the Clean Air for Europe (CAFE) Programme, launched in 2001, the following 
Thematic Strategy on Air Pollution, adopted in 2005 under the 6th Environment Action Programme, and 
the EU Air Quality Directive, released in 2008, represent the most emblematic EC milestones regarding the 
air quality subject. These rules provide target values for the major air pollutants and force the Member 
States and their local authorities to monitor air quality, to provide information to the public, to introduce 
improvement plans and programmes in order to meet the specified criteria, and to develop better 
systems for gathering information, modelling and forecasting. The main underlying objective is to deliver 
cleaner air raising the overall quality of life for every European, with particular concern for vulnerable 
groups such as children, elderly people, and pregnant women. The air quality directives are aligned with 
the guidelines provided by the World Health Organization (WHO). 
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The EU air quality concerns cannot be dissociated from the other European policy intervention areas like 
the vehicle emissions, the alternative fuels and the fuel quality, and the inspection and maintenance 
programmes for vehicles. Regarding the first aspect, the stricter longer term EURO 6 standard is 
scheduled to enter into force in January 2014 and will mainly reduce the emissions of NOx from diesel 
cars. The Renewable Energy Directive aims to increase the share of renewables in energy use to 20%, by 
2020, and the share of biofuels to 10%. The Fuel Quality Directive, from 2009, sets the technical 
specifications for the content of gasoline and diesel fuels in order to reduce the emission of key air 
pollutants and to achieve the GHG reduction target of 20% (by 2020). 


The directives and guidelines for air quality have also significant synergies with the strategies and rules for 
the Urban Environment. As stated in the Thematic Strategy on the Urban Environment, from 2006, “Four 
out of five European citizens live in urban areas, and their quality of life is directly influenced by the state 
of the urban environment”. In line with the 6th EAP, the Strategy encourages the Member States and the 
local authorities to adopt more integrated approaches to manage the urban space, improving the quality 
of the urban environment, making cities more attractive and healthier places to live, and reducing the 
adverse environmental impacts of urban metabolism. The European Action Plan for Mobility, from 2009, 
proposes twenty measures for the effective achievement of sustainable urban mobility, mentioning the 
critical role of ITS for that purpose. 


Despite the efforts of the EU and Member States to develop greener urban spaces, and the improvements 
that have been achieved in the last decades (mainly through fuel quality improvements, more efficient 
engine technologies, and development of cleaner fuels), the growth of transport, the increasing number 
of diesel cars on the market (when compared to gasoline engines, they emit less CO2 but they may lead to 
an increase in the PM emissions), the large number of short trips, and the current traffic congestion may 
offset the benefits derived from those improvements. Based on several epidemiological and toxicological 
studies, the latest version of the Air Quality Guidelines, from the WHO, recommends target values for the 
main air pollutants. These values aim to support the action of policy makers and public authorities in 
order to establish long term sustainable actions to protect the population health. 


The EU Air Quality Directive, from 2008, also defines that Member States should divide their territories 
into a number of air quality management zones and agglomerations reflecting the population density. For 
each of the defined areas it is requested to assess air quality using measurements, modelling, or other 
empirical techniques. Whenever possible, modelling techniques should be used to enable point data to be 
analyzed in terms of geographical distribution of concentration. When the air quality is good it should be 
maintained or improved. When pollutant levels are elevated, they must prepare plans and programmes to 
comply with air quality legislation. They are also forced to inform the public and warning particularly 
sensitive population groups regarding poor air quality episodes (EEA, 2010). 


For the Portuguese case, the national entity in charge of these matters is the Portuguese Environment 
Agency (Agência Portuguesa do Ambiente - APA), under the jurisdiction of the Ministério do Ambiente e do 
Ordenamento do Território. The agglomerations are characterized by a population in excess of 250 000 
inhabitants or by a density greater than 500 inhabitants/km2 but with a population not inferior to 50 000 
inhabitants. The monitoring stations (which were, for the year of 2010, 72) are installed according to 
population and exceedences numbers, and are classified according to the type of area where they are 
located (urban, suburban, and rural) and the type of emissions source that determines the pollutant levels 
at the station (traffic, industrial, and background). The majority of traffic stations is located in the more 
populated agglomerations of Lisboa Norte and Porto Litoral. 


A recent study performed by APA revealed that the most preoccupant levels of pollutants were observed 
for PM10 and O3, followed by NO2 in the agglomerations of AML Norte and Porto Litoral. The exceedences 
for the daily and annual limit values of PM10 occurred in several agglomerations (e.g., Vale do Ave, Porto 
Litoral, Aveiro/Ílhavo, AML Norte, Setúbal) while the exceedences for the target value and long term 
objectives of O3 were generalized through the territory. 
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In order to establish a national information system for air quality, the APA has developed a national online 
database (QualAr) that makes public the data from each monitoring station. It is also provided a daily Air 
Quality Index (IQAr) for each zone and agglomeration. The Air Quality Index is an important informative 
tool that aggregates information on different pollutants and provides a simple and clear message for the 
general public. The computed values are compared with a set of concentration intervals associated with a 
5 grade colored scale, and the pollutant(s) with higher concentrations dictate(s) the final color of the 
Index (from green - Very Good to red - Bad). For example, the red Index suggests that every adult should 
avoid open air exercise and the sensitive groups (children, elderly, and individuals with respiratory 
problems) should stay at home with closed windows. The Agency also offers, since 2006, an air quality 
forecasting system (PrevQualAr) that provides a daily forecast for the pollutants that are exceeded more 
frequently and that are considered to be more damaging to human health (PM and O3). 


This air quality information is only available for the zones/agglomerations that have monitoring stations. 
For the particular case of traffic monitoring stations, the air quality data is restricted to an area on the 
proximity of that station. The mass emission rates are averaged to form hourly or daily mean values. For 
example, the medium size city of Aveiro, belonging to the agglomeration Aveiro/Ílhavo, has just one 
urban traffic monitoring station and it is quite evident that the city has other traffic hot spots. The 
installation and maintenance costs of these facilities is expensive and is not a feasible option for the 
majority of Portuguese municipalities. There exist other roadside instruments to measure the emissions 
from a specific vehicle as it passes or on board air quality monitoring vehicles that measure data directly 
from real world conditions (e.g., SNIF AirLab mobile laboratory from Universidade Nova de Lisboa) but, 
once again, these monitoring techniques are expensive and impractical for widespread utilization. 


Furthermore, without a modelling basis it is not possible to test ITS strategies and evaluate their 
environmental impacts, before to implement the adequate traffic solutions. Whenever possible, the 
combination of monitoring & modelling techniques offers the best approach to tackle the urban 
environmental assessment problem, enabling the development of simulation models and forecasting 
analysis. 


3 Intelligent Measures for Urban Green Transportation 
The traffic related environmental impacts are increasingly relevant in the contemporary discussion of 
sustainable transportation and urban livability. The estimation of the urban traffic contributions for air 
quality are particularly important to evaluate pollution reduction measures (e.g., dynamic speed limits, 
VMS, ramp metering) and to implement them appropriately (Smit et al., 2010). Furthermore, to keep the 
citizens informed and vigilant is vital to their well being and to achieve some behavioral changes. 


The primary studies in the field of transportation have emphasized the congestion mitigation but, the 
present day challenges claim for an emphasis on environmental impacts reduction (mainly, air quality, 
noise and fuel consumption). The measures to reduce congestion and the measures to reduce traffic 
emissions are usually different and can be, sometimes, conflicting. For example, the settlement of 
dedicated bus lanes can improve the traffic operation but may increase the CO emissions by cars (Chen 
and Yu, 2007). Consequently, the urban traffic strategies should consider both aspects: mitigating traffic 
congestion and improving traffic operations while reducing traffic emissions. To evaluate these strategies 
the modelling approach is fundamental since it enables the assessment of the impacts on emissions of 
traffic control measures or ITS deployments. 


The Figure 1 presents a collection of measures (and a set of instruments), mainly related with ITS solutions 
(that the authors named as Intelligent Measures), that the urban municipalities can appraise and 
implement in order to achieve a more “greener” traffic system. The ITS can contribute to reduce the 
environmental side effects of traffic and thus deliver better quality of life and long term sustainability of 
towns and cities (Bell, 2006). As already mentioned, measures to mitigate congestion are not always 
measures that reduce emissions and consequently, they all must be evaluated, by means of 
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modelling & simulation, to assess, simultaneously, the potential impacts on the traffic operations and on 
the environment (Traffic & Environment). 


 


International, European and National policies, directives, regulations, standards and programmes


INTELLIGENT MEASURES FOR URBAN GREEN TRANSPORTATION


Reduce car utilization Deal with car utilization
City Citizen Roads Car Driver


SUSTAINABLE URBAN TRAFFIC & ENVIRONMENT SYSTEM


Political


Technical


Informational


Land-use/spatial planning
- concentrate urban services and residential buildings
- place new developments around public transport nodes
- parking spaces for electric vehicles
- encourage telecommuting, flexitime, and peak-hour spreading


Public transportation services
- increase frequency, coverage, reliability, punctuality,
   cleanness and safety of bus services
- afordable prices and smart charging systems
- efficient and pleasant terminals and intermodal interfaces
- park & ride facilites, dedicates bus lanes, traffic signal prioritiy
- BRT, DRT, integrated smart ticketing


Traffic restraint & car occupancy
- physical (limited speeds, low-emission zones, parking
   restrictions…)
- financial (charge fuels, road congestion charges, charge park
   utilization, quotas on number of vehicles…)
- car-pooling, DRT
- dedicated lanes for vehicles with more than one occupant


Walking & cycling
- dedicated walking and cycling lanes
- pleasant sidewalks, green spaces, reduced car speeds
- bike racks for buses and trains, bike-sharing services


Public campaigns
- provide clearly targeted personal information
- inform about the local initiatives and involve citizens
- inform the citizens about traffic & environment & health
- establish networks, share experiences and best practices


Technological advances
- catalytic converters, particulate filters
- unleaded gasoline, low-sulfur fuels, biofuels
- hybrid and electric vehicles
- silent pavements
- ISA, collision warning/avoidance systems
- emergency braking systems, night-vision systems
- incident detection systems


Traffic operations management & control
- Traffic Management Centres
- ramp metering, HOT lanes
- speed limit control, VMS
- traffic signal control
- route planning and navigation systems
- AVL, AVI
- en-route driver information, parking information
- incident detection systems, emergency vehicle managment


Driver behaviour patterns
- vehicle inspection/maintenance routines
- encourage vehicle retirement
- campaigns to respect speed limits, drive with no-alcohol
- eco-driving
- VMS, ISA, collision avoidance systems
- en-route driver information


 
Figure 1: Classification of Intelligent Measures for Urban Green Transportation. 


The proposed classification of Intelligent Measures embraces two major categories: Measures to reduce 
car utilization and Measures to deal with car utilization. The first category, probably the most sustainable 
and “green”, aims to encourage the utilization of alternative modes such as public transportation, walking, 
and/or cycling. The second category, probably the most pragmatic one, in the short term horizon, aims to 
improve traffic operations in order to both reduce congestion and mitigate the resulting adverse 
environmental impacts, and is effectively more related with the ITS philosophy (it does not aim to increase 
capacity by building more roads). The first category can be considered as “political” while the second one 
can be entitled as “technical” since the main instruments within each one are more related with 
strategic/political decisions and operational/technical decisions, respectively. The “informational” 
dimension, as the means to attain and disseminate information, is transversal and critical for both 
categories and relies on modern sensing, surveillance, communication, and computing technologies. 


The focus units of the former category are the city and the citizen. The focus units of the latter category 
are the car, the roads, and the driver. The measures within the categories should be supported by a legal 
framework that is, by international, European, and national directives (e.g., Air Quality Directive), 
regulations, standards (e.g., EURO standards), and programmes (e.g., CIVITAS). Obviously, the categories 
and associated measures and techniques are not exclusive and present a high synergetic degree. So, 
whenever possible, they should be combined in order to attain a truly holistic sustainable urban 
traffic & environment system. 
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4 Conclusion and Further Work 
The described measures can both contribute to smooth urban traffic and to mitigate the negative 
environmental effects but, as also mentioned, this is not always true (e.g., the road humps can benefit 
local speed reduction but, the associated deceleration/acceleration typical profile can increase emissions) 
and consequently, it is vital to test each of these instruments before to deploy them. This fully integrated 
traffic & environment operations management system is essential to support the urban transport 
decisions of every medium size (and large) city. 


The local authorities have a fundamental role in improving the traffic & environment system of their 
urban jurisdictions. Locally developed tailor made solutions, based on public consultation and active 
participation, are essential to make the city more attractive, cleaner and healthier thus, a better place to 
live, work, and play. A higher level supporting institutional framework is as well critical to hold up strategic 
guidance, coordination and cooperation and to steer the actions towards a sustainable urban traffic 
system. According to the European Environment Agency, the EU policies and programmes have been 
mostly sectoral in nature and project driven, and the urban management requires more integrated and 
comprehensive approaches to address the modern challenges, as well as a solid basis of information and 
intelligence to support decision making. 


With these concerns in mind, the authors intend to carry on this traffic & environment work by 
developing (using a holistic systems engineering approach) an integrated system that can act like a 
comprehensive database, modelling & simulation platform for the municipalities. This platform can be 
supported by a GIS, several microsimulation models (e.g., traffic microsimulation models) and 
3D visualization tools able to appropriately describe the urban traffic & environment dynamics and to 
support cooperative decision environments involving technical and non-technical stakeholders. 


The Thematic Strategy on the Urban Environment and the Green Paper highlight the imperative 
responsibility of local authorities in the adoption of more integrated approaches to urban management, 
and in the evaluation and enhancement of the environmental performance of their cities which should 
become more fluid, green, smart, accessible, and safe. The EU Air Quality Directive reinforces the need to 
assess urban air quality and the obligation to inform the public. Like in the traffic system, monitoring the 
environment is expensive, geographically limited, and not adequate to test alternative strategies and 
scenarios so, modelling is a decisive way to deal with the subject. The proposed platform considers the 
traffic & environmental modelling as a key aspect and highlights the need of micro approaches to offer 
personalized urban traffic & environment services. It is the authors’ conviction that more greener mobility 
habits can proliferate with the availability and dissemination of information on the traffic & environment 
relationships and on the adverse effects of urban traffic on health. 
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Abstract 


The sugar cane and ethanol agricultural industrial sector has emerged as one of the most prominent 
industrial sectors in developing countries like Brazil. Sustainability issues are now more and more 
important and companies from this sector have been structured their operations to achieve positive 
results. One of the ways of doing that is by implementing an integrated quality and environmental 
management system. In this context, this paper aims at identifying the relevant practices related to 
integrated management systems in four organizations that belong to the sugar cane and ethanol 
industrial sector. Data were gathered through a questionnaire and semi-structured interviews. The paper 
highlights relevant issues in policy of the four units. An individual case description is made in addition to a 
cross-case comparison. As a result, an analysis of management systems in those units enables to raise 
important issues on how the studied companies take care of their environment economically and with 
their use for continuous improvement. Finally, the evidence shows a general concern for the environment 
although this is demonstrated by a culture of reducing residuals and the control of waste of natural 
resources. 


Keywords: integrated management system; IMS, sustainability; sugar cane and etanol; Brazil. 


1 Introduction 
The sugar cane and ethanol agricultural industrial sector has emerged as one of the most prominent 
industrial sectors in developing countries like Brazil, both in the domestic and international markets. Brazil 
is one of the world’s largest sugar and ethanol exporters, a market with many growth opportunities. In 
fact, until 2006, the country was the world’s main producer. Since then, the US has assumed the leading 
position. Nevertheless, Brazil’s ethanol production is expected to triple by 2020. As a result, there has 
been a lot of discussion about how to recapture the lead either in terms of technological or managerial 
issues. 


Sustainability is another important aspect added to this current discussion. The traditional concept of 
sustainability involves three fundamental assumptions. The first is that businesses have an interest in 
generating value in the long term. The second is that business conduct, which is destructive to the natural 
or social environment, will ultimately give rise to burdensome direct and indirect costs – either through 
the imposition of formal penalties imposed by governments or through the loss of value in damaged 
relationships with key stakeholders including: customers, current and future employees, shareholders, and 
so on. Finally, it is argued that the pursuit of sustainable growth creates new commercial opportunities for 
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businesses that are able to develop and market new goods and services that help to achieve the goals of 
sustainability (Longstaff, 2002). 


Currently, this concept has become more widespread. Sustainable development has three dimensions 
(Fresner and Engelhardt, 2004): social, ecological, and economic, and a number of issues need to be 
considered with regard to quality, the environment, and occupational health and safety. Standardized 
management systems, such as ISO 9000 for quality management and ISO 14000 (2004) for the 
environmental management, have become a widespread phenomenon all over the world (Jonjer and 
Karapetrovic, 2006). The global number of ISO 9001 and ISO 14001 certifications are now over 1 million 
and 220 thousand (ISO, 2009), respectively. As those systems and others (e.g., OHSAS 18001 for health 
and safety and SA 8000 for social accountability) have a lot in common (Fresner and Engelhardt, 2004), a 
dominant current trend is toward integration (Jorgensen et al., 2006). Integrating systems has emerged as 
one of the major tasks for practicing managers (Karapetrovic and Willborn, 1998). The integration of such 
systems may reduce costs and redundancies (Beckmerhagen et al., 2003) and synergy can be realized 
(Fresner and Engelhardt, 2004). 


It is then imperative that the companies develop and implement an integrated management system – IMS 
(Beckmerhagen et al., 2003). The authors add that there is evidence in the literature and practice that 
organizations are slowly starting to tackle the IMS issue, mainly by putting an integrated quality and 
environmental management system in place. Moreover, an international standard covering integration 
methodologies does not currently exist; at the national level, different countries have developed 
guidelines for integration, for example in Australia and New Zealand: AS/NZS 4581: 1999, in Denmark: DS 
8001: 2005, in Spain: UNE 66177: 2005, and in the United Kingdom: PAS 99: 2006 (Bernardo et al., 2009). 
In this context, this paper aims at demonstrating the results of an investigation whose objective it is to 
identify relevant practices related to an integrated management system (IMS) in an organization that 
belongs to the sugar cane and ethanol agricultural industrial sector. More specifically, it assesses 
sustainability issues in the context of an IMS. The work was conducted in the state of São Paulo, Brazil, in a 
highly industrialized region that produces sugar and ethanol. Case-based research was used as the 
methodological approach, grounded in the literature presented next. 


2 Literature Review 
The concept of integration is understood from different points of view and is examined in the literature by 
several authors (Wilkinson and Dale, 1999; 2001; Zutsi and Sohal, 2005; Jorgensen et al., 2006). For the 
purpose of this paper, the concept of integration is understood as a combination of several common or 
inter-related elements of the management systems aiming at the greater effectiveness of overall 
management. Integration involves more than just adding elements of systems that have been structured 
by experts (Fresner and Engelhardt, 2004) and cannot be defined as putting different systems into a 
unique manual (Wilkinson and Dale, 1999). 


A genuinely integrated system is one that combines management systems using an employee focus, a 
process view, and a systems approach that makes it possible to put all the relevant management standard 
practices into a single system (Pojasek, 2006). The integration of different management systems is related 
to quality, environment, and health and safety (Wilkinson and Dale, 1999) and more recently associated 
with social responsibility (Jorgensen et al., 2006). The literature points out that various approaches to the 
integration of management systems have emerged. An integrated management systems form a kind of 
‘system of the systems’ (Wilkinson and Dale, 1999), having the objective of using the existing synergies 
between those standards/systems during the development and implementation of a managerial system 
(Mackau, 2003). Basically, an IMS involves systems that are based on ISO 9001, ISO 14001, OHSAS 18001, 
and SA 8000 standards, and they are summarized as follows. 
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2.1 ISO 9001: 2008 – Quality Management System 
ISO 9001 can be regarded as one of the most successful standards that has been deployed around the 
world having as its main objective to develop a quality management system for the organizations. The 
first release was issued in 1987 as a quality assurance system and in 1994 its first revision was carried out. 
In this version, the quality assurance system had 3 sub-standards (ISO 9001, ISO 9002, and ISO 9003) that 
were applied according to the scopes of the organizations. Since then, there have been 2 versions to 
replace the 1994 version, one in 2000 and the 2008 version, which is presented as ISO 9001:2008 and has 
as its main, explicit goals: improve effectiveness via process performance metrics; continuous process 
improvement and customer satisfaction. The ISO 9001:2008 defines a set of quality management system 
requirements that are listed in the following elements: Quality management system (clause 4); 
Management responsibility (clause 5); Resource management (clause 6); Product realization (clause 7) and 
Measurement, analysis and improvement (clause 8) (ISO, 2008). The standard requires from the 
organization an internal procedure in order to develop the documentation needed in order to 
demonstrate the planning, operation, and control of its processes and the implementation, and 
continuous improvement of the effectiveness of its Quality Management System (Naveh and Marcus, 
2005). 


2.2 ISO 14001 - Environmental Management Systems 
ISO 14000 is a series of international standards on environmental management, was first published in 
September 1996, amended in November 2004, and the main thrust for its development came as a result 
of the Rio Summit on the Environment held in 1992. It provides a framework for the development of an 
environmental management system (Lagodimos et al., 2007). The standard is meant for any organization 
that wants to achieve the following: establish, implement, maintain, and improve an environmental 
management system; assure itself of conformity with its stated environmental policy and demonstrate 
conformity with this international standard. The requirements of ISO 14001 (2004) is a management tool 
enabling an organization of any size or type to: identify and control the environmental impact of its 
activities, products, or services; improve its environmental performance continually; implement a 
systematic approach to setting environmental objectives and targets, to achieving these and to 
demonstrating that they have been achieved (ISO, 2010). During the implementation process of ISO 
14001, some key points that must be observed are (Zutshi and Sohal, 2004): environmental policy, 
planning, implementation, operation stages; inspection and corrective actions; management oversight. 


2.3 OHSAS 18001: Occupation Health and Safety Assessment Series 
An occupational health and safety management system (OHSAS) is used to establish an OH&S policy and 
to manage OH&S risks, being composed by interrelated elements that include responsibilities, authorities, 
relationships, functions, activities, processes, practices, procedures, and resources. OHSAS 18001 (BSI, 
2007) is an occupational health and safety standard that is used to establish your occupational health & 
safety management system, and even though it is not recognized as a standard by ISO (International 
Organization for Standardization), it is internationally recognized by most organizations in terms of third-
party certification. This standard emerged in 1996 as BS 8800 - Guide to Occupational Health and Safety 
Management System. In 1999 was updated and released under the title OHSAS 18001, being the first 
internationally recognized assessment specification for occupational health and safety management 
systems (Zeng et al., 2007). The process of revising OHSAS 18001 started in 2005, and the version OHSAS 
18001 standard was published on July 2007. The new version is more results oriented than the previous 
version and it is better aligned with the ISO 9001 and ISO 14001standards. OHSAS 18001 defines a set of 
occupational health and safety management system requirements that are listed in the following 
elements (OHSAS 18001:2007, 2010): General requirements (4.1); OH&S policy & commitment (4.2); 
Planning (4.3); Hazard identification, risk assessment/control (4.3.1); Legal and other requirements (4.3.2); 
Objectives (4.3.3); OH&S management program(s) (4.3.4); Implementation and operation (4.4); Structure 
and responsibility (4.4.1); Training, awareness, and competence (4.4.2); Consultation and communication 
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(4.4.3); Documentation (4.4.4); Document and data control (4.4.5); Operational control (4.4.6); Emergency 
preparedness and response (4.4.7); Checking and corrective action (4.5); Performance measurement and 
monitoring (4.5.1); Accidents, incidents, non-conformances and corrective and preventive action (4.5.2); 
Records and records management (4.5.3); Audit (4.5.4); Management review (4.6). 


2.4 Social Accountability 8000 - SA 8000 
SA 8000 is an international certification standard that enables organizations to develop, maintain, and 
apply socially acceptable practices, becoming the first global standard to ensure the sourcing and 
production of goods and services. It has been developed based on the conventions of the International 
Labor Organization, the Universal Declaration of Human Rights, as well as the United Nations Convention 
on the Rights of a Child, being applicable to companies regardless of the economic sector, scale, and 
location (SAI, 2010). It was created in 1989 by Social Accountability International (SAI), an affiliate of the 
Council on Economic Priorities, and is viewed as the most globally accepted independent standard in the 
areas that address child labor (element 1); forced labor (element 2); health and safety (element 3); 
freedom of association and collective bargaining (element 4); discrimination (element 5); disciplinary 
practices (element 6); working hours (element 7); compensation (element 8) and management systems 
(element 9). It is possible, however, for other specifically designed systems to be part of the IMS, such as 
(Karapetrovic, 2002): aerospace (AS 9100), automotive (ISO TS 16949), ergonomics, and 
telecommunications (TL 9000). Even with some experiences in implementing different quality 
management systems and a growing number of academic publications, practitioners are still facing 
difficulties in the process of introducing such systems in addition to deriving benefits (Zutshi and Sohal, 
2004). An overview of the literature and an examination of the concept of integration are provided by 
Wilkinson and Dale (2002). Table 1 presents a summary of some publications on integrated management 
systems. 


Table 1: IMS Literature. 


General Objective References 


Discusses quality (ISO 9001) and environmental (ISO 14001) management system integration by 
providing strategies to achieve integration 


Karapetrovic and 
Willborn (1998) 


Presents a literature review of integrated management systems dealing with quality, 
environmental, and health and safety management 


Wilkinson and Dale 
(1999) 


Proposes a theoretical model based on empirical research that provides details of a integrated 
management system that considers the dimensions of quality, environmental, and occupational 
health and safety management 


Wilkinson and Dale 
(2001) 


Discusses issues for the development of an integrated management system in addition to 
supporting audit methodologies. 


Karapetrovic (2002) 


Focuses on the integration of a safety management system within an integrated management 
system in the nuclear industry 


Beckmerhagen et al. 
(2003) 


Provides a summary of the most important issues regarding integrated management systems, 
including the main problem, the reasons behind it, the differentiating routes toward a solution, 
and the meaning of the solution itself 


Karapetrovic (2003) 


Analyses two case studies that demonstrate integration of the environmental, quality, health, 
and safety dimensions in two small companies in Australia 


Fresner and Engelhardt 
(2004) 


Discusses how a systems approach to management can be used to facilitate the development 
and implementation of an integrated management systems and provide a set of criteria for 
selecting the most appropriate IMS model 


Jonker and 
Karapetrovic (2003) 


Presents the experiences of three organizations in Australia that undertook the integration of 
their management systems for quality, environmental, and occupational health and safety 


Zutshi and Sohal 
(2004) 


Discusses three different levels of integration considering ISO 9001, ISO 14001, OHSAS 180001, 
and SA 8000 and a proposal for national IMS standards in Denmark and Spain 


Jorgensen et al. (2006) 
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In considering an investigation of IMS in the sugar cane and ethanol agricultural industrial sector as 
relevant, this paper conducts a study on one of the biggest sugar cane and ethanol organizations in Latin 
America, whose research methods are described next. 


3 Research Methods 
The methodological research approach for this work can be categorized as case-based research. 
Guidelines in the existing literature (Yin, 1994; Cauchick-Miguel, 2007) were followed for data collection 
and analysis. The steps that were carried out for conducting the case study were (Cauchick-Miguel, 2007): 
(i) define a theoretical structure; (ii) plan the cases; (iii) collect data; (iv) analyze data; (v) generate a report. 
Case selection was limited to companies located in the state of São Paulo in Brazil. The rationale is based 
on a government survey (CONAB, 2006) that identified 370 organizations that produce sugar and ethanol. 
The results of that survey indicated that the companies in the state of São Paulo are the most prominent 
in the industrial sector. Table 2 shows the importance of production in the state of São Paulo. 


Table 2: Comparison between the State of São Paulo (SP) and Brazil (BR). 


Measure BR SP Ratio  


Number of organizations 437 182 41,65% 


Number of companies in construction 21 6 28,57% 


Area planted with sugar cane (million hectares) 9.9 5.15 52,02% 


Average productivity (tons per hectare) 69.1 52.2 - 


Sugar production (million tons) 31.05 19.60 63,12% 


Ethanol production (billion liters) 25.10 16.70 66,53% 


Jobs (in thousands) ~1.000 ~400 - 


Source: data from UNICA (2010). 


Table 2 shows that the number of organizations in the state of São Paulo (SP) is relevant as well as 
production. Moreover, nearly one third of firms have more than a half of production (sugar and ethanol). 
A general profile of companies is shown in Table 3. 


Table 3: Characteristics of the companies. 


Characteristics Unit A Unit B Unit C Unit D 


City Piracicaba Rio das Pedras Tietê Cerquilho 


Cane production* 4,180,869 1,021,346 442,052 1,039,447 


Sugar cane production (t)* 311,705 107,698 36,206 76,439 


Ethanol production (million liters)* 167,396 15,272 16,358 60,120 


Ranking (sugar production in the country) 11 34 121 98 


Ranking ethanol production in the country 24 174 154 113 


* Source: Data from UNICA (2010) 


As can be seen in Table 3, companies vary from large to medium plants in terms of production or ranking 
in the country. Nevertheless, all of them may be considered relevant for the present study. A 
questionnaire was developed and sent to the companies to collect data concerning their IMS. It 
comprised three sections: (i) characterization of the interviewee, (ii) characterization of the company, and 
(iii) the assessment of the level of sustainability of the unit of analysis. The following issues relevant to 
integrating the management systems were considered: company policy; objectives, goals, programs; 
awareness and training; document control, assessment and monitoring, complaint management, 
preventive and corrective actions; internal auditing; and critical analysis. The company representative 
assessed these issues using a scale from 1 to 10 (1 – ‘not realized at all’ to 10 – ‘totally realized’). Three 
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prior pilot applications of the questionnaire were done to enhance the instrument in both format and 
content. Some criteria for selecting respondents were used, e.g.: experience, education (preferably a 
graduate degree), professional relationship to the production management and/or quality management 
system. After sending the questionnaire, semi-structured interviews were conducted with the company 
quality manager to clarify some points of the questionnaire that were doubtful. Other sources of evidence 
were used (e.g., document analysis) when available. This allowed a triangulation of the sources of 
evidence in the data content analysis in some parts of the study. 


4 Results 
The assessment results of the organizational sustainability in the units are summarized in Figure 1. The 
elements in Figure 1 have been extracted from the literature and have a direct or indirect relation with an 
integrated management system. This section firstly describes the individual results from each unit and 
then presents a summary comparing them. 


4.1 Unit A 
The unit A was founded in 1936, with 4,000 employees and a total installed capacity for grinding 24,000 
tons of sugar cane, producing 41,500 sugar sacks, and 1,250 thousand liters of alcohol daily. The company 
has 19 producing units, two refineries, and two harbor distribution terminals, besides for the three 
industrial units being built. Concerning the process of producing ethanol, the company implemented the 
technology of molecular sieves, allowing the production of anhydrous ethanol without the need for using 
the dehydrator cycle-hexane, allowing the production of a purer, non-polluting product. In terms of 
measures for the productive performance, the organization shows growth on the sugar and ethanol 
production in past years. 


4.1.1 Evaluation of the organizational sustainability in Unit A 
The assessment for this unit shows that the evaluated elements are applied in its production environment 
as for elements 3, 6, 7, and 8. Those elements point out that there is a company policy that concerns the 
environment, employees, and society. This can be demonstrated by the IMS in place, which is formalized 
and participative. The interviewee highlighted some relevant issues in the company policy: commitment to 
customer satisfaction, pollution prevention and control, and safety practices; growing with responsibility 
and sustainability; integrity with regard to comply with legislation and other requirements; and 
continuous improvement of management systems. The system considers a number of aspects such as 
those related to social (e.g. educational programs for children and teenagers) and environmental actions 
(e.g. selective garbage collection, air and water preservation, and reforestation). The elements 1, 2, and 5, 
however, are in an intermediary position. This demonstrates that a number of aspects must be improved 
in order to reach corporate sustainability. The starting point is the company’s strategic planning and the 
(lack of) senior management commitment to sustainable growth. Managers should promote strategies 
and develop products that take into consideration global warming. Otherwise, the commitment to 
sustainable development will not be achieved. The results from elements 4, 9, and 10 illustrate that. There 
is no report, related to organizational sustainability, as to how the company operations affect the 
community is not assessed, and there are no goals that consider a risk management plan. Overall, the 
company demonstrates that it does not forecast its future activities. 


4.2 Unit B 
This unit was founded in 1953 and is within the main producers in the region with 500 employees. Besides 
the production of alcohol and sugar it also commercializes ‘melaço’ (a residual material with no sugar that 
can be used as feed for cattle or can be used as a raw material for products such as glycerin, synthetic 
rubber, and others). The main customers are food companies (e.g. Ajinomoto) and fuel distributors (e.g. 
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Ipiranga). The studied company also has in place a food safety system based on HACCP (hazard analysis 
and critical control points, which is a systematic preventive approach to food safety and pharmaceutical 
safety that addresses the physical, chemical, and biological hazards as a means of prevention rather than 
finished product inspection). 


4.2.1 Evaluation of the organizational sustainability in Unit B 
Overall, this unit has a medium sustainability level. Most elements in the self-assessment are positioned at 
an intermediary grade (see Figure 1). This was also confirmed by the interviewee who stated that there is 
large room for improvement. Moreover, it mentioned that the only fully fulfilled element is the fact that 
there is a person in charge of environmental matters, social responsibility, as well as occupational health 
and safety. 


Nevertheless, Figure 1 shows some sustainability practices for the elements 2, 3, 5, 7, 8, 9, and 10. Among 
those practices are: the company and senior manager’s commitment to social and environmental 
responsibility. Examples are a partnership with the Brazilian Association of Toy Producers (ABRINQ) to 
supporting children’s rights, alphabetization programs, improvement of the quality of life of sugar cane 
workers, reforesting, as well as residuals and waste management programs, etc. The company has, 
however, elements in which the assessment is relatively poor (1 and 4). The former is creating a company 
policy and the relations with the environment and the latter is how the company publically reports its 
results and actions of its management system. Those elements concern company strategic planning that 
will permit the company to consolidate sustainability within its processes. 


4.3 Unit C 
This unit was founded in 1958 and nowadays has 150 employees. Eighty percent of its production is for 
the domestic market (sugar and ethanol), mostly food companies and trading companies that export 
commodities. Currently, it is implementing its management system. 


4.3.1 Evaluation of the organizational sustainability in Unit C 
As can be seen in Figure 1, there is a wide range of variation in the results of the assessment of unit C. 
Elements 1, 2, 3, 6, and 9 are realized almost totally. Among those elements, there is a concern with 
regard to global warming that is taken into consideration within its strategic planning (element 1). This is 
also confirmed in the interview concerning element 9. The interviewee stated that the company has a 
management plan that takes into consideration the socio-environmental aspects for the short and long 
term. The company also counts on a department that is responsible for issues related to social 
responsibility, environment, and occupational health and safety. This department is in charge of managing 
those actions that minimize waste and residual generation. A number of social and environmental 
programs are in place such as housing for cane sugar workers, dentistry assistance, reforesting with a 
plantation of 7,000 native and fruit trees. 


Other elements such as 4, 5, 7, and 8 are also considered in this unit, although with less intensity. 
Nevertheless, direct observation in a site visit showed that the middle and senior managers are 
supporting sustainable activities and initiatives. This support is based on a structured policy. There is also 
a system to receive and record complaints and demands from different stakeholders. All company results 
are described in a company report for sustainable practices. Nevertheless, the company does not take risk 
planning in its operations as well as does not evaluate how its activities can affect the environment within 
which it operates. Therefore, a wide margin for enhancement is observed. 


4.4 Unit D 
This unit C was founded in 1953 and currently has 300 employees. Its production capacity is 9,000 sugar 
bags and 340 m3 of ethanol per day. The company has an integrated management system in the final 
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phase of implementation. This IMS integrates an ISO 9001: 2008 quality system and an environmental 
system (voluntary) based on an agribusiness protocol for companies that produce sugar and ethanol. 


4.4.1 Evaluation of the organizational sustainability in Unit D 
This unit presented a high level of sustainability in the assessment, as can be seen in Figure 1. This 
assessment was confirmed by the interview with the person in charge of the company IMS as well as site 
observations. A strong sustainability culture was identified. An exception concerns element 4, relative to 
the report results of sustainable company actions, since the company does not do that. 


4.5 Cross Comparison 
Table 4 summarizes the results for each element. When analyzing the results from Table 4, elements 6, 3, 
and 7 obtained the best results from the units. Companies have a department to take care of practices for 
environmental and social responsibility practices and they also have a structured policy toward 
sustainability. Moreover, they demonstrated their concern for the environment with actions of waste 
control of natural resources and reducing residuals. Those actions are confirmed by interviews and direct 
observation. 


Conversely, the elements 4 and 10 are those with low grade. Those are concerned with the publication of 
reports on the performance of their management systems. Moreover, it also considers how their 
operations can be affected by climate changes, community behavior, and risk planning, including financial 
aspects of it. This may demonstrate that although there are actions towards sustainability, they are not 
published publically. Furthermore, the actions taken by the companies are not globally evaluated. 


 
Element 1 - The strategy for growth and product development takes into account the problems related to global warming 


Element 2 - There is a commitment to social, environmental, and economic causes related to the planet maintenance and its 
resources in the future 


Element 3 - The company has a culture of reducing residues and controlling the natural resources waste 
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Element 4 - The company publishes a report on the organizational performance in an open, objective, and organized way 


Element 5 - Senior managers follow the feedback from the public and are committed to its implementation 


Element 6 - There is either an area or a person responsible for matters related to social responsibility, environment, and safety and 
occupational health 


Element 7 - There is a structured policy of socio-environmental responsibility and respective actions 


Element 8 - There is a management system for receiving and recording complaints or demands from the stakeholders (either in a 
direct or indirect way) as a consequence of company operations, products, or services 


Element 9 - The goals defined by the company follow a risk management plan, which considers short, medium, and long-term socio-
environmental aspects 


Element 10 - The company manages how its operations might be affected by either climate variations, behavior of the community 
within which it operates, and occurrences related to its actions, and it may adapt to those risks – including the financial implications 


Figure 1: Sustainability Assessment of the four Units. 


Table 4: Comparison among the companies. 


Element Unit 
A 


Unit 
B 


Unit 
C 


Unit 
D 


1) The strategy for growth and product development takes into account the problems 
related to global warming 


5 1 9 8 


2) There is a commitment to social, environmental, and economic causes related to 
environmental protection and natural resources in the future 


6 7 9 8 


3) The company has a culture of reducing residues and controlling natural resources 
waste 


10 7 9 8 


4) The company publishes a report on the organizational performance in an open, 
objective, and organized way 


1 1 5 2 


5) Senior managers receive feedback from the public and are committed to its 
implementation 


7 5 5 8 


6) There is either an area or a person responsible for matters related to social 
responsibility, environment, and safety and occupational health 


10 10 9 9 


7) There is a structured policy of socio-environmental responsibility and respective 
actions 


10 7 7 7 


8) There is a management system for receiving and recording complaints or demands 
from the stakeholders (either in a direct or indirect way) as a consequence of company 
operations, products, or services 


9 6 5 8 


9) The goals defined by the company follow a risk management plan, which considers 
short, medium, and long-term socio-environmental aspects 


1 5 8 7 


10) The company manages how its operations may be affected by either climate 
variations, behavior of the community within which it operates or occurrences related 
to its actions and it may adapt to those risks – including the financial implications 


1 5 1 8 


Sum up 60 54 67 73 


5 Conclusions 
The assessment of management systems associated with sustainability enables the raising of important 
issues on how the studied companies take care of their environment economically and with the use of the 
principles of continuous improvement. It can be concluded that unit D is the one with best level of 
sustainable practices, followed by units C and A. Nevertheless, the grades are in an intermediate range so 
that there is room for improvement. 
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In an individual analysis of the self-assessment, it is possible to conclude that the companies have a 
functional area in addition to a corporate policy to protect the environment, support social responsibility, 
and ensure occupational and health safety. In addition, the evidence shows a general concern for the 
environment as demonstrated by a culture of reducing residuals and the control of waste of natural 
resources. Nevertheless, they usually do not publish their results adequately. Moreover, they do not use 
tools to measure the impact that their operations may have with regard to other issues, such as climate 
changes, community behavior, and risk analysis. Those are issues to be addressed in future research. 
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Abstract 


In metal casting processes, selecting the most suitable process may become a complex task due to the large number 


of processes available, which differ greatly in terms of capabilities, advantages and limitations on design, quality, 


production, cost and environmental performance. The correct selection of the casting process contributes for reduced 


development time, increases quality, reduces cost and increases the competitiveness of the product. This paper 


presents a multi-criteria method for the selection of metal casting process (M3CPS). This method contemplates: 


fifteen selection criteria, fifteen main metal shape casting processes, six classes of metal alloys most used in the 


production of cast components, database information in the form of trapezoidal membership functions and the 


treatment of sources of information through a fuzzy aggregation operator. The operational steps are: aggregation of 


information, initial screening, determination of criteria weights and technical ranking. The determination of the 


weights of criteria is developed based on Analytic Hierarchy Process (AHP). Due to the large amount of information 


and mathematical operations the M3CPS was implemented using a computational tool. Two case studies are 


presented to demonstrate the proposed method as well as to compare with previous research. The case studies 


showed the operation of the computational tool of the M3CPS and the effect of aggregation of information on the 


selection results. 


Keywords: manufacturing process selection; information aggregation; multi-criteria method; metal casting. 


1 Introduction 


There are many processes used to make metal castings. What differentiates one process from another is 


the material from which the mold is made, the type of pattern used (permanent or expendable), and the 


amount of pressure or force that is used to fill the mold cavity with molten metal (Kay 2004). The metal 


casting is one of the simplest, direct and less costly to obtain metal products with a near or net shape 


(Rundman, 1999). According to the Department of Energy (2005) metal casting enables the production of 


simple and complex parts that meet a wide variety of needs. Nearly all manufactured goods contain one 


or more cast components. The applications of cast components range from simple household items to 


critical components for aircraft and automobiles. 


The selection of manufacturing processes that occur in the early stages of the component design aims to 


provide manufacturing options in terms of form, material and cost. According to Creese et al. (1992), in 


the early stages of design (conceptual design), the incurred costs are only 5-7 percent of the total costs 


whereas the committed costs are 75-85 percent of the total cost. So there are great opportunities to 


reduce costs early in the design of the component - the earlier the problems are prevented at this stage, 


via an appropriate development, the fewer problems will be fixed later, when the solution is expensive 


and more difficult to achieve. 
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Several authors have presented different approaches to solving the problem of the metal casting process 


selection. An early attempt used were expert systems, such as selection methods described in the works of 


Sirilertworakul et al. (1993), Darwish and El-Tamimi (1996) and Er and Dias (2000). The database adopted 


in such systems, using unique values to the capabilities of processes in which the selection rules are 


based, does not reflect the reality of the information of casting processes. According to Ravi (2005), what 


best describes the capabilities of metal casting process is obtained by fuzzy mapping of process 


capability. The works of Akarte et al. (1999), Karthik et al. (2003) and Daws et al. (2008) present selection 


methods in which information of metal casting processes are in the form of membership functions (fuzzy 


mapping of process capability). But even in these works in which the representation of information 


processes is adequate, there is concern over the treatment of information sources to be used in your 


selection methods. 


This study presents a method of selection of metal casting processes using multi-criteria decision making, 


which includes the treatment of sources of information (aggregation of information) as a preliminary step, 


which aims to increase the accuracy and reliability of the multi-criteria decision making method. 


2 Multi-criteria Method for the Selection of Metal Casting Process (M3CPS) 


The M
3
CPS is structured in a sequence of operational steps (initial screening and technical ranking) to 


promote the selection of the most suitable process of metal casting, for the component under analysis. 


The key innovation introduced by M
3
CPS consists in treating different sources of information used in the 


operational steps through a fuzzy aggregation operator. The operational steps are: aggregation of 


information, initial screening, determination of criteria weights and technical ranking.  The mathematical 


equations and details of the steps are presented in the following sections. 


2.1 Aggregation of information 


The amount of information of the metal casting processes is quite large, which makes it difficult to choose 


what information to use in selection. The proposed solution is to make use of all available information and 


perform an aggregation procedure to obtain a unique data. The aggregation procedure aims to increase 


the accuracy and reliability of the results obtained by M
3
CPS. 


The information in the database of metal casting processes used in M
3
CPS is in the form of trapezoidal 


membership functions Trap (a, b, c, d, (x)). Thus it was used a fuzzy aggregation operator (weighted 


mean), shown Eq. (1) 


 


Where: 


ij = the value of membership function for the process i in relation to evaluated criterion j (aggregated 


information);  


k = relative importance assigned to the database k, ; 


(x)ijk = the value of membership function for the process i in relation to evaluated criterion j in the 


database k; 


Equation (1) allows a large amount of information from different sources such as handbooks, catalogs, 


technical and process data provided by foundries, can be treated and aggregated into unique information 


to be used in M
3
CPS. According Vaníšek et al. (2009) weighted mean operator can be useful in this 


situation to weight each answer according to the qualification or/and the competence of experts, in this 


case, according to the reliability of the information source. 
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2.2 Initial screening 


The purpose of the initial screening step is to remove the metal casting processes that do not meet the 


basic requirements of the component under analysis. The seven criteria listed in Table 1 are characteristic 


of each shape casting processes, and therefore can be used to determine the exclusion of those who do 


not meet the requirements of the component under analysis. 


Table 1: Selection criteria used in the M
3
CPS 


Criteria of initial screening 
Group of criteria for technical 


ranking 
Criteria of technical ranking 


Material 
Shape (1) 


shape complexity (1) 


Weight (kg) dimensional tolerance (2) 


Maximum length (mm) 
Production (2) 


Lead time (3) 


Maximum section thickness (mm) lot size (4) 


Minimum section thickness (mm) 
Metallurgical quality (3) 


Relative level of porosity (5) 


Maximum surface roughness (m) Ra Relative level of mechanical properties (6) 


Minimum angle of extraction (degrees) 
Environmental impact (4) 


Gas emissions (7) 


 Toxicity waste (8) 


Source: Authors 


At this step, the criteria do not have weights, because the main objective is to discriminate the processes 


in relation to the requirements of the component. At this stage, only the information available will be 


used, i.e. it is not necessary to enter all the information pertaining to the seven criteria to perform the 


initial screening. However, with the use of all criteria, the screening process may be more precise. 


The initial screening step uses the information processed in the step of aggregation of information. A 


metal casting process that does not meet one of the criteria listed in Table 1 shows a membership 


function for this criterion of zero (ij = 0), disabling it for the production of the component under analysis. 


Whether a process can meet all the initial screening criteria at the same time can be determined by the 


product of all membership functions of this process. Eq. (2) describes this procedure. 


 


Where:  


Si = Screening index for the i process in relation to msi criteria used in this step;  


ij = the value of membership function for the process i in relation to evaluated criterion j. 


The Eq. (2) is a conjunctive aggregation function (Beliakov et al., 2007). Only processes that have the 


screening index greater than zero will be considered in the technical ranking step. If none of the metal 


casting processes considered in the M
3
CPS presents a screening index greater than zero, that is an 


indication that the requirements of the component under analysis are not suitable for the manufacturing 


of metal casting, and should be reviewed. 


2.3 Determination of criteria weights 


Initially, the weight for each group of criteria is determined (Table 1), and from these, the weights of other 


criteria used in technical ranking step. The Analytic Hierarchy Process (AHP) proposed by Saaty (1977) was 


the tool used for this evaluation. For the application of AHP, the initial step is the construction of the 


comparison matrix (4 x 4), according to the four sets of criteria. 


To construct pairwise comparison matrix A, the groups of criteria are compared in pairs based on an 


appropriate numerical scale, as shown in Table 2. The elements aij, above the main diagonal of the matrix, 
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are obtained by n.(n-1)/2 comparisons (n=4). The elements from the main diagonal are equal to 1. The 


elements below the main diagonal are reciprocals of the values obtained above the main diagonal, i.e, aij 


= 1/aji. 


Table 2: Pairwise comparison scale for preferences 


Important level Numerical rating 


Extremely not important 1/5 


Not important 1/3 


Equally important 1 


Important 3 


Extremely important 5 


Source: Chou (2009) 


After obtaining the matrix of comparisons, calculations should be performed to find the normalized values 


for the weight of each group of criteria. In this step, additive normalization method (SRDJEVIC, 2005) is 


the adopted procedure. To obtain the priority vector  by this method, divide the elements of each 


column of matrix A by the sum of that column (i.e. normalize the column, Eq. (3)), then add the elements 


in each resulting row and finally divide this sum by the number of elements in the row (Eq. 4). 


 


 


Where:  


 = element of the comparison matrix; 


 = normalized element of the comparison matrix; 


 = normalized weight of the group of criteria j. 


After determining the weight of the groups of criteria, the AHP is used within each group (i.e. by applying 


the equations (3) and (4) obtaining ( )). The weight of each criterion in the technical ranking ) is 


obtained by multiplying the weight of the criterion group ( ) by the result of the comparison within the 


group's discretion ( ). 


The consistency of priority vector is calculated by using the harmonic consistency index (HCI) 


proposed by Stein and Mizzi (2007). HCI is recommended as a consistency measure if the additive 


normalization solution method is used. The HCI is calculated by Eq. (5). 


 


Where: 


HCI = harmonic consistency index; 


MH(s) = harmonic mean of the sum of the columns of the comparison matrix; 


n = order of the comparison matrix. 
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If we divide the HCI by the appropriate HRI from Table 3 the result is called the consistency ratio (CR). The 


rule-of-thumb generally used is that if a matrix has a CR up to 0.10 (0.05 for n = 3 and 0.08 for n = 4) then 


it is sufficiently close to being consistent that the eigenvector priority vector is meaningful (Saaty, 1994). 


Table 3: Harmonic random consistency index (HRI) 


 n           


 3 4 5 6 7 8 9 10 15 20 25 


HRI 0,550 0,859 1,061 1,205 1,310 1,381 1,437 1,484 1,599 1,650 1,675 


Source:  Stein and Mizzi (2007) 


2.4 Technical ranking 


The technical ranking is performed based on information from the aggregation of information step. 


Initially a matrix with number of rows equals to the number of metal casting processes adopted at the 


initial screening step is created and with eight columns, one for each of the criteria of the technical 


ranking. This matrix needs to be normalized so that the values are comparable (YOON and HWANG, 1995; 


LING, 2006; KAHRAMAN et al., 2008). Eq. (6) shows the normalization procedure. 


 


The ranking of the metal casting processes is obtained by additive weighting, in which membership 


functions are associated with the normalized weights of each criterion to obtain the technical ranking. This 


procedure is shown in Eq. (7). 


 


Where: 


Ri = Technical ranking index for the i process in relation to m criteria used in this step.  


 = normalized weight of of criteria j in the technical ranking. 


The only processes ranked will be the ones which obtain a value of Ri greater than or equal to 1/n, where 


n represents the number of metal casting processes which were approved at the initial screening step. 


3 Application 


3.1 The Computational Tool 


The computational tool to implement the M
3
CPS is composed by three main elements: a spreadsheet 


software (Microsoft Excel) which performs every mathematical operations necessary for the development 


of operational steps in the M
3
CPS; a database, freeware SQLite, responsible for storing information used 


in M
3
CPS, and the graphical user interface (GUI), which acts as a link between the database, the 


spreadsheet software and the user. 


The M
3
CPS covers the fifteen main metal shape casting processes: green sand – hand molding (P1), green 


sand – mechanized molding (P2), green sand - automatic molding (P3), silicate-CO2 (P4), air-set/nobake 


(P5), shell molding (P6), plaster molding (P7), ceramic mold (Shaw process) (P8), investment casting (lost 


wax) (P9), lost foam (P10), centrifugal casting – metallic mold (P11), permanent mold-gravity (P12), 


permanent mold-low pressure (P13), die casting (P14) and squeeze casting (P15) as the set solution for 


the selection process. The M
3
CPS includes the six classes of metal alloys most used in the production of 


cast components: steel, cast iron, aluminum alloys, copper alloys, magnesium alloys and zinc alloys, 


suitable for metal shape casting processes. The metal alloys are input data in the M
3
CPS. 
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The computational tool of the M
3
CPS was developed with equal relative importance () for all sources of 


information. The database was formed from handbooks of the metal casting processes and foundry 


technical data (presented on their websites). The complete database used in this paper can be found at 


Setti (2010). 


3.2 Components for Application 


The application of the M
3
CPS was collected through the use of the computational tool described in the 


previous section. The components used in the application were the same used for Er and Dias (2000) in 


validation of their method of selection. Table 4 presents the requirements of the components. 


Table 4: Requirements of the components used in the application of M
3
CPS 


Component requirements Component 1 Component 2 


Material Aluminum Aluminum 


Weight (kg) 4,5 1,25 


Annual batch size (parts) > 100.000 -400 


Maximum length (mm) 400 250 


Maximum section thickness (mm) 12 15 


Minimum section thickness (mm) 2,5 1,75 


Maximum surface roughness (m) Ra 8 1 


Minimum angle of extraction (degrees) Not informed Not informed 


Dimensional tolerance (mm) ± 1,0 ± 0,75 


Source: Er e Dias (2000) 


3.3 Utilization of the Computational Tool 


The component 1 (Table 4) was used to present the use of graphical interfaces of M
3
CPS. The graphical 


interface of the initial screening step is shown in Fig 1. All the fields for entering the values of the seven 


criteria used in the initial screening are on the top left side of the graphical interface. After entering 


information about the component (Table 4), the process select button is pressed. The results of the 


selected processes are shown on your right. Thirteen metal casting processes were considered able to 


produce the component 1. Only plaster molding and squeeze casting processes were eliminated in this 


step. It should be noted that not all fields must be completed to perform the screening process, but the 


more information the greater the accuracy achieved. 


The next operational step to be performed is to determine the weight of the criteria. The user is 


responsible for determining the weight of the criteria, according to the type of application of the analyzed 


component. The AHP is used to determine the weights, as described in 2.3. The judgments are 


operationalized through the selection box, according to the user’s decision. Following the conclusion of 


the six judgments to determine the corresponding weights of the groups of criteria, the user must press 


the button determine weights of criteria sets. If the judgments made are inconsistent, they must be redone. 


Once the consistent groups of consistent criteria are achieved the last action of this operational step is 


held, which consists in determining the weight within each group of criteria. In this step, the judgments 


are conducted within the group of criteria, requiring only a paired comparison within each group to 


obtain the result. In conducting these judgments no problems in relation to consistency exist because 


only one trial is held within each group, as there are only two criteria in each group. Fig.2 shows the final 


result of this operational step, i.e. the weights of all the given criteria. 
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Figure 1: Graphical user interface of the initial screening step. M
3
CPS computational tool. 


Figure 2: Graphical user interface of determination of the weights of criteria. M
3
CPS computational tool. 
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With the weights determined, the step of technical ranking is performed. The information used in this step 


is: (i) the shape complexity, with two options of selection: low or high; (ii) the lot size to be produced 


annually; (iii) the dimensional tolerance for the component (iv); lead time for production of the first 


sample. The other four criteria used in technical ranking are evaluated according to the preferences 


expressed by the designer of the component through the weights of the criteria. The M
3
CPS considers 


that the relative level of mechanical properties and porosity, gas emissions and toxicity waste, are 


hallmarks of the metal casting processes, and cannot be changed, independently on the component to be 


produced in the process. The effect of these criteria in the technical ranking is a function of the 


importance attributed to them by the weights. Figure 3 shows the result of technical ranking for 


component 1. 


Thirteen processes approved in the initial screening, but only six were selected in technical ranking for 


presenting technical compatibility in the production of a component 1. The classified processes and their 


respective technical ranking index are: (i) die casting (0.144), (ii) green sand - automatic molding (0.143), 


(iii) shell molding (0.104), (iv) permanent mold-low pressure (0.096), (v) permanent mold-gravity (0.092) 


and (vi) silicate - CO2 (0.082). The die casting process was selected by the computer application of M
3
CPS 


as the metal casting process most suitable for manufacturing component 1, the same result was obtained 


in the work of Er and Dias (2000). 


Figure 3: Graphical user interface of the technical ranking step. M
3
CPS computational tool. 


3.4 The Effect of Aggregation of Information in the Selection 


To evaluate the effect of aggregation of information on the process selection the second component was 


used. Table 5 presents the results provided by the computational tool of M
3
CPS. 
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Table 5: Results provided by the M3
CPS for the component 2 


Results of initial screening 
Results of technical ranking 


Scenario 1 Scenario 2 Scenario 3 


Shell molding Not classified Not classified Not classified 


Plaster molding Not classified Not classified Not classified 


Ceramic mold (Shaw process) (0,285) (0,275) (0,287) 


Investment casting (lost wax) (0,262) (0,267) (0,306) 


Die casting Not classified Not classified Not classified 


 


Only the processes shell molding, plaster molding, ceramic mold (Shaw process), investment casting (lost 


wax) and die casting were considered able to produce the component 2. Of the five processes approved 


in the initial screening, only two were selected in the technical ranking for presenting technical 


compatibility in the production of the component 2. At this operational step the effect of aggregation of 


information on the final outcome of the selection was evaluated. 


In scenario 1, where all sources of information available to these processes were used, the ceramic mold 


(Shaw process) was chosen with a technical ranking index of 0.285. In scenario 2, only one source of 


information was used (criteria of greater weight) privileging the ceramic mold process (Shaw process), 


being chosen, again, this process with a technical ranking index of 0.275. In scenario 3, a source of 


information was used (criteria of greater weight) privileging the process investment casting (lost wax). The 


result obtained in this scenario was changed, with the investment casting (lost wax) being selected with 


technical ranking index of 0.306. Thus, the result of selection is directly dependent on the values of the 


information sources used. Based on the results shown in Table 5 the treatment of sources of information 


used in the selection methods cannot be disregarded. In the work by Er and Dias (2000) the process 


investment casting (lost wax) was chosen as most suitable to manufacture the component as in scenario 3.  


4 Conclusions 


A method for metal casting process selection (M
3
CPS) is developed in this paper to select suitable metal 


casting process to assist designers of cast components. The key innovation introduced by M
3
CPS consists 


in treating different sources of information used in the operational steps (initial screening and technical 


ranking) through a fuzzy aggregation operator. The initial screening step is responsible for eliminating 


processes that do not meet the requirements of the component based on seven criteria. The 


determination of criteria weights step for the technical ranking is based on Analytic Hierarchy Process 


(AHP). The technical ranking is performed through an additive weighting. The processes approved in the 


technical ranking are the ones with Ri value greater than or equal to 1/n, where n represents the number 


of metal casting processes which were approved at the initial screening step. The M
3
CPS was 


implemented in a computational tool and successfully tested on industrial parts of a previous research. 


The database (SQLite) used by M
3
CPS can be easily customized with technical data of foundry of the 


user’s preference. 


The case studies showed the operation of the M
3
CPS’s computational tool and the effect of aggregation 


of information on the selection results. With the appropriate sources of information and the decision 


maker's preferences well defined, the M
3
CPS is an important tool to assist designers of cast components 


in the proper selection of metal casting processes. 
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Abstract 


This paper aims to report the energy consumption for the production of reconstituted wood panel MDF (Medium 


Density Fibreboard) in terms of employing renewable and non-fossil energy sources. The MDF is a composite wood 


panel product comprised of wood fibres, urea-formaldehyde resin, wax, and other chemicals. Data were achieved 


through the development of Life Cycle Inventory of MDF in a Brazilian industry. The Methodology used was based in 


the ISO 14040:2009 standard, which determines the principles and structure for life cycles studies. The boundaries of 


the system studied involve the on-site system manufacturing, delimited to the operations within the industry. The 


energies consumptions are reported according to the functional unit of 1 m³ of MDF, without decorative coatings, 


ready to be dispatched. In order to produce 1 m³ of MDF were necessary 1.19 MWh. About 71% of this demand is 


thermal energy. MDF has favorable characteristics in terms of the use of energy, more than 80% of the energy needed 


to produce 1 m³ of MDF are renewable and non-fossil. 


Keywords: MDF; LCI; renewable energy; non-fossil energy. 


1 Introduction 


One of the greatest technological challenges that will rule this century must surely be the use and access 


to clean and sustainable energy supplies. In an environmentally responsible society, the use of renewable 


and non-fossil energy sources reflects positively on the image or brand of a company and its products. 


Currently, companies are changing their production processes in order to reduce their dependence on 


fossil and non-renewable fuels. Nevertheless, some of them have the knowledge neither about the use of 


their energy matrix in their operations, nor about the overview of the sector where they operate. 


With the increasingly global warming and energy concerning in world, further regulations have been 


added to the panel mills and the pressure is toward making all panel mills as environmentally-friendly as 


possible. (WBPI, 2009) 


In this context, the objective of this study was to develop high quality data about the energy consumption 


to  produce medium density fibreboard (MDF). The data provide an overview of the renewable and non-


fossil energy sources used in this product. MDF is produced by consolidating wood fibres under heat and 


pressure that have been mixed with resin, urea, wax and other additives to form a uniform, dense panel 


product that is sawn to size and sanded on both sides to be used in furniture and interior fitments. 


This study was made through the analysis of the Life Cycle Inventory (LCI) of the MDF. The Methodology 


used was based in the NBR ISO 14040: 2009 standard, which determines the principles and structure for 


life cycles studies. The boundaries of the system studied involve the on-site system manufacturing, 


delimited to the operations within a Brazilian mill. 


Issues where these data can be applied include sustainability, global warming, climate change, carbon 


storage, carbon trading and caps, carbon taxes, biofuel use, green purchasing, and green building 
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(WILSON, 2010). These data can also be used to establish the performance of MDF in comparison with 


others wood based panels and with the energy performance in other MDF mill.  


2 Goal, Scope and Procedures 


2.1 Objectives 


This work aims to develop high quality data about the energy consumption to produce reconstituted 


wood panel MDF (Medium Density Fibreboard) in a Brazilian mill and to report the use of energy in terms 


of employing renewable and non-fossil energy sources. Besides, providing analyses about the demand of 


energy required to produce 1 m³ of MDF in terms of electrical and thermal energy. 


In order to establish the energy use performance of MDF produced in this mill, a life-cycle inventory (LCI), 


which consists of an accounting of all inputs and outputs in a product manufacturing, was done. The 


system boundary in study comprised the on-site system production. 


2.2 Functional Unit 


For this study, material flows and energies used were expressed as a function of the functional unit: 1.0 m³ 


of MDF, oven-dry, without decorative coatings, finished, ready to be ship. For those LCI practitioners who 


conduct studies based on mass, 1.0 m
3
 of MDF weights 681 kg oven-dry. The MDF had 7.3% water 


content.  


2.3 Description of the system under study 


Medium Density Fibreboard (MDF) is an engineered wood product formed by breaking down softwood 


into wood fibres, often in a defibrator, combining it with wax and resin, and forming panels by applying 


high temperature and pressure. It is a building material similar in application to plywood but made up of 


separated fibres, not wood veneers. MDF has a typical density of 600-800 kg/m³ and similar 


manufacturing processes are used in all MDF mills around the world (WORLD PANEL INDUSTRY, 2012). 


The MDF began to be produced in Brazil in 1997 and quickly gained the market. According to the 


Brazilian overview of wood panels, published by BNDES (2010), the Brazilian market for wood panels is 


still in a process of consolidation and shows great dynamism, especially in the segment of MDF, which 


consumption has grown above the industry average in the last 12 years. When comparing this growth 


with the evolution of national GDP (Gross Domestic Product), the difference is even greater. For every 1% 


increase in GDP between 1997 and 2008, the MDF has grown on average 11.8% (BNDES, 2010). 


The representative of the sector in the current national scene, according to data from the Brazilian 


Association of Wood Panels (ABIPA, 2011), accounts for about 500,000 hectares of pine and eucalyptus 


and employs approximately 5,500 employees directly and 25,000 indirectly.  


An outlook of the sector of wooden panels shows that the demand for reconstituted wood panels grows 


on average 14.1% per year by 2013, whereas MDF grows 15.7% (BNDES, 2010).  


Current MDF manufacturing industries, throughout the world, have basically the same sequence of 


activities and processes for the manufacture of the panel. The MDF manufacturing process is highly 


automated, process-controlled, and fairly linear. The Figure 1 illustrates the manufacturing process of the 


Brazilian mill studied. 
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Figure 1: Flow Sheet of MDF Manufacturing System. Source: Adapted of Rivela, Moreira and Feijoo (2007) 


 


The process consists of the following steps: 


 Alimentation: The wood chips are delivered to the mill by truck, the chips. The chips are made of 


pine and eucalyptus and are stored in the wood yard, without coverage. The moisture content of 


the chips can range from 40 to 70% on an oven-dry weight basis. 


 Screen: Small Particles (Fines) and Large Particles/Peel (Oversize) are removed from the chips 


during the screening. The Fines returns to the process and the oversizes are sold as biomass to 


another mill. Only the appropriate sized chips are fed to the process. 


 Chip Washer: The chips are washed to remove dirt. The residues and extractives are treated as 


effluent through a centrifuge on the mill. 


 Defibrator: Clean chips are softened in a steam-pressurized digester and then transported into a 


pressurized refiner chamber. The heated wood chips are then refined, a process of mechanically 


reducing it into fibres by shearing the wood between two rotating metal disks that separate the 


fibres; this process is accomplished by the use of a pressurized disk refiner. 


 Blowline: In this process resin, wax and other additives are blended with the fibres. Friction and 


contact between fibres may help to distribute the resin. The resin used is based on Urea-


Formaldehyde (UF). 


 Dryer: The fibres drying occurs in tube dryer of hot air, where the hot air is responsible for drying 


the fibre. The hot air stream evaporates the moisture and conducts the fibre. The hot air dryer is 


generated by the power plant, usually by combustion of wood dust generated by the mill or 


eventually by natural gas. 


 Fibre Sifter: After drying, the fibres (7-9% moisture content) pass through a wind filter (Sifter). The 


sifter is used to remove clumps of fibres or other heavy materials that may cause problems to the 


process and the final product. The dry fibre is selected and conducted to the mat former. 
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 Mat former: The dry and selected fibre goes to feeder bin with a uniform distribution through the 


action of pendulum fibre distribution. The fibres are uniformly distributed by forming and become 


a mat fibre.  


 Pre-compressor: The mat fibre cross the deaerator (to remove air between the fibres) and, finally, 


the mat is pre-compressed by the compressor. The mat is moistened with its upper and lower 


surface during the formation process to enter the pressing. 


 Continuous Press: The continuous press operate as a function of temperature and pressure. Press 


operates at about 170 - 230ᵒC in a sufficient time to cure the resin and at a pressure to 


consolidate the mat to a desired density, thereby controlling the physical properties of the panel. 


The continuous press is heated by hot oil generated in thermal plant. 


 Saws: The diagonal saw cuts the panel in the transverse direction. 


 Cooler: The MDF goes first to a cooler, where it stays for 40 minutes. After that, the produced 


panels remain resting for 48 hours so that their physical and mechanical properties are stabilized. 


 Sanders: Panels are sanded on both major surfaces to targeted thickness and smoothness. Sander 


dust coming off this process is recycled back into the process as fuel for thermal plant. 


 Cut-to-size: The large panels are sawn to dimensions of panel width and length. Panel trim is 


hammermilled into particles and sent back into the process. All the sawing dust is sent back to 


the process in the thermal plant. 


 Energy Plant: It consists of two Thermal Plants. The first is responsible for heating the hot oil used 


in continuous press where its fuel is natural gas. The second provides steam and hot air to the 


process, where its main fuel is biomass (wood dust from the process and purchased from other 


plants) and occasionally it also burns natural gas as fuel. 


 


2.4 Data Quality and Calculations Procedures 


High quality data are fundamental to make a reliable analysis. All data were related to inputs and outputs 


of the MDF manufacturing in a Brazilian mill during an one year period (2010). The data were collected 


through questionnaires. The questionnaires were developed based on two models: 


a) Questionnaire developed by the Athena Sustainable Materials Institute (2009) for the Life Cycle 


Assessment (LCA) of the Canadian MDF, which follows the methodology proposed by the ISO 14040 


series; 


b) Sheets of collection data suggested by the NBR ISO 14044 (ABNT, 2009). 


Data were collected from managers responsible for each specific area and the treatment of these data was 


performed by analysis of the Life Cycle Inventory (LCI), following the guidelines of NBR ISO 14040 and 


NBR ISO 14044 (2009). For the LCI, was used the software Umberto 5.5. 


The main source of data collection was the production management software. It communicates devices 


such as scales, sensors, controllers, flow meters and other equipment to quantify the process variables. 


Data collection was also followed up on and their quality was verified. The survey of all data in the mill 


took five months. 


The procedures for calculating the LCI involved the mass and energy balances of the process defined at 


the boundary on-site. Inputs and outputs of materials and energy for each elementary process were 


quantified (Figure 1). Regarding the mass and energy balances, it was necessary to consider some specific 


parameters and coefficients of materials and energy used in manufacturing process. It was defined for the 


units "kg" and "MJ" for mass and energy balances, respectively. All data were computed in dry mass. 


A mass balance considering all inputs materials and all outputs of product and emissions had a difference 


of 0.41% that is suitable within the maximum 5% balance required of the CORRIM protocol, apud Wilson 
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(2008). According Wilson (2008) the Energy balances are done mainly to determine the expected energy 


consumption to remove the desired amount of water from the wood fibres during processing. The 


average Moisture Content (MC) of wood material coming into the mill in this study was 54.12% on an 


oven-dry weight basis. The targeted MC for the dried material with resin applied was 6 – 10%, in mat 


formation. The MC of the MDF finished was approximately 7.3% on an oven-dry. 


The Brazilian plant studied produced around 300,000 m³ of MDF during the year 2010. The average 


thickness of the panels produced was 16 mm and the average density was 681 kg/m³ on an oven-dry 


weight basis. 


3 Energy Use in MDF Manufacturing 


The energy for the production of MDF results from sources of electricity, wood, natural gas and hot oil 


while diesel fuel is responsible for powering transport in the plant. Electrical power is used all over the 


manufacturing process in order to operate equipment inside the plant, such as conveyors, grinders, fan 


motors, hydraulic motors, sanders, among others. 


The thermal energy is generated by two plants. The first is responsible for the heating of the hot oil used 


in continuous press where its fuel is natural gas. The second provides steam and hot air to the process, 


where its main fuel is biomass (wood dust from the process and purchased from other plants) and 


occasionally it also burns natural gas as fuel. 


The total energy demand required for the production of 1.0 m³ MDF is 1.2 MWh. Table 1 presents the 


inventory of energy for the production of 1.0 m³ of MDF in Brazilian mill. 


 


Table 1: Energy Inventory to produce 1.0 m³ in Brazilian mill 


Inputs Unit Unit/m³ MWh/m³ Percent 


Electric Energy MJ 1,009.68 0.28 23.3% 


Natural Gas m³ 17.40 0.19 15.8% 


Diesel Oil L 0.41 0.003 0.3% 


Wood Dust (Purchased) Kg 87.39 0.38 31.7% 


Wood Dust (Generated in mill) Kg 80.22 0.35 29.2% 


      Sanding Dust Kg 50.27 0.26 21.7% 


      Saw Dust Kg 29.95 0.09 7.5% 


TOTAL - - 1.2 100.0% 


Outputs Unit Unit/m³   


MDF Kg 681.0   


Wood Waste and Boiler Ash Kg 3.59   


Source: Authors (2012) 


 


Calculations were performed using the methodology of Life Cycle Inventory. It was employed the software 


Umberto as a tool for calculations procedures. Since data is validated for elementary processes and 


functional unit, it is had an inventory of energy calculated. Figure 2 illustrates the total electric power 


demand compared to the consumption of thermal energy at specific elementary processes. 
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Figure 2: Energy Demand for MDF Manufacturing. Source: Authors (2012) 


Approximately 76% of the demand for energy is thermal, where 40% comes from thermal energy required 


for drying fibres (hot air dryer). The demand for electricity represents 24% of total energy demand. 


The thermal plant responsible for the generation of steam and hot air has its operation with the 


combustion of natural gas and wood fuel (wood dust). Figure 3 represents the contribution of each 


energy source used in this energy plant to generate a 1.0 m³ of MDF in the period studied. 


 


Figure 3: Representativeness of Fuels Used in Steam and Hot Air Boiler. Source: Authors (2012) 


 


The wood fuel (saw dust generated, wood dust purchased and sanding dust generated) accounts for 


91.7% of the total heat generated by the steam boiler. Where 50.21% are generated in manufacturing 


system and the remaining 41.49% are purchased from other mill.  
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The burning of natural gas represents only 8.30% of the total thermal energy generated in this energy 


plant. This means that less than 10% of the fuel sources used to generate steam and hot air are fossil fuels 


and non-renewable natural resources. 


Nevertheless, the thermal plant that heats the hot oil is exclusively dependent on burning natural gas - a 


fossil and non-renewable fuel. The interest in reducing fossil fuels in order to reduce global warming, 


coupled with the increase in fuel prices and electricity, makes the energy issue call considerable attention 


in the coming years to mills that seek to maintain the competitiveness reducing their costs and their 


dependence on fuel fossils (WILSON, 2010). 


In this context, the LCI analysis of the MDF allows verifying the contribution of non-renewable and fossil 


fuels in the manufacturing system. The Figure 4 provides an overview of all energy sources used to 


produce 1m³ of MDF in this study. 


 


Figure 4: Energy Sources for MDF Production. Source: Authors (2012) 


  


In total 16.1% of the energy consumption are non-renewable and fossil where the natural gas used to 


heat thermal fluid to the press represents approximately 12%. More than 80% of the energy required for 


the MDF production is from renewable sources. 


In terms of fuel, the industry produces 41.4% of its total consumption. The generation comes from wood 


fuel generated in the process. From the total of wood fuel employed (wood dust), the company purchased 


approximately 45.3% of its demand, while the remaining 54.7% were generated in the boundaries of the 


system under study. 


The use of wood fuel is important because it is a sustainable and renewable fuel that is taking the place of 


fossil fuel, a non-renewable fuel. Furthermore, wood fuel is considered global-warming and climate-


change neutral (Wilson, 2010). 


4 Conclusion 


An energy inventory was developed for the production of 1.0 m
3
 of MDF produced in Brazilian mill. The 


system boundary considered involves the on-site manufacture system of MDF. The quality of data 


collected by survey questionnaire of MDF manufacturer resulted from answers from managers responsible 


 


16.1 % 


 


83.9 % 
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for each specific area. The treatment of these data was performed by analysis of the MDF Life Cycle 


Inventory, following the guidelines of NBR ISO 14040 and NBR ISO 14044 (2009). It was used the software 


Umberto as a tool for calculations procedures. As a result of analyses of the Energy consumption in 


Brazilian MDF mill, the following conclusions are achieved:  


 In order to produce 1.0 m³ of MDF was required 1.2 MWh. Around 76% of this demand is thermal 


energy. From this percentage, 52.8% is represented by the energy required for the drying process 


of wood fiber. The electric power demand represents 24% of total energy required. 


 Overall, 16.1% of energy consumption comes from non-renewable sources and fossil. More than 


80% of the energy required to the production of 1.0 m³ of MDF comes from renewable sources. 


 Concerning all fuels used, the mill produces nearly 41.4% of its total demand. Regarding the 


generation of wood fuel (wood dust) for combustion in thermal plant, the industry supplies 54.7% 


of its demand. The majority of the wood dust generated is resulting from the action of sanding on 


the panel, its represents 74.26% of the total generated. The remainder of wood fuel necessary was 


purchased from outsiders. 


This study provides an overview of the energy consumption to produce a MDF in Brazilian mill. The data 


may be used as an environmental performance to improve manufacturing process or to compare with 


other wood panels. As example, the analysis of the overview of the use of energy in MDF mill studied 


showed a significant influence of the natural gas used in the thermal plant that heats the hot oil. 


As a suggestion, the replacement or adjustment of this thermal plant to use renewable fuels (for example, 


bark of logs) would reduce the dependence on fossil fuels and non-renewable sources by approximately 


75% (from 16.1% to 4% of dependence). 
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Abstract 


In the study of the life of tools and average roughness of the machined surfaces, the turning process, there is the 
influence of various process factors, such as cutting speed, feed and depth of cut. In the conventional analysis of the 
influence of these factors in the machining process, is usually studied the influence of each of them separately. It is in 
this context that the response surface methodology (RSM) through which one can establish an appropriate working 
relationship between the characteristics of the product or machined and the tool used (tool life, surface roughness of 
the part, process cost, time machining) and cutting parameters. In this case, taking into account the simultaneous 
variation of factors, one can build mathematical models for prediction and optimization for the responses of interest. 
This statistical approach to nature is to plan experiments that generate appropriate data for effective analysis, 
resulting in valid and objective conclusions. This paper specifically addresses the mathematical modeling tool life (T) 
and surface roughness (Ra, Rq) of the part in the process of turning hardened steel AISI 52100 (50 HRC) with mixed 
ceramic Wiper tool and its interface with the methods of optimization of nonlinear programming. Mathematical 
models will be obtained by response surface methodology variables were the parameters of influence cutting speed, 
feed rate and cutting depth. 


Keywords: roughness; tool life; hard turning, ceramics mixed wiper; nonlinear programming. 


1 Introduction 
The hard turning technology has become an important manufacturing process and is widely used in a 
range of industrial applications such as gears, shafts, bearings, cams, forged parts, molds and dies This is 
the removal of materials whose hardness is more than 45 HRC. The turning operation is performed with 
tool materials mixed ceramic (Al2O3 + TiC) and cubic boron nitride (CBN), which induces a significant 
benefit, such as short-cutting time, process flexibility, low surface roughness of piece, high rate of material 
removal and dimensional accuracy. Referring to this process, we have the capacity utilization of modern 
machine tools, that will produce different contour geometries and generate complex shapes in the 
material being machined (ZOU, 2004).  


The hard turning significantly reduces production costs, preparation time and improves the overall quality 
of the product in relation to the grinding process (Paiva, 2007). Especially considering their effectiveness 
in reducing processing time consumed in each operation, reduced power consumption, the elimination of 
cooling, the improvement of material properties and the ability to promote good surface finish by 
removing material from a single piece court, rather than a long grinding operation. 


The contribution of the geometry of the tool for improvement of hard turning process, several studies 
show the use of wiper. (OZEL et al, 2007) investigated the influence of the edge geometry CBN tool 
related to the development of strain and temperature using a finite element simulation in hard turning 
and present a study of the effect of chamfer angle on CBN tool wear in hard turning and investigated the 
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correlation between wear, cutting force and tool life. With this change in geometry, it is possible to 
double the feed rate, increasing productivity and maintaining lower surface roughness of the workpiece.  


(GAITONDE et al, 2009) study the behavior of surface roughness and tool wear, using mathematical 
models of second order, with wiper tools. Confirm that the mixed ceramic tool presents better roughness 
of the part and tool performance when compared to a traditional tool in hard turning of AISI D2. (OZEL et 
al, 2007) indicate that AISI D2 steel with a hardness of 60 HRC piece reaches the average roughness (Ra) 
with wiper tools, values around 0.20 µm. 


However, the potential benefits promoted by hard turning for surface quality and to increase the rate of 
productivity depend intrinsically an optimal setting for the process parameters such as cutting speed, feed 
rate and cutting depth. Some papers study the effect of these cutting conditions, the influence of the 
hardness of the piece, the tool geometry in roughness, cutting fluids, the tool wear and the geometric 
error in surface integrity (roughness and damage to the thermal layer) (SINGH, 2008).   


(BOUACHA et. al, 2010) use the MSR to construct quadratic models for roughness and cutting forces in 
the study of hardened steel AISI 52100. Employed the response surface methodology to study the flank 
wear as a function of cutting speed, feed and depth of cut. (BENGA and ABRAM, 2003) study the tool life 
and finish of the hardened steel 100Cr6 using ceramic and PCBN inserts with response surface 
methodology.  


Given these considerations, the main objective of this experimental work specifically addresses the 
mathematical modeling of parameters of the tool life (T) and part roughness (Ra, Rt) in relation to cutting 
speed, feed rate and depth of cut, in the process of turning hardened steel ABNT 52100 (50 HRC) using 
wiper geometry. 


2 Response Surface Methodology 
According to (MONTGOMERY, 2005), the Response Surface Methodology, or RSM, is a collection of 
mathematical and statistical techniques that are useful for the modeling and analysis of problems in which 
a response of interest is influenced by several variables and the objective is to optimize this response. 
Thus, when the mathematical relationships between input parameters and responses (objective functions) 
are unknown, the RSM enables such functions to be determined as from experimental data, which are 
collected in a planned way (GOMES et al, 2011). 
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2.1 Multivariate Mean Square Error 
The Multivariate Mean Square Error (MMSE), as presented by (PAIVA et al, 2009), is a method that 
combines the Response Surface Methodology (MONTGOMERY, 2005) and the Principal Component 
Analysis (JOHNSON and WICHERN, 2002) for the optimization of multiple correlated responses in 
multivariate processes. 
Given that the principal component (PC), through its scores, can be modeled by RSM, the eigenvalue λ 


represents the variance and taking PC  as target for the principal component, the multivariate mean 
square error (MMSE) is defined as: 


    2
PCPCMMSE                                                                                                                   (2) 


In Equation 2, PC  is a second-order polynomial fitted in relation to the input variables. The target PC  
must keep a straightforward relation with the targets of the responses of interest, presenting a compatible 
value with the objectives of the original problem. It is established using Equation 3: 
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with: PC  – Target for the principal component 


  e  – Eigenvector associated to the principal component 


  P  – Number of responses of interest 
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 – Standardization of the responses of interest in relation to their targets: 
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with: jY  – Target of the jth response 


 jY  – Mean of the jth response 


 jY  – Standard deviation of the jth response 


 


In this approach, the optimization is given by minimizing the MMSE stated in Equation 5, which means 
that the principal component tends to reach the established target with minimum variance. If more than 
one principal component is needed, then the MMSE optimization is obtained by the following 
mathematical formulation: 
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In Equation 5, TMMSE  is the total Multivariate Mean Square Error; iMMSE  is the Multivariate Mean 


Square Error for the ith principal component; m is the number of needed principal components; p is the 
number of responses of interest; iPC  is the response surface function for the ith principal component; 


iPC
 is the target for the ith principal component; i is the eigenvalue for the ith principal component 


ng (x) ≤ 0 represents a constraint equation and xxT ≤ 2  is the spherical constraint for the experimental 


region. 


The optimization of the principal components implies the optimization of the responses of interest, since 
these are defined as from linear combinations of the original responses. 
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3 Experimental Procedure 


3.1 Machine tools, materials and Measuring Instruments 
For the turning process developed in this study used a CNC Nardini Logic 175, with maximum power of 
7.5 HP axis; maximum speed of 4000 rpm; tower with eight positions and maximum torque of 200 Kgf.m. 


The inserts are of mixed ceramic (Al2O3 + TiC) coated with titanium nitride (TiN) manufacturer Sandvik, 
6050 GC class with wiper geometry ISO CNGA S01525WH 120408. The tool holder is ISO DCLNL Model 
1616H12; position angle of 95 °, rake angle of -6 °, angle of -6 ° and clearance angle of 7 degrees. 


Figure 3.1 shows the geometry of rays straightening the tip of the tool and its effect combined with the 
advances in the roughness of the machined part. The specimens used in the tests have dimensions of 49 
mm in diameter and 50 mm long, with steel AISI 52100. The high hardness is achieved in this steel for 
induction hardening process. This material is usually treated with pre-heating for two hours at a 
temperature of 500°C, heated for 40 min at 830°C, followed by a 30 min cooling (martêmpera to 180°C), 
cold air until 80°C, annealed for two hours at 200°C and again air-cooled to about 30°C. 


This results in a microstructure of martensite up to 5% of retained austenite. The hardness of the steel AISI 
52100 reached 50 HRC. This steel has the following chemical composition according to Table 3.1: 


  
Figure 3.1. Wiper tool geometry and tool nose radius trowel. 


Source: Sandvik, 2010, adapted by the author. 


Table 3.1. Composition of Steel AISI 52100 


         Chemical composition of steel AISI 52100 (wt%) 


Element C Si Mn Cr Mo Ni S P 


Content(%) 1,03 0,23 0,35 1,4 0,04 0,11 0,001 0,01 
 
For the measurements of roughness parameters Ra and Rt used a tool tip, roughness model Mitutoyo SJ 
201. The tool wear was monitored using an optical microscope Olympus SZ 61 with a digital camera with 
30 x magnification. The permissible flank wear was established VBmax = 0.3 mm according to ISO 3685 
(1993). 


3.2 Methodology for Testing 
For tests were adopted two levels of variation for each of the machining parameters studied. Table 3.2 
presents the three factors: cutting speed, feed rate, machining depth and their levels of variation. The 
levels were specified in terms of data recommended by the manufacturer's catalog of tools (SANDVIK, 
2010) and was also designed a factorial design (three parameters and two levels and a central point) for 
the tests. 
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Table 3.2– Parameters and their levels 


Parameters Unit Notation 
Levels 


-1.682 -1 0 +1 +1.682 


Cutting speed m/min Vc 186 200 220 240    254 
Feed rate mm/v f 0.13 0.20 0.30 0.40    0.47 
Depth of cut mm d 0.10 0.15 0.22 0.30    0.35 


 


The turning tests were sized to provide an accurate way of studying the influence of cutting speed, feed 
and depth of the machining surface roughness (Ra, Rt) and the tool life (T) of the workpiece through the 
application the methodology of design of experiments (DOE) and response surface methodology (RSM).  
It was adopted as a criterion for tool change, especially roughness values (Ra <0.5) m is flank wear VBmax 
<0.3 mm (Figure 3.2 a). This criterion was adopted according to the risk of breakage of the ceramic insert. 
Each specimen machined, it was removed from the machine for measuring roughness. At this time the 
insert was also removed support for the monitoring of flank wear (VBmax). At this time the insert was also 
removed support for the monitoring of flank wear (VBmax). The Figure 3.2 b represents the turning 
process of AISI 52100 steel used in the experimental study. 


 


                              a)                                                                  b)       


Figure 3.2 - Process of Turning Tool with Carbide Ceramics Mixed 


The roughness measurements were performed four times in (A, B, and C), according to the scheme 
illustrated in Figure 3.3 (symmetrical sides), after roughness measurements were performed the arithmetic 
mean of roughness values. To monitor the tool life was measured over time and the number of passes at 
each value of the process parameters. 


 


Figure 3.3 Positions reading roughness in specimens 


4 Results and Discussion 
Through the development of a complete factorial arrangement with five central points was made to 
analyze the data obtained experimentally. Table 4 presents the results of life (T) of mixed ceramic tool and 
the surface roughness (Ra, Rt) tested for the eight conditions required to obtain the factor scores and five 
central points. 
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From the data of Table 4 ANOVA was performed to compare the averages of three factors at two levels 
(23) and the focal point for both the response of tool life (T) as for the roughness (Ra, Rt ). 


To obtain the Central Composite Design (CCD), previously mentioned, will use the results of the factor in 
Table 4 and in addition only the axial points of the arrangement. 


 We used an array of response surface of the CCD for three factors. With this experimental arrangement, 
19 trials were conducted under controlled conditions. For each experimental condition were observed tool 
life and surface roughness (Ra, Rt) of the machined part. Considering the values obtained, this research 
sought to study a model using Response Surface Methodology for the life of the tool part number and 
the roughness (Ra, Rt). 


Table 4 shows the calculation of roughness (Ra, Rt) and the tool life (T) for the response surface model 
with 19 experiments. 


Table 4. Experimental matrix 


Test 


Parameters                Responses 


Vc f d T Ra Rt 


m/min mm/rev mm min m m 


1 -1 -1 -1 17.21 0.25 1.41


2 +1 -1 -1 11.37 0.27 1.72


3 -1 +1 -1 5.96 0.31 2.12


4 +1 +1 -1 4.48 0.30 2.15


5 -1 -1 +1 9.42 0.25 1.45


6 +1 -1 +1 7.37 0.25 1.58


7 -1 +1 +1 4.03 0.34 2.01


8 +1 +1 +1 6.10 0.29 1.99


9 -1.682 0 0 9.51 0.29 1.69


10 +1.682 0 0 6.86 0.26 1.81


11 0 -1.682 0 14.18 0.21 1.54


12 0 +1.682 0 4.12 0.31 2.54


13 0 0 -1.628 9.42 0.31 1.94


14 0 0 +1.682 4.92 0.31 1.74


15 0 0 0 4.89 0.26 1.81


16 0 0 0 5.00 0.26 1.71


17 0 0 0 4.77 0.26 1.71


18 0 0 0 5.01 0.26 1.71


19 0 0 0 5.12 0.26 1.71


 


With the aim of verifying the behavior of AISI 52100 hardened steel turning outputs during the 
optimization process, all responses were modeled according to RSM. So, writing the generic model stated 
in Equation (8) for the three input parameters considered in this work, the following expression is 
obtained: 


df


dVcfVcdfVcdfVcy






23


1312
2


33
2


22
2


113210


      



                       (8) 
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In Equation 8, Vc, f and d are expressed in their coded form. The Ordinary Least Squares algorithm, 
through software Minitab, was employed to determine the coefficients β0, βi, βii, βij of the models. Then, 
it was used the ANOVA procedure, also by Minitab, to check their statistical significance and to remove 
the non significant terms. Table 5 presents the developed coefficients for the final quadratic models. The 
results of ANOVA are presented in Table 5, showing regression p-values less than 5% of significance and 
adjustments above 90% for all responses. These results indicate that the models are statistically significant 
and, therefore, can be used in prediction and control of the turning outputs. 


Table 5 – Final response surface models for the tool life and roughness 


Coeff. 
Responses 


T Ra Rt 


β0 4.963 0.260 1.724 


β1 -0.861 -0.007 0.048 


β2 -3.055 0.028 0.278 


β3 -1.440 0.000 -0.052 


β11 1.115 0.005 - 


β22 1.456 - 0.094 


β33 0.756 0.018 0.023 


β12 1.060 -0.010 -0.054 


β13 0.918 -0.008 -0.029 


β23 1.435 0.005 - 


R2(adj.) 99.74% 98.79% 94.75% 


p-value 0.000 0.000 0.000 


 Proceeding to the analysis of the data in Table 5, we can get the model of second order (Full Quadratic 
Model) for the life of the tool and the surface roughness (Ra, Rt), as shown in Table 5 the coefficient of 
determination models of R-Sq (adj) provides excellent fits with values of R-Sq (adj) = 99.74% for (T), R-Sq 
(adj) = 98.79% for Ra and R-Sq (adj) = 94.75 % for Rt, which means that the models adequately explain 
the phenomena. For this reason it was decided to use this work the full quadratic model, which can be 
written in their decoded form, for the tool life (T) and surface roughness (Ra, Rt) as shown by equations 
3.1, 3.2 and 3.3 in turn: 


 


T=4,963-0,861Vc-3,055f-1,440ap+1,115Vc*Vc+1,456f*f+0,756ap*ap+1,060Vc*f+0,918Vc*ap+1,435*f*ap                


                                                                                                                                                                   (3.1) 


Ra=0,260-0,007Vc+0,028f+0,000ap+0,005Vc*Vc+0,018ap*ap-0,010Vc*f-0,008Vc*ap+0,005f*ap           (3.2) 


 


Rt=1,724+0,048Vc+0,278f-0,052ap+0,094f*f+0,023ap*ap-0,054Vc*f-0,0029*Vc*ap                                (3.3)                    


 


4.1 MMSE optimization 
The correlation structure between the responses to be optimized is showed in Table 6. As can be 
observed, these data are highly correlated, which makes of Multivariate Mean Square Error an appropriate 
approach to this problem. Applying the Principal Component Analysis on the responses of Table 7, it was 
found the results presented in Table 7, which identified that 95.1% of the data are explained by three 
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principal components. These new uncorrelated variables were then used to represent the original 
correlated responses during the optimization. 


Table 6 – Correlation between the responses              


 T Ra 


Ra 
-0.497  


0.031  


      Rt 
-0.585 0.720 


0.009 0.001 


Cells: Pearson correlation 
          p-value 


Applying the Principal Component Analysis on the responses of Table 7, it was found the results 
presented in Table 7, which identified that 95.1% of the data are explained by three principal components. 
These new uncorrelated variables were then used to represent the original correlated responses during 
the optimization. 


Table 7 – Principal Component Analysis 


Eigenvalue 2.206 0.526 0.268 


Proportion 0.735 0.175 0.090 


Cumulative 0.735 0.910 1.000 


Eigenvector PC1 PC2 PC3 


T -0.536 -0.823 0.186 


Ra 0.584 -0.521 -0.622 


Rt 0.609 -0.225 0.760 


 


The next step consist in determine de quadratic models for the significant principal components. Thus, 
taking the scores calculated in the PCA and modeling these data according to RSM, the following 
expressions were obtained: 


 


dfdVc


fVcdVcdfVcPC






165.00.339           


463.0267.0088.0094.0603.1110.0128.01 22


         (3) 


dfdVc


dfVcdfVcPC






388.0058.0          


480.0403.0329.0367.0017.0264.0871.02 222


                       (4) 


The results of ANOVA for these models identified p-values less than 5% of significance for all of them. In 
relation to their adjustments, PC1 presented an R2 (adj.) of 98.85% and 98.19% for PC2. The targets for 
the principal components were established based on the targets of the original responses. These latter 
were specified by the experts involved in the process and took into account that the AISI 52100 hardened 
steel turning could operate with good economic and productive factors, combined with the good surface 
finishing characteristic of the wiper inserts. The data contained in Table 7, through Equations 3 and 4, 
were then used to these calculations. It resulted in targets of -3.613 and -0.763 for PC1, PC2 respectively. 
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Table 8 – Data used in the establishment of targets for the principal components 


T Ra Rt 


Mean 7.355 0.276 1.807 


Standard deviation 3.661 0.031 0.270 


Target 17.185 0.210 1.392 


Standardization 2.685 -2.117 -1.537 


Eigenvector PC1 -0.536 0.584 0.609 


Eigenvector PC2 -0.823 -0.521 -0.225 


 


Having developed the RSM models for the significant principal components and taking their calculated 
targets, the MMSE formulation was built, considering equal weights for all responses and equal weights 
for all principal components. It resulted in: 


       









 2


1
22 526.0763.02 206.2613.31   PCPCMMSEMin T                                    (5) 


  829.2  : xx TSt   


with: 1PC , 2PC  – RSM models described in Equations 3 and 4 


 xxT – Spherical constraint for the experimental region 


As previously presented, the material removal rate was treated in this problem as a constraint, looking for 
ensuring a minimum productivity of the turning process. The Generalized Reduced Gradient was applied 
in the MMSE formulation, after it was programmed in a Microsoft Excel worksheet. By employing the 
Solver supplement the optimal point was identified (Table 9). 


Table 9 – Optimal results 


 


Parameters Responses 


Vc f d T Ra Rt 


Optimal point 205 0.15 0.20 16.58 0.22 1.44 


Targets - - - 17.19 0.21 1.39 


Units m/min mm/v mm min m m 


 


            
Figure 4.1 – Overlaid contour plots 


Good solutions were achieved for all the answers. The production times were better than their targets and 
the optimal values for surface roughness (Ra, Rt) and life of the tool set, smaller than their desired values. 
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5 Conclusions 
 The analysis of machining parameters using the MSR technique has the advantage of 


investigating the influence of each of the machining parameters and their interactions; 
 


 All models developed for both turning and outputs to the main components, can be used for 
prediction and process control, since they showed values of P less than 5% significance and 
settings above 90%. 
 


 The complete models obtained by MSR showed excellent explanation of the adjustment 
parameters of the tool life and surface roughness Ra and Rt, which demonstrates that the 
breakthrough factors, speed and depth of cut, as well as their interactions have significant 
influence on tool life and the roughness Ra and Rt; 
 


 The analysis of variance indicated that the levels of the variables are experienced in a region of 
great for the life of the tool and the surface roughness Ra and Rt, because the value of P of 
curvature are less than 5%. 
 


 The principal component analysis reduced the dimensionality of the problem in half, since two 
principal components were needed to represent the six optimized responses. 
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Abstract 


We investigated the impact of Oil-related Revenues on the local economy of producing municipalities in the Oil-


producing Region of the State of Rio de Janeiro. We analysed the effects of Oil Revenues on quantitative variables 


such as GDP and jobs creation. We also investigated the effects of Oil Income on the Index of Development of Basic 


Education. With these observations, we demonstrate how the extinction of Oil Revenues would affect the local 


economy and living standards. We also analyse objectively initiatives that have been implemented to reduce the 


dependence of the Municipal Budget in relation to Oil revenues. We investigated the correlation between the 


variables Budget Dependence and Public Investments. We demonstrated that in most cases the poor quality of these 


investments prove the lack of efficiency and effectiveness in the use of the public budget. Finally, we demonstrate 


empirically that most municipalities in Oil-Producing Region of the Brazilian Oil Route are not prepared, or preparing 


for an extinguishment of Oil Revenues and have a high dependence on Oil Income. 


Keywords: Oil Revenues, Local Economy, Public Budget, Oil Route. 


1 Introduction 


Fundamental changes in the context of economic regulation occurred in August 1997, when it was 


sanctioned by President of the Federative Republic of Brazil, Fernando Henrique Cardoso, the Ordinary 


Law No. 9,478, also called the Petroleum Act. Among other changes, the Petroleum Act established the 


end of state monopoly over all activities related to the extraction, production, refining and transportation 


of petroleum and its derivatives in Brazil, activities that had so far remained exclusively in possession of 


the State-owned Company Petrobras, as ratified by Law 2004 of 1953. However, it was not only to the 


opening of the oil market that the Petroleum Act was restricted, having converged to establishing 


guidelines for the sharing of royalties arising from all oil activities, which were regulated later by 


Presidential Decree No. 2705 in August of 1998. This decree presented the following definition for 


royalties: 


Art 11. The royalties referred to in item II of art. 45 of Law No. 9478, 1997, constitutes the financial 


compensation by the dealers of exploration and production of oil or natural gas, and will be paid monthly, 


related to each field, from the month in which the date of commencement of production happens, 


prohibited any deductions. 


Therefore, it is relevant noting that the legal treatment given to royalties, within Brazilian constitutional 


limits, is financial compensation. The same expression can be found in Article 20, section IX of the Federal 


Constitution of Brazil: 


§ 1 – It is guaranteed under the law, to the States, to the Federal District and to the Municipalities, as well 


as to the organs of Direct Administration of the Union, participation in the result of the exploration of oil 


or natural gas, water resources for generating energy and other mineral resources on their territory, 


continental shelf, territorial sea or exclusive economic zone or financial compensation for this 


exploration”. 
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According to Costa, of the number of legal grounds available, among them the aforementioned, one can 


observe that the "financial compensation constitutionally provided contains an indemnity 


nature. Although the ownership of mineral resources, including those from the subsoil,  belong to the 


Union (art. 20, IX), the Highest Law presupposes an injury to the person in whose territory the exploration 


is given."  In this concept of compensation, not only royalties are placed, but also the Special 


Participations, paid quarterly to the oil-producing municipalities.  


Despite its legal nature, Oil-related revenues still lack legal device able to specifically define the areas in 


which they must be applied. According to Senator Cristovam Buarque, since 1997, with the sanction of 


Petroleum Act, there was no legal determination regarding where resources should be applied. The 


applications of royalties and other Oil-related revenues were then subjected to "the flavour of the 


discretionary use of managers." This lack of legal provisions coupled with the lack of technical public 


administrators lead to a scenario of contradictions between the amount of revenues destined to state 


entities, especially municipalities, and the level of development and quality of life of its citizens. 


Emerges, therefore, the low managerial competence of public officials, who,  facing the prospects of 


growth in current revenue due to oil activity, usually build robust spending structures at the cost of public 


administration, not taking into account the imminent risks to the society in future periods, and promoting 


a vicious dependency of the public budget in relation to the Oil Revenues. The result of this process is a 


perceived irresponsibility in the understanding of the origin of Oil Revenues, whose very existence is 


limited to both the renewal capacity of the natural resource itself, since oil is a non-renewable natural 


resource, and to the national political debate, mainly that around the Ibsen Pinheiro Amendment, which 


proposes changing the sharing of royalties and Special Participations, drastically reducing the amount of 


Oil Revenues allocated to producing municipalities. 


Given these observations, the concern with the end of Oil Revenues becomes completely legitimate, since 


the question at issue is not "if it will happen" but "when it will happen”. And in such a situation, it is still 


important to investigate "how it will happen”. 


The search for answers to these related questions, all of them linked to the concept f Economic 


Sustainability, is the motivating factor of this work, that investigates the correlation between Oil Revenues 


and variables related to economic development, jobs creation, education and GDP, to indicate the present 


and future situation in case of presence or absence of Oil Revenues. We also carried out an analysis of the 


dependence of the Public Budget in relation to Oil Revenues, followed by an investigation of the 


correlation between the variables "Budget Dependence" and “Investments Liquidated". Basing on this 


approach, we sought to investigate whether the budget management has been effective and efficient in 


the use of public resources so that the State Agency is better prepared for a possible sharp depreciation 


or even extinction of Oil Revenues. 


To achieve the goals proposed, this paper presents this Introduction in the Chapter 1, the Literature 


Review in Chapter 2, the Characterization of the Unit of Analysis in Chapter 3, the Empirical Strategy in 


Chapter 4, the Analysis of the Results in Chapter 5 and Final Considerations in Chapter 6, followed by 


References. 


2 Literature Review 


The definitions of the rules regulating the payment of royalties from oil production in Brazil have their 


origin in October of 1953 with the Law no. 2004 that created Petrobras. According to Schechtman (2000), 


at this time it was established that 4% of the onshore production earnings from Oil exploration would be 


allocated to the states, while 1% would be for the municipalities in whose territory the production of oil 


and natural gas is carried out. 


The author also presents the ramifications of this law, indicating the Law No. 7453 of December 27
th


, 1985, 


which also considered subject to royalties, at the same percentage of 5%, oil and natural gas extracted 


from the continental shelf, of which 1.5% are directed to the States bordering on with the producing wells, 
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1.5% to the municipalities also bordering on with the producing wells and their geo-economic areas, 1% 


to the Ministry of the Navy, in order to meet the requirements of inspection and protection of economic 


activities in the producing marine areas, and 1% consist of a Special Fund distributed among all the States 


and Municipalities of the Federation. 


Subsequently, the Law no. 7.990, of December 28
th


, 1989, changed the distribution, to include as 


beneficiaries of the royalties the municipalities where the facilities for loading or unloading of oil or 


natural gas were located. This law was regulated by Decree 01 of 1991. 


Finally the Petroleum Act, besides increasing to 10% the basic rate of royalties, kept the criteria for 


distribution to states, municipalities and ministries to 5% and introduced a new form of distribution for 


the surplus portion of the royalties. It is thus, according to the authors reports, that the Petroleum Act 


nearly doubled the Oil Revenue by increasing the basic rate of royalty, in addition to establishing the 


Ministry of Science and Technology as the recipient of 25% of the royalties in excess of 5%, making clear 


the policy of promoting science and technology through Oil-related profits. 


Conceptually, as commented before, royalties are a financial compensation paid by the utilities that 


produce oil or natural gas. Its calculation is done monthly and is at the responsibility of the National 


Agency of Petroleum ANP, in accordance with Law No. 9.478/97, depending on market prices for oil, in 


natura or condensate gas, product specifications and location of the field. 


The Special Participations, however, are a special kind of financial compensation payable by Companies of 


exploration and production of oil and natural gas in cases of a high-volume production or high 


profitability. They are applied on the gross production, deducted royalties, exploration investments, 


operating costs, depreciation and taxes under the laws in force. These have counting and distribution 


placed every three months, and in the case of states and municipalities in which the production occurs, 


are distributed, respectively, in a proportion of 40% and 10% (Pinto, 2002). 


Hence, for the effects of this work, when we use the term “Oil Revenues”, or more accurately, “Oil-Related 


revenues”, we express a variable that comprehends both and exclusively Royalties and Special 


Participations. 


On the question, the Court of the State Auditors – State of Rio de Janeiro claims in its reports that such 


revenue is extremely important because the significant and steady growth of the amount granted by the 


National Treasury has been promoting the improvement of financial situation of the State and of a 


significant portion of its Municipalities. In addition to the positive tax impact arising from royalties and 


special participation, the state also has benefited from massive investments from the oil industry, resulting 


from the increase in production and in reserves identification. It is noteworthy that the future rights 


related to government participation in the exploration of oil and natural gas were the main factor for the 


success of debt renegotiation with the Union, and also for the capitalization of the Unified Social Security 


Fund of the State of Rio Janeiro - RIOPREVIDÊNCIA. 


Checking the trajectory of evolution of the royalty revenues in oil-producing municipalities, the Tribunal's 


statements of accounting are ratified. However, the outcomes of these applications, in qualitative terms, 


are incompatible, since elements of a proper effective budget execution are not observed. The level of 


investment is low and, consequently, the cost structure is extremely high. Added to this are the strong 


dependence of the Budget of these municipalities on Oil Revenues and the lack of investment in social 


and economic infrastructure. 


Based on data from the Court of the State Auditors, the main oil-producing municipalities of the Rio de 


Janeiro State presented the following rates of investment in 2011, during the period from January to 


October: Campos dos Goytacazes 18.68%, 5.14% Macae, Rio das Ostras 11.77% and São João da Barra 


1.32%. Considering the period from January to August: Cabo Frio and Quissamã 6.05% and 2.85%. 


The picture of the degree of dependence on Oil-Revenues is primarily worrying. Campos dos Goytacazes 


displays a level of dependence at 85.60%, Macae 60,75%, Cabo Frio 78.97%, Quissamã 92,89%; Rio das 


Ostras 74.64% and São João da Barra 89.73%. Data also from 2011. 
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Ribeiro and Nogueira (2011) oriented toward a different view, unfortunately, still far from the practices 


identified in the public sector management. According to the authors, in the context of the local economy, 


as an autonomous institutional political space, the expectation of productive and social actors is that the 


government may have a power of intervention capable of inhibiting the failures of the market, creating 


favourable conditions internally, from the management of public budget. Thus, actions such as attracting 


companies and the consequent increase in employment and income are key elements and expected by 


the local society. 


On the other hand, historically these spaces coexist with economic systems composed of small and 


medium business, which present difficulties in obtaining financial resources and fragility in the context of 


innovation and business management. In addition, there is a marked informal activity that is inhibitory of 


employment and the social protections it brings along. 


Because this framework does not allow the structure of its own revenues to be more robust, these spaces 


have a strong dependence on the institutional transfer for the composition of the municipal revenue 


streams. The same management problems observed in small businesses, are also observed in the public 


sphere. 


Regarding the first situation, stands the unpreparedness of management of the consisting business 


owners, since it is in the very nature of entrepreneurship by necessity, the condition of low 


education. These entrepreneurs usually acquire a working knowledge on a specific business field and start 


a company at a time of unemployment or from the formation of savings that will permit the beginning of 


the project. In this case, it is clear that even the company with a good product or good service, has no 


guarantee of success in market competition. Hence the high rate of death of new companies in this type 


of socioeconomic environment. 


Concerning the second situation, stands the low managerial skills of public managers, who, facing the 


prospects of growth in current revenue, often build robust spending on structures cost of public 


administration, not taking into account the imminent risks for society in future periods. The low 


investment pattern observed in these spaces materialize this condition, since a substantial part of the 


budget is used in practices of patronage and other strategies needed to maintain political power. We 


have observed a strong division between the political practices and techniques in the public sector, which 


reflects the deepening of poverty, even in recipients of growing volumes of budget revenues. A paradox 


that needs to be better understood. 


3 Unit of Analysis 


The concept of "Oil Route" still lacks reference in the literature. It commonly appears in commercials, such 


as the Venture Campos Supreme Hospitality, and the propaganda of the Trip Airlines, on the occasion of 


the inauguration of the section covering the municipalities of Campos dos Goytacazes and Macaé. At a 


first moment, one can say that it is related to a common sense of citizens of the State of Rio de Janeiro 


and Brazil in respect of a geo-economic region not well defined, but which includes municipalities with 


high levels of oil production and, therefore, consequently recipients of large inflows of Oil Revenues. 


This work stands among the first academic attempts, if not the first, to define this territory, which 


constitute our unit of analysis. For this purpose, we used the following criteria: 


 That the municipality is member of the State of Rio de Janeiro; 


 That the municipality participate in the Organization of Petroleum Exporting Municipalities; 


 That Oil-Related Revenues Represent a large amount of  Total Current Revenues; 


 That there is sufficient consensus in the literature regarding the municipalities’ importance. 


Previous attempts to define this Region in literature were made by Miranda (2010), selecting Cabo Frio,  


Campos dos Goytacazes, Macaé, Quissamã and Rio das Ostras as the main cities, recipients of large 
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amount of Oil-Revenues. The author claims that these are the municipalities considered rich in Oil and 


Gas, all of them being part of the Campos Basin. 


In this work, according to the parameters imposed, the municipalities selected were represented in the 


following table, which informs a set of basic data regarding their economic situation: 


Municipalities Population GDP Total Revenues Oil Revenues (Royalties + 


Special Participations) 


Cabo Frio 186.227 R$ 4.596.004.000,00 R$ 372.411.302,10 R$ 133.778.273,24 


Campos dos Goytacazes 463.731 R$ 19.501.276.000,00 R$ 1.394.402.189,20 R$ 938.458.487,36 


Carapebus 13.359 R$ 300.380.000,00 R$ 52.230.270,10 R$ 22.745.005,61 


Macaé 206.728 R$ 7.057.282.000,00 R$ 1.086.210.900,00 R$ 365.247.504,11 


Quissamã 20.242 R$ 1.810.872,000,00 R$ 168.521.228,60 R$ 90.926.791,95 


Rio das Ostras 105.676 R$ 4.480.099.000,00 R$ 388.925.700,00 R$ 252.223.801,18 


São João da Barra 32.747 R$ 2.039.370.000,00 R$ 214.412.167,00 R$ 168.329.125,44 


Source: IBGE and TCE-RJ (2009). 


 


 


 


Figure 1: Oil Route. Source: Produced by the authors. 


4 Empirical Strategy 


The main objective of this paper is to analyse the use of oil revenues by public managers in the 


municipalities that comprise our research unit. This analysis is performed in two stages. 


In the first stage we sought to ascertain the impact of oil revenues on the local economy, for which we 


used for the following model: 


 


 
 


1 – Cabo Frio  


2 – Campos dos Goytacazes 


3 – Carapebus 


4 – Quissamã 


5 – Rio das Ostras 


6 – São João da Barra 
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Where R represents Oil-Related Revenues at year t,  Y represents some observable results, such as GDP, 


Value Added, Jobs Creation, Slow-way Deposits and the Index of Development of Basic 


Education. Epsilon represents the effects of unobservable variables on Y. 


This approach has similarities with the ones adopted by Michaels and Caselli (2009), but it differs from the 


aspect that our analysis focuses on the specific situation of each municipality, being thus the reason we 


avoided the Panel Data Analysis. 


In the second stage, we unhurried the weight of Oil-Related Revenues on the total current Revenues 


measuring a new variable called “Budget Dependence”. Then we made an analysis of correlation 


between “Budget Dependence” and “Public Investments”. We believe this is consistent with the 


affirmation that if the Revenues are being used efficiently and effectively, “Budget Dependence” must 


decay through time. For this analysis we used the following model: 


 


 
 


Where I represents the amount of investment of the municipality in year t and D represents the variable 


“Budget Dependence” at year t plus one. This strategy was adopted from the premise that investment in 


year t requires a certain lag, a time to result in any outcome that could have a budgetary impact. 


From these results, a conclusion was made on the specific situation of each municipality. 


All the analysis was made mainly over the period that goes from 2000 to 2010, using for our purpose the 


information regarding each year. All data was collected from National Petroleum Agency, Brazilian 


Institute for Geography and Statistics, Ministry of Education, Tribunal of State Auditors of the State of Rio 


de Janeiro, the Association of Oil-Producing Municipalities and the Ministry of Work. 


5 Results 


5.1 Synthesis of the statistical analysis  


5.1.1 For the municipality of Cabo Frio 


 


Variable r R² 


GDP 0,98 0,96 


Value Added 0,98 0,96 


Private Jobs Creation -0,04 0,001 


Slow way deposit 0,68 0,46 


Basic Education Quality Index (First 


Years of Elementary School) 


-0,29 0,08 


Basic Education Quality Index (Latter 


Years of Elementary School) 


0,11 0,01 


 


Variables r R² 


Budget Dependence X Public Investment 0,65 0,42 


 


5.1.2 For the municipality of Campos dos Goytacazes 


 


Variable r R² 


GDP 0,98 0,96 


Value Added 0,96 0,92 
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Private Jobs Creation -0,12 0,01 


Slow way deposit 0,68 0,46 


Basic Education Quality Index (First 


Years of Elementary School) 


0,20 0,04 


Basic Education Quality Index (Latter 


Years of Elementary School) 


0,70 0,49 


 


Variables r R² 


Budget Dependence X Public Investment 0,59 0,34 


 


5.1.3 For the municipality of Carapebus 


 


Variable r R² 


GDP 0,93 0,86 


Value Added 0,93 0,86 


Private Jobs Creation -0,18 0,03 


Slow way deposit 0,68 0,46 


Basic Education Quality Index (First 


Years of Elementary School) 


0,87 0,75 


Basic Education Quality Index (Latter 


Years of Elementary School) 


0,63 0,39 


 


Variables r R² 


Budget Dependence X Public Investment -0,04 0,001 


 


5.1.4 For the municipality of Macaé 


 


Variable r R² 


GDP 0,91 0,82 


Value Added 0,90 0,81 


Private Jobs Creation 0,29 0,08 


Slow way deposit 0,65 0,42 


Basic Education Quality Index (First 


Years of Elementary School) 


0,97 0,94 


Basic Education Quality Index (Latter 


Years of Elementary School) 


0,03 0,001 


 


Variables r R² 


Budget Dependence X Public Investment -0,22 0,04 


 


5.1.5 For the municipality of Quissamã 


 


Variable r R² 


GDP 0,97 0,94 


Value Added 0,97 0,94 


Private Jobs Creation -0,11 0,01 


Slow way deposit 0,59 0,34 


Basic Education Quality Index (First 


Years of Elementary School) 


0,76 0,57 
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Basic Education Quality Index (Latter 


Years of Elementary School) 


0,35 0,12 


 


Variables r R² 


Budget Dependence X Public Investment -0,21 0,04 


 


5.1.6 For the municipality of Rio das Ostras 


 


Variable r R² 


GDP 0,95 O,90 


Value Added 0,95 0,90 


Private Jobs Creation 0,58 0,33 


Slow way deposit 0,68 0,46 


Basic Education Quality Index (First 


Years of Elementary School) 


0,89 0,79 


Basic Education Quality Index (Latter 


Years of Elementary School) 


0,99 0,98 


 


Variables R R² 


Budget Dependence X Public Investment 0,61 0,37 


 


5.1.7 For the municipality of São João da Barra 


 


Variable R R² 


GDP 0,97 0,94 


Value Added 0,97 0,94 


Private Jobs Creation 0,69 0,47 


Slow way deposit 0,29 0,08 


Basic Education Quality Index (First 


Years of Elementary School) 


-0,29 0,08 


Basic Education Quality Index (Latter 


Years of Elementary School) 


0,11 0,01 


 


Variables R R² 


Budget Dependence X Public Investment 0,63 0,39 


 


5.2 Results of analysis by niche of concentration 


5.2.1 The economic dependency 


The hypothesis (ρ= 0) that there is no correlation between GDP, which is one of the main economic 


measures, and Oil-related Revenues was rejected for all the municipalities analysed. In fact, the Pearson 


correlation coefficient was shown above 0.90 for all municipalities, which indicates a strong correlation 


between the variables of Oil Revenue and GDP. A similar situation was found with respect to Value Added 


and Slow-Way Deposit, confirming the economic dependence of the Oil Route on Oil Revenue. 


However, when the variables analysed were Oil Revenues and Private Jobs Creation, it was observed the 


opposite situation that leads to a paradox in Economics. The hypothesis (Ho: ρ = 0) of no correlation 


between the variables cited above was accepted, except for the municipality of São João da Barra, 
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confirming the lack of managerial capacity of the state to allocate resources in order to stimulate the 


economy. 


The paradox situation observed is the existence of a strong correlation between main Economy measures, 


GDP and Value Added, and Oil Revenues, and at the same time, the lack of correlation between Oil 


Revenues and Private Jobs Creation. Simply, Royalties were influencing GDP growth and the economy in 


general, but not the generation of jobs, as assumes the Brazilian economic model, in which the state 


action in economy is considered and expected. 


We believe that the reason for this paradox is explained by two factors. First, the variable “Jobs Creation" 


does not count government jobs. Second, there are other factors besides the level of employment that 


explain the influence of oil revenues on GDP, such as government spending. Caselli and Michaels (2009) 


sustain that in Brazilian Oil-Producing municipalities, it can be observed a large growth in the size of 


homes owned by public servants through the time, indicating that many times Oil-Revenues could have 


been used in practices of raising the government structure and patronage. 


5.2.2  Regarding to basic education 


The hypothesis (ρ= 0) that there is no correlation between the accumulation of Oil Revenues over the 


years and the Index of Development of Basic Education for the two phases of elementary school was 


accepted except for the municipality of Rio das Ostras. In fact, for the municipality of Rio das Ostras, the 


degree of correlation between the accumulated of Oil Revenues and the Index of Development of Basic 


Education was considered very strong for both phases of the elementary school, indicating a successful 


government policy on basic education. 


For the municipalities of Campos Goytacazes, Cabo Frio, Carapebus and Quissamã, the correlation was 


accepted for only one of the two phases of elementary school, not meeting the objectives of this work, 


which aims to observe an influence of Oil Revenue on basic education that is more cyclical, not just 


occasional. 


For the municipality of São João da Barra, the correlation between accumulation of Oil Revenues and the 


Index of Development of Basic Education was not observed for any of the two stages of elementary 


school. 


5.2.3 The budgetary dependence and public investment 


The null hypothesis of no existence of negative correlation (-ρ= 0) between the amount of liquidated 


investments and Budget Dependence was accepted for all municipalities. 


According to the results, in none of the municipalities the government investments have contributed to a 


decrease in budget dependence on Oil Revenues. It can be stated that the Investments have not been 


effective, neither efficient.  


6 Final Considerations 


The substantial increase in Oil Revenues in the Public Budget of Oil-producing municipalities, according to 


Law no. 9.478/97 (Petroleum Act), which defines financial compensation paid by dealers to the 


municipalities in whose areas oil and natural gas are produced, has been a major factor of discussion in 


Brazil. Strong questions about the possible redistribution of Oil Income at one side face speeches of 


defence, in function of business risk, on the other side, feeding doubts about the importance and actual 


outcomes of Oil Revenues. 


Analysing from the focus areas of this work, one can say that in a situation of immediate extinction of the 


revenues from oil, there would be a strong impact on economic dynamics, affecting the composition of 


GDP and Value Added. However, this impact would be small on Private Jobs Creation. From assumptions 


raised earlier, it can be stated that a greater impact would occur on the Public Employment and the level 


of government consumption. 
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Regarding living standards, this study sought to stick the level of education quality, which according to 


Blanchard(2011), is considered a good measure of the latent capacity of development of a region or 


country, as exposed in the case of the Asian Tigers. According to the statistical analysis, only the quality of 


education in the municipality of Rio das Ostras is influenced by the high volumes of Oil Revenues. Thus, in 


the case of a termination of this source of public funds, only education in the municipality of Rio das 


Ostras would be impacted. 


As for investments implemented by municipalities, it was observed they are not fulfilling their key role in 


forcing the decrease of Budget Dependence. Since the Budget Dependence over Oil revenues in the cities 


studied is over 50%, we strongly support that in the case of the extinction of Oil Revenues, there would be 


a situation of "state bankruptcy" in all joint municipalities that comprise the Oil Route. 


Conclusively, the end of the Oil Revenue would lead to a strong economic impact, but with little influence 


on Privates Jobs Creation, except in São João da Barra. However, as the municipality has strong influence 


of exogenous variables with the investments of the Industrial Complex of Açu and the correlation is 


considered moderate, it is possible that this influence would not be so marked. Effects on consumption of 


the Government would be imminent.  


Finally, regarding the investments of the state and its influence over the reduction of dependence on Oil 


Revenues, we can infer that the municipalities of Cabo Frio, Campos dos Goytacazes, Carapebus, Macaé, 


Quissamã, Rio das Ostras and São João da Barra are not preparing for a possible situation of 


extinguishment of oil revenues. In short, we believe that the lack of training of public managers is leading 


municipalities in the Oil Route to a vicious cycle of Budget Dependence, which could guide the region to 


an economic failure in a possible looming future. 
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Abstract 


This research aimed to propose a scenario model for application of the Life Cycle Analysis (LCA) for the silk fabric. For 


this, we followed the methodology established by the Standard BNR ISO 14040:2009, which establishes principles and 


framework for an LCA study. It was considered one of the first steps in ISO, being the definition of the purpose and 


scope. The limits considered for the system had as a starting point the wiring step within the company, and as a final 


limit the stage of the finishing of the fabric, where you get the finished product. The information used are 


characterized as primary data collected directly from the company 'Fio de Seda'. To construct the scenario proposed, 


the software system Umberto 5.5 v. Acadêmica was used and through it, it was possible to generate the scenario 


model for the production of the silk fabric. Based on this scenario, the accomplishment of the later stages is possible, 


as outlined in ISO 14040, thus obtaining the inventory of the LCA for the silk fabric, as well as its evaluation.  


Key words: silkworm; silk fabric; life cycle analysis; Umberto software. 


1 Introduction 


Among various man-made products over time, the silk fabric (from the Latin Sericum and subsequently 


seta) is an animal-natured textile fiber, obtained by various cocoons that industry transforms into a 


continuous filament for use, being a decisive economic, social and cultural factor among civilizations since 


ancient times. 


Being originally from China and discovered by the Chinese empress Xiling Shi around 2500-620 BC, its 


history is told by many thinkers concerned with this theme, among them the journalist Dinah Pezzolo de 


Bueno (2008), who comments: the Chinese Empress Xiling Shi, while having tea in her garden, sitting 


under a mulberry tree, realized that an oval-shaped cocoon fell into her cup. Due to the hot tea, a long 


strand of silk was loosened. It was discovered then that the cocoon could be unwound, resulting in a fine 


filament being capable of being woven, resulting in the silk fabric. 


The notoriety of the routes spread over several countries. The city of Rome was, for a long period, the 


most reputable importer of silk. From 1550 the United States and Europe started the process of 


technological development of silk (S) manufacture. China is the largest manufacturer in the world and 


Brazil is among the ten largest international producers, the state of Paraná being responsible for more 


than 90% of the national production (SIRINGO, 2011). 


Sericulture comprises the production of cocoons, which then turn into silk yarns and fabrics by the 


industries. Currently, sericulture is being developed with emphasis on small farms with family labor. Due 


to its social aspect and being a low environmental impact activity, the sericulture contributes to the 


sustainable development of the country. This is extremely important because organizations have to meet 


the demands of the sustainable development, whether they are the requirements of laws, the consumers’ 


demand or the organization itself. 



mailto:silviabortoloto@hotmail.com

mailto:Leila.mendesdaluz@gmail.com

mailto:rsvasques@uem.br

mailto:cassianopiekarski@gmail.com

mailto:acfrancisco@utfpr.edu.br





 


ICIEOM 2012 - Guimarães, Portugal 


ID201.2 


Among the sustainability aspects, the environmental issue is widely embedded in the industrial context. 


As a result, it is common the adoption of environmental techniques and tools that assist in this process. 


Among these techniques, in recent years, the LCA is highlighted, beginning to be inserted in organizations 


as a way to assist in the strategic planning and decision making. 


LCA assesses the environmental aspects and impacts of all stages involving the life cycle of a product, 


beginning with the collection of raw materials from the nature, and ending when all materials are returned 


to the environment, thereby enabling a global vision of the product system. 


This study was implemented in the silk fabric due to three aspects. The first one was the issue of 


accessibility in the company studied; the second one was that the company has its completely natural 


manufacturing process, and the third aspect was that by searching databases, no similar and / or close 


studies were found, thus providing future studies in the textile sector. 


Thus, this paper aims to propose a scenario for applying the Life Cycle Analysis technique in the 


production of silk fabric, starting from the cocoon. Next, the topics covered, such as sericulture, Bombyx 


mori, silk fabric, life cycle analysis, methodology, results and finally the conclusion, will be presented. 


2 Theoretical referential 


2.1 Sericulture in Paraná 


The rearing of silkworms, called sericulture, is a viable activity in terms of the economy in several regions 


of Brazil, because the climate favors the sericulture for up to ten months a year, with a satisfactory income 


for the producer and making Paraná State responsible for about 90% of cocoon production in Brazil 


(MENEGUIM et al., 2007; ZANATA et al., 2009). 


The sericulture involves the cultivation of mulberry (Morus sp.), whose leaves feed the caterpillars to 


obtain the green cocoons; the eggs, which will give birth to the caterpillars, obtained by the industries and 


the creation of the caterpillars by farmers. The species Bombyx mori L. (Lepidoptera: Bombycidae), is the 


caterpillar of the silk-worm which feeds solely on mulberry, accounting for 95% of the total production of 


silk used in the manufacture of different types of fabrics (PÁDUA, 2005, BUSCH, 2010). In the last decade 


the State of Paraná was highlighted as the biggest producer of green cocoons, and in the 2009/2010 crop, 


it accounted for 92.34% of national production (BUSCH et al., 2010). 


The recognition of best silk in the world happened with the implementation of a rigorous process of 


qualification, ie the larvae of silkworm are first selected. In Brazil, the silk spinning industries (BRATAC S / 


A. and Fujimura do Brasil) control the entire production cycle, where only the most perfect cocoons enter 


the production line of the most expensive and sophisticated yarn. This control is what differentiates Brazil 


from the world's largest producer, China, in which each step is done by an intermediary (Busch, 2010). 


The agribusiness silk segment generates around 20,000 direct and indirect jobs, occupying an average 


area of 2.55 ha / producer. The productivity of caterpillars presents a performance index of kilos of 


cocoons / g of larvae of 3.14 kg / g. In the 2009/2010 harvest, the green cocoon production in Paraná 


totaled 4,099 tons covered by an area of 10,067 ha. You can find the activity in 145 municipalities in the 


state of Parana, which equals 76% of the state production. Parana accounted for 56.88% of the volume 


exported, being the main exporter of silk (BUSCH et al., 2010). 


2.2 Bombyx mori 


The silk-worm, Bombyx mori L. (Lepidoptera: Bombycidae), has similar morphological characteristics and 


mating ability, because it originates from the Bombyx mandarina (Theophila mandarin). Its origin can be 


classified and identified as Japanese, Chinese, European or Indian depending on geographical distribution. 


Variations in color and egg shape, strength, size, color, number of generations / year, number of moults 


of the caterpillar, shape, size, color and yield of cocoon are also found, depending on its origin. The 


qualitative and quantitative characteristics, characteristic of each breed or strains are searched in order to 
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improve the formation of hybrids (PORTO, 2004). 


                                     


(a) Silkworm making the cocoon                      (b) Cocoon                                    (c) Pupa or Chrysalis inside the 


cocoon 


Figure 1: Production stage of the cocoon. Source: BRANCALHÃO, 2005 


The purpose of producing silkworm eggs is meeting the demand of the producers. Usually a silk moth can 


lay between 400 and 500 small eggs, becoming small larvae of approximately 1 mm. The larvae are 


delivered to producers through companies / cooperatives, when they have the maximum size of 70-80 


mm in length, or when they are in old age, and in a period of time of 28 days they begin producing 


cocoons formed by fibroin protein and sericin, which are produced by cells of the silk gland and expelled 


through the mouth of the caterpillar. Then they will be sold to companies for the production of silk. 


Otherwise, between 10 or 12 days, the larva which is inside the cocoon turns into a chrysalis, which 


becomes a moth (FERNANDEZ et al., 2005; BRANCALHÃO, 2005; OLIVEIRA, 2011). 


At the end of this cycle, the cocoon is ruptured by the moth, with the secretion of an alkaline liquid, 


softening its protein fibers. After that, it is able to restart the cycle by means of reproduction which takes 


4-5 days. The larval stage consists of five ages in approximately 28 days, feeding exclusively on mulberry 


leaves increasing their size by 70 times compared to the initial size. It is in the last age that the larva, an 


adult, ceases feeding and starts the process of protein secretion, making the cocoon, which protects it for 


the metamorphosis which may take up to 3 days (FERNANDEZ et al., 2005; BRANCALHÃO, 2005; 


OLIVEIRA, 2011). 


According to Brancalhão (2005, p. 01), the insects "have complete metamorphosis (the young insect is 


completely different from the adult one), going through four distinct morphological stages during their 


life cycle", according to the figures below: 


                    
a) Egg                         b) Caterpillar or Larva                   c) Pupa or Chrysalis      d) Moth 


Figure 2: Morphological stages. Source: BRANCALHÃO, 2005  


The silkworm caterpillar requires special care in its creation, namely, control of humidity and temperature, 


which have a key role in its health and productivity. The temperature should be between 20 º to 30 º C 


and humidity ranging from 80% in the 3rd to the 5th age, and from 60% to 70% when the caterpillar is 


building the cocoon. Outside this range the caterpillar reduces or even stops eating. There is also the 


prevention concerning the use of fungicides to prevent from diseases, thus avoiding losses in the 


production of cocoons. The mulberry leaf is the only food of the silkworm, for it is rich in protein, and for 


each stage of the caterpillar, a different type of leaf is provided (considering the stage of the mulberry 


trees - periods after pruning). To achieve success in quality you need a good management of the 
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mulberry trees because their production loses in quality and quantity over the years, requiring constant 


investment, such as organic and chemical fertilizer (PÁDUA, 2005). 


As explained in his book, Chataignier (2006) says that the silk comes from three types of harvest: natural, 


cultivated and wild. 


Natural, also called silk, is an outcome of the process that we mentioned above. It is extremely soft and 


when folded up it becomes wrinkled. This characteristic is the real test that distinguishes it from the false 


silk coming from synthetic fibers that do not get wrinkled. 


Cultivated, spun by silkworm raised in greenhouses and is produced by the Bombyx mori larvae, a species 


of white moth striped with black. 


Wild, also natural, however wild, producing fabrics like tussor fabrics or tussah and the wild shantung that 


comes from silkworm that feeds on leaves of other trees that are stronger, such as oak and hickory, 


especially in China and India. It is less bright than cultivated silk and is used with other fibers. The wild 


fiber has a brownish tinge, is thick and irregular, but it causes interesting effects in the fabrics, both for 


clothing and for decoration (CHATAIGNIER, 2006, p.). 


However, the most widely used one is the natural one known as silk (S). The mulberry trees are the most 


accurate food to have a glow in the yarn and fabric. Based on these assumptions, we must know the 


nature of this fiber since the birth of the moth to the spinning and fabric processing. 


2.3 Silk fabric 


Silk is a soft and lightweight fiber, it resists to all kinds of climate and can also be mixed with other types 


of threads, resulting in more resistant fabrics (FERNANDEZ, 2005); besides, according to the report of the 


textile engineer Ronaldo Salvador Vasquez, silk (S) has characteristics of brightness, touch and texture of 


good performance for use; it absorbs sweat and moisture, it has low abrasion resistance, and has 


extremely fine filaments. The fabrics have a soft look, nice touch and gloss. It can be used in masculine 


and feminine hosiery, blouses, skirts, decoration, among others. The silk fabric (S) is hypoallergenic, 


antibacterial and thermodynamic. A very important factor is the ease in the dyeing and in the various 


types of anilines which facilitates to obtain the color. 


 It is a natural animal-originated fiber, more resistant than other natural fibers. Its resistance is compared 


to that of the synthetic fibers, nylon and polyester. The fabrics made of silk have excellent finishing 


quality, are resistant to crease and receptive to dyeing. From the silk thread it is possible to make various 


kinds of fabrics such as organdy, crepe, satin, silk, chiffon, faille and hattan, among others. Silk fabric is 


used on shirts, dresses, blouses, ties, scarves, gloves, decorations, among others (PÁDUA, 2005; 


BRANCALHÃO, 2005, ORIGEM DOS TECIDOS, 2011). 


A cocoon can reach from 700 to 1200 meters of filament yarn. To break the shell, ie, remove the thread, 


hot water is used to dissolve the gum (sericin), then the thread is loose and can find its end. After this 


process the end of the thread is placed into a machine which winds the thread and makes the skein. To 


make the thread that is used to make fabrics, we join several hanks of yarn, thereby obtaining a thicker 


thread. The silk threads have some irregularities, but can not be regarded as defective, in contrast to 


chemical fibers. Some fabrics of silk are obtained by threads with flames, that are points that are thicker 


and irregular lumps. These threads are called dupions obtained from cocoons formed by two caterpillars, 


considered a rare and special thread, with a fairly high price (OLIVEIRA, 2011). 


According to SEAB (2011), after the purchase of silk cocoons by companies, the classification process is 


carried out. In this process the cocoons are classified as: 


 first-quality/good cocoons (these are presented clean, perfect in shape, without smudging and with 


chrysalis alive, tolerating only small smudges/stains/patches); 


 second-quality/pointed cocoons (they are defective, with larger patches and irregularities in the shape 


and skin caused by diseases and inadequate management and / or climatic factors); 
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 double cocoons (with larger size, poorly woven and consisting of two or more pupae); 


 Rejects (flabby, wrinkled and sticky cocoons, with deep stains, misshapen, and stuck with large defects 


from the woods). 


 


Figure 3: Classified cocoons . Source: SEAB, 2011 


The industrialization of the silk thread consists of the following processes: drying and storage, cleaning 


and cooking, spinning and twisting. The drying of the pods is performed to avoid the pod chrysalis to 


break out; it retains the commercial value and keeps the fibers in the yarn in good quality. Drying has a 


variation of up to 5 scales, a period lasting 6-7 hours, starting with a temperature between 125 º to 130 º 


C and ending between 40 ° to 50 ° C. Once dry, the pods must be stored for at least two weeks to 


complete the stabilization of sericin (SEAB, 2011). 


                


a)Front image                                                                       b) Side image 


Figure 4: Cocoons dryer . Source: SEAB, 2011 


To perform the cleaning, the cocoons are put into a machine to remove the anafaia (silk that the larva 


spins to form the cocoon). Then the cocoons are transported and placed inside the automatic cooker for 


unraveling. Cocoons are soaked for about 20 minutes in hot water to loosen the sericin to better loosen 


the fibers, giving good conditions for the spinning process (SEAB, 2011). 
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a) Cleaner to remove the coarse silk yarn spun   b)  Cocoons way out of the "shaken" cooker 


Figure 5: Cocoons cleaning and cooking. Source: SEAB, 2011 


As a result, the cocoons go through automatic spinners that unwind the thread and form the silk thread. 


The thickness of the thread takes place in accordance with the number of cocoons used, for example, 


Denier 21 = 06 cocoons, Denier 27 = 8 cocoons, Denier 31 = 9 cocoons, Denier 42 = 12 cocoons. After 


that, the unwound wires are passed onto another reel to form the skeins, and finally, the threads are 


twisted (SEAB, 2011). 


2.4 Life Cycle Analysis 


Every product causes some kind of impact on nature. These impacts according to Robles Junior and 


Bonelli (2006), do not begin in the post-consumption stage but at the time the materials are extracted 


from their sources in nature and ends with the final output in the environment, as pollution, waste and 


emissions. The effect on the environment occurs in all stages of processing, production, packaging and 


use. 


The LCA  is then a tool used to quantify and interpret environmental flows to and from the environment, 


involving the capture, validation, evaluation, verification and interpretation of environmental data 


including the purchase of raw materials, manufacturing, transportation, use, maintenance and final 


disposal (ATHENA SUSTAINABLE MATERIALS INSTITUTE, 2009). 


Thus, LCA evaluates the environmental aspects and impacts caused by the product throughout its life 


cycle including, in accordance with ISO 14040 (2009), four phases: purpose and scope definition, inventory 


analysis, impact assessment and interpretation. 


According to Guinée (2001) in the phase of purpose and scope definition, the initial choices are made, 


determining the work plan of the LCA, and the main characteristics of the study are established. Therefore, 


in this period of the study, it should be defined the function of the system studied, the functional unit, the 


process units and system boundaries (PEREIRA, 2008). Each of these items is defined by ABNT (2009) as: 


 Product System: Set of processing units, connected materially and energetically, which performs one or 


more defined functions. The function of the system is the intended product use; 


 Functional unit: quantified performance of a product system for use as a reference unit in a life cycle 


evaluation study; 


 Process units: Lower portion of a product system for which data are collected when a life cycle 


assessment is carried out; 


- System Boundaries: Interface between a product system and the environment or other product systems.  


In practice, the scope should be delimited through the system boundaries, which separate the studied 


system from the environment and other product systems (SANTOS, 2002). Thus, the system is subdivided 


into a number of process units. 
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In the phase of the Life Cycle Inventory Analysis (LCIA) all inputs and outputs of each process unit are 


identified in order to assess which are most significant for modeling the data (COSTA, 2007). Chehebe 


(1997) reports that at this stage, care must be taken, such as: the design of specific flow charts that show 


all the process units, including the interrelations between them; and the detailed description of each 


process unit and the list of data categories associated with each one of them. 


Subsequently, the data collected are grouped considering the environmental loads or the items to be 


evaluated, and in the functional unit. Thus, the product of the life cycle inventory is a list containing the 


volume of consumed energy, materials and quantities of pollutants emitted to the environment (PEREIRA, 


2008). It all results in the quantification of environmental aspects associated with the life cycle of the 


product. 


In the next phase of the LCA, the impact assessment, inventory data are associated with specific 


environmental impacts, where the choice of impacts evaluated and methodologies used and the level of 


details depends on the purpose and scope of the study (ABNT, 2009, p.7). 


UNEP (2003) presents the impact categories in which the inventory data can be sorted, separating them 


into input and output categories, relating to each of them the potential indicators generated. These 


categories are shown in Table 1. 


Impact categories Possible indicator 


Categories related to Entry 


Extraction of abiotic resources Lack of resources 


Extraction of biotic resources Lack of resources, considering the replacement rate 


Categories Related output 


Climate change Kg of CO2 as a unit of equivalence for the Global Warming 


Potential 


Stratospheric ozone depletion Kg of CFC-11 as a unit of equivalency to the potential for 


ozone depletion 


Human toxicity Potential toxicity human 


Ecotoxicity Potential for Eco-toxicity 


Formation of photo-oxidants Kg of ethylene as a unit of equivalence for potential 


photochemical ozone creation 


Acidification Release of H + as a unit of equivalence for the acidification 


potential 


Nitrification Total macro-nutrients as the unit of equivalence for 


potential Nitrification 


Source: UNEP, 2003 


In the interpretation phase according to ISO 14040 "the interpretation is the phase of LCA where the 


findings of the inventory analysis and impact assessment are combined, consistently with the purpose and 


scope defined in order to reach conclusions and recommendations" (ABNT, 2009, p.7). 


The findings of the study are confronted with the purpose and scope of the study in order to analyze the 


quality of the data and explain the limitations of the study carried out (COSTA, 2007). Thus, the findings of 


this interpretation can become useful conclusions and recommendations for managers, consistently with 


the purpose and scope of the study (ABNT, 2009). 


According to Valt (2004) the conclusions reached after reviewing the results allow the identification of 


critical points in the lifecycle of the product that need improvement, allowing the implementation of 
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production strategies, such as replacement and recovery of materials and redesign or replacement of 


processes, aimed at environmental preservation. 


Thus the main applications of LCA according to Guinée (2001) are: to analyze the origins of the problems 


related to a particular product; allow improvements by comparing variants of a particular product; 


promote the development of new products; enable the choice from a range of comparable products. 


Thus the LCA provides information that can be used to benefit the organization. 


3 Methodology 


This research is classified as applied, exploratory, qualitative, literature and a case study. The methodology 


followed in the study was established by ISO 14040:2009, which establishes principles and framework for 


an LCA study. 


As this study deals with the proposal of a scenario for application of LCA in the production of silk, it was 


considered the first step described in ISO quoted above, defining the purpose and scope. 


The data required for the study were obtained by formal interview, firstly identifying process units forming 


part of the system. 


To construct the scenario, the limits considered for the system had as a starting point the wiring step 


within the company, in which all process units of the system were identified and as a final limit the step of 


finishing the fabric, where you get the finished product and not considering the later stages of dyeing, 


distribution, processing, use, disposal, among others. 


The data processing and modeling were carried out with the support of the software system Umberto v 


5.5. Academica. 


4 Result 


As presented in the review and reported by Costa (2007) in preparation of the life cycle inventory all 


inputs and outputs of each process unit are identified, thus identifying which are most significant for 


modeling the data. Moreover, according to Chehebe (1997) one of the precautions to be taken is the 


construction of specific flow charts that show all the process units, including the interrelations between 


them. 


Thus, from the data collected a flowchart was prepared containing the processes considered. The picture 


obtained for the system can be seen in Figure 6. For the construction of this scenario the inputs and 


outputs related to the process units were considered: spinning, drying, twisting, weaving and finishing. 


 
Figure 6: Scenario of the production of woven silk. Source: survey data, 2011 


This scenario can be used as support for the later stage of the LCA, the development of life cycle 


inventory for the silk fabric. Since, for the collection of data for each processing unit can be considered a 


form used, which are quantified all inputs and outputs. A model for data collection is presented in Table 2.  
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Local: 


Process/Activity: 


Product: Amount: Date: 


INPUTS 


(raw materials, natural resources) 


 OUTPUTS  


(atmospheric emissions, waste water, 


solid waste) 


Material Amount  Material  Amount  


     


     


     


     


     


     


     


     


BALANCE OF POWER (consumption): 


Type of transport used: 


Distance traveled to the next step of the process: 


Comments: 


Table 2 - Form for data collection. Source: Prado, 2007 


An example of a functional unit that can be adopted for a study of LCA is of 1Kg of cocoons to obtain the 


finished fabric. 


5 Conclusion 


Considering the study above on the activity of sericulture, silkworm and LCA, a prominent point is the 


development of production of silk, which involves the social aspect and low environmental impact, as well 


as the contribution for an industrial system that involves sustainable development. The fulfillment of legal 


requirements, the consumers’ demand and the organization that the production itself requires are of 


great importance. 


Tools and techniques related to the environment assist this production process associated with the aid of 


designed strategies, help for evaluation of ACV. 


Thus, this paper presents a scenario model for the evaluation of the LCA for the silk fabric. Based on this 


scenario the fulfillment of the later stages is possible, as outlined in ISO 14040, thus obtaining the 


inventory of LCA for the silk fabric, as well as its evaluation. 
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Abstract 


Biodiesel has emerged in Brazil as a renewable and inexhaustible source of energy, which allows: a) reduce the use of 
foreign exchange by importing oil and diesel oil, b) reduce environmental pollution and c) generate positive impacts 
on environments that provide raw materials for their production. For the production of biodiesel are used inputs and 
raw materials of vegetable, animal, as well as various types of waste. In this context, is object of attention of this 
article the use of used frying oil as raw material available from the urban residue, which can be transformed into high 
quality biodiesel. Biodiesel production, from waste oils in frying food, enables reuse and reduce the volume of waste 
to 88%, being 2% solids, 10% glycerol, and 88% ester with energy value. The field research that gave support to this 
article was carried out at a vegetable oil refinery, located in the State of Sao Paulo, Brazil, belonging to the main 
supplier of biodiesel to Petrobras. The company uses various types of raw materials and inputs, among which used 
frying oils. The reverse logistics made by the company contributes to the preservation of the environment, creates 
new products and adds value to the productive chain, through a useless residue already considered disposable. The 
biodiesel produced from used frying oil can be used in its pure form or mixed with diesel oil (fossil fuel) without 
limitation of proportion. 


Keywords: biodiesel, used frying oil, reverse logistics, urban residue. 


1 Introduction 
With the growing worldwide demand for renewable fuels and least harmful to the environment, biodiesel 
has emerged in Brazil as a renewable and inexhaustible source of energy, which allows: a) reduce the use 
of foreign exchange by importing oil and diesel oil, b) reduce environmental pollution and c) generate 
positive impacts on environments that provide raw materials for their production. 


For the production of biodiesel are used several inputs and raw materials of vegetable or animal origin, as 
well as various types of residues.  Among the inputs of vegetable origin are the oils of palm, palm kernel, 
canola, wild radish, soybean, among others. Amid the inputs of animal origin are the tallow from cattle, 
pigs and poultry. Among the residues are used frying oil. 


The following figure shows the share of raw materials in production of diesel oil. 
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Figure 1: Raw materials used for production of biodiesel. Source: ANP (2011) 


The production of Biodiesel from used cooking oil allows reuse and reduction by 88% the volume of 
residues, 2% solids, 10% glycerol and 88% ester with energy value (Quercus, 2002 apud Castellanelli 
2008). Therefore, despite the low participation of this raw material in the production of biodiesel, in Brazil 
is great the environmental significance of such use. 


Therefore, it is object of attention of this article the use of used frying oils (UFO), raw material available 
from the urban residue, which can be transformed into high quality biodiesel. 


These oils are consumed widely, for the preparation of food, both in homes as in industrial and 
commercial production. 


Once used, they are generally released in natura, without proper treatment, causing serious damage to 
the environment and human health. (Reis et al, 2007 apud Santana et al, 2010). 


Therefore, its use for the production of biodiesel contributes to reduce the environmental impact deriving 
from the generation of residues from the food preparation. 


In this context, the present paper, without ignoring the immediate benefits of using biodiesel on the 
environment, has for main objective to characterize the positive effectiveness of production of that fuel 
from used frying oils, contributing in this way, with the absorption of this urban residue . 


It is worth remembering that the demand for biodiesel in Brazil has increased after 2008, with the 
mandatory blending of biodiesel with diesel oil. Starting with 2% (B2) in January 2008, rising to 3% plus 
(B3) in 2009 and 5% (B5) in 2010, in accordance with Resolution CNPE (National Energy Policy Council) 
number 6 of 16/09/2009, which is in effect today. (CNPE, 2009) 


The ANP, in monthly bulletin of December 2011, reports that there are 65 biodiesel plants licensed to 
operate in the country, accounting for a total authorized capacity of 18,727.95 m3/day. 


Of these 65 plants, 60 are authorized for commercialization of biodiesel produced, corresponding to 
17,150.25 m3/day of capacity authorized for marketing (ANP, 2011). 
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The Monthly Bulletin of Biodiesel, dated December 2011, published by the ANP, records the existence of 
eight plants producing biodiesel in the state of São Paulo, with total production capacity installed 2678.65 
m3 / day of product (ANP, 2011). 


Despite the numerous sources of raw materials, many of these plants work with excess capacity, well 
above planned levels. The use is only 41% of the productive potential (Lessa, 2011). Thus, existing plants 
have capacity for use of frying oils used as raw material. 


Table 1: Processing plants authorized in the State of Sao Paulo 


 


Enterprises 


 


City 


 


CNPJ National Regi
Juridical Persons 


Autorized cap


(m3/day) 


Authorizations existing 


For  


Operate 


For 


Commercialization 


BIO PETRO Araraquara 07.156.116/0001-63 194,44 N° 57, de 03/02/2
de 07/02/11 


Nº 68, de 10/02/2011
11/02/11 


BIOCAPITAL Charqueada 07.814.533/0001-56 824,00 Nº 395 de 01/11/2
de 05/11/07 


Nº 13, de 12/01/2009 
13/01/09 


BIOVERDE Taubaté 04.182.260/0001-86 503,27 Nº 712 de 15/12/2
de 16/12/10 


Nº 39, de 28/01/2011 
31/01/11 


FERTIBOM  Catanduva 00.191.202/0001-68 333,33 Nº 557 de 10/09/2
de 13/09/10 


Nº645, de 25/10/2010 
26/10/10 


INNOVATTI Mairinque 06.096.144/0001-70 30,00 Nº 196 de 01/08/2
de 02/08/07 


Nº567, de 11/11/2009 
12/11/09 


JBS Lins 02.916.265/0133-00 560,33 Nº 16 de 12/01/2
de 14/01/10 


Nº55, de  


02/02/2010 DOU de 03/0


ORLÂNDIA Orlândia 53.309.845/0001-20 150,00 Nº 369 de 11/08/2
de 12/08/11 


Nº378 de 17/08/2011 
18/08/11 


SP BIO Sumaré 05.164.528/0001-10 83,28 Nº 560 de 09/11/2
de 10/11/09 


Nº572 de 11/11/2009  
12/11/09 


Total   2.678,65   


Source: ANP, 2011 
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1.1 Use and recycling of used frying oil (UFO) 
In Brazil and in Rest of World the use of vegetable oils for food preparation has expanded widely in 
industrial complexes, private homes and in restaurants and the like. 


The justifications for using oil in cooking are numerous. Frying is a preparation operation fast and  food 
fried give unique characteristics of satiety, aroma, flavor and palatability (Reis et al, 2007). 


The increased use of cooking oil, often used in frying, can result in damage to the environment if 
disposed of down the drain of the sink, because it causes clogging of the pipes in the sewers, increasing 
by 45% the costs of treatment (Rabelo ; Ferreira, 2008).  


Thus, the incorrect disposal of frying oils by households and businesses has several problems to the 
environment and, specifically, to the sewer lines. In course of time, are generated significant costs to 
society in general and increasing concern about the environment. 


Therefore, recycling the cooking oil helps to prevent the pollution of air, minimizing also the possibility of 
future health problems. 


The recycling of waste frying has been highlighted by the production of fatty acid esters, biofuels. Recall 
that the esters of fatty acids do not contribute to the formation of "smog" photochemical therefore not 
present in their structures neither sulfur neither nitrogen. Therefore, do not contribute to the phenomena 
of acidification of precipitation (Castellaneli, et al, 2007). 


Currently the result of recycling of residue vegetable oils saturated is intended for use as  an ingredient of 
the biodiesel, a technique used to produce soap, resins for paints and glazing putty (Baldasso et al, 2010). 


According Castellanelli et al (2007), the correct destination of kitchen residues, in this case, the used frying 
oil, avoids the risk of environmental pollution. 


Disposal of used frying oils in sinks and toilets, or directly into the sewerage system, can cause various 
environmental problems, can generate malfunctioning sewage plants and result in waste of a possible 
energy source. 


For the processing of residual frying oil is needed a logistics structure for the collection of such material, 
under the coordination of biodiesel processing company. 


This processing company also operates in the refining of vegetable oils using the tool reverse logistics to 
collect the material, in supermarkets, municipal governments, assistance entities and exchange stations. 
The adoption of the reverse cycle of the product can prevent and / or minimize environmental 
degradation, bringing therefore a competitive advantage for companies (Santana et al, 2010). 


1.2 Methodology 
This article was developed from specialized literature and results of a case study conducted in a plant for 
refining vegetable oils, in the State of Sao Paulo, Brazil, belonging to the main supplier of biodiesel to 
Petrobras.  


This company produces vegetable oils, in their natural state or refined, soybean meal or pellets, biodiesel, 
glycerin, lecithin, and related products. Are used various types of raw materials and inputs, among which 
used frying oils. It is also a major supplier to Petrobras, in the capture of frying oils used in order to 
reduce the environmental impacts of waste. For the transesterification process, it is possible to generate a 
new product from what was formerly considered garbage. 


This is an applied research, generating knowledge for practical application. 
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2 The National Program for Biodiesel Production and recycling of waste frying 
The National Program of Biodiesel Production (PNPB) was created by Law No. 11,097 of January 13, 2005 
and has been seeking new alternatives for the production of biodiesel. Among them is the utilization of 
used frying oil (UFO). 


Thus, it contributes to the used oil not be disposed off in sinks and drains in toilets to avoid clogging the 
sewage galleries. According to Girard (2010), when the oil goes into the gallery of sewage works as a glue, 
adding all the discarded material, forming a mass that ends up clogging the sewer system that receives 
this material. 


Recently, companies refining of vegetable oils, which are focused on the production of refined oil for 
human consumption, are dedicated also to the manufacture of biodiesel. 


This occurred with the company investigated, promoting and enabling the idea of environmental 
preservation and social responsibility in the face of domestic and industrial residues from the preparation 
of meals and food in general, passing through the frying process. 


Among the actions carried out by the company stands out maintenance of agreements with supermarkets 
and restaurants for the exchange of used oil by new soybean oil, refined . 


2.1 The logistics of collection and exchange of used oil with new oil for human 
consumption. 


The logistics of collection of used oil is monitored by sales team of refined oil bottled by agreements and 
contracts signed with customers and partners such as ONG's (Non Governmental Organizations) and 
municipalities. 


In these agreements signed, the manufacturer of vegetable oils is responsible for collecting the used 
frying oil, where are the customers or partners. 


The collection is made when the used oil stored by customers or partners reaches 200 kg. Reached this 
amount, the collection is carried out and the collected material is transported  to the  plant for proper 
storage and further processing. 


For Pitta Jr. et al (2009), it is recommended that the conditioning is made in the oil containers with a 
capacity of 500 ml to 2 liters in the case of dwellings, and from 20 to 50 liters in commercial locations. 


In the company investigated,the return of UFO must be done in two 2-liter PET bottles each, clear color, 
which facilitates visualization of the product and  the count at the time of exchange, avoiding the 
operation of weighing of filled containers and then empty, which make the process laborious , burdening 
the cost of operation. 


The packagings (PET) after empty are sent to a recycler of plastics materials, adding value back to a 
product that has a great impact on nature, the environment and the cities. When this packaging is 
discarded improperly, by the inhabitants, causes clogging of drains stormwater runoff, causing flooding. 


Made the collection of used oil, this remains in the processing unit, in appropriate tanks, to be sent to the 
processes of filtration, neutralization and transesterification. Thus is avoided the environmental 
contamination and the infiltration of waste into groundwater. The biodiesel is a new product resulting 
from this process. 


Pitta Jr. et al (2009), consider that the return of cooking oil to the productive chain as raw material adds 
economic value to the process, commends the company's name to the consuming public, reduces the 
cost of the product, serves to manufacture of new products such as biodiesel, paints, gear oils, soap and 
detergents, contributing also to the preservation of the environment 


When the residues are transported to the plant of refining oils and are processed in it, is carried out 
reverse logistics. 
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The reverse logistics made by the company, helps to preserve the environment and generate new 
products, adding value to the productive chain, by a product which no longer considered useful. To 
Lacerda (2002 apud Pitta, Jr. et al 2009), Reverse Logistics can be defined as the process of planning, 
implementing and controlling the flow of raw materials, stock in process  and finished goods (and its 
information flow) of point of consumption to the point of origin, with the goal of recapturing value or 
perform a proper disposal. 


 


Figure 2: Area of operation and reverse stages. Sourse: Leite (2003 apud Pitta, Jr. et al 2009) 


2.2 The process of transesterification 
Transesterification is nothing more than the separation of glycerol vegetable oil. About 20% of a 
vegetable oil molecule consists of glycerin. First, as shown in figure 2, the oleaginous seed is subjected to 
pressing, from where the products are extracted: crude oil and pie (bran). 


For the production of biodiesel is necessary to add ethanol to the crude oil already neutralized occurring, 
so the transesterification. The glycerin makes the oil more dense and viscous. During the 
transesterification, the glycerin is removed from the vegetable oil leaving thinner the oil and reducing the 
viscosity (Biodieselbr, 2010). 


In the case of used frying oil (UFO), the process begins by neutralization. The acidity is removed from the 
oil and  filtering enters for the transesterification, as shown in Figure 3. 
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Figure 3: Process for producing biodiesel. Source: Rimlife, Jan. 2012 


In Figure 4, presented below is a description of the cycle the residual oil (Rabelo, 2002) 


 
Figure 4: Cycle oil used in frying. Source: Rabelo, Ivan. et al (2002. p. 2). 


a) The transesterification reaction with methanol using as raw material UFO gives as the main product the 
BOUF and the glycerin as byproduct . BOUF is used in internal combustion engines.  


b) In burning, the engine consumes oxygen and releases carbon dioxide as water and energy.  


c) The oil plants use carbon dioxide, water and solar energy to produce carbohydrates and oil.  
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d) The oil is extracted and used as a means of heat transfer for cooking different foods. Its quality is lost 
with time and use instead of being discarded into the environment, serves as a raw material for the 
transesterification reaction, thus closing the cycle. 


The chemical reaction produces esters of substances resulting from the reaction between methanol and 
fatty acids, thus producing biodiesel. 


According to Almeida (2005), esters are substances resulting from the reaction of a carboxylic acid with an 
alcohol. Methyl esters of fatty acids derived from reactions of methanol and fatty acids. The fatty acid 
methyl esters (biodiesel) are produced from substances contained in vegetable oils such as mustard oil, 
sunflower and soybean. 


Christoff (2007) developed a study in the city of Guaratuba-PR, Brazil, by volume of residual oil for frying 
provided by 28 merchants. From that biodiesel production, in laboratory scale, the researcher estimated 
the amount of biodiesel produced and the amount of catalyst and ethanol required. The survey 
distinguished between periods of high and low season, with different results due to the volume of oil 
collected. Was also found to variation according to the catalyst used in the production process. The 
results are shown in Table 2. 


Table 2:  Estimated amount of biodiesel produced in pilot scale in Guaratuba-PR, from frying oil residual (Donated by 
28 commercial establishments) 


Season 


Residual oil 
available 


frying 
(l/mounth) 


Volume 
alcohol 


required 
(l/mounth) 


Amount of 
catalist 


(l/mounth) 


Amount 
biodisel 


(l/mounth) 


low 2.400 1.770 14 2.040 


high 5.700 4.230 33 4.845 


Total annual 42.000 31.800 244 35.700 


Source: Christoff (2007, p. 47) 


Menezes et al discuss about the advantages and disadvantages of the production of biodiesel made from 
residuals frying oils. According to the authors, there are both advantages and disadvantages in the 
production of biodiesel made from oilseeds such as from the use of residuals frying oils. 


Therefore, other variables must be analyzed, such as the costs involved and the supply of raw materials. 
Considering that this is the production of vegetables, should be considered the alternative land uses. 


SABESP (Basic Sanitation Company of São Paulo - BR), based on data collected from the ABIOVE (Brazilian 
Association of Vegetable Oil Industries) on volume of production of vegetable oil (as of December 2009) 
and their destinations , inferred that annual market of  recycled frying  oil is in the order of 30 million liters 
or 24,000 tonnes. This amount includes both collection to the industrial process, such as recycling in the 
manufacture of homemade soap, made by the informal market. According to information from the 
company, with 1 liter of the frying oil can be produced approximately 0.95 liters of biodiesel (PRO, n/d). 


Therefore, consideration should be given that the use the cooking oil means not dispute the agricultural 
area with the areas used for food production. It should also be considering that on the one hand, is 
greatly reduced the cost of raw materials and, moreover, the benefits that their use can bring to the 
environment are large. 


According to information SABESP, to ensure mixing B5 (5% biodiesel in diesel fuel) are needed 2.6 million 
cubic meters of biodiesel. It should be remembered that there are over 200 plants in the design, in 
construction and planned in Brazil, and 65 are already in operation. 


Thus, the use of used frying oil presents to be opportune considering environmental and opportunity 
costs. 







 
Used frying oil for biodiesel production: the case of a processing company in the state of 


Sao Paulo, Brazil 


ID97.9 


3 Conclusion 
Biodiesel derived from the UFO (used frying oil) can be used in its pure form or mixed with diesel oil 
(fossil fuel) without limitation of proportion. 


So it is avoided that the cooking oil  will be  disposed off in sinks and drains rainwater into pipes, allowing 
a greater conservation of the sewage system, the nature of the sources of drinking water, contributing to 
the maintenance of conditions favorable for human life on the planet. 


Biodiesel has a positive feature, because of its low toxicity and poisoning, which does not occur with fossil 
fuels.  This product is among the most promising, as ethanol. 


The reduction of pollutant emission enables the reuse of waste frying of households and businesses that 
need to use food frying in its production process. 
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Abstract 


Several authors have been devoted their research projects to understand and map research topics and themes 
studied in the field of Industrial Engineering (IE), particularly those related to Operations Management (OM). This 
study examines the knowledge frame regarding about the topic of sustainability research in the field of Industrial 
Engineering (IE), particularly the knowledge related to Operations Management (OM). Bibliometrics analysis were 
performed using information collected from 495 selected papers in nine international databases related to the OM 
field, based on the keywords "Sustainability" and "Operations Management". Results point to the evolution of the 
subject over the past two decades, the relationship between authors in the network of research and its effect on 
productivity in this specific topic, and the related research topics. Also it provides some indications on the main 
developing issues, authors, institutions and journals more dedicated to the topic and the contribution of the studies 
with the establishment of the OM as a discipline in Industrial Engineering. Thus, this study contributes with an 
overview of trends for future research in sustainability concerning the OM field. 


Keywords: industrial engineering; operations management; sustainability; bibliometrics analysis. 


1 Introduction 
Over the last years, several studies were dedicated on mapping the intellectual structure and defining the 
field of Operations Management (OM) in the context of research in Industrial Engineering. Analyzing the 
origin of the OM discipline in business schools, Sprague (2007) found a strong interface between the 
disciplines of Business and Engineering training in the field of OM, but with methodological and thematic 
dimensions still in training. The author points out that this interface makes difficult the establishment of xx 
boundaries in the research of the OM. 


Based on the scientific production published by the International Journal of Operations & Production 
Management (IJOPM) between 1994 and 1997, Heyes and Pilkington (1999) indicated difficulties and their 
causes in the recognition of the OM as a legitimate academic discipline, emphasizing the need to 
differentiate the OM from the fields of Operations Research (OR) and Management System (MS). 


Pilkington and Fitzgerald (2006) extended the analysis on IJOPM production between 1994 and 2003, 
mapping the social relations established in the communities of study and their research topics. Once 
more, the authors indicated the concern to define the OM as a discipline and the requirement to establish 
the knowledge generated in the field as a practical tool to determine its relationship with other 
management areas. Among the major topics related to the OM the authors presents 'manufacturing 
strategy' and 'resource-based view'. Based on the scope of the inclusion of sustainability, it was identified 
the emergence of the topic "sustainable resource view in papers from 1995, Hart (1995), and Porter and 
van der Linde (1995), showing the trend of including sustainability in studies of the OM. 


Bayraktar et al. (2007) also conducted a study dedicated to the evolution of the OM through the themes 
and characteristics of research communities in Europe and North America, noting that the field has its 
core in the design and management of the transformation processes that create value for organizations 
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and society, thus revealing the ability of the OM to the study of the processes and more sustainable 
technologies. 


Extending the research, Pilkington and Meredith (2009) analyzed the academic production between 1980 
and 2006, dedicated efforts to map the intellectual structure of the OM, checking the drive for more 
strategic issues, integrated and macros. In addition to the analysis covered IJOPM content of the Journal 
of Operations Management (JOM) and Production Operations and Management (POM). Through the 
method of analysis of the social networks, the authors presented a map of the clusters formed by 
researchers and how they were changing over the years, concluding that the OM field is a dynamic field 
and has undergone significant changes, using theories from other fields and developing new research 
methods. 


Taylor and Taylor (2009) also gave their contribution to the study of the field. Verifying IJOPM papers 
published between 2004 and 2009, indicating the research methods commonly used (e.g. survey and case 
studies), the main topics (e.g. supply chain management and operations strategy) and some other 
information for researchers in the OM field. As Bayraktar et al. (2007), but more emphatically, check for 
the presence of the topic of sustainability as a potential topic in the research of the OM. 


Other studies are also dedicated to the study of the OM field and deserve mention, such as Sower et al. 
(1997) and Sprague (2007). Most of these the studies cited - devoted to map the intellectual structure and 
trends in the OM - were performed with the support of the bibliometric data. It reaffirms the concept of 
McIntire (2006), which says that you can follow the development of a field by means of academic 
production published by using the bibliometrics data that can be extracted as author, title, citation, date, 
keywords, among others. 


Thus, the set of bibliometric data extracted from an article grouping makes it possible to evaluate the 
stage of evolution of a research field, assists in finding the research themes and relationships between 
researchers and the formation of communities, as well as allowing finding lacks in research and/or trends 
(Powell et al., 2005, White et al., 2004). 


This paper is a contribution with OM studies focusing on the analysis of the "sustainability" insertion in 
the OM field. Its provides information on the integration of sustainability concepts in the OM field, taking 
as a premise that this sub-theme is emerging and it is relevant according to the number of publications in 
this area. To establish the positioning of the manner the aspects concerning the sustainable development 
are being worked according to the operations has become relevant to the researchers interested in such a 
topic, because it provides some indications on the main developing issues, authors and schools more 
dedicated to the topic, main journals and, especially, the contribution of the studies with the 
establishment of the OM as a discipline in Industrial Engineering. 


As time parameters, papers published from 1995 till the first half of 2011 were selected from nine OM-
related databases, and the keywords “sustainability” and “operations management” were chosen as the 
metasearch criteria. It represents a contribution to the studies on the OM field evolution, even though it 
applies only to the sample of 495 papers. The structure of this paper covers the literature review with 
some details of the research undertaken, after then the methodology for defining the basis of papers and 
the methods for analysis, the results obtained in bibliometric analysis and descriptives statistics and their 
respective considerations and, finally, conclusions and directions for future research. 


2 Literature review 
The report of the World Commission on Environment and Development (WCED, 1987) brings the most 
widespread definition of sustainable development as "[...] meets present needs without compromising the 
ability of future generations to meet their own needs”.  


The limitation of the planet's natural resources to supply the high industrial demand, and excessive 
consumption and the increase in world population are rapidly promoting resource depletion and 
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environmental degradation, reflecting a growth model unsustainable. The impacts are being felt faster 
than the first predictions. They stated, according to Almeida (2007), that, out of the 24 ecosystem services 
assessed by the Millennium Ecosystem Assessment (MEA) related to human survival, 60% are in the stage 
of accelerated degradation . 


It is worth mentioning that the globalization movement also encouraged discussions about sustainability, 
creating a new context for the strategies of the OM. Corroborating with the aim of this study, there is the 
statement of Taylor and Taylor (2009) on the inclusion of the sustainability in the OM: 


“We have commented upon potencial new OM research topics including 
sustainability, the role and significance of HRM in operations servitisation and 
applications of OM in new contexts, such as the not-for-profit sector. We are 
confident that operations management will continue to be relevant for the 
problems and challenges of tomorrow's world” (TAYLOR; TAYLOR, 2009, p. 
1338). 


Taking as reference the above studies, contact that sustainability is now part of the list of emerging sub-
themes related to the evolution of the OM, indicating the formation of a community dedicated to the 
study of application of the concepts linked to the sustainable development of production systems and 
other traditional areas of the OM field.  


The use of bibliometric methods enables to assess the scientific contributions in specific settings and 
behavior developed in the social networks created by the authors. The shared information in one group 
tends to be validated according to its replications and, through the citations, the articles form a 
knowledge network (PINHEIRO; SILVA, 2008). Several studies were conducted to map the field studies of 
the OM and its evolution, many of them were directed by the pursuit of the most influential authors and 
research topics and methodologies with the highest rate of occurrences. This study highlights just a few of 
those already mentioned in the introduction, mentioning more explicitly to introduce the theme of 
sustainability in the OM field. 


Pilkington and Fitzgerald (2006), using the techniques of statistical and bibliometric analysis in 829 articles 
between 1994 and 2003, extracted a set of information indicating a central field of study focused on 
manufacturing strategy and a group of researchers forming a community around this theme, including 
Hayes and Wheelwright (1984) and Skinner (1969, 1974).  According to the authors, the entry of the new 
theme sustainable resource view of the firm "[...] is a new entrant to the significant sub-field, and again 
revels to the openness of the OM emerging debates in the subject of strategic management ". 


Analyzing a longer period, from 1980 to 2006, Pilkington and Meredith (2009) collected articles in three 
journals related to the OM and traced the evolution of the field over the decades. Again, Manufacturing 
Strategy appears as the most recurrent theme, along with Quality and Metrics and Statistical Methods. 
However, the authors point out that Supply Chain and Quality have been gaining ground over the years 
and the increased interest in statistical and qualitative methods shows the trend of increasing the 
accuracy of the results and empirical research. 


Bayraktar et al. (2007) had pointed out the tendency for studies in supply chain, and according to the 
authors a good supply chain management provides competitive advantage to the company's global 
business environment. 


The studies directed to the OM intellectual mapping show the field movement towards more tactic issues 
and identify that, until 2009, the main topics comprehended the areas of operations strategy, supply chain 
management, performance management, performance measurement and service operations.  


In the study by Taylor and Taylor (2009) the theme 'supply chain management' appears as the main topic 
of research articles published by IJOPM between 2004 and 2009 (Figure 1), confirming the trend indicated 
in the study by Bayraktar et al. (2007). 
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Figure 1. Main themes publised in IJOPM – 2004/2009. Source: (TAYLOR; TAYLOR, 2009). 


Models of operations management are facing the challenge of inserting an awareness of sustainability in 
their practices. Some researchers and practitioners have focused their decision models based on the 
concept of the Triple Bottom Line (TBL), both for new research and for the design of processes and daily 
practices (Wilkinson et al., 2001; Porter; Kramer, 2006; Hutchins, Sutherland, 2008, Ueda et al., 2009). 


Westkamper, Alting and Arndt (2000, p. 505) state that in terms of sustainable development, the task of 
Production Engineering is necessary to encourage the industrialization process with a high level of 
automation and production technologies. 


According Kleindorfer et al. (2005) Sustainable Management of Operations is defined as the sum of skills 
and concepts that allow companies to structure and manage their business processes to achieve 
competitive returns on their capital assets, without compromising the legitimate needs of internal and 
external stakeholders, taking into account the impact of operations on people and the environment. 


Bayraktar et al. (2007) emphasize that the models of the future operations will be directed by 
management measures, criteria and environmental policies, responsiveness and sustainability of the 
company for the future and efficient use of scarce resources. 


Lima, Costa and Bahr (2008, p. 1) complement this view by stating that the new strategic vision of the 
production is "[...] the interaction environment within the company and its essence and that is the great 
challenge of modern business." As the researchers cited other research groups have also been devoted to 
the study of sustainable management in various areas of the OM as, for example, Kleidondorfer et al. 
(2005), Gold et al. (2010), Platts (2007) and Selinger (2007). 


3 Data Collection  
This paper is a documental and exploratory research. The analyses cannot be taken as complete 
interpretations, due to the difficulties in capturing, quantifying and visualizing all the collected data. In 
order to diminish the impact of the limitations, the processes and criteria defined to the collection were 
strictly followed, as well as the established methodology. According to Garfield (1997) inferring solely on 
the first author may incur in some deficiency so, in this study, all authors were regarded as so important 
as the first author.  


The steps and results comprising the development of the articles selection are described in the Table 1. 


Table 1: Steps of research 


Step Action Results 


1 General search on the ISI Thompson, Scopus and “CAPES 
journal site” bases, in order to select academic bases 
connected to the OM. 


Academic Search Premier/ EBSCO, 
Emerald, IEEE Xplore, Informs, Oxford 
Journals, Science Direct, Springer Verlag, 
Taylor and Francis and Wiley Interscience. 
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2 General search of papers by keywords "sustainability" and 
"operations management" on the selected bases and on a 
second phase filtering of papers by relevance, content and 
interactions with issues connected to the keywords. 


1,000 selected papers in the first phase. 


495 select in the second phase  


3 Organization and refining (repeated items, synonyms and 
others not related to this study) of keywords from 496 
selected papers - performed with the support from 
Mendeley Ap. and extracted / organized manually in 
EXCEL® worksheets. 


1,000 keywords – after refining and 
grouping, sample of 589 words was 
organized according to synonyms and 
semantics. 


4 Organization of other bibliometric information performed 
with the support from Mendeley Ap. and extracted / 
organized manually in EXCEL® worksheets. 


categorization of bibliometrics information 
- name of all authors, institution of the 
authors, countries, nature of partnerships 
(international, national (Brazil) or 
multinational (Brazil and other countries), 
research methodology, year of publication 


5 Citation matrix (137 x 137) and generation of social 
network by software UCINET/Netdraw app.) . 


production of the author's network graph  


 


It is important to clarify that this study does not regard the limitations of the analysis on quotation and 
co-quotation presented by Taylor and Taylor (2009), presenting the favoring occurring when some author 
quotes another authors motivated by the prestige of more experienced researchers, with longer careers, 
controversial articles and other reasons which make the quotation be less valuable. 


4 Results and Discussion 
Based on the categorization and organization of information extracted from 495 papers, this study sought 
to present a generic study mapping on the sustainable management of operations, in order to examine 
opportunities for future research and trends among researchers. A first relevant information is about the 
growth in the number of published articles about the subject. It is possible to see the continuous growth 
from 2008 to 2010 (Figure 2), when the number of publications represents about 49% of the total. 


 


 


Figure 2 - Evolution of the number of articles 


The evolution of the published papers indicates that the increase in the period can be mainly attributed to 
the evolution of discussions on environmental management systems, supply chain management and 
corporate social responsibility in the context of sustainability. A quantitative keyword analysis points out 
these inferences (Table 2). 
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Table 2: Main keywords (extracted by selected papers) 


Keywords no. of occurrences 
Sustainable Development 82 
Environmental Management 73 
Supply Chain Management 61 
Sustainability 41 
Corporate Social Responsibility 38 


 


Analyzing the set of papers, it is possible to see a relationship between the words presented in Table 2, 
where 'sustainable development' is more often associated with 'environmental management', 'supply 
chain management' is found associated in a balanced way to the words 'environmental management' and 
'corporate social responsibility', 'sustainability' and 'corporate social responsibility' both linked more often 
to 'supply chain management'. 


These results corroborate the studies of Taylor and Taylor (2009) on the strength of the supply chain 
studies in the OM and also with those of Seuring and Muller (2008), in which authors performed a 
literature review on sustainable supply chain management. According to Seuring and Miller (2008), the 
environmental dimension is present in more articles on sustainable supply chain driven primarily by 
strong global pressure characterized by legal demands / regulation, customer demands and response to 
stakeholders.There are also some theories that have been linked to the study of sustainability in the OM, 
such as the Life Cycle Assessment (LCA), Sustainable Manufacturing, Corporate Social Responsibility (CSR), 
and Environmental Management. Validating the results of Pilkington and Meredith (2009), concluding that 
the OM field is a dynamic field using theories from other fields and developing new research methods. 


The past year covered in this research demonstrates a drop in numbers of publications and this event 
could be indicated that most authors have focused their efforts on specific topics related to the OM and 
sustainability, leaving behind the generality presented so far. However, a more assertive about this drop in 
productivity of the field will only be possible in future analyses on research trends. 


The selected papers are spread into 139 journals. The multidisciplinarity of the listed journals also ratifies 
the OM interface with the engineering and business disciplines, but also points out to the current trend 
that includes the sustainable perspective into several areas, thus enlarging the applicability and validation 
limits of this subtopic in scientific communities. Table 3 shows the 10 main journals (by number of papers 
relating to the topic), and the distribution of papers per year of publication. 


Journals listed in Table 3 can be considered representative for the OM field, because the set includes 
more than 40% of all productivity-related themes, which indicates their relevance in the diffusion of the 
topic, the inclination to studies about sustainability in the OM and their preference by the authors. 


Table 3:  Main journals  


Journal Papers published in 
the perspective of 
sustainability and 


the OM 


% in the 
total of 


productivity 


The year of publication of the selected 
papers (number per year) 


Journal of Cleaner Production 58 12% 2001 (2), 2003 (1), 2004 (1), 2005 (2), 2006 
(7), 2007 (3), 2008 (17), 2009 (9), 2010 (14), 
2011 (2) 


International Journal of 
Sustainability in Higher 
Education 


27 5% 2000 (1), 2002 (2), 2003 (1) 2004 (2), 2005 
(5),  2006 (4), 2008 (3), 2009 (2), 2010 (2), 
2011 (5) 


International Journal of 
Operations & Production 
Management 


26 5% 1995 (1), 1996 (1), 1998 (1), 1999 (1), 2000 
(4), 2001 (5), 2002 (1), 2003 (1), 2004 (1), 
2005 (2), 2006 (2), 2007 (2), 2008 (1), 2009 
(1), 2010 (1), 2011 (1)  
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Business Strategy and the 
Environment 


25 5% 2004 (2), 2005 (2), 2007 (4), 2008 (5), 2009 
(3), 2010 (7), 2011 (2) 


Supply Chain Management: An 
International Journal 


14 3% 2005 (1), 2006 (1), 2009 (9), 2010 (3) 


Benchmarking: An 
International Journal 


13 3% 2003 (2), 2005 (3), 2008 (1),  2010 (7) 


Corporate Social Responsibility 
and Environmental 
Management 


13 3% 2002 (1), 2005 (1), 2006 (2), 2007 (1), 2008 
(2), 2009 (1), 2010 (3), 2011 (2) 


International Journal of 
Physical Distribution & 
Logistics Management 


11 2% 2003 (1), 2005 (1), 2008 (3), 2009 (1), 2010 
(5) 


International Journal of 
Production Economics 


11 2% 1999 (1), 2007 (1), 2008 (6), 2009 (1), 2010 
(2) 


Ecological Economics 9 2% 2002 (1), 2004 (1), 2008 (2), 2009 (4), 2010 
(1)  


Total 207 42% -------------------------------------- 


It appears that the majority of publications takes place from 2000 and, at a greater number from 2008, 
indicating that the latest issue can be considered recent within the OM field and also indicating a greater 
interest among journals, remarked with the occurrence of Special Issues on the subject, for example, 
special issue "Sustainability and Supply Chain" (v. 16, issue 12, 2009) Journal of Cleaner Production and a 
special issue "Sustainability" (v. 21, issue 12, 2001) of the International Journal of Operations & Production 
Management - IJOPM. 


Looking at the point of view of frequent publications, IJOPM in constant regarding to publication period 
and it is considered a precursor in publications relating to the OM and sustainability (1995). This fact may 
be relevant to the development of field studies, because according to Heyes and Pilkington (1999) an 
evidence of the difficulty in establishing the OM as a discipline was related to the low participation of 
researchers in journals devoted to the OM. 


From the 927 compiled authors, the sample was taken from 137 of them, responsible by the production of 
397 papers (80% out of total produced), selected based on the production of at least two topic-related 
articles. The objective was the generation of a quotation square matrix, used by UCINET software and by 
the Netdraw application in order to graphically illustrate the network formed by the authors dedicated to 
the topic (Figure 3).  


   
Figure 3 - social network formed by 137 authors 
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According to the graph, it is verified the formation of a compact community, with some authors away 
from the network. It can indicate that the research is more guided, in its majority, towards some common 
topics. Table 4 shows the top 10 authors (according the number of papers found on the main subject) and 
their respectives institutions, research interests (extracted by personal or institutional website) and 
statements (compiled based on the analysis of papers). 


Table 4: Top 10 authors (by number of papers published in the specific thematic of OM and Sustainability) 


Authors Nº. papers Institution Research Interests Statements 


Sarkis, J. 19 Graduate School 
of Management, 
Clark University, 
USA. 


Management of Manufacturing 
Technology; Agility and Agile 
Manufacturing; Environmentally 
Conscious Manufacturing; Supply 
Chain Management; Multicriteria; 
Green Supply Chain Management; 
Decision Making Performance 
Measurement 


- Strategies for Green Supply 
Chain Management;          


- Stakeholder pressure and 
environmental management. 


Zhu, Q. 12 Dalian University 
of Technology - 
School of 
Management, 
China. 


Supply chain management; game 
theory; Enterprise environmental 
management. 


- Strategies for Green Supply 
Chain Management;          


- Link between Quality 
Management and  
Environmental Management;     


- Strategies for Eco-design.         


Seuring, S. 8 University of 
Kassel - 
Department of 
International 
Management,  


Sustainability; Supply Chain 
Management; Sustainable Supply 
Chain Management; Supply Chain 
Controlling.  


- Strategies for sustainable 
supply chain management. 


 


Klassen, R. 7 Richard Ivey School 
of Business, 
University of 
Western Ontario, 
CA. 


Operations Management; 
Business Administration; 
Sustainable Development; 
Management of Technology 


- Environmental management in 
operations; 


- Strategies for sustainable 
supply chain. 


Azorín, J. 6 University of 
Alicante - 
Department of 
management – 
Spain. 


Strategic management. - Sustainability, performance 
management and firm 
performance. 


Castka, P. 6 University of 
Salford, UK. 


Quality management; 
Corporate social 
responsibility. 


- Corporate social responsibility 
and management systems; 


- Maintenance of ISO 14001. 


Cortés, E. 6 University of 
Alicante - 
Department of 
management, Spain. 


Strategic management and 
human resources 
management. 


- Sustainability, performance 
management and firm 
performance. 


Handfield, R. 6 College of Business 
Management, North 
Carolina State 
University, USA. 


Supply Chain Management; 
Strategic Sourcing. 
 


- Strategies for Green Supply 
Chain Management.         


 


Jabbour, C. 6 University of Sao 
Paulo - Business 
Administration and 


Environmental management; 
Sustainability. 


- Environmental Management 
studies applied in different 
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Accounting, Brazil. areas. 


Walton, S. 6 Emory University - 
Goizueta Business 
School, USA. 


Electronic commerce; 
Technologies for 
environmental and supply 
chain management; 
Environmental impacts of 
supply chain management; 
Applications of qualitative 
research methods. 


- Strategies for environmental 
management and supply chain; 


- Strategies for green supply 
chain management 


 


Analyzing the keywords in the areas of interest and statements of authors, it is remarkable the direction of 
subjects and, especially, a tendency to include the principles of sustainability in models of the OM that 
have previously being defined by the authors themselves or by the field of the OM - as the main research 
themes listed by Taylor and Taylor (2009) - in order to adapt them into the new scenario of sustainable 
development. 


Another data can be discussed using the example of Joseph Sarkis (Clark University, USA) and Qinghua 
Zhu (Dalian University of Technology - China), who have 10 articles written in partnership representing, 
respectively, about 50% and 80% of the productivity of each author in this thematic. This partnership is 
characterized by being international, and according to Glanzel (2001) international co-authorship is often 
cited more than purely domestic papers, highlighting the importance of establishing relationships with 
other authors in the production of scientific research. It became significant for this study to analyze the 
origin of the authors, however it is not intended to actually consider whether international partnerships 
are most often cited, although it is believed so, aiming to map the origin of production on the theme. 
Future research may examine the partnerships according to the concept of Glanzel (2001).  


Based on the criteria of international production, the papers were categorized into three types: (a) 
International - foreigners and authors partenership from diferent countries; (b) Brazil - only Brazilians 
authors; (c) Multinational - Brazilians authors with foreigners. A total of 482 papers was written by an 
international collaboration, 12 by Brazilian researchers and only one published by a multinational 
collaboration. Due to the presence of Brazilian researchers, it became relevant to complement the 
information about the origin of the authors (considering all authors), in order to know the country (Table 
5) and institutions (Table 6) that have a higher number of researchers contributing to the field of study.  


Table 5: Main countries (by number of papers published in the specific thematic of OM and Sustainability) 


Countries nº. papers Countries nº. papers 
1. USA 278 7. Italy 45 
2. UK 158 8. China 40 
3. Spain 96 9. The Netherlands 40 
4. Canada 73 10. Sweden 36 
5. Germany 52 11. New Zealand 33 
6. Australia 49 12. Brazil 27 


 


Table 6: Represents institutions (by number of researchers dedicated to the theme) 


Institution / Country nº. of researchers Main subthemes in OM and sustainability 
University of Alicante (Spain) 22 environmental management 
Clark University (USA) 20 environmental management; green supply chain 


management 
Dalian University of Technology (China) 17 green supply chain management 
Michigan State University (USA) 15 green supply chain management; environmental 


management; supply chain management; design 
for environment 
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University of Strathclyde (UK) 15 CSR, performance measures, operations 
management 


Erasmus University (The Netherlands) 13 sustainable supply chain, environmental 
management, supply chain management 


University of California (USA) 12 environmental management, reverse logistics 
University of Sao Paulo (Brazil) 11 environmental management 
Lund University (Sweden) 10 environmental management; supply chain 


management 
Universidad de Oviedo (Spain) 10 environmental management 
University of Tennessee (USA) 10 supply chain management 
Wageningen University (The Netherlands) 10 environmental management;  supply chain 


management 
 


Looking at the representativeness of Brazil in the evolution of this research field, Brazil occupies the 12th 
place. Analyzing the total of 20 Brazilian authors, the University of São Paulo has a significant group of 
researchers (11), devoted to the issues of 'environmental management' and 'social dimension' in the OM, 
and Charbel Jabbour, on the list of 10 authors higher productivity on the subject (Table 4). It was also 
considered authors in other Brazilian universities, such as the University of Rio Grande do Sul (UFRGS), 
Federal University of São Carlos (UFSCAR), São Paulo State University (UNESP), Federal University of 
Espírito Santo (UFES) and the Federal University of Viçosa (UFV). 


5 Conclusion 
Based on the results and analyses, it is possible to demonstrate that the topic of sustainability has a 
community dedicated to the study of the sustainability in the OM field, which has been evolving across 
the years, mainly addressing the areas of 'supply chain management', 'environmental management' and 
'corporate social responsibility'. The evolution on the number of studies in areas regarded as relevant to 
the OM also points out that the field follows the trend of researching more strategic and contemporary 
issues to the organizations. Such factors have contributed to the establishment of the OM as a discipline.  


Brazil appears as an important participant in the evolution of the studies, occupying a prominent position 
among authors and among the institutions represented, however, it appears that such participation could 
be more representative if the Brazilian community would strengthen its network with international 
authors, promoting more multinational partnerships. 


According to its main purpose, this paper presents information in order to contribute to the develop of 
OM field and provide some directions for research topics, such as carrying out studies on the OM 
involving the three dimensions of sustainability and not only the environmental dimension, expansion of 
bibliometric analyzes (including multivariate data), involving the relations between authors and possibly 
formed cluster, and create subsidies to encourage more Brazilian researchers to devote themselves to the 
theme. 
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Abstract 


This paper aims to provide a concise overview on methods used for assessing progress in sustainable environments, 
and introduce the concept of indexes and indicators used in assessing the impacts on achieving this sustainability. 
The assessment of such indices and indicators aims to provide guidance regarding the validity of its use for 
quantification of changes towards sustainability. In this context the methods of assessing sustainability have the 
challenge to measure, analyze and suggest solutions to a diverse set of parameters that affect the stakeholders 
involved. However the methods of assessing sustainability still need a higher maturity when compared with rates of 
environmental impact assessment (EIA) and environmental strategy assessment (SEA). In particular, this paper will be 
presented a comprehensive review of the major indices and indicators for assessing sustainability with a focus on 
economic value, and the feasibility of incorporating them in the analysis of value. The review includes methods of 
sustainability indicators and composite indices of sustainability that have been researched in various areas such as 
social sciences, engineering, ecology and economy. 


Keywords: Sustainability. Value Tools. Indicators 


1 Introduction 
The concept of sustainability emerged in the early 70's (IUCN, 1980) but became known to the world only 
when the environment and development report was written by the World Commission on Environment 
and Development (WCED, 1987). Various definitions have been proposed since then (PEZZOLI, 1997) but 
after more than 25 years of debate, there is a consensus that the term sustainability should encompass 
(PEZZOLI, 1997): (i) the integration of elements such as economy, environment, social and institutional 
issues, considering their interdependency; (ii) consider the consequences of actions taken today on the 
future; (iii) acknowledging the presence of uncertainties on the models and acting in a more cautious way; 
(iv) the participation of society on decision making. 


However, considering the difficulty and the complexity of the methods and models to assess specific 
sectors and systems in our society, the focus of sustainability assessments inevitably becomes a task hard 
to accomplish. In this context, emerge in the literature simplified models that exclude certain indicators 
and/or parameters from the global concept of sustainability. Many of the sustainability assessment 
models and methods rely on various simplified assessment methodologies and tools (BREIER et al., 2011). 
Munda (2006) comments on the characteristics of the reductionist paradigm for the creation of 
descriptive models, such as the use of a single measurable indicator (e.g. GDP per capita), a single 
dimension (e.g. economic dimension, as the triple bottom-line), a single analysis scale (e.g. economic 
impact), a single goal (e.g. the maximization of economic efficiency) and a single time horizon. Another 
characteristic that exemplifies very well this reductionist paradigm is the trend to quantify and aggregate 
the different sustainability dimensions with a single measurement unit (e.g. quantifying the parameters 
through a financial value). Unfortunately, despite many criticisms being pointed out in various researches, 
the assessment process through simplified methods and models is the dominant paradigm when taking 
about the sustainability assessment of productive sectors. 


As an advantage of the assessment method, its simplicity stems out from its ease of use, since its trend of 
reducing the manifoldness of environmental impacts of the human activity to a group of limited figures, 
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results in an integrated index of human and environmental concerns for the decision making (COSTANZA, 
2000). 


In fact, the majority of methodologies and tools discussed in this paper were not made exclusively for 
sustainability assessments of certain kinds of sectors and systems, as they present good flexibility and 
adaptation to all examples submitted, to the point that it can assess sustainability in a more 
comprehensive fashion. The simplified methodologies, as well as the tools, may produce a good amount 
of information at first, providing very significant data for the debate on sustainability (MUNDA, 2006). 


In this context, the objective of this work is to provide a concise overview in the context of methodologies 
and to evaluate its potential in advancing sectors and systems towards sustainability and introduce the 
concept of indexes and indicators currently used in order to evaluate the impacts of sustainability 
deployed. 


The selection process for these indices and indicators follows some elements of a bibliometric survey, with 
search in the database Web of Science. 


The various current proposals are assessed primarily with the criteria outlined above aggregates of some 
operating points suggested by Lee (2006). This article is divided into six sections. The first section presents 
the assumptions for the construction of this work. The second section gives a brief theoretical literature 
on research. In the third section presents the concepts of sustainability indicators and indices, while the 
fourth section presents the results of steps from a bibliometric survey. Based on the results of the 
previous step were identified monetary quantification methods for evaluating the sustainability, which are 
described in section five, and a review of these methods. In the sixth and final section presents the 
conclusions and pointed out new opportunities for research. 


2 Methodological Procedures  
This study was divided into three main stages, shown in the Figure 1. 


 
Figure 1: Stages of development of the article 


The first step followed by some activities of the research method proposed by bibliometric (Neely, 2005). 
The goal of a bibliometric survey is to identify the authors who are studied through citation analysis, co-
citation and references (Neely, 2005). Vanti (2002) explains that bibliometrics is a quantitative technique 
that has purpose to classify and measure the yield and quality of authors in a particular subject, by the 
numbers of publications and citations of different researchers, and allow the identification of key authors, 
the journals most important, by author or production by country, as well as checking the collaboration 
between the authors analyze the citations and co-citations, check the growth and decline of themes, or 
emergence of new issues. 


Initially the activity was performed selection of the database that aims to choose a good reference work 
for the study proposed here. Next, we performed the activity definition the key words references to make 
the research. 


The survey should make new refining activities in order to include the research area. Based on the findings 
of the bibliometric survey conducted, it moved to the second stage of labor, to seek the understanding of 
differences and/or complementarities between composite indices and indicators for assessing 
sustainability. This analysis allows us to correctly understand the meaning of each of these terms and how 
they can be composed. 
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The third step, identification of monetary quantification methods for sustainability assessment is 
performed based on the results from the survey and the definitions of bibliometric indices and indicators. 


3 Bibliometric Research Results 
The search for works that compose this research was done on the Web of Science database, which is the 
database recommended by Medina (2011) for the use of the Sitkis and UCINET programs. 


On the first stage, works that contained the keywords like "sustainability", "sustainability indicators", 
"sustainability assessment" and "value tools for Sustainability assessment” were searched, summing up 
578 works, what can be observed in Figure 2. The survey was refined for choosing only articles published 
in magazines and that included the area of environmental engineering. 


 
Figure 2: Number of publications on the basis of the search 


In order to reduce the research, it was chosen only scientific papers to be selected, when 421 papers 
remain about the keyword select. 


Another filter used was the search for papers in the Engineering Environment area, what resulted in a total 
of 55 papers. Those results were classified by relevance order and afterwards by ordination, the abstracts 
were read, and 25 papers that used value tools selected, which were then used in the weighting of the 
sustainable indicators included in this review. 


4 Indicators and Indexes Composed for the assessment of Sustainability 
This section presents the differences between indicators and composite indices for evaluation of 
sustainability. 


4.1 Indicators 
Indicators have been used in many fields of the human knowledge for the purpose of measuring, 
assessing and planning different actions and phenomena. They have been the central subject of debate 
on sustainability among a great number of national and international organizations and academic 
institutions that conduct important researches in the field. The reasons for their popularity are that the 
indicators may offer important guidance to decision making in different ways. They can translate 
knowledge of physical and social sciences in manageable information units which, in turn, may facilitate 
the decision making process. They can help measuring and calibrating the progress towards sustainability 
goals (UN, 2001). 


Gallopin (1997) documented a series of different meanings that were attributed to the concept, including 
variables, parameters, value measurements and reality empirical models, among others. In this definition 
of an indicator as a variable, it is an operational representation of a system's attribute. The value of these 
variables is the real measures or observations in different moments, places, populations etc. or the 
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combination of these. It becomes immediately evident that there is no one single indicator (e.g. GDP) that 
can comprise all the aspects of complex concepts, such as sustainability itself. However, a collection of 
indicators chosen and analyzed, under certain criteria, is the best way to describe these complex concepts 
and systems. 


4.2 Composite Indexes 
The composite indicator (CI) may be simply defined as an aggregation of different indicators with a well-
developed and predetermined methodology. Thus, a CI is on top of an information pyramid (HAMMOND 
et al., 1995), as illustrated on Figure 3. Adding various indicators to a single CI conceptually differs from 
the techniques based on other indicators, such as the multi-criteria analysis, where the constituent 
indicators are not added to a single number. The CIs are becoming more and more popular for 
sustainability assessment in many scales (VAN DIJK and MINGHSHUN, 2006; KRAJNC and GLAVIC, 2005; 
PRESCOTT-ALLEN, 2001). 


 
Figure 3: The Pyramid of Information (Hammond et al., 1995) 


The CIs can be divided in many different categories according to the many methodological choices made 
during the formulation. The classification of these categories may be used according to the information 
flux that may fuel with information the bottom-up or top-down method (NIEMEIJER, 2002). The bottom-
up approach is preferred when the availability of data is a central concern for the CI development and the 
quality of data is high for all selected indicators. On the other hand, the top-down approach is used when 
the best possible indicators are selected to accommodate a CI from the theoretical standpoint, while the 
data availability is only one of the many considered aspects. The main attracting and critical characteristics 
of CIs are summarized on Table 1. 


Table 1: Attracting and critical characteristics of CIs (Nardo et al., 2005) 


Attracting Characteristics Critical Characteristics 
May summarize complex and multidimensional 
issues. 


May generate false indications if poorly constructed. 


Easier to interpret. May produce simplistic conclusions. 
Facilitates the task of classification of alternatives 
throughout time in complex issues. 


May be underused, e.g. to support a desired policy, if the 
construction is not transparent and there are no solid 
statistical and conceptual principles. 


Reduces the size of an indicator group or including 
more information inside the existing size limit. 


The selection of indicators and weights could be a target to 
political challenge. 


Puts questions of performance and progress issues 
at the center of the political arena. 


May mask severe failures in some dimensions and increase the 
difficulty in identifying adequate corrective measures.  


Facilitates communication with general public and 
promotes accountability. 


May lead to political inadequacies if the performance 
dimensions, which are easy to measure, are ignored. 


 


The challenge for the coming years is to work on an acceptable weighting theory, in which the weight that 
is essentially value judgment may present a greater significance, regardless of the value attributed in the 
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context of the particular composite indicator (OECD, 2003). Techniques such as the Analytical Hierarchy 
Process (AHP) and the Conjoint Analysis (CA) are participative process where the selected participants 
(audience and/or specialists) are directly invited to speak on the importance of sustainability issues 
represented on the index composition. Other weight assignment techniques that involve the stakeholders 
and that use statistical methods may be used in order to produce the weights. 


5 Monetary Methods for Sustainability Assessment 
Concepts and methods deriving from economy literature and, specially, from the welfare, development, 
environment and more recently the economics ecology principles have been used since the beginning of 
the debate on sustainability, to explain both its theoretical basis and its policies and recommendations 
(ALBERTI, 1996). It is important to highlight that the economics literature is rather wide and that this work 
does not intend to present a comprehensive review of it, but it has the goal of offering − due to the 
number of references in the scientific papers researched on the Web of Science database − ideas on the 
approaches and presuppositions of three tools that have a potential for sustainability assessment, 
presenting a higher level of use on the articles selected for the bibliometric review. (i) - Contingent 
Valuation Method (CVM); (ii) - Cost Benefit Analysis (CBA); (iii) - Index of Sustainable Economic Welfare 
(ISEW). 


The main question in these researches refers who is not going to use money as sustainability assessment 
metric in the economic world. Pearce et al. (1989) arguments that money may perform a significant role in 
the assessment of growth or sustainability, provided that money is a good indicator, not only of the 
audience's preference in funding, but also of the intensity of this preference. Another argument is that the 
money values tend to be more easily understood by non-specialists and stakeholders. 


On the other hand, the monetary analysis of sustainability was rejected mainly for ethical reasons and to 
the fact that it can lack good judgment in some cases (HEINZERLING and ACKERMAN, 2002). Another 
relevant criticism is its excess of dependency on subjective assessments. An immediate implication of that 
is that certain monetary assessments would be valid only if the evaluators had perfect information on the 
operation and interrelationships of the system under study. However, this is not generally the case, due 
mainly to scientific uncertainties in many relevant fields of environmental and social sciences. 


5.1 Contingent Valuation Method (CVM) 
The goal of CVM is finding out the preference declared by the audience about a good or service, 
measuring the willingness of the audience to pay for this specific good or service (Willingness to Pay, 
WPT) or its willingness to accept some kind of compensation for the loss of this same good or service 
(Willingness to Accept, WTA) (ARROW et al., 1993). 


With the aim of attributing money value, a hypothetical business is created and a money value is 
elaborated through the audience by means of direct questions in the form of surveys based on 
questionnaires and interviews. 


As the result of this methodological procedure, the CVM is theoretically capable of assessing a great 
number of sustainability questions that cannot be assessed by other value tools. Some of the questions 
that were quantified and aggregated to the tool in the last years include green urban spaces (TYVAINEN, 
2001; JIM and CHEN; 2006), the water quality of urban rivers (BATEMAN et al., 2005), urban noise 
(FOSGERAU and BJORNER, 2006), water quality (ATKINS and BURDON, 2005), biodiversity (CHRISTIE et al., 
2005), health (HABBNI et al., 2006; JOHANNESSON et al., 1996; MATARIA et al., 2006) and education 
(STAIR et al., 2005). Through the readings of these references it is clear that the main criticisms revolve 
around two concerns: validity and reliability.  


One of the main concerns related to reliability of the CVM surveys refers to the possibility of generalizing 
the survey results. Since, in theory, it is possible to elaborate the value through the study of CVM, it would 
be possible to generalize and predict the preference declared on other case studies contextually similar. 
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The majority of studies point out that this preference for benefits is possible under certain circumstances 
(BATEMAN et al., 2002) but generally this is not reliable (KIRCHHOFF et al., 1997). 


The majority of researchers that work with CVM believe that the problems cited above derive from the 
research project and could be avoided with a better structuration of the questionnaire. A number of 
different and relevant suggestions is found in the literature (ARROW et al., 1993; BATEMAN and TURNER, 
1993) and classified by Venkatachalam (2004).  


5.2 Cost Benefit Analysis (CBA) 
The Cost Benefit Analysis (CBA) is one of the most used value tools, being an instrument of political 
assessment which has been gaining prominence in the last decades. Despite the fact that the CBA as a 
generic tool can be adapted to use different metrics besides the specific monetary value (TAYLOR, 2001); 
it has been sporadically used for sustainability assessments. The CBAs are realized during the initial 
planning stage of a project, in order to determine its feasibility, being generally used to answer two 
important questions: whether a particular project of a certain product should be made or if among a 
series of projects of products which should be made. 


Assuming that there is always people that win and lose with the definition of a project policy, these 
questions are answered through a comparison between the sum of benefits of the quantified proposals 
with a disposition of the winner paying for the benefit and the sum of the quantified costs forecasted of 
the loser accepting the willingness to pay these costs. The project resulting on the improvement of 
greater welfare for the affected social agents is the most acceptable.  


The CBAs generally use one or more assessment tools included in Table 1 for defining the applicable costs 
and benefits value. However, this monetization may also include uncertainties that compromise the 
quality of a CBA.  


In a scenario that may have many problems influencing the assessment of sustainability and a series of 
social actors included, the CBA may end up being a great value analysis tool. 


However, three major problems arise when handling the tool's costs and benefits: valuation, depreciation, 
and aggregation. From these three, the assessment is made by the CVM commented on the previous 
section. The higher the depreciation rate, the higher the devaluation of a good or product, therefore, the 
possible future impacts get nearer the current period (HOWARTH, 1996). As the results of future impacts 
have little importance on projects with a long term horizon, this might be seen as contrary to the interest 
of future generations, taking into account a non-equitable distribution of costs and benefits in the long 
term, forcing future generations to bear an disproportionate cost in relation to the real value of the 
current product (PEARCE et al., 1989). In order to bypass this situation, lower depreciation rates have been 
used for projects that are going to affect many future generations (DALY and COBB, 1989). 


Munda (1996) expresses a much more important restriction for using weights on CBA deriving from the 
linear aggregation of the CBA approach, thus making the requirements lose some of their value, with the 
adoption of a relationship meaning by trade-offs. According to Zerbe et al. (2006) the Kaldor-Hicks 
criterion current version is characterized, among others, by the fact that the equity considerations are 
disregarded. Similar results in relation to inadequacy of Kaldor-Hicks criterion, especially in what concerns 
the environmental and sustainability heritage, are commented by Farrow (1998). 


5.3 Index of Sustainable Economic Welfare (ISEW) 
The Index of Sustainable Economic Welfare (ISEW) (DALY and COBB, 1989), the Progress Indicator (GDI) 
(Redefining Progress, 1995) and the Sustainable Net Benefit Index (SNBI) (LAWN and SANDERS, 1999) are 
indexes inherently related to the sustainability framework applied to accountancy (PULSELLI et al., 2006). 
All of the three were developed in order to improve the welfare and bring the sustainable economic value 
closer to a particular population.  
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The first step of the ISEW methodological approach is weighting the population's personal expenditure 
with an index of income inequality. Later this value is modified by addition and subtraction from the 
monetary values of a predetermined group of factors that may affect the population's general welfare in a 
positive or negative way. Such factors include a wide range of environmental, economic and social issues, 
such as the costs of commodities, environmental pollution, criminal rates, unemployment and leisure time 
(DALY and COBB, 1989). The increase of ISEW levels through time brings about growing welfare and a 
positive evolution on the sense of sustainability as a result, and measures that promote this increase 
should be favored. 


However, ISEW has also faced significant criticisms (DIETZ and NEUMAYER, 2006). Criticisms on ISEW 
revolve around two main axes: the lack of theoretical validity and the tendency that some of its 
proponents have in considering it as a validation of the threshold hypothesis advocated by Chilean 
economist Marx-Neef (1995). This presupposition affirms that for the whole society there seems to be a 
period in which economic growth brings improvement to the quality of life, but only to a certain point, 
from this threshold, if there is no economic growth the quality of life may start to decline (MAX-NEEF 
1995). 


5.4 Analysis monetary methods for sustainability assessment 
A significant advantage of indicators against all other approaches reviewed in this paper is its greater 
precision in assessing/quantifying the different sustainability issues under the scope, since these issues do 
not need to be translated to other metrics. Nevertheless, the composite index is greatly influenced by the 
choice of indicators.  


Despite their differences in scope and methodologies, CBA and ISEW share a very important characteristic. 
Both tools are based on the weak sustainability perspective. The CBA, for instance, seeks at maximizing 
the welfare of the different social actors, allowing exchanges among different monetary amounts. The 
replacement derives from the adoption of an equal weighting and aggregation, resulting on trade-offs for 
the weights. These compensations between costs and benefits result in a weak sustainability, in the sense 
described above. Similar conclusions may be drawn for the ISEW, where the maximization of the index 
through time will result in a progress for a more sustainable society. 


Most tools analyzed in this work are rather flexible, capable of considering various economic issues, 
environmental and social sustainability. In addition to the ISEW that contains a standard group of 
sustainability issues, all other tools will depend on the ability of analysts and stakeholders of choosing 
which parameters seem more adequate in the context of their study. Moreover, all tools, except ISEW, are 
capable of analyzing and forecasting future impacts under different development scenarios. Spatial and 
temporal limits may be assigned by analysts and stakeholders, but the limits are extended and should 
result in great uncertainties that may have significant implications in the decision process. When it comes 
to the precautionary principle, value analysis tools are not capable of encompassing all criteria. They seem 
to take on certainty using monetized values (the exact effect of an impact on sustainability on the social 
parameter may be quite uncertain or even unknown), where, by definition, certainty does not exist. In 
addition, most of them generally use the same weights for cost and benefit, what results in a perspective 
of neutrality of risk, instead of an aversion to risk. Composite indexes may consider the precautionary 
principle aspects for specific methodological choices, especially in a choice of indicators, weighting and 
procedures of standardization. Some value assessment tools are participative in the sense that they 
capture the audience's declared preference on certain sustainability questions in monetary terms. For 
instance, in the CVM the audience is directly asked about their WTP/WTA on different sustainability 
questions. Composite indexes may also be participative tools, depending on the methodological choices 
made. Steps in which the audience may be involved include the choice and weighting of indicators that 
constitute the composite index. Whether or not CBA may handle equity is questionable, since CBA is 
based on economic efficiency, and not equity considerations.  


Nevertheless, despite its advantages, a growing disenchantment with the applicability of reductionist 
metrics and tools is observed for sustainability assessment (GASPARATOS et al., 2007). One of those 
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criticisms comes from the complexity theory and its opinion that these systems, ecosystems, societies and 
cities are complex and adaptive. Moreover, the belief that it is essential to describe complex systems 
through the synthesis of its different perspectives is not reducible, adds to the disenchantment on the 
validity of reductionism on the sustainability assessment. Consequently, they were severely criticized in 
the past as inadequate for making sustainability policies, for example, (MUNDA, 2006), among others. 
Some of the proposals to assess sustainability in a non-reductionist way are presented in different 
frameworks of participative sustainability assessment found in the literature, for instance, (BANVILLE et al., 
1998; GAMBOA, 2006; GAMBOA and MUNDA, 2007; GUIMARÃES PEREIRA et al., 2003; KALLIS et al., 2006; 
MADLENER and STAGL, 2005; MUNDA, 2004; MUSTAJOKI et al., 2004; SALGADO et al., 2006). These 
frameworks indorse the participation of stakeholder in varied degrees and in different stages of the 
sustainability assessment, and make extensive use of methodologies with multi-criteria for picking the 
most adequate solution. 


6 Conclusions 
The metrics (composite indexes and indicators) presented in this article have restrictions to assess 
sustainability in a holistic way. The need to address the multitude of environmental, social and economic 
equity concerns with internal and external management in companies, formulates problems that none of 
the above reductionist approaches can adequately solve individually. Moreover, the need to act with 
caution and a bias involve the public further confuse an assessment of sustainability. Another implication 
arises from the fact that the monetary approaches consider the problems of sustainability from different 
perspectives. 


As a result of the above, the choice of metrics and tools should be carried out according to the context 
and the characteristics that the analyst seeks to highlight. Both analysts and stakeholders need to be 
informed about the assumptions underlying the methods used. It should be noted that these 
methodological assumptions are not necessarily disadvantages, but the characteristics that should be 
known to ensure the transparency of the final result. Finally, since the methods discussed cannot 
simultaneously satisfy the four perspectives (PEZZOLI, 1997), there is merit in considering the use of a 
variety of methods to choose which would strongly be affected by the context of the evaluation. 
Integrating the outputs of a pluralistic approach should be the subject of future research. 
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Abstract 


The present work aims to examine concepts and propose the measurement of sustainability when these aspects are 
considered in the formulation of organizational strategy. The instruments of the strategic management become more 
effective when they complement and are integrated to the aspects of sustainability. Their contribution enables 
organizations to track the impacts of their actions on the environment, their social responsibility and sustainable 
development. The information can be obtained through literature review, taking contact with case studies about 
global organizations geared to current trends. The collected data should cover concepts such as corporate 
governance, strategy, tangible and intangible assets, performance control, awards, operations and certifications. The 
theme intends to add value to the society and the scientific community as it is focused in aligning sustainability and 
strategic management, showing itself as the basis of an evident positive organizational performance in competitive 
organizations. Implications of the present study have crucial characteristics in the recent history of alignment of 
organizations to the sustainable development. This occurs because the society is only worried about the natural 
resources after using them in an unbridled way, since the beginning of our civilization. The contribution of this study 
is noted as a complete set of sustainable management concepts that can benefit all individuals, since organizations 
will use their tangible and intangible assets with responsability and focus on economic performance. It is remarkable 
to assign the importance to the mentioned identity, because it constitutes a critical factor of major success for the 
current growth of the global sustainable management. It does not consist of ephemeral reality or trend; there is no 
life in community without this care. 


Keywords: Strategic management. Sustainable development. Sustainability. Balanced Scorecard.  


1 Introduction 
The sustainable thinking needs to be present in society seeking to preserve the planet's natural resources. 
Sustainable development is the ability to meet the needs of the present generation, in order not to 
compromise future generations and not to deplete resources. 


For ALIER (1998, p. 102), the term "sustainable development" combines the ideas of "economic 
development" and "carrying capacity." For ALMEIDA (1999), the notion of sustainable development is 
used in order to grant a new project for society, ensuring the survival of society and nature. 


This concept was first used in 1983 on the occasion of the World Commission on Environment and 
Development, designed by the UN. Chaired by the then prime minister of Norway, Gro Brundtland Halem, 
this committee proposed that economic development be integrated with the environmental issue. The 
works were completed in 1987, with the presentation of a diagnosis of the global environmental 
problems, known as the Brundtland Report. 


It is urgent to develop new combinations of resources in the form of innovations in its various 
configurations, to achieve global and sustainable targets. (FIALHO, 2008). 


Discussions about sustainability must take a practical and operational character. It is essential to reflect on 
the measurement of the sustainability, inserting it in the decision-making process affecting all 
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organizational levels. This measurement can be performed by a set of indexes or indicators. The 
measurement function will not vary according to the type chosen for the measurement. 


It is necessary to use these indicators focused on measuring environmental, social and economic aspects 
in world companies. Some of them may be mentioned as: Dow Jones Sustainability Index, Ecological 
Footprint Method and Global Reporting Initiative (GRI). 


The instruments used to manage the strategy come in handy, thus integrating the aspects of 
sustainability. Among the existing models, there is the Balanced Scorecard (BSC), considered as a good 
alternative when it comes to dealing with sustainability and also when it comes to passing good strategies 
for organizations. 


Developing strategies means finding appropriate actions to achieve the objectives. Activities such as 
analysis, planning and selection of strategies, which increase the chances of the organization to achieve its 
goals, should be taken into consideration. 


This paper aims to identify and analyze aspects of sustainability, when considered in the formulation of 
organizational strategy as a good management practice. 


In the survey, theoretical and actual practices of global organizations on strategic management and 
sustainability are approached through literature review. The work adds value to society, as it became usual 
nowadays for organizations to use their resources with environmental responsibility. 


1.1 Research Method Used 
The research method used in scientific texts is justified by the need for an adequate scientific basis and 
search for the best research approach being used to forward the research questions. 


According to BARROS and LEHFELD (2000), this study is classified as descriptive research, when the 
researcher describes the research object without interferences. This research was conducted by means of 
documental or bibliographic review. 


According to MIGUEL (2007) the literature search should promote literature review to identify and meet 
the development of knowledge in the area where the search is developed. 


FILIPPINI (1997) defines seven categories for the survey data with the research methods. One category is 
the theoretical / conceptual method. This method aims at discussing conceptual concepts from literature 
and bibliographic reviews, analyzing the frequency of occurrence of a certain phenomenon, its 
relationship and connection with other phenomena, as well as its nature and characteristics, without 
manipulating it. 


In this paper, it was studied the strategic management concepts associated with the sustainable 
development concepts, observing some formatted reports in order to show the corporate sustainability. 


We tried also the concepts of the Balanced Scorecard as a management tool of corporate strategy, also 
associated with the sustainable development. 


Finally, we surveyed good management practices in companies that are using the strategic management 
tools with the sustainable development approach. 


2 Strategic Management Alignment with the Sustainable Development 
It can be affirmed that strategic management tools represent more than presenting financial options for 
the growth of organizations. 


The financial measures record and report partially the history facts and the past actions, but do not 
provide adequate guidance for decisions. Other aspects must be taken into account to promote the 
success of the decisions, such as sustainability. 
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In fact, individuals are concerned with natural resources only after enjoying them wildly, since beginning 
of times. 


Organizations are responsible when it comes to fulfilling the commitment to environmental conservation, 
which is not only temporary action, but an essential part of the same. It is necessary to highlight the 
guidelines that go with the strategy and management together with the stakeholders. 


KAPLAN AND NORTON (2008) state that prior to the formulation of strategy, managers needs to agree on 
the purpose (mission), the internal compass that will guide its actions (values) and on their aspirations 
regarding future results (vision). 


One must consider innovation as a path in the search of sustainable development organizations. It must 
be linked not only to the areas of technology or research and development, but also to management, 
leadership, marketing, business model. 


The term "sustainability" has emerged in the early eighties, defined as being able to meet the needs, not 
affecting or reducing the opportunities of future generations. It would be the organization of processes 
and permanent actions, i.e., not ceasing to exist over time, by the depletion of natural resources, thus 
maintaining the established standard of quality (BELASCO, FISCHER, FEDATO 2011). 


It is essential that sustainability takes a practical character. The measurement requires the same emphasis, 
being present in the decision-making process at all levels of the organization. The measurement can 
occur when making contact with the set of indexes and indicators. 


The incessant search for indicators and indices of sustainable development is a widely discussed issue 
both nationally and internationally. They were developed for reasons of lack of methodologies and 
quantitative assessment - significant limiting factor and lack of environmental statistics. 


Idealizing something by applying the concept of sustainable development is essential to establish 
indicators, objectives and targets that can measure when it comes to sustainability. Thus, indicators 
consist of selected parameters and considered separately or together, useful to reflect on certain 
conditions of the systems under consideration. 


Sustainability indicators represent different magnitudes of environmental indicators, because they must 
incorporate the time dimension and limits. This topic describe some reports of measuring sustainability 
recorded in the literature and business practices: Dow Jones Sustainability Index, Ecological Footprint 
Method and Global Reporting Initiative (GRI). 


2.1 Dow Jones Sustainability Index 
Dow Jones launched the first set of global sustainability indexes in 1999, called Dow Jones Sustainability 
Index. These indices are focused on how the company recognizes the risks and opportunities arising from 
sustainability issues in their business. It is managed by SAM (Sustainable Asset Management), a Swiss 
asset management company specialized in companies that have committed to the connection between its 
social, cultural and environmental features. 


These global indexes are the pioneers in monitoring the financial performance of leading companies 
focused on sustainability around the world. Thus, the portfolios of sustainability could be managed 
properly, because these indices convey credibility. 


Currently, around 60 DJSI licenses are held by asset managers in 16 countries to manage a variety of 
financial products, including active and passive funds, certificates and segregated accounts. In total, over 
US$ 8 billion based on that index are managed. (DJSI, 2012) 


Choosing a company to compose a list of the DJSI creates expectations about the potential benefits. It is 
expected that the sustainable development and the inclusion of the company in this privileged group 
facilitate the access to resources, collecting benefits regarding the economy and company strategy. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID189.4 


2.2 Ecological Footprint 
The index is able to measure the amount of land area and a human population requires water to produce 
the resources consumed and to absorb the carbon dioxide emissions, using current technology. 


 
Source: Ecological Footprint – Global Footprint Network (2012). 


Figure 1: Description of the flowchart on the Ecological Footprint.  


Designed in 1990 by Mathis Wackernagel and William Rees, University of British Columbia, the Ecological 
Footprint is currently discussed and used by scientists, companies, governments, agencies, individuals and 
institutions working to monitor the use of ecological resources and promote sustainable development. 


2.3 Global Reporting Initiative – GRI 
Sustainability reports are presented as an important management tool and reporting practices of social, 
environmental and economic enterprises. While these numbers have remained stable in Europe, Oceania 
and North America, there is a significant growth in developing countries. 
KPMG/SUSTAINABILITY/FBDS/UNEP (2008). 


The Global Reporting Initiative sustainability report makes reference throughout the planet, based on 
continuous learning, research and public comments in regular cycles, gathering hundreds of partners in a 
voluntary process, multi-stakeholder and consensus. The trend is that more and more companies adopt 
the international standard of the GRI report, thus facilitating the analysis and comparability of their 
performances. 


The reports convey the organizations commitment to transparency and dialogue, be either NGOs, 
businesses or public agencies; offer of pragmatic content and necessary knowledge so that these 
organizations can make that commitment, and ultimately, the content has offered an organic approach 
and interdisciplinary in which social scientists, environmentalists and business entities can work together 
on innovative solutions for the utilization of existing resources on the planet. 


In December 2006, the Portuguese version was launched in Brazil, after a stage of hard work involving the 
Institute, the Brazilian Association of Business Communication (Aberje) and the Center for Sustainability 
Studies of the Getulio Vargas Foundation (GVces). The launch of the GRI G3 was an aspect of great 
development in the case of sustainability reports, in a democratic way, which involved more than 4,000 
people around the world and for its improvement. (GRI, 2012) 
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3 Instrument for Strategic Management – Balanced Scorecard 
The current organizations will succeed if given the chance to invest in their intellectual assets and their 
management, they should focus on processes that put the customer first. Investing in acquiring these new 
capabilities, its success or failure will be measured in the short term by the traditional financial accounting 
model developed for this commercial and industrial enterprises, measures the events of the past, not the 
investment in capabilities that provide value to the future. 


It appears that there are several models: Performance Measure Questionnaire (1990), Strategic 
Measurement and Reporting Technique (1991), Balanced Scorecard - BSC (1992-2001), Seven 
Performance Criteria (1993), Model Quantum Performance Measurement (1994), and Integrated Dynamic 
Performance Measurement System (1996-2000), Performance Measurement System Global (2001) and 
Performance Prism (2001-2002). Given the importance of them, the BSC deserves attention since the 90's. 


The BSC model reflects the need for organizations to reflect their strategic concerns, changing the focus 
on production for the quality of products and services, which is a critical part of business since 1990. 


For the realization of strategic planning, Balanced Scorecard works with four perspectives: Financial, 
customer, internal processes and learning. 


A macro objective must be created to each area. The same will be broken into several goals and each 
should have an indicator, which is controlled by one goal. Finally, the action has to be developed and 
reach the desired goal. The main processes and their functions can be summarized as follows: 


 
Source: PRIETO et al. (2006) 


Figure 2: Key processes and functions of the BSC. 


Translating the vision helps managers to develop consensus on the strategy of the company, directing the 
action at the local level, communication and connection – allows managers to communicate the 
organization's strategy and goals to connect the units and individuals; planning business - allows the 
company to integrate the business plan and financial plan; feedback and learning – gives the company 
the capability of strategic learning, which involves gathering feedback, testing the hypotheses on which it 
based the strategy and making adjustments as needed. 


In the center of the BSC management system, the company is able to monitor the short-term results from 
the perspectives and evaluate the strategy in the recent performance. Conditions are created for 
companies to modify the strategy based on real time learning. 
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3.1 Implementation of the Balanced Scorecard 
There is a wide dissemination of the concept mentioned, but there is no standard method for its 
implementation. A proper implementation of this method is through a vision of the strategy shared by all 
employees, vision translated into objectives, measures, targets and initiatives for each perspective, and the 
strategy describes how the organization intends to create value for shareholders, customers and society in 
general (JORDAN, 2005). 


It should be noted that the BSC is not only focused on a methodology for large companies. Any company 
interested in ensuring the implementation of its strategies must use this methodology in the same way as 
the strategic planning is recommended: it is important to know the strengths, eliminate or adjust the 
weaknesses, take advantage of the opportunities and avoid external threats. To this end, we have: 


1. Set the industry, describe its development and the role of the company; 
2. Establish and confirm the company's vision; 
3. Establish the perspectives on which the BSC will be built; 
4. Decompose the view according to each perspective and formulate the overall strategic goals; 
5. Identify the critical success factors, i.e. factors necessary for the vision to be successful; 
6. Develop measures to identify causes and effects and to establish a balance between measures in 


selected perspectives; 
7. Establish Scorecard (inclusive) at the top of the company; 
8. Decompose the Scorecard and its measures by organizational units; 
9. Formulate goals for each of the measures used; 
10. Develop an action plan to achieve the established goals and vision; 
11. Implement the BSC. 


3.2 Sustainable Balanced Scorecard 
The beginning of sustainable BSC was proposed by JOHNSON (1998), which demonstrated the possibility 
of integrating environmental issues in the traditional BSC. On that occasion, it was presented the 
operation of the proposed model, not referencing the concept of what exactly this new management 
methodology would be. 


There are different approaches in the literature regarding the terminology suggested for the Balanced 
Scorecard, with an emphasis on sustainability, getting names like Balanced Environmental Scorecard. 


BSC environmental models are structured in four possibilities. According to FIGGE et al. (2002), 
MONTEIRO; CASTRO and PROCHNIK (2003), they are: 


1st Possibility - Inclusion of environmental indicators from the perspective of internal processes or 
changes in traditional perspectives through the incorporation of indicators, aimed at sustainable aspects. 


2nd Possibility: Models that propose the inclusion of environmental indicators in the traditional 
perspectives of the Balanced Scorecard. 


3rd Possibility: Models that propose the creation of complementary perspectives to traditional 
perspectives, focusing on sustainability and environmental management. 


4th Possibility: Models aimed at creating BSC-specific departments. However, there is a unique 
opportunity to structure the BSC to measure the strategic management aspects associated with 
sustainable aspects. Several times, the models differ from each other according to the different indicators 
used. 


3.3 Model of the traditional BSC Inclusion of Environmental Indicators 
This model considers the BSC as an integrator of human resources relations and of the environment to 
the traditional model of the BSC; it incorporates the social and environmental aspects of the economic 
view of the traditional model. Its proposal is to integrate an eco-social vision in the management entities, 
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thus considering the BSC as an ideal instrument for the integration of corporate management, human 
resources and the environment. It proposes the incorporation of the social variable, incorporating aspects 
related to environment and human resources. 


The researchers suggest environmental indicators (related to economic, financial and operational) and 
indicators related to personnel management, in order to help companies control their direct and indirect 
impacts on the social aspects, help manage stakeholders, help understanding the impact of social and 
environmental issues, among others. They are indicators that assess the impacts of social actions on sales 
on the stock price and the impact of process efficiency. 


The model proposes to use a set of indicators organized according to the planning of the life cycle of 
products, by the method of activity-based costing – ABC. Indicators are suggested as: environmental 
assessment costs, environmental costs of prevention, environmental costs of internal failures and external 
environmental costs of social and environmental failures. 


The indicators are aligned in the four perspectives in order to direct the assessment of achievement of 
corporate strategic goals, preserving the structure of the BSC. 


3.4 Model BSC with traditional complementary approach to the sustainable 
development 


The main characteristic of the same is to present changes in the BSC by including a new perspective, 
which has reference to social and environmental aspects in an integrated or separated way. 


In BIEKER and MINDER (2001) models, the authors demonstrate a complementary perspective called 
"perspective of the company / sustainability." However, environmental issues are not worked in the fifth 
perspective, but also in other perspectives, by changing the emphasis of other perspectives. 


The model of MOLLER and SCHALTEGGER (2005), which is intended not only to integrate a new 
perspective, but to restructure the remaining existing perspectives, with the inclusion of environmental 
indicators. The model of FIGGE (2002) not only creates a new perspective, but also works on social and 
environmental perspectives, also through the inclusion of environmental indicators. 


Thus, the proposed models in this stream of research present a structural complementation in the 
traditional BSC, which address the social and environmental aspects through specific perspectives. 
Therefore, the models innovate by complementing the traditional structure of the BSC with the addition 
of new perspectives. 


4 Good Practices of Strategic Management with the Sustainable Development 
In this chapter, it was listed current practices of global organizations that use Sustainability Indicators and 
Balanced Scorecard as a model of sustainable management. 


4.1 Dow Jones Sustainability Index – Petrobras 
For the sixth consecutive year, Petrobras is part of the Dow Jones Sustainability 2011-2012. The 
organization is characterized as one of the companies recognized for having the good practices in 
managing social, environmental and economic world. According to the evaluation criteria of the index, the 
Company obtained an improvement in the assessment of its economic and social dimensions and 
maintained its performance in the environmental dimension. 


In the oil and gas, Petrobras had a significant increase in the indicator refining / clean fuels, achieving a 
rating well above the industry average, as a result of investments made by the Company in refining, to 
improve the quality of fuel produced. 


In this edition, 342 companies from 30 countries participating in the index in 57 industry sectors, 23 
companies in the oil and gas. Currently, more than $ 8 billion are invested in funds based solely on the 
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companies belonging to the DJSI. The permanence in the index reflects the commitment of Petrobras in 
aligning its growth to the sustainable development, minimizing and mitigating the impact of its activities 
on the environment and generating returns for shareholders. (PETROBRAS, 2011) 


4.2 Ecological Footprint - Alliance for Sustainability 
The Global Footprint Network's partners play a vital role in guiding our research agenda and contribute to 
the development of methodology and standards. Alisos is an organization committed to promoting a new 
development model in Latin America. The organization implements innovative strategies and actions to 
identify critical points, progressing as a sustainable manner, which contributes to the well-being of the 
planet and improve the quality of life of its inhabitants. 


The organization mentioned works to achieve sustainability in Latin America through multi-stakeholder 
dialogues, involving stakeholders from different perspectives. It seeks to identify critical points and 
opportunities for changing in both public and private sectors. Also, the implementation of strategies and 
actions create changes today, ensuring a sustainable tomorrow. It promotes a culture of sustainability that 
respects the limited capacity of the planet's resources. (ALISOS, 2011) 


Alisos develops alliances with the leading public and private organizations as well as with civil society, to 
ensure the necessary changes that will create new social, cultural, economic and political models. 


4.3 GRI – Natura Cosmetics 
Brazil occupies a good position in the ranking regarding GRI companies. Natura Cosmetics company was 
pioneer with the publication of its 2004 report. 


For the 11th consecutive year, the Annual Report was published by Natura, drawn from the guidelines of 
the Global Reporting Initiative (GRI), for the period from January 1 to December 31, 2010. We adopted the 
version of the GRI G3 and the fourth consecutive year, the application level A + for the reporting of 
economic performance, social and environmental reached. 


Making contact with the GRI Annual Report 2010, continuing an intense cycle of structural changes, 
Natura is able to seize the opportunities that the market for personal care products, perfumes and 
cosmetics offers in Brazil and Latin America. 


The organization says that innovation is increasingly important in all aspects of our business, not only for 
product development, but the business model, building relationships and solutions in the face of 
environmental challenges. 


Natura shows its understanding and its vision of sustainable development, a theme that has become one 
of 12 drivers of the organization's culture. It is remarkable quality as the company integrates sustainability 
issues in strategic planning and operational management of the organization, in order to contribute in the 
short and long term to improve the social, economic and environmental challenges in local, regional or 
global places (e.g.: Relation between the start of manufacturing and international climate change 
management). (GRI NATURA, 2011) 


4.4 Sustainable Balanced Scorecard 
Endesa is the leading Spanish electric company and the largest private energy sector in Latin America. It is 
present in 10 countries: Spain, Portugal, Ireland, Greece, Morocco, Argentina, Brazil, Chile, Colombia, and 
Peru. The strategy of Endesa in Latin America is oriented to achieve broad business platform capable of 
harnessing the great potential of growth and profitability that the region offers. 


The company's sustainability policy is based on shareholders, customers, creativity, innovation, 
environment, people and society. These pillars base the activities in the strategic plan. (GOMES et al. 2011) 


In its strategic plan, the Endesa BSC use the tool as a central instrument of management and has a 
structure of performance indicators guided by four perspectives: shareholder, customer, employee and 
society. 
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Source: ENDESA (2011) 


Figure 3: Dimensions of the company Endesa.  


The BSC's Endesa is constantly evolving process, as well as the formulation of its strategy. 


 Shareholders: Includes performance indicators that measure shareholder value and return on 
average capital employed. 


 Guest: Covers the Endesa brand image in the world. 
 Contributors: The perspectives of the employees discuss the strategy for managing their 


intangible assets required for the performance of organizational activities and relationships with 
its partners at the level of quality ever higher. 


 Company: This is about the sustainability incorporating the social and environmental criteria in its 
strategy and management models, enabling the achievement of business objectives and 
maximizing value creation in a long-term perspective, respecting the communities in which they 
operate between trying to be most admired companies in the world. 


Endesa seeks in its BSC, highlighting its strategy and its success based on the principles of TBL, showing 
business growth in harmony with employees, communities / society and the environment. 


5 Final Thoughts 
It is remarkable to say now that sustainability is very important when considering the same strategy in the 
formulation of an organization. The analysis of concepts and the proposition of new alternatives with 
regard to sustainability can be observed in this study through literature review and case studies of 
organizations that are reference when dealing with this reality, determining the similarities between the 
measurement indexes and how sustainability can add to the strategy. 


So it can be seen that the goal was completed, as the theme adds value to society in general, aligning the 
strategic management and the sustainability as an important competitive advantage of organizations 
today. 


It is assumed that the contribution of this study for the overall benefit of society is the one which 
organizations will use in their own tangible and intangible assets, focusing on accountability and 
performance. It is a critical success factor for the sustainable management world to grow even further, 
given that there is life in the community without proper management, and sustainability must be added, 
when linked to strategy. 
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Abstract 


The rapid urban development observed in major cities has made the lessening of the resulting environmental impacts 
a key objective for sustainable development. As a consequence, companies have been required to consider economic, 
environmental and social actions in their culture, strategies and decision-making processes. The Sao Paulo 
Metropolitan Area is one of the largest urban zones in the world, accommodating more than 20 million inhabitants, 
10 million motor vehicles and the most intense industrial activity in South America. As a result, environmental 
concerns have imposed severe environmental requirements to the industries located in the region. Hence this paper 
aims to evaluate to what extent the manufacturing companies are responding to those challenges. This was done 
through a survey considering 63 manufacturing firms of different sizes and from several sectors located in the area. 
The statistical analysis performed and the results of the research suggest that in the São Paulo Metropolitan Area the 
actions taken by the industries in general to face their ecological challenges have been effective and surpass in 
several ways the law enforced environmental demands. Comparisons among researched firms also allowed a better 
understanding of their respective environmental performances and how they are responding to the environmental 
issues they have been facing. 


Keywords: environmental performance; industrial pollution; sustainable development; Sao Paulo; Brazil. 


1 Introduction 
The environmental impacts of urban enlargement have been extensively analyzed, showing adverse 
effects on air, water, and soil (Brehemy, 1992; Camagni et al., 2002; Pare´s-Franzi et al., 2006). In fact, as 
production and consumption expand, environmental degradation is intensified (Jabbour and Santos, 
2008), which makes the reduction of the environmental impacts resulting from accelerated urban 
expansion a key objective for sustainable development (Pare´s-Franzi et al., 2006). As a result, businesses 
in general have been pushed to incorporate economic, environmental and social performances in their 
culture, strategies and decision-making processes (Brent and Visser, 2005).  


The Sao Paulo Metropolitan Area (SPMA) is one of the largest urban zones in the world, accommodating 
more than 20 million people or about 10% of the Brazilian population in only 7,943 Km2 of geographic 
space (0.09% of the country territory) (IBGE, 2010). The region has a fleet of more than 10 million motor 
vehicles and the most intense industrial activity in Brazil, with more than 2,000 thousand industries with 
high pollution potential (PRODESP, 2010). As a result of such enormous human concentration and dense 
economic activity, environmental issues could be expected. In fact, in 2009 emissions in the SPMA 
amounted to 1.6 million tons of carbon monoxide, 382 thousand tons of hydrocarbons, 376 thousand 
tons of nitrogen oxides, 63 thousand tons of particulate material and 26 thousand tons of sulfur oxides 
(CETESB, 2010). It is true that most of those emissions are motor vehicle related (Tavares et al., 2011). 
However, in order to minimize pollution problems, public authorities have put a lot of pressure on the 
industrial sector.  


Hence the main purpose of this paper is to analyze to what extent the industries located in the SPMA are 
responding to current environmental challenges. This has been done through a survey considering 63 
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industries of different sizes, from several sectors, nationals and multinationals. The results obtained 
allowed the understanding of the current environment related practices actually employed by the 
researched industries in the area and how they contribute to their present environmental performance.  


2 Environmental Performance Evaluation 
In summary, sustainable development can be understood as meeting the needs of the current generations 
without impeding future generations to meet theirs (Smith and Rees, 1998). The sustainable development 
cannot be achieved without the effective implementation of environmental management in companies, 
where it has become critical for their survival in a competitive globalized world (Preston, 2001). Thus, 
business sustainability requires the integration of the three pillars of sustainable development (social 
justice, economic efficiency and environmental performance) into a company's operational practices. 
Firms have been increasingly demanded by external stakeholders to commit to and report on their 
respective sustainability performances of operational initiatives (Labuschagne et al., 2005). 


According to Srebotnjak (2007), many different definitions of environmental performance exist. However, 
the ISO 14001 standard – environmental management system specification and use – defines the 
environmental performance as “measurable results of an organization’s management of its environmental 
aspects” (ISO, 2004). According to May et al. (2002), companies should know their respective 
environmental performance in order to formulate proper environmental policies, plans, and programs for 
their activities. Furthermore some scholars have developed researches on the correlation between 
environmental and business performances. For instance, results from Klassen et al. (1996), King and Lenox 
(2001) and Koner and Cohen (2001) indicate that businesses with better environmental performance and 
less pollution have shown a higher financial performance. 


To help organizations to measure their environmental performance, the International Standard 
Organization (ISO) has developed the ISO 14031 standard – environmental management and 
environmental performance evaluation and guidelines (ISO, 1999). According to ISO, the environmental 
performance evaluation is “an internal process and management tool designed to provide management 
with reliable and verifiable information on an ongoing basis to determine whether an organization’s 
environmental performance is meeting the criteria set by the management of the organization”. Therefore, 
environmental performance evaluation is considered a process and a tool dealing with the utilization of 
indicators (Jasch, 2000; Tsoulfas and Pappis, 2008). ISO 14031 also proposes a methodology to measure 
the environmental performance of companies in terms of definitions, working structure, and different 
kinds of quantitative indicators such as environmental performance indicators, management performance 
indicators and operational performance indicators. As can be noticed, indicators are the main tools of this 
standard, and are defined as the “specific expression that provides information about an organization’s 
environmental performance” (ISO, 1999). 


Despite an increasing focus on various environmental performance indices at the national, sectorial and 
company level (Srebotnjak, 2007; Mayer, 2008), unfortunately the environmental performance 
measurement remains one of the greatest challenges for the organizations (Johnston et al., 2001) because 
a factor often neglected is the uncertainty of measurements in relation to the indicators used. On the 
other hand, the uncertainty of raw data is a critical issue, because an indicator can only reveal a true 
picture of the environmental performance if it is based on good-quality data (Perotto et al., 2008). 


In addition, the basic objective of environmental performance evaluation through the use of indicators is 
to assure that industrial activities evolve in line with sustainable principles which are acceptable to society 
and the environment. In practice, environmental performance indicators may be used in several decision 
situations by internal and external stakeholders to assure a continuous process of environmental impact 
reduction either in products or in processes. Internal stakeholders require detailed indicators to monitor 
and control the environmental performance of their products and activities in the business processes. 
Conversely the external stakeholders need broader indicators that enable them to put pressure on the 
company for a continuous improvement of firm’s environmental performance (Thoresen, 1999).  
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3 Methodology 
As stated before, the main purpose of this paper is to investigate to what extent the industries located in 
the SPMA are responding to current environmental challenges. To do that, the authors decided to 
scrutinize which are the key environmental practices being executed by the industries in the area and how 
those practices could express the environmental performance of each one. Also, to investigate the 
relationships between the firm’s environmental performance and some of their key characteristics the 
following research questions were posed: 


RQ1. Does companies having ISO 14001 certification would have a better environmental performance than 
those that do not have it? 


RQ2. Does the discipline imposed by other certification other than ISO 14001 influences environmental 
performance? 


RQ3. Do the multinational companies have a better environmental performance than the Brazilian national 
firms? 


RQ4. When considering the environmental performance, does firm size matter? 


RQ5. Do companies belonging to the auto industry have better environmental performance when compared 
to other industrial segments? 


In order to evaluate the environmental practices employed by the industries in the SPMA and the 
aforesaid research questions, a survey was conducted as per Forza (2002). For this purpose a 
questionnaire with closed questions was sent by e-mail to the person in charge of environmental 
management in 150 industries randomly chosen in the list of the industrial companies associated to the 
São Paulo Industrial Federation and located in the research area.  Subsequent phone contacts by the 
researchers requested for the questionnaire fulfillment. From the total sent, 63 or 42% were received back 
dully answered and were used to support the analysis and findings considered by this paper. 


The questionnaire comprised 11 questions covering: a) current environmental license status (1 question); 
b) solid and liquid waste disposals (4 questions); c) environmental consideration in product design, 
manufacturing process and purchasing (3 questions); d) potential pollution problems affecting the 
neighborhood (1 question) and e) environment as a key strategic factor (2 questions). Each question 
presented for the potential interviewees five statements describing different approaches for each one of 
the subjects considered. Those statements described typical practices ranging from those with high level 
of environmental awareness / commitment (best practices) to those involving no environmental concern 
at all (worst practices).  


Even though the literature provides several alternatives to measure the environmental performance of a 
company (Verfaillie and Bidwell, 2000; OECD, 2002, 2005; Huppes and Ishikawa, 2005; Styles et al., 2009a, 
2009b;), this study proposes an environmental performance evaluation method based on the best 
environmental practices actually used by organizations. This approach identifies which are the 
environmental practices being utilized by a given company in predefined areas and grants a certain 
number of points to each one. A maximum number of points is given to those practices reflecting high 
environmental commitment and a minimum number of points is granted to those practices involving no 
environmental concerns at all. Proportional points are given to different situations in-between those two 
extremes. Adding all the points obtained by a particular company, it will be possible to calculate a score 
that could be a measure of its environmental performance. Hence, to measure the company 
environmental performance, 5 points were granted to each question where a best practice was selected 
by the interviewee. On the other hand, 1 point was considered whenever the answer indicated a non-
environmental related practice. For the other 3 intermediate alternatives, 2, 3 or 4 points were granted 
depending on the statement chosen. The overall environmental performance of a given company was 
measured by adding the points obtained by the 11 questions answered, ranging, as a consequence, from 
a minimum of 11 points to a maximum of 55.  
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Returned questionnaires were tabulated and data were processed using the Statistical Package for Social 
Science for Windows Version 13 (SPSS, SPSS Inc., Chicago, IL, USA). Analyses performed included, where 
appropriate: descriptive statistics and hypotheses testing using two samples mean comparisons through 
an independent t test and several sample mean comparisons applying the one way ANOVA. Significant 
coefficients were identified at p<.05 as per Dancey and Reidy (2007).     


4 Results and Discussions 
As alluded to before, the survey was answered by 63 companies with the following characteristics: a) 
ownership: 23 are subsidiaries of multinational companies operating in Brazil and 40 are national firms; b) 
size: 15 are small (less than 100 employees), 26 are medium (between 100 and 499 employees), 13 are big 
(between 500 and 1,999 employees) and 9 are very big (more than 2,000 employees); c) industrial sector: 
17 belong to the automotive sector, 5 to the electrical component manufacturing, 25 to the metal-
mechanical segment and 16 to other 12 different industrial activities; and d) certifications: 25 of the 
researched companies have both ISO 9001 and ISO 14001 certifications, 30 are only ISO 9001 certified, 2 
have only ISO 14001 and 6 do not have any ISO certifications. 


Initially the survey results are evaluated on a question by question basis. Here the objective is to identify 
the most common environmental practices used by the researched companies and their influence on their 
respective environmental performance. Then statistical analyses are developed to evaluate if variables 
such as ownership, size, industrial sector or quality and environmental certifications could induce different 
environmental performance on the researched companies. This is called the performance comparisons. 


4.1 Question by Question Analysis 
After analyzing the returned questionnaires it was possible to group the results as summarized in Figure 1, 
where A represents the statement reflecting the best environmental practice and E the worst. B, C and D 
represent statements with intermediary environmental concerns. The first question posed for the 
interviewees asked about the current status of their companies’ environmental license. 59 (94%) of the 
companies indicated that their license is in full compliance with local legislation, showing that being 
legally accountable  is a major concern among industries in the SPMA. From the remaining 4 companies, 1 
affirmed that it is in process of fixing pending problems and only 3 small companies stated that they do 
not have the necessary documentation. 


In relation to dangerous solid wastes, 15 firms (24%) indicated that they do not generate any. From the 
remaining 48, 47 (98%) said they provide an adequate waste disposal in accordance with local regulations 
and under direct supervision of the environmental authorities. The other company stated that it disposes 
the dangerous solid wastes according to the legal requirements, but with no previous authorization from 
environmental authorities. No other environmental issues have been reported here. 


19 companies (30%) mentioned that they do not generate any industrial effluents besides conventional 
sewage material. From the other 44, 24 (55%) indicated that they perform an adequate treatment prior to 
returning the effluents to the environment since they do not reutilize them in the manufacturing process. 
6 firms (14%) do some reutilization and the remaining 14 (32%) fully return the effluents for further use. 
As can be noticed, all the researched companies provide an adequate effluent disposal. Only the effluent 
reutilization degree varies among them.  


The situation is not that comfortable in relation to sewage disposal. 43 companies (68%) either have their 
own treatment plant reutilizing the water (13 firms or 20%) or dispose the sewage effluents into the public 
system where proper treatment is done (30 companies or 48%). 10 (16%) said they dispose the sewage 
effluents into the public system, but they end up in a nearby river with no treatment at all. The remaining 
10 (16%) indicated they dispose sewage material in septic tanks or directly into a nearby river.  
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Best environmental practice A 59 15 19 13 42 32 53 12 48 41 27 


B 0 47 14 30 14 12 4 15 15 16 15 


C 0 1 6 4 2 12 0 11 0 2 0 


D 1 0 24 6 3 1 6 20 0 3 20 


Worst environmental practice E 3 0 0 10 2 6 0 5 0 1 1 


Total 63 63 63 63 63 63 63 63 63 63 63 


Figure 1: Number of companies indicating environmental practices currently in use (A represents the statement  
               reflecting the best environmental practice and E the worst. B, C and D represent statements with  
               intermediary environmental concerns). 


As far as the non-dangerous solid wastes are concerned (manufacturing, general garbage and organic 
materials), 42 companies (67%) reported that they perform the waste separation and send it for recycling 
purposes. 61 (97%) have their scrap and non-organic garbage removed by third parties for adequate 
disposal in authorized landfills. Organic wastes are removed by the municipal garbage collection services. 
Only two firms stated that they send both organic and inorganic wastes for an unauthorized location.  


Considering now the product design, 56 companies (89%) indicated that they take into account 
environmental aspects when designing their products. However, only 31 (49%) consider the 
environmental impacts resulting from product discharge after its useful life. The remaining 24 (38%) 
assume that the product final destination is a final consumer’s responsibility. Only 6 firms (10%) do not 
take into consideration environmental issues when they design their products. 


On the other hand, in the manufacturing process design the situation is much better. 57 companies (90%) 
consider raw material / energy conservation along with toxic material elimination, reduction (on the 
quantity and toxicity) of wastes and gas emissions when designing their manufacturing processes. Only 6 
firms (10%) stated that they do consider environmental constraints in their manufacturing process but as 
long as they do not adversely affect their manufacturing costs. 


The purchasing process was also questioned in the survey. 58 firms (92%) consider to some extent the 
environmental aspects as part of their purchasing process. From this total 12 companies (19%) indicated 
they purchase materials and services exclusively from vendors having some kind of environmental 
certification. Other 15 (24%) adopt the same approach but only for items with high pollution potential. 
The remaining 31 (49%) stated that they have preference for environmental certified vendors provided 
they have the same commercial conditions as the non-certified sources. Only 5 (8%) firms declared that 
they do not consider environmental aspects as part of their purchasing process. 


The next question was about the relationship the researched company has with their neighboring 
community considering eventual pollution caused. 48 firms (76%) reported not having any kind of 
problems at all. The other 15 (24%) indicated that some eventual and minor complaints from neighbors 
have been reported, but the situation has been quickly settled with no adverse impact on their community 
relationship.   
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In relation to the environmental practices used by the searched companies, 59 firms(93%)  assured that 
they were the result of their own an initiative, inspired by the understanding that: a) environment 
protection is one of the pillars of sustainability (41 companies or 65%); b) modern companies should be 
concerned with protecting the environment (16 or 25%) and c) this is a concept already adopted by most 
of their competitors ( 2 or 3%). 3 firms (5%) indicated that environmental practices have been imposed by 
their clients and only one company declared not being concerned with environmental issues. 


42 companies (77%) assured that environment protection is one of their key strategic elements, which has 
been perceived by both internal and external stakeholders. 20 (32%) declared that they are concerned 
with environmental aspects but they are not part of their strategic thinking. Only one company stated that 
it is not concerned with environmental issues. 


As stated before, a given company environmental performance was measured by granting 5 points to 
each question where a best practice was cited by the interviewee. Also, whenever the answer selected a 
non-environmental related practice, 1 point was considered. For the other 3 possible alternatives, 2, 3 or 4 
points were granted depending on the statement selected. The overall company environmental 
performance was measured by adding the points obtained by the 11 questions. Applying those 
assumptions to the 11 questions answered by each one of the 63 companies included in the survey, it was 
possible to calculate their respective environmental performance. Considering all the 63 firms, the 
following descriptive statistics for their environmental performance were calculated using the SPSS for 
Windows 13.0 software: a) performance range: minimum 29 (compared to a possible minimum of 11) and 
maximum 53 (against a possible maximum of 55); b) sample distribution mean 45.1; c) sample distribution 
median 46.0; d) sample distribution standard deviation 5.04; e) 95% confidence level interval for the mean 
43.8 < µ < 46.4. The statistical analysis also indicated that the environmental performance is normally 
distributed around the mean.  


As can be seen, the environmental performances of the industrial companies located in the SPMA show 
that the ecological concerns represent a lot more than conventional corporate speech. Environmental-
friendly practices have been actually used to a great extent by the majority of industrial firms in the area, 
despite their size, ownership or the industrial sector they belong. And better. This is not the result of law 
enforcement, since many of the practices described are not imposed by the environmental laws. Some 
examples follow: a) there is no legal obligation for the companies to select and recycle non-industrial 
garbage, but 42 out of 63 researched companies (67%) do that; b) there is no provision in the Law 
requiring environmental considerations when defining manufacturing processes. However 53 firms (84%) 
indicated they are concerned with conservation of material and energy, elimination of toxic wastes and 
reduction of toxicity and quantity of wastes and emissions when they develop the fabrication processes 
for their products; c) the environmental legislation does not impose rules for the company relationship 
with the community nearby their plants. 48 firms (76%) expressed deep concerns in relation to 
maintaining their neighboring public immune to eventual pollution problems caused by their 
manufacturing operations. Therefore, it seems that increased ecological awareness could be considered as 
a possible source for several of the environmental initiatives taken by the local industries.         


4.2 Performance Comparisons 
RQ 1. The data collected in the survey also enable some interesting comparisons. Initially it would be a fair 
expectation that companies having ISO 14001 certification would have a better environmental 
performance than those that do not have it (Fortunski, 2007). Assuming this statement as a research 
hypothesis, it was tested to verify if it could be accepted at a significant level of confidence. In fact 
calculating the environmental performance for the ISO certified companies it was possible to obtain a 46.9 
mean and a 3.0 standard deviation. For the other firms, the mean was 43.8 and the standard deviation 5.8. 
But in other to verify if there is an actual statistical difference between the two means, an independent t 
test was conducted comparing the environmental performance mean for the 27 ISO 14001 certified 
companies with the mean for the other 36 firms. Using the SPSS for Windows 13.0 it was possible to 
obtain the results shown in Table 1.   
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Table 1. Independent t test for equality of means in RQ 1. 


Lavine´s test 
for equality 
of variances 


t test for equality of means 


F Sig. t df  


Sig. 
(2-


tailed)
Mean 


difference
Std. Error 
difference 


95% confidence 
interval 


Performance 
Equal variances assumed 9.618 .003 -2.472 61 .016 -3.0463 1.23224 -5.51031 -0.58228
Equal variances not assumed     -2.688 55.034 .009 -3.0463 1.13311 -5.31706 -0.77553


 


As can be seen, the independent t test for 61 degrees of freedom could demonstrate that if the null 
hypothesis was true such result would be improbable as t(61) = 2.47; p < .016. As a conclusion, the 
research hypothesis could be accepted or there is actually a difference in the environmental performance 
for the ISO 14001 certified companies as compared to the non-certified ones, as initially expected.     


RQ 2. But, does the discipline imposed by other certification other than ISO 14001 influences 
environmental performance? To test this hypothesis the companies with no environmental certification 
were grouped together and within this set a comparison between the environmental performances of the 
30 ISO 9001 certified and the other 6 non-certified firms was done. The following results were obtained: a) 
for the ISO 9001 companies the environmental performance mean was 44.8, with a 4.2 standard deviation; 
b) the other firms presented a 38.7 mean and a 9.8 standard deviation. To verify if a statistical difference 
between the two means exist, an independent t test was also conducted as per Table 2. 


Table 2. Independent t test for equality of means in RQ 2. 


Lavine´s test 
for equality 
of variances 


t test for equality of means 


F Sig. t df  


Sig. 
(2-


tailed)
Mean 


difference
Std. Error 
difference 


95% confidence 
interval 


Performance 
Equal variances assumed 12.338 .001 -2.541 34 .016 6.16667 2.42717 1.23405 11.0993 
Equal variances not assumed     1.518 5.384 .185 6.16667 4.06369 -4.05897 16.39230


 


The independent t test for 34 degrees of freedom could demonstrate that if the null hypothesis was true 
such result would be improbable as t(34) = 2.54; p < .016. As a conclusion, the research hypothesis could 
be accepted or, in the absence of ISO 14001 certification, there is a difference in the environmental 
performance for the ISO 9001 certified companies as compared to the other ones.  


RQ 3. Another research question relates to ownership: do the multinational companies have a better 
environmental performance than the Brazilian national firms? Once again this hypothesis was tested. The 
results follow: a) for the 23 multinational companies the environmental performance mean reached 47.6, 
with a 2.6 standard deviation; b) the other 40 national firms presented a 43.7 mean and a 5.5 standard 
deviation. The statistical difference between the two means was also verified through an independent t 
test as per Table 3. 


Table 3. Independent t test for equality of means in RQ 3. 


Lavine´s test 
for equality 
of variances 


t test for equality of means 


F Sig. t df  


Sig. 
(2-


tailed)
Mean 


difference
Std. Error 
difference 


95% confidence 
interval 


Performance 
Equal variances assumed 9.375 .003 3.265 61 .002 4,00217 1.22572 1.55120 6.45315 
Equal variances not assumed   3.893 59.284 .000 4.00217 1.02817 1.94501 6.05934 
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The independent t test for 61 degrees of freedom could demonstrate that if the null hypothesis was true 
such result would be quite improbable as t(61) = 3.27; p < .002. As a conclusion, the research hypothesis 
could be accepted or, there is a statistical significant difference in the environmental performance 
between the multinational and the national companies. 


 RQ 4. When considering the environmental performance, does size matter? To test this hypothesis the 
searched companies were divided into four groups: 9 very large, 13 large, 26 medium and 15 small. The 
descriptive statistics for those groups were: a) very large – mean 47.4 and standard deviation 4.0; b) large 
– mean 47.1 and standard deviation 2.6; c) medium – mean 45.6 and standard deviation 4.6; and d) small – 
mean 41.1 and standard deviation 5.2. To verify if a statistical difference exist among those means, a One 
Way ANOVA test was performed using the SPSS for Windows 13.0 software. Results were obtained as per 
Table 4. 


Table 4. One way ANOVA test results for RQ 4. 


Sum of 
squares 


df  
Mean 
square 


F Sig. 


Performance 


Between groups 343.190 3 114.397 5,492 .002 


Within groups 1,229.032 59 20.831 


Total 1,572.222 62 


 


The F test for 3 (between groups) and 59 (within groups) degrees of freedom could verify that if the null 
hypothesis was true such result would be quite improbable as F(3;59) = 5.49; p < .002. As a conclusion, 
the research hypothesis could be accepted or, there is a statistical significant difference in the 
environmental performance depending on the size of the company considered. However, post hoc 
analysis considering multiple comparisons as per Tuckey’s HSD (honestly significant differences) test 
indicated that significant difference exists at the .05 level only between the small companies and all the 
other ones. No differences are significant among the very big, big and medium size firms.  


RQ 5. Finally this research could also check a widespread idea in the SPMA indicating that companies 
belonging to the auto industry have better environmental performance when compared to other 
industrial segments, due to the stringent environmental requirements imposed by the auto assemblers to 
their entire supply chain. To test this hypothesis the searched firms were divided into four segments: 17 
belonging to the automotive sector, 5 to the electrical component manufacturing, 25 to the metal-
mechanical segment and 16 to other 12 industrial sectors. The descriptive statistics for those groups were: 
a) automotive  – mean 44.2 and standard deviation 5.9; b) electrical component manufacturing – mean 
46.4 and standard deviation 3.16; c) metal-mechanical segment – mean 44.7 and standard deviation 4.4; 
and d) all other – mean 46.4 and standard deviation 5.2. To test if a statistical difference exist among 
those means, once again a One Way ANOVA test was conducted, which produced the results presented in 
Table 5. 


Table 5. One way ANOVA test results for RQ 5. 


Sum of 
squares 


df  
Mean 
square 


F Sig. 


Performance 


Between groups 53.361 3 17.787 .691 .561 


Within groups 1,518.861 59 25.743   


Total 1,572.222 62    


 


The F test for 3 (between groups) and 59 (within groups) degrees of freedom could demonstrate that the 
null hypothesis cannot be rejected as F(3;59) = .69; p < .561. As a conclusion, the research hypothesis 
could be rejected or, there is not a statistical significant difference in the environmental performance 
depending on the segment considered. 
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In summary, what this research can suggest is that in the SPMA, as expected, industries that are ISO 14001 
certified have a better environmental performance than those that are not. Also, the same conclusion can 
be extended to those companies with quality systems certified as per ISO 9001 even in the absence of ISO 
14001. It was possible to identify that multinational firms have more environmental friendly practices 
implemented as compared to the Brazilian nationals. For environmental performance purposes, size 
matters, but as far as small companies are compared to the other sizes considered. And, no significant 
environmental performance differences could be significantly perceived among industries of different 
sectors.     


5 Conclusion 
As alluded to before, the accelerated urban expansion observed in the SPMA has made the reduction of 
the resulting environmental impacts a crucial objective for sustainable development. The industrial sector 
has been challenged by environmental authorities to significantly contribute with the efforts to reduce 
pollution in the area, through imposing stringent environmental requirements.   


However, the results of the survey presented herein can suggest that in the SPMA actions taken by the 
industries in general to face the ecological challenges have been effective and surpass the mere shallow 
environmental wording. They have shown more environmental concerns than the “must do” requirements 
imposed by legislation, as actual practices observed transcend the legal demands in several aspects. In 
fact, results pointed out that the environmental performance of the companies considered in the research 
reached a 46 point mean (against a maximum of 55). And more, several of the environmental practices 
reported by the firms are broader and more ecological friendly than those required by the local 
environmental authorities. The research also enables the identification of the general characteristics of the 
companies most committed with utilization of best environmental practices. They are ISO 14000 certified 
or at least have an ISO 9001 certification, they are usually multinational firms, not small in size and 
belonging to no specific industrial sector.    


The findings presented here are also subject to some limitations. Initially, the validity of the proposed 
environmental performance measure should be checked by further research comparing it with similar 
indexes that are already being used. This has not been done because proposing a new method to 
measure environmental performance was not the central focus of this work. Second, for more meaningful 
analysis, the initial questionnaire answered by the researched firms should be followed by an in-depth 
interview where much more detailed information could be obtained to shed light on specific points not 
covered by the present survey. Additional research will consider this approach and more detailed analysis 
will be opportunely reported.     
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Abstract 


Companies are being structured along its organizational processes and, in this transformation, various practices of 
business process management (BPM) are adopted. A brazilian energy company has outlined a strategic plan for 
transformation, to ensure its performance in a competitive environment. Among its objectives, the implementation of 
BPM is listed as one of the most important projects. Condeixa (2011) developed a survey that examined the 
perception of the company's experts on the BPM maturity desired, using a questionnaire developed from the BPM 
Maturity Model of Rosemann and Bruin (2005b). Since then, the company has embarked efforts on initiatives to 
implement business process management. This paper aims to investigate how the change planning can contribute to 
BPM become part of daily management of the company. According to Kotter (1999), the change process involves a 
series of phases that consume considerable time, and elimination of phases only creates the illusion of speed and 
never produces satisfactory results. The literature review addressed the key factors of BPM identified by Rosemann 
and Bruin (2005b) and the eight steps for organizational transformation proposed by Kotter (1999). Was carried out a 
documentary research, which identified the initiatives made in the company until the present moment. As results, 
were identified in the initiatives found the key factors of BPM deployed, and was tried to determine their suitability to 
the stages of change presents in the theoretical postulate of Kotter. 


Keywords: business process management; bpm maturity; key factors; organizational change. 


1 Introduction 
The current competitiveness in various economic sectors has required from organizations to seek 
innovations in their management models, so significantly increasing their ability to respond to sudden 
crises the world market and the opportunities that come with them. To this end, the business strategy 
should ensure that their deployments are planned, involving the entire organization, with its integrated 
areas in a systematic way. According to Kaplan and Norton (2004), design and operation of organizational 
processes must reflect the vision of top management to the direction the organization should follow. The 
companies are abandoning the structure of functions, predominant in companies of the twentieth 
century, and organizing their resources and flows along its basic processes (GONÇALVES, 2000). 
According to the author, its own logic of operation is going to follow the logic of these processes, rather 
than the compartmentalized thinking of the functional approach.  


Nevertheless, the functional structure has rooted strongly the philosophy of work and management with 
culture of "functional silos", and this permeated the culture of its professionals, the software structure of 
the corporation, the work procedures, the strategy and all other resources that make up the organization 
(DE SORDI, 2008). According to the author, there is a strong conflict that occurs within organizations 
between traditional culture by functions and orientation by business processes, which is implemented 
gradually. And the shift in paradigms deeply rooted in culture executive, needed to manage business 
processes, can be seen as one of the main challenges of modern organizations (MÜLLER et al, 2003). 
Condeixa (2011) conducted a survey that aimed to analyze the maturity desired of business process 
management (BPM) in the brazilian energy company, using the BPM Maturity Model developed by 
Rosemann and Bruin (2005b) for the construction and application of a questionnaire with employees 
involved in the implementation of BPM in the company studied. The results regarding desired maturity 
pointed to the fourth stage - managed, while the perception of employees on the current maturity 
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pointed to the stage 1 - initial, in which the organization has specific initiatives, with little coordination 
and demonstrating, typically, minimal involvement of employees. From these results, the company has 
embarked on efforts in deploying BPM initiatives. 


But the organizations that intend to deploy BPM realize that this implies a profound organizational 
change, reflected in its structure, processes, systems, people, etc.., encountering the following questions: 
What are the priority actions? In which areas of the organization should be started? The implementation is 
progressing in the right direction, towards the vision of the company's future? To what extent? In this way, 
the results of this case study may contribute to readers, researchers and experts from companies, to 
analyze how an organization well positioned in the brazilian energy sector is trying to achieve the BPM 
maturity desired, with implementation of practices so planned, based in the steps of organizational 
change found in a referenced theoretical model. 


2 Scope 
This paper aims to investigate how the change planning can contribute to BPM become part of daily 
management of the company. Specifically, this study aims to answer the following questions: What key 
factors of BPM were deployed in the initiatives of implementation of BPM in the brazilian energy 
company? How the initiatives found relates to the eight steps proposed by Kotter (1999)? Initially, the 
literature review is intended to address the key factors of BPM identified by Rosemann and Bruin (2005b) 
and the eight steps for organizational transformation proposed by Kotter (1999). Then, in the case study, 
will be carried out documentary research in order to investigate the BPM initiatives developed by the 
company so far, identifying key factors of BPM deployed in these initiatives. Finally, the intent is to assess 
the suitability of BPM initiatives implemented by the company to the change stages present in the 
theoretical postulate of Kotter. After the presentation of results, conclusions and recommendations on 
future research complement this paper. 


3 Business Process Management - BPM 
Many authors have defined concepts of processes, or business processes, under very different 
perspectives, most of them keeping the same essence: an ordered serie of steps, with activities input and 
output clearly identified, to generate a result of value to the client. Business process management (BPM) is 
a concept that mainly unites business management and information technology with a focus on 
optimizing the results of organizations by improving business processes. Are used methods, techniques 
and tools for analyzing, modeling, publishing, optimize and control processes envolving human resources, 
applications, documents and other information sources. 


3.1 BPM Maturity 
According to Hammer (2007), in virtually every industry, companies of all sizes reported extraordinary 
improvements in cost, quality, speed, cost and other areas vital when have made efforts to focus, measure 
and redesign their internal processes and of customer interaction. Unfortunately - he concludes - many 
have been lost along the way. Due to the increasing complexity and scope of processes in organizations, 
is increasing the need for companies and institutions to structure themselves to manage its processes 
(PAIM et al, 2009). And how much longer organization's maturity in business process management, will be 
better able to provide this structure. According to Harmon (2004), the basic idea behind the concept of 
maturity is that mature organizations do things systematically, while immature organizations achieve their 
results due to heroic efforts of individuals using approaches that they create more or less spontaneously. 
Most maturity models is based on the Capability Maturity Model - CMM, developed by the Software 
Engineering Institute - SEI at Carnegie Mellon University as a model for evaluating software vendors to 
the Department of Defense U.S.. Humpfrey (1988) stated that by establishing the position of his 
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organization in this maturity framework, software professionals and management can more easily identify 
areas where improvement actions are more likely to produce results. 


An important presupposition to be considered for the structure necessary for the implementation of 
business process management in organizations is that there must be consensus on the parameters that 
must be met for the future vision is achieved. According to Senge (1998), the practice of shared vision 
involves the skills of finding "images of the future" shared that foster genuine commitment and 
involvement, rather than mere acceptance. For the author, when actually share a vision, people feel 
connected, linked by a common aspiration. According to Rodriguez (2007), to transform a vision into a 
force in people's heart is a major challenge for leaders. Condeixa (2011) developed a survey that aimed to 
investigate perceptions of employees of the brazilian energy company about the current state of BPM's 
practices and the desired situation, in the light of the company's strategy. Was selected the model of 
Rosemann and Bruin (2005b) as a basis for further investigation of the criteria applied to management of 
business processes and to assessment their maturity. The motivation for the choice of this model can be 
explained by some reasons (HARMON, 2009; VOM BROCKE and ROSEMANN, 2010): 


 It was developed based on contemporary understanding of business process management as a 
holistic approach of management; 


 It is based on a solid process of academic development. Beginning with a comprehensive 
literature review, experiments and preliminary versions of three previous models were 
consolidated. The model was validated, refined and specified through a series of international 
Delphi studies involving global leaders in the area; 


 Distinguishes key factors and areas of training at two levels of abstraction. This hierarchical 
structure allows different types of analysis granularity. As a result, the definitions of the factors 
and capability areas are available and provide the basis for a consistent interpretation; and 


 It has been applied in various organizations through documented case studies, including surveys 
and workshops. Thus, the key factors were validated and have proved to be of practical relevance 
in real life projects. 


3.2 Rosemann and Bruin’s BPM Maturity Model 
Rosemann and Bruin performed an extensive research to the development of a BPM maturity model, 
seeking to extend the previous update models when addressing the complexities and requirements 
identified within business process management of a more holistic and contemporary. The authors sought 
a global standard highly accepted, instead of providing just another maturity model. They performed a 
series of Delphi studies to incorporate the knowledge of the recognized leaders of BPM, including the 
contribution of more than 20 experts. According to Rosemann and Bruin (2005a), this effort resulted, as 
shown in Figure 1, in the identification of 06 key factors for the implementation of business process 
management, and also for each factor, 05 capability areas, where the maturity is evaluated further. 
Rosemann, Bruin and Power (2006) briefly describe the six key factors for the success of BPM, as shown: 


 Strategic Alignment: is defined as the tight linkage of organizational priorities and enterprise 
processes enabling continual and effective action to improve business performance. 


 Governance: establishes relevant and transparent accountability, decision-making and reward 
processes to guide actions. A focus is on decision-making processes of BPM and related roles and 
responsibilities. 


 Methods: has been defined as the approaches and techniques that support and enable consistent 
process actions. Distinct methods can be applied to major, discrete stages of the process lifecycle. 


 Information Technology: refers to the software, hardware and information management systems 
that enable and support process activities. The IT capability areas are structured in a similar way 
to that of methods, and refers first to process lifecycle stages. 


 People: the individuals and groups who continually enhance and apply their process skills and 
knowledge to improve business performance. 


 Culture: the collective values and beliefs hat shape process-related attitudes and behaviors to 
improve business performance. 
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Source: Bruin et al (2005). 


Figure 1: Domain, Key Factors and Training Areas of the BPMM model. 


According to Rosemann, Bruin and Power (2006), the stages of the model have followed the stages of 
maturity of the CMM, as shown in Figure 2. 


 
Source: Rosemann, Bruin e Power (2006). 


Figure 2: Comparison of low and high maturity and the five maturity stages.  


4 Organizational Change 
Belasco (1992) states that the need for change does not produce change. According to Freitas (1991), 
although the planning of change can be assumed as possible, the consensus among the adherents of this 
view is that the process is not simple, is not cheap and is not made without causing some trauma as 
consequence. For this reason, De Sordi (2008) states that, in BPM implementation, the steering committee 
of the organization has to have a common understanding of the main benefits of business process 
management and of the main constraints to be overcome for its implementation. De Sordi (2008) states 
that, in the case of BPM, we can develop an organizational learning in several ways, such as seminars, 
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courses, presentation of case studies and visits to companies that have implemented business process 
management. 


For Roberto and Levesque (2006), the learning process involves discovery and experimentation. Discovery 
refers to the way in which managers collect data and information to define the initiative's goals and the 
means to achieve objectives. Experimentation is an interative process of testing and refining the 
components of the initiative before the full-scale deployment. Belasco (1992) argues that, more often, 
change efforts fail because people do not engage to change, and get stuck in old habits and behaviors, 
even if it have outlived its usefulness. Sometimes, according to Kotter (1998), too much pressure to make 
changes in a short time can be a trap; any change requires some term and should not be expected that it 
has to be accelerated. 


According to De Sordi (2008), should be involved not only the internal public of organization, but also the 
main partners of the organization: customers, suppliers and partners. According to Roberto and Levesque 
(2006), to incorporate change in an organization, managers must create conditions that enable employees 
to take ownership of the new processes and systems, and to integrate and apply the key principles of the 
initiative to the way as work daily is done. Kotter (1998) states that manage the change is basically dealing 
with keeping it under control. Already leading the change is to drive the transformation process through 
some kind of internal result which they all understand, making every effort possible to change to occur 
and be effective. 


4.1 The Eight Steps for Organizational Transformation (KOTTER, 1999) 
Kotter (1999) developed an eight-step methodology for the transformation of the organization. According 
to the author, the main problem is not keeping change under control, but propel it in such a way to break 
the resistance and drop all barriers that impede the company's adaptation to the new reality. 


 Step 1 - Establish a sense of urgency: Analysis of market realities and competition, and 
identification and discussion of actual or potential crises, and major opportunities. 


 Step 2 - Form a powerful guiding coalition: Reunion of a group with enough power to lead the 
change effort and group motivation to work together as a team. 


 Step 3 - Create a vision: Development of a vision to help direct the change effort and develop 
strategies for achieving the vision. 


 Step 4 - Communicate the vision: Using every vehicle possible to communicate the new vision and 
associated strategies, as well as teaching new behaviors by the example of the guiding coalition.  


 Step 5 - Empower others to act on the vision: Elimination of barriers to change, including 
changing systems and structures that seriously undermine the vision, and encouragement to take 
risks and ideas, activities to non-traditional actions. 


 Step 6 - Plan for and create short-term wins: Planning and promotion of performance 
improvements evident, as well as recognition and reward of the employees who participated in 
the improvement. 


 Step 7 - Consolidate improvements and produce more change: Harnessing the major credibility to 
change systems, structures and policies that do not fit the vision; Hiring, promotion and 
development of employees able to implement the vision; and Reinvigorating the process with 
new projects, themes and change agents. 


 Step 8 - Institutionalize new approaches: Emphasis on the connections between new behaviors 
and achievements of the company, as well as development of means to ensure leadership 
development and succession. 


5 Methodology 
The definition of the type of research will adopt the taxonomy proposed by Vergara (2004), describing it 
in two respects: as to the purposes and the means. As for the purpose, the research is descriptive, 
presenting the characteristics of a given universe and phenomena - in this case, brazilian energy company 
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and the development of practices of business process management, respectively. Regarding the means, it 
is a literature research, because it includes systematic study based on material already published by other 
authors, related to respondents themes, and it is also a documentary research, by using materials that 
have not received analytical treatment. The search can be further classified as a case study, because it is 
the comparison of methodologies with a real situation.  


In this study was used the monographic method, which assumes that a case study in depth may be 
representative of many others (GIL, 1999). As it was studied the development of business process 
management in a particular company, where it seek methods to help the planned deployment of practices 
that maximize the result of efforts, the case study on the comparison of practices BPM deployment with a 
theoretical model of organizational transformation can become a positivist paradigm appropriate and 
relevant. Initially, in the literature review, it were described the key factors of BPM identified by Rosemann 
and Bruin (2005b) and the eight steps for organizational transformation proposed by Kotter (1999). Then, 
it was carried out a documentary research, in order to investigate the BPM initiatives done in the company 
until now. Finally, it was sought to identify key factors of BPM (ROSEMANN and BRUIN, 2005b) developed 
in the company initiatives, and it was sought to further verify its adequacy to the stages of change 
presents in the theoretical postulate of Kotter. 


6 Case Study 
Condeixa (2011) conducted a survey that aimed to analyze the maturity of BPM in a brazilian energy 
company. The present scenario had indicated the initial effort to begin to build the capacity of business 
process management, increasing the number of people who see the organization from the perspective of 
processes, as shown in Figure 3.  
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Source: Adapted from Condeixa (2011). 


Figure 3: Employee perceptions of BPM maturity in the company studied.  


The studied company has much of its electric energy production from hydroelectric sources, and has 
invested more in hydroelectric projects and alternative energy sources, generating more energy for the 
country. To ensure its performance in a competitive environment, outlined a strategic plan for 
transformation that included, among its goals, the implementation of business process management. 
Considering the early stage and little involvement of employees, it was necessary that efforts be 
undertaken to develop the key factors of BPM. In this paper, it was carried out a documentary research 
using, as sample, specific documents directly related to the implementation of BPM in the organization: 
records of committees, conferences and working groups, normative documents, records and files of the 
training and BPM projects developed. 
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6.1 Results 
As results of documentary research, were found documents specifically related to the implementation of 
BPM in the company studied. These are mainly files and electronic records of 12 types of initiatives, some 
of them with various actions already developed, totalizing 26 initiatives (15 have already been 
implemented, and 11 are in development), as follow: 4 normative documents on rules and policies; 1 
strategic committee; 2 working groups; 14 BPM projects; 2 IT tools; 1 training program (with 47 courses 
already done); and 2 conferences. To facilitate later identification of the key factors of BPM in the 
initiatives found, some initiatives have been grouped by type: 


 Initiative 1: Strategic Business Transformation Plan approved and widely disseminated throughout 
the organization. 


 Initiative 2: Establishment of the strategic committee of processes, formed by members of senior 
management and specialists BPM specifically indicated, having among its goals, the approval and 
review of the enterprise processes architecture, and also the prioritization of process 
improvement projects. 


 Initiative 3: Approval for the beginning of construction of the enterprise process architecture, 
which is under development. 


 Initiative 4: Creation of Community of Practice of BPM, formed by a group of experts in order to 
discuss the resolution of specific issues or cases of lessons learned, through regular interaction, 
have been held ten meetings until now. 


 Initiative 5: Development of a standard of internal guideline to standardize business process 
management, which is not finished. 


 Initiative 6: Development of a manual to standardize the tools and methodology used in business 
process management, which is under development. 


 Initiative 7: Six small projects of process improvement have been completed, enabling the 
achievement of quick wins, and eight processes improvement projects are in development, which 
were prioritized by the strategic committee of processes. 


 Initiative 8: Use of a technological tool for business processes mapping. 
 Initiative 9: Use of a technological tool for project management of process improvement. 
 Initiative 10: Virtual Office of BPM, used by experts to request and send documents, and record 


their opinion on problems and solutions in business processes, among other uses. 
 Initiative 11: Intensive program of training (as one "BPM School"), with 47 workouts already made, 


for managers, experts and participants of BPM projects, involving negotiation (1), strategy (4), 
innovation (2), document management (1), project management (11), management (5), leadership 
(2), portfolio management (2), mapping and process improvement (3), change management (2), 
business process management (9 ), quality management (1) lean (1), lean six sigma (2) and lean 
six sigma black belt (1). 


 Initiative 12: Realization of two BPM Annual Congresses, to present the projects of business 
process management in the company, and presentations of other organizations invited, to 
updating all company managers on the progress of implementation of BPM. 


6.2 Identification the capability areas of BPM developed in the initiatives found 
After analyzing the documents, it was tried to identify, in the initiatives found in the company, the 
developing of the capability areas of BPM, based on the descriptions provided by Rosemann, Bruin and 
Power (2006). This is important to allow analysis of the applicability of BPM maturity model, if the 
company is developing all the six key factors of the model and, thus, if the use of the model appears 
beneficial to the deployment and development of BPM. Each initiative found was marked by the letter I, 
followed by its number as identification made in Section 6.1. Importantly, when an initiative appears more 
than once, it is assumed that is contributing to the development of more than a capability area. Among 
the 30 areas, 15 did not appear to have been affected so far, 12 appear to have been affected by an 
initiative, two seem to have been affected by two initiatives and one seems to have been affected by three 
initiatives, as shown in Table 1. It is important to remember that some initiatives had more events than 
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others, such as those related to BPM projects (14) and "BPM School" (47). At this stage, this study has 
already presented elements to answer the first research question: What key factors of  BPM were 
deployed in the initiatives of implementation of BPM in the brazilian energy company? It is possible to 
identify, in the initiatives found, the effort to structure a strategic bond for business process management 
across the company. 


Table 1: The capability areas of the BPM Maturity Model developed in the initiatives found in the company. 


Strategic
Alignment


Governance Methods
Information
Technology


People Culture


Process
Improvement Plan


Process
Management


Decision Making


I.2


Process Design &
Modeling


I.6 - I.7


Process Design &
Modeling


I.8


Process Skills &
Expertise


I.7


Responsiveness to
Process Change


Strategy &
Process Capability


Linkage


I.1


Process Roles and
Responsibilities


I.5


Process
Implementation &


Execution


I.7


Process
Implementation &


Execution


Process
Management
Knowledge


I.7


Process Values &
Beliefs


I.12


Enterprise Process
Architecture


I.3


Process Metrics &
Performance


Linkage


Process Control &
Measurement


Process Control &
Measurement


Process Education
& Learning


I.11


Process Attitudes
& Behaviors


Process Output
Measurement


Process
Management


Standards


Process
Improvement &


Innovation


Process
Improvement &


Innovation


Process
Collaboration &
Communication


Leadership
Attention to


Process


I.2 - I.3 - I.12
Process


Customers &
Stakeholders


Process
Management


Controls


Process Project &
Program Mgmt


I.7


Process Project &
Program Mgmt


I.9


Process
Management


Leaders


Process
Management


Social Networks


I.4 - I.10  


Source: Prepared by the authors. 


From a strategic plan already approved and known throughout the organization, was started to building 
the enterprise process architecture. To ensure the governance of BPM, was constituted a Strategic 
Committee and was initiated the development a standard internal guidelines to standardize business 
process management. In order to develop and standardize the methods of work, has began the 
preparation of a manual business process management, whose techniques are already being tested by 
company specialists who are developing their skills and experience in six short projects already 
completed, and in eight projects of improvement processes in development. To encourage the 
development of these projects, were acquired IT tools for business processes mapping and project 
management. To consolidate the depth of knowledge of people about the principles and practices of 
management of business processes, we designed a program of intensive training (as a "School of BPM"), 
with 47 different training already undertaken for managers, specialists and employees involved in BPM 
projects, including methods of BPM and various related knowledge areas. And to encourage the 
establishment of a culture of BPM within the organization, were established annual conferences and social 
networking for discussions and exchange of experiences. Based on the results, one can assume that in the 
initiatives found in the company studied, all six key factors of BPM were deployed in a greater or lesser 
degree, suggesting that the use of the model is beneficial to implement and develop BPM in the studied 
company. 


6.3 Comparison of the BPM initiatives found with the eight steps of organizational 
change proposed by Kotter (1999) 


Finally, we intend to answer the second question research: How the initiatives found relates to the eight 
steps proposed by Kotter (1999)? It was sought to assess the suitability of the initiatives implemented by 
the company with the stages of change present in theoretical postulate of Kotter. This is especially 
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important to check the aplicability of the eight steps to organizational change proposed by Kotter (1999) 
for planning the deployment and development of BPM. As results, it is possible to assume that the 
initiatives found in the study allow us to situate the brazilian energy company in Step 2 - Form a powerful 
guiding coalition – proposed by Kotter (1999), when the company brings together a group with enough 
power to lead the change effort, and motivates the group to work together as a team. Table 2 presents a 
summary of findings that supported this conclusion. 


Table 2: Comparison of the BPM initiatives found with the steps of organizational change proposed by Kotter (1999). 


Steps of 
Organizational 


Change


Step 1
Establish a sense of urgency


Step 2
Form a powerful guiding coalition


Step 3
Create a vision


Features
(KOTTER, 1999)


Analysis of market realities and
competition, and identification and
discussion of actual or potential crises, and
major opportunities.


Reunion of a group with enough power to lead the
change effort and group motivation to work
together as a team.


Development of a vision to help direct the
change effort and develop strategies for
achieving the vision.


Evidences
found


Strategic plan approved and known
throughout the organization, which
included among its objectives the
implementation of business process
management.


Establishment of a Strategic Committee of
Processes. Initiation of the construction of the
enterprise process architecture, of the standard
guidelines and BPM manual, whose techniques are
already being tested by the experts in the early
processes improvement projects.
Were acquired IT tools for process mapping and
management of their projects. It was drawn up a
"School of BPM", with 47 different training already
undertaken in various areas of knowledge. To
encourage the establishment of a culture of BPM
within the organization, were established annual
conferences and social networking for discussions
and exchange of experiences.


No evidences found.


 


Source: Prepared by the authors. 


7 Conclusion 
Based on the results, can be assumed that the company studied is following the steps outlined by Kotter 
(1999) for the desired success of organizational change, especially the attention of the leadership in 
planning the deployment of business process management and in the training of the employees. 
According to Nadler, Gerstein and Shaw (1994), the problems associated with the introduction of change 
are best solved by developing a specific plan and decided to administer the implementation of change. At 
the same time, one can see that the company has been executing projects for processes improvement 
gradually, respecting the time that people need to incorporate new practices and disseminate them in the 
organization. Kotter (1999) states that the change process involves a series of phases that consume 
considerable time, and the elimination of phases only creates the illusion of speed and never produces 
satisfactory results. According to the author, ideally, the role of top management is to help steer the 
direction of change, try to boost emergency, assemble a team that can lead the transformation and help 
this team to create a vision and transmit it. Based on this argument can be stated that the leadership of 
the brazilian energy company is driving the change in the right direction. 


It is believed that this study brings contributions to the researchers and practitioners interested in the 
subject, especially by the combination of different concepts in a novel way, based on theoretical solid and 
with satisfactory results, allowing a differentiated analysis of the planning of deployment and 
development of BPM in organizations. Future research could explore more deeply the development of 
BPM maturity, when trying to describe in detail the five maturity stages proposed by Rosemann and Bruin 
(2005b), and then, seek to relate them specifically with the eight steps of change proposed by Kotter 
(1999). 
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Abstract 


The article discusses the results obtained from the application of the methodology for analyzing and solving 
problems with relevance to the processes existing at the 56th Military Police Battalion of Minas Gerais, located in the 
city of Itajuba by means of data processing from the perspective of PDCA cycle. This study had two main objectives of 
rationalizing processes, making them capable of generating efficient measures to combat crime in their area. The 
method in question allows the identification of the root cause of problems, and correcting flaws and implementing 
preventive actions. 


Due to the positive results of the methodology used in this study is intended to describe it to generate discussion and 
possible fixes and enhancements. 


It is an empirical social research with qualitative approach or an action research, which includes data collection, 
feedback of data to those related to design, data analysis, planning and taking action, evaluation, and a new 
collection data on continual improvement. 


Keywords: public management; methodology for analyzing and solving problems; action research. 


1 Introduction 
The development of this project was based on the application of the Methodology for Analyzing and 
Solving Problems (MASP) aligned to the PDCA Cycle on the 56th Battalion of Military Police of Minas 
Gerais, located in Itajubá in order to streamline existing processes in this organization, resolve the 
problems previously identified, as well as making these processes capable of generating efficient 
measures to combat crime in this city. Thus, it is expected to improve quality management in public 
bodies, to ensure that public administration is to strengthen and improve its performance for the benefit 
of the population. This public agency participates in a project created by Institute of Industrial Engineering 
and Management in partnership with the Federal University of Itajubá (UNIFEI). 


This is an empirically based social research of qualitative approach, namely an action research. This study 
was operationalized through meetings between researchers and participants of the organization and have 
centralized all the information collected, and generate discussion of interpretations. The results were 
recorded to ensure the knowledge management. 


Due to the implementation of the Pact of Targets between the Government of Minas Gerais and the 
Military Police, aiming to reduce crime in the State in accordance with the targets set, the unit should 
show decreased rates of violent crime, violent crimes against property and consummated homicides, 
besides the increase in the number of firearms seized and triggered operations. Because of this, the need 
to streamline the processes of the organization is justified, making them capable of generating efficient 
measures to combat crime. 


Considering that the excellent performance of the Corporation is fundamental to the existence of Military 
Police of Minas Gerais (MPMG) in the social environment in which it operates a results-oriented public 
management, and also bearing in mind that quality control is exercised by all members of the Corporation 
through the Activities Coordination and Control in order to improve the quality of the service to the 







 
ICIEOM 2012 - Guimarães, Portugal 


ID146.2 


community is desirable that the Officers Policing Unit Commanders monitor and supervise the 
recommendations and guidelines of the Command, and with that experience changes from day by day 
operations of Unit and Operating Room. 


This excellence is closely linked to the presentation of results, which seek to achieve the goals set, these 
arising from a strategic planning and that depend on the establishment and use of performance 
indicators. Understood as a process that allows management to guide the direction being followed by the 
organization, the Strategic Planning (SP) aims to achieve better results in the relationship between the 
institution and its environment. It translates the formulation of goals for the best programs of action and 
its achievement, considering the conditions internal and external environment that permeates the 
institution Military Police and its evolution projected on expected scenarios. According to Kotler (1991), SP 
is a process that allows management to develop and maintain the fit between objectives and resources of 
the company and the market changes. Its purpose is to guide and refocus the business from I-mission of 
the company; II-analysis of opportunities and threats of internal and external environment; -III of the 
strengths and weaknesses of the organization;-IV definition of objectives, goals and action plans;-V 
implementation, feedback and control, thus aligns itself well to the goal of this project. 


The System Performance Measurement and Evaluation arises, then, as a natural sequence of the Strategic 
Planning process, with the purpose replenish this process through data collection and construction of 
performance indicators. It is by analyzing the performance results obtained, measured by performance 
indicators; the organization seeks to put into practice effectively its strategic planning. Given the 
importance of evaluating the performance of organizations, care should be taken regarding the 
development of performance measures, as indicators inappropriate behavior may result in non-functional. 
Therefore, the development of performance measures involves much more than the specification of 
formulas should be taken into consideration and measures of frequency and source of data. It is 
noteworthy that the performance measurement, when performed in a structured and systematic, makes a 
difference in the ability of an organization deliver results, while sustainable. On the other hand, when 
done on an ad hoc and unstructured management can lead to the poor results of credibility. 


Was observed a need to propose an administrative program further rationalized, because although 
government organizations have to follow a set of rules and laws that make the activities more 
burocratized, in this case there was a series of opportunities for rationalization and simplification of 
administrative procedures.  Thus, this plan outlines the strategic objectives and sets the standards to be 
adopted by the 56th Military Police Battalion through the Organ of Direction, Support and 
Implementation, contemplating the challenge goals for each of the processes. In this work the focus will 
be in the process control and continuous quality improvement and customer satisfaction (society) by 
applying the method MASP aligned to the PDCA cycle. According to Shiba (1997), due to the fact that 
every product or service is the result of a process, the effective means to raise the quality is improving its 
design. The consequence of this approach is that the emphasis not just hold the results, these are the 
dependent variables. 


After planning the methodology to be used in this study, have been defined the steps to be performed 
and the strategy driving the project. The generation of data for such planning came through monitoring 
of processes performed in the routine of this organization. 
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2 Theoretical basis 


2.1  PDCA Cycle 
The PDCA is a Method of Quality Management that was proposed by TQC (Total Quality Control) and 
consists of four basic sequential steps: plan, execute, check and act correctively. These steps form a closed 
loop, as can be seen in Figure 1: 


 
Figure 1. PDCA Cycle of Process Control. (CAMPOS, 2004). 


At the planning stage is established goals, the targets items in process control, it is also at this stage that 
decides on the methods to be employed to meet the initial objectives. In the second stage of the cycle, 
the performance begins the stage of education and training, according to the procedures - defined 
standards, the people who will actually perform the work, it includes training in data collection. Once 
performed the data collection, begins the third stage of the cycle, the scan. Then it compares the results 
with the standards established control, if there are no problems to work routine is maintained, the 
emergence of any deviations, passes to the fourth step of the cycle. The goal of this last step is to 
permanently eliminate the problem and its action takes place in two stages: the result of the problem, 
aiming to put the process back into operation, and on the fundamental causes that led to this, in order to 
avoid a repeat. 


Werkema (1995) defines the PDCA cycle as "a method of management decision-making to ensure the 
achievement of goals necessary for the survival of an organization." Considering the definition of a 
problem is an undesirable result of a process, the PDCA can be seen as a method of making decisions to 
solve organizational problems. Thus, the PDCA indicates the path to be followed so that the targets set 
can be achieved. Techniques (or tools) are used for obtaining, processing and disposal of information 
needed to conduct the steps of PDCA. Aguiar (2002) performs the integration of quality tools to the PDCA 
cycle maintenance, improvement and innovation. In this sense Tubino (2000) points out that each time a 
problem is identified and solved, the production system moves to a higher level of quality, always working 
with the logic of continuous improvement, ie problems are seen as opportunities to improve the process . 
The use of the PDCA cycle promotes continuous learning process and it reflects positively on decision 
making by the manager, since it favors obtaining timely and reliable information during project execution. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID146.4 


2.2 Methodology for analyzing and solving problems (MASP) 
According to Campos (1992), a problem is nothing more than an undesirable outcome of a job. The 
solution of a problem is possible through the analysis of relations between the characteristics and causes 
of a problem by performing appropriate corrective actions. However, this process of strategic solutions of 
problem can be approached from many angles. Consequently, when using a poor methodology applied, 
do not get the improvement actions. Therefore, it is important to understand the relationship between the 
current causes and characteristics of the problem or effect. 


The MASP is a dynamic process in seeking solutions to a given situation, is not a rigid process, but rather 
a flexible process, able to fit each case with which to contend. 


This method is an efficient tool able to analyze and prioritize problems, identify situations that require 
attention and which sometimes are not clear, and establish control quickly in certain situations. Applied 
correctly, this method enables one to plan the work to be done, prioritize the problem, break it into parts 
that can be analyzable as well as check situations that need attention. 


2.3 Relation between the MASP and the PDCA Cycle 
The problem solving is a process that follows a logical sequence, starting with problem identification, 
continuing by the analysis and ending with the decision. Each step describes the objectives, activities to 
be developed, the people involved and the most frequently used tools, to ensure that the researcher 
understands and knows how to apply them in their work. He must be informed of all situations, and 
process all this data about the problem you may encounter. The analysis of the problem is a logical 
process of narrowing a body of information during the search for a solution. At each stage, information 
will emerge, as the process moves to what is wrong, going to the problem being treated and followed for 
the possible causes that the problem did arise, and finally to the most likely cause with a corrective action 
specific to the problem. 


The researcher needs to organize the system to the steps follow a particular order, and must also follow 
the steps as outlined in the roadmap, so that work can be executed in the best way possible. Several 
authors present a methodology based on a proper sequence. The sequences of activities are many and 
each case is based on reasoning and logic. The sequence of MASP will be presented below is based on 
the fundamentals of the PDCA cycle, so it is used by two renowned authors: 
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PDCA FLOW


D


MASP IN ACCORDANCE WITH THE METHODOLOGY OF HISTOSHI KUME OR CQ STORY


STAGE PURPOSE


RELATIONSHIP BETWEEN MASP AND PDCA CYCLE


P  


Problem identification
Define the problem and recognize its
importance


Observation
Investigate the specific features of the
problem with a broad vision and under
various points of views


Analysis Discover the root causes.


Action plan Conceive a plan to block the root causes.


Action   Block the root causes.


C


Verification Verify that the blockade was effective.


(Was block effective?)


A


Standardization Prevent the recurrence of the problem.


Completion
Recap the whole process of solving the
problem for future work.


 
Figure 2. Relation between the MASP and the PDCA cycle. Source: Campos, 1992. 


The method has basically eight steps, each of which consists in performing certain tasks, which are 
described below: 


Step 1 - Identifying the Problem: choosing the problem, analyze the history of the problem, view current 
losses and gains viable, perform Pareto analysis, and finally, to appoint guardians. 


Step 2 - Note: to discover the characteristics of the problem by collecting data as well as through the 
observation site, and set schedule, budget and goal. 


Step 3 - Analysis: defining the influencing causes, choose the most likely causes (hypotheses), and analyze 
it (verification of hypotheses). 


Step 4 - Plan of Action: develop a strategy for action, the action plan to lock and revise the schedule and 
the final budget. 


Step 5 - Action: carry out the necessary training and implement the planned actions. 


Step 6 - Verification: To compare the results, listing the side effects and check the continuity of the 
problem or not. 


Step 7 - Standardization: to establish or amend the standard, facilitate communication, promote 
education and training, and follow up the use of the standard; 


Step 8 - Conclusion: to relate the remaining problems, planning corrective actions, generate reflection on 
what was learned. 


As the steps are placed sequentially, it is important that followed each task mentioned. By doing this, 
there is a greater likelihood that the problem has correctly identified its cause, blocked and corrected. 
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2.4 Quality Tools 


2.4.1 Stratification 
According to Campos (2004), Stratify is to divide a problem into layers of problems from different sources, 
it is a process analysis by a method that seeks the source of the problem and should be conducted in a 
participatory way (must include all people that can assist in the analysis). 


With the stratification of the data, the objective is to identify how the variation of each factor affects the 
outcome of the case or problem you wish to investigate. This technique facilitates the investigation and 
analysis of the problem for later search for a solution, there is no one standard model. 


2.4.2 Cause and Effect Diagram 
The cause and effect diagram was developed with the goal of representing the relationships between a 
problem or an undesirable effect and all possible causes of this problem. The structure of cause and effect 
diagram resembles the skeleton of a fish, so it is also known as a fishbone diagram. A third name is 
Ishikawa diagram, in honor of Professor Kaoru Ishikawa who created the diagram cause and effect in 
Japan is used to separate a big problem into smaller problems are easier to manage. The problem (effect) 
must be clearly identified on the right side of the diagram and the potential causes should be distributed 
on the left side. 


2.4.3 Pareto Diagram 
According to Campos (2004), the Pareto diagram is a simple picture that aims to give a graphical 
representation of the stratification. The Pareto principle was adapted to the problems of quality by Juran, 
from the theory developed by the Italian sociologist and economist Vilfredo Pareto, and establishes that 
most of the losses resulting from problems related to quality stems from a few, but vital problems. Of the 
total problems, between 20% and 30% should comprise 70% to 80% of losses (few cases are actually 
conditioning the effect). This can provide information to make evident the prioritization and visual 
problems and projects, and to allow the concentration of efforts to improve the areas where the greatest 
benefits can be obtained (WERKEMA, 1995). 


3 Conduction strategy of the project 
The work followed the lines suggested by Campos (1992), as discussed in Section 2.1 of this document. 
We prepared a database that concentrated all types of events / transactions made during the year, to 
facilitate their analysis, using advanced features of Excel. 


Thereafter, with the treatment of the data from the weekly meetings between the team of UNIFEI and the 
team of the Military Police Officers composed by Policing Unit Commanders, analyzes were conducted in 
real time, as new cases emerge, thus allowing to take repressive measures against crime, as well as 
development of specific operations required. Thus, through weekly visits to the control of activities is 
made and the data that demonstrate progress are recorded. 


The project members work towards developing content for the study and implementation of the 
proposed unit. The researchers assume the defined objectives and guide research on the different means 
available, taking an active role in monitoring the actions taken in the light of the problems encountered, 
in order to match the quality criteria Battalion longed. 


The reports are prepared each month control, are reported in which the activities performed by the teams 
as well as the development of operations and the impact generated by these to the reality of policing the 
city. This report is forwarded to the Commander of Military Police Battalion, responsible for the project in 
this organization and fit it charges about the necessary activities that occasionally no longer fulfilled. 


The creation of organizational knowledge is a process that requires an intensive and laborious interaction 
among members of the organization. It should enhance the mutual learning from each other or acquiring 
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external knowledge (NONAKA and TAKEUCHI, 1997).Therefore, during this research, training about 
concepts in the area of quality management is made and it should provide mutual learning involved. 
Thus, the lecturer will be collecting data needed for research, while the servers will be getting this external 
knowledge. 


4 General Analysis 
From meetings among the command of the Military Police and the researchers involved was defined the 
key indicators for each department. In this study it is only one of the problems defined for purposes of 
example. The brainstorming led to the definition of the effect observed by the police as well as its 
analysis. Created by Osborn in 1963, a brainstorming session can last from a few minutes to several hours, 
people consonants and the difficulty of the subject (ARANTES, 2011). 


Once determined the problem in the department, it was used a template diagram, also called Ishikawa or 
Cause and Effect Diagram, to link the primary causes that affect the problem defined and, if necessary, 
secondary causes that influence the primaries. 


Thus, it was constructed the diagram represented in figure 3. 


 
Figure 3. Diagram Cause and Effect (or Ishikawa Diagram): initial analysis of the key problem. 


It was carried out a careful analysis on the diagram, going back over the causal chain, in order to seek the 
root causes of the problem. It is known that the principal cause of a problem can be directly controllable 
by the command, and objectively be related to the effect studied. It is believed as the main cause when its 
elimination will result in the disappearance or reduction of the effect or problem. 


Two causes were classified as major, strategic neighborhood and scales, and further processed according 
to the model proposed by Pareto chart. The Pareto chart provides information to make clear and visual 
problems and the prioritization of projects, and to allow the concentration of efforts to improve in areas 
where the greatest gains can be obtained (WERKEMA, 1995). 


Face of this context, to classify neighborhoods and scales with the most significant problems for the effect 
in question, the tool of the Pareto chart was used, which is configured as a bar graph that orders the 
frequencies of occurrences, from largest to smaller, allowing prioritization of problems. This also depicts 
the curve of cumulative percentages. Its greatest utility is to permit easy viewing and identification of 
causes or major problems, enabling the concentration of efforts on them. The data required for analysis 
were provided by the organization and should be kept confidential for security. Therefore, the names of 
neighborhoods and the timezone (or time tracks) are not revealed, only expressed numerically. The initial 
database contains the data corresponding to the year 2010 and first half of 2011. 
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Graph 1 provides the results of analysis of the database about the districts most affected by crime (violent 
crimes against the patrimony). 


 
Graph 1. Pareto Chart #01: Survey of the number of violent crimes in neighborhoods 1-22. 


Neighborhoods 1-10 were prioritized in comparison with the time factor range, once defined a cumulative 
frequency of stop 80%. For this analysis, it is noteworthy that the intrinsic aspects of the organization were 
considered according to the professional experience of the Police Department. 


Based on the scales, it was observed that adjustments could facilitate analysis of the problem and to 
impact positively on the results. The time zones corresponds to the time scales of the officers on the 
streets and outskirts of the city. Have been defined twelve time tracks, and it was classified as critical 
periods of the tracks called 9 to 12. 


From there, it was possible to draw a plan of action that generated some basic operations focused on 
combat approximately 68% of cases of occurrence of crime in the city (common causes). Thereafter, for 
the system to stabilize over the coming months, it was decided that the basic plan of action put in place 
will remain during the daily planning of policing was carried out at through strict adherence to the 
guidelines contained in the Cards Programme. These cards are used by managers to guide his troops, 
with care to keep them updated and consistent with the analyzes. In this period of searching for stability, 
will be treated differently only those special causes that could possibly result in significant variations in 
the number of occurrences. 


By applying this method of continuous evaluation of management, as proposed by the PDCA cycle, was 
turned to positive results, as shown in Graph 2. 


 
Graph 2. Pareto Chart #02: Survey of the number of violent crimes in districts 1 to 22, after study and strategic 
orientation. 
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As another measure, it was decided that the police officers would be subject to periodic reviews in 
accordance with a valuation model, which allows the establishment of goals between the police and their 
immediate superior, whose performance will be evaluated in the subsequent period. In September 2011 
was realized the first assessment of the police teams, since it is the end of the first two months of 
implementation of this measure. Two teams, composed by three police officers each one, were awarded 
with a weekend off, and the clearances commonly practiced by the work schedule, in order to encourage 
and motivate the officers to will be always committed to seeking compliance with the targets set by the 
Pact targets for the year 2011. Every two months is intended to reevaluate this model in order to reach an 
ideal model of evaluation that should be standardized for the entire battalion, including the neighboring 
cities. Note that these performance indicators have been defined trying to satisfy the need of quality 
control on the main goals daily work of each of these teams, and should be monitored so that they can 
portray the best possible way to reality practiced by these police officers. 


5 Final Considerations 
MASP can be considered as a method simple and effective, easy viewing of the organization in general 
(SILVA et al, 2008). Routinely monitor the results of changes gives greater assurance of the successful 
implementation, as suggested by the PDCA cycle, which emphasizes the control phase. 


From the database prepared by the team, it has been possible to compare 2011 data with data from 
previous years, carrying out the study and analysis. Analyses are made in real time, as new events occur, 
thus allowing to take repressive measures against crime, as well as development of specific operations 
that may be necessary. 


It should be remembered that there is a confidential relationship between this study and the database 
developed, using information recorded by the unit that compose the crime in the city, and because of 
this, it is not possible to detail specific information. 


At present, the initial results obtained with the recent implementation of the action plan are being 
examined with criteria, and it is necessary to wait for the records to achieve some stability in the coming 
months, until it is possible to quantitatively assess the impact generated by these actions. It can be 
affirmed also that after the implementation of the action plan initially, there was an immediate impact in 
the sense of feeling of policing in the city. 


As future goals in this study, it may be mentioned that it aims to eliminate some requirements found in 
this organization, such as: centralized control of police reports highlighted to avoid losses and damages; 
standardize procedures by the coordinators of Police Unit; enable proper analysis and decision making by 
the Command and standardize procedures for operational supervision; expedite the resolution of 
problems identified during the service and make the unit able to reach the targets set by the Pact Goals, 
making use of the quality management tools and models for analyzing and solving problems that are 
developed in this study. 
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Abstract 


The adoption of environmental policies in organizations is no longer an option. Increasingly, society demands control 


activities in both private and public companies. Education institutions are listed as a reference model for 


environmental awareness, since they are opinion makers and vocational. Hence, the Department of Production 


Engineering (DPE) developed a study to implement an Environmental Management System in order to obtain 


certification of internal spaces granted by the Coordination of Environmental Management (CEM). In the business 


plan model was conducted a survey to identify its Environmental Aspects and Impacts (SEAI), which includes six steps: 


identification of potential causes, calculation of the Index of Environmental Risk Assessment (IER), prioritization of 


recommended actions, elaboration of action plans; implementation of action plans, and review of potential causes. All 


areas of the DPE were verified, identified the causes associated with potential environmental impacts, and were listed 


recommended actions. To perform the calculation of the IER, were evaluated the Environmental Impact Severity (S), 


the index of the cause of Occurrence (O), the degree of Detection (D), and Ease of Implementation of Recommended 


Action (E), which follow a scale of one to ten. The score was performed by a multifunctional group. After, was 


prioritized the actions, creating a Pareto chart. Thus, one can check the actions that contribute most to the reduction 


of total IER and generate an action plan. With this detailed material, made possible the launch of the Environmental 


Management DPE 


Keywords: environmental management system; environmental certification. 


1 Introduction 


The Environmental Management (EM) identifies ways to minimize problems for the environment, 


according to Dias (2008). The entry of this concept in business planning has been showing a trend, and - 


more than that - a competitive necessity. The correct rationing of natural resources generates (creates) an 


image enhancement of the institutions that adhere to this pro-environmental polity. Andreoli (2002) 


states that, in addition to reducing waste disposal costs, the development of clean and cheap technology, 


as material recycling, is not just principles of EM, but a matter of business survival. 


Buchholz (1992) describes sustainability as a trend to the strategic interests in organizational, looking for 


opportunities, internal and external development. Sanches (2000) presents two standpoints of the study: 


The environment as a basis for business or development of ideas. In this sense, the adoption of EM arises 


as a differentiating criterion between institutions. 


This idea is reinforced by Corrêa (2006), when he points out the complacency of higher education 


institutions with ecological awareness. For him, the EM's initiatives should come from there, because it is 


there that most of the professionals develops, manages, teaches, makes research, and influences the 


society and the organizations. 


The Universidade Federal do Rio Grande do Sul (UFRGS) leads since 2007, through its Coordination of 


Environmental Management (CEM), the identification and assessment of impacts and environmental 


aspects in their various environments. In parallel with this scenario, the University is preparing to meet the 


requirements for obtaining environmental licensing. To this end, it established its Environmental Policy, 
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which "is committed to continually improving its environmental performance by adopting procedures and 


practices aimed at preventing negative environmental impacts, in accordance with legal requirements, 


generating alternatives that foster community sustainability university and the whole society "(CEM, 2010). 


The survey of negative environmental impacts is being conducted in some departments in different units 


of UFRGS, initiated by the CEM. However, the DPE, aware of the importance of this movement, with 


proactivity, sought to adapt itself to the precepts of environmental management. This way, the purpose of 


this work is the implementation of Environmental Management System (EMS) in DPE environments. 


Among the expected results, there may be mentioned the mapping of impacts on the spaces of the DPE 


as well as identifying the major causes of these impacts. Also it is expected to begin the planning of 


actions to reduce impacts. These results and the guarantee of continuity to the cycle of improvements 


proposed will contribute, in the near future, to obtain certification of their physical spaces, and to 


strengthening of the environmental culture of the Department. Major outcomes expected include the 


project idea disseminated in other universities worldwide. 


The work is divided into six sections, where the problematic of the research is introduced initially. In the 


second section, it is possible to find the theory associated with environmental management systems and 


environmental certification. The third section contains the methodological procedures that form the basis 


for practical application described in section four. The partial results obtained are in section five and 


finally, in section six, the final thoughts on the method, the results obtained and the next steps are 


presented. 


2 Environmental management systems and environmental certification 


An EMS relates the workability of one environment with the proper use of natural resources available. 


Giordano (2000) states that the EMS is the item of the general structure of a company that observes the 


impact that their products, services and operations have on the environment, considering the time may be 


short, medium and long term. 


According to NBR ISO 14001:2004, "EMS is part of a management system of an organization used to 


develop and to implement its environmental policy and manage its environmental aspects" (ABNT, 2004, 


p.2). Carlos et al. (2004) warns, however, that because of the standard is not mandatory, following set 


guidelines for their participation, the non compliance with the requirements of NBR ISO 14001 can leave 


the image of the organization battered with institutional damage that can lead to economic losses. 


The Certification of UFRGS's Physical Space, developed by CEM, follows the design of other types of 


certifications, however, is focused on the university environment. This concern arises in counter to the idea 


that environmental precautions apply only to industries, since it is an erroneous thought and may 


contribute to the perpetuation of environmental disregard by Higher Education Institutions (HEI). As 


Tabanez and Padua (1998), environmental education provides the increases of knowledge, attention to 


values and improvement of skills that foster greater integration of people with the environment. Vaz 


(2008, p. 9) concludes that "higher education institutions are poorly explored and restricted in relation to 


its environmental management." 


How shows Brandli and Tauchen (2006), the Universidade do Vale do Rio dos Sinos (UNISINOS), which 


developed the project Green Campus in 1996, is the most important example of the Brazilian universities. 


It was the first university in Latin America to be certified according to NBR ISO 14001. With the 


certification, it was found that the most significant environmental impact was the consumption of water 


and electricity. Currently, the 'Positive Power' program is underway, aiming to educate the academic 


community to power saving, searching for a new attitude toward the rational use this feature. (UNISINOS, 


2010). 


Ribeiro et al. (2005, p.5) shows the existence of three barriers within the University regarding the conduct 


of an EMS: "the lack of information about sustainable practices in society, a not to value the environment 
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for several employees of the organization and society, as well as the university community in general do 


not perceive the university as a potential source of pollution." Ribeiro et al. (2005, p.2) point out also that 


"the leading role assumed by the Higher Education Institutions in the process of technological 


development, preparing students and providing information and knowledge can and should be used also 


to build development of a sustainable and just society. " 


Campani et al. (2006) identified after surveying some negative environmental impacts in university 


environments, that some potential causes of environmental aspects are common to multiple locations, 


thus the actions to be taken to reduce the impact can be replicated in different environments. Always with 


the focus on the larger goal of environmental management that must be the "constant search for 


improving the environmental quality of services, products and work environment in any public or private 


organization" (Campani et al., 2006, p. 1 .) 


3 Methodological Procedures  


To carry out the project, with focus on achieving environmental certification on future, we used the 


method of Survey of Environmental Aspects and Impacts - SEAI developed by Campani et al (2007). This 


method is divided into six steps detailed in the flowchart of Figure 1.  


 


FIGURE 1:  Methodology of research: Source: author (2012) 


Step 1 - Survey of Potential Causes is developed initially by mapping of the existing environments to be 


evaluated. In this step, are identified the basic potential causes associated with each environment, and 


quantified items that   leverage it. For each potential cause identified is associated its impact and the 


environmental aspect, in addition to identifying the current form of control of the cause and possible 


recommended actions. 


In Step 2 - Calculating the Index of Environmental Risk (IER) for each of the causes identified are applied 


four spreadsheet to evaluate the SEAI, that given in the following index: levels of criticality: Severity of the 


Environmental Impact Assessment (S) Occurrence Index (O) Level of Detection (D), and Ease of 


Implementation of Recommended Action (E). 


The four tables follow a scale rating of 10 discrete points (1-10) wherein the lower limit position is less 


impact on the environment and on exceeding worst case. These tables follow the logic of the evaluation 


tool used in the Analysis of Failure Mode and Effects Analysis (FMEA). The following is the definition of 


each of the boundaries of those ranges, and its description. 


Figure 2 presents the evaluation of Environmental Impact Severity (S). It can be observed that the value 1 


represents a cause that generates poor visibility in the system, while the upper limit, value of 10, the cause 


generates serious risks to the environment and to persons in the vicinity of the company. 
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Value Description


1 It will hardly be visible.


2 Too low to cause any impact.


3 Low but may cause impact to the environment in the long term.


4 Non-compliance with the Environmental Management Policy of the Company. Low or very low impact on the environment.


5 Non-compliance with legal and regulatory requirements. Low potential for loss to the environment.


6 Non-compliance with legal and regulatory requirements. Moderate potential for harm to the environment.


7 Only impact the health of the people directly involved with the task.


8 Serious damage to the health of people directly involved with the task, with low impact to the environment.


9 Serious damage to the health of people directly involved with the task, with a moderate impact on the environment.


10 Serious risks to the environment and health of people outside the company.  


FIGURE 2: Scale assesses the severity of environmental impact (S). Source: Campani et al. (2007) 


The Density Index (O) is detailed in Figure 3. This index measures the frequency of occurrence of the 


cause of the negative impact. In its lower limit, the value 1 represents a cause of the unlikely event, where 


it was not observed in period greater than the reference. In the upper limit value of 10, a constant 


occurrence is observed, and the cause arises where the task is executed.  


Figure 4 contains the third evaluation to be conducted - Level of Detection (D). The value represents a 


question that which has its rapid detection and it is possible to apply a quick solution. In the limit 10, is 


one cause, probably, without control, because it is difficult to detect it and solve it. 


Figure 5 shows the limits in terms of Ease of Implementation of Recommended Action (E), which classifies 


how easy or how difficult the detection / solution of the question, as well as their level of control. For that, 


we evaluated the costs associated with the improvement / elimination of the cause, depending on the 


availability of technology, the number of people involved in the implementation of the action, together 


with the time needed to deploy it. 


The calculation of the IER, according to Dulac et at. (2009, p. 5), results from the "multiplication of the 


values of four levels of criticality: Severity, Occurrence, Detection and Facility, which are assigned for each 


recommended action" to reduce / eliminate the causes of environmental impact on the environment. 


Equation (1) calculating the details IER.  


Value


1 unlikely There was no occurrence in time greater than the reference.


2 Remote Occurred once in the period, but it is unlikely a recurrence.


3 very Low Occurred once in the period, and may occur again.


4 low Occurred twice in the period of observation.


5 medium Low Occurred three times during the observation period.


6 average Occurred four times during the observation period.


7 medium High Occurred five times during the observation period.


8 high There was six times during the observation period.


9 very High Large likely to occur each time the task performed.


10 always Occurs when you perform the task.


Description


 


FIGURE 3 - Scale of assessment of rate of occurrence of the facts (O). Source: Campani et al. (2007) 


 


IERRecommended Action i = Si x Hi x Di x Ei                              


where: i = IERRecommended Action = Environmental Risk Index Recommended Action i 


Si = Environmental Impact Severity i 


Hi = Index of Occurrence Cause i 


Di = Level of Detection Method of Control i 


Ei = Ease of Implementation of Recommended Action i 


 


EQUATION 1 - Calculation of the Environmental Risk Recommended Action 
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Value Description


1 Rapid detection and rapid resolution.


2 Rapid detection and medium-term solution.


3 Detection and medium-term quick fix.


4 Rapid detection and long-term solution.


5 Sensing the medium term and medium-term solution.


6 Detection and long-term quick fix.


7 Sensing the medium term and long-term solution.


8 Detecting long-term and medium-term solution.


9 Detection long-term and long-term solution.


10 Without detection and / or unresolved. (No control)  


FIGURE 4 - Evaluation scale the level of Detection (D). Source: Campani et al. (2007) 


value


cost Nº of people Time


1 There is technology cost of the same or impractical.


2 high high


3 high Only concerned with the task high


4 high low


5 high Only concerned with the task low


6 low high


7 low Only concerned with the task high


8 low low


9 low Only concerned with the task low


10


all


Low cost or cost benefit of immediate feedback.


all


all


all


Description


 


FIGURE 5 - Scale Evaluation of Ease of implementation of recommended action (F). Source: Campani et al. (2007) 


With the completion of the calculation of the IERs of the recommended actions is possible to calculate the 


Total Index of Environmental Risk (TIER) of the environments that are being evaluated. The calculation is 


the sum of all IERs obtained. The TIER serves as a reference for the next time it is run the system again. 


Who is running the SEAI for the first time is considered that is holding its 'ground zero' in the 


environmental management system.  


In Step 3 - Prioritization of Recommended Actions, based on the values obtained in the IERs, each 


recommended action must be organized from largest to smallest (following the logic of Pareto). After this 


ordering, identify which are the recommended actions that should be prioritised within the environmental 


management is clearer. 


In Step 4 - Preparation of Action Plans, based on the priority actions recommended in step 3, action plans 


are developed. It is suggested to use the tool 5W2H for detailing these plans, since it allows, among other 


things, the definition of responsible persons, of the execution time and costs that will assist the next step. 


In Step 5 - Implementation of Action Plans - is carried out the operation of the planned actions in the 


previous step, focusing on the adequacy of physical spaces with lower generation of environmental 


impact. 


In Step 6 - Review of Potential Causes, are measured results obtained with the implementation of actions 


and recalculated the scores of actions (IER and TIER). This step aims at maintaining the continuity and the 


results achieved, and the next rounds of the method must improve, within the philosophy Kaysen 


4 Method of Application of Waiver of Environmental Aspects and Impacts 


in a department of UFRGS  


This section discusses the case study conducted on DPE for the conduct of the first activities of the 


environmental management system to be deployed and maintained in the department. 
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4.1 Surveys of potential causes of environmental aspects and impacts of 


dependencies DPE  


After the decision making for the implementation of the EMS Department, occurred the formation of the 


project team, which was trained by the CEM for the conduct of the stages of SEAI and facilitate the survey 


of environmental aspects and impacts. Initially it was presented the spreadsheet containing a list of 


potential causes of aspects / impacts common to the types of activities in a university. The team had to 


identify potential causes for each environment DPE.  


This stage of the work started in December 23, 2009, was completed in three shifts, to survey the structure 


of two laboratories (LOPP and LASTRAN macro-area with three offices and 16), five classrooms (four in the 


fifth floor and other two on the 6th floor of Building Engineering), 3 baths, amphitheater, office, meeting 


room, office design, computer support and living space-as seen in the plant department, in Figure 6. 


 


FIGURE 6 - Sketch of the plant used for the analysis. 


 


4.2 Calculation of the Index of Environmental Risk (IER) 


The calculation of the Index of Environmental Risk (IER) follows the logic Analysis of Failure Modes and 


Effects Analysis (FMEA). Turrioni and Andrade (2000) point out the logic of FMEA as a simple and 


consistent aid in raising the importance of environmental aspects and impacts. Campani et al. (2007), 


based on studies by Andrade (2000) in the USP, adapted the standard tool for to be adopted by the 


University as an official instrument of implementation of EMS in physical spaces. For the treatment of data 


collected DPE, each potential cause had investigated his situation, to determine if there was any control or 


indicator on it. Thus, the recommended actions could be defined for each potential cause. 


The following, the severity levels of each index are defined, for to can calculate the IER of each 


recommended action: Severity of Impact (S); Cause of Occurrence (O); Degree Detection (D), and Ease of 


Recommended Action Implementations (E). Table 1 contains a partial example of identification of 


potential causes, environmental aspects and impacts, as well as the final score (IER) of four recommended 


actions. 


Moreover, the sum of all IERs is the TIER of the department, being an indicator for the success of EMS 


compared several cycles of application of the methodology. 
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TABLE 1 - Example of calculation of the IER 


Environmental 


aspect


Environmental 


Impact
G Potential cause O


Current Form of 


Control
 D 


Recommended 


Action
F IER


Atmospheric 


contamination
9


Disposal of fluorescent bulbs 


(600 bulbs)
10 no 10


Control lamps for 


routing of City Hall
10 9000


5 10 10


Disseminate 


selective collection 


system at UFRGS 


as Ordinance No. 


3450 - 15/09/2008


10 5000


5 10 10


Adapt selective 


collection system as 


Ordinance No. 3450 - 


15/09/2008


10 5000


Depletion of 


Landfill


Inconsistency with the selective 


collection


The UFRGS has a rule 


regarding selective 


collection


Generation of 


waste


 


It should be noted further, that the TIER is a local indicator management, and should not be used as an 


example in an analysis of benchmarking of management system. The most appropriate indicator could be 


associated with reduction in the percentage of TIER, every new step done. 


4.3 Prioritization of Recommended Actions  


The definition of priority actions recommended came of the generation of a bar graph ordered from 


highest to lowest (Pareto logic) with the IER values of each action. The ordering allows the identification of 


the recommended actions have greater urgency and / or require less resources to be operationalized. 


After the complete filling of the SEAI's spreadsheet, sought to validate the activities carried out with the 


CEM, since it was the first round of the system with the DPE (ground zero) and, furthermore, there was not 


total domination of the tool  until that moment. The graphic part of the priorities of the DPE must be 


found in Figure 7. 


4.4 Preparation of the Plan of Action   


The action plan format contains 5W2H the planning of actions responding to 'what will be done?', 'Who is 


responsible?', 'When will the action?', 'Where the action will take place?', 'Why is this action important?',' 


How the action will be developed? 'and' how much action? '. Each recommended action in SEAI was 


described as much detail as possible, and different responsibilities can be set for each stage of 


development of an action. 


Steps 5 and 6, the implementation of action plans and review of potential causes, respectively, have not 


yet started by the group. The following are the results so far. 


5 Partial results Found  


Listed below are the partial results of the project. 


Ação Recomendada IER


Control lamps for routing of City Hall 9000


Forward sheet material to be disposed to DEPATRI 7000


Discard sheet material is not as selective collection 7000


Develop plan for cleaning the fans 7000


Request to City Hall campus installation of mirrors in decision 7000


Optimization of the internal spaces of cabinets / shelves 7000


Dispose of materials and organization of the cupboards / shelves personal 7000


Adopt campaign against smoking developed by CGA 7000


Purchasing cabinets for material suitability archivable 6300


Control for disposal and / or refill ink cartridges 6000


Disseminate selective collection system at UFRGS as Ordinance No. 3450 - 15/09/2008 5000


Adapt selective collection system as Ordinance No. 3450 - 15/09/2008 5000


Control for disposal and / or refill toners 4800


Take control of cleaning of curtains 44804480


4800


5000


5000


6000


6300


7000


7000


7000


7000


7000


7000


7000


9000


0 5000 10000


Série1
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FIGURE 7 - Graph of the priority actions recommended DPE 


 


5.1 Identification of Environmental Aspects and Impacts of DPE and Documents 


Generated  


After collecting the data and definition of potential causes, was found the following environmental 


aspects: water consumption, electricity consumption, use of physical space and furniture, waste 


generation, material consumption and air quality. Associated with these aspects, there are the 


environmental impacts: air pollution, depletion of landfill, soil contamination, impairment of health of 


users, physical obstruction and impairment of natural resources. This activity is the basis for future 


decision making on the EMS to be implemented in the Department. 


 


MEASURE PROCEDURE
RESPONSIB


LE
TERM LOCAL REASON BUDGET


(What?) (How?) (Who?) (When?) (Where?) (Why?) (How?)


Map the current state of control of lamps team LOPP


Establish routine monitoring cleaning


Document to generate control input and 


output of lamp
team LOPP


Establish routine cleaning of fans cleaning


Create a label that is placed behind the 


door, to be written down from a monthly 


cleaning.


team LOPP


Register by completing the cleaning table: 


"Air quality".
cleaning


Avoid incorrect 


disposal and 


air pollution


2 7000
Develop plan for 


cleaning the fans
room 500 


Minimizing 


health risk to 


users by 


improving air 


quality


Order in 


FMEA
IER


1 9000
Control lamps for 


routing of City Hall
DEPROT


 


FIGURE 8 - Action plan for two recommended actions 


 


After completion of this activity was organized documents identifying where and what are the 


environmental aspects and impacts in the different physical environments of the Department. Six 


documents were developed, which grouped the causes identified in relation to its appearance in DPE 


environments. The document entitled General has the potential causes that manifest themselves in all 


environments, on the other hand, the documents entitled Amphitheatre 500, Laboratories, Rooms 502-


508-510-515, Hall Laboratories, Hall classrooms and living room, contains a breakdown of causes that can 


only be expressed specifically in these environments. From these documents were 34 proposals 


recommended actions.  


5.2 Identification of Priority Recommended Actions  


The following is a brief description of the four main actions recommended for DPE 


5.1.1 Control lamps for routing of the City University  


This recommended action was that more scored, his IER was 9000 points, being very close to the limit is 


10000. 


Fluorescent lamps have received special attention in the project. "The phosphor powder, which represents 


2% of the total mass of a fluorescent lamp, contains mercury and cadmium" (JUNIOR; WINDMÖLLER, 


2008, p.3). The atmospheric contamination for that item is significant. In DPE, is estimated that six 


hundred fluorescent bulbs are in use. The monthly consumption could not be measured at the time of the 


current project, however, is already implemented a control. The control of the routing of these items to 


the City University will continue the following activities: mapping the current situation, establishment of 


routine monitoring, and document generation input and output of lamps in DPE. 


5.1.2 Development Plan to improve air quality  


By staying somewhat masked, the problems with air quality are hard to find. In this project, is planned 


unite all the recommended actions regarding this matter: prepare plan for cleaning the fans, drawing up 
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the plan for cleaning air conditioning filters, air conditioning's systematic preventive control and cleaning. 


With the creation of spreadsheet's 'Air Quality', seeks to generate documentation and control of these 


actions. In classrooms and laboratories, the use of air conditioners is intense. Therefore, this measure 


represents a gain in quality of life for all members of the department almost immediately. 


5.1.3 Adoption of Selective Collection System  


The DPE, from the beginning, was concerned with the environmental aspects. However, many actions 


were being erroneously performed. This action should take place in partnership between the Department, 


the company outsourced provider of cleaning services and supply room of the School of Engineering. It is 


proposed, the adoption of selective collection system according to Ordinance No. 3450 - 15/09/2008, 


establishing segregation at source of solid waste, with indicating's colors , in addition to training and 


awareness of contractors, and ensure that there is no shortage of garbage bags in the colors of the 


collection. 


5.2 Plans of action  


As described above, were deployed action plans for each of the 34 recommended actions. Each of these 


contains a number of procedures needed to achieve them (details of 'how'). Were detailed, approximately 


71 procedures to meet all the recommended actions. 


6 Conclusion  


Below, we present the conclusions about the method, the partial results found and the next steps planned 


for the project. 


6.1 Conclusions about the method   


During development activities, difficulties in the management of spreadsheets were used frequently. The 


advice provided by CEM was instrumental in assigning scores coherent SEAI. It was observed that the 


understanding of the criteria is necessary for the continued application of the method and obtain valid 


comparisons of cycles performed. 


Already, in the application of 5W2H, an opportunity was identified for improvement. The reorganization of 


the spreadsheet along the lines of 5W2H Ferreira (1996) was added and suggested for activities to the 


CEM. The change was based on a criterion of better visualization of demands relating them directly to 


your charge. So far, however, the change was not incorporated into the work pattern of the CEM. 


6.2 Conclusions on the results  


Brandli and Tauchen (2006) have control of consumption and reuse of water and waste management 


program as the two most actions undertaken in the 42 Institutions Higher Education (IHE) that they 


surveyed. 


The work presents on DPE the same care with such actions, and numerous others contained in 5W2H 


developed. In a free comparison in relation to activities undertaken by international and IHE results, we 


conclude that the achievement of the activities recommended by the method adopted reverberate both in 


image and in socio-environmental  Department's responsibility, since the actions being thought include 


donations of recyclable materials to ONGs that generate income for low-income population from the 


separation and packaging of waste for recycling. 


6.3 Next Steps  


While future activities of the work can be cited: awareness of the academic community DPE and 


Management School of Engineering; completion of the action plans of the recommended actions; 
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planning activities to strengthen the culture of environmental management in the Department, 


implementation of action plans, and then reassessing the scene of the Department in relation to potential 


causes, targeting, where the reduction of the TIER. 


This study represents the key to the success of the EMS, to the extent that only with the participation of all 


stakeholders, the Department objectives are met. 
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Abstract 


The area of Risk Management provides techniques for identifying, analyzing and assessing potential risks. However, in 
the literature, there are few approaches that adequately address the consequences arising from risks when they 
become real and therefore, problems. It is noteworthy that for manufacturing companies many authors recommend 
the use of manufacturing flexibility and its inclusion in the final stage of risk management (prevention phase). 
However, the multidimensional characteristic of flexibility in manufacturing makes it difficult to fit the degree of 
flexibility to be adopted in the face of existing variables. It is important to have in mind that the choice of 
inappropriate types of flexibility for the solution of problems can cause unnecessary and inappropriate investments, 
causing loss of capital and inefficiency in the use of flexible features chosen for the solution of problems. So, here we 
developed a tool called Decision Matrix on Flexibility, to collaborate in the decision making about the kind of 
manufacturing flexibility that should be selected for the solution of problems that occur in four different industrial 
sectors. An empirical research has provided information on what are the worst problems for the companies surveyed 
and offered useful information for the dissemination of knowledge about flexibility. 


Keywords: Risk Management, Manufacturing Flexibility, Decision Matrix on flexibilities, empirical research. 


1 Introduction 
Miller & Shamsie (1999) mention that there are many uncertainties of different types, which arise from the 
external environment in which a company operates. Exposure to risks is one of the greatest challenges for 
the survival of organizations and taking preventive measures to not let the risks become problems is a 
conditioning factor for the continuity of the business activity. Thus, it becomes imperative to know and 
implement methods for managing risks.  


Risk management is a decision-making process that seeks to minimize the consequences of possible 
negative events in the future, being a proactive approach to identify potential risks, analyze them, 
evaluate them and plan the necessary responses for their minimization or elimination (ZAFIROPOULOS et 
al., 2005). 


The research reported here deals with manufacturing flexibility in one of the five steps of risk 
management (Identification, Analysis, Assessment, Prevention and Reduction / Elimination of Risks), more 
precisely the stage of prevention, since several authors (GUSTAVSSON, 1984; GUPTA & GOYAL, 1989; 
NORDAHL & NILSSON, 1996; KOSTE & MALHOTRA, 1999; D’SOUZA & WILLIAMS, 2000; KARA & KAYIS, 
2004; BOYLE, 2006; CHANG et al., 2007; BAYKASOGLU & OZBAKIR, 2008; WAHAB et al., 2008) recommend 
the use of flexible manufacturing to minimize risks in the environment of operations. 


Swamidass & Newell (1987), Beach et al. (2000), Kais & Kara (2005), Slack (1983) and Gerwin (2005), 
indicate that different manufacturing situations are subject to different types of risks and uncertainties, 
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requiring different types of flexibility. However, the multidimensional character of manufacturing flexibility 
makes it difficult to fit the degree of flexibility to be adopted in the face of existing variables. 


Given this complexity, here we developed a Decision Matrix on flexibility, to collaborate in making 
decisions about what type of manufacturing flexibility must be taken to the solution of problems that 
occur in operations. The contribution is in finding the right choice of the types of flexibility that will serve 
to minimize operational risks, thus avoiding unnecessary and inappropriate investments in types of 
flexibility that are not suitable for risk prevention in manufacturing operations. 


The research focused on the influence of the dimensions of flexibility about the risks and problems that 
occur in manufacturing, based on a survey of the perceptions of strategic and tactical level staff, being 
limited to the production environment of companies in four industrial sectors: glass industry, chemicals, 
tires and equipment. The study used a sample of five respondents in each of the four companies, totaling 
twenty respondents, followed by visits to the companies. 


A questionnaire was used as a tool for data collection, which was composed of both open and closed 
questions, with attitudinal scales and ranking of priorities, among other aspects, to collect information 
that would meet the objective of the research with the shortest time and lowest cost possible. 


As for the access to the questionnaire by respondents, it was decided to use the Internet, through a data 
collection instrument read and filled directly by the respondents in the web home page.  


As for results, this study aimed to know the main problems that occur in manufacturing, their frequency of 
occurrence, the main types of flexibilities suggested for solving these problems and what kinds of 
flexibilities are appointed to compose an ideal group of flexibilities for the four segments analyzed. 


2 Risk management and manufacturing flexibility  


2.1 Risk Management 
The existence of risks in the organization is directly linked to the type of business, product, market, 
geographic localization, level of existing security, internal profile of the collaborators, controls, among 
others. The gamma of variables is great and for the identification of its cause we need a deep knowledge 
of the characteristics of the company conjuncture, interpreting the signals that the corporation emits in its 
daily operational routine (WONG, 2003).  


Regarding to its origins, the risk can appear in several ways, being able to be on the launching of 
determined product, in the productive process, in the strategies of marketing, in the relationship with 
suppliers, and in uncertainties about the behaviour of the sales (ZAFIROPOULOS et al., 2005). It is 
common, then, to classify the types of risks in four general groups: Market Risk; Credit Risk; Legal risk and 
Operational Risk. 


The operational environment of the organization is always a natural environment for the generation of 
risks being subject to the occurrence of problems of diverse natures, such as human fails, non-availability 
of equipment, brusque alterations in the mix and volume of production, and many others. For the 
adequate management of the risks, it is necessary to identify in the first place which are the events that hit 
more harmfully the organization, either for gravity or frequency of occurrence. This previous knowledge is 
desired since the understanding of the problems that more require management control assist in the 
process of systematization of the activity of operational risks prevention.  


Far from being an exact science, risk management is a composition of common sense, critical analysis, 
vision and intuition. According to Zafiropoulos et al. (2005), the term Risk Management must be 
understood as a systematic approach to establish the course of action front the uncertainties searching 
for the identification, evaluation, understanding, and communication of the risk item.  
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The techniques, tools and approaches for the management of risks allow that the organizations obtain 
success in applying the above listed stages, i. e., the identification, analysis, evaluation, treatment and 
follow-up of the risks.  


Although the benefits obtained with an adequate risk management surpass the cost of its 
implementation, it has been observed that for Brazilian companies it is not an usual practice.  


2.2 Manufacturing Flexibility 
Uncertainties of different types arise not only from the external environment in which the company is 
inserted, but also even from the most basic level of internal operations.  


According to Swamidass & Newell (1987), Beach et al. (2000), Kayis & Kara (2005), Slack (1983) and 
Gerwin (2005), different manufacturing situations are subject to different types of uncertainties and 
variations, requiring different types of flexibility.  


For Upton (1994, 1995) and Boyle (2006), manufacturing flexibility can occur at different levels of the 
organization - strategic, tactical and operational and is composed of several different types, e.g., 
machinery, routing, product. Each type can have different aspects, known as potential, real and necessary 
flexibility and is measured in terms of number of stages that can be achieved (range), mobility (impacts 
generated by these changes such as costs and setup time) and uniformity (how much these performance 
measures change with the changes implemented).  


Specifically on the types of manufacturing flexibility, there are different perceptions in the literature. The 
simplest design is that of Reid & Sanders (2005). They segment manufacturing flexibility into two types: 
customization and volume flexibility. For Slack (1983), there are four types: new products flexibility; mix 
flexibility; volume flexibility, and delivery flexibility.  


For Koste & Malhotra (1999), there are ten manufacturing flexibility dimensions, which were observed by 
these authors in numerous studies on the subject (Table 1). For Vokurka & O'Leary-Kelly (2000), there are 
twelve flexibility dimensions, adding the flexibility of production (the ability to produce new products 
without the need for investment in new equipment) and supply (capacity of the plant to adapt to changes 
in the delivery requirements) to those already proposed by Koste & Malhotra (1999). 


With respect to these different types of flexibility, the existence of a proliferation of taxonomies, 
frequently conflicting and overlapping, is observed (D'Souza & Williams, 2000; Upton, 1995; Sawhney, 
2005). In our empirical research twelve different types of flexibility were in the data collection instrument: 
i) Delivery flexibility; ii) Expansion flexibility; iii) Machine flexibility; iv) Labor flexibility; v) Mix flexibility; vi) 
Change flexibility; vii) Material handling flexibility; viii) Operation flexibility; ix) Production flexibility; x) 
Product flexibility; xi) Routing flexibility, and xii) Volume flexibility. The choice of these twelve types of 
flexibility was based on the authors above cited. 


Table 1: Manufacturing flexibility dimensions 


Dimension Definition 


Machine The number and variety of operations that a machine can perform without incurring in high transition 
penalties or large changes in the performance results. 


Labor  The number and variety of tasks / operations a worker can perform without incurring in high 
transition penalties or large changes in the performance results. 


Movement 
of material 


The number of paths between processing centers and heterogeneity (variety) of material that can be 
transported along these paths without incurring in high transition penalties or large changes in the 
performance results. 


Routing The number of products with alternative routes and the extent of changes between the routes used 
without incurring in transition penalties or large changes in the performance results. 


Operation The number of products that have alternative sequencing plans and the variety of plans used without 
incurring in penalties or large changes in the performance results. 
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Expansion The number and variety of expansions that can be accommodated without incurring in high transition 
penalties or large changes in the performance results. 


Volume The extent of changes and the fluctuation degree in the aggregate level of outputs that the system 
can accommodate without incurring in transition penalties or large changes in the performance 
results. 


Mix The number and variety (heterogeneity) of products that can be produced without incurring in high 
transition penalties or large changes in the performance results. 


New 
Products 


The number and variety of new products that are introduced into production without incurring in high 
transition penalties or large changes in the performance results. 


Modification The number and variety of changes in products that are made without incurring in high transition 
penalties or large changes in the performance results. 


Source: Koste & Malhotra (1999)  


3 Empirical Research in four Different Industrial Segments 


3.1 Analysis of problems that occurred in manufacturing 
After the completion of the data collection instrument by the respondents, the data were tabulated, 
organized and interpreted, which demonstrated the following: 


 The priority problem in the company of the equipment industry is related to suppliers, either by 
delay in receiving parts, for parts out of specifications for rework after the assembly, the factory 
stopped for lack of parts due to its high dependence on suppliers for failures in supply, and the 
like; 


 In the company of the chemical industry the most critical problem is related to fluctuations in 
sales; 


 In the company of the glass industry, the worst problem is related to communication failures, and 
 In the company of the tire industry, the critical problem is related to unavailability of equipment. 


To summarize and facilitate observation of the position of the top 12 issues raised in the four companies 
surveyed we developed a summary table (Table 2) to allow a better interpretation of the information 
collected. However, it becomes necessary to clarify the notation adopted for the columns, as follows: 


 The "PL" means "Priority Level" to treat each type of problem, according to the following criteria: 
that the problem occurs frequently, the number of times that the problem was cited by the 
respondents and ordinal classification of the problem. Its value is the result of an algorithm that 
can be obtained in Oliveira (2009). It is noteworthy that the smaller the value of the "PL" more 
damaging is the problem, thus requiring a priority in their treatment; 


 The "R" stands for 'rating', and sort the problems by degree of negative impact to the 
organization studied, so ordinal, the lower the number, the worse the problem for the 
organization. The result is derived from the weighting of the responses of the five respondents 
interviewed; 


 The "F" stands for 'Frequency', and tells how often the problems occur in every organization 
surveyed. The result is derived from the weighting of the responses of the five respondents 
interviewed. 
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Table 2: Summary table of the main problems in four companies surveyed 


FRAMEWORK FOR ANALYSIS OF DIFFERENT PROBLEMS IN INDUSTRIAL SEGMENTS 


Type of problem 
(problems with ...) 


Chemical Glasses Equipment Tires 


PL R F PL R F PL R F PL R F 


Machine and / or Equipment 2.06 3rd 3.00 2.96 4th 3.33 1.89 5th 2.75 0.45 1st 1.60 


People and / or employees 6.23 6th 4.00 3.33 5th 3.00 1.25 3rd 2.00 2.07 2nd 2.33 


Suppliers 0.88 2nd 1.75 - - - 0.88 1st 2.00 3.00 4th 3.00 


Communication failures - - - 0.56 1st 1.50 0.96 2nd 2.00 4.50 6th 2.00 


Changes and / or oscillation 
of the demand 


0.51 1st 1.60 - - - 1.88 4th 2.50 3.75 5th 2.50 


Quality and / or rework 4.07 4th 3.67 1.55 3rd 2.00 - - - 9.00 7th 3.00 


Accident (people and 
environment) 


4.49 5th 3.67 - - - 7.88 7th 3.50 16.0 8th 4.00 


Change orders after ready - - - 0.74 2nd 1.67 - - - - - - 


Lack of energy - - - - - - - - - 2.22 3rd 3.33 


Lack of commitment dates - - - - - - 4.00 6th 2.00 - - - 


Storage of finished products - - - 5.50 6th 2.00 - - - - - - 


Lack of resources for the job - - - 9.00 7th 3.00 - - - - - - 


Faults in the distribution 20.0 7th 4.00 - - - - - - - - - 


Analyzing this summary table (Table 2), in general, the more detrimental problems for the manufacturing 
firms surveyed are listed in the order, with suppliers, unavailability of equipment, changes / fluctuations in 
demand, management people, miscommunication and rework. As for frequency, it appears that the most 
frequent problems are those related, in order, faulty communication, suppliers, variation / fluctuation in 
demand, people management, quality of manufactured products and, finally, unavailability of equipment. 


Making up a separate analysis of companies in the category frequency, it appears that the problems 
related to communication failures and quality / rework occur more frequently in the glass industry, the 
problems with unavailability of equipment occur more frequently in the tires industry; problems with 
variation / fluctuation in demand occur more frequently in the chemical industry, and, finally, problems 
with suppliers occur more frequently in the equipment industry. 


3.2 Analysis of Flexible Manufacturing in Troubleshooting 
Continuing with the analysis and interpretation of the research results, but now with an indication of 
solutions to the problems presented in the previous section, through the flexibility of manufacturing, 
there is the following: 


 For problems related to seasonality of sales, volatility of demand, market fluctuations, and other 
similar types of problem, the companies surveyed suggest, the application of volume flexibility, 
expansion and mix flexibility; 


 For problems related to unavailability of equipment, there was the presentation of the machine 
flexibility as a potential solver of this problem. In this type of flexibility, companies surveyed also 
relate, somewhat representative, the use of the flexibility of operation, routing, volume expansion 
and flexibility, both for the solution of problems relating to the unavailability of equipment; 


 For problems with suppliers, there is the use of the flexibility of delivery, product mix, machine 
operation and to minimize the impacts of this problem; 


 For problems related to human error, lack of processes, absenteeism, among other problems, 
respondents with strong conviction, indicated the flexibility of manpower; 
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 For problems related to rework, non-conformances and the like, is contacted by the vast majority 
of companies surveyed, there is no flexibility available to manufacture these types of problems. 
Still, some respondents indicated, with very low frequency, flexibility of delivery, volume flexibility, 
modification flexibility for expansion and flexibility; 


 For the problems of communication, communication failures, communication errors and poor 
communication, the vast majority of respondents saw the lack of flexibility dimensions to these 
problems. However, some, somewhat representative, suggested the flexibility of labor, work, 
flexibility to change, flexibility of delivery and flexibility for expansion and flexibility of production. 


The power of action of each type of flexibility for solving problems in manufacturing, made to a specific 
question for this variable, and its results are presented in Table 3. Before analyzing it, however, some 
explanations are necessary. The "A" stands for Average ratings of respondents on the help that a certain 
kind of flexibility provides the solution of problems in the manufacture, obtained from a score ranging 
from 1 (minimum = not helpful) to 5 (maximum possible = is essential), the column "CTF" means 
compositions of Types of Flexibility essential for manufacturing investment, where each respondent 
selected some types of flexibility which would be required for the operations of the company. Its 
minimum value ranges from zero (no square in column CTF) to five (five square in column CTF). A square 
indicates that one of the five respondents selected that kind of flexibility to compose the "portfolio" of 
flexibility for the company. Two squares indicate that two of the five respondents who selected such 
flexibility; and so forth. The column "FF" means factors flexibility, and was obtained through an algorithm 
that has been proposed by Oliveira (2009). 


The twelve types of flexibility found in Table 3 are arranged in descending order of priority of choice by 
the respondents, as indicated by the measure “AFF”, which is the average of the flexibility factors (FF) 
among the four companies surveyed. 


Table 3: Summary of analysis of flexible manufacturing in four companies surveyed 


Types of Flexibility 
AFF 


Chemical Glasses Equipment Tires 


A CTF FF A CTF FF A CTF FF A CTF FF 


Labor 16.80 4.0 ■■■■ 16.0 3.4 ■■ 6.8 5.0 ■■■■■ 25.0 4.6 ■■■■■ 23.0


Volume 16.28 4.6 ■■■■ 18.4 4.6 ■■■■ 18.4 4.4 ■■■ 13.2 4.4 ■■■■ 17.6


Mix 13.48 4.6 ■■■■ 18.4 2.4   0.0 5.0 ■■■■■ 25.0 3.2   0.0 


Machine 11.32 2.6   0.0 2.4   0.0 5.0 ■■■■■ 25.0 4.6 ■■■■ 18.4


Expansion 10.80 3.4 ■ 3.4 5.0 ■■■■■ 25.0 3.4 ■ 3.4 4.2 ■■ 8.4 


Delivery 8.00 2.0   0.9 5.0 ■■■■■ 25.0 4.2 ■■ 8.4 3.0 ■ 3.0 


Production 5.04 4.6 ■■■■ 18.4 2.6   0.0 3.2   0.0 3.4 ■ 3.4 


New Products 5.00 3.6   0.0 2.4   0.0 5.0 ■■■■■ 25.0 2.2   0.0 


Modification 3.52 2.2   0.0 3.8 ■ 3.8 4.6 ■■■ 13.8 2.4   0.0 


Operation 3.36 2.0   0.0 2.6   0.0 3.4   0.0 2.4   0.0 


Routing 1.44 1.4   0.0 1.6   0.0 3.4   0.0 2.4   0.0 


Movement of material    0.72 1.8   0.0 2.0   0.0 3.6 ■ 3.6 2.4   0.0 


After examination of Table 3, there is the following: 


 With the exception of volume flexibility and manpower, with an average "A" which appears in all 
four surveyed companies with scores ranging between 3.4 and 5.0, the priority flexibilities are too 
disparate. In the chemical industry, for example, the types of flexibility with the highest scores are 
the flexibilities of volume and mix (tied at 4.6) in the glass industry, there is a tie between the 
flexibilities that more help in solving problems this type of industry, which are the flexibility of 
delivery and expansion (tied at 5.0). In the manufacturing equipment, machine flexibility, labor, 
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and product mix are with a score of 5.0. In the tire industry, the flexibilities most demanded are of 
machine and labor (average of 4.6 for both); 


 The equipment industry, the most used manufacturing flexibility, adopting the flexibility of the 
machine (5.0), manpower (5.0), mix (5.0), product (5.0), modification (4.6), volume (4.4) and 
delivery (4.2) to solve problems; 


 In general, the chemical industry makes up 'portfolios flexibility' with the flexibility of volume, mix, 
production and manpower, the glass industry, in turn, adheres to the selection of the flexibility of 
delivery, expansion and volume. The equipment industry prefers the flexibility of machine, 
manpower, and product mix. The tire industry brings together the flexibility of manpower, 
machine and to minimize the volume of investments in flexibility, according to the respondents' 
perception of the industry, which will minimize the problems in manufacturing; 


 Finally, it appears that the demands for flexibility are particular to each industry segment, and, of 
course, the preference for some common industrial types, as is the case of the flexibility of 
manpower, volume, mix and machine. These four types of flexibilities have been cited with 
emphasis on the score, separately and in different combinations, at least three of the four 
industries analyzed. 


4 Development of a proposal for risk management involving manufacturing 
flexibility 


Based on the results of the empirical research reported on the four industrial sectors, a risk management 
model (Figure 1) that uses manufacturing flexibilities has been proposed. 


 
Figure 1: Steps of the risks management involving manufacturing flexibility 
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To help achieving the risk prevention stage, a Decision Matrix on Flexibilities (Table 4) was constructed 
with the aim of facilitating enterprises to make decision when the issue is selection and composition of 
different types of flexibility to minimize the major problems occurring in the production system of these 
industrials segments.  


The model works as follows: if one of the companies here surveyed, when following the risk management 
steps (Figure 1), faces the possibility of the occurrence of any of the problems that appear in Table 4, 
should select the type the manufacturing flexibility that best prevent that kind of problem. The column 
“Flexibility Intensity” in Table 4 represents the power of action of each type of flexibility and is the number 
of times that each type of flexibility was indicated by the four companies to solve the problem. 


Table 4: Decision Matrix for solving problems in manufacturing through flexibility 


Most impacting problems 
that occur during 


manufacture  


Industrial sector 
where the problem is 


most striking 


Most recommended  
Flexibilities 


 


Flexibility Intensity  
 


Instability in supply, delays 
and inputs out of 
specification  
 


Chemical Industry - There is no flexibility - 
Equipment Industry - Mix flexibility♣ Moderate-Weak 


- Product flexibility♣ Moderate-Weak 
- Operation flexibility Weak  


Tire Industry - Machine flexibility Weak  
 
 
 
Unavailability, breaks and 
failures in equipment 


Chemical Industry - Machine flexibility Moderate-Weak 
- Expansion flexibility Weak  


Glass Industry - Machine flexibility Moderate-Weak 
- Operation flexibility Weak  


 
Tire Industry 


- Machine flexibility♦ Strong 
- Volume flexibility♦ Weak  
- Expansion flexibility Weak 


 
Market fluctuations, 
seasonality, demand 
instabilities.  
 


 
Chemical Industry  


- Volume flexibility♥ Strong 
- Production flexibility♥ Moderate-Strong  
- Mix flexibility ♥ Moderate-Weak 


Equipment Industry - Mix flexibility Moderate-Strong  
- Volume flexibility Moderate-Weak 
- Product Flexibility Moderate-Weak  


Human errors and 
absenteeism.  


Equipment Industry - Labor flexibility♣ Strong 


Tire Industry - Labor flexibility ♦ Moderate-Strong  
Related to poor quality of 
products produced and / or 
rework 


 
Glass Industry  


- Delivery flexibility # Moderate-Weak 
- Volume flexibility# Weak 
- Expansion flexibility # Weak 


Poor communication 
between shifts, 
departments and 
employees 


 
Glass Industry  


- Modification flexibility Weak 
- Delivery flexibility Weak 
- Expansion flexibility  Weak 


Equipment Industry - There is no flexibility - 
Changes in the application 
after it is closed 


Glass Industry - Delivery flexibility Moderate-Strong 


Related power outages Tire Industry - There is no flexibility - 
♣ - Flexibilities that compose the portfolio of equipment industry 
♦ - Flexibilities that compose the portfolio of tire industry 
♥ - Flexibilities that compose the portfolio of chemical industry 
# - Flexibilities that compose the portfolio of glass industry 
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5 Conclusion 
Analyzing the survey results, it appears that each company has a different priority rating to the problems 
raised here. However, despite this disagreement over what the worst problem is, in general, the 
perception of most respondents, there is a consensus on the worst problems in manufacturing, in that 
order, with suppliers, equipment, change in demand and people. Moreover, there is the problem 
'communication failure'. Although not a manufacturing problem, is listed as a potential problem for the 
companies surveyed. 


As for the more usual manufacturing flexibilities, there is, in Table 3, those most required for the solution 
of those problems, which are, in that order, the flexibilities Labor, Volume, Mix, Machine and Expansion. 
On the other hand, the flexibilities Production, Product, modification, operation and routing are not used 
for troubleshooting. Called attention that the handling flexibility, in the opinion of 96% of all respondents, 
does not help in preventing risks in the manufacturing of the companies surveyed. 
From the results, it is believed that the proposed model for risk management in manufacturing, which 
includes flexibility in the step of forecasting risk, together with the Decision Matrix of flexibilities (Table 4), 
is a tool for decision of which at least one type  of manufacturing flexibility must be chosen to solve 
different problems in manufacturing, in the step of Prevention, which aims to reduce and / or eliminate 
risks.  


Since this research is part of a large and ongoing study the questionnaire shall be applied to other 
industrial sectors in order to check the possibility of proposing Decision Matrixes on Flexibilities that may 
be useful in managing their manufacturing risks. In addition, similarities and differences between Decision 
Matrixes on Flexibilities of different sectors should be identified in the attempt of obtaining more general 
rules, valid for all. 
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Abstract 


The macroeconomic changes in 20th century have had a major impact in the way of thinking business models and also 
in the way of conceiving the relations of value between firms and customers. From a financial perspective to a 
multidimensional perspective, the concept about value has evolved to the experiences of consumption, trademarks, 
perceived quality, design and others. The new organizational relationships were expanded into value systems, the 
understanding of innovation and its importance in business. In such context, this exploratory study aims to build a 
conceptual and critical overview about the value concept evolution, considering the economic, productive and 
business management dimensions. The most important findings show the differences among theoretical lines of 
research.  A comparison is proposed between the innovation generations and value concepts. The changing in the 
perception about the ‘value created for the customer’ is also highlighted. Furthermore, it is possible to point out that 
new measurement systems to the innovation processes, based on the researched models, are necessary to help 
companies to create value along their networks. 


Keywords: conceptual overview; innovation; value concept evolution; value creation. 


1 Introduction 
The concept about ‘value’ has evolved over time in different theoretical lines, which run through areas like 
Engineering, Business Management and Economics. This crossover becomes more intricate when 
evaluating the major restructuring of production and consumption models shaped in 20th century. For 
several decades, the value relations were understood as the ratio between the product’s function and its 
price.  


In the 21th century, the structures made one hundred years earlier have given support towards a society 
driven by information and focused on intangible assets. Associated with the consumption’s development, 
the traditional axiom about product and its costs still exists, but is no longer used as a great stigma to 
orient business models and the consumer experiences.  


In this scenario, value systems can be drawn, composed by the understanding about the production 
reality contrasted with the complexity of expectations in the consumer market. All this together 
encompasses a set of activities that create value, since the basic source of raw materials to the delivery to 
the consumer (Shank & Govindarajan, 1993). Value systems can be seen as a possible way to innovate in 
design, product, marketing techniques or customer service. So innovation can be inserted within business, 
focused in the consumer in its demands to effectively create value (Simantob & Lippe, 2003). 


Considering the way society is heading its consumption modes, both tangible and intangible, this study 
assumes that innovation is embracing changes to create value (Stamm, 2011). The main objective of this 
paper is to propose an overview about value concept evolution in a triple dimension, composed by 
economic, productive and management factors. The approach between value concept and innovation is 
also considered in the study. 


The study is exploratory, which allows a detailed discussion of the topic. Theories and models about 
engineering, business and economics were researched from the literature. From the references, a 
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interlacement of the value concepts was made, followed by a critical panel about the theoretical models 
researched and the possibilities that society is building to rearrange and create value and proximity with 
the customers.  


Finally, there is not only the presentation of the value concept, but also their imbrications along the lines 
that define innovation in business. The theoretical findings presented here can be reviewed by companies 
and can also support new ways of thinking business models in different kind of organizations. 


2 The Structuring of Production Models and the Value Concept   
The value concept has evolved along with the changes in business management and in the technological 
developments of each era. Through it, it’s possible to identify milestones that have broken the dominant 
logic, overlapping traditional precepts. Such adaptations have changed the relational set between 
producers, consumers and consumer experiences. Thus, the structuring of business models was directly 
impacted by the rearrangements of the market and how this rearrangement was perceived and valued by 
consumers. 


In the early 20th century, two organization forms in the factory system have affected the ‘modus operandi’ 
within the companies in the subsequent decades. The Taylorism has structured the technical labor 
division, assigning to each operator a given function, prioritizing the task in the shortest time possible. In 
its turn, Fordism has spread the Frederick Taylor’s theory to institute it in the constitution of the assembly 
line, starting the production of Ford Model T. Henry Ford began to use assembly lines to manufacture 
cars, applying the same principles developed by Taylor, but with a more comprehensive strategy about 
production, mechanization (machinery, specialized tools, conveyor belt) and labor division. Both 
production models have established the rationality inside the production system, aiming to maximize the 
profit (Matos & Pires, 2006). Moreover, both Taylorism and Fordism have innovated in the way to plan 
and to design productive systems with strong consequences to the decades later. The conception about 
value, in this case, was related to the productive arrangements and the optimization of tasks and 
products. 


According to Levitt (1990), the belief in the growth and affluence of the population, the substitute’s 
absence, the exaggerated faith in mass production and falling costs per scale were driving organizations 
to focus on the products developed. The companies were thinking their business on products, without 
realizing the dynamics and the changes that were occurring in all consumption segments. This period was 
characterized as the ‘Age of Production’, in which it was believed that good products could just sell 
themselves, without considering the customer’s opinion and desires about it (Czinkota et al., 2001). In this 
era, value was thought just as tangible value, related to cost reduction. 


During the 30s, the pressure for improvements in working conditions changed the rationalist model. The 
Sociotechnical System and the School of Human Relations started to operate. In the same period, 
Maslow's studies have contributed to review the relationships between customers and products 
proposing a model composed of five basic needs of human beings, classified as basic, physiological, 
safety, esteem and self-realization (Formoso, 2010). So value has started to be considered in the 
production modes. 


The unfolding of the Second World War brought the consequence of economic disruption. The industrial 
processes were reviewed to deal with the lack of resources and the need to develop a consumer market. 
Thus the ‘Age of Sales’ brought up, in which companies were trying to sell what they used to produce, 
instead of producing what the market really demanded. In this context, the marketing department still 
used to have a secondary role comparing to other areas inside the companies and the value concept was 
not thought as something related to the customer (Czinkota et al., 2001).  


In this sense, the industrial world has had to be adapted to a system of multiple productions (Ohno, 
1988). Pozo (2010) pointed out that until the early 50s, the markets were local and limited, lacking 
concern about customer satisfaction. From the 50's, the marketing discipline began to become more 
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evident. Czinkota et al. (2001) featured the ‘Age of Marketing’ as an important period that has started to 
identify and to meet the customer’s needs and desires prior to the product production. For Kotler and 
Keller (2006), the consumer has begun to introduce new capabilities in the consumption way, using lots of 
information to interact and to compare impressions about the greater variety of goods and services 
available. Then, new practices and tools were to be considered by the companies to measure the quality 
of its processes and the satisfaction of consumers on products – extended to goods and services. 


One such practice used worldwide, related to market monitoring, has began to be widespread in the mid-
70s. According to Camp (1998), the benchmarking technique was introduced by Xerox in the 1970s. At the 
80s, this practice was widespread worldwide, ten years after, its use has been consolidated inside 
organizations in Europe and North America. Camp (1998) added that leading companies such as 
Motorola, Ford, Du Pont, Kodak, among others still use benchmarking to improve quality and productivity 
in their market segments. 


As an exponent of this period, there was the Toyota Production System, developed at the Toyota car 
factory, and expanded beyond the automobile borders to the Lean Production System. The Lean 
Production System can be understood as a business model focused on increasing customer satisfaction 
through a final set of principles and practices that promote continuous improvement (originally called 
‘kaizen’ in the Japanese expression) and reduction of production losses at the corporate level (Scaffede, 
2002; Lean Institute Brasil, 2011). It’s guided by the purpose of creating value for customers with lower 
costs by identifying process improvement through the involvement of qualified and motivated workers 
(Lean Institute Brasil, 2011). Lean Production System prizes for simplicity and clarity of procedures and 
tools, with the effective use of technological innovations in products, processes and management (Silva 
Neto, 2000). 


The contrast between Fordism and Lean Production is visible in the relationships built by each model. 
While the first one has sought to reduce unit costs of products through large-scale production, the Lean 
Model has aimed at the production of small batches and more variety of products. The Toyota Production 
System’s foundations have started the philosophy about the absolute elimination of waste through 
increased automation, and operation mode through just in time to produce the product required by the 
market, controlling the amount of materials and the quality assurance of the final product (Monden, 
1993). As proposed by Gudem et al. (2011), Lean is “an operational philosophy aimed at maximizing 
customer value while minimizing non-value-added activities, known as waste”. 


Since the 80s, business models have started to maximize value, considering the value chain from the 
suppliers until the customers. The New Information Era added more services and data to products, 
improving customer’s experiences. Technology was not else based in manufacturing, as before, starting to 
be based on information. From this point of view, it is possible to see “(…) a company as an environment 
and as a set of relationships combining different values consisting of services, products and knowledge 
about the contexts into customer benefits and experiences (Randmaa  et al., 2011). 


The evolution of production systems together with the respective theoretical models that underpin them 
are the basis for the development of innovation processes. As described before, the investments of 
entrepreneurs like Ford gave the starting point for series of radical proposals or subsequent incremental 
development in the production models. In its turn, the Lean System has started to focus on the 
understanding about customer, in order to separate value-added activities from waste (Gudem et al., 
2011).  


The Figure 1 represents the concepts and theories drawn not in a linear way, but in a puzzling way where 
is possible to see the relation between the decades in a triple view of Engineering, Business Management 
and Economics. The crossing, unlike a linear proposition, shows the difficulty in separating areas of 
knowledge which eventually merge into the dynamism of the business.  


Through this proposal the years between 1990 and 1910 show a decade with the launch of the assembly 
line, conducted by the Ford’s and Taylor’s models. The 20s present the integration between man and 
machines and a new orientation for sales. Between 1920 and 1940 the interdependence between 
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organizations was increased and the Human Theory was developed. The decade after has proposed the 
Technology-push and other important concepts about management presented by Drucker (1954) and 
Schumpeter (1942). A marketing orientation and the market pull came between 1950 and 1970, 
establishing a contrast with the technology-push model. The 80s were performed with the Toyota System 
philosophy and a total quality programs. The services revolution and the improvements in 
microelectronics created a scenario to the development of the technology information systems in the 90s. 
The amplitude of innovation models incorporated to business models became clear between 2000 and 
2010, as presented by Koskela (2000), Hansen and Birkinshaw (2007) and Hamel (2007). 


 
Figure 1: Concepts and theories of Engineering, Management and Economics. Source: Adapted of Ansoff and 
Mcdonell (1993); Bateman and Snell (1998); Robbins and Coulter (1998), Paula, I. C. (2004). 


2.1 Value and Innovation Approach 
Although the role of innovation debated in today's business environment, through the theoretical 
framework presented was possible to perceive the closeness between value concept and the innovation 
approaches. Over time, the models that have influenced the scenario of economic and social development 
have always been supported by a change in the way of thinking business models. 


As presented by Randmaa et al. (2011), the value concept is knotty with the changes in the production 
models and its consequences in society.  They argued that the most relevant impact from the Fordism to a 
New Information Era is the shift from a product and firm centric to a product and service systems, based 
on customer experiences. The economy has become more transparent as well the customers have 
become smarter, more demanding and networked in a non-stop process that is still evolving through 
dynamic and constant interactions and relationships.  


According to the Theory of Economic Development (Schumpeter, 1982), entrepreneurs use innovation to 
create strategic advantage. There is a constant search for new ideas, which can destroy the old ones, 
introducing new rules and new sources of profits. Schumpeter (1982) proposed three basic phases to the 
innovation process: (1) Invention, as result of a discovery process, potentially open for commercial 
exploitation, but not necessarily realized; (2) Innovation, as the process of developing an invention on a 
commercial basis, (3) Diffusion, as the expansion of a commercial innovation, new products and processes 
(Schumpeter, 1982). 
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For Rothwell (1994), innovation can be distributed in five different generations that are compared here 
with value’s levels, proposed by Randmaa et al. (2011). The first one innovation generation is called 
technology-push, assuming that a large process of internal development (R&D) could produce results in 
new products success, i.e., innovation would be pushed by technology developed internally by the 
company, as can be seen in Figure 2.  


 
Figure 2: Technology-push model innovation process. Source: Adapted of Rothwell (1994) 


The technology-push model emphasizes the process of offering technical and scientific development as a 
basic mechanism, i.e., as a result of programs related to R&D. This model is usually associated with radical 
changes linked to technological research which are then introduced into the market (Verganti, 2008). 


In the market-pull model, innovation is represented as a choice among the organization’s technical 
possibilities of each organization and the market demands identified, followed by the understanding 
about customers’ needs and the subsequent research on technology that can serve them (Verganti, 2008). 
This model is considered the second generation of innovation, in which the market is the source of ideas, 
driving the R&D that is merely a reactive role in the process (Rothwell, 1984), as presented in Figure 3. 


 
Figure 3: Market-pull model innovation process. Source: Adapted of Rothwell (1994)  


Sierra, Rodrigues and Coradini (2010) present the technology-push concepts (pressure in the supply of 
technology) and market-pull (market demand) as complementary to innovation.  


On the other hand, Kline and Rosenberg (1986) argued that innovation does not have uniform size, is not 
always marked by the beginning of research processes and should not be seen as a well-defined and 
homogeneous element that falls in the economy at a specific time. These authors stressed the need of 
adopt a model to consider the non-linear dimension of innovation. Thus they proposed the Chain-Linked 
Model, which considers five elements in the innovation process: market potential, invention and/or 
production of a design analysis; detailed design and testing; redesign and production; distribution and 
trade. The Chain-Linked Model emphasizes that market demands would be able to induce the creation of 
a new development process that would lead to a new product, which in turn would create new market 
conditions. This model works with the premise that the emergence of innovation can be driven by market 
demand and must meet not only the technical requirements, but also the market requirements.  


Rothwell (1984) considered the Chain-Linked Model as the third generation of technological innovation 
process, characterized by the combination of two other models in a strong connection between the areas 
of marketing and R&D (Figure 4). The author stressed that the innovation models technology-push and 
market-pull were considered atypical and extreme examples of a more general process of interaction 
between technological capabilities and market needs. The Chain-Linked Model, on its way, has a 
multidisciplinary interface, marked by the strong presence of feedback and rationalization of resources 
applied to research processes (Figure 4). 
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Figure 4: Coupling model of innovation. Source: Adapted from Rothwell (1994)  


The fourth generation is represented by the integrated model (integrated innovation process), based on 
the characteristics of innovation in major Japanese companies. The model is characterized by integration 
and parallel development, where companies integrate suppliers into the development process of new 
product and also within the activities of different departments. So the departments work on the project 
simultaneously instead of consecutively (Rothwell, 1994). 


The fifth generation model is represented by systems and networks, whose base is the integrated model, 
characterized by a variety of practices that enable greater efficiency in production. These practices include 
internal organizational characteristics, strong vertical systems articulated inter-organizations, horizontal 
external systems and, more radically, the use of sophisticated electronic system (Rothwell, 1994). This fifth 
generation model of the innovation process is composed by a large number of networks integrated both 
horizontally and vertically, between provider organizations and client organizations. 


Considering the five generation levels proposed by Rothwell (1994), there are the four value levels, 
defined by Randmaa et al. (2011) which are complementary to the Rothwell’s point of view in this study. 
The first level thinks about ‘value strategy’, considering product and service systems and the way 
companies can capture value. The second level is ‘value perception’, including value created, value added, 
product value and emotional value between companies and consumers. The third level is ‘value 
proposition/ offering’ which is centered in the building of value systems, value proposition and value 
constellation to improve an infrastructure for value creation. At last, the forth level is ‘value creation’, 
which considers the value for customers and the value creation, that is a “resulting activity where both the 
physical product, supporting services and the customer all play vital role” (Randmaa et al., 2011). 


Table 1: Innovation generation models versus value levels 


 The innovation generation levels 


 Technology-
push 


Market-pull Chain-Linked 
Model 


Integrated 
Model 


Networked 
model 


Value Strategy Investment in 
new 
technologies 


Investment on 
customer 
research 


Market demands 
create new 
development 
process to create 
new market 
conditions 


Integrated 
development of 
chain 


Integrated 
development of 
chain with focus 
in efficiency 
improvements 


Value Perception Product technical 
functions 


Demands 
contrasted with 
the products 
launched 


Creation of new 
market 
conditions from 
the demands 
and technologies 
developed 


Value along all 
the production 
chain 


Value along all 
the production 
network 
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Value 
Proposition/ 
Offering 


Focus in product 
and new 
technologies 
discovery inside 
the company 
and launched in 
the market 


New products 
that can fit 
customer’s 
needs 


Attendance to 
market and 
technological 
requirements 


Links between 
actors in the 
product/ service 
development 


Networks 
integrated both 
horizontally and 
vertically 


Value Creation Value is created 
by innovative 
products and 
processes  


Sales represent 
value  


Integrate and 
parallel 
development 
represent value  


Value is created 
among suppliers, 
departments, 
customer  


Inter-
organizations, 
horizontally and 
vertically 


Source: Adapted from Rothwell (1994) and Randmaa et al. (2011) 


2.2 The nature of perceived value: add value to innovate or innovate to add value?  
Currently marketing management presents a more cohesive and integrated approach, where consumers, 
employees, competitors and society are important in building value. This approach comes from the 
development of economic and productive models. It has been motivated by changes in global behavior, 
generally understood as globalization, deregulation, technological advances, privatization, increased of 
the customer’s decision power, customization of goods, increased competition, convergent sector and the 
reduction or exclusion of intermediation in delivering products and services (Kotler & Keller, 2006, Porter, 
1985). 


The emergent use of new media communication and new points of contact with the consumer are also 
responsible for shortening the distance between people and nations around the world (Pinheiro & Gullo, 
2009). In addition to functional innovation related to technology, there is also the radical innovation of 
meanings, in which new proposals are released to the market beyond the identification and treatment of 
a particular consumer demand, extrapolating to a change in the way of interpretation of products (goods 
or services) and their interaction in the socio-cultural environment (Verganti, 2008).  


Zeithaml (1988) argued that customer value is any evaluation made by the customer of the product 
usefulness based on the perception of what is received and what is given. More than the models of the 
past century, today’s companies are searching to create value through innovation. The way, however, is 
not always clear and one-directional; identifying a gap on what is customer’s value, what is value to the 
customer and how adding value is related to innovation processes. 


In the perspective of Flint, Woodruff and Gardial (2002), customer value refers to the personal values that 
each client carries and therefore guides their consumption behavior. For companies, customer value 
represents how much each individual customer returns value (as financial values, brand value…) to the 
organization, compared to the investment made on it. As analyzed in the section about the evolution of 
production models, customer value has long been ignored and today some business-driven technology-
push strategies continue to preserve the focus on product technology, considering that the customer will 
appreciate the product anyway. 


Despite of the concept about customer value, there is the ‘value for the customer’, which is different. This 
means the value perceived by the customer and it is essential for marketing strategies, i.e., the demands 
that come from the market. To Randmaa et al. (2011), value is a mental concept, by the way, the 
perceiving of it is individual and related to its context. Thus value for the customer, specifically, is created 
throughout the relationships between the company and its customers in a multidimensional and 
individual way. Value can be shared or co-created through open innovation, strategic alliances etc., what 
puts the value concept in an iterative and continuous process. To add value for the customer, investments 
are necessary to provide a price increase justified by self-improvement within the various production 
stages (Beserra; Britto, 2008). At this point, innovations may arise from different dimensions. 
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Goldstein and Toledo (2001) considered the difference between value and quality, where quality is related 
to product characteristics and value comes from the characteristics of consumers and their needs in 
relation to the product and its situation of use. 


Mais et al. (2010) evaluate the company's inclusion in networks, which are larger and broader than those 
value chains by aggregating partnerships that go beyond the stage of product development. To the 
authors, participation in such networks shows an entrepreneurial profile, with the proposal to gain a 
competitive advantage over the competitors. 


According to Sánchez-Fernández and Iniesta-Bonillo (2007), in an one-dimensional approach (Figure 6), 
the perceived value is essentially designed from an utilitarian perspective, through one or more variables, 
basically referring to benefits and costs. In the multi-dimensional approach, otherwise, the authors explain 
that the perceived value is generated from attributes or interrelated dimensions, i.e., from a complex 
phenomenon. In this approach, the authors fit the concepts of hierarchy of value from Gardial Woodruffe 
(1996) together with the hedonic and utilitarian value, highlighting the researches of Holbrook (2006) 
about value types (Sánchez-Fernández; Iniesta-Bonillo, 2007). Both one-dimensional and multi-
dimensional approaches are presented in the Figure 5. 


 
Figure 5: Theoretical lines of research on perceived value. Source: Adapted of Sánchez-Fernández & Iniesta-Bonillo 
(2007) 


The analysis of value inside the one-dimensional and multidimensional proposes shows the need for 
further research into the conceptualization of perceived value. In particular, it is important to clarify the 
formative nature of the relationship between the multi-dimensional construct and its constituent 
dimensions, specially the role of value components, such as moral value and spiritual value in consumer 
behavior; the causal modeling in value compared to other variables (such as satisfaction, comparative 
value, commitment and loyalty); the dynamic nature of perceived value; the development of a 
measurement scale for comprehensive and effective concept. 


3 Conclusion 
This study aimed to build a conceptual overview about the evolution of the value concept, considering its 
economic, productive and management dimensions. Based on the review of a set of references collected, 
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it was possible to find out those different models, definitions and theoretical lines appeared over time to 
explain the value concept related to consumption and production processes.  


As presented by authors like Gudem et al. (2011), in this theoretical research was also a challenge 
understand the position of the tangible aspects of value, which came from traditional production models, 
and the intangible aspects that are involving all society, as considered by Kotler and Keller (2006), and the 
competition between industries, as showed by Porter (1985). 


The value concept has evolved specially since the 1980s, expanding from a one-dimensional perception to 
a multi-dimensional perception (utilitarian, hedonic and logical). The perspective provided by Lean 
Production System helped to the maximization of customer value inside the companies as well as 
changed the networks between suppliers, partners, and clients.  


Nowadays, the value concept has a different contextualization and is important to constitute new business 
models. Whereas the customer was forgotten in the past, today it has a central role for companies. The 
differences presented between customer value and value for the customers were highlighted in this paper 
to point out the changes in the business strategies and production modes and the ways companies are 
trying to build value relationships with their customers. 


As showed along the study, the inter-organizational networks are also relevant not just to transform 
products, but to put companies next to the customers and their requirements, potentials and context of 
life. The consumption has to be seen tangible and intangible, which means more difficulties in 
measurements and more competition between companies. The innovation processes have been planned 
to create and promote value. 


The research has the limitation of being based on a reduced number of studies, so it is not possible to 
apply the results and conclusions in general. Therefore, the conceptual and critical overview presented as 
an exploratory study could support specific case studies, applied in different organizations. Considering 
the context is an important factor to value concept, the networks provided by each company can be 
analyzed. The comparison among traditional productive models and the new fuzzy business model is 
significant to propose future measurement systems about innovation processes and value besides 
companies. There is a need for structured researches involving innovation processes to create value. 
Finally, innovation may be seen in the context of value creation not only in a financial way, but also in a 
co-creation process of value. 


References 
Ansolff, H. I. & McDonnell, E. J. (1993). Implantando a Administração Estratégica. 2 ed. São Paulo: Editora Atlas, 35-52.  
Bateman, T. S. Snell, S. A. (1998). Administração: Construindo Vantagem Competitiva. São Paulo: Atlas.  
Camp, R. C. (1998). Benchmarking: Identificando, Analisando e Adaptando as Melhores Práticas da Administração que 


Levam a Maximização da Performance Empresarial – o Caminho da Qualidade Total. 3 ed. São Paulo: 
Pioneira. 


Czinkota, M. R. et al. (2001). Marketing: as Melhores Práticas. Porto Alegre: Bookman. 
Davis, M. M., Aquilano, N. J.; Chase, R. B. (2001). Fundamentos da Administração da Produção. 3. Ed, Porto Alegre: 


Bookman. 
Flint, D. J., Woodruff, R. B. &  Gardial, S. F. (2002). Exploring the Phenomenon of Customers’ Desired Value Change in a 


Business-to-Business Context. Journal of Marketing, 66 (4), 102-117. 
Formoso, T. C. (2010). A Evolução Histórica da Gestão da Produção. Porto Alegre.  Notas de aula, 25 slides. 
Goldstein, C. S. & Toledo, G. L. (2001). Valor Percebido - A Ótica do Cliente e a Ótica do Fornecedor. Anais do Semead, 


5, São Paulo. 
Gudem, M., Steinert, M., Welo, T. & Leifer, L. (2011). Customer Value is Not a Number – Investigating the Value 


Concept in Lean Product Development. Proceedings of International Conference of Engineering Design, 
Technical University of Denmark.  


Hamel, G. (2007). The Future of Management. Boston, Mass: Harvard Business School Press. 
Hansen, M.T. & Birkinshaw, J.  (2007). The Innovation Value chain. Harvard Business Review, 85 (6), 121-130. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID230.10 
 


Kline, S. & Rosenberg, N. An Overview of Innovation. (1986). In: R. Landau; N. Rosenberg (eds.). The Positive Sum 
Strategy. National Academy Press, Washington, 275-306. 


Koskela, L. (2000). An Exploration Towards a Production Theory and its Application to Construction. Espoo, Finlândia: 
VTT, Ph.D. Thesis (VTT Publications 408). 


Kotler, P. & Keller, K. L. (2006). Administração de Marketing. (12 ed.) São Paulo: Prentice Hall. 
Levitt, T. (1990). A Imaginação de Marketing. São Paulo: Atlas. 
Lean Institute Brasil. (2011). Acessed in 21 de 01 de 2011, de Lean Institute Brasil: http://www.lean.org.br 
Mais, I., Carvalho, L. C., Amal, M. & Hoffmann, M. G. (2010). Importância das Redes nos Processos de Inovação e 


Internacionalização de Empresas de Base Tecnológica. Revista de Administração e Inovação, São Paulo, 7 (1), 
41-61. 


Matos, E. & Pires, D. (2006). Teorias Administrativas e Organização do Trabalho: de Taylor aos Dias Atuais, Influências 
no Setor da Saúde e na Enfermagem. Texto Contexto Enferm. Florianópolis. 


Monden, Y. (1993). Toyota Production System. New York: Chapman & Hall. 
Ohno; T. (1988). Toyota Production System: Beyond Large-Scale Production. New York: Productivity Press.  
Paula, I. C. (2004). Proposta de um Método para Execução do Processo de Desenvolvimento de Produtos 


Farmacêuticos. Porto Alegre: UFRGS. Tese (Doutorado em Engenharia), Escola de Engenharia, Universidade 
Federal do Rio Grande do Sul. 


Pinheiro, D. & Gullo, J. (2009). Comunicação Integrada de Marketing: Gestão dos Elementos de Comunicação: Suporte às 
Estratégias de Marketing e de Negócios da Empresa. 3 ed. São Paulo: Atlas. 


Porter, M. E. (1985). Competitive Advantage: Creating and Sustaining Competitive Performance. New York: Free Press.   
Pozo, H. (2010). Administração de Recursos Materiais e Patrimoniais: uma Abordagem Logística. 6 ed. São Paulo: Atlas. 
Randmaa, M., Mougaard, K., Howard, T. & McAloone, T. C. (2011). Rethinking Value: a Value-Centric Model of Product, 


Service and Business Development. Proceedings of International Conference of Engineering Design, Technical 
University of Denmark.  


Robbins, S. Coulter, M. (1998). Administração. 5 Ed. Rio de Janeiro. Prentice-Hall do Brasil, 21-37. 
Rothwell, R. (1994). Towards the Fifth-Generation Innovation Process. International Marketing Review, 11 (1), 7-31. 
Sánchez-Fernández, R. & Iniesta-Bonillo, M. A. (2007). The Concept of Perceived Value: a Systematic Review of the 


Research. Marketing Theory, 7 (4), 427-451. 
Scaffede, R. (2002). What It Takes to Turn Manufacturing Lean: the Experience of Donnelly Corporation. Journal of 


Organizational Excellence, 21 (4), 3-16. 
Schumpeter, J. A. (1982). Teoria do Desenvolvimento Econômico. Rio de Janeiro: Fundo de Cultura. 
Shank, J.K.; Govindarajan, V. (1993). Strategic Cost Management: the New Tool for Competitive Advantage. New York: 


The Free Press. 
Sierra, J. C. V. Rodrigues, L. C. & Coradini, C. (2010). Pensamento Schumpeteriano: uma Revisão no Contexto das 


Casas Bahia. SEMEAD, 13. – Seminários de Administração. 
Silva Neto, R. (2000). A Crescente Importância Econômica das Pequenas Empresas no Brasil a partir da Reestruturação 


Industrial. Vértices, 3 (1), 11-18.  
Simantob, M., Lippe, R. (2003). Desmistificando a Inovação para Inovar Sempre. Guia Valor Econômico de Inovação nas 


Empresas. São Paulo: Globo. 
Verganti, R. (2008). Design, Meanings, and Radical Innovation a Metamodel and a Research Agenda. Journal of 


Product Innovation Management, 25, 436-456. 
Stamm, B. (2011). The Future of Innovation – Beware of the Dark Side. International Conference of Engineering Design. 
Woodruff, R. B. & Gardial, S.  (1996). Know Your Customer: New Approaches to Understanding Customer Value and 


Satisfaction. [S.l.]: Blackwell Publishing.   
Zeithaml, V.A. (1988). Consumer Perceptions of Price, Quality, and Value: a Means-End Model and Synthesis of 


Evidence. Journal of Marketing, 52, 2-22. 








 


ID261.1 


Evaluating the Organizational Effectiveness with the Item 
Response Theory: a Case Study in Information and 
Communication Technology Companies 


Andréa Cristina Trierweiller*, Blênio César Severo Peixe*, Rafael Tezza+, Vera Lúcia Duarte do Valle Pereira*, Antonio 
Cezar Bornia*, Waldemar Pacheco Júnior*, Andreas Dittmar Weise#, Maurício José Ribeiro Rotta-,  


* Production Engineering Department, Federal University of Santa Catarina, Campus of Florianópolis, Zip Code 88040-900, Santa 
Catarina, Brazil 
+ Department of Business Administration, Santa Catarina State University, Florianópolis, SC, Brazil 
+ Federal University of Santa Maria 
# Production Engineering Department, Federal University of Santa Maria, Campus Camobi, Zip Code 97105-900, Santa Maria, Rio 
Grande do Sul, Brazil 
- Department of Engineering and Knowledge Management, Federal University of Santa Catarina, Campus of Florianópolis, Zip Code 
88040-970, Florianópolis, Santa Catarina, Brazil 


Email: andreatri@gmail.com, bleniocsp@gmail.com, rafaeltezza@yahoo.com.br, vera@floripa.com.br, cezar@deps.ufsc.br, 
pjr.w@hotmail.com, maurotta@gmail.com, mail@adweise.de 


Abstract 


The aim of this paper is to measure the effectiveness of the Information and Communication Technology 
organizations (ICT), from the managers’ point of view, using the Item Response Theory (IRT). This kind of organization 
is normally associated to complex, dynamic, and competitive environments, and is needed to verify its effectiveness. 
In academic literature, the concept of organizational effectiveness and its measurement is surrounded by 
disagreement. Based on the dimensions of effectiveness, a construct was elaborated: a questionnaire, which was 
submitted to evaluation of specialists. The results show, based on the degree of difficulty, that the manager tends to 
have greater agreement with concerns about innovation, items 11 (-2.653) and 14 (-3.149), respectively, than items 6 
(- 1.222) and 15 (-0.324), relating to society and the environment. The construct demonstrated itself to be feasible in 
measuring organizational effectiveness of ICT companies, from the managers’ point of view, using the Two-Parameter 
Logistic Model (2PLM) of the IRT. This model permits to evaluate the quality and property of each item placed within 
a single scale: items and respondents, which is not possible when using other similar tools. 


Keywords: information and communication technology companies; two-parameter logistic model; item response 
theory. 


1 Introduction 
Organizational effectiveness is the object of many studies in the organizational field. However, according 
to the technical literature, several authors disagree as to its concept and measure (Sowa et al., 2004; 
Cameron, 1980; 1986; Forbes, 1998; Goodman, Pennings, 1977; Katz; Kahn, 1966; Rainey; Steinbauer, 
1999), and others consider Organizational effectiveness evolving to a construct, containing many other 
concepts (Sowa et al., 2004; Goodman et al., 1983; Steers, 1977). 


The emergent concerns about organizational results can be considered the basis for the effectiveness 
construct, are presented in the work of Adam Smith in his famous publication, “The Wealth of Nations” 
(1776) and in Taylor’s Scientific Management (Cameron; Whetten, 1983). First, there is an interest 
regarding to the concept of efficiency and efficacy, to reach the concept of effectiveness. These terms may 
have differentiated scopes; Despite that, organizational effectiveness is still used in the field of efficiency 
and efficacy. 


The mission of an organization is a guiding element in a company’s strategic subject, which consists of a 
major target, and another targets derived from the external environment. “Organizational effectiveness 
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has always measured how successfully organizations achieve their missions through their core strategies” 
(Mccann, 2004, p. 43; Kushner, 2000, p. 11). In this way, organizational effectiveness, according to this 
article, are linked to Burke’s (2009), McCann’s (2004) and Kushner’s (2000), and related to the “business” 
(with or without the purpose of profit) in their environment. Consequently, the sensibility of the 
organizations to their operations environment is taken into account, representing the capacity to learn, 
adapt and answer to the market demands. The models for the analysis of the operational environment 
may be an adequate reference to evaluate the organizational effectiveness. Organizations are open 
systems in continuous interaction with their business environment. As stated by Bertalanffy (1998), a 
system is an entity which has the capacity to maintain a certain level of organization in the face of internal 
or external changes, composed of a set of elements which interact with each other according to 
determined laws in order to attain a specific objective. 


The actual scenario, highly competitive, forces the companies to seek alternatives to improving 
productivity and their survival. The internal functionality may influence effectiveness, since it is not 
necessarily conducive to answering market demands. In this investigation, effectiveness is emphasized to 
be aligned to the Geus (1998): “living company” concept, in terms for the sensibility of the organization 
with respect to its environmental performance, representing the company’s capacity to learn and to 
adapt, and as such, to respond to market demands. The aim of this paper is to measure the effectiveness 
of the organizations Information and Communication Technology (ICT) from the point of view of the 
manager, using Item Response Theory (IRT). This is necessary to verify the effectiveness of the  
organizations, which are normally associated with complex, dynamics and competitive environments. The 
literature concerning ICT companies shows that the new organizational designs constitute mechanisms 
that are really important to economic growth, especially in developing countries where technological 
knowledge tends to be less fostered.  


The IRT is a set of mathematical models utilized to express the association between an individual’s 
response to an item and the underlying latent variable (many times called the “ability” or “latent trait”) 
through a set of items. In general, IRT models measure latent traits, characteristics that cannot be directly 
measured, grouping a set of items and constructing a scale in which the respondents’ respective latent 
traits can be compared with each item’s difficulty (Mellenbergh, 1994, Hambleton, 2000, De Ayala, 2009).  


The Item Response Theory is a tool widely used in educational and psychological field(de AYALA, 2009), 
and has been applied in several areas: Medicine (Roos; Meares, 1998; Vidotto et al., 2006; Das; Hammer, 
2005); Marketing (Bayley, 2001; Singh, 2004); Services (Costa, 2001); Total Quality Management (Alexandre 
et al., 2002); Information Systems (Tezza, Bornia, Andrade, 2011); Environmental Management (Trierweiller 
et al., 2012); Genetics (Tavares, Andrade, Pereira, 2004). The IRT is a set of mathematical models that seeks 
to measure latent traits through a set of items and the construction of a scale, on the scale of the latent 
trait of the respondent and the difficulty of an item can be compared (Mellenbergh, 1994, Hambleton, 
2000, Embretson; Reise, 2000). In this sense, the use of IRT allows: (a) to analyse items and scales, (b) to 
create and administer measures, and (c) to measure individuals or organizations in a construct (latent 
trait) of interest. The IRT is supported primarily by three reasons: (a) response function of an item, (b) 
information function and (c) invariance (Reise et. al., 2005).  


The contribution of this study is to create of a single scale on which managers are able to interpret the 
scale values and, consequently, to understand the meaning of achieve a certain level of organizational 
effectiveness. The managers are able to visualize the principal features of the current level of 
organizational effectiveness, and to define the actions required to improve this current level.  


This article presents the following structure: Methodological Procedures, Item Response Theory, 
Organizational Effectiveness, Results and Discussion, Conclusion, and References. 
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2 Methodological Procedures 
The questionnaire was sent to all the associated companies registered in the principal entities which 
congregate organizations of this sector: ACATE – Santa Catarina Technology Companies Association; 
ASSESPRO – Association for Brazilian Information and Technology Companies and CELTA – Business 
Center for Elaborating Advanced Technologies. Information and Communication Technology companies, 
or “ICT”, are originated from the computer and telecommunications industry. This industry began its initial 
production of microcomputers in the 1970s; continued predominant microcomputer production in the 
1980s; and gained strong expansion in the 1990s in large part to the World Wide Web, which connects 
the current global and installed base of computers (Forumcat, 2008, Abreu et al, 2008). 


Organizational effectiveness is a concept related to the General Theory of Systems according to which a 
system can achieve the same result as an outcome by using any one path in a range of different paths: 
equifinality (Von Bertalanffy, 1968). Because an organization is an open system, since it influences 
environment and is influenced by this same environment, it is assumed that its processes can be 
differentiated to achieve effectiveness.  


The models to analyse organizational performance environments are innumerous. In order to perform 
such analysis, managers may adopt one or a mixture of these to prospect scenarios. Among them are 
Porter’s five forces (1980), Porter’s diamond (1990), Gunther’s competition cycles (1995); and SWOT 
Analysis as conceived by Humphrey, which corresponds to Strengths, Weaknesses, Opportunities, and 
Threats (Kotler, Armstrong, 1998). For the purposes of this article, the Pestel model (Johnson et al., 2007) 
provides macro-environmental analysis in considering six factors: (1) Political, (2) Economic, (3) Social, (4) 
Technological, (5) Environmental, and (6) Legal. However, one must also consider the environment of the 
task, and to this end, was used the classification of Daft (2008): (1) Competitors, (2) Customers, (3) 
Suppliers, (4) Customers/Users, (5) Partners and (6) Regulators. 


The methodological procedures are presented in Figure 1: (1) It was made a bibliographic survey seeking 
to conceptualize effectiveness and organizational structure, identifying possible constituents of these 
dimensions; (2) Related the effectiveness constituents in order to elaborate on an construct applicable to 
the scope of the study, with specialists participation; (3) Critically it was evaluated the construct, seeking 
to adjust it to the criteria for investigation, based on specialists; (4) Structure the evaluation questionnaire, 
based on relationships identified among its elements, with posterior primary evaluation, seeking to verify 
its applicability; and (5) Apply the questionnaire to the defined sample (Figure 1): 


 


 


 


 


 


 


 


 


 


 


 


Figure 1. Methodological procedures. Source: The authors. 


The questionnaire presents the items, as shown in Table 1, submitted to ICT company managers. Initially, 
the questionnaire presented a Likert scale and contained five response categories: SD (Strongly Disagree); 
D (Disagree); NA/ND (Neither Agree Nor Disagree); A (Agree); and SA (Strongly Agree). However, after 
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treating the data with the IRT – due to the low frequency of responses in the categories and considering 
the number of observations (merely 80 managers) – the responses were grouped into two categories: into 
category 1 called Agree (A-Agree and SA-Strongly Agree) and into category 2 Disagree (SD-Strongly 
Disagree; D-Disagree; NA/ND-Neither Agree Nor Disagree). 


Table 1: Items of the questionnaire submitted to managers. 


Numbers Items 
1 The company follows formalized Strategic Planning. 
2 The company’s market competition is elevated. 
3 The company possesses a great variety of clients. 
4 The market where the company acts is diversified. 
5 The company possesses product diversification. 
6 The company takes society into consideration when planning its actions. 
7 The company analyses its independence with respect to suppliers. 
8 The company analyses the dynamic of the economy in planning its actions. 
9 The company considers the influence of regulamentory group performance on its actions. 
10 Technology is a fundamental variable in company planning 
11 The company evaluates its cycle of life and innovation to its products per market demands. 
12 The company stimulates partnership policies with other companies in order to attain strategic 


collaboration. 
13 The company evaluates its market image. 
14 Innovation is a strategic focus for the company. 
15 The company evaluates the possible environmental/ecological impact of its actions. 
16 The political scenario is analysed as to its influence in company actions. 
Source: The authors 2011 


As to the definition of the sample, there was a certain difficulty in identifying the universe of companies in 
the ICT segment to be examined in this study.  This same challenge was pointed out the ICT Chain 
Mapping Report of Santa Catarina (Relatório do Mapeamento da Cadeia de TIC/SC) (Abreu et al., 2008, p. 
8-9), in which nearly 8000 companies of the sector were identified as the universe of this statewide 
industry. However, after analysis from ASSESPRO – the Association for Brazilian Information and 
Technology Companies (Associação das Empresas Brasileiras de Tecnologia da Informação) – this number 
was reduced to approximately 4000 companies, classified as follows: software (development and 
consulting), or hardware (sale of equipment /computing material and maintenance). This number was 
reduced at stage following the report through elimination from data inconsistencies. For example the 
Brazilian National Registry of Legal Entities (Cadastro Nacional da Pessoa Jurídica – CNPJ) showed 
duplicate registries involved in this study, leaving 1300 companies. However, after a simple company data 
confirmation via telephone, there was another reduction to 550 companies. The questionnaire was sent 
to these companies (managers) and only 80 responded (14.55% rate of return).  


Data analysis was performed using the software R (R Development Core Team, 2008) and Bilog MG 
(Zimowski et al., 1996). O software R was used for the analysis of dimensionality and MG Bilog software 
was used to estimate the parameters of the items based on item response theory. 


3 Item Response Theory 
The mathematical models of the IRT estimate item and respondent parameters in order to establish a 
quantitative measurement scale. To estimate these parameters, one defines a set of variables which 
cannot be measured directly, but express a theoretical concept defined by "construct" or "latent traits", 
such as the "environmental management performance" to be answered for a sample of manufacturers 
located in Brazil. The Item Response Theory is a powerful tool that enables the construction of scales from 
a set of items via mathematical models (Embretson, Reise, 2000, Hambleton et al., 1991). 


The IRT provides mathematical models for the latent traits, proposing forms of representing the 
relationship between the probability of a respondent to give a certain response to an item, and it’s latent 
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trait and items characteristics (parameters) in the knowledge field studied. A major advantage of IRT is the 
principle of invariance, i.e., the item parameters do not depend on the respondent’s latent traits, and the 
individual’s parameters do not depend on the items presented. Other advantages include the possibility 
of comparing the latent traits of individuals of different populations when they are submitted to tests or 
questionnaires that have certain common items. It also allows for the comparison of individuals the same 
population submitted to totally different tests. Lastly, this is possible because the IRT has the items as its 
central elements (Bortolotti et al., 2012). 


For Reckase (1997), an advantage of IRT, for other tools intended for measuring the latent trait, i.e., the 
Classic Test Theory (CTT) that the first seal characteristics of the item and their combinations in a test as a 
whole. CTT assumes that the test has already been built and be alert to the score, i.e., the individual: IRT 
focus item, TCT focus score. Hays et al. (2000), this advantage allows the creation of a scale in which 
respondents and items are allocated on the same continuum. One of the limitations of CTT is that the 
proficiency of the respondents and the difficulty of the items cannot be estimated separately. 
Furthermore, in the CTT is generated only an estimated reliability and standard error of the measurements 
corresponding, In IRT, each item is handled individually and has a specific error for each item. 


In general, the IRT models are presented using a logistic function. The more general model for analysis of 
unidimensional items with dichotomous response is the 3-parameter logistic model: 
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Source: Author's 3-parameter logistic model (Birnbaum, 1968). 


[1] Where: 
- P(Uij=1/θj) represents the probability of a positive response. 


- θj represents the level of the latent trait. In this case, environmental management 
performance of industrials. 


- bi represents the difficulty of item i at a certain scale and represents the value of latent 
variable θ, In which there is 0.5 ou 1+ci)/2 probability of the individual j choosing the answer 
represented by U =1.  


- The coefficient ai is the discrimination parameter of item i, proportional to the slope of the 
Item Characteristic Curve – ICC at point bi.  


- The parameter ci represents the probability of a hit casual. 
During the analysis process, it created a scale related to the latent trait, with mean zero and standard 
deviation one, the parameters of the items are estimated (a, b, c). In the estimates are generated 
Characteristic Curves of the Items (CCI), in these curves we can see the probability of hitting the item 
depending on the skill of the respondent (θ). Figure 2 illustrates the CCI of two hypothetic items. 


 


 


 


 


 


 


 
Figure 2. Characteristic Curves of the Items (CCI). Source: Tezza, Bornia, Andrade (2011) 
 


The y-axis represents the values of the probability function Pi(θ)) ranging from zero to one. The x-axis 
shows the scale of ability (θ) generated by IRT. On this scale, the items and respondents are positioned. 
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Thus, it is possible to compare the performances of the respondents and the quality of items vertically 
and longitudinally. The Figure 2 shows that the item "A" requires a greater proficiency in relation to 
item"B". Thus, an individual with ability (θ) equal to -0.5 has a 50% probability of getting the item "B" and 
4% probability of hitting the item "A". 


With IRT the respondents and items are located on the same scale (metric). The responses given by a 
group of respondents to a measuring instrument is used for the estimation of the items and the 
respondents in this same scale. For an item to be useful, it must be able to differentiate between 
respondents located in different points along the scale. Respondents are characterized by their position 
on the latent variable and items are characterized according to their position and capacity to discriminate 
between respondents (de Ayala 2009). 


According Bortolotti et al. (2012) several IRT models were developed and the main distinction between 
these models refers to the assumption about the relation between the answer choices of a question and 
the level of the latent trait. There are two types of response processes, the cumulative one and the 
unfolding one. Cumulative and unfolding models were developed for dichotomous or binary data and 
polytomous, nominal or graded, parametric and non-parametric models and unidimensional and 
multidimensional models. Cumulative IRT models are built on the notion in which the probability of an 
individual giving or choosing an affirmative answer to an item increases as his latent trait increases, i.e., 
higher levels of latent trait lead to a higher probability of affirmative answers, resulting in a monotonic 
behavior in the CCI. Among the cumulative IRT models for items with dichotomous responses: corrected 
as right/wrong (the case of this study). Three models are presented: the 1-parameter logistic model 
referred as the Rasch model (1PL), the 2-parameter logistic model (2PL) and the 3-parameter logistic 
model (3PL). One of the most widely used IRT models for items with dichotomous and cumulative 
responses is the two-parameter logistic model (2PLM) developed by Birnbaum (1968) and based on Lord 
(1952), which is represented by the following equation. 
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           Equation [2] 


In this model, bi is the difficulty parameter of item i, represented on the same scale as the latent trait θj, 
and ai is the discrimination (or inclination) parameter of item i. Usually, b is represented on a scale with 
mean zero and standard deviation one. The Item Characteristic Curve (ICC) represents the P(θj, ai, bi) 
relationship with respect to the probability of a certain response to an item, the respondent’s latent traits 
and the item’s parameters (Santor et al., 1994). 


The majority of IRT models, including the two parameter logistics model, are based on the assumption 
that the items measure a single latent and continuous value θ, varying from - ∞ to + ∞, or rather, that 
presumes uni-dimensionality of the construct.  


For Reckase (2009), one advantage of the IRT in the face of other tools destined to measure latent traits 
such as the Classical Test Theory (CTT), is that IRT focuses of an item’s characteristics and their 
combinations within the test as a whole. CTT assumes that the test is already constructed and focuses on 
the score, in other words on the individual. This leaves the IRT focusing on the items and the CTT focusing 
on the score. For Hays et al. (2000), this advantage permits the creation of a scale in which responding 
parties and items are allocated on the same continuum. One of the CTT’s limitations is the proficiency of 
the respondents and the difficulty of the items which cannot be separately estimated. Beyond this, merely 
one reliability estimate is generated at a standard deviation from corresponding measurements in the 
CTT, while each item in the IRT is treated individually and possesses a specific error for each separately. In 
general, IRT models are presented by means of a logistic function. 


The majority of IRT models, including the two parameter logistics model, are based on the assumption 
that the items are measuring a single and continuous latent variable θ varying from - ∞ to + ∞, or rather, 
they suppose uni-dimensionality of the construct.  
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The uni-dimensionality of a scale may be evaluated through carrying out factorial analysis. The factorial 
analysis most found in literature is exploratory and confirmatory. However, in dichotomous responses, 
such approaches present some mathematical limitations resolved with the approach described by Bock, 
Aitkin (1981) and Bock, Gibbons, Muraki (1988), in which treatment of dichotomous items and estimated 
weights of the factors are carried out through a technique denominated full information factorial analysis, 
based on the item response theory. According to Reeve (2002) assuming uni-dimensionality can be 
examining, comparing the relationship between the first and second eigenvalue in the tetrachoric 
correlations matrix. This indicator demonstrates the strength of the first dimension of the data. According 
to Reckase (1979), if the first factor explains 20% or more of the variance of the set, one can assume uni-
dimensionality. The dimensionality of a set of data may also be verified through tests such as variance 
analysis (Anova), Chi-squared, and the Akaide information criteria, among others (Chalmers, 2011). 


Another basic assumption of the IRT is local independence, which signifies that if the level of the trait is 
maintained constant, there should not be any association between the responses of the items (Thissen, 
Steinberg, 1988). The lack of any of these two assumptions may generate unstable and inconsistent 
estimates. 


4 Organizational Effectiveness 
Organizational effectiveness has been the subject of many studies prior to this one. However, one quickly 
notes that innumerous authors declare disagreement surrounding the concept itself and its measurement: 
Sowa et al., 2004, Cameron, 1980, Banner, Gagné, 1995, Forbes, 1998, Goodman, Pennings, 1977, Katz; 
Kahn, 1966; Brunet et al., 1991, Rainey, Steinbauer, 1999. The examples of Sowa et al. (2004), Thibodeaux 
and Favilla (1996), Goodman et al. (1983) show that organizational effectiveness integrates innumerous 
others concepts and has evolved into a construct. 


There is a proliferation of studies on ideal organizational types, but the conflict concerning such an ideal 
has given origin to a “contingency model.” There are many authors worthy of highlight for such an 
approach, such as Burns and Stalker (1961), Lawrence and Lorsch (1967), Van de Ven and Ferry (1980). In 
their view effectiveness evaluations differ according to environmental circumstances. Under such a 
perspective, effectiveness depends then on correspondence among an organization’s attributes and its 
environmental conditions, thus deserving the denomination of contingency approach. The Table 2 
presents a summary of the historical considerations of the concept of organizational effectiveness. 


The organizational effectiveness, in this article is aligned to (Burke, 2009, Mccann, 2004, Kushner, 2000) 
and it is related to the "business" and it is considered in terms of the sensitivity of the organization in 
relation to its business environment, representing the ability to learn, adapt and respond to market 
demands. The mission of an organization is an element to guide their strategic issues; it is a larger goal, 
from which all other goals are derived. However, in the literature there is discordance between the 
concept of organizational effectiveness and its measurement.  


Radner (1992) affirms that being effective signifies possessing the competency to outline and implement 
good strategies. For Marinho and Façanha (2001, p. 6) statement: “Organizations are effective when their 
decisive criteria and their achievements point to permanence, structure true objectives, and construct 
trustworthy rules of conduct endowed with credibility towards those who make up the organization and 
their performance environment.” McCann (2004, p. 43) says: “Organizational effectiveness has always 
measured how successfully organizations achieve their missions through their core strategies.” Kushner 
(2000, p. 11) explains “We define organizational effectiveness as continued success in carrying out an 
organization’s mission,” while for Burke (2009), non-profitable organizational effectiveness is evaluated by 
the ability to complete one’s socially defined mission. In this article, organizational effectiveness is taken 
to signify “doing the right thing over time,” with results corresponding to guaranteeing the business, it 
represents the capacity to learn and adapt and respond to market demands. The mission of an 
organization is its guiding principle in answering strategic questions. It deals with a greater goal for the 
organization, to which all others are tied in their existence in the external environment, demonstrating the 
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strategic scope inherent to the concept of effectiveness. Organizational effectiveness depends upon how 
organizations orient themselves with respect to external environment forces (Kast, Rosenzweig, 1972, 
Katz, Kahn, 1966). 


Table 2: Historic background on organizational effectiveness.   


History of organizational effectiveness 
Authors and their time Perception of Organizational Effectiveness 
1950 decade  
Selznick (1948) 


 
Besides the organization conceived in terms of the reach of targets, considered its 
internal system and its relation with the environment.  


Bronowski (1959) Personal satisfaction and effectiveness are related: to the extent where satisfaction 
increases, effectiveness increases as well.  


1960 decade  
Burns and Stalker (1961) 


 
The systemic thought offers the basis for several new perspectives such as the 
Theory of Contingency, where the importance of the adjustment between strategy 
and structure is highlighted as a determinant of performance.  


Seashore (1962) An effective organization is one which is concerned with the dependence on 
resources.  


Argyris (1964) Founded on the problem of integration between individual and organization.  
Katz and Khan (1966) Organization is an open dynamic system.  
1970 decade 
Goodman and Pennings 
(1977) 


 
Organization is effective if the demands composing each of its components are 
satisfied.  


Campbell (1977) The criteria of effectiveness are a political process.  
Pfeffer and Salancick (1978) The organizations become effective by the existence of interdependence amongst 


the resources and by answering to the needs of the groups that control these 
resources.  


Reddin (1979) The organizations have cycles of life similar to that of the human being, an effective 
organization is the one capable of making adaptations amidst the environment 
changes.  


1980 decade 
Weick and Daft (1983) 


 
It depends on the capacity of the top managers to understand and interpret the 
messages given by the workers and by the organizational environment where they 
develop their tasks, as well as the perspicacity to detect and recognise the limits of 
their actions in this environment.  


Quinn and Rohrbaugh 
(1983) 


The scientific studies turn to the generation of models, for example, the Competing 
Value Framework. 


1990 decade  
Brunet et al. (1991)  


 
Investigations have been observed with regards to the construct of organizational 
effectiveness Defining organizational effectiveness in a way that it can be universally 
accepted is a difficult task.  


Banner and Gagné (1995)  The theme organizational effectiveness is surrounded by ambiguity and confusion. 
Thibodeaux and Favilla 
(1996) 


A universal theory about the subject still hasn’t been developed.  


First decade of 2000  
Lusthaus et al. (2002) 


 
Organizational effectiveness is defined as an extension where an organization is 
capable of achieving their targets. Related to pioneer studies (Theory of Targets), 
despite being criticized for its simplicity, it is still used.  


Selden and Sandfort (2004) They study effectiveness in organizations without purposes of profit.  
Moraes (2007) The term effectiveness is not a consensus among scholars but it has suffered 


development.  
Balduck and Buelens (2008) They review the concept of effectiveness and investigate the distinct characteristics 


between effective and non-effective organizations.  
Burke (2009) Effectiveness in organizations without purposes of profit is evaluated by the capacity 


to accomplish their mission, socially defined.  
Source: The authors 2011 
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For Balduck and Buelens (2008) organizational effectiveness is one of the basic constructs of 
organizational theory. These authors look to Goodman and Pennings (1977) to affirm that effectiveness is 
central to studying organizational analysis and organization theory must include the study of this 
construct, even with the controversy over what it constitutes and how it should be measured. Evaluating 
effectiveness is based observing the concepts that compose it (Matitz, 2008). Organizations possess 
multiple objectives to be attained, considering their limited resources and conflicts of interests among the 
groups that compose them, demonstrating a lack of consensus among academics both with respect to 
the concept of effectiveness and to criteria for its evaluation, even with incessant research towards these 
questions (Georgopoulos, Tannenbaum, 1957, Katz, Kahn, 1966, Cameron, 2005, Carvalho, Gomes, 2002).  


One must consider the concern for stakeholders’ demands and the necessary adaptation on the part of 
organizations in responding to such demands. The focus is on transactions beyond organizational 
boundaries and their interactions with multiple constituents (Goodman, Pennings, 1977, Connolly et al., 
1980, Tsui, 1990). In this article a contingency focus is adopted for how environmental factors affect 
organizational effectiveness. The constituent under analysis is the manager and his/her perception with 
respect to the effectiveness of the organization of which he/she is part. 


In order to do so, the Item Response Theory (IRT) is used towards the objective of measuring 
organizational effectiveness in Information and Communication Technology (ICT) companies from a 
managers’ perspective. 


5 Results and Discussion 
Table 4 shows the parameters estimated for the 16 items based on a sample of 80 managers of ICT 
companies in a scale with zero mean standard deviation 1. It is observed that the ordering of items 
according to the degree of difficulty is represented by the parameter b. 


According to Hair et al. (2009), in the factorial analysis model, each of the variables can be defined as a 
linear combination of the common factors which will explain the portion of the variance of each variable, 
but a deviation which sums up the portion of the total unexplained variance from these factors. The 
portion explained through common factors has been called commonality. Commonalities may vary from 0 
to 1, with values close to 0 indicating that common factors do not explain the variance and values close to 
1 indicate that all the variances are explained through common factors. 


Full-information factor analysis (Bock et al., 1988) with the R Software (R Development Core Team, 2011) 
was used to verify the dimensionality of the construct. The Reckase (1979) limit of 20% of the total 
variance was used to assess the unidimensionality of the construct. 


The results of full information factor analysis may be visualized in Table 3. This analysis showed that the 
first factor is responsible for 21.3% of the variance explained in the model and the correlation for the 
factors is 42%. One may verify that, from a statistical point of view the majority of the items are strongly 
characterized from Factor 1, with the exception of items 2 (The company’s market competition is 
elevated), 3 (The company possesses a great variety of clients) and 4 (The market where the company acts 
is diversified). These items were initially elaborated with the objective of better understanding the profile 
of those who responded with respect to their market. As has been stated, given the scenario of analyzed 
TIC companies, this can occur through the fact of managers being geared to the local, regional, and 
national market and their concern has become directed to more specific economic questions referring to 
the internal market from a national approach. 


The IRT analysis was performed with BILOG-MG® software. This software, developed by Scientific 
Software, Inc. (Mislevy and Bock, 1990) is one of the most popular IRT programs. The IRT model used was 
the two-parameter logistic model (2PLM) (Eq. (1)). The BILOG-MG® program performs the analysis in 
three phases distinguished by the type of tasks performed in each phase (Tezza, Bornia, Andrade, 2011). 
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In phase 1, some basic statistics from classical testing theory are calculated for each item. These statistics 
include the percentage of positive responses and the biserial correlation. This phase provides a 
preliminary evaluation of the items. In phase 2, the constructed items are calibrated. The calibration of the 
items yields statistical estimates of the item parameters. According to Embretson and Reise (2000), the 
results of this phase and the next phase are directly influenced by model choice and, consequently, by the 
number of parameters, the number of items and the sample size. Phase 3 includes the estimation of the 
Organizational Effectiveness Level of each company analysed, it is estimated from the results obtained in 
the previous phase. BILOG MG® also provides informative graphs. These graphs include characteristic 
curves and information curves for each item as well as the total information curve for the test. Through 
this analysis and according to Reckase (1979), the construct may be considered unidimensional, fulfilling 
one of the principle assumptions in utilizing the two parameter logistics model. 


Table 3: Full information factorial analysis and 16 item promax rotation  


Items Factor 1 Factor 2 Commonality 


1 0.808 -0.243 0.546 


2 0.107 0.303 0.130 


3 -0.070 0.749 0.522 


4 -0.111 0.985 0.890 


5 0.554 0.305 0.542 


6 0.308 0.040 0.107 


7 0.610 0.043 0.396 


8 0.486 0.261 0.411 


9 0.516 0.012 0.272 


10 0.126 0.019 0.018 


11 0.448 -0.082 0.176 


12 0.253 0.285 0.206 


13 0.429 -0.064 0.165 


14 0.550 0.157 0.399 


15 0.376 -0.192 0.118 


16 0.383 -0.379 0.168 
Source: The authors 2011 


A more rigorous statistical analysis of dimensionality utilizing variance analysis (Anova) showed that at a 
5% significance level the unidimensionality was at its limit, which reinforces the question that any 
statistical analysis must be supported by the theoretical construct and the view of management practices 
in the ITC sector, considering the characteristics (macro and micro factors) upon utilizing models to the 
tune of the contingency theory.   


Table 4 shows the parameters estimated for the 16 items based on a sample of 80 managers of ICT 
companies in a scale with zero mean standard deviation 1. It is observed that the ordering of items 
according to the degree of difficulty is represented by the parameter b. 


In practical terms, based on the parameter b, is more likely that a manager who has a perception of 
effectiveness of your business around -2.000, agrees with the items 10 (-4.199) 14 (-3.149) 11 (-2.653) and 
08 (-2.632). It is likely that he does not agree with the other items once they are above their perceived 
degree of effectiveness. Item 10 has a lower degree of difficulty that the item 13 (-1.746), because the 
item 10 is related to technology, A subject that is inherent in ICT companies (Information and 
Communication Technology), while item 13 “The company evaluates its market image” seems not to be 
the focus of concern manager, which justifies the position of items. 
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Still based on the degree of difficulty, it appears that the manager tends to have greater agreement with 
concerns about innovation, items 11 (-2.653) and 14 (-3.149), respectively, than items 6 (- 1.222) and 15 (-
0.324), relating to society and the environment. 


Regarding the analysis of the latent trait (degree of effectiveness of the company based on the perception 
of the manager), as Table 5 show that, when selecting managers who responded to all 16 items, for 
example, the manager G13 and G20, observed that the degree of proficiency or effectiveness of these 
respondents is different, even if they agreed with 10 items, whereas the agreement took place on different 
items. The G20 has a higher proficiency (higher degree of effectiveness) than the G13. This feature proves 
an advantage of Item Response Theory (IRT) in comparison to the Classical Test Theory (CTT), because it 
was considered the assumptions of TCT, the conclusion is that they have the same score, because the TCT 
is not positioned item and respondent on the same scale. 


Table 4: Parameters of the items 


 a b 
Item 10 0.821 -4.199 
Item 14 1.024 -3.149 
Item 11 0.679 -2.653 
Item 08 0.863 -2.632 
Item 07 0.643 -1.899 
Item 13 0.710 -1.746 
Item 12 0.867 -1.736 
Item 02 1.025 -1.648 
Item 09 1.092 -1.255 
Item 06 0.777 -1.222 
Item 01 0.930 -1.101 
Item 03 1.166 -1.081 
Item 16 0.793 -0.596 
Item 04 0.913 -0.365 
Item 15 0.841 -0.324 
Item 05 0.941 0.003 
Source: The authors 2011 


Table 5: Estimates of the degree of effectiveness for some respondents 


Manager 
Num. Items 
Responded 


Items Responded 
Positively 


% 
Correct 


Level of 
Organizational 
Effectiveness 


Standard 
Error 


Items in Agreement 


G1 16 7 43.75 -1.326 0.520 2;8;9;10;12;13;16 


G2 16 8 50.00 -1.245 0.522 6;7;8;10;11;12;14;16 


G3 16 15 93.75 1.064 0.676 
1;2;3;4;5;6;7;8;9;10;11;12;1
4;15;16 


G13 16 10 62.50 -0.776 0.544 1;2;6;7;8;10;11;12;13;16 


G20 16 10 62.50 -0.459 0.546 1;2;3;8;9;10;11;12;13;14 
Source: The authors 2011 


In a practical situation, it is possible to compare companies in terms of Organizational Effectiveness to 
perform a type of benchmarking. Moreover, the examination of the company's position on the scale can 
identify groups of concepts that dominate the company’s performance and concepts that need 
improvement. 


6 Conclusion 
Based on the results obtained, one can verify the viability of measuring the organizational effectiveness of 
ICT companies from the perspective of management using the IRT. The IRT presented several advantages 
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with respect to selecting items which made up the questionnaire as it permits quality and property 
evaluations for each individual item involved in the study and places items and responses within a single 
scale, going beyond the limitations of other analysis tools. The study carried out herein showed itself to 
be particularly useful in evaluating individual constructs that are otherwise difficult to observe and extract, 
such as management perceptions of organizational effectiveness. One must highlight that due to the fact 
of utilizing the IRT, there is also the advantage of providing internal information from the items, which 
permits a verification concerning the positioning of the company’s degree of effectiveness. For example, 
the item 10 has a lower degree of difficulty that the item 13 (-1.746), because the item 10 is related to 
technology, an issue inherent in this sector (Information and Communication Technology companies), 
while item 13, referring to the image of company in the market seems not to be the focus of concern 
manager, which justifies the position of items.  


Measuring effectiveness among Information and Communication Technology companies also proved to 
be viable with the utilization of the Item Response Theory and the Samejima Graded Response Model 
(GRM) de Samejima (1969), according to a study of Trierweiller et al. (2011). 


One advantage of Item Response Theory in comparison to the classical theory of tests is that the Item 
Response Theory allows estimating the degree of organizational effectiveness based on a scale, Table 5 
shows that, when selecting managers who responded to all 16 items, for example, the manager G13 and 
G20 observed that the degree of proficiency or effectiveness of these respondents is different, even if they 
agreed with 10 items, whereas the agreement took place on different items. The G20 has a higher 
proficiency (higher degree of effectiveness) than the G13. This feature proves an advantage of Item 
Response Theory (IRT) in comparison to the Classical Test Theory (CTT), because it was considered the 
assumptions of CTT, the conclusion is that they have the same score, because the CTT is not positioned 
item and respondent on the same scale. 


As to the limitations of the organizational effectiveness questionnaire, presented in Table 1 of this article, 
it is suggested the construction of a greater number of items as well as submitting them to a larger 
sample of management respondents. After amplifying the instrument, it is suggested that it applied to 
other stakeholders as well as ICT companies from other regions of Brazil in order to perfect the 
instrument, seeking greater representation of the segment analyzed. 


Finally, this article does not present a definitive tool for application, since more items are necessary to 
increase its survey, including the consideration of other regions in Brazil and other countries.  


It would also be interesting to build a computerized adaptive test (CAT) for the respondent (manager) – 
the end of the questionnaire – get, immediately, the degree of effectiveness of your company. As such, a 
greater reach of the instrument should be considered with the objective to contribute to business 
management in the ICT sector through measuring the effectiveness of these organizations. 
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Abstract 


This work proposes a bootstrapped neural network prediction model in order to estimate the biodegradation of a dye 


usually applied in textile industrial process. The bootstrapped neural network is used to generate designed data sets 


to improve the value of statistical information by estimating the underlying relationship between the input and 


output spaces, in an intrinsic experiment applied to the chemical process. Peseudomonas oleovorans was used in 


biodegradation of reactive Black 5. Results show a brief comparison between the information estimated by the 


proposed approach and the experimental data, with a remarkable coefficient of correlation between real and 


predicted values for the biodegradation rate, of above 0.99. Dye concentration and pH had not interference on 


biodegradation index values. A value above 90% of biodegradation of Blue Remazol is achieved at 1.000-1.841 mL/10 


mL of microorganism concentration and 1.000-2.000 g/100 mL of glucose concentration, on the experimental 


condition studied. 


Keywords: bootstrap; neural network; textile dye; biodegradation; simulation. 


1 Introduction 


The treatment of effluents on the textile industries has become a very important problem. There are over 


than 100,000 commercially available dyes with more than 7 x10
7
 tons of dyestuff produced annually 


worldwide (Robinson et al. 2001; Akhtar et al. 2005). These dyes are widely used in a number of industries, 


such as textiles, food, cosmetics and paper printing, with the textile industry being the largest consumer 


of dyes (Pandey et al. 2007).  


In Brazil, there are 5,000 textile industries distributed like this: 11% are large companies; 21% are small 


companies; and 68% are micro companies. The Brazilian textile sector occupies the 5th place in direct jobs 


and the 6th in turnover. The production of dye in Brazil reaches 26,500 per year (Ulson de Souza et al. 


2007; Silveira et al. 2009b). Moreover, it is estimated that in the coloring process, at least 20% of textile 


dyes are discharges into effluents, due to the losses during the process for fixing the colors to the fibers.  


Removing these components from industrial waste is one of the major environmental problems faced by 


the textile sector, and the non-treatment of these effluents may cause serious risks to the environment 


and, consequently, to the whole productive chain. Therefore, the development of effluent treatment 


technologies has been a aim of the great interest in present time due to the increase environment 


conscience and severe law. Also, the companies, at implementing the new and efficient system of effluent 


treatment, show a proactive and compromised posture facing the environmental problems by measuring 


and eliminating its negative externalities, not causing impacts coming from its production process; at 


becoming sustainable there is no water consumption and discharge of polluting effluent.  


Due to this growing uneasiness, many works have been done in order to find efficient approaches to 


simulate different process for degradation of azo dyes (Aleboyeh et al., 2008; Balan et al., 1999; Guimarães 


et al., 2008; Guimarães and Silva, 2007; Mohajerani et al., 2011; Zarei et al., 2010; Daneshvar, et al., 2006; 
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Soleymania et al., 2011; Ceylan, 2008). In this context, the use of artificial neural network models is 


widespread, presenting good results in the prediction of degradation rate under different conditions.  


However, the use of neural networks is limited by the size of the experimental data set. Neural network 


experiments are conducted using a division of the available data into training, selection, and test sets 


(Panchal et al, 2011). However, unfortunately, the determination of constant values from experimental 


procedure has many limitations. In such cases, the initial collected data set is most of the time very small, 


the magnitude of variable effects is sometimes ambiguous and data gathering costs are high. So, the 


division of the data into multiple subsets is very unfortunate as we usually have less data than we would 


ideally desire even for a single subset. 


An alternative to overcome these problems is to use a resampling approach as, for example, the bootstrap 


method which is based on an imitation of an probabilistic process using the information supplied by a 


given small set of random samples. Many works have shown the suitability of the bootstrapping 


technique for estimating objectives out of sample by redrawing small subsets (Efron, 1979; Efron and 


Gong, 1983), but the use of this approach in estimation of dye biodegradation rate is practically 


nonexistent (Prado et al., 2011).  


Mainly in the area of business, the coupling between bootstrap and artificial neural networks has 


producing some improved prediction models (Franke and Neumann, 2000; Lajbcygier and Connor, 1997). 


In this approach, the bootstrap method is used to create several designed data sets, which are used to 


train different neural networks. This approach allows identifying the distribution of a statistical estimation 


to the construction of confidence intervals for the values that are been predicted (dye biodegradation rate 


in this case). Of course, decisions based upon a number of experiments with different subsets can produce 


results much more reliable and can at least mitigate the sampling bias, which is an important problem in 


the neural network approaches and it is an inevitable consequence of the limited number of samples that 


it is possible to record in a real experiment. (Franke and Neumann, 2000; Lajbcygier and Connor, 1997).  


In this work, the bootstrap method has been applied in a neural network context in order to create 


improved dye biodegradation prediction model. Peseudomonas oleovorans was used in biodegradation of 


reactive Black 5 and a comparison between the predicted results of the designed model and experimental 


data was conducted to validate the proposed numerical approach.  


2 Material and Methods 


2.1 The Proposed Bootstrapped Neural Network prediction model 


The bootstrap method is based on an imitation of the probabilistic process using the information from a 


given small set of random samples. Given an original (small) dataset, the method estimates the standard 


error of some parameter of interest using the samples as an approximation of our population. Specifically, 


it takes samples with replacement from the original dataset to approximate samples from the population. 


A simple algorithm to illustrate the bootstrap method can be defined as the next three steps (Johnson, 


2002):  


(1) Sample values with replacement from the original data and compute the parameter of interest p. 


(2) Repeat step (1) a moderate to large number of times, B, to come up with "bootstrap" estimates p1, 


p2,...,pB. 


(3) Use the standard deviation of the B estimates in step (2) to estimate the probability distributions 


describing the prediction process, the standard error, and the confidence interval. 


Here, the original data set obtained from the experimental design (Table 1) was used to generate thirty 


bootstrapped data set for training feed-forward neural networks. The artificial neural network maybe 


defined as a set of mathematical methods and computational algorithms designed to simulate the 
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process of information handle and the knowledge acquisition on the human brain. Once inspired from the 


human brain biology, the neural network has some basic elements such as artificial neurons, synapses, 


neural weights, transfer functions, and so on (Haykin, 1999). The artificial neurons are grouped into layers 


and connected in parallel. The first layer of the neural network is called the input layer and it has a 


number of neurons equal the number of independent variable. Similarly, the last is the output layer and its 


neurons return the correspondent values of the dependent variables. Between the input and output layer, 


one or more hidden layers can be located, according to the problem.  


In this paper, the bootstrap method has been used to generate thirty dataset to the neural network 


training. In this phase it was used neural networks with two hidden layers, 5 neurons in both layers, and 


bootstrapped training sets with 100 samples with replacement. This configuration of the neural networks 


was reached experimentally for values in the range 1-5, 2-15 and 20-100 for number of layers, number of 


neurons in hidden layers and bootstrap sample size, respectively. This neural network configuration is 


shown in Fig. 1. 


The number of neural networks was chosen in order to ensure a statistical estimation precision of about 


8% with 95% of confidence. Also, the tangent sigmoid was used as the transfer function, gradient descent 


with momentum back-propagation training with 0.2 of learning rate (Haykin, 1999). 


After the training, the neural networks were used to generate new data sets that were used to improve the 


original set. This second step allows determining all the output values for dye biodegradation. The mean 


value of the output from the 30 bootstrapped neural networks was used as a predicted value of response 


biodegradation rate. The resulting prediction based upon a number of experiments with different subset 


can produce results much more reliable and can at least mitigate the sampling bias, which is an important 


problem in the neural network approaches and it is an inevitable consequence of the limited number of 


samples that it is possible to record in a real experiment. The whole prediction process is illustrated in Fig. 


2. 


 


Figure 1: The neural network configuration 


 


 


Figure 2: The proposed bootstrapped neural network approach 
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2.2 The Technique for Effluent Treatment 


The treatment of effluents on the textile industries gets more complicated with the common use of 


several other chemicals with diverse composition, like, for instance: moisturizers, colorants, electrolytes, 


dispersers, pH controllers, stabilizers, among others, during the coloring process.  


The main techniques showed in the literature for the effluent treatment are: adsorption, precipitation, 


biological and chemistry degradation, electrochemistry and photochemistry, and other. Currently, the 


most popular methods of color removal from wastewater involve physical and chemical processes that 


can be costly and usually include the formation of a concentrated sludge that creates a secondary, highly 


significant disposal problem (Chang and Kuo, 2000).  


Although integrated chemical methods seem to be feasible for the treatment of such wastewater, 


biological methods should be used preferably considering cost and technical advantages (Yu et al., 2010). 


Environmental biotechnology is constantly expanding efforts in the biological treatment of dye-


contaminated wastewater. Although numerous microorganisms are capable of decolorizing dyes, only a 


few are able to mineralize these compounds into CO2 and H2O (Junghanns et al. 2008). Under aerobic 


conditions, azo dyes are not easily metabolized by bacteria (Robinson et al. 2001); however, under 


anaerobic conditions, several bacterial strains, including Pseudomonas oleovorans, can enzymatically 


reduce the azo bonds in the dye molecule to produce colorless by-products (Silveira et al. 2009b).  


Due to their toxicity and low biodegradability of azo dyes, it is suggested to take advantage of more 


effective treatment methods such as advanced oxidation processes (AOPs) for destruction of these 


compounds in wastewater (Kim et al., 2004; Mohajerani et al., 2011). Several research on dye degradation 


have done, to improve the textile effluent quality (Aleboyeh et al., 2008; Guimarães et al., 2008; Guimarães 


and Silva, 2007; Mohajerani et al., 2011; Zarei et al., 2010). However, the main cost of Fenton reaction 


process with H2O2 is a disadvantage. Other problem, is that the higher addition of Fe
2+


 resulted in a 


brown turbidity that causes there combination of hydroxyl radicals and Fe
2+


 reacts with hydroxyl radicals 


as a scavenger and there is a need to remove this contaminant from the effluent, which raise the cost of 


the process (Kim et al., 2004). 


2.3 Material 


The microorganism was obtained from the Brazilian Collection of Industrial and Environmental 


Microorganisms, State University of Campinas, Brazil, previously identified as Peseudomonas oleovorans 


(CMAI 703). The Reactive Black 5 was provided by the Department of Chemical Engineering from Federal 


University of Sergipe. Glucose, potassium phosphate mono and di basic were provided by Merck 


(Darmstadt, Germany). 


2.4 Design and Experimental System 


An experimental design 2
4-1


 as shown in Table 1 was drawn up to study the effect of dye (Cdye, mg/L), 


glucose (Cglucose, g/100 mL), microorganism (Cmo, mL/L) concentrations and pH (pH), in initial time, on dye 


biodegradation (%Biod). The experimental studies were carried out in a 250 mL conical flasks containing 


mineral medium and inoculated with Peseudomonas oleovorans at 180 rpm, temperature and pressure at 


home (27°C and 1 atm) in an orbital shaker, for seven days. After which time, samples were centrifuged 


and its dye biodegradation were estimated of 4 in 4 h, by a spectrophotometer at 600 nm (Silveira et al., 


2009b). When a sample is digested, COD material in that sample is oxidized by the dichromate ion. The 


result is the change in chromium from the hexavalent (VI) to the trivalent (III) state. Both chromium 


species exhibit a color and absorb light in the visible region of the spectrum. In the 400 nm region the 


dichromate ion (Cr2072-) absorbs strongly while the chromic ion (Cr3+) absorbs much less. In the 600 nm 


region it is the chromic ion that absorbs strongly and the dichromate ion has nearly zero absorption. 


(Standard Method 5220 D.). The codification of the variables is:  
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The biodegradation index was given for: 
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3 Results and Discussions 


3.1 Experimental Results 


Table 1 shows the experimental planning and the experimental results for each assay from this work. 


Looking at the table, absolute majority of the trials showed a greater than 90% biodegradation of reactive 


Black 5. Apparently, there was a greater influence of the microorganism content than other factors. 


However, the glucose concentration cannot be excluded from the important factors, because under its 


lower concentration a low biodegradation index had been observed. From Table 1, the best result was 


found at 0.15 g/L of dye, pH 6, 1.5 mL/L of microorganism and 1 g/100 mL of glucose, while a 


biodegradation index of 96% was achieved. 


Table 1: The experimental design to study of the dye biodegradation 


Assay Cdye (g/L) pH Cmo (mL/L) Cglucose (%) %Biod 


1 0.05 6 0.5 1 60.4628 


2 0.05 6 0.5 2 72.9332 


3 0.05 8 0.5 2 42.0354 


4 0.05 8 0.5 1 78.3236 


5 0.15 6 1.5 2 92.6132 


6 0.15 6 1.5 1 96.6211 


7 0.15 8 1.5 1 90.5308 


8 0.15 8 1.5 2 92.5205 


9 0.1 7 1 1.5 90.5028 


10 0.1 7 1 1.5 90.4448 


11 0.1 7 1 1.5 91.3872 


12 0.1841 7 1 1.5 89.7986 


13 0.0159 7 1 1.5 85.3622 


14 0.1 8.682 1 1.5 90.1906 


15 0.1 5.318 1 1.5 86.3221 


16 0.1 7 1.841 1.5 93.0466 


17 0.1 7 0.159 1.5 84.7183 


18 0.1 7 1 2.341 66.8290 


19 0.1 7 1 0.659 5.7394 


Cdye, Cmo and Cglucose are, respectively, the concentrations of dye, microorganism and glucose; %Biod is the 


biodegradation index 


Golob et al. (2005) achieved a significant result for the coagulation and precipitation of the dye, reaching 


more than 90% removal of reactive Black 5, with Al2(SO4)3 with a precipitant agent. However, after the 


process a high concentration of dissolved solid and chemicals can be observed; which prevents the use of 


this process because it increases the environment contamination, due to the decrease of the quality of the 


ecological parameters.  
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Aleboyeh et al (2008) showed that the initial concentration of the dye and initial pH have strong effects on 


the decolorization efficiency. And, none of the variables studied in your work could have been neglected 


in the photochemical decolorization of C.I. Acid Orange 7 solution, which in the best condition 90% has 


been decolorized. Similar efficiency was also observed by Zarey et al. (2010), in a study of degradation of 


C.I. Basic Red 46 (BR46) by photoelectro-Fenton (PEF) combined with photocatalytic process. Guimarães 


and Silva (2007) were also observed degradation efficiency more than 90% of the Acid Orange 52 and 


Acid Orange 10 and minor than 80% to the Acid Brown 75 and Direct Red 28 dyes.  


Kim et al. (2004) had verified an efficiency of removal inferior than 60% was obtained by FeCl2 


precipitation reactive yellow 84 and blue 49 and an efficiency of 95% to photo-fenton process.  


A lab scale active sludge reactor combined to a membrane separation process was used in the dye 


removal of denim textile wastewater. An efficiency of 75% and 90% were observed. However, in a 


biological treatment with yeast of Pseudomonas pictorum at 30°C, Balan et al. (1999) observed a 


degradation of 98% of the phenol for a high glucose concentration. The cell content has been not 


significant. It demonstrates the importance of the glucose on the Pseudomanas yeast in biodegradation 


process. 


This demonstrates that the P. oleovorans are very efficient in the dye removal, and its results are similar 


than photo-fenton (Aleboyeh et al, 2008; Guimarães and Silva, 2007; Kim et al., 2004; Zarey et al., 2010) 


and P. pictorum treatments (Balan et al., 1999), higher than precipitation (Kim et al., 2004), active sludge 


and membrane processes (Sahinkaya et al. 2008). According to Balan et al. (1999) and Silveira et al. 


(2009a), the Pseudomonas yeasts, when are adapted to medium, at the end of nutrients they use the dyes 


as a substrate to survive. This occurs because they have the ability to release several enzymes (catalases) 


in the reaction, able to catalyze the decomposition of the carbonic and azo links.  


And as photo-fenton processes have a high cost with chemicals and also increases the turbidity and the 


metal concentration in the effluent, it can consider that the biodegradation process using P. oleovorans is 


istill one of the most efficient and cheaper for the effluent treatment from textile industries (Kim et al., 


2004). 


On the best condition, the ecological parameters were measured and showed in Table 2. It was observed 


a higher percent of removal for all parameters. 


Table 2. Measured parameter to the best experimental conditions 


Parameter Initial End % Removal 


TOC (mg/L) 4047 2.055 99.95 


COD (mg/L) 10150 28.22 99.72 


BOD (mg/L) 6394 5.089 99.92 


3.2 Bootstrapped Neural Network Prediction Results 


For a common simulation by the traditional neural network method a large range of the assays is need. A 


full factorial design 2
4
 has 27 assays (for a full experiment), and it is the maximum reduction in the assay 


quantity from a 3
4
 common experiment, with 243 total assays (with triplicates), without losses statistically 


significant. A factorial design 2
4-1


 is a fraction from full factorial planning, resulting in 19 assays, as showed 


in Table 1. So, the original small data set obtained from the experimental design (Table 1) was used to 


generate thirty bootstrapped data set for training feed-forward neural networks.  


After the training, the neural networks were used to evaluate the biodegradation rate from the original 


input values. This second step allows determining all the output values for dye biodegradation in order to 


generate new data sets to improve the original set. The mean value of the output from the 30 


bootstrapped neural networks was used as a predicted value of response biodegradation rate. The results 


are numerically presented in Table 3 and illustrated in Fig. 3.  
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Figure 3: Predicted versus experimental dye biodegradation rate 


 


Table 3: Original experimental data versus bootstrapping neural network prediction 


Predicted biodegradation rate (%) Experimental biodegradation rate (%) 


60.3813 60.4628 


72.7091 72.9332 


41.9781 42.0354 


77.9580 78.3236 


92.6671 92.6133 


94.4711 96.6211 


91.3024 90.5308 


92.0159 92.5205 


90.6902 90.5028 


90.6902 90.4448 


90.6902 91.3872 


90.8631 89.7986 


85.5133 85.3622 


90.2577 90.1906 


86.7679 86.3221 


93.5585 93.0466 


84.1985 84.7183 


66.9789 66.8290 


7.3786 5.7394 


 


The bootstrapped neural network approach also allows to calculate the confidence interval for all the 


predicted values. The 95% confidence intervals for this case are presented in Fig. 4. The prediction of the 


last sample was omitted for readability. 
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Figure 4: 95% confidence intervals for the predictions 


Additionally, the results of the proposed approach were also compared with the experimental data. The 


performance of a linear regression between the network response and the corresponding target are 


presented in Fig. 5. The proposed model presented remarkable coefficient of correlation between real and 


predicted values for the biodegradation rate, above 0.99. 


 


Figure 5: Linear regression results for the bootstrapped neural network approach 
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4 Conclusion 


The bootstrapped neural network prediction model presented a good fit to experimental data. The model 


shows a remarkable coefficient of correlation between real and predicted values for the biodegradation 


rate, above 0.99.  


The resulting prediction based upon a number of experiments with different dataset can produce results 


much more reliable, once it allows identifying the distribution of a statistical estimation, calculate the 


standard error and construct confidence intervals for the values that are being predicted. Moreover, this 


approach can at least mitigate the sampling bias, which is an important problem in the neural network 


approaches and it is an inevitable consequence of the limited number of samples that it is possible to 


record in a real experiment.  


As the quality of empirical research depends in part on the quality and suitability of available data, making 


the search for new approaches to deriving better statistical estimators from constrained data sets is of 


continuing importance.  


The proposed approach can be useful for problems in which the initial collected data set is very small, the 


magnitude of variable effects is ambiguous and the data gathering costs are high.  


Future works will test the power of this technique in simulations results of others experiments. 
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Abstract 


For manufacturing companies, several authors recommend the use of manufacturing flexibility to minimize the 


adverse impacts that the risks represent to organizations. However, the multidimensional character of manufacturing 


flexibility and trade-offs between the various types make the task of selecting and adjusting the flexibility degree to 


be adopted difficult. Furthermore, the inappropriate selection of the types of flexibility to the solution of problems 


can create unnecessary and inappropriate investments, causing loss of capital and inefficiencies in the use of flexible 


resources for the anticipation of risks. Thus, to make the results available for operation management, which enable 


the selection of different types of flexibility, according to the needs and availability of resources of each company 


becomes crucial. For that purpose, an empirical research that included five companies from different industrial 


segments was conducted, where, through an analogy to the diversification of risks in the stock portfolio, the 


composition of different types of flexibility portfolios has been proposed. 


Keywords: risk, selection of types of flexibility, manufacturing flexible, industry, stock portfolio. 


1 Introduction 


Market demand used to be stable, with low product variety and long life cycles (BEACH et al., 2000). 


However, over the past two decades, industrial companies faced unprecedented market changes (SCALA 


et al., 2006). Remaining competitive in this environment requires organizations to deal with small 


production batches, customized products, increased levels of abroad competition, fast changes in the 


market and in the regulatory (CORREA, 1994).  


According to Bengtsson & Olhager (2002) and Slack (2005), flexibility became an important source of 


manufacturing competitive advantage, making possible to react to increasing changes in global market 


and product life cycle reduction. Serrão (2001) argues that the manufacturing flexibility has become a key 


element in the competition, above and beyond cost, time, and quality. Slack (2005) warns that 


manufacturing must be flexible so that it can manage operations under conditions of variety, risks and 


uncertainties, allowing the production process to go on.  


Slack (1983) mentions that the growing consumer demand for quick responses and great product variety, 


together with a scenario of fierce competition,, makes flexibility the solution for many problems, 


contributing to manufacturing performance, reliability, cost, and speed. For those involved on tight 


schedules, consumer preference constant changes, and high uncertainty, manufacturing flexibility is not 


only desirable, but also a requirement for organizational survival (GUSTAVSSON, 1984, GUPTA & GOYAL, 


1989; NORDAHL & NILSSON, 1996; KOSTE & MALHOTRA, 1999; BEACH et al., 2000; D'SOUZA & 


WILLIAMS, 2000; KARA & KAYIS, 2004; BOYLE, 2006, CHANG et al., 2007; BAYKASOGLU & OZBAKIR, 2008; 


WAHAB et al., 2008).  
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Despite the existence of important advances in flexible manufacturing along the last two decades, there is 


much work to be done to raise the understanding of this complex phenomenon (KARA & KAYIS, 2004). 


Corrêa (1994) highlights that more research is necessary to understand the mechanisms involved into the 


relationship between flexibility and uncertainty, i.e. would flexibility practices help companies and 


managers to better handle business uncertainties and risks? How? Which kind of flexibilities would 


worthwhile be used? Would it be advantageous to have some of them combined? Suarez et al. (1996) and 


Parker and Wirth (1999) advanced some steps toward answering some of those questions.  


The present article aims to explore such gap, identifying through an empirical study, the influence of the 


flexibility dimensions on the risks and problems that occur in manufacturing, consequently enabling 


industrial organizations to deal with a variety of risks and current uncertainties. An empirical research in 


five companies has been performed with the objective of identifying which types of flexibility would be 


most helpful in preventing manufacturing problems. The research expected contribution is to establish a 


process to select different types of manufacturing flexibility to reduce companies’ overall exposure to risk  


The work is structured as follows: Section 2, segmented into manufacturing flexibility and stock portfolio, 


discusses the theoretical framework that brings sustainability to the article, listing concepts on 


manufacturing flexibility, types of manufacturing flexibility, stock portfolio, selection of stock portfolio, 


shares risk and diversification of share risks; section 3 discusses the empirical research in five companies in 


five different industrial segments, organizing, interpreting and analyzing the results and, finally, section 4 


presents the conclusion of the study. 


2 Stock Portfolio and Manufacturing Flexibility 


This chapter presents a review on the theoretical framework of stock portfolio and manufacturing 


flexibility. Analogies to risks in the stock market are used: In the stock market, based on Markowitz (1952) 


and Sharpe (1964), a relationship between risk and return was established, being possible to reduce the 


risk from the agglutination of different types of shares (stock portfolio). Even though stock analyses deals 


with variables such as invested amount, prices and returns variability, and correlation among different 


stocks to define the amount to be invested in a company, manufacturing flexibility selection seems to be 


more complex, as described ahead. 


Stock portfolio management involves decision based on perceived risk and reward expectations, while 


manufacturing flexibility management is related to many internal and external factors, interactions and 


dimensions that must be considered to support strategic operation decisions, in order to define the 


optimal balance between risks and costs for flexibility implementation and maintenance, i.e.: There are 


many types of manufacturing flexibility, which leads to the need of establishing priorities in the adequate 


choice of these flexibilities for different types of risks and uncertainties that occur in the productive 


environment.  


This is a major decision-making problem, since the inappropriate choice of types of flexibility for the 


solution of problems will impact on unnecessary and inappropriate investments, causing loss of capital, 


and unavailability and inefficiency of the flexible resources selected for the problem solution.  


2.1 Stock Portfolio 


An individual or company makes investments with the expectation of a future outcome, always expecting 


a higher level of return and a lower level of risk (ROSS et al., 2002). The risk stems on the odds of effective 


returns to be lower than the expected return - the greater is the chance of a low or negative return to 


occur, the more risky the investment will be (BRIGHAM et al., 2001). To minimize risks, Treynor & Black 


(1973) recommended the diversification of assets through a selection of stock portfolio in order to 


compose what Markowitz (1952) called a 'stock portfolio'. Markowitz (1952) found that the combination 


of assets minimally correlated in a stock portfolio would reduce the total risk of the investor, without 


affecting its expected return. Selection of stock portfolio is the study of how one can invest in stocks with 
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the highest expected return and lowest risk as possible. It is a process to compensate the risk and the 


expected return in order to find the best combination of assets (LAKONISHOK et al., 1994).  


According to Ross et al. (2002) and Brigham et al. (2001), a portfolio is a combination of assets, where the 


expected return is simply a weighted average of the expected returns of securities that comprise it. 


However, unlike the returns, the risk of a portfolio , generally is not a weighted average of standard 


deviations of its individual assets, the risk of the portfolio, in principle, can be quite different from the risks 


of the assets that compose it. This can be seen in Table 1, which illustrates typical average standard 


deviations of portfolios containing different quantities of securities traded on the New York Stock 


Exchange (NYSE), randomly selected. 


Table 1: How many stocks make a diversified portfolio 


Number of stocks 


 in the portfolio 


Annual return average  


standard deviation 


Ratio between the portfolio standard deviation 


and the standard deviation of a single stock 


1 49.24% 1.00 


2 37.76% 0.76 


4 29.69% 0.60 


6 26.64% 0.54 


8 24.98% 0.51 


10 23.93% 0.49 


20 21.68% 0.44 


30 20.87% 0.42 


40 20.46% 0.42 


50 20.20% 0.41 


100 19.69% 0.40 


200 19.42% 0.39 


300 19.34% 0.39 


400 19.29% 0.39 


500 19.27% 0.39 


1000 19.21% 0.39 


Source: Statman (1987) 


It can be observed that the standard deviation of a portfolio of a single stock is about 49%. If two stocks 


were randomly selected half of the resources available were invested in each, the standard deviation 


would be about 37%, on average, and so on. The standard deviation of the portfolio decreases as the 


number of stocks increases. When it has around 100 stocks, the standard deviation of the portfolio 


decreased about 60%, i.e. from 49% to 20%. With 500 stocks, the deviation is 19.27%.  


Therefore, the portfolio risk depends not only on the risk of each element that composes it and / or on 


their participation in the total investment, but also on the way in which its components relate to each 


other (ASSAF NETO, 2003).  


According to Brigham et al. (2001), the tendency of two variables to move together is called correlation 


and the coefficient correlation measures this tendency. The correlation degree is measured through the 


correlation coefficient, which ranges from +1 for perfect positive correlation, to -1 for series with perfect 


negative correlation. If two series move in the same direction, they are positively correlated, if two series 


move in opposite directions, they are negatively correlated (TRIOLLA, 2005).  


The correlation is essential to develop an efficient portfolio. To reduce the overall risk, it is better to 


combine - or to add to the portfolio - assets that have a negative correlation (or low positive) (ROSS ET 


AL., 2002). According to Assaf Neto (2003), combining assets negatively correlated can reduce the overall 


variability of returns. Even if the assets are not negatively correlated, the lower the positive correlation 


between them, the lower the resulting risks. Moreover, there are also the not correlated assets - there is 


no interaction between their returns. To combine non correlated assets may reduce the risk, although not 


as effectively as combining negatively correlated assets. 
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2.2 Manufacturing Flexibility 


The proper interpretation and understanding of what means manufacturing flexibility is complex, both for 


professionals seeking for guidance as for academicians that research on the subject (GUPTA & SOMERS, 


1992; OKE, 2005, CHANG et al., 2007).  


On this article, a definition has been compiled, based on several authors, as follows: manufacturing 


flexibility is the ability (Slack, 1983; Sethi & Sethi, 1990; Upton, 1997; Zukin & Dalcol, 2000), capacity 


(Gustavsson, 1984; Gerwin, 2005; Koste & Malhotra, 1999), agility (Cox, 1989), competence (Suarez et al., 


1995), and fitness (De Toni & Tonchia, 1998) that an organization has to change or react (Slack, 1983), 


given the changes in the manufacturing environment (Gupta & Goyal, 1989), considering time, cost and 


effort involved (UPTON, 1997).  


Based on the utility concept, Correa (1994) believes that the flexibility emerges due to the need to deal 


with inherent uncertainties and variability of processes outputs. The uncertainties and variability lead to 


changes, which could be whether planned (when occur according to the organization's conscious decision 


made to change the organization itself or its relationship with the environment) and unplanned (when 


occur regardless of the organization determination, but to which the organization needs to fit). The 


author also suggested that environmental uncertainty and variability in the results are the two main 


reasons (or incentives) to search for flexible manufacturing. On the other hand, the sources of stimuli 


could be process, suppliers, customers, society, Corporation, competitors, and other functions, while 


managers seek to maintain control over the situation. According to the author, unplanned changes have 


five main dimensions: size, novelty, frequency, certainty, and rate.  


Kara & Kayis (2004) report the necessity that leads to flexibility, which could be: a) related to the market: 


Demand variability (seasonal or random); Short life cycle of products and technologies; Great product 


variety; Increased customization; and Reduced delivery times; and b) Related to the manufacture process: 


Uncertainties in relation to the stop of machines; Uncertainties in relation to the material in processes; 


Change in the delivery time of raw materials; and Labour variations.  


According to Upton (1994, 1995) and Boyle (2006), flexibility in manufacturing can exist in different levels 


of the organization (strategic, tactical and operational), being composed of several different types, e.g., 


machinery, process, product. Each type can have different aspects, known as potential, real, and necessary 


flexibility, measured in terms of quantity of states that can be achieved (range), mobility (impacts 


generated by changes such as costs and setup time), and uniformity (how much performance measures 


such of quality, change with the changes implemented).  


Reid & Sanders (2005) segmented the manufacturing flexibility into two types: the customization and the 


volume flexibility. For Slack (1983), there are four types: New products flexibility - ability to introduce and 


produce new products or modify existing ones; Mix flexibility - ability to change the variety of products 


being made by the operations within a given period of time; Volume flexibility - Ability to change the 


aggregate level of operation outputs; and Delivery flexibility - Ability to change the delivery dates 


planned.  


Gupta & Goyal (1989) listed eight types of flexibility: Machine flexibility - the ability to replace broken and 


discarded tools, to change tools in a tool magazine, and to meet or assemble the necessary structures 


without interference or long setup periods. This is how the system easily makes the necessary changes to 


produce a given set of parts; Process flexibility - ability to vary the necessary steps to complete a task. This 


allows several different tasks to be completed in the system using a variety of machines; Product flexibility 


- the ability to switch the production to a new product within a defined range of parts; Routine flexibility - 


ability to vary the sequences of use of the machine to continue the production of a given set of parts; 


Volume flexibility - Ability to operate a FMS (Flexibility Manufacturing System) profitably at different 


production volumes; Expansion flexibility - the ability to build a system and expand it as needed, easily 


and in a modular way;  Process sequence flexibility - ability to change the order of several operations for 


each type of part;  Production flexibility - ability to quickly and economically change the range of parts for 


any product that a flexible manufacturing system can produce.  
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For Koste & Malhotra (1999), there are ten manufacturing flexibility dimensions, which were observed by 


these authors in numerous studies (Table 2).  


Table 2: Manufacturing flexibility dimensions 


Dimension Definition 


Machine Quantity and variety of operations that a machine can perform not incurring in high transition 


penalties nor large changes in the performance results. 


Labour  Quantity and variety of tasks / operations a worker can perform not incurring in high 


transition penalties nor large changes in the performance results. 


Material movement  Quantity of paths between processing centers and heterogeneity (variety) of material that can 


be transported along these paths not incurring in high transition penalties nor large changes 


in the performance results. 


Routing Quantity of products with alternate routes and the extent of changes between the routes used 


not incurring in transition penalties neither in large changes to the performance results. 


Operation Quantity of products with alternate sequencing plans and the variety of plans used not 


incurring in transition penalties nor large changes in the performance results. 


Expansion Quantity and variety of expansions that can be accommodated not incurring in high transition 


penalties nor large changes in the performance results. 


Volume The extent of change and fluctuation degree in the aggregate level of outputs that the system 


can accommodate not incurring in transition penalties neither in large performance changes.  


Mix Quantity and variety (heterogeneity) of products that can be produced not incurring in high 


transition penalties neither in large changes in the performance results. 


New Products Quantity and variety of new products that are introduced into production not incurring in 


high transition penalties neither in large changes in the performance results. 


Modification Quantity and variety of changing in the product that are made not incurring in high transition 


penalties neither large change in the performance results. 


Source: Koste & Malhotra (1999) 


For Vokurka & O'Leary-Kelly (2000), there are twelve flexibility dimensions, adding the flexibility of 


production (the ability to produce new products without the need for investment in new equipment) and 


supply (capacity of the plant to adapt to changes in the delivery requirements) to those already proposed 


by Koste & Malhotra (1999). Sethi & Sethi (1990) organized the types of flexibility in a hierarchical 


structure that reflects the different operation levels of the production systems, and their connections, as 


seen in Figure 1. 


Component Flexibility System Flexibility Aggregated Flexibility 


 


Source: Sethi & Sethi (1990)  


Figure 1: Links between the various types of flexibility 


Suarez et al. (1995, 1996) presented the concept that the various types of flexibility express their effects 


on so-called basic or first-order flexibilities, namely: mix, volume, new products and delivery time, which 


are directly perceived by the consumer, directly affecting the strategic positioning in the market. Similarly, 


Koste & Malhotra (1999) established a hierarchical scale for flexibilities that shows potential relationships 


among them, such as individual resources, production techniques and materials, product, plant, functional 


and strategic business units, as shown in Figure 2.  
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Source: Koste & Malhotra (1999) 


Figure 2: Hierarchy of the flexibility dimensions 


Similarly to the correlation that exists in the stock portfolio, the manufacturing flexibility has trade-offs 


among its different types. Gupta & Goyal (1989) argue that understanding these trade-offs can increase 


the internal organization of a structured flexible system. Suarez et al. (1996) analyzed 31 plants for the 


production of printed circuit boards in Europe, Japan and the United States, and found the existence of 


positive and negative relationships between the variables involved in the process. Parker & Wirth (1999) 


also studied the relationship between the flexibility dimensions of and its elements and identified the 


existence of complex relationships and trade-offs. Koste and Malhotra (2000) searched eighteen papers 


on the subject and found a relationship between machine flexibility and mix flexibility, quoted in ten 


researches as a requirement of the product flexibility and a relationship between machine flexibility and 


routing flexibility. They also found that five dimensions (expansion, volume, mix, new products and 


change of products) are not related to other dimensions, indicating that these dimensions do not support 


the development of other dimensions, but are developed by them. 
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3 Empirical Research on Manufacturing Flexibility 


The research, performed along a three-month period on companies located in southern Rio de Janeiro 


state, Brazil, from five different industrial segments (see Table 3), was based on a survey of tactical-level 


staff (production environment related), aimed at investigating the manufacturing flexibility demands from 


different industries, and also verifying heterogeneities in the perception of respondents about the effect 


of each type of flexibility on the solution of manufacturing problems. The study sample had five 


respondents from each of the companies surveyed, totalling twenty-five respondents. 


Table 3: Classification of companies surveyed 


Company  Product 


Automotive industry Commercial vehicles 


Chemical industry Agrochemicals, fertilizers,  and pesticides  


Glass Industry Flat glass 


Equipments industry Electronic equipments  


Tires Industry Tires 


Source: Research data 


The research purported to find out which types of flexibility help the most on preventing manufacturing 


problems and what would be the optimum flexibility composition (different types of flexibility selected 


and agglutinated), based on management perception, i.e. an 'ideal flexibility portfolio', similar to stock 


portfolios, having as development base the studies from Swamidass & Newell (1987), Beach et al. (2000), 


Kayis & Kara (2005), Slack (2005) and Gerwin (2005), who argue that different manufacturing situations are 


subject to different types of uncertainty and variations, requiring different types of flexibility, which often 


conflict and overlap (D'SOUZA & WILLIAMS, 2000; UPTON, 1995; SAWHNEY, 2005). Twelve different types 


of flexibility have been selected to compose the data collection instrument, based on Slack (1983), Gupta 


& Goyal (1989), Koste & Malhotra (1999) and Vokurka & O'Leary-Kelly (2000), as seen on Table 4. Results 


are shown, explained, and discussed ahead.  


Table 4: Summary of analysis of flexible manufacturing in five companies surveyed 


Types of Flexibility 
AFF 


Chemical Glasses Equipment Tires Vehicle  


A CTF FF A CTF FF A CTF FF A CTF FF A CTF FF 


Labor 16.80 4.0 ■■■■ 16.0 3.4 ■■ 6.8 5.0 ■■■■■ 25.0 4.6 ■■■■■ 23.0 4.4 ■■■ 13.2 


Volume 16.28 4.6 ■■■■ 18.4 4.6 ■■■■ 18.4 4.4 ■■■ 13.2 4.4 ■■■■ 17.6 4.6 ■■■ 13.8 


Mix 13.48 4.6 ■■■■ 18.4 2.4   0.0 5.0 ■■■■■ 25.0 3.2   0.0 4.8 ■■■■■ 24.0 


Machine 11.32 2.6   0.0 2.4   0.0 5.0 ■■■■■ 25.0 4.6 ■■■■ 18.4 4.4 ■■■ 13.2 


Expansion 10.80 3.4 ■ 3.4 5.0 ■■■■■ 25.0 3.4 ■ 3.4 4.2 ■■ 8.4 4.6 ■■■ 13.8 


Delivery 8.00 2.0   0.9 5.0 ■■■■■ 25.0 4.2 ■■ 8.4 3.0 ■ 3.0 3.6 ■ 3.6 


Production 5.04 4.6 ■■■■ 18.4 2.6   0.0 3.2   0.0 3.4 ■ 3.4 3.4 ■ 3.4 


New Products 5.00 3.6   0.0 2.4   0.0 5.0 ■■■■■ 25.0 2.2   0.0 2.2   0.0 


Modification 3.52 2.2   0.0 3.8 ■ 3.8 4.6 ■■■ 13.8 2.4   0.0 3.2   0.0 


Operation 3.36 2.0   0.0 2.6   0.0 3.4   0.0 2.4   0.0 4.2 ■■■■ 16.8 


Routing 1,44 1.4   0.0 1.6   0.0 3.4   0.0 2.4   0.0 3.6 ■■ 7.2 


Movement of material    0.72 1.8   0.0 2.0   0.0 3.6 ■ 3.6 2.4   0.0 1.8   0.0 


"A" stands for Average ratings of respondents on the help that a certain kind of flexibility provides the 


manufacture problem solutions, with a score ranging from a minimum of 1 (not helpful) to a maximum of 


5 (essential); "CTF" indicates the Compositions of Types of Flexibility essential for manufacturing 


investment: each respondent selected the types of flexibility required for the company operations. Each 


mark (black square) indicates how many respondents (out of five) selected that kind of flexibility to 


compose the "portfolio" of flexibility for the company. The column "FF" represents the flexibility factor, 


obtained by multiplying “A” by “CTF”, as proposed by Oliveira (2009). 


“AFF” is the average of the flexibility factors (FF) among the five companies surveyed. The twelve types of 


flexibility at Table 4 are arranged in “AFF” descending order, i.e., the overall respondent priority choice. 


Result analyses are commented, as follows:  
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As it can be seen at Table 4, the vehicle assembly plant composes flexibility mainly with machine, volume, 


and expansion. The chemical industry establishes 'flexibility portfolios' with volume, mix, production, and 


labour. The glass industry adheres to the selection of the flexibility of delivery, volume, and expansion. The 


equipment industry prefers the flexibility of machine, labour, new products, and product mix. The tire 


industry brings together the flexibility of labour, machine, and volume, based on the respondents' 


perception it would minimize the required flexibility investments. 


With the exception of volume and labour, whose average in all five companies ranged between 3.4 and 


5.0, the priority flexibilities are quite different. In the chemical industry, for example, three types of 


flexibility got the highest scores:  volume, production mix, and production (tied at 4.6); at the glass 


industry, there is a tie between expansion and delivery (tied at 5.0). In the manufacturing equipment, 


labour, mix, machine, and product mix have scores of 5.0. In the tire industry, the top flexibilities are 


machine and labour (average of 4.6 for both). In the auto manufacturer, the flexibility with higher score, as 


perceived by the respondents, is the production mix; 


The equipment industry, out of the five studied companies, is the heavier manufacturing flexibility user, 


indicating machine (5.0), labour (5.0), mix (5.0), product (5.0), modification (4.6), volume (4.4), and delivery 


(4.2) to solve problems; The glass industry, by the other side, is the least used of manufacturing flexibility, 


evaluating the most flexibility a general statement,  


Even though demands for flexibility are particular to each industry segment, a common preference for 


flexibility of manpower, volume, mix, and machine has been detected. These four types of flexibilities have 


been cited with emphasis on the score, separately and in different combinations, in at least three of the 


five industries analyzed. 


4 Conclusions 


Similarly to what occurs in the stock market, portfolios of flexibility can be used against risks and 


uncertainties in manufacturing organizations. Although, the research was not aimed at finding an efficient 


manufacturing flexibility frontier (if it does exist), as occurs in the stock market. However, the literature 


review showed that there are trade-offs in the flexibility and that these trade-offs indicate negative and 


positive relationships between different types of manufacturing flexibility. This means that, investing in 


types of flexibilities which have a high positive correlation, less investments in flexibility will be needed, 


while, when one invests in flexibility with negative correlation, more investments will be required (exactly 


the opposite of what occurs in the stock market).  


For this reason, here are deemed feasible portfolios of manufacturing flexibility, according to the 


perceptions of those involved with the daily production process industries. The reason is to make possible 


an optimal balance between its different types, to provide reducing the impact of operational risks, 


without requiring the need for unnecessary investments for solving problem on industrial organizations. 


Although the results found here are empirical, it is recommended that further studies of flexibility, 


compiling results from companies related to the same type of industry (for example, four equipment 


manufacturers, five chemical plants, etc.), so that more robust findings can help companies to define 


which types of flexibility to adopt. Continuity to this research can lead to development of flexibility 


decision arrays, useful in managing companies’ risks. 
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Abstract 


There have been increasing efforts to investigate innovation impacts at the firm level. This paper aims to contribute to 
this endeavour focusing on the non-technological side of innovation, which has been increasingly considered an 
important, if not crucial, determinant of successful innovation performance. The main objective of this paper is to 
present a concise literature review on the subject, highlighting three aspects concerning this theme: the main ideas 
that populate the debate, the perceived impacts and the measurement issues linked to non-technological innovation. 
Research gaps and opportunities are also explored. 


Keywords: non-technological innovation; organizational innovation; innovation indicators.  


1 Introduction  
A remarkable increase in the interdisciplinary attention devoted to innovation has been noticed over 
recent decades (Fagerberg, 2004; Fagerberg and Verspagen, 2008), but the formal technological and 
economic aspects of innovation have received much more attention and been taken into account in a far 
greater number of analyses, despite the great importance of organizational innovation (Bruland and 
Mowery, 2004). 


Referring to Schumpeter (1939) and other innovation researchers (e.g., Anderson and King, 1993; 
Damanpour et al., 1987; Totterdell et al., 2002), innovation can be considered to be a complex 
phenomenon including technical (e.g., new products, new production machinery) and non-technical 
aspects (e.g., new markets, production methods, new forms of organization). 


In this paper we intend to highlight the main ideas that have came out of research on the non-
technological dimension of innovation, attempting to integrate diverse and disparate perspectives on the 
subject, to present evidence on possible generalizations and to discuss eventual research gaps and 
opportunities for further studies. Two specific aspects will receive more attention in this brief analysis: 
evidence on the impacts of non-technological innovation, and the measurements efforts that have been 
made concerning this phenomenon.  


2 The issue of non-technological innovation 
The technological and non-technological aspects of innovation are both of importance in constituting an 
innovative firm (Chandler, 1962; Nelson, 1991). Among innovative firms, process innovation and 
organizational changes are the most significant innovating strategies (O´Sullivan and Doodley, 2009). If 
not accompanied by organizational change, the effort to implement technological innovation will meet 
only restricted success and vice versa, as they are interdependent (Freeman, 1995). However, historically, 
the relation between both dimensions seems to be underexplored. 
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Nowadays, it seems insufficient to see innovation only through the lens of new product development and 
process innovation or traditional R&D. Recent literature on innovation highlights the iterative character of 
innovation processes where non-technological activities play a crucial role, stressing that non-
technological factors are a requirement for getting the most of firms’ capacity for technological 
innovation (Sawhney et al., 2006). 


Non-technological innovation is an important element of firms’ innovation activities that both supplement 
and complement technological innovation, i.e. the introduction of new products and new processes. Some 
scholars have point out that innovation in firms is not just about developing and applying new 
technologies but also to adopt and re-organize business routines, internal organization, external relations 
and marketing (Baranano, 2003; Boer and During 2001). And other authors also maintain that innovation 
management literature stresses the importance of integrating product, process and organizational 
innovation for successfully transferring new ideas and new business opportunities into market success 
(Tidd,2001; Cozzarin and Perzival 2006) and emphasizing the crucial role of linking R&D, technological 
innovation and new marketing approaches (Griffin and Hauser 2001).  


Computer and information technologies can be an illustrative example of the connection between 
technological and non-technological aspects of innovation. Brynjolfsson and Hitt, (2000) and Brynjolfsson 
et al. (1997) studies suggest that organizational innovation is vital, since it complements a key 
technological driver, such as Information and Communication Technology (ICT), uplifting the firm’s 
performance and growth. Computers cannot be simply plugged in and then firms will instantly achieve 
product/service quality or efficiency gains (Bresnahan et al., 2002). They must go through a process of 
reorganization in combination with making considerable changes to their products and processes. 
Brynjolfsson et al., (1997) argue that a joint effort between ICT and organizational change is necessary. 
According to these authors, this will be compulsory to achieve success and performance improvements. 


3 Defining non-technological innovation 
Innovation has long been recognized to have a central role in economic growth. However, the majority of 
empirical evidence concerning the relationship between innovations and firm growth has focused on 
technology development. Although the concept of innovation is usually linked to the scientific and 
technological dimensions, there is now a large consensus that innovation is a complex process that 
cannot be reduced to the technological side (Romero, 2010). New ideas have proposed new ways to 
interpret this process. One of them suggests that the innovation paradigm is changing from the closed 
innovation model to an open innovation model (Chesbrough, 2003). Pursuing this tendency, the 
Organization for Economic Co-operation and Development, OECD has broadened the innovation concept 
to cover also non-technological innovation (OECD, 2005). 


Organizational innovation involves a customary dimension specific to the institution, implying change in 
the organization, and it is more related to structure, practices, arrangements, organizational beliefs, rules 
and norms, than to its technical aspects (Pettigrew and Fenton, 2000; Edquist et al., 2001). 


However, the definition of organizational, or non-technological innovation, is not stable. For instance, 
recently Moore (2005) proposed a taxonomy including 12 types of innovation: disruptive, application, 
product, platform, value engineering, integration, process, line extension, enhance, marketing and 
experiential innovation along with three value disciplines of product leadership, customer intimacy, and 
operation excellence. The third edition of the Oslo Manual (OECD and Eurostat, 2005) adopted the 
concept of non-technological innovation and introduced two new types of innovation, organizational 
innovation and marketing innovation, which complement the standard concepts of product and process 
innovations. Organizational innovation refers to the implementation of new organizational methods not 
used in the firm before, while a marketing innovation is the implementation of new marketing methods.  


The point to be made here is that different lines of research apply the term organizational innovation in 
different ways (Lam, 2004). Ideally, it would be important to use the term organizational innovation in a 
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somewhat strict sense. Preferentially, the term would not refer to the adoption of any novelty in the 
organization such as that defined in broad terms by Damanpour (1991) and Sorensen and Stuart (2000). 
The definition would be narrower, meaning a new or significant change in the firm management methods 
and structure, usually mentioned by researchers in management/organizational studies (Daft, 1978; 
Damanpour, 1987, 1991; Kimberly and Evanisko, 1981; Teece, 1980) as administrative innovation.  


4 Studies on the impact of non-technological innovation  
Recent literature and studies on non-technological dimension of innovation (OECD, 2009) highlights the 
complex character of innovation processes where non-technological activities play a crucial role (Schmidt 
and Rammer, 2007; Teece et al.,1997). Ali-Yrkkö and Martikainen (2008), analyzed the impact of 
technological and non-technological innovations using data from an ad hoc survey conducted in the year 
2008. The survey defines non-technological innovations following the Sawhney et al. (2006) approach 
which includes nine non-technological dimensions of innovation: solutions, brands, networks, presence 
(where), supply chain, organizational, value capture, customer experience and customers (who). In fact, the 
positive impact of innovation on firm growth depends on the argument that firms carry out 
simultaneously tech and non- tech innovations. According to Ali-Yrkkö and Martikainen (2008), in terms 
of turnover and employment, firms with only technological innovations do not grow more rapidly than 
other firms. However, firm growth is positively associated with the combination of technological and non-
technological innovations. 


Schmidt and Rammer (2007) analyzed the determinants and the impacts of non-technological innovations 
contrasting those patterns with the determinants and effects of technological innovations, using data 
from the German Innovation Survey (CIS 4) covering the years 2002-2004. The authors analyzed four 
broad issues: (i) the complementarities between technological and non-technological innovations ;(ii) the 
determinants of the two types of innovations;(iii) the impact of non-technological innovations on 
technological ones;(iv) the eventual existence of an innovation rent purely deriving from non-
technological innovations (beyond the complementary effect on technological innovations). Comparing 
the determinants and impacts of non-technological innovations with those of technological innovations, 
the results show that the share of firms introducing only technological innovations (13%) is lower than 
share of firms introducing only non-technological innovations (24%) (Schmidt and Rammer, 2007).  


In a sub-sample of innovative firms, it was found that those firms investing directly in non-technological 
innovation activities are 30% more likely to experience positive growth. Growth is also significantly 
affected by workers and managers’ re-qualification (Morone and Testa, 2008).  


According to other studies, internal organizational sources are the most important influence on firms’ 
innovative performance (Svetina and Prodan, 2008). Investments in information and communication 
technology, combined with organizational changes such as the restructuring of production processes, 
human resource management practices, product/service, quality-related practices and worker skills, are 
found to contribute to better firm performance (Gera and Gu, 2004). 


Williamson (2010) has conducted a study that discusses market structure in relation to technical and 
organizational innovation. It proposes a systems approach to the innovation process with the purpose to 
permit the realization of the distinctive advantages of both small and large firms which apply at different 
stages of the innovation process. This analysis also examines the relation of organizational innovation to 
technological innovation. 


Referring to services firms an aspect that must be taken into consideration is that innovation is mainly 
non-technological (organizational, marketing, management, service delivery) with “softer” attributes such 
as workforce skills or cooperation practices playing a decisive role (Tether, 2005). Hertog (2000) proposes 
to analyse service innovation in terms of conceptual, client-interface and service delivery innovation. The 
latter is considered as key to service innovation (Gallouj and Weinstein, 1997; Evangelista, 2000; Flikkema 
et al., 2007). Sundbo (1997) also argues that innovation in services tends to be market driven. 
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The effects of non-technological innovation on technological innovation vary according to the type of 
industry. Organizational and marketing innovations significantly increase the likelihood of technological 
innovation. However, few studies have taken into account the role of innovative strategies such as 
organizational and marketing innovations (Schmidt and Rammer, 2007; Mothe and Thi, 2010; Jensen et al., 
2007).  Thus, it seems that future research should address specificities of firms regarding the way non-
technological innovation may support technological innovation (Schmidt and Rammer, 2007; Mothe and 
Thi, 2010; Evangelista and Vezzani, 2010; Wu, 2009). Sector specific or technology specific characteristics 
of firms may result in significant variance concerning non-technological innovation. Research should also 
investigate the impact of firm size on non-technological activity strategies to enhance performance as far 
as technological innovation is concerned. Differences between large and small firms should be a matter of 
future research (Mothe and Thi, 2010).  


5 Non-technological innovation measurement 
Although the measurement of the scientific and technological dimensions of innovation is now an 
established practice, so far there has been little research on possible approaches to measure and monitor 
organizational or other non-technological forms of innovation (Armbruster et al., 2008).  


Using data from the Innobarometer innovation survey which covers more than four thousand innovative 
firms, Arundel et al. (2008) state that 52.5% of firms innovate without performing R&D, 40% carry out in 
house R&D and 7.5% outsource R&D to other agents of the innovation system. These authors start from 
the assumption that firms innovate by different methods beyond R&D. Therefore, analyzing how non-
R&D innovators innovate should be of interest.  


A revision of the innovation dimensions for the EIS 2008-2010, both for technological and non-
technological innovations was proposed by Hollanders and Cruysen (2008). According to the authors 
suggestion, the EIS 2005-2007 uses five innovation dimensions, two of which reflect innovation outputs 
(applications and intellectual property) and three of which reflect innovation inputs (innovation drivers, 
knowledge creation and innovation and entrepreneurship). However, these five dimensions do not cover 
appropriately non-technological or non-R&D innovation, such as organizational and marketing 
innovation. 


Referring to the proposed model by Hollanders and Cruysen (2008) for the innovation process and its 
dimensions, non-technological innovation could be described by four categories of dimensions:  


 Human resources; 
 Entrepreneurship and the availability of finance; 
 Throughputs; 
 Applications (Hollanders and Cruysen, 2008). 


Hollanders and Cruysen (2008) have introduced a new category defined as throughput indicators. These 
indicators measure knowledge diffusion, including collaboration between firms and other several actors 
such as suppliers, clients and competitors. They also might measure new organizational arrangements. It 
is the intention of this category to cover not only technological innovations but also non-technological 
ones. These authors argue that it is quite relevant to take in consideration where innovation takes place 
including the sectoral structure and the socio-economic environment (Hollanders and Cruysen, 2008). 
Applying this systemic approach three main categories of indicators are highlighted: inputs, throughputs 
and outputs. 


Analysis of the determinants of non-technological innovations and comparisons with those of 
technological innovations have been performed by Schmidt and Rammer (2006) by analyzing marketing 
and organisational innovation activities of German firms during the three-year period 2002 to 2004. After 
this research they have conclude that the determinants of technological and non-technological 
innovations are quite similar. Actually, firms have a propensity to innovate in every form if their tangible 
and intangible assets (e.g., human capital and financial resources) are high. Common aspects between the 
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factors of technological and non-technological innovations are found also for the export status, the share 
of highly qualified labour and the size of the company.  


Schmidt and Rammer (2007) stressed that the principal factor that influences firms’ innovation behaviour 
is the competitive environment. The parameters that significantly increase the likelihood that a firm 
introduces both technological and non-technological innovations are fast changing technologies and 
short product life. Whereas organizational innovation is not considerably affected by the degree of 
diversification of the products/services, less diversified firms are less likely to introduce marketing 
innovations. Also it is important to say that the likelihood to introduce non-technological innovations 
itself is not influenced by the number of main competitors (Schmidt and Rammer, 2007).  


While it has been proposed that the category “non-technological” shows the absence of a technological 
dimension, excluding thus product and process innovation, there is a dispute that this distinction may 
seem to be oversimplified and that both technological and non-technological innovation may be actually 
part of any form of innovation. Fructuoso (2009) states that the process innovation indicators constitute 
the non-technological part of a technology dimension. Yet if we can accept that technological innovation 
may include characteristics of non-technological ones and vice versa, we should be aware that such a 
distinction enables us to understand new forms of innovation that differ from the traditional ones. 


The so-called Community Innovation Surveys, CIS, have been an important source of information 
regarding data on non-technological innovation. Some studies based on these data have compared the 
relevance of technological and non-technological innovation activities. Schmidt and Rammer (2007) have 
compared, using German CIS4 data, non-technological innovations (organisational and marketing) with 
technological ones. 60% of all manufacturing firms introduced technological innovations and also 60% 
introduced non-technological innovations. For knowledge intensive services the resultant figures are 52% 
and 66%, and for other services 37% and 48%. Arundel et al. (2008) confirmed the same for 25 EU 
member states. More particularly, a lower percentage of all service sector firms (34.0%) than all 
manufacturing firms (39.3%) are technical innovators (introducing product or process innovation) (Arundel 
et al., 2007) There are no differences in the percentage of all industrial and service sector firms that 
introduced an organizational and/or marketing innovation, according to CIS4 data. 


Firms with an intermediate market share are deliberate to have a broad innovation strategy consisting of 
both marketing and product/process innovations. A particularly weak or particularly dominant position on 
the market tends to become pure organizational or marketing innovators. The larger the resource base 
(information, human, capital, etc) of the firm, the greater the probability of introduction of organizational 
and marketing innovations. 


Concluding, we can say that an increasingly important role has been assigned to non-technological 
innovation, organizational innovation in particularly, due to the necessity of understanding its impacts on 
firms´ competitiveness. Nowadays there is an increasing consciousness of the significance of 
organizational innovation, although the empirical basis for its measurement still lags behind. The PORCH 
(Patterns of organizational Change in Europe Industry) Project has developed attempts to strengthen the 
empirical basis of policy and research of organizational innovation. According to these Project findings 
the majority of organizational innovations surveyed have a different impact on output dimensions 
although there is no sector specific importance. Moreover it is perhaps not prudent to think of 
organizational innovations as a homogeneous phenomenon and to measured them in an excessively 
standardized way. Organizational innovation various effects on firms´ processes and structures have to be 
understood when measuring organizational innovation.  


6 Implications for future research and concluding remarks 
The measurement of organizational innovation and its effects is methodologically challenging due to the 
complexity and variety of organizational innovations. The relationships between non-technological 
innovation and technological innovation are in need of further exploration. Research approaches 
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understand organizational innovation either as a necessary adaptation to the introduction of new 
technologies, or as a precondition for successful product or technical process innovations. In fact, it will be 
important to understand how and under which circumstances organizations change.  


Definitions of innovation have altered a number of times and also the indicators in the several Community 
Innovation Surveys (CIS). Indicators measuring marketing and organizational innovation were added to 
indicators of product and process innovation. Indicators of marketing and organizational innovation 
reflect non-technological innovation, although the distinction between the two types may be 
oversimplified because probably they are related, and both technological and non-technological activity 
and knowledge may be part of any form of innovation. Moreover, the way in which innovations are 
perceived may vary between size classes and sectors of economy. 


Research in defining and measuring organizational innovation still lags behind compared to indicators of 
tangible innovation. Comparing the approaches to measuring organizational innovations in the existing 
surveys by the CIS there are four main implications for measuring organizational innovation: 


 Life-cycle of organizational innovation: It is not enough to enquire about the introduction of 
organizational innovations within a very limited period (usually, the last 3 years) as it is vital to 
determine the proportion of firms which have implemented any organizational innovation at all.  
It is of common knowledge that organizational innovations do not age as fast as product 
innovations do. Applying in surveys questions limited to a very narrow period of time will 
incorrectly classify early adopters as non-innovative and only latecomers as innovative.  


 Complexity of organizational innovation: It is important not only to enquire about organizational 
innovation in general but it is necessary to include particular questions about different types of 
organizational innovations. In fact, different organizational innovations have different effects on 
performance indicators.  


 Quality of organizational innovation: When enquiring about organizational innovations the use of 
general labels must be carefully considered, in order to take account of interpretative variability in 
organizational innovations across firms. 


 Extent of use of organizational innovations: It is compulsory to identify the extent to which 
organizational innovations have been implemented into business processes and so it is not 
sufficient to only ask about the use or non-use of organizational innovations. This additional 
information will surely give insights of the utilized and non-utilized potentials within a firm.  


 


In order to effectively survey firms’ innovativeness as it regards the adoption of organizational concepts 
these four points should be taken into consideration when measuring organizational innovation.  


It will also be of great interest to cover strategies (i.e. role of innovation and costs), structural (hierarchy, 
functional lines, and organizational boundaries), and behavioural dimensions. Work processes including 
the use of different production inputs, the flow of work, job design, work allocation, and use of suppliers 
and subcontractors; human resource management practices including hiring and firing and the firms´ 
relation practices involving the strategies and institutional structures affecting the labour-management 
relationship should also be investigated. In addition, the restructuring of production processes, which 
includes business re-engineering, downsizing, flexible work arrangements outsourcing, greater integration 
among functional lines, and decentralization; human resource management practices, which include 
performance-based pay, flexible job design and employee involvement, improving employees’ skills, and 
institutional structures affecting labour-management relations; and product/service quality-related 
practices emphasizing total quality management (TQM) and improving coordination with 
customers/suppliers should be emphasized. 


Shapiro (2006) argues that innovation measurement needs to be dynamic. In fact, novelty is required for 
innovation measurement in order to make it possible to catch up with changes in the innovation field. The 
need to update innovation metrics’ is evident also in the European Innovation Scoreboard (EIS) editions 







 
Non-technological Innovation: Conceptual Approaches, Impacts and Measurement Issues 


ID307.7 
 


revised every year. Referring to Hollanders and Cruysen (2008), future editions of the EIS are expected to 
deal with four challenges:  


 Assessing overall innovation performance; 
 Improving comparability at national, regional and international level; 
 Measuring new forms of innovation; 
 Measuring progress and changes over time. 


A new EIS methodology that confirms the importance of non-R&D innovation is needed to develop due 
to a stronger focus on non-technological aspects, on outputs of innovation demands and on services. 


The outcomes of organizational innovations are difficult to define and measure and specific (new) set of 
performance indicators are necessary for the organizational innovations´ measurement. 


In face of the market orientation of firms, innovation has become more market driven. A broader scope 
has been taken by innovation policy increasing emphasis on non-technological forms of innovation, 
knowledge transfer and firm’s capacity to capture and use knowledge and market driven innovation. The 
use of non-R&D data for innovation measurement is of great importance. R&D inputs are not sufficient to 
assure that innovation activities will end up with the market introduction of new products.  


Innovation is in fact much more than R & D. Firms can achieve competitiveness through different 
innovation paths (e.g. non-technological innovation- organizational and marketing innovation).  


Nowadays the current innovation indicator systems focus more on technological innovation and on R&D. 
Non-technological innovation needs to be properly measured: 


 Need to ask for single elements of organizational innovation. Different organizational innovations 
affect different output dimensions (quality, costs, flexibility, etc.); 


 Need to apply novelty criterion for more extended periods concerning organizational innovations. 
A narrow (e.g., three years) period might be misleading once latecomers are captured rather than 
early adopters; 


 Need to ask for absolute effects of organizational innovations instead of relative subjective 
assessment. It is true that estimations might vary depending on the starting level of adoption. 


 Need to obtain information on quantifiable effects. 


Organizational innovations can be understood both as enablers for other types of innovations and as a 
distinct form of innovation (direct source of competitive advantage). The measurement of organizational 
innovations and their effects is methodologically challenging due to the complexity of organizational 
innovations. In fact, organisational innovation is a multidimensional phenomenon including different 
aggregation levels with longer life cycles than of product or service innovations (e.g., novelty less 
important). There are significant differences regarding the intrafirm diffusion of organizational innovations 
(e.g., extent of implementation).  It is also important to point out the multidimensional relationship 
between organizational innovations and their outcomes (e.g., complementarity vs. conflicting effects). 


References 
Armbruster, H., Bikfalvib, A., Kinkela, S., Lay, G., (2008). Organizational innovation: The challenge of measuring non-


technical innovation in large-scale surveys.  Technovation, 28, 644–657. 
Arundel, A., Kanerva, M., Cruysen, V. A. and Hollanders, H. (2007). Innovation Statistics for the European Service 


Sector. INNO Metrics, 1-43. 
Arundel, A., C. Bordoy, and M. Kanerva (2008), Neglected innovators: how do innovative firms that do not perform 


R&D innovate? Results of an analysis of the Innobarometer 2007 Survey, 215, MERIT. 
Ali-Yrkkö, J. A., Martikainen, O. (2008). The impact of technological and non-technological innovations on firm growth, 


ETLA, Working Paper, 1165. 
Anderson, N R & King, N., (1993). Innovation in Organizations, in C L Cooper & I T Robertson (Eds.) International 


Review of Industrial and Organizational Psychology, 8, 1-34. 







 
ICIEOM 2012 - Guimarães, Portugal 


ID307.8 


Baranano, A.M., (2003). The non-technological side of technological innovation: State-of-the-art and guidelines for 
further empirical research, International Journal of Entrepreneurship and Innovation Management, 3, 107-
125. 


Boer, H., W.E. During. Innovation, what innovation? (2001). A comparison between product, process and 
organizational innovation, International Journal of Technology Management, 22, 83-107. 


Bresnahan, T. F., Brynjolfsson, E. and Hitt, L. M., (2002). Information Technology, Workplace Organization and the 
Demand for Skilled Labour: Firm–Level Evidence. Quarterly Journal of Economics, 117, 339–376. 


Bruland, K. and Mowery, D., (2004). Innovation through time in Fagerberg, J., Mowery, D., Nelson, R. (eds.) The Oxford 
Handbook of Innovation. Oxford: Oxford University Press. 


Brynjolfsson, E., Renshaw, A. and Van Alstyne, M., (1997). The Matrix of Change. Sloan Management Review, Winter. 
Brynjolfsson, E. and Hitt, L. (2000). Beyond Computation: Information Technology, Organizational Transformation and 


Business Performance. Journal of Economic Perspectives, 14(4), 23–48. 
Chandler, A., (1962). Strategy and Structure. Cambridge, Massachusetts: MIT Press. 
Chesbrough, H. W., (2003). Open Innovation: The New Imperative for Creating and Profiting from Technology, 


Harvard Business School Press. 
Cozzarin, B. and Percival J., (2006). Complementarities between organizational strategies and innovation, Economics of 


Innovation and New Technology, 15, 195-217. 
Daft, R. L., (1978). A Dual-Core Model of Organizational Innovation. Academy of Management Journal, 21(2), 193–210. 
Damanpour, F., (1987). The Adoption of Technological, Administrative and Ancillary Innovations: Impact of 


Organizational Factors. Journal of Management, 13 (4), 675–688. 
Damanpour, F., Szabat, K.A., & Evan W.M., (1987). The Relationship between Types of Innovation and Organizational 


Performance. Journal of Management Studies, 26, 587-601. 
Damanpour, F., (1991). Organizational innovation: a meta-analysis of effects of determinants and moderators. 


Academy of Management Journal, 34(3), 555–590. 
Edquist, C., Hommen, L. and McKelvey, M., (2001) Innovation and Employment: Process versus Product Innovation, 


Cheltenham: Elgar. 
Evangelista, R., (2000). Sectoral Patterns of Technological Change in Services. Economics of Innovation and New 


Technology, 9: 183-221. 
Fagerberg, J. (2004) “Innovation: A guide to the literature.” in Fagerberg, J., Mowery, D., Nelson, R. (eds.). The Oxford 


Handbook of Innovation, Oxford: Oxford University Press. 
Fagerberg, J. and Verspagen, J., (2009) “Innovation studies – The emerging structure of a new scientific field”, 


Research Policy, 38(2), 218-233. 
Freeman, C., (1995). The National System of Innovation in Historical Perspective. Cambridge Journal of Economics, 19, 


5–24. 
Fructuoso, V. V. (2009). Improving the understanding of innovation by using test techniques. Statistics Netherlands. 


Discussion paper (09021). 1-43. Retrieved from www.cbs.nl/NR/rdonlyres/94B5663B-E076-
4947.../200921x10pub.pdf 


Gallouj, F., and Weinstein, O., (1997). Innovation in services. Research Policy 26: 537-556. 
Flikkema, M., Jansen, P., and Van der Sluis L., (2007). Identifying Neo-Schumpeterian Innovation in Service Firms: A 


Conceptual Essay With a Novel Classification, Economics of Innovation and New Technology 16(7):  541-558. 
Gera, S., Gu, W., (2004). The effect of organizational innovation and information and Communications technology on 


firms’ performance. International Productivity Monitor, 9, 37-51. 
Griffin, A., J.R. Hauser (2001), Integrating R&D and Marketing: A Review and Analysis of the Literature, Journal of 


Product Innovation Management, 13, 191–215. 
Hertog, P. den. (2000). Knowledge-Intensive Business Services as Co-producers of Innovation. International Journal of 


Innovation Management, 4, 491-528. 
Hollanders, H. and Cruysen, V. A.(2008). Rethinking the European Innovation Scoreboard: Recommendations for 


further improvements. Input paper for the workshop on “Improving the European Innovation Scoreboard 
methodology”. Maastricht.  


Jensen, M. B., Johnson, B., Lorenz, E., Lundvall, B. A., (2007). Forms of knowledge and modes of innovation. Research 
Policy, 36(9), 680-693. 


Kimberly, J. R. and Evanisko, M. J., (1981). Organizational Innovation: The influence of individual, Organizational, and 
Contextual Factors on Hospital Adoption of Technological and Administrative Innovation.  Academy of 
Management Journal, 24(4), 689–713. 


Lam, A., (2004).Organizational Innovation in Fagerberg, J., Mowery, D., Nelson, R. (eds.). The Oxford Handbook of 
Innovation. Oxford: Oxford University Press. 


Moore, G. A. (2005). Dealing with Darwin: how great companies innovate at every phase of their evolution, Portfolio. 







 
Non-technological Innovation: Conceptual Approaches, Impacts and Measurement Issues 


ID307.9 
 


Morone, P., Testa, G., (2008). Firms growth, size and innovation: an investigation in the Italian manufacturing sector. 
Economics of Innovation and New Technology, 17(4), 311–329. 


Mothe, C., Thi, T., (2010). The impact of non-technological innovation on technological innovation: do services differ 
from manufacturing? An empirical analysis of Luxembourg firms. Working Paper Nº 2010-01. CEPS/INSTEAD 
- Enterprises, Luxembourg. 


Nelson, R. R., (1991). Why do firms differ, and how does it matter? Strategic Management Journal, Winter Special 
Issue, 12, 61–74.  


OECD and Eurostat (2005). Oslo Manual - Proposed Guidelines for Collecting and Interpreting Technological 
Innovation Data - 3rd Edition, Paris. 


OECD, Organization for Economic Co-operation and Development, (2009). Working party on Innovation and 
Technology Policy- New Forms of Innovation: Challenges for Policy Making. OECD, Headquarters, Paris. 


O´Sullivan D., Dooley, L., (2009). Applying Innovation. Sage, Los Angeles. United States of America. 
Pettigrew, A. M. and Fenton, E. M. (2000). The Innovating Organization. London: SAGE. 
Romero, F., (2010). The social dimension of the integration of manufacturing systems: the role of institutions. 


International Journal of Computer Integrated Manufacturing, 23(8-9), 806-818. 
Sawhney, M., Wolcott, R. C., Arroniz, I., (2006). The 12 Different Ways for Companies to Innovate, MIT Sloan 


Management Review, 47(3). 
Schmidt, T. and Rammer, C. (2006). The determinants and effects of technological and non-technological innovations 


– Evidence from the German CIS IV. Shortened version. 1-26. Retrieved from 
http://www.oecd.org/dataoecd/10/43/37450197.pdf 


Schmidt, T, Rammer, C., (2007). Non-technological and Technological Innovation: Strange Bedfellows? ZEW Discussion 
Paper 07-052. 


Schumpeter, Joseph A., (1939). Business Cycles: A Theoretical, Historical and Statistical Analysis of the Capitalist 
Process. New York. Taylor & Francis. 


Sorensen, J. B. and Stuart, T. E., (2000). Age, Obsolescence, and Organizational Innovation. Administrative Science 
Quarterly, 45(1), 81–112. 


Shapiro, R. A. (2006). Measuring innovation: beyond revenue from new products. Research Technology Management, 
49 (6), 42-51. 


Svetina, A. C., Prodan I., (2008). How internal and external sources of knowledge contribute to firms innovation 
performance. Managing Global Transitions, University of Primorska, Faculty of Management Koper, Vol. 6(3), 
277-299. 


Sundbo, J., (1997). Management of innovation in services. The Service Industries Journal, 17(3): 432-455.  
Teece, D. J., (1980). The Diffusion of an Administrative Innovation. Management Science, 26(5), 464–470. 
Teece D. J., Pisano, G., Shuen, A., (1997). Dynamic capabilities and strategic management. Strategic Management 


Journal, 18 (7), 509-533. 
Tether, B.S., (2005). Do Services Innovation (Differently)? Insights for the European Innobarometer Survey. Industry 


and Innovation, 12(2): 153-184. 
Tidd, J. J. Bessant, K. Pavitt, (2001), Managing Innovation: Integrating Technological, Market and Organizational 


Change, 2nd edition, Chichester: Wiley. 
Totterdell, P., Leach, D., Birdi, K., Clegg, C., & Wall, T., (2002).  An investigation of the contents and consequences of 


major organizational innovations.  International Journal of Innovation Management, 6, 343-368. 
Wu, Y., (2009). The analysis of innovation efficiency and non-technological factors of manufacturing companies in the 


Pearl River Delta of China. PhD Thesis, School of Statistics, the Center for Applied Statistics, Renmin 
University of China. 


Williamson, O.E., (2010). Markets and Hierarchies: Analysis and Antitrust Implications: A Study in the Economics of 
Internal Organization. University of California, Berkeley Business & Public Policy Group. 


 
 








 


ID323. 1 


Open innovation in the research and development: analysis of a 
cooperation net between companies from automotive sector 
and universities 


Ana P. Lopes*, Kumiko O. Kissimoto*, Mário S. Salerno*, Fernando J. B. Laurindo*, Marly C. Carvalho* 


* University of São Paulo, Polytechnic Scholl, Production Engineering Dept., São Paulo, Brazil 


Email: aplopes10@hotmail.com, kkissimoto@usp.br, msalerno@usp.br, marlymc@usp.br, fjblau@usp.br 


Abstract 


The increasing demand for innovation and the necessity of reducing time and cost for the development of new 
products are modifying the automotive scenario in Brazil. From many years ago, it was characterized by a model of 
closed innovation mainly focused on the importing of technologies. The Flex Fuel technology has demonstrated to be 
a significant challenge to the companies, which is the main focus of this research. The main objective is to 
comprehend the process of open innovation in the content of the fuzzy front end, identifying the main motivations 
and bottle neck of its implementation. Aligned to that, it was evaluated a case study applied in a consortium 
containing nine companies and two universities. After the analysis of the documents and the execution of two 
interviews, questions were created and applied to all members of the consortium. The results are analyzed by the use 
of descriptive analysis, conjoint analysis and social net. An interesting aspect of this consortium is that the majority of 
the companies that constitutes are competitors. However the focus that the environment of knowledge is necessary 
to increase, they are sharing information and results. The main motivation factors identified for this consortium were 
the chance to reduce time for innovation and the collaborative development of technologies.  


Keywords: open innovation, fuzzy front end, cooperation. 


1 Introduction 
The continuous evolution in the structured process of new product development favors the reduction of 
time-to-market, i.e. the time to introduce the product in the market (Tatikonda & Rosenthal, 2000). The 
increasing demand for innovation is directing the focus of the companies for the activities of fuzzy front 
end in the management process of innovation (Khurana & Rosenthal, 1997). “Fuzzy front end” cam be 
defined as the period between the idea generation and the moment that development starts (Kim & 
Wilemon, 2002). 


The open innovation, term defined by Chesbrough represents the generation and use of ideas external to 
the organization, has become one important competitive tool for some sectors as Information 
Technology. However it has still low speed to other sectors (H. Chesbrough & Crowther, 2006; Dodgson, 
Gann, & Salter, 2006; Zien & Buckler, 1997).  


The main objective of this work is to comprehend the process of open innovation in the context of fuzzy 
front end linked to the identification of the main motivation factors and bottle necks in its 
implementation. Then it was selected a longitudinal case study inside a consortium of research in the 
automotive sector, mixing the approaches of qualitative and quantitative research. Analysis applied 
consists on statistics and mapping techniques in the social nets to understand the relation between the 
actors.    
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2 Literature review 
In the closed innovation model, the innovation process, since the concept of the idea, going for the 
development up to the commercialization, everything occurs inside the organization. One of the main 
advantages of the closed innovation is the profitability on the prize of price which is obtained by the 
introduction of innovation in the market. 


In the open innovation model, the same process involves not only the internal environment of the 
organization, but also what is around, considering, for example, customers, suppliers, competitors and 
universities (H. W. Chesbrough, 2003a). In this context, Chesbrough concludes that management of the 
intellectual properties should follow the logic of the open innovation. It means that not only the ideas, but 
also the human resources and the acquired knowledge are not exclusive properties of the one that 
developed (Chesbrough, 2003b). The way that each organization uses the acquired knowledge and holds 
the best talents is what potentially makes the company different and improves its competitiveness. Open 
innovation favors the discovery of new ways of exploring the open innovation and incorporates the 
external innovation in the internal development (West & Gallagher, 2006). 


It is important to highlight that in the same way of other typologies, the frontiers can be diffuse. Then it is 
possible to locate an organization in continuum, which extremes are the completely closed innovation or 
completely open (H. W. Chesbrough, 2003a). Important that of the companies to know well its inside 
before to join the open innovation model (Jacobides & Billinger, 2006). 


The term fuzzy front end (FEE) can be understood as initial part and fuzzier of the innovation 
management once it refers to the phases of generation and selection of opportunities and innovative 
ideas. These activities in general have low structures and fuzzy in the organizations, while compared with 
the step of development itself. There are several distinctions between the FFE and the product 
development phase (Kim & Wilemon, 2002; Koen et al., 2001).  


This is the very initial phase of the innovation process. The company should to search to a holistic view of 
this process because it is not enough to be aligned internally. It is necessary to maintain strong channels 
to follow up the environment changes regarding the monitoring of emergent technologies, new demands 
to customers and the competitor movements (Carvalho, 2009). In this way in the FFE the ideas are 
generated. For this work, it is explored the preparation of an environment to be able in supply the 
conditions to search new concepts for products given the transfer and/or generation of knowledge 
(Backman, Bo, & Setterberg, 2007).  


From the cooperation perspective, there is the need in mention the fact that the organizations, 
independently on the different structures, are involved in social nets or networks (Powell, 1990). Social 
networks can be define groups of inter-organizations based on the systematic connections, formal or 
informal, of the companies (Freeman, 1991). It is an endogenous structure that depends on the individual 
choices of its actors (Eguíluz, Miguel, Zimmermenn, & Cela-Conde, 2001). Then its formation consists 
basically on knots and connections, where the knots are the actors and the connections represents the 
relation between the actors (McDonald, 2007).     


The cooperation favors the access of the organizations to the information, resources, markets and 
technologies, in a way of combining competences and to increase their knowledge (Gulati, Nohria, & 
Zaheer, 2000). It also favors the expansion of the organization frontiers (Richardson, 1972).  


There are many types of the connections that can occur between companies and universities: research 
partnership, research services, academic entrepreneurism, transfer of human resources, information 
interaction, commercialization of property rights, scientific publications (Perkmann & Walsh, 2007). The 
learn generated has been also the focus of previews researches (Gulati & Singh, 1998; Harrigan & 
Newman, 1990; Kogut, 1988). However it was given without the focus on the relations between companies 
and universities.. 


The analysis of the literature allows the identification of four types of relationships between the members 
of the company, customer or university, see Figure 1. The relations 1 and 2 are equivalent, they refers to 
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the interaction of the company to the university. This interaction can happen in different ways, including a 
simple relation of commercial service. On the other hand in the environment of the automotive industry, it 
is common the relation with the focus on the technology development before any commercial relation. 
The objective in this relation is the chance to collaborate to explore concepts of new technologies.  


Organization


Customer


University


 
Figure 1 – Relations between the member of the company with its customer and university 


This work focus in the relation indicated in the number 4 of the Figure 1, open and collaborative relation 
between company-customer-university (Janowicz-Panjaitan & Noorderhaven, 2009). Once the ideas are 
generated in the members enabled by the relations (Alegre & Chiva, 2008), all possible relationships are 
important as the basis to the open innovation. According to (Lorange et al., 1992), the main restrictions of 
these cooperative relations are: autonomy, the initial moment of the relation, focus in the external 
environment, politics, changes in the market, learn, people, poor communication and culture. In an 
evaluation between the different search methods for new concepts. Cooper and Edgett evaluate that the 
open innovation, specially the direct interaction with customers, is a very powerful tool. It is interesting 
related to the consortium under analysis of this paper (Cooper & Edgett, 2008). 


3 Research Method 
The research was based on the longitudinal study case taking the necessary recommendations this type of 
research as described by (Voss, Tsikriktsis, & Frohlich, 2002). The selected unit of analysis was a 
consortium involving nine companies and two universities with the focus on tribology and the mechanical 
impacts of the engine technology of the flex fueled internal combustion engines. In the period of two 
years (2010 e 2011), the researchers followed the formation of the consortium and the evolution along the 
time. There were also participation of monthly meetings and research seminars related to the consortium 
during the mentioned period. 


The interviews allowed the identification of the main points to be explored in a closed questioner, with 
the objective to align the expectative of the members of the consortium and to measure the satisfaction 
of the institutions liked to the evolution of the partnership. These points were transformed in variables, 
which measure is one of the more remarking characteristics of the quantitative approach.  


After the buildup of the questioner, it was sent to the 46 members and 11 answered. It is presented in 
Annex 1m the structure of the questioner. The questioner is composed by tree parts. In part I, it was 
evaluated variables related to the satisfaction of the member. It was used a score scale from 1 to 10 being 
subdivisions of half point. The approached topics were: satisfaction with the respect to the time schedule, 
satisfaction with the meeting agendas, satisfaction with the project management, satisfaction with the 
decisions taken in the project, satisfaction with the offered trainings, satisfaction with the involvement of 
different participating entities. For each topic, it was applied tree variables.   
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The second part was connected with the characterization of the sample. Some information applied were: 
gender, size of the company, previous experience in tribology project, previous experience in collaborative 
projects with other companies and/or universities, origin region of the company, motivator factors to 
entrance in the project. For the motivation factors, the participants were asked to select tree reasons from 
eleven options. The part III evaluated the degree of interaction between the companies and universities 
according to the scale: inexistent, weak, medium or strong. 


4 Results 
The evaluated consortium in this work counts with the involvement of 5 car builders, 2  auto-parts 
companies, one engineering service company and 1 oil and gas company. The table 1 presents the 
characterization of the members in the consortium. 


Table 1 – Characterizations of the members of the consortium. 


Institution Type Number of participants Competence


Organization 1 Car builder 2 fixed + 2 not fixed Leadership in larger engines


Organization 2 Car builder 1 fixed + 5 not fixed Cost leadership / manufacturing


Organization 3 Car builder 1 fixed + 2 not fixed Leadership in engines with lower fuel consumption


Organization 4 Car builder 1 not fixed Beginning of project development 100% natural


Organization 5 Car builder 5 not fixed Development platforms worldwide to flex engines


Organization 6 Auto-parts company 2 fixed + 8 not fixed Specialist components of tribology


Organization 7 Auto-parts company 1 not fixed Foundry


Organization 8 Engineering service company 2 not fixed Combustion


Organization 9 Oil and gas 1 not fixed Lubricants and lubricating systems


University 1 University 7 fixed + 5 not fixed tribology, modeling and metallurgy / materials properties


University 2 University 1 fixed Coatings  


The Figure 2 illustrates the results related to the average of the eleven answered questioners for the 
eighteen variables. It is organized in the decreasing order of the average. 


The topics with the highest scores were: satisfaction with the respect to the time schedule and satisfaction 
with the meeting agendas. It can demonstrate the applied efforts, which are being recognized by the 
participants. 


The topics satisfaction with the project management, satisfaction with the decisions taken in the project 
and satisfaction with the involvement of different participating entities were evaluated with similar score 
level below to the two topics above. It may indicate that the sample of responses is not recognizing partly 
the efforts, which deserves higher attention and communication. 


In the last appears the satisfaction with the offered trainings. The answers do not demonstrate the interest 
in the organization of trainings, but to get learn from the experience exchange of the participants. 


The part of the characterization showed that 100% of the answers came from male participants. As 
information, the group is composed by 19 men and 5 women. Regarding the size of the companies, 10 
answers were from big companies and 1 from small companies. It was expected once the main 
participation is given by auto builders and big universities. 
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Figure 2 – Ranking of the eighteen variables, decreasing order of the evaluation. 


Nine institutions, in front of two, have previews experience in tribology projects. From these 9, seven had 
these projects in collaboration with universities and/or companies. It is important to call attention to this 
result. The theme tribology in spite of being worked out by the majority of the participants is still 
understood as attractive. Notice that the consortium in evaluation has a pre-competitive focus. It is 
possible then to recognize the existent of significant vulnerability in the theme. And in this theme, the 
knowledge creation acts as key factor to the development of new products for the companies in the 
consortium. 


The origin f the institutions presented in the following way: 3 in America, 5 in Mercosul and 3 in Europe. 
This point reinforce the importance and visibility of the subject not only in a local issue but also global. 


The motivation factors to the entrance in the consortium, 3 were highlighted: reduce the time to 
innovation from learning, co-development of new technology and share complement technology. 


Notice that it was confirmed the as described before in the literature review, the main motivation factor is 
the development and share of knowledge with the focus to reduce time-to-market on innovative 
products.  


The net in the Figure 3 presents the results that indicate the interaction existent between the institutions. 
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Figure 3 – Net for the interaction between the institutions. 


It is verified that the company 6 is not only the most central of the net, but it also has the highest index of 
intermediation. Notice that many of the relations are characterized as weak or medium. It indicates the 
necessity of the institution to know better and to constitute the environment of thrust. 


5 Conclusions 
Besides the indication of the literature that the reductions of costs is one of the most important 
motivation factor to the entrance of companies in collaborative work with other institutions, in this project 
it was noticed the interest more focused on the development of knowledge given by the competence 
combination. Such knowledge focused on the reduction of risks and uncertainties related to the challenge 
of the flex fuel technology favors the reduction of the introduction time of the innovation to market. 


Given the pre-competitive environment in the collaboration between companies and universities in the 
studied consortium, it is possible to indicate that the members from the companies act as boundary 
spanners. Their aim is in the search of ideas or the preparation of environment to reach new ideas. This is 
linked to the challenge to supply interesting concepts to the development funnel of the companies. Once 
it is a pre-competitive cooperation, it is not focused on the technology development or on the 
management of intellectual properties. 


The fact of seven institutions to have previous experience in collaborative projects in tribology favors the 
degree of interaction and the degree of complementation between them. In this way, the interaction 
enables the development of thrust, which directly influences the internal mechanisms to enable the 
partnership. 


In spite of the time schedule to be as predicted, the participation of the institutions are not being 
recognized to be happening in an homogenous way, which is against one of the objectives of the group. 
Another topic that requires improvement is related to the decisions take. It was noticed the need of 
improvement on the alignment of the objectives and the activities development up that moment. The 
authors intend to evaluate the next two years of the project in order to complement the analysis initiated 
in this research. 
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6 Annex 1 - Questionnaire 


Part Variables Questions Type of response


group's efforts to avoid postponements of meetings (V1)


group's efforts to meet the schedule of meetings (V2)


group's efforts to eliminate factors that cause delays (V3)


previous discussion about the best topics to be addressed (V4)


balance between academic and business presentations (V5)


importance of company presentations invited (V6)


perceived knowledge about project management (V7)


perceived knowledge about cooperation (V8)


group's attention to the two previous variables (V9)


perceived knowledge about the decision flow (V10)


attention to the balancing of the participants (V11)


importance of competitive focus (V12)


Content on staff training (V13)


scope of the theme on the needs of institutions (V14)


prior knowledge about the training (V15)


equal participation on the project scope (V16)


routing conflicts of interest (V17)


equitable development of technical skills (V18)


male / female


small / medium / large


america / europe / asia / Mercosur


accessing new markets


share complementary technology


share productive advantages


jointly develop new technology


sharing costs and risks


reduce the time for innovation through learning


have access to new projects


having access to financial resources


III degree of interaction between institutions absent / low / medium / strong


motivating factors to enter into 
collaborative relationships


choose three of eight


II


scale of zero to ten, with intervals of 0.5


yes / no


gender


size of the company


previous experience in projects of tribology


continent of origin of the company


prior experience in collaborative projects with other companies and / or universities


satisfaction with the 
involvement of institutions


I


satisfaction with meeting the 
deadlines of the project


satisfaction with the agenda of 
the meetings


satisfaction with the project 
management


satisfaction with the training 
offered


satisfaction with the decisions 
taken in the project
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Abstract 


Growing challenges with respect to preserving the environment have forced changes in company operational 
structures. Thus, the objective of this article is to measure the evidence of Environmental Management using the Item 
Response Theory, based on website analysis from Brazilian industrial companies from sectors defined through the 
scope of the research. This is a qualitative, exploratory, and descriptive study related to an information collection and 
analysis instrument. The general view of the research problem with respect to the phenomenon under study in based 
on multi-case studies, with the methodological outline based on the theoretical reference used. Primary data was 
gathered from 638 company websites from 7 different Brazilian sectors and led to the creation of 26 items approved 
by environmental specialists. The results were attained with the measuring of Environmental Management evidence 
via the Item Response Theory, providing a clear order of the items involved based on each item’s level of difficulty, 
quality, and propriety. This permitted the measurement of each item’s quality and propriety, as well as that of the 
respondents, placing them on the same analysis scale. Increasing the number of items involved is suggested for 
future research in order to permit broader sector analysis. It would also be interesting to build a Computerized 
Adaptive Test (CAT) for the respondent – the end of the questionnaire – get, immediately, the degree of environment 
management evidence of your company. As such, a greater reach of the instrument should be considered with the 
objective to contribute to business management. 


Keywords: environmental management performance; industry websites; measurement; item response theory. 


1 Introduction 
Government and private organizations can no longer ignore aspects related to environment preservation. 
The environmental variable has become an important competitive advantage, something with which all 
organizations must be concerned. 


In recent decades preserving and restoring the environment has become a worldwide concern. In Brazil, 
this concern is explicitly expressed in the 1988 Federal Constitution (1988) in Article 225. It states that 
"everyone has the right to an ecologically balanced environment of common use, essential to a healthy 
quality of life, necessitating the government and society the duty to defend and preserve it for present 
and future generations.” Furthermore, Article 23 of the same constitution states "common responsibility 
of Federal, State, Federal District and Municipalities: (...) VI – protecting the environment and fighting 
pollution in any of its forms". The impacts that affect local, regional, and national economic development 
rely on the fact that it spreads its coverage. In fact, the social and political issues go beyond the 
boundaries of environmental policies which are on the agenda of various communications media as a 
major topic today (BRASIL, 1988). 


Concern for the environment has highlighted the importance of deploying an environmental 
management system, which can provide holistic and systemic management. According to Kaplan and 
Norton’s (2004) assertion that it is impossible to manage something which you cannot measure reinforces 
the importance of using a method which provides a perspective of the business through analyzing the 







 
ICIEOM 2012 - Guimarães, Portugal 


ID262.2 


results of the principle strategic management perspectives. This will help executives to assess and achieve 
decision-making goals or to correct their courses to ensure that such objectives are achieved. In this 
context, there is a need for organizations to effectively manage their information resources and to obtain 
knowledge to assist the decision-making process. 


As suggested by Hronec (1994), performance measurements are vital signs for an organization, 
confirming that environmental management requires the use of performance measurements to qualify 
and quantify how the activities of a process achieve their goals. Measuring the quality of this performance 
is important for companies as they identify aspects of the process to be improved. Constructing such a 
measurement is a complex task due to the latent nature of the measurement. In fact, few studies 
concerned with developing adequate environmental performance measurements can be found in the 
academic literature of business and environmental management. 


Within this context, the objective of this article is to verify the viability of using the Item Response Theory 
to measure Environmental Management evidence among industrials in Brazil, considering the sectors 
analyzed and based exclusively on information available in these companies’ websites. The intention of 
such measurement is thus to evaluate the quality and propriety of each item individually, placing items 
and respondents on a single scale. 


The Item Response Theory is a tool widely used in educational and psychological (de AYALA, 2009) and 
has been applied in several areas: medicine (Roos; Meares, 1998; Vidotto et al., 2006; Das; Hammer, 2005); 
marketing (Bayley, 2001; Singh, 2004); services (Costa, 2001); total quality management (Alexandre et al., 
2002); Information Systems (Tezza, Bornia, Andrade, 2011); genetics (Tavares et al., 2004. In general, the 
IRT is a set of mathematical models that seeks to measure latent traits through a set of items and the 
construction of a scale, on the scale of the latent trait of the respondent and the difficulty of an item can 
be compared (Mellenbergh, 1994, Hambleton, 2000, Embretson; Reise, 2000). In this sense, the use of TRI 
allows: (a) to analyze items and scales, (b) create and administer measures, and (c) measuring individuals 
or organizations in a construct (latent trait) of interest. The TRI is supported primarily by three reasons: (a) 
response function of an item, (b) information function and (c) invariance (Reise et. al., 2005).  


The innovation of this study is to create of a single scale on which managers are able to interpret the scale 
values and, consequently, to understand the meaning of achieving a certain level of environmental 
management performance. They can visualize the principal features of the current level of environmental 
management performance and can define the actions needed to improve this current level.  


This article presents the following structure: Methodological Procedures, Item Response Theory, 
Environmental Management, Methodological Background, Results and Discussion, Conclusion, and 
References. 


2 Methodological Procedures 
Gathering secondary data as well as bibliographic research to compose the study’s theoretical reference 
was used as the methodological outline. The primary data collection, supported through evidencing 
environmental information (disclosure) occurred based exclusively on the company sites analyzed from 
the database of the Biggest and Best list as provided by Exame Magazine concerning the 7 sectors of this 
study (Exame, 2011). Then, the researchers accessed respective websites of the companies selected and 
responded either “yes” or “no” to the items in the questionnaire. Thus, for the intents of this article, the 
industrial company environmental performance evaluation presents this delimitation and constitutes a 
basis to outline the current situation as well as bring together critical analysis, suggestions, and 
conclusions. 


The inductive investigative method is utilized. As such, it starts from a particular premise, data, and 
confirmed facts and builds towards a general premise, a conclusion which contains unverified facts or 
situations. Gil (2010) highlights that in inductive reasoning; one must not seek a priori generalization, but 
verify it based on observing concrete cases, sufficiently confirmed from such a reality. 
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The present study possesses a quantitative nature, related to the data collection instrument, which 
presents closed questions (yes or no), generating results which are thus analyzed quantitatively with a 
two-parameter logistic model under the Item Response Theory perspective. This study deals with 
exploratory research, as it seeks to provide a general view of the problem and to approximate, making it 
possible to gain greater familiarity and comprehension from the investigator with respect to the 
phenomenon under study (Gil, 2010). Such an approach results in an upgrading of ideas. This 
investigation involves a multi-case study in 7 economic sectors. The techniques outlined and procedures 
utilized in collecting data were defined in 3 phases: (1) Elaborating the items based on exploratory 
research in literature relevant to the environment, totaling 32 items; (2) Submitting the items to evaluation 
from 3 experts of the environmental area, with suggestions to improve the semantics and subsequent 
exclusion of 6 items; and (3), according Figure 1: 


 


Figure 1. Phases of the study’s methodological delimitation 


The 26 items are presented in Table 1: 


Table 1. Final report of the items 


Numbers Items 
1 There is declared concern for environmental questions in the company’s mission statement 
2 There is the mention of concern for environmental questions in the view  
3 There is the mention of concern for environmental questions in policies/ directives  
4 The company declares environmental questions in its values  
5 Establishes environmental goals and objectives  
6 Releases environmental information in a specific report  
7 Possesses an implanted Environmental Management System (EMS) 
8 Has ISO 14000 implanted throughout the company  
9 Has ISO 14000 implanted in part of its operations 


10 Has a structured sector/department for the environment  
11 Forms environmental partnerships  
12 Releases environmental awards  
13 Possesses an environmental seal  
14 Waste Management  
15 Recycling Programs 
16 Develops ecological products  
17 Efficient use / reuse of water  
18 Efficient use / reuse of Energy 
19 Uses renewable energy  
20 Programs to mitigate/recover degraded/ impacted areas  
21 Promotes Education /training to disseminate environmental consciousness  
22 Possesses greenhouse gas emission reduction process 
23 There is the mention of fines incurred by the company  
24 Possesses a foundation / institution to develop environmental projects 
25 The visual identity of the company (website design) is geared toward the environment 
26 Releases environmental information in the GRI – Global Reporting Initiative – pattern 


Source: The authors 2011 


The companies analyzed in this article involve 7 (seven) economic sectors. The industrial companies 
analyzed herein are ordered according to the “Sales” criteria. The data was taken from the Brazilian 
magazine, Exame (2011), in its annual ranking of the Biggest and Best companies performing in Brazil. 
Among them are national and international companies, bringing the total sample size to 638 companies 
under analysis. This research was carried out from August to December of 2011. 


1st. Phase: Elaborating the items


2nd. Phase: Submitting the items to evaluation from 3 specialists


3rd. Phase: Final definition=26 items
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 Agricultural Production. This sector has seen the modernization of agricultural activities based on 
the Green Revolution technological paradigm, which has gone through great modification in the 
productive structure of the fields. This has benefitted large landowners with the exploration of 
export products, propelled by globalization and the opening of international economies, in large 
part among the most industrialized regions of Brazil (Peixoto, 1998). 


 Auto industry. In general terms, one can characterize the evolution of this relatively new industry 
in principle markets through the advance of globalization, through intensified competition – 
herein included the intensification of the introduction of new Technologies –, and through the 
reduction of competitive differences among the leading manufacturers: (...) competitive strategies 
implemented by automakers in recent years as well as an evaluation of their respective 
performances in primary automobile markets (Carvalho, 2003, 2005). 


 Chemicals and Petrochemical. The petrochemical industry is part of the chemical industry. It is 
characterized through its use of petroleum or natural gas derivatives as primary materials. 
However, many of the products denominated as petrochemical, such as polyethylene, for 
example, may be obtained either through these raw materials or through others, such as coal 
(South Africa) or alcohol (Brazil). The official classifications of the chemical industry have not 
utilized a separate “petrochemical” concept. Such industries supply raw materials and products to 
diverse productive sectors, from agriculture to aerospace (Abiquim, 2011, Thorium, 2011). 


 Construction. The peculiarity of this sector resides in its resistance to professionals involved in 
assuming the uncertainty risks of changing its status quo. Such resistance, added to the 
multidisciplinary nature of the projects which at times signify an involvement from various 
companies and the sector's dependence on research for new materials and equipment, has kept 
civil construction from modernizing to the pace of other productive sectors (Francklin, Amaral, 
2008). 


 Energy. This sector involves companies which generate and distribute electrical and bio-electrical, 
thermo-dynamic, and hydro-electrical energies (Moreira, 2001). 


 Paper. This includes industries which produce pulp, involving separating the paper fibers from the 
wood or recyclable paper through mechanical or chemical processes. Paper is obtained through 
the conversion of these fibers into sheets, and its products are formed through cutting, modeling, 
coating, and lamination processes (ADVFN, 2011, Souza, 2009). 


 Steel and Metals. Industries which operate within the set of procedures and techniques to extract, 
manufacture, found, and treat metals and their alloys. Metals are used to manufacture utensils, 
materials such as copper, lead, bronze, iron, gold, and silver, which were amply used in the past. 
The first foundries appeared in the 8th Centuries. The metals industry had resurgence in the 18th 
century with the industrial revolution (SIMEMAE, 2011). 


The IRT analysis was performed with BILOG-MG® software. This software, developed by Scientific 
Software, Inc. (Mislevy and Bock, 1990) is one of the most popular IRT programs. The IRT model used was 
the two-parameter logistic model (2PLM) (Eq. (1)). The BILOG-MG® program performs the analysis in 
three phases distinguished by the type of tasks performed in each phase (Tezza, Bornia, Andrade, 2011). 


3 Item Response Theory 
The mathematical models of the IRT estimate item and respondent parameters in order to establish a 
quantitative measurement scale. To estimate these parameters, one defines a set of variables which 
cannot be measured directly, but express a theoretical concept defined by "construct" or "latent traits", 
such as the "environmental management performance" to be answered for a sample of manufacturers 
located in Brazil. The Item Response Theory (IRT) is a powerful tool that enables the construction of scales 
from a set of items via mathematical models (Embretson, Reise, 2000, Hambleton et al, 1991). 


The IRT provides mathematical models for the latent traits, proposing forms of representing the 
relationship between the probability of a respondent to give a certain response to an item, and it’s latent 
trait and items characteristics (parameters) in the knowledge field studied. A major advantage of IRT is the 
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principle of invariance, i.e., the item parameters do not depend on the respondent’s latent traits, and the 
individual’s parameters do not depend on the items presented. Other advantages include the possibility 
of comparing the latent traits of individuals of different populations when they are submitted to tests or 
questionnaires that have certain common items. It also allows for the comparison of individuals the same 
population submitted to totally different tests. Lastly, this is possible because the IRT has the items as its 
central elements (Bortolotti et al., 2012). 


For Reckase (1997), an advantage of IRT, for other tools intended for measuring the latent trait, i.e., the 
Classic Test Theory (CTT) that the first seal characteristics of the item and their combinations in a test as a 
whole. CTT assumes that the test has already been built and be alert to the score, i.e., the individual: IRT 
focus item, TCT focus score. Hays et al. (2000), this advantage allows the creation of a scale in which 
respondents and items are allocated on the same continuum. One of the limitations of CTT is that the 
proficiency of the respondents and the difficulty of the items cannot be estimated separately. 
Furthermore, in the CTT is generated only an estimated reliability and standard error of the measurements 
corresponding, In IRT, each item is handled individually and has a specific error for each item. 


In general, the IRT models are presented using a logistic function. The more general model for analysis of 
unidimensional items with dichotomous response is the 3-parameter logistic model: 
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Source: Author's 3-parameter logistic model (Birnbaum, 1968). 


[1] Where: 


- P(Uij=1/θj) represents the probability of a positive response. 
- θj represents the level of the latent trait. In this case, environmental management 


performance of industrials. 


- bi represents the difficulty of item i at a certain scale and represents the value of latent 
variable θ, In which there is 0.5 ou 1+ci)/2 probability of the individual j choosing the answer 
represented by U =1.  


- The coefficient ai is the discrimination parameter of item i, proportional to the slope of the 
Item Characteristic Curve – ICC at point bi.  


- The parameter ci represents the probability of a hit casual. 
During the analysis process, it created a scale related to the latent trait, with mean zero and standard 
deviation one, the parameters of the items are estimated (a, b, c). In the estimates are generated 
Characteristic Curves of the Items (CCI), in these curves we can see the probability of hitting the item 
depending on the skill of the respondent (θ). Figure 2 illustrates the CCI of two hypothetic items. 
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Figure 2. Characteristic Curves of the Items (CCI). Source: Tezza; Bornia; Andrade (2011) 
 


The y-axis represents the values of the probability function Pi(θ)) ranging from zero to one. The x-axis 
shows the scale of ability (θ) generated by IRT. On this scale, the items and respondents are positioned. 
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Thus, it is possible to compare the performances of the respondents and the quality of items vertically 
and longitudinally. A Figure 2 mostra que o item "A" exige uma maior proficiência em relação ao item "B". 
Thus, an individual with ability (θ) equal to -0.5 has a 50% probability of getting the item "B" and 4% 
probability of hitting the item "A". 


With IRT the respondents and items are located on the same scale (metric). The responses given by a 
group of respondents to a measuring instrument is used for the estimation of the items and the 
respondents in this same scale. For an item to be useful, it must be able to differentiate between 
respondents located in different points along the scale. Respondents are characterized by their position 
on the latent variable and items are characterized according to their position and capacity to discriminate 
between respondents (de Ayala 2009). 


According Bortolotti et al. (2012) several IRT models were developed and the main distinction between 
these models refers to the assumption about the relation between the answer choices of a question and 
the level of the latent trait. There are two types of response processes, the cumulative one and the 
unfolding one. Cumulative and unfolding models were developed for dichotomous or binary data and 
polytomous, nominal or graded, parametric and non-parametric models and unidimensional and 
multidimensional models. Cumulative IRT models are built on the notion in which the probability of an 
individual giving or choosing an affirmative answer to an item increases as his latent trait increases, i.e., 
higher levels of latent trait lead to a higher probability of affirmative answers, resulting in a monotonic 
behavior in the CCI. Among the cumulative IRT models for items with dichotomous responses: corrected 
as right/wrong (the case of this study). Three models are presented: the 1-parameter logistic model 
referred as the Rasch model (1PL), the 2-parameter logistic model (2PL) and the 3-parameter logistic 
model (3PL). The 2-parameter logistic model is defined as: 


)(1


1
),,(


iji baiij
e


baP



           Equation (1) 


In this model, bi is the difficulty parameter of item i, represented on the same scale as the latent trait θj, 
and ai is the discrimination (or inclination) parameter of item i. Usually, b is represented on a scale with 
mean zero and standard deviation one. The Item Characteristic Curve (ICC) represents the P(θj, ai, bi) 
relationship with respect to the probability of a certain response to an item, the respondent’s latent traits 
and the item’s parameters (Santor et al., 1994). 


The majority of IRT models, including the two parameter logistics model, are based on the assumption 
that the items measure a single latent and continuous value θ, varying from - ∞ to + ∞, or rather, that 
presumes uni-dimensionality of the construct.  


Uni-dimensionality of a scale may be evaluated through factorial analysis. Factorial analysis most 
frequently found in relevant literature is exploratory and confirmatory. However, for dichotomous 
responses, these approaches present some mathematical limitations resolved using the approach 
described by Bock and Aitkin (1981), Bock, Gibbons and Muraki (1988), in which dichotomous item 
treatment and factor weight loads are performed through the technique called full information factor 
analysis, based on the item response theory. According to Reeve (2002) the uni-dimensionality 
assumption may be examined comparing the relationship between the first and second eigenvalue from 
the tetrachoric correlations matrix. This is an indicator of first dimension strength of the data. According 
to Reckase (1979), if the first factor explains 20% or more of the variance of the set, one can thus assume 
uni-dimensionality. The dimensionality of a set of data may also be verified by means of testing the 
variance analysis (Anova), Chi-squared, Akaike’s information criteria, and others (Chalmers, 2011). 


In this article, the results show unidimensionality, with the first factor explaining 69.% of the total variance, 
as seen in Figure 3: 
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Figure 3. Factorial Analysis. Source: The authors 2011 


Another basic assumption of the IRT is local interdependence, which signifies that if the level of the trait is 
maintained Constant, there should not be any association between the item responses (Thissen, 
Steinberg, 1988). The lack of either of these two assumptions may generate unstable and inconsistent 
estimates. 


The construction of a set of items as well as a scale to measure the environmental management 
performance of industrials based on IRT is proposed. This study is structured as follows: (1) the context of 
the study is presented, followed by an explanation of scale construction, the IRT, and industrial company 
environmental management performance; (2) the methodology is described; (3) the findings are 
presented and then discussed, and finally; (4) the conclusions. 


It is possible to establish a scale to measure the Brazilian industrial environmental management 
performance and to follow its evolution over time. It is also possible that new firms, responding to all 
items, check what their level is on the scale. The scale can be constantly updated with the inclusion of new 
items, ensuring comparison by keeping the same established unit of measurement. This results in a 
calibrated item database in the performance range of environmental management, which can be 
extended to evaluate other industries throughout Brazil. 


4 Environmental Management 
Companies increase their trend to market value if they state that they are adopting environmental 
management systems (Jacobs et al., 2010). Thus, the environmental information Expressed through official 
company website is a good way for Evaluate environmental performance in the whole industry. 


Previous studies of environmental management in Brazil include Jabbour et al. (2012), Jabbour (2010), 
Jabbour and Santos (2009), Gavronski et al. (2008), and Seiffert (2008), Shigunov Neto et al (2009), 
Nascimento et al. (2008), Barbieri (2007). 


Jabbour et al. (2012) analyzed if environmental management can be considered a new competitive priority 
for manufacturing enterprises located in Brazil. A cross-sectional survey was conducted with Brazilian 
companies certified by ISO 14001. Sixty-five valid questionnaires were analyzed through Structural 
Equation Modelling (SEM). The first conclusion is that environmental management presents a preventive 
approach in the sample analyzed, focused on eco-efficiency, what potentially do not to create a 
competitive advantage. This preventive approach inhibits environmental management from being 
regarded as a new competitive manufacturing priority, in the full sense as defined by the literature. 
Another important result is that environmental management, although following a preventive focus, may 
influence positively the four manufacturing priorities: cost, quality, flexibility and delivery. 
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Gavronski et al. (2008) did a survey with 63 Brazilian companies from the chemical, mechanical and 
electronic industries. A Structural Equations Model (SEM) analyzed the relations between motivations and 
benefits related to the certification. An exploratory factor analysis identified four sources of motivation: 
reaction to pressures from the external stakeholders; proaction in expectation of future business concerns; 
legal concerns; and internal influences. Four dimensions characterized the benefits of an ISO 14001 
certification: operational changes; financial impacts; relationship with business stakeholders (customers, 
competitors, suppliers); and relationship with societal stakeholders (government, society and NGOs). The 
motivations appear in two levels. Internal and legal motivations are the first level (antecedents), while 
reactive and proactive motivations are second level (consequents). Internal motivations explain reactive 
and proactive motivations and production benefits. Legal motivations explain proactive motivations, 
financial benefits, and benefits in relationships with societal stakeholders. 


According Seiffert (2008) cCertification of an ISO 14001 Environmental Management System (EMS) is 
currently an important requirement for those enterprises wishing to sell their products in the context of a 
global market. The system’s structure is based on Environmental Impact Evaluation (EIE). However, if an 
erroneous or inadequate methodology is applied, the entire process may be jeopardized. Many 
methodologies have been developed for making of EIEs, some of them are fairly complex and unsuitable 
for EMS implementation in an organizational context, principally when small and medium size enterprises 
(SMEs) are involved. The proposed methodology for EIE is part of a model for implementing EMS. The 
methodological approach used was a qualitative exploratory research method based upon sources of 
evidence such as document analyses, semi-structured interviews and participant observations. By 
adopting a cooperative implementation model based on the theory of system engineering, difficulties 
relating to implementation of the sub-system were overcome thus encouraging SMEs to implement EMS. 


The definitions of corporate environmental management share the inclusion of a systematic approach to 
the appropriate consideration of environmental issues at all organizational levels from strategic to 
operational and from theoretical to applied (Jabbour, 2010). 


Jabbour and Santos (2009) highlight the fundamental role of human resources and implementation of 
environmental management systems. They state that while the specialized literature concerning the 
technical aspects of environmental management expands, there is a gap in the bibliography: integrated 
approaches between human resource dimensions and environmental management. A model that analyses 
the relationships between these dimensions and the typical phases of an environmental management 
system is presented, within a perspective of application for academicians and managers. 


According Shigunov Neto et al (2009): Environmental management may be defined as the set of 
management function activities which determine the environmental policy, objectives, and responsibilities 
of the company and place them into practice through intermediaries of the environmental system, 
environmental planning, environmental control, and environmental management improvement. As such, 
environmental management is the efficient management of the organization’s relationship with the 
environment. 


Companies seek to demonstrate and secure effective and efficient environmental performance control in 
order to reach sustainable development within the objectives and goals de-fined by high management. In 
order to do so, it is necessary to integrate the components of company environmental management, 
evidencing the diverse areas involved in the organization’s structure. This view points to implementing 
policies and directives which orient the decision making process in all the actions developed in order to 
demonstrate the permanent strategy of investing through environmental management systems in the 
generation of expected results, defined in the objectives outlined by organizations. 


Nascimento et al. (2008) defines the Environmental Management System (EMS) as: the set of procedures 
which will help the organization to understand, control, and reduce the environmental impacts of its 
activities, products, and/or services. They also add that an efficient EMS permits companies to improve the 
management of environmental aspects and impacts, beyond interacting in changing organizational 
attitudes and cultures, improving its results in economic terms upon acting towards the continued 
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improvement of processes and services. Barbieri (2007) also highlights the importance of placing 
environmental issues strategically in the organization. 


Based on the results of the EMS, the company must carry out critical analysis in order to at-tend its 
stakeholders’ demands and legal aspects in seeking constant perfection. It is thus fundamental to 
contemplate the environmental management areas with critical analysis, based on a total environmental 
evaluation, as shown in Figure 4:  


 


 


 


 


 


 
 


 


Figure 4. Components of Environmental Management. Source: The authors 2011 


The integration of these concepts provides the company with a differential which is recognized and 
valued by the market. However, it cannot be represented or directly measured through a single element, 
but rather through a set of attributes which can evidence competitive advantage.  


The consequences of environmental management performance should not be restricted to the interests 
of the company in terms of operational efficiency and costs but should reach strategic levels and all 
stakeholders. For this reason, measuring environmental management performance is fundamental for 
opening these borders. Zeng et al. (2008) state that environmental management and ISO 14001 are 
relevant to the growth of international sales. 


5 Results and Discussion 
Table 2 demonstrates the estimated parameters for the 26 items based on the sample of 638 companies 
from the sectors under analysis. These items were ordered according to their Level of difficulty, 
represented by the parameter “b”. The parameters were estimated according to a normal distribution N 
(0,1), in other words with a mean of zero and a variance of one. 


Table 2: Parameters of the ordered items according to degree of difficulty (expressed by the parameter b) 


Items a SE b SE 


I23 2.433 0.342 1.555 0.082 


I08 0.808 0.127 1.457 0.195 


I02 1.286 0.151 1.369 0.124 


I13 1.908 0.229 1.333 0.093 


I26 3.777 0.417 0.979 0.047 


I01 1.281 0.134 0.901 0.096 


I24 3.579 0.354 0.891 0.047 


I12 2.177 0.211 0.749 0.059 


I06 3.624 0.355 0.720 0.043 


I04 1.409 0.136 0.584 0.073 


I11 3.715 0.387 0.542 0.043 


I09 1.452 0.152 0.535 0.070 


Environmental  


Management 
Products 


Total Quality Internal and External  


Environment 


Hygiene and  


Safety  


Business 
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I10 2.981 0.264 0.534 0.044 


I19 2.852 0.275 0.487 0.045 


I22 2.639 0.250 0.470 0.045 


I16 2.369 0.212 0.407 0.048 


I05 3.297 0.342 0.392 0.041 


I18 4.421 0.507 0.348 0.032 


I20 3.524 0.367 0.300 0.037 


I17 4.263 0.426 0.229 0.034 


I07 2.485 0.242 0.191 0.045 


I21 3.191 0.325 0.153 0.039 


I15 3.823 0.331 0.094 0.038 


I03 2.568 0.240 0.083 0.045 


I25 2.914 0.226 0.069 0.043 


I14 4.636 0.447 -0.030 0.035 


Source: The authors 2011 


In practical terms, based on the parameter b, it is more probable that companies which have a degree of 
Environmental Management evidence surrounding the mean (in this case, zero) possess the majority of 
the characteristics evidenced in the items. Merely 4 items demonstrate a greater level of difficulty, with 
one above 1. These items are: item 23 (b = 1.555), item 8 (b = 1.457), item 2 (b = 1.369) and 13 (1.333). 
Thus, the company must be able to attend the set of items elaborated in order to evidence its 
Environmental Management. In other words, the instrument as a whole showed low levels of difficulty. 


Item 23 “There is the mention of fines incurred by the company” (b=1.555) is the most difficult of the 26, 
meaning that the majority of the organizations did not provide evidence they declared that they were 
fined due to punitive action concerning environmental questions, as determined by supervisory fiscal 
organizations. 


Item 8 is the second most difficult of the 26 items: “Has ISO 14000 implanted throughout the company” 
(b=1.457), meaning that the majority of the organizations did not provide evidence of having the ISO 
14000 implemented throughout the company. However, this item showed the least discriminatory power, 
as represented by the parameter (a = 0.808). This parameter represents the item’s quality with respect to 
its information. However, even with the lesser parameter “a” compared to those remaining it is still above 
0.7, as recommended by literature: items with low “a” values (generally less than 0.7): “(...) a low 
discrimination parameter of a < 0.700, which indicated items offering little information and possibly not 
directly related to the latent trait” (Tezza, 2011). 


Item 2 “There is the mention of concern for environmental questions in the view” (b=1.369), the third 
most difficult, demonstrates that not all companies mention concerns for environmental questions in 
declaring their vision. However, the mission statement, represented by item 1 (b=0.901). It demonstrated 
greater evidence as these two items are inherent to the company’s strategic formulations. 


Item 13 “Possesses an environmental seal” (b=1.333), which refers to the environmental seal, is 
characterized as difficult for companies to evidence. 


Item 14 (b= -0.030) showed itself to be the easiest. This means that the large majority of the companies 
involved have Waste Management in order to demonstrate their environmental management.  


In the item 25 “The visual identity of the company (website design) is geared toward the environment” 
(b=0.069), showed itself to be the second easiest. This means that the majority of the companies analyzed 
are evidencing their visual identity related to the environmental question, which may facilitate that the 
user identifies environmental practices of these organizations. 


In item 3 (b=0.083), the third easiest item, one observes that the majority of the companies present the 
mention of concern for environmental questions in their strategic policies and directives. This may be 
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related to the fact that the definition of environmental variables inserted into the organization’s directives 
is guided by its strategy to simulated scenarios within the environmental conjecture. Thus, one verifies the 
company tendency to initiate their strategic planning with focus, including in sustainability questions, 
concerning themselves primarily with their environmental policy definition. 


Items 12 “Releases environmental awards” and 6 “Releases environmental information in a specific report” 
with respective “b” parameters of 0.749 and 0.720 showed to be very close in their positioning on the 
scale, which indicates they are at the same level as attending Environmental Management. This 
demonstrates that the company values transparency in releasing environmental information to their 
stakeholders with respect to their actions concerning awards obtained and disclosed in their annual 
reports.  


Items 19 “Uses renewable energy”, 22 “Possesses greenhouse gas emission reduction process” and 16 
“Develops ecological products” with respective “b” parameters of 0.487, 0.470 and 0.407 showed to be 
very close in their positioning on the scale, which indicates they are at the same level as attending 
Environmental Management. Such positioning demonstrates that companies concerned with releasing 
information related to eco-efficiency programs. 


Items 5 “Establishes environmental goals and objectives”, 18 “Efficient use / reuse of Energy” and 20 
“Programs to mitigate/recover degraded/ impacted areas” with respective “b” parameters of 0.392, 0.348 
and 0.300 showed to be very close in their positioning on the scale, which indicates they are aligned as 
attending Environmental Management. This indicates that efficient energy use as well as prevention 
programs and mitigation to degraded areas show themselves to be related to the environmental policies 
of the companies analyzed. 


Figure 5 refers to the total information curve, which is represented by the sum of the information from all 
the items. It demonstrates that the construct presents greater precision above the mean in order to 
measure the Degree of Evidencing Company Environmental Management among the sectors analyzed. 
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Figure 5. Total information curve for the test (function test information: continuous line; standard error of 
measurement: dotted line). Source: The authors 2011. 


6 Conclusion 
Based on the resulted obtained, one can verify the viability of measuring and thus evidencing 
Environmental Management among the companies in the analyzed sectors, using the IRT. In fact, it has 
presented many advantages with respect to item selection in composing the questionnaire, as it permits 
quality and propriety evaluation for each item individually while placing them within a single scale: items 
and respondents, which is not possible through the use of other tools. This is particularly useful when 
evaluating constructs which are difficult to observe or abstract, such as evaluating Environmental 
Management. 
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One can observe a clear order of the items based on each item’s estimated level of difficulty as well as 
each item’s quality. Thus, characteristics related to fines disclosed (Item 23) and possessing ISO 14000 
throughout the company (Item 8) are verified as little practiced by companies in the scale generated and 
possess a greater level of difficulty than the remaining items. 


As to the limitations of the company Environmental Management Evidence evaluation questionnaire, 
presented in Table 1, construction of a greater number of items it suggested and their continuous 
improvement. 


It would also be interesting to build a Computerized Adaptive Test (CAT) for the respondent – the end of 
the questionnaire – get, immediately, the degree of environment management evidence of your company. 
As such, a greater reach of the instrument should be considered with the objective to contribute to 
business management. 
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Abstract 


Aims to identify how an MSE from Portugal are innovating in the midst of economic crisis, the aspects that contribute 
to innovation management, outlining an overview of the current ability to undertake, identifying Key-factors related 
to innovation, strategic actions, barriers faced and the benefits gained. The methodology research is characterized as 
descriptive bibliography and qualitative, performed at MSE most innovative of Portugal, according to network COTEC 
(2012), in January and February 2012, applied through a closed questionnaire in order to diagnose the innovation 
management for the way the company uses and practices in today's market. The results found allow innovation 
management diagnosis and innovative potential of this MSE, being an example for other companies, check the 
position of managers in relation to innovation, identifying deficiencies in the process and their contributions. 
Furthermore it provides the company’s Innovation Radar, which offers an overview of the innovation practices level in 
the company.  


Keywords: Innovation Management; Strategy; Entrepreneurship; Crisis; Portugal MSE. 


1 Introduction 
The global crisis presents new phenomena, such as the formation of new markets, converging sectors, 
new entrants, political instability, internet advances, high competitiveness and greater concern for the 
environment in companies. However, what can note is that most companies are approaching in their 
strategies. The market strategies are suffered major changes in the last years and are a natural evolution 
in an attempt to adapt to the more competitive and demanding market. These facts led Kotler, Kartajaya, 
Setiawan (2010) emphasize that organizations around the world crossing for a moment of intense and 
crushing transformations, need to find ways to differentiate themselves.  


With the market competition more aggressive than other times, demanding ways of organization and 
investments to find differentials, innovation is simply inevitable and becomes one of best options for 
reaching goals, being considered a key success factor promoting better performance and the business 
survival (RESE & BAIER, 2011). 


Thus, this paper aims to demonstrate through a diagnosis, management of innovation in the most 
innovative in micro and small enterprises (MSE )in Portugal, according to COTEC (2012), checking how 
innovation occurs in the company, how to innovate in the midst of an economic crisis, how to compete 
strategically, what obstacles and benefits of innovation. So it becomes essential to make a diagnosis of 
innovation management, getting through this research a picture of what occurs in this innovative MSE, 
their experiences can serve as examples and ideas for other companies.  


For this, the article was structured so as to expose in the literature review, the main concepts studied in 
the work, showed and implemented during the search. 
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2 Literature Review  


2.1 The MSE and the crisis in Portugal 
The MSEs are widely recognized as the structure of the Portuguese economy, they are primarily 
responsible for job creation in Portugal. These companies face the daily challenge of an economic crisis, 
needing to differentiate themselves from their competitors because of changing markets, 
competitiveness, innovations and maturation of view of consumers are becoming increasingly refined.  


Considering these facts related to increasing competition and the pursuit of customer satisfaction, it is 
necessary to find instruments to differentiate between companies, new strategies, so it is also important 
to invest in innovation management and its proper use within the organization. It is known that the 
economic crisis can be a time of threat, but also great opportunities. Dominated by the crisis, many 
companies choose only to reduce costs and dismiss its employees, forgetting that these difficulties are 
temporary and that it is also possible to strengthen these circumstances. During a crisis, suppliers, 
partners and competitors are searching for various solutions. Notice that with the innovation path can 
become better and above all even more competitive (SCHERER AND CARLOMAGNO, 2009). 


The micro, small and medium Portuguese enterprises (MSMEs) are classified according to the Commission 
Recommendation of the European Communities 2003/361/EC, of 05/ 06/2003, published on 05/ 20/ 2003 
(Portugal, 2007) having from 01 /01/05, the classification of MSE, which takes into account the number of 
employees (effective) - considered the most relevant criterion - or also in revenue, or balance. 


Both in Portugal and in Brazil the MSE are majority, generating high levels of employability, taxes and 
recognition. According to NSI (2008), there are a total of 349,756 micro, small and medium enterprises 
(SMEs) in Portugal. Since 99.7% of Portuguese companies are represented by MSE. According to the 
Institute for Support to Small and Medium Enterprises and Innovation - ISSMEI (2012), the MSE form the 
majority of the enterprise pool, and the economic segments that stand out are the trade, services, 
distribution and transport. 


The MSEs are cooperating for economic growth, creating jobs, enabling the emergence of new businesses 
and development of the country. Note that there are strong competitive pressures between firms, forcing 
their managers to adjust their strategies and organizational innovations seek to retain their customers. For 
Scherer and Carlomagno (2009) to obtain a correct use of innovation management, will benefit the 
company as a whole, in a systemic manner, increasing its competitiveness, changing ways and results. 


2.2 Competitive Strategy 
Competitive strategies are included in the planning of successful companies, due to several changes in 
the market and high competition. The business environment is dynamic and these changes have a huge 
impact on organizations, affecting the survival of the business to the company's ability to remain 
competitive (Porter, 2009). 


According to Chiavenato and Sapino (2009) the organizations must conduct their strategies so singular 
and unique focus and ensuring separation from other companies in terms of excellence, competitiveness, 
preparing for the future, creating competitive advantages. It depends of the continued evolution of 
management as well as the competence to market innovative products and services that are accepted by 
consumers in the midst of such competitiveness. 


The development of a strategy, becomes indispensable these days, however there is no path or a generic 
formula, so each company must find a more appropriate way to develop it (REIS, 2008). 


Sanches (2011) highlights that strategy process is considered a dynamic process, from the adaptation to 
be the key aspect necessary to achieve a competitive advantage in a long-term perspective (Sanchez, 
2011, cited in MILES & SNOW, 1978; FLOYD & LANE, 2000; CHILD 1997). 
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2.3 Innovation Management 
According Andreassi (2007) the search for innovation is increasing, because it is required as a differential 
factor in the supply as a means to find and fill niches not yet on the market, as a way to keep up to date in 
relation to competition production. Since innovations can be encompassed in three areas: products, 
processes and organizational (TERRA, 2007). 


To start the management of innovation within the organization, first is necessary that the company have 
the innovative spirit and willing to innovate and then go find the paths that lead to true innovation, within 
a continuous process. Innovation must occur continuously in business and is not just a sporadic event 
there are different versions of innovation, describing them as continuous improvement, rupture and 
disruption (ZOGBI, 2008). 


In view of Carlomagno and Scherer (2009, p.22) the context of innovation presents a set of dimensions 
that must be configured to improve the innovative potential. These dimensions need to be configured 
according to the strategy and company culture as well as their intentions to innovation. 


The tool that helps both the diagnosis of the potential for innovation and design management practices 
to improve their performance is defined as Innovation Octagon. Structured according to eight 
dimensions, presents the main points to be managed to increase the productivity of innovation from 
strategy to the process of transforming ideas into results. They are: Strategy Leadership, Culture, 
Relationships, Structure, People, Process and Funding. The first step to implement a program of 
innovation management is a diagnosis of the current situation of the company. The assessment of 
innovation enables the company to view a chart performance in relation to the eight dimensions of 
innovation (innovation Octagon), shown in Figure 1 below: 


 
Figure 1: The innovation Octagon Source: The authors. Adapted from Scherer and Carlomagno (2009). 


The dimensions of the octagon, when properly managed increases the chances of getting a great return 
on investment by reducing the unpredictability and increasing the innovative potential of companies. 


3 The Most Innovative MSE from Portugal 
The object of the research is Derovo company, recognized as the most innovative MSE in Portugal, 
according to the classification of the Business Association for Innovation COTEC (2012), for having the 
best strategy for innovation and create differentiated products. It started your activities in 1994, by a 
group of 70 poultry workers, who viewed an innovative industry in the production of egg product. After 
some years of activity, already exported to Spain, showing early daring and search for new markets. 
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With all modernization, the company has other subsidiaries, partnerships and companies with businesses, 
which creates even more jobs and growth, mainly in Portugal. Currently Derovo has three plants, in 
Pombal, Madrid and Meire, with capacity to produce 5.8 million eggs per day. 


In 2011, it had a turnover of more than 30 million euros and today is part of a larger group with annual 
sales of 70 million euros and more than 10,000 points of consumption per week in Portugal. 


Being an innovative group quickly evolved in their way of marketing the egg and differentiating its 
product offering. The company's main products are the result of a strong investment in I & D, range from 
the pasteurized liquid egg (whole egg, white and yolk), the hard-boiled egg, the full protein (drink high in 
protein), tortillas, omelets, sausage egg and egg spray. 


The innovation blends the vision, mission, values and principles of the present well-structured company 
for all your sectors, who thinks primarily the well being of its employees and customers, thinking of 
innovation since the beginning of their activities. 


The reasons which led the decision to make a diagnosis of this Innovatn Management MSE were for their 
credibility, experience and prominence in the Portuguese market and the factor to check these 
dimensions in an innovative company, the most innovative in the country. 


4 Methodology 
The survey was conducted in Portuguese Derovo company an MSE, and its two managers the research 
subjects, for managing the company, having a dynamic and systemic organization and market 
opportunities. 


The present work was characterized as to the procedures as a descriptive and quantitative data, were 
obtained from the diagnostics via e-mail sent to managers of the company and a telephone interview. The 
objective was to obtain a diagnosis of innovation management in a specific company in order to measure 
the research variables.  


Data collection was performed through a closed questionnaire proposed by Scherer and Carlomagno 
(2009) by the tool Innovation Octagon in order to diagnose the management of innovation relative to 
how businesses use and practices in the market. 


The Likert scale was used to measure the responses regarding the importance of each statement. Was 
used an interval scale that ranked the importance of one to definitely false and seven for very true. Each 
dimension is assessed with three questions, the end result being composed of the average of three 
responses. 


After the analysis of the company, it was possible to know the strategies, their knowledge of innovation 
management front, serving as a real example for other an MSE from Portugal, it sought to present a 
diagnosis of innovation management, its management, strategies, concepts and improvements. 


5 Results 
During the study, it was possible to access the company history, resulting in a greater understanding and 
knowledge of the systems and processes used. With the model questionnaire proposed by the tool 
Innovation Octagon, one can obtain an analysis of the company image and market positioning. The 
results based on these diagnostic tools provide the innovation management of an MSE. The questionnaire 
was the assessment innovation, with leading questions divided into eight dimensions. 


- Leadership 


Leadership is one of the is one of the key success factors that the company owns, a really strong 
differential, as all become leaders within the company, everyone needs to give ideas, suggest changes, 
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explain your skills, trying every day to innovate in some way . There is a lot of dedication and unity for the 
same purpose, since its inception has been, everything depends on the overall result. 


The leaders have given their strategies, followed by its employees, always aiming to reach greater 
profitability in their process of innovation management, which is regularly assessed in connection with the 
company's strategic planning. Free access to leadership is a cultural factor in the company, regardless of 
rank, and all employees and not only leaders have the responsibility for the actions and getting creative 
new ideas. The company has an innovative vision, thus obtaining greater speed, quality and profitability. 


- Strategy  


Innovation initiatives are always aligned with the company's strategy, which since the beginning of its 
activities already anticipated the future, growing through innovation, seeking the benefits of technology 
to create differentiated products to market. 


The company articulates its strategy for sustainable growth, taking advance the potential that already 
exists in the company, even with the expansion will not lose its essence, maintaining the dissemination of 
values and goals intact. 


There is a strategic concern with innovation, creating and directing new kinds of food products that are 
innovative, seeking to consolidate and gain new market niches, which can be used with easiness and 
satisfaction. 


- Relationship 


The communication in the company is easy to access, which benefits innovation; employees can exchange 
information in various ways at any time. 


The Human Resources sector, follows the reviews from customers, suppliers and even competitors, as they 
are valid to generate and refine new ideas. There is one specialized sector in innovation for tracking new 
market trends, technologies, customer satisfaction. 


Thus, the company seeks partnerships for research and technological development, commitment in 
cooperation with universities, which allows a real exchange that, generates great and beneficial results, a 
search of internal and external innovations, a greater knowledge to the company's employees, new ideas, 
projects and building products. 


There is an integration of disabled people, the training and integration of newly trained young people, 
where many end up staying in the company. 


- Culture 


The network has an entrepreneurial culture, and its main features the pioneering, customer focus, speed 
and make it happen through innovation. The constant quest for top management involves employees in 
an environment with mechanisms and practices developed within the company, to enhance and stimulate 
the team to seek self-development. The company supports, shares information, power of action and 
rewards for their work, so that creativity and innovation will happen in a natural way. The departments 
share the concern of continuous improvement; we seek to achieve greater efficiency and effectiveness in 
group work, in all cases. 


Social responsibility is part of the conduct of the company, the offering of food to institutions in financial 
support to the firefighters of Pombal, the PAECE (Parents Association for Early Childhood Educators), 
home CERCI, integration and support for special people, projects sustainability. 


- People 


The company highly values creativity and encourages its employees to innovate, so that they understand 
the importance of their work and how they can make a difference in the organization, showing the real 
need for innovation and its many benefits. 
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The leaders are in constant training to know and be able to pass on techniques and innovative actions for 
employees, managing innovation for the company, being a kind of trainers in essential practices to the 
perpetuation of culture and the achievement of innovation within the company. The team consists of 
more than 180 employees, it has a high diversity of knowledge, values, career interests and well specified, 
making the relationship in the workplace much more transparent. 


- Structure 


The company has a democratic, participatory and bold management, where all activities emphasize 
innovation, with a specific sector of creation, widely distributed in the creative ideas of all employees in 
addition to the charge. 


- Process 


At the company relationships are transparent, strengthening people's participation in all processes, and 
communication is developed in all directions. In this environment, developers gain more space and end 
contributing to the company's success, especially regarding the amount of new ideas. These ideas are 
passed on to leaders who, together with the department responsible for making an assessment related to 
the company's strategy. The ideas that will benefit the company are selected, whether or improvements 
that actually generates results for innovative processes and products. 


- Funding 


There is a specific budget to be allocated to innovation projects, and always tries to encourage the 
creation. The company invests in innovation and sustainable growth, and currently already exports to ten 
countries. The multiple segments in which it develops, the company demanded a strong financial partner, 
which now provides suitable solutions for different needs, support for investment, exports, money supply 
and negotiations in general. 


At the end of the study, it was possible to get the Radar Innovation Network, which shows the eight 
dimensions, analyzed through the Octagon and the tabulation of responses from questionnaires 
answered by their managers, where it can be made a diagnosis of management of innovation an MSE 
most innovative of Portugal, by analysis of the eight dimensions proposed by the tool. 


 


Figure 2: Radar Innovation Management Network (2011). Source: Author (2011).  


 







 
Innovation in Times of Crisis: a Diagnostic with the Most Innovative MSE Of Portugal 


2011 


ID322.7 


It is observed that linking the eight dimensions analyzed, the three that stand out statistically in relation to 
the percentage (with a maximum of seven and at least one) are leading with 6.44, 6.30, and structure with 
those with 6.20. After this process is possible to obtain a confirmation that the company's growth and its 
innovation, based on its strong structure, being this fact related to his leadership and focused directly on 
the competence and work of people, or all employees differentiated form this team. 


6 Conclusions 
After examination and obtaining a diagnosis, it can be concluded that the management of innovation is 
present in the company's strategy and that all employees are mobilizing to get a better understanding of 
how to innovate and to continue growing through it. 


For the company, the main benefits obtained through the management of innovation were able to 
innovate with a single raw material - egg, thereby growing, internationalization, diversification and 
generate a strong human resources policy. 


Regarding the obstacles faced were mainly in relation to the government the insecurity of some laws and 
directives, such as the 2012 animal welfare that will force the farmers to modify the level of animal 
conditioning as well as the great bureaucracy and delay approval of project financing. 


But the company faces everything with vigor, looking for quick solutions, doing projects and checking 
which niche market aims to achieve, how will solve problems into opportunities. To solve the problem of 
the directive of 2012 the company will create a unit of large highly sophisticated view of the 
environmental point of view, were able to produce 800 thousand eggs and fully in the standards. 


At the level that the company is generating more jobs every day, growing in numbers of factories and 
revenue, it is noted that managers face the crisis of a different way, and above all optimistic and 
innovative. In the opinion of one of the managers Derovo company (2012), the company will continue 
investing very much, struggling to be always ahead and channel synergies. There are many innovations 
that are being tested varieties of new products in development, all from the egg. The company's proposal 
is that the egg reaches the final consumer without the shell, but in different ways, and ready for use, 
creating greater convenience, speed and security for customers. 


The export has always been the company's plans since the beginning of its activities in 1996 when it 
began to do business with the Iberian market, gaining confidence of the industrial market was expanding, 
winning innovation and profitability. For 2012, Asia, the Middle East and Europe are the targets of trading 
company but also countries which are in full growth and development. 


The SME Derovo company, with companies in Portugal and Spain, aims to achieve not only the industrial 
market, but want to innovate going in search of a new market, taking also differentiated its products to 
retailers allowing them to reach the final consumers in supermarkets and sectors in the food branch. 


Be the most innovative MSE from Portugal, according to CEO Amandio Santos means recognition of the 
work of all employees, a greater motivation to continue innovating and surprising the various consumer 
markets (DEROVO 2012). 


A great ally of the innovations of Derovo company are the universities, which collaborate with their 
searches for innovative process, such as the project developed with the University of Minho a prototype 
of a fried egg pasteurized, which need only be heated in microwave to be consumed (UMINHO, 2010 
2010). 


Though, it is clear that the adoption of practices and actions aimed at implementing strategies through 
the management of innovation in MSE Derovo company can be seen in addition to its numerous benefits 
as a way to competitive advantage and could be an example for other MSEs. 


It can be said that the objectives of this study were achieved, and could answer all questions related to 
the research problem, overcoming the difficulties of distance to do a search on a company located in 
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Portugal, where the researcher is in Brazil. Through the collaboration of the company and also from 
technological advances such as Internet access, e-mails, phone and skype this study can be accomplished 
successfully. 
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Abstract 


This study aims to examine the implementation of eco-efficient solutions in civil construction processes in three 
buildings from different social classes (A, B and C) based on economic studies. Buildings are located in Rio de Janeiro 
- Brazil. It's a descriptive study based on bibliographic research about sustainability in civil construction, including 
documentation data research and interviews with investors and engineers. Data analysis compares costs among the 
buildings: costs of traditional solutions versus costs of eco-efficient solutions. As a result, is demonstrates that there 
are eco-efficient solutions economically viable for the civil construction sector. 


Keywords: construction; eco-efficiency; sustainable construction; green technology; engineering sustainability. 


1 Introduction 
The Civil Construction Industry plays an important role in the transformation of modern society. However, 
it generates negative environmental impacts through its production processes: both through the large 
consumption of natural resources, and the generation of waste from the development of new projects 
and demolitions. 


For Fahey, Liam & Randall (1998), the conflict between present and future demands lies at the center of 
strategic management, making it necessary to learn new processes and forms of operating. The 
organizational structures, systems and decision making processes inherited from the recent past must be 
reformulated to adjust to new scenarios that encompass strategic guidelines for sustainability in business. 


In the pursuit of more competitive strategic management, it is shown that the inclusion of sustainability 
concepts in the strategic planning of construction companies is of great importance to initiating changes 
in management paradigms, enabling the reduction of environmental impacts and construction process 
costs for new developments. Given the new market reality and the characteristics of the civil construction 
industry, how should entrepreneurs in this sector move towards implementing eco-efficient solutions in 
the planning and execution of construction works? 


To respond to the problem stated above, we seek to analyze the implementation of eco-efficient practices 
in construction processes based on economic viability studies. 


2 Literary Review 


2.1 Sustainability in Civil Construction 
The United Nations Environment Programme, UNEP (2010), states that sustainability in civil construction is 
not just a local challenge, but a worldwide one. For Pinheiro (2006), Agenda 21 of Sustainable 
Construction enacted in 1999, addresses some challenges that Sustainable Development and Sustainable 
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Construction must face, among them: promoting energy efficiency, reducing the use and consumption of 
drinking water, selecting materials based on their environmental performance and contributing to urban 
sustainable development. 


Souza (2007) emphasizes the importance of sustainable construction as a requirement of civil society and 
an important prerequisite for funding due to the growing need to reduce environmental impacts. The 
author adds that the large environmental and social impact within the construction chain accentuates this 
demand and promotes the concept of sustainability.  


Over the past few years in Brazil, countless initiatives related to sustainable consumption and production, 
which impact the Civil Construction Industry, have been created within the government of businesses and 
civil society. At the level of certification for sustainable construction, it is worth noting LEED (Leadership in 
Energy and Environmental Design) – a certification for sustainable buildings since 1998, and AQUA (Alta 
Qualidade Ambiental “High Environmental Quality” – a tool for evaluating sustainability criteria of 
buildings since 2002), which were not developed in Brazil, but are largely represented in Brazilian 
construction companies.  


2.2 Eco-efficiency 
According to the World Business Council for Sustainable Development (WBCSD, 2008), the concept of 
Eco-efficiency associates economic and environmental progress, necessary for improving economic 
development with greater efficiency in resource consumption and less impact on the environment. As a 
result, it helps companies, governments and other organizations become more sustainable. The Brazilian 
Business Council for Sustainable Development (CEBDS, 2004) defines eco-efficiency as the combination of 
economic and environmental performance, reducing the environmental impacts, rationally using raw 
materials and energy, reducing the risk of accidents and improving the organization’s relationship with 
stakeholders. Eco-efficiency focuses on product appreciation and the establishment of long-term goals, as 
a management philosophy that combines environmental and business excellence with consideration for 
sustainable production and consumption (SIMONE & POPOFF, 1997). 


3 Research Method 
According to Vergara (2006), this research is classified, with regard to its purpose, as exploratory and 
applied: 


Exploratory, since it seeks to gather information in order to clarify the research topic and compliance with 
the general objective. The information gathered on a theoretical basis and in field research is analyzed, in 
order to define the strategies that benefit the business through eco-efficient solutions for the 
construction process, in favor of better economic results and less environmental impact. 


Applied, as it intends to generate knowledge that translates into important contributions for business 
practices, with regard to sustainable construction, generating direct benefits for construction companies 
and the residents (consumers). 


This work has adopted qualitative and quantitative research methods. Qualitative, since it is a 
bibliographic research on sustainability in civil construction proposed to adapt the construction process of 
a residential development to the new market reality; and quantitative when the quantitative surveys of the 
construction processes related to eco-efficient solutions are used for the economic study of comparing 
traditional and eco-efficient solutions and data processing.  


It is worth noting that we sought to develop this research based on a construction company with 
common characteristics in the market, without certification, but motivated by senior management to 
remain competitive and gain market share. This research sample was defined, taking into consideration 
three residential developments with distinct public audiences. For confidentiality, the projects will be 
identified as Project C (Low/Average Standard), B (Medium Standard) and A (High Standard). 
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The research was developed based on the planning of data and information collection stages, according 
to Table 1: 


Table 1: Stages and Instruments of Data Collection 


For the Data Interpretation Phase, the viability techniques allow the project manager to evaluate if it is 
viable or not to invest in a particular project, since the capital used must be remunerated in order to 
maintain the business’ economic flow. 


Under this concept, we use indicators such as the NPV (Net Present Value), IRR (Internal Rate of Return), 
ROI (Return on Investment), MAR (Minimum Attractive Rate) and Discounted Payback, which are the 
primary methods analyzing the economic viability of a project. According to Gitman (2004), NPV (Net 
Present Value) is considered a sophisticated technique due to its ability to clarify the time value of money 
compared to the Minimum Attractive Rate (MAR), which in turn is considered a rate with a low degree of 
risk, where the company’s financial resources are applied. The MAR is usually a low-risk interest rate 
practiced in the market, which is used to calculate the NPV.  


Another indicator used in project evaluation is the Payback, which consists of evaluating the payback 
period. This indicator can be analyzed in two ways: one, known as Simple Payback, which does not 
account for the discount rate; and the other, known as Discounted Payback, which accounts for discount 
rate (KASSAI et al, 2000).  


The Profitability Index (PI) is another method used in determining the economic viability of projects, and it 
is calculated using the results of the NPV and the Initial Investment. The indicator aids in decision-making 
when there is a restriction of capital in choosing between dependent projects. To analyze the PI, follow 
the rules for analyzing the NPV decision, or rather, if the Profitability Index is greater than 1 the project 
should be accepted. On the other hand, if the Profitability Index is less than 1 the project should be 
rejected (ROSS, WESTERFILD AND JAFFE 1995). 


According to Ross, Westerfild and Jaffe (1995), indicators such as NPV, IRR, MIRR, Payback and the PI have 
distinct characteristics that aid the manager in making decisions regarding the best project from an 
economic standpoint. In view of this statement, mutually exclusive projects should be evaluated by 
incremental cash flows, where accepting a project rejects the other. In this case, the authors claim that the 
manager should note if the higher incremental NPV of the project is positive and if the incremental IRR is 
greater than the Minimum Attractive Rate of the investment. Another example mentioned is related to 
dependent projects, in which the Profitability Index is an appropriate indicator for analysis. 


STAGES 
DATA COLLECTION 
INSTRUMENTS 


DESCRIPTION 


1) Selection and Research 
of the areas related to the 
Theme 


Bibliographic Research 
Analysis of the articles published in 
periodicals, events, theses and dissertations  


2) Selection of the Projects 
for Field Research 


Documentary Research 
Analysis of the characteristics of the 
construction company’s projects 


3) Analysis of the Projects’ 
Budgets 


Documentary Research 
Analysis of the budgets of the construction 
company’s projects 


4) Selection of the 
construction process 
stages 


Documentary and Field 
Research 


Analysis of the budget, design, specification 
documents and construction techniques 


5) Selection of Eco-efficient 
Solutions 


Bibliographic and Field 
Research 


Analysis of the eco-efficient solutions 
available in the market and the characteristics 
of the projects. 


6) Economic and financial 
study 


Bibliographic, 
Documentary and Field 
Research 


Technical and economic viability study, of the 
quantity of inputs for construction and the 
construction techniques. 
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4 Strategies for Incorporating Eco-efficient Solutions 


4.1 Project Descriptions 
Project C, intended for members of Class C (low standard), is characterized by 12 floors, with 8 apartments 
per floor and penthouses with balconies for units on the 12th floor. 


Project B, intended for members of Class B (medium standard), is characterized by 9 floors, with 4 
apartments per floor and penthouses for 2 apartments. 


Project A, intended for members of Class A (high standard), is characterized by 11 floors, with 2 
apartments per floor and penthouses for 2 apartments.  


4.2 Criteria for Selection of Construction Processes 
First, we analyzed the budgets of the three projects mentioned earlier and surveyed the percentage of 
holdings (%) of the construction processes. Next, we developed table 2 below to facilitate identification of 
the productive processes with the greatest holdings in the budget.  


Table 2: Holdings of the Costs of the Construction Processes in the Total Budget 


Processes for Project Construction Project C Project B Project A 
GENERAL SERVICES 33.28% 23.00% 31.48% 
SUPERSTRUCTURE 12.85% 17.26% 13.26% 
INSTALLATIONS 13.29% 9.55% 11.34% 
FRAMES AND HARDWARE  6.59% 7.56% 10.24% 
INTERNAL COATING 7.54% 5.16% 3.91% 
EXTERNAL COATING 6.08% 3.92% 4.50% 
INFRASTRUCTURE 2.57% 7.57% 3.58% 
PAVING 3.98% 3.64% 5.20% 
CERAMICS AND METALS 2.34% 2.66% 2.25% 
PAINTING 2.58% 2.27% 2.25% 
WALLS AND PANELS 2.82% 2.22% 2.03% 
PRELIMINARY SERVICES 1.07% 2.93% 3.02% 
COVERINGS AND TREATMENTS  1.44% 2.89% 1.93% 
TRIMS 1.96% 1.23% 2.00% 
GROUND WORKS 0.21% 4.05% 0.15% 
ASSESSMENT OF CONDOMINIUMS 0.06% 2.36% 1.46% 
INITIAL SERVICES 1.09% 1.38% 1.31% 
COMPLETION OF WORK 0.26% 0.35% 0.08% 


The criteria used were to select the processes that account for the most significant portions of the project 
budgets. Based on these criteria, the following processes were pre-selected: GENERAL SERVICES, 
SUPERSTRUCTURE AND INSTALLATIONS. 


Knowing that the superstructure process is very similar to the infrastructure process, we chose to include 
the analysis of infrastructure activities in the scope of this project. 


Based on the analysis of the descriptions of pre-selected processes, it can be seen that the process 
General Services is directly related to the projects’ administrative expenses (payroll taxes, work 
administration, protective equipment, etc), and it does not represent a large environmental impact when 
compared to the other construction processes. Therefore, the construction processes selected for the 
development of this research are the following: Superstructure and Infrastructure Processes and the 
Installation Process.  


4.3 Criteria and Selection of the Guidelines for Eco-efficient Residential Construction 
The construction and production processes selected were broken down into activities and analyzed based 
on the concept of sustainable construction presented in the theoretical basis chapter of this research, in 
order to define the eco-efficient solutions most appropriate for the realities of the projects studied, 
according to the table below.  
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Table 3: Identification of Eco-efficient Solutions 


Selected Construction 
Processes 


Activities Eco-efficient solutions 


SUPERSTRUCTURE AND 
INFRASTRUCTURE 


Concreting 
Comparison between ready-mix 
concrete and concrete produced on 
site 


Molding 
The use of struts, beams, guides and 
locking of metallic molds 


INSTALLATIONS 


Rainwater 
harvesting 


Construction of a water tank for 
rainwater harvesting 


Energy efficiency 
Solar Energy Catchment for water 
heating 


Lighting 
Comparison between incandescent 
bulbs and electronic bulbs 


5 Study of the Economic Viability of Projects 


5.1 Initial Considerations 
In this section, the studies of economic viability are presented, in order to analyze the situation of the 
constructor and the consumer (resident or investor) with regard to eco-efficient solutions. In this sense, it 
was necessary to determine the MAR (Minimum Attractive Rate) to calculate the economic viability. The 
MAR was designed based on the parameters of investments reported by the constructor. All of the 
projects were budgeted with their own resources. The MAR used was 11.75% (Central Bank; March of 
2011) a year, minus taxes. That rate applied in the calculations had the same value as the SELIC rate for 
the month of March, 2011, because its compensation is regarded as safe with immediate liquidity on the 
applied capital. Table 4 provides the gross annual rate, net annual rate and the net monthly rate, which 
were used in all of the calculations in this study. 


Table 4: Minimum Attractive Rate 


GROSS MAR CALCULATION (a.a) 11.75% 
MAR = NET (a.a) 6.96% 
MAR = MONTHLY NET (a.m) 0.58% 


Source: Central Bank (2011) 


Based on the aforementioned data, we present the constructor analysis. To this end, we surveyed the 
information made available by the department of Construction Planning, in order to define the timetable 
for construction works and the duration of the stages studied. Next, there was the consumer analysis, or 
rather, a study of the impacts on the residents when implementing eco-efficient solutions.  


5.2 Economic Viability Study: Emphasis on the Constructor 


5.2.1 Study Parameters 
The calculations used for the economic analysis were based on the Future Value formula, which consists 
of surveying the gains or losses in relation to time based on the MAR, from Hirschfeld (2010). 


In the economic viability study (emphasis on the constructor), we considered the execution time of 
activities, from interviews with specialists working in the Construction Planning department, namely: 


 Deadline for project implementation (until habitable): 20 months 
 Duration of Concreting stage: 06 months 
 Duration of Metal Molding stage: 04 months 
 Duration of Water catchment for rainwater harvesting stage: 01 month 
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 Duration of Solar Energy (heating) stage: 01 month 
 Duration of Electronic Bulbs stage: 01 month 
 MAR (Minimum Attractive Rate): 0.58% a.m. 


5.2.2 Period Gain: from start of work until habitable 
Each project was assigned a cost and number of months related to the implementation of each of the five 
eco-efficient solutions. The total costs (Period Gain) for each eco-efficient solution were defined based on 
the budget presented in the previous topic and the correction was based on a MAR of 0.58%. The Cost of 
Traditional Construction represents the total value of the project, taking into account the traditional 
construction, the value and the share of the economic benefit considering the eco-efficient solutions for 
implementation of the work. Based on the graph analysis, it can be verified that: 


 Project C: the Period Gain is BRL$ 187,353.51, considering a MAR of 0.58%. This value represents a 
holding of 1.64% on the cost of the traditional budget. 


 Project B: the Period Gain is BRL$ 129,623.58, considering a MAR of 0.58%. This value represents a 
holding of 1.03% on the cost of the traditional budget. 


 Project A: the Period Gain is BRL$ 56,071.04, considering a MAR of 0.58%. This value represents a 
holding of 0.43% on the costs of the traditional budget.  


All of the calculations were developed based on the Future Value, because in doing so it compensates for 
the gains and losses of the eco-efficient actions used in the projects. It should be added that these 
calculations are based on the rate (MAR) that remunerates the values involved. The sum of the projects 
represents an average holding of 1.01%, or rather, the three projects totaling BRL$ 36,908,105.00, can 
have an economic benefit of BRL$ 371,777.05, with the implementation of the eco-efficient solutions 
provided for in this research. It is worth mentioning that the gains presented obey the calculations based 
on the future value. The holdings and the values related to the implementation of eco-efficient solutions 
are consolidated in the table below. 


Table 5: Project Analysis: Emphasis on the Constructor 


 RELATIVE ECONOMY (%) 
ABSOLUTE ECONOMY 
(BRL$) 


Project C 1.64% -BRL$ 187,353.51 


Project B 1.03% -BRL$ 129,623.58 


Project A 0.43% -BRL$ 56,071.04 


It is noted that Project C stands out when compared with the other two projects. The percentage of the 
relative economy and the value of the absolute economy of this project (Class C) is more than three time 
the values of Project A (Class A). It is concluded that use of the eco-efficient solutions selected for this 
research reduces costs and thereby maximizes the constructor’s gain. 


5.3 Economic Viability Study: Emphasis on the Consumer 


5.3.1 Study Parameters 
In this case, three eco-efficient solutions were analyzed: water catchment for water harvesting, electronic 
bulbs and solar energy. These solutions are executed by the constructor and the residents are impacted, 
according to the analysis to be presented. The other two solutions, concreting and molding, were not 
analyzed since they are activities that are executed by the constructor, but they do not impact the 
residents. In the economic and financial study, with emphasis on the resident, the following parameters 
reported by the Construction Planning department were considered: Calculation of Gross MAR = 11.75 
a.a.; Net MAR = 6.96% a.a.; Net Monthly MAR = 0.58% a.m. The studies presented below represent the 
gains acquired by the resident during residence, taking into consideration the eco-efficient solutions 
selected. 
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5.3.2 Solar Energy: Water Heating (Use of Solar Energy) 
The time (t) adopted for the analysis of each of the projects was 04 years (48 months). Consolidated 
Project Analysis represents a study based on Payback, IRR and ROI for the projects. Table 6 presents the 
results of this study for the eco-efficient solution of Solar Energy: Water Heating. 


Table 6: Consolidated Analysis: Water Heating (Emphasis on the Consumer) 


 SOLAR ENERGY FOR HEATING WATER 
 Payback (months) IRR (% a.m.) ROI (% in 48 months) 
PROJECT C 29 2.85 60.73 


PROJECT B 44 1.00 10.05 


PROJECT A 47 0.88 3.09 


It can be observed through the table that all of the investments are economically viable, since they obey 
the basic fundamentals of the parameters of economic viability. It should be noted that Project C is 
superior with regard to its economic performance, since the relation of its benefits, depending on the 
investment increments, are greater than the other buildings.  


5.3.3 Lighting: Electronic Bulbs 
The time (t) adopted for the analysis of each of the projects was 06 months. Table 7 presents the results of 
this study for the eco-efficient solution of Electronic Bulbs. 


Table 7: Consolidated Analysis: Electronic Bulbs (Emphasis on the Consumer) 


LIGHTING: ELECTRONIC BULBS 


 
Payback 
(months) 


IRR (% a.m.) ROI (% in 06 months) 


PROJECT C 5 13 48 


PROJECT B 3 29 119 


PROJECT A 3 43 185 


It can be observed through the table that all of the investments are economically viable, since they obey 
the basic fundamentals of the parameters of economic viability. It should be noted that Project A is 
superior with regard to its economic performance, since the relation of its benefits, depending on the 
investment increments, are greater than the other buildings.  


5.3.4 Rainwater Harvesting: Water Catchment 
The time (t) adopted for the analysis of each of the projects was 21 years (252 months). Table 8 presents 
the study results for the eco-efficient solution of Rainwater Harvesting. 


Table 8: Consolidated Analysis: Rainwater Harvesting 


WATER CATCHMENT: RAINWATER HARVESTING 


 Payback 
(months) 


IRR (% a.m.) ROI (% in 252 months) 


PROJECT C 133 0.99 43 


PROJECT B 244 0.59 2 


PROJECT A 153 0.88 31 


It can be observed through the table that all of the investments are economically viable, since they obey 
the basic fundamentals of the parameters of economic viability. It should be noted that Project C is 
superior with regard to its economic performance, since the relation of its benefits, depending on the 
investment increments, are greater than the other buildings.  
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5.4 Consolidated Results of the Projects 
Presented below are the consolidated results of each of the three projects, starting from the analysis of 
the implementation of eco-efficient solutions. 


 Project C 


The amounts spent on traditional solutions and eco-efficient solutions were used for calculating the NPV, 
IRR and ROI.  


Table 9: Consolidated Analysis: Project C 


 
Water 
Catchment 


Solar Energy Electronic Bulbs TOTAL 


mount Spent -37,378.91 -125,457.43 - 1,347.50 -164,183.84 


In this case, the economic viability study showed the following results: 


Table 10: Economic Viability Study: Project C 


PayBack (months) 33 
NPV (R$ in 252 months) 573,266.29 
IRR (% a.m.) 3.39 
ROI (% in 252 months) 349 


Given that the IRR > MAR and the NPV > 0, the project is attractive and viable. 


 Project B 


The parameters presented above and the amounts spent in traditional and eco-efficient solutions were 
used for calculating the NPV, IRR and ROI. 


Table 11: Consolidated Analysis: Project B 


 
Water 
Catchment 


Solar Energy Electronic Bulbs TOTAL 


Amount 
Spent -14,248.98 -90,660.90 -2,429.39 -107,330.27 


In this case, the economic viability study showed the following results: 


Table 11: Economic Viability Study: Project B 


PayBack (months) 35 
NPV (R$ in 252 months) 343,115.54 
IRR (% a.m.) 3.18 
ROI (% in 252 months) 320 


Given that the IRR > MAR and the NPV > o, the project is viable and attractive. 


 Project A 


The parameters presented above and the amounts spent on the traditional and eco-efficient solutions 
were used in calculating the NPV, IRR and ROI. 


Table 12: Consolidated Analysis: Project A 


 
Water 
Catchment 


Solar Energy Electronic Bulbs TOTAL 


Amount 
Spent 


-28,152.24 -56,033.07 -1,817.11 - 86,002.42 


In this case, the economic viability study showed the following results: 
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Table 13: Economic Viability Study: Project A 


PayBack (months) 38 
NPV (R$ in 252 months) 250,442.94 
IRR (% a.m.) 2.97 
ROI (% in 252 months) 291 


Given that the IRR > MAR and the NPV > 0, the project is attractive and viable. 


 Consolidated General Analysis of the Projects 


Table 14 presents a summary of the economic viability study of the three projects, or rather, the total 
economic benefits for the consumer. For this study we used the longest time used in the previous 
analyses, which was 252 months. 


Table 14: Economic Viability Study: Consolidated (Emphasis on the Consumer) 


 


 


 


 


Given that the IRR > MAR and the NPV > 0, the project is attractive and viable. 


5.5 Analysis of the Study of the Economic Viability of the Projects  
The eco-efficiency concepts presented in this research are certified by the Economic Viability Study, since 
the indicators of economic viability are positive for all of the projects. These economic indicators must be 
used for enterprises management, as well as indicators for social-environmental responsibility must also 
be defined. 


In this sense, it is clear that the behavior of the eco-efficient items is different with regard to the time 
needed to be viable. The items related to the construction of water catchments for rainwater harvesting 
require an analysis time that is greater than the items related to energy efficiency. This is justified by the 
high value of the investment in water catchments in relation to the small benefit presented. 


6 Conclusion 
As shown in the development of the research, ecoefficient solutions differ from traditional solutions due 
the reduction of energy and water consumption, as well as reducing the amount of waste concrete and 
shape. The environmental impact reduction in the enterprise around, reflects positively on local 
community quality of life, leading this research to be aligned with the goals of the WBCSD. 


Although the research was conducted with a limited number of buildings, it can be inferred that the use 
of eco-efficient concepts applied to civil construction is not common in businesses of this sector. In other 
words, it has been established that there is a gap between theory and practice.  


One of the objectives of this work, in addition to surveying the economic viability of the use of eco-
efficient concepts in Brazilian civil construction, is to identify ways to spread the use of eco-efficient 
concepts in the construction of buildings in Brazil, in order to better structure a set of possible initiatives. 
To reach this goal, we believe that the introduction of techniques for budgeting, planning, and 
identification of new technologies in civil construction businesses is the result of three non-exclusive 
alternatives, which are: i) internal initiatives of professionals in charge of design, planning, budgeting and 
implementation of buildings; ii) acquisition of specifications recognized by the market: “green” 
certifications, for example; iii) development and implementation with the participation of external 
consultants. 


INVESTMENT -357,516.53  
PayBack (months) 35 
NPV (R$ in 252 months) 1,166,824.77 
IRR (% a.m.) 3.23 
ROI (% in 252 months) 326 
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Abstract  


This article aims to discuss the management process of the maintenance function of companies depending on the 


degree of organization maturity concerning maintenance. Maintenance management makes use of some tools and 


techniques to improve efficiency and minimize the impacts of unplanned stoppages, such as Reliability Centered 


Maintenance (RCM), Total Productive Maintenance (TPM) and the Failure Mode and Effects Analysis (FMEA). The 


identification of the degree of maturity on maintenance, leads us to a better planning of actions to implement the 


more appropriate management strategy and to propose suitable computerized tools, performance indicators, 


technical analysis and management tools and techniques, providing a set of potential improvements necessary for the 


successful evolution of the maintenance process and the resulting progress in the maintenance maturity level. 


Understanding the aspects which define the degree of maturity of an organization may not be an easy task. In this 


paper, a study of the maintenance function of some companies was carried out in order to define their maturity levels 


regarding maintenance. A maturity model is also proposed for the maintenance function through the definition of 


dimensions and levels. Aspects related to maturity levels have been fairly dealt with in various segments of the 


knowledge and the use of the proposed models have contributed to the achievement of better results in 


organizations in general.  


Keywords: maintenance strategy; production management; maintenance management; maturity grid. 


1 Introduction 


In past times, product development and manufacturing engineering were dominant in the industrial 


environment, and operation (production activities) and maintenance had low priority corporate strategies. 


Some time afterwards, both the operation and maintenance began to occupy a prominent role. Nowadays 


maintenance has a strategic role within organizations, it is responsible for ensuring the availability of 


equipment and facilities. In addition, it needs to help the production process giving reliability and 


appropriate security costs.  


Maintenance management uses some tools and techniques to improve efficiency and minimize losses, 


such as the Reliability Centered Maintenance (RCM), Total Productive Maintenance (TPM), Analysis of the 


Failure Mode and Effects (FMEA). 


According to Munk (1999), in organizations, teams can break down the traditional interdepartmental 


barriers and facilitate the operation of the functional structure, improving communications, coordination 


and integration and, above all, imposing a quicker reaction time. Teams are a powerful mechanism of 


integration within informal organizational structures. For individuals, teams bring more social and 


emotional involvement, more participation in decision making, greater penetration in the affairs of the 


company, greater commitment and therefore more motivation. 


Clarke and Garside (1997) propose a model that combines five features for managing the maintenance 


function: commitment, culture, communication, tools and methodologies and conflict management. 


However for models to maintenance management orientation, a proper investigation and 


recommendation are still missing. The identification of the maturity level on maintenance allow a better 


planning of actions, selecting suitable computerized tools, performance indicators, management tools 
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and techniques. Based on the maturity level of the organization, suitable more recommendation for 


maintenance management can be defined.  


Aspects related to maturity levels have been well covered in various segments of the practical knowledge 


and the proposed models have contributed to the achievement of better results in organizations in 


general. 


The aim of this paper is to propose a maturity model regarding maintenance. This maturity model will 


allow in further research to define the appropriate management actions to achieve high levels of maturity 


for each level of the model. 


Through survey, strategic points for the maintenance management will be evaluated in order to identify 


the current situation and generate preliminary data needed for a proposed maturity model for 


maintenance management. 


This paper is organized as follow. The second section presents a literature review, describing maintenance 


management topics and maturity models concepts. The third section addresses data collection and 


analysis, evaluating the maintenance management of a group of organizations that act in different 


sectors. Dimensions and levels for maintenance maturity assessment are suggested in section 4. The last 


section presents the conclusion and future work. 


2 Literature Review 


2.1 Maintenance Management 


According to Filho (2008), the maintenance management is an integral part of the company and aims to 


manage the maintenance in the broadest sense of the word. The maintenance management is a set of 


actions, rules and procedures of a maintenance system that assigns targets to the maintenance team and 


the organization it serves. 


The maintenance management establishes goals and objectives through standards and work procedures 


in order to obtain a better utilization of available resources, which are staff, equipments and materials. 


According to Kardec and Lafraia (2007), modern management must be underpinned by a vision and 


governed by processes management where the full satisfaction of its customers is a result of the quality of 


its products and services. 


In accordance with this line of thought, the maintenance management is considered strategic when it is 


results-driven business organization. And this implies that, besides having to assure the functional 


availability of equipment and facilities of a production process or service, safety and environmental factors 


as well as cost need to be considered. 


For Kardec and Nascif (2007), the systemic view of the business and changing paradigms and concepts 


will lead to major innovations in the process of maintenance management. 


According to Cuignet (2006), the objectives of maintenance must be connected to the overall objectives 


of the company once maintenance affects the profitability of the production process through its influence 


on the volume and quality of production and associated cost. If, on the one hand, there is a concern with 


improving performance and availability of equipment, on the other we have the cost factor associated 


with the management process.  


Still to this author, the search for a balance between benefit and cost to maximize the positive 


contribution of maintenance to the overall profitability of the company is the secret of this step, so that all 


the actions necessary to achieve this equilibrium is the management of maintenance itself.  


Currently, to manage the maintenance, excluding the complexity factor, large numbers of activities are 


necessary and should be known by the manager, namely: general knowledge in maintenance, planning, 


people management, assets and equipments knowledge, lubrication and calibration, material 
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management, maintenance techniques, knowledge in computers and computerized processes, basic of 


production management and basic of quality management. 


Some parallels can easily be made between maintenance management and certain tenets of quality 


management. Crosby (1990), states that quality is defined as conformance to product requirements. 


He also shows that quality is achieved through prevention and not through inspection and the optimal 


performance standard of quality is zero defects. He also states that quality is measured by the price of 


non-compliance. 


In the view of maintenance, quality is closely associated with the systematic prevention of events that 


result in the stoppage of an asset and this prevention is strongly linked with the adopted management 


strategy. The quest for zero defects in the maintenance, as well as a paradigm to be broken, it is a goal to 


be achieved through the use of modern techniques of management activities in line with the 


organization's strategy. The standard of maintenance performance is associated with the absence of 


assistance and not by running out of acceptable standards.  


From the standpoint of management, the most appropriate maintenance is one that combines different 


methods and techniques, according to the nature and criticality of the equipment for maintenance, in 


order to obtain operational efficiency and economic. 


2.2 Maintenance Policies and models 


Maintenance policies applied correctly aimed at preventing and/or eliminating the occurrence of failures. 


Lack of fulfillment of what was previously defined as "proper performance" is defined as failure. 


According to Kardec (2002), fault is "an abnormal physical state in a system that is a threat to the 


operation thereof”. “Abnormal” is defined as the deviation of some measurable parameter beyond the 


limits considered desirable for the normal operation. 


For Smith (2004), maintenance aims to "preserve the functional capabilities of equipment and systems in 


operation". According to Moubray (2000), the purpose of maintenance is to "ensure that physical assets 


continue to do what the users want them to do”. 


SAE JA1011 states that maintenance should ensure that "physical assets continue to perform their 


planned functions”. 


The maintenance really only fulfils its role when it comes before and can predict possible events that can 


paralyze and damage production, with consequent loss of volume, increased of operation expenses and 


reduction of the business margins.  


To achieve what it is called World Class Maintenance (WCM), it is necessary to improve adopted 


maintenance processes.  


According to Kardec (2002), plants coexist with certain types of maintenance (or maintenance policies) 


and progress of organization's management will allow the application of the most convenient such as 


corrective, preventive, predictive and maintenance engineering.  


Various tools available today have adopted the word maintenance. It is important to note that these are 


not new types of maintenance but tools that allow the application of the main types of maintenance 


mentioned above. Highlighted among them are: Maintenance Engineering; Lean Maintenance; Total 


Productive Maintenance; Reliability Centered Maintenance; Reliability Based Maintenance and Condition 


Based Maintenance. 


2.3 Maintenance Indicators 


For Weber and Thomas (2005), performance measurement is fundamental for management once it 


identifies the difference between the actual performance and the performance intended to be achieved. 


According to Kardec and Lafraia (2002), maintenance indicators are developed and used by managers in 


order to achieve the goals set by companies.  
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The literature, in the context of maintenance, provides various expressions and terminology for 


performance indicators, once they eventually adapt to the reality of companies (Tavares, 1999). Indicators 


are usually grouped into: 


 Asset management; 


 Costs management; 


 Manpower management; 


 Maintenance activities; 


 Maintenance organization. 


The pursuit of World Class Excellence involves the identification and adaptation of best practices. This 


means changing the way of acting which obviously requires some time, from planning to implementation 


and evaluation of practical results.  


EN15341 (2009) Standard highlights that maintenance performance is the result of complex activities, 


which can be evaluated by appropriate indicators to measure actual and expected results. Performance 


indicators are necessary to ensure stability and predictability of the maintenance process.  


In general, indicators are measures or numerical data set about processes that we want to control, and 


maintenance, generally include: availability, costs, production losses due maintenance activities, Rework, 


Mean Time Between Failures (MTBF), Mean Time To Repair (MTTR) and Overall Equipment Effectiveness 


(OEE). 


Maintenance costs are linked to the adopted practices. In a unit where maintenance is performed in a 


reactive way, setting an unplanned corrective maintenance, costs are higher. 


Paradoxically, it is important to note that not always the minimum cost is the best value. Strategic vision 


and proper planning for the functions related to training teams and operational resources (parts, 


equipment and tools) need to be considered. According to Filho (2008), performance measurement 


becomes useless if it is not accompanied by a group of actions. The maintenance policies and associated 


prevention strategy must ensure balanced improvement of performance indicators, as suggested in figure 


1(Semitan, Oliveira & Maciel, 2009). 


 


Figure 1 - Proposed Indicators Model  


In addition to the identification process of managing more suitable indicators, Norton and Kaplan (1996) 


suggested the use of the scorecard Balance (BSC) as a methodology for performance management, where 


the strategy could be translated in operational terms, so that past performance measures serve to direct 


the value of performance measures for the future. Alsyouf (2006) proposes to use this tool to measure 


performance in the maintenance area of an organization. 
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2.4 Maturity Models 


Nunes (2008) highlights the Maturity Theory of Argyris, presented in Personality and Organization, which 


is one of many theories that attempt to explain nature and human behavior. According to this theory, the 


development of a person takes place over a continuous range of an immature state to a state of maturity. 


A mature person is characterized by being active, independent, self confident and controlled. On the 


other end, an immature person is passive, dependent, lacks confidence and feels the need to control 


others. 


In his studies of process maturity, Smith (2008) gives the basic concept, under the term maturity, the 


aspect that mature organizations do things in a systematic and that the immature reach their results 


thanks to the heroic efforts of individuals using approaches that they create more or less spontaneously. 


Mature organizations achieve their quality objectives, timelines and costs consistently and efficiently. 


Immature organizations create goals, but too often lose their targets by wide margins of error. 


The term maturity is introduced in various segments of knowledge, such as project management, Quality 


management and computerized systems development. Crosby (1979) structured a model, designated by 


Quality Management Maturity Grid, based on five levels of maturity for the incremental adoption of 


quality concepts in an organization. The proposed model considers the following maturity levels: 


I. Uncertainty 


II. Awakening 


III. Enlightenment 


IV. Wisdom 


V. Certainty 


Maturity levels are assigned to the following categories of dimensions: 


I. Management understanding and attitude 


II. Quality organization status 


III. Problem Handling 


IV. Cost of quality as a percentage of sales 


V. Quality improvement actions 


VI. Summary of company quality posture 


Often, the proper functioning of organizations (in terms of work specialization, chain of command, the 


degree of delegation, the degree of control, etc.) is in itself an obstacle for officials to achieve a naturally 


high degree of maturity. 


In addition, organizations expect that their employees are passive, dependent and have a short term 


perspective, producing without requiring a high degree of control. 


In accordance with Clarkson, Maier and Moultrie (2009), a large number of maturity models have been 


proposed to assess a range of capabilities, including quality management, software development, supplier 


relationships, efficient research and development, product, collaboration and communication. These 


evaluations focus on a particular domain of knowledge that can result in several practical approaches 


confusing or contradictory. However, their study does not direct specific recommendations for the type of 


maintenance management of an organization. 


Based on Crosby’s maturity grid for Quality, Fernandez et al. (2003) propose a maintenance maturity grid. 


However, the authors only emphasize quality management criteria for maintenance. 


3 Data collection and Analysis 


A survey was undertaken in some industrial plants of the industrial pole of Manaus, in Amazonas state 


(Brazil), in order to study different processes and identify their management strategies.  
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The maintenance management of companies in the plastic industry, manufacturing of mobile phones, 


modems, set top boxes, televisions, laptops, audio, CD and DVD manufacturing, motorcycles, air 


conditioners, cameras, alarm and protection systems, car alarms, naval industry, metallurgical industry and 


support activities of IT infrastructure in government departments were analyzed (see figure 2). 


About the companies, nine of them are considered small companies, eight, medium companies and three, 


large companies. All companies of this survey have ISO 9001 certification. Besides, large companies have 


ISO 14000 certification. 
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Figure 2 – Surveyed Company 


Through field research using semi-structured interviews, data related to the management aspects of the 


strategies and maintenance activities of the company were collected. In the survey, information about 


maintenance management function was gathered, such as: 


 Use of key process indicators; 


 Management of maintenance costs; 


 Qualification of the maintenance team 


 Application of management support. 


The collected information in the companies was analyzed and classified in the following management 


dimensions: 


 Maintenance Policies: to identify the current maintenance type; 


 Maintenance Planning and Organization: to identify CMMS utilization; 


 Maintenance KPI Management: to identify the current KPI and their management; 


 Maintenance Training Strategy: to identify the training level and knowledge of maintenance crew. 


Table 1 presents the results for each company and also shows how maintenance activities are organized 


and how each company manages them according to their own policies and strategies. 


The results reveals that most organizations adopt corrective policy, have low competence investment 


(personal and technical training), no performance indicator and have poor maintenance activities 


planning. 


According to the data obtained in the investigation and displayed in Figure 3, only 45% of companies 


have adopted a preventive policy or rather merge preventive and corrective policies. The majority focuses 


on correction, which can result in a strategy focusing on production rather than productivity and 


efficiency, which usually increases the probability of equipment downtime. 
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Table 1 – Maintenance Strategy Organization 


Company Sector Maintenance Policie Prevailing Maintenance Organizational & Planning Maintenance KPI Management Maitenance Training


1 Paper Corrective Spreadsheet Not Available Low


2 Electronics Corrective Spreadsheet Not Available Low


3 Electronics Corrective and preventive Spreadsheet Basic KPI's: MTBF, Costs and Availability Medium


4 Electronics Corrective and preventive Spreadsheet Not Available Low


5 Air Conditioner Corrective Spreadsheet Not Available Low


6 Naval Corrective Spreadsheet Not Available Low


7 Naval Corrective Spreadsheet Not Available Low


8 Electronics Corrective and preventive Spreadsheet Basic KPI's: MTBF, Costs and Availability Low


9 Electronics Corrective Not Available Not Available Low


10 Paper Corrective and preventive Spreadsheet Not Available Low


11 Electronics Corrective and preventive Spreadsheet Basic KPI's: MTBF, Costs and Availability Low


12 Motorcycle Corrective and preventive Spreadsheet Not Available Medium


13 Electronics Maintenance Engineering CMMS Basic KPI's: MTBF,MTTR,  Costs and Availability Medium


14 Paper Corrective Spreadsheet Not Available Low


15 Personal Care Corrective and preventive Spreadsheet Basic KPI's: MTBF, Costs and Availability Medium


16 Government Corrective Not Available Not Available Low


17 Air Conditioner Corrective and preventive Spreadsheet Not Available Low


18 Electronics Corrective Spreadsheet Not Available Low


19 Electronics Corrective and preventive Spreadsheet Basic KPI's: MTBF, Costs and Availability Medium


20 Metallurgical Corrective Spreadsheet Not Available Low


A percentage of 5% adopt management models based on engineering maintenance, although initiatives 


to implement TPM (Total Preventive Maintenance) and RCM (reliability centered maintenance) have been 


implemented without success. 
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Figure 3 – Maintenance Policies 


Furthermore, regarding planning of maintenance activities, a percentage of 85% companies use 


spreadsheets to support the management and control of maintenance activities as indicated by figure 4. 


This ongoing research aims in the future to propose a simple and economical information system to make 


the maintenance management processes equally simple, objective and efficient, a system enabling the 


user to use 100% of its operating capacity. The management system will support the manager in more 


responsive decision-making based on results presented for a certain period of time. 
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Figure 4 – Maintenance Organization & Planning 


Concerning the application of maintenance indicators, to better define maintenance strategies, the study 


reveals a reduced utilization which can point to a lack of skills and knowledge of the team about concepts 


related to management and control activities of maintenance (see figure 5). 


Besides, companies that have any kind of indicators use MTBF, MTTR, Availability and Costs for 


maintenance management. 
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Figure 5 – Maintenance KPI 


Nevertheless, most companies show a little investment in staff qualification, either in aspects related to 


technical activities, whether in concepts related to maintenance management, as shown in figure 6. Low 


level training is considered when the company maintenance crew has minimal information about 


maintenance activities and poor knowledge about equipment and process, with no investment in 


qualification. For medium level training the crew has enough concepts about process and equipment and 


some investment is made to qualify them. For high level training, the crew has strong knowledge about 


process, equipments, management tools, clear failure analyses methodologies and investment in 


qualification. 
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Figure 6 – Maintenance Training 


4 Proposed dimensions and levels for maintenance maturity assessment 


The maintenance function can be analyzed and evaluated in order to propose a gradual progress in the 


pursuit of world class performance, increasing the operational availability company equipment, its 


productivity and intellectual capital of technical teams for maintenance management. 


Based on the study presented in the previous section and on experience, dimensions and levels for 


maturity assessment was defined and presented in table 2. 


Maturity grid proposed so far covers quality dimensions and this study intends to provide criteria to 


identify the current maturity level and the steps to move forward to high maturity levels. 


Table 2 - Proposal for dimensions and levels of maturity 


Dimension Low maturity Medium maturity High maturity 


Maintenance Strategy Corrective 


strategy only 


Corrective and Preventive 


strategy 


Predictive strategy 


KPI´s (Availability, MTBF, 


MTTR) 


Not available MTBF, MTTR, Costs, Availability MTBF, MTTR, Costs, Availability, 


OEE, Reliability, Training Rate, 


Failure Rate 


Maintenance Data System 


(CMMS) 


No CMMS Spreadsheet  or General 


CMMS 


Customized CMMS 


Technical Competences 


(culture) 


Corrective 


mind 


Use preventive tools such as 


FMEA, 8D 


Use failure analysis tools, such as 


FMEA, 8D, RCA, FTA, Reliability 


Model 


Management Models Not Available TPM TPM, RCM, Maintenance 


Engineering 
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Finally, this assessment allows us to establish criteria and steps to support companies to move from low 


performance to world class performance in maintenance management due to clear strategy and 


commitment, according to figure 7. 


 


Figure 7 - Maturity level upgrade in organizations 


Then, based on the research proposal, most surveyed companies can be classified as organizations that 


are in an initial maturity stage, as showed in figure 8. 


95%


5% 0%


Low Maturity


Medium Maturity


High Maturity


 


Figure 8 – Maintenance Management Strategy 


5 Conclusion and future work 


A systematic way to understand the steps in a process of maintenance management activities should 


emphasize the existence of an effective planning and monitoring of activities using the most appropriate 


resource and applying the more advantageous tool and techniques. The proposed maturity model will 


allow defining the more appropriate strategy and maintenance tool, techniques and indicators for each 


level. 


The effectiveness of the maintenance function in an industrial unit depends on the equipment involved, 


the training of personnel, and mainly on the adopted strategy for maintenance management. In addition 


to modern equipment, it is necessary to understand the concern about flaws, in its details, in order to 


attack not the consequences but the causes using the most appropriate tools and techniques. 


Additionally, the use of complex computer systems generally do not simplifies the maintenance 


management, because it takes a long time in the design, analysis and storage of information, which 


suggests studying the development of a more simple and straightforward system. 


In the ongoing research, it is intended to develop a computer system which allow both the determination 


of some vital rates (such as the frequency of failure, time to resolution of a given problem, availability, 


cost) and the formation of action plans for maintenance improvement using tools such as  FMEA's and 


8D. 
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Most companies have a basic level of maintenance management which means that they have 


opportunities to make improvements and to obtain important gains. They have also the capacity to 


become more competitive, increasing throughput and reducing losses. 


As future activities, the maturity model dimensions and levels will be validated and the steps needed to 


move forward to higher maturity level will be defined. 


References 


Assis, R. (2010). Decision support in maintenance management of physical assets. 1st edition. Portugal: Lidel Edições 


Técnicas Ltda. 


Cabral, J. P. S. (2006). Organization and Maintenance Management: from concepts to practice. 6st edition. Portugal: 


Lidel Edições Técnicas Ltda.  


Cuignet, R. (2006). Maintenance Management: Improve operational and financial performance of its maintenance. 


Portugal: Lidel Edições Técnicas Ltda. 


Crosby, P. B. (1979). Quality is free: The art of making quality certain. New York, NY: McGraw-Hill Companies. 


Crosby, B.P. (1990). Quality : Seriously. São Paulo: McGraw-Hill Companies. 


Clarke, A., & Garside, J. (1997). The development of a best practice model for change management. European 


Management Journal, 15, no. 5. 


Clarkson. J. P., Maier, A. M. & Moultrie, J.(2009). Development maturity grids for assessing organizational capabilities: 


Practitioner guidance. University of Cambridge. 


Fernandez, O. & Labib, W. (2003). A decision support maintenance management system: Development and 


Implementation. International Journal of Quality & Reliability Management, Vol.20, No 8, pp. 965-979. 


Filho, G. B.(2006). Maintenance Indicators. Rio de Janeiro, RJ: Editora Ciência Moderna. 


Garg, A. & Deshmukh, S. G. (2006). Maintenance management: literature review and directions. International Journal 


of Quality in Maintenance, Vol.12, pp. 205-238. 


Higgins, L. R., & Mobley, K. R. (2001). Maintenance Engineering Handbook. New York, NY: McGraw-Hill. 


Kardec, A., & Lafraia, J. R. (2002). Maintenance: Strategic Management and Reliability. São Paulo, SP: Qualitymark 


Editora. 


Kardec, A., & Nascif, J. (2002). Maintenance: Strategic Management. São Paulo, SP: Qualitymark Editora. 


Kaplan R. & Norton, D. (1996). The balanced scorecard: Translating strategy into actions. Boston, MA: Harvard 


Business School Press. 


Kans, M. & Ingwald, A. (2007). Commom data base for cost-effective improvement of maintenance performance. 


International Journal of Production Economics, Vol.113, pp. 734-747. 


Lafraia, J. R. B. (2001). Reliability, Mantenability and Availability Guidance. Rio de Janeiro, RJ: Qualitymark Editora Ltda. 


Levitt, J. (1997). The Handbook of Maintenance Management. New York, NY: Industrial Press Inc. 


Munk, L. (1999). The effective formation of work teams: An approach in the light of organizational changes. Master 


Tesis, Santa Catarina federal University, 115 pgs. 


Europe Standard EN15341:2009. Maintenance: maintenance performance indicators (KPI). Quality Portuguese 


Institute, 30 pgs. 


SAE JA 1011:1999 Standard. Evaluation criteria for process reliability-centered maintenance. Consulting on 


18/08/2010, available at http://www.sae.org.  


Nunes, P. (2008). Concept of Argyris’s Maturity Theory. Consulting on 02/06/2010, available at 


http://www.knoow.net/cienceconempr/gestao/teoriamaturidadeargyris.htm. 


Semitan, M. C., Oliveira, M. A. & Maciel, E. L. F.(2009). 9º International Reliability Symposium: RCM: Asset effectiveness 


management – Case. Curitiba, PR: Reliasoft Co. 


Weber, A. & Thomas, R. (2005). Key performance indicators: Measuring and Managing the Maintenance Function. 


Consulting on 10/08/2010, available at http://www.plant-maintenance.com/articles/KPIs.pdf. 



http://www.google.pt/search?hl=pt-pt&tbs=bks:1&tbo=p&q=+inauthor:%22Leslie+J.+Porter%22

http://www.google.pt/search?hl=pt-pt&tbs=bks:1&tbo=p&q=+inauthor:%22Leslie+J.+Porter%22

http://www.google.pt/search?hl=pt-pt&tbs=bks:1&tbo=p&q=+inauthor:%22Leslie+J.+Porter%22

http://www.google.pt/search?hl=pt-pt&tbs=bks:1&tbo=p&q=+inauthor:%22Leslie+J.+Porter%22

http://www.sae.org/

http://www.knoow.net/cienceconempr/gestao/teoriamaturidadeargyris.htm

http://www.plant-maintenance.com/articles/KPIs.pdf



		Maintenance Management Based on Organization Maturity Level

		1 Introduction

		2 Literature Review

		2.1 Maintenance Management

		2.2 Maintenance Policies and models

		2.3 Maintenance Indicators

		2.4 Maturity Models



		3 Data collection and Analysis

		4 Proposed dimensions and levels for maintenance maturity assessment

		5 Conclusion and future work

		References






 


ID40.1 


Grow Without Profit – A Business Strategy Applied in the 


Brazilian Automation Market 


Carlos Eduardo R.B. Barateiro, Jose Rodrigues de Farias Filho, Ricardo Bordeaux, Luiz Antonio da Paz Campagnac 


Production Engineering of Fluminense Federal University Campus of Niteroi, 24210-240, Rio de Janeiro, Brazil 


Email: cerbb@terra.com.br, fariasfilho@gmail.com, ribordeaux@hotmail.com , luiz.campagnac@gmail.com 


Abstract 


The performance of companies within a competitive market is supported by several corporate strategies that need to 


be aligned with the strategies of its operations. This alignment is crucial in order to create the necessary basic 


conditions for the ultimate goals to be achieved and in the capitalist system: the profit is the main objective to be 


achieved.  This article discusses how the development of operational strategy, focused on after-sale services, that 


together with a corporate strategy of growing installed base, may be a decisive factor to achieve the main goal which 


is the profit, supported by the principles of corporate governance. For illustration of this strategy we have considered 


the analysis of a case study - the performance of a large conglomerate that operates in the automation market for 


industrial process control. Particularly we have analyzed the performance of this group in the Brazilian market, which 


is highly competitive in this area, and use of this strategy is allowing the change of expectations in terms of the 


profitability. 


Keywords: Industrial Engineering, Operations Research, Business strategy 


1 Introduction 


Despite the great economic crisis that erupted in 2008 and even with the potential resurgence of the 


same problems in 2011/2012, the oil and natural gas market has shown a strong growth mainly due to 


increased energy demand. Specifically in Brazilian case, the aggressive investment plan of Petrobras 


(2011), the main oil company with operations in the country, with a total of USD 224.7 billion for the 


period 2011-2015, has kept the market supplier of equipment and services warmed. The main reason for 


it is the amount of direct investments that are being provided in the domestic market (USD 213.5 billion) 


with a total of 688 projects, which 57% refers to projects already authorized for execution and 


implementation. 


As mentioned in Barateiro study (2010), the automation designed to the industrial process control has a 


significant importance in these projects and it obviously attracts a lot of potential companies that try to 


obtain significant portions of this market. The automation system investments for the oil and gas market 


has a expected growing of 6.7% only in the production area (upstream) (ARC, 2009) and 5% on the 


refining part (downstream)(ARC, 2009), which is quite significant. This growth is still small when compared 


with estimates of service purchase inherent in these systems – the expected growing in 2015 for services 


in Latin America is about 11.2% (ARC, 2007). 


The great question that companies are now facing is how to define the corporate and operational 


strategies to win this market and be profitable. The article will address one of these strategies based on 


significant short-term growth to increase the installed base, even sacrificing profit rates or even operating 


with loss, considering that in the long-term there would be considerable gains. 


For the paper development we have considered the analysis of a case study: the performance of a large 


conglomerate that operates in the automation Brazilian market. The use of this strategy is enabling a 


major shift in the expectations in terms of profitability. The article then develops a theoretical formulation 


of the main concepts: theory of firms, corporate and operation strategies and the corporate governance. 
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The analyses were performed with five companies of the group of which three are operating based on the 


strategy – it is allowing a proper comparison of the advantages in using this formulation. 


2 Theory, strategies and governance 


The knowledge framework of this paper is based on four areas: a) the theory of firms, b) business 


strategies, c) operation strategies and d) corporate governance. 


2.1 The Theory of Firms 


With the production model designed by Ford for the automotive industry, the studies on the industrial 


economy and more specifically on the theory of formation and operation of businesses, called the theory 


of firms, began. Dantas (2002) mentions that at this stage the firm was seen as an agent that made 


decisions for production and plant size. It was driven by logic to maximize the profitability in the context 


of technical options. As discussed by Tigre (1998), the early stage companies had a limited role with a 


concept based on simple premises: a) the firm was an organization that used the production factors 


available in the market to produce marketable products; b) the market tended to establish conditions of 


perfect competition and firms also tended to a size "optimal" balance; c) the technological possibilities 


would be represented by the production function, which specifies the production corresponding to each 


possible combination of factors; and d) it had the perfect rationality of the economical agents considering 


the firm's goals of maximizing profits. 


Santos (2007) mentions that in this simplicity context the firm's only function is to transform inputs into 


outputs, selecting the most appropriate technique and getting the necessary supplies on the market, 


including labor and technology. Thus profit is considered a product resulting of the sales value, after 


paying the various production factors. The sale price, as well as the rate of return on labor and capital, are 


determined by the market and are therefore outside the firm control. 


With the industrial development of the early XX century, the increasing complexity of trade relations no 


longer explained the behavior of these firms within the economic environment. Thus, Coase (1937) 


introduced new questions about the nature of the firm, considering it a particular way of economic 


organization and an institutional alternative to the market. Coase (1937) criticized the lack of realism and 


especially that the studies did not consider the opportunistic behavior of agents. Tigre (1998)] mentions 


that this discussion about the goals of the firm won so different interpretations: 


 The maximization of total sales: model introduced by Baumol (1959) that identified a trade-off 


between sales and profits - the premise of this model was that sales growth must sacrifice the 


profits level, regardless of what it would be necessary to establish a minimum level of profit to 


cover the costs of investments and do not create impact in the external financial agents and the 


shareholders of the firm; 


 The maximization of the sales growth rate: model introduced by Marris (1967), which assumed 


that growth should be the general objective of the company, linking directly with the process of 


expanding its operations - however this growth would be constrained by the level of expansion 


demand and supply, both conditioned by the organization's efforts to increase those sales and 


the amount of resources available to finance this expansion; 


 The maximization of profits in the long term: a concept introduced by Sylus-Labini (1964) which 


recommended that in certain markets, firms seek to maintain a price level that would prevent the 


entry of new competitors in order to be able to maximize their profits long-term - that price is 


only at a level above the average cost of long-term because the companies have established a 


number of advantages with respect to potential entrants, in particular, they can use economies of 


scale as a way to stop the entry of new competitors; 


 Survival: Robinson (1933) formulated his theory of imperfect competition to realize the unreality 


of the situation of perfect competition, where no individual producer would have been able to 


affect prices - the empirical evidence of large firms enjoying economies of scale led it to state that 
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each firm had a monopoly for its products (survival), which was a result of consumer preference, 


despite the existence of close substitutes produced by other firms; 


 The power of the technical structure: Galbraith (1967) stated that technical knowledge was 


replacing capital as a production strategic factor, referring to the object of ownership of capital, 


not the capital itself, and that there is a change in the concept of how this capital influences the 


organization in its ability to generate profits or positive cash flows. 


All these discussions led to the recognition that corporate goals can vary depending on the goals of their 


controllers, without being able to charge a universal rule. This statement is very much aligned with the 


concept developed by Cyert and March (1963) who created the term "aspiration level" that defines that 


the companies targets are determined by a combination of growth, market shared, production and 


inventory. 


The new theories of the firm represent an extension of these ideals and it was developed between the 


years 60 and 70 mainly to fill the gaps left by the previous analysis and to look for a better understanding 


of the firm’s behavior within the new industrial revolution based on advances in technology and 


management information. Santos (2007) mentions the following items to characterize these new 


concepts: 


 The institutional vision: concept developed by Aoki (1984) which gives the companies the nature 


of their different economic performances, according to the paths traveled by them – in this 


concept, Aoki argues that no institutional arrangement can be defined as "optimal" because they 


are the result of cultural and learning contingencies typical of each country and thus, it is the 


institutional environment that determines the opportunities for profit making; 


 The existence of agreements between agents: developed by Alchian and Demsetz (1973) who 


conceptualized the firm as an integrated set of contracts that specify the "property rights" among 


the agents who participate in it - as an example we have the idea that managers must be 


committed to defend the interests of the shareholders; 


 Self-interest: developed by Fama [(1996) and in fact one aspect about the existence of contracts, 


whereas its efficiency is directly linked to the agency relationship, which is the delegation of 


authority given to the hired (the agent) by the contractor - when the behavior of this agent is 


guided by the pursuit of its own interest, the contractor may find it difficult to induce the agent to 


behave in order to maximize the gain forcing him to implement the necessary monitoring, for 


example, with the using of directors´ board; 


 Transaction costs: it is a concept developed by Williamson (1985) presented the view that the 


company is seen as a nexus of contracts that seeks greater efficiency in resource allocation, 


focusing on its formulation by the transaction costs, i.e. costs of using of the market; 


 Vision based on the accumulation of resources: a concept developed by Penrose (1959) and 


Teece (1988) who showed that the company should be seen as an institution that grows 


accumulating resources and experience, or skills. Profits, security and market share are the result 


of this process to become a competitive differential advantage; 


 Evolutionists: concept developed by Nelson and Winter (1990) and Pavitt (1984) that showed that 


the evolution of the firm depends on the ongoing transformation of their skills as new 


technological opportunities that appear - that is, the history of the firm determines its capabilities 


to learn and absorb new skills, combining technical progress with the introduction of new 


organizational features. 


All these concepts and theories seek to understand the economic reality experienced by companies. Tigre 


(1998) mentions: 


"This gap between theory and practice is due to the difficulties of capturing historical and the limitations 


of the theories to the available evidence, the complexity and diversity of businesses within capitalism. The 


various theories of the firm are trying to identify paradoxes and seek new concepts, aided by the 


incorporation of interdisciplinary scientific contributions. By pointing out inconsistencies, critics rarely 


consider the historical context and which were based on empirical theorists who preceded them. The 
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different theories and principles seem to hover over an indefinite empirical context, suggesting a 


timelessness and universality that sooner or later proves unrealistic. Although empirical examples and 


references, it is not easy to understand how the authors understand the constant changes in the ways of 


organizing production dominant and how such changes have been incorporated in order to overcome the 


limitations of existing". 


The purposes by which companies are directed, therefore, are the most diverse including sales, profits, 


market share, innovation, skills, etc.. Santos (2007) mentions that "although there is much controversy 


about it, the various approaches to the theory of the firm agree that the admission of maximizing short 


term profits is a precept excessively reductionist. The complex organization of modern large enterprise 


where the ownership and management control are exercised by different persons, the company 


performance tends to be guided by a set of goals often contradict each other, but to collaborating with 


an effective operation of the business”. This question mentioned by Santos [8] is one of the goals of this 


article: to analyze the relationship between profit growth and operation strategies to make it viable. 


2.2 Business Strategies 


Although the business world is not the world of war, many of the current fundamentals that drive 


corporate strategy are closely linked to the concepts developed in the fields of battle. As mentioned by 


Alday (2002), business strategies have a subtle difference: the process of formulation does not result in 


immediate action, but sets out the general direction in which the position of the company will grow and 


develop. Barcellos (2002) also mentions that it is misleading to assume that companies have only one 


strategy - in fact many organizations have not only new but also the adaptations and adjustments of 


existing strategies in progress. 


Basically we have the following generic strategies that should be considered in the business world: a) 


competitive strategy of cost: when the company focuses its efforts in the pursuit of productive efficiency, 


the expansion of production volume and minimization of expenditure on advertising, technical assistance, 


distribution, research & development and the price is its main attraction to the consumer; b) competitive 


strategy of differentiation: focus on the company image, technology, technical support, distribution, 


development, human resources, market research and quality in order to create differential to the 


consumer; and c) competitive strategy of focus: the company seeks to choose a target restricted, in which 


through the cost or differentiation, the company will be specialized in a specific  niche market. 


The great question that arises for companies is how to compete in their chosen market. The answer to this 


question is the appropriate formulation of a competitive strategy based on size, resources and 


competencies. Porter (1986) points to the cost leadership or differentiation, such as strategic alternatives 


to be considered in competitive scope broad or narrow. His analysis model of the structure of industry 


and five forces (rivalry among competitors, threat of new entrants, bargaining power of suppliers, 


bargaining power of buyers and the threat of substitutes) meant an important contribution, especially for 


assessment to the competitive environment and the industry profitability. 


However the Delta model developed by Hax and Hilde (2000) mentions that the strategic framework of 


cost or differentiation are mutually exclusive and it does not explain all the ways that companies currently 


are competing in the market. This model shows that companies can have three different strategies: a) 


establishment of a closed system that inhibits new entrants, b) customer solutions and c) establishment of 


better products. This model reflects fundamentally new sources of profitability and strategic options to 


align the business activities (processes). 


Wright et al. (2000) indicate further the possibility of using low-cost, differentiation or a combination of 


both strategies in a whole market or just in a niche, depending on the size of the business unit. According 


to Gale (1994), this mixture or combination provides more value to the customer; this value is 


characterized as cost-effective for the buyer or price/ quality to the supplier. 


Alday (2002) mentions that all strategies have risks and pitfalls. A pricing strategy can have an 


exaggerated focus on manufacturing and, with it, can lose the opportunity to differentiate – at the end we 
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have the product commoditization besides the great risk of having a new competitor introducing a new 


technology or process to gain significant market share. Already a differentiation strategy can also lead to 


a very high premium price, given the focus on the product, which can lead to the emergence of 


alternatives more cost-effective. Similarly, the strategy of focus can occur in the market or niche and we 


do not have sufficient critical mass to allow the company to operate profitably. 


Wright et al. (2000) discuss that after these "umbrella" strategies, other actions and experiences in the 


organizations emerge: a) growth strategies: are indicated when the potential expected value of the 


company can increase through a better sales volume  and / or better market share; b) strategies for 


stability: they are applied when the concentration of efforts on the business portfolio contributes to 


strengthening the competitive positioning of the different units; and c) reduction strategies: generally 


constitute the ultimate resource of business units with a faced unsatisfactory performance or even the risk 


of survival. 


Alday (2002) mentions that the growth strategies can be achieved in several ways: a) internal growth: 


achieved through a increased sales, production capacity and workforce; b) vertical integration: through 


the new organization acquisition, waiting the increasing profits through a better efficiency or improved 


sales; c)  horizontal integration: involving the growth by acquiring of competitors in the same line of 


business increasing their size, sales, earnings and market potential; d) diversification: when growth occurs 


with the acquisition of companies in other business lines to achieve greater efficiency through the use of 


shared resources; e) mergers and joint ventures: when a company joins other to form a new organization 


(fusion) or to work on a specific project too large to be controlled by only one party (joint venture). 


Barcellos (2002) mentions that for businesses, the economic objective is to create assets to maximize 


returns. However, the nature of the assets and their measurements has changed in recent decades due to 


the changes that occurred in the economy. Today the tangible assets such as buildings, equipment, 


inventory, are not the most important assets in the modern economy. For most organizations, so-called 


intangible assets are now much more significant: it contributes more to the MVA (Market Value Added) - 


value of the company shares - than traditional hard assets. Among the intangible assets, the most critical 


is the strength and magnitude of the organization's relationships with its customers. 


So any business strategy used today have to consider all these important aspects in its formulation - 


competitiveness is a compulsory subject in the organization management because of competition fierce 


and the market integration but now more than ever, firmly attached to the concept of focus in client. 


2.3 Operation Strategies 


After the definition of the corporation business strategy, it is necessary to operate these ideas into actions 


that lead the company's organizational structure to move towards the success fully viable. Each function 


within the company should therefore define its own strategy to support the business strategy of the 


company - so we have a financial strategy, marketing strategy, operation strategy and many others that 


are necessary. 


Inman (2007) mentions that the operations strategy specifies how the company will employ its resources 


and capabilities to support business strategy. The operation strategy is a long-term concern with two 


important roles: a) provide processes that give the company a distinct advantage in the market, for 


example, by an unique technological processes that competitors cannot match, b) create the distinctive 


competencies that are the characteristics of a particular product / service that makes the buyer prefer it 


than to purchase a similar product or service from a competitor. Inman (2007) mentions that the main 


distinctive competencies are cost/price, quality, service and flexibility, with some specialists also including 


innovation. 


In order to compete on a basis of cost / price, the company should be able to produce the product / 


service at a lower cost and / or be willing to accept a lower profit margin. Companies with this 


competence are usually structured to have huge economies of scale in order to operate with a lower 


profit margin per unit sold thanks to its higher sales volume. 
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Garvin (1987) lists eight dimensions of quality: a) performance that it refers to the characteristics of a 


product or service; b) compliance that is the degree to which a product or its operating characteristics 


meets predetermined standards; c) resources that are the features that complement the basic function of 


the product or service, that is, desirable features, but not absolutely necessary; d)  durability that is 


defined as mean time to replacement; e) reliability that  refers to the average time of a product to failure; 


e) ease of maintenance defined by the speed, courtesy, competence and ease of repairing; f) esthetics that 


is the appearance of the product, touch, smell, sound, or taste, which are strictly subjective and features 


ranging from consumer to consumer; g) perceived quality that is usually inferred from various tangible 


and intangible aspects of the product. 


Inman (2007) mentions that companies that operate based on the quality dimension usually offer 


products or services that are superior to the competition in one or two of the eight dimensions and it is 


very difficult if not impossible, for companies able to succeed in all eight dimensions of quality at once, 


due to the costs involved or the trade-offs that must be made due to the nature of the product - for 


example, sacrificing reliability to have a higher top speed. 


The distinctive competencies based on services can have many different definitions. The service can be 


characterized by the term customer service, quick delivery, on-time delivery, and convenient location. We 


can still add the product maintenance since its initial work even its replacement process when it is already 


technologically outdated or no longer able to be repaired. 


The companies can also compete through its ability to provide the flexibility of supplying products or the 


volumes defined by customer - this could mean the company to accept engineering changes (changes in 


product) without greatly affect the delivery process or absorb large fluctuations the demand of customers. 


Inman (2007) mentions that companies often put focus on a distinctive competence (rarely more than 


two) because these are often conflicting - a car manufacturer can produce a product that is considered 


high-performance (leather seats, wood trim and a large package of services) will not be able to compete 


on the basis of cost / price with other manufacturers of inferior performance. 


Another important concept for the choice of operation strategies was introduced by Hill (2000) - qualifiers 


or winners of order. A qualifier is a competitive feature a company or product should have to be a viable 


competitor in the market. Already a winner of order is a feature of a product or service that causes a 


customer to choose you and not the competitor (distinctive competence). For example, a consumer who 


wishes to buy a new car can set the quality level and then should choose among the models that meet 


this requirement at the lowest cost - in this case the quality is the qualifier (must be present to be 


considered) and cost / price is the winner of the order (the basis for the final choice). Hill (2000) mentions 


the main qualifiers and winners of order: price, quality, delivery reliability, speed of delivery, product range 


and services, care of peak demand, capacity development of new products and services and care with the 


client needs. 


The need for an operation strategy that reflects and supports the corporate strategy is not only important 


to the success of corporate strategy, it is often crucial because it involves investment and human 


resources that can have significant value and time to its development. As mentioned by Inman (2007), 


companies that fail to fully exploit the power of strategic operations can damage their competitive skills 


and are vulnerable to be attacked by competitors. 


2.4 Corporate Governance 


In the capitalist world the financing of production is one of the most important resources for one 


company and, in this context, it is essential to obtain the confidence of investors not only in relation to the 


financial performance of the company or project, but also for what they will receive in terms of the 


expected return. Obtaining the confidence of investors in relation to the financial performance depends 


primarily on the analysis of risk and return of the business. However the confidence of investors in relation 


to the return depends on a number of factors ranging from investor protection, the legal infrastructure, 


property rights and contract compliance. 
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Corporate governance can be seen as a set of mechanisms to increase the likelihood of the investor. It 


secures for them the return on their investment, since these investors typically do not effectively 


participate in corporate decisions. Silveira (2004) cites examples of such mechanisms as the director 


boards, the control of ownership, remuneration policy, capital structure, competition in the supply of 


manpower of managers, the existence of a market for hostile takeovers and the publication of regular 


reports by the companies. 


Also, corporate governance has an important relationship with the company's own competitiveness: a 


company that differentiates itself with good governance practices is more attractive to investors, ceteris 


paribus, since it has more individuals interested in investing in it, increasing the supply of resources and 


therefore reducing the cost of these resources through debentures and long-term loans. This lower 


weighted average cost of capital - weighted average cost of capital (WACC) - would result in an increase 


in firm value which is calculated by the sum of future free cash flows brought to present value at a 


discount rate as measured by the WACC. In addition to the increased value, reduced cost of capital would 


decrease the minimum rate of attractiveness of the company, allowing it to have more projects with 


greater profitability, i.e., increasing its competitiveness. 


The discussion about the need to improve corporate governance in companies follows due to various 


scandals in the years 80 to 90 caused by deviations made by financial managers. This problem is analyzed 


within the relations of agency, as defined by Jensen and Meckling (1976), as "a contract in which one or 


more persons, the principal, engages another person, agent, to play a role in its favor, involving the 


delegation of authority for decision making by the agent”. If both parties act to maximize their personal 


utilities, there is a risk that the agent does not always act in the best interest of the principal. 


Because of these facts, it is necessary that the shareholders can curb the executives (agents) of these 


companies through the so-called costs of agency that are defined by Jensen and Meckling (1976) as 


creation and structuring of contracts between shareholders and executives, for monitoring expenditures 


of the activities of managers showing to the investors that their (managers?) actions are not detrimental in 


the decrease in wealth shareholder. 


This context has gained greater importance since the year 1980, and two main concerns has guided this 


effort: the reduction of risk for investors and the increased interference on business decisions (using the 


means of punishment for "bad managers"). With this objective, the so-called corporate governance 


principles are progressively developed. In the other words, "books" that establish rules for the behavior in 


order to protect the interests of shareholders. Compliance with these standards shall be required by 


investors as a precondition for the maintainability of your engagement with the company. 


Sherer (2003) mentions that the short-term performance becomes the determinant of success or failure of 


a corporation, since its results are publicly evaluated by investors each quarter. Thus, in case of 


disappointing results, there is the announcement of measures that can, in the next quarter, reverse the 


situation and maximize value creation for shareholders. Often we see the announcement of the sale or 


closure of activities of units that do not create value as expected, representing a poor use of capital and 


layoffs of workers, even in times of economic growth in order to gain the support of investors. 


3 Methodology 


The main objective of the study was to analyze a business strategy in the automation market in Brazil, 


where growth is more important than the immediate revenue generation, focusing on an adequate 


operation strategy. For this goal we used the deductive method type constructed from the review of 


existing literature and a case study with important players in the supply chain of automation area for large 


petrochemical projects. From the standpoint of the objectives and the technical procedures, we have used 


an exploratory method to obtain a greater familiarity with the problem, as discussed by Gil (1991). We 


considered the literature search conducting regarding the issues related to the theory of firms, business 


strategies, operation strategies and corporate governance.  The case study has used a semi-structured 
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questionnaire as suggested by Yin (2001) and the research was conducted through private interviews with 


the top managers of the five companies that are part of the same industrial group. 


4 Research and Results 


The presentation of research data and the results obtained was divided into two parts: a) a summary of 


the industrial group that includes the companies of the case study and; b) data collection with the 


companies considered in the case study. The first part is important to show the group's strategic direction 


and the second part to show the business strategy supported by an operation strategy. 


4.1 Profile of Business Group 


The industrial group is considered one of the largest conglomerates based in the USA and has over 


120,000 employees working in around 150 countries and annual sales of $ 22 B. It is a century-old 


company that started its activities in the area of electrical components. Today it has operation in diverse 


sectors including a strong presence in the automation of industrial process control by providing products, 


solutions and services. 


It features an administration focused on generating profits as can be seen in the graph shown in Figure 1 


- data from 1956 to 2000, and Figure 2 - data from 2001 to 2010. This second period shows the impact of 


the global economic crisis of the early XX century, which also affected the results of the group analyzed. 


The company also has an exemplary performance when compared to companies that operate in the same 


segment. Figure 3 presents a comparative of EBIT (earnings before interest and taxes) between the group 


and its peers. 


 


Figure 1: Profits and dividends per share – 1956 a 2000. Source: Knight, 2007 


On the issue of technological development, the group has an innovative program that allows its 


companies to be always in the state of the art in terms of updating its products with registration of over 


700 patents (see Figure 4) and investments in research and development of approximately 3.8% of annual 


sales (see Figure 5). The large investments made in this area led the group to have a high share of new 


products (36%) - launched less than five years (Figure 6) - in relation to total sales. 


 


Figure 2: Profits and dividends per share – 2001 a 2010. Source: author, 2012 
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Figure 3: Comparative of EBIT between the group and its peers. Source: Knight, 2007 


 


Figure 4: Patents. Source: Knight, 2007 


 


Figure 5: R&D Investments. Source: Knight, 2007 
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Figure 6: Participation of new product in total sales. Source: Knight, 2007 


The second striking feature of the group is growing through acquisition of other companies in order to 


expand the portfolio. In a period of 30 years there were over 200 acquisitions with an investment of USD 


10 billion (Figure 7). Thanks to an efficient management system, the acquired companies had an average 


internal rate of return of 15% after the first five years of operation built into the group, with a mean 


improvement of 2.9% in operational profit. 


As a third characteristic, an operational excellence focused on an effective cost control, productivity and 


an appropriate make-buy. The Figure 8 presents an analysis of operating results comparing the years 


2000 and 2005 - this analysis is interesting because it shows the items that negatively impacted the results 


and which could make the reversion of the results. As strategies to achieve operational excellence we can 


highlight: a) organization of procurement activities, improving the people involved in activities, 


centralizing the purchase of commodities at the corporate level, reducing the number of suppliers, 


establishing long-term agreements, and intensifying the use of information technologies, b) 


establishment of programs for lean manufacturing through a structured approach which reduced the total 


production time, with the elimination of waste and activities that do not add value, and the 


implementation of quality programs based on six sigma. The Figure 9 summarizes the financial model 


used by the group that allows banks to operate with double-digit growth and the Figure 10 shows the 


sales growing in the period 2001 to 2010. 


 


Figure 7: Acquisitions program. Source: Knight, 2007 
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Figure 8: Operational excellence. Source: Knight, 2007 


 


Figure 9: Financial Model. Source: Knight, 2007 


 


Figure 10: Sales Growing period 2001-2010. Source: author,  2012 


4.2 Analysis of Group Companies Operating in Brazil 


The analyzed group has operations in Brazil with several different companies operating in nearly the same 


segments observed in the rest of the world. All companies operating in Brazil are under the orders of their 
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headquarters which in turn operate under the same guidelines of the corporate group. Figure 11 shows 


the performance of a business unit in Brazil which contains the companies considered in the case study. 


 


Figure 11: Performance of Group Companies in Brazil. Source: author, 2012 


4.2.1 Analysis of Company A 


The company A is part of the unit whose results were presented in Figure 11. It is a market leader in its 


segment and provides equipment and metering systems for medium / large industrial plants primarily for 


the oil and natural gas. It is a company founded in the 40's and acquired by the group in 1999. Its current 


strategy is to invest heavily in services that were never its focus, creating a specific department that aims 


to contribute 20% of the results of this company until 2015. This new department began in 2010 and will 


receive investments of around 3% of the company's revenues for the period of 2011-2015 including the 


installation of new flow laboratories. It is expected that services will contribute with 65% of the profits of 


the company at the end of that period. 


The type of product supplied to the market has great potential to provide services to end users - 


maintenance, supply of spare parts, repairs and calibrations. The competition in the Brazilian market is 


leading to a reduction of margins and the implementation of a service structure is the strategy to reverse 


this situation. The Figure 12 shows the results of the company, made and provided for the period 


considered. 


 


Figure 12: Performance of Company A in Brazil; Source: author, 2012 


4.2.2 Analysis of Company B 


The company B is also part of the unit whose results were presented in Figure 11. It is a company that 


focuses on the supply of complete systems for automation of large plants, including equipment, solutions 


and services. Its main markets are the petrochemical processing plants. It was an established company 


within the group in the 90s with two products developed by other companies that worked on the same 


segment and were competing with each other - so a corporate decision has defined the creation of a new 


company taking advantage of the synergy.  


It is a company that focuses on supply after-sales services, with specific departments, due to its products 


requiring maintenance, supply of spare parts and repairs using long-term contracts for service in the 
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regime of 24 hours / 7 days a week.  Its current strategy is to create conditions for these after-sales 


services to increase the current 16% to 25% by 2015; these services will represent 55% of the company´s 


profits at the end of that period. Figure 13 presents the results of the company, made and provided for 


the period considered. 


 


Figure 13: Performance of Company B in Brazil. Source: author, 2012 


4.2.3 Analysis of Company C 


This company is also part of the business unit presented in Figure 11. It is a market leader in its segment 


and provides equipment for process control primarily for the oil and natural gas. It is a company with over 


125 years old and was acquired by the group in 1992. As a market leader in providing products it never 


had a focus on providing after-sales services due to understand that the services could be supplied by 


third parties. In the last two years there was a change in the strategy and the company started to develop 


a service department with the mission to provide spare-parts, repairing and diagnostic services at high 


level. Its goal is that this department will be responsible for contributing 18% of total sales and 50% of 


total profits expected in 2015.  


Here, the competition in the Brazilian market is also leading to a reduction of margins and the 


implementation of a service structure is the strategy to reverse this situation. Figure 14 shows the results 


of the company, made and provided for the period considered.  


 


Figure 14: Performance of Company C in Brazil. Source: author, 2012 


4.2.4 Analysis of Company D 


The company D also composes the group shown in Figure 11 and is a market leader in its segment. 


Basically provides flow meters for process control primarily for the oil and natural gas. It is a company 


acquired by the group in 1984 and (?) it did not and does not put focus on providing after-sales services 


due to the understanding that the product supplied does not need a more specific support. The company 


understands that the fall in profits during the period 2011-2012 is due to specific market situations and it 


is not necessary to change the strategy of its business. 
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It does not have plans to implement a specific department to execute after-sales activities provided that 


their growth will be supported by the sale of products in markets where it already operates. Figure 15 


presents the results of the company, made and provided for the period considered. 


 


Figure 15: Performance of Company D in Brazil. Source: author, 2012 


4.2.5 Analysis of the Company E 


The last company analyzed is also in the same group shown in Figure 11 which is the market leader in 


supplying equipment for measuring of single variables such as process pressure, temperature and level. It 


was a company founded in 1956 and acquired by the group in 1976, thus being a founding member of 


the group analyzed. 


It considers that the sale of after-sales services has a poor contribution to its business and the falling 


profits in the period 2011-2012 was due to problems in the production of subassemblies that have moved 


to China impaired the performance in all countries, Brazil included. Figure 19 presents the results of the 


company, made and provided for the period considered. 


 


Figure 16: Performance of Company E in Brazil. Source: author, 2012 


4.2.6 Additional Comments 


The five companies analyzed represent 74% of total sales group in Brazil and all have had problems with 


profitability in the period of 2010-2012; it is understood because the entity also has profitability problems 


in the same period. The future question to be considered is the understanding of the reasons of this low 


profitability but this study will put focus on the after-sales strategy to recover the profits in the 2012. 


5 Conclusions 


The case studies allow us to observe that the group has clear strategies for its market positioning. There is 


a clear choice for competitive differentiation with a strategy primarily focused on technological 


advancement. The amount spent on research and development (3.8% of sales), the good result obtained 


in the patents (over 700) and as a consequence, a significant volume of sales of new products (36%), 


clearly shows this orientation. 
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It was also noted that the group adopts growth strategies to increase the company's value and greater 


market share. We can see the adoption of strategies of internal growth through sales in markets already 


dominated - annual averages 6 to 8%, and the acquisition of competitors in the same line of business - 


values that reach $ 10 B in a period of 30 years. 


And undeniably the group has a focus on generating profits, except in the recent period of global crisis 


(2001-2010), it always has been growing in the double digits. The pursuit of operational excellence 


through an effective cost control, productivity and make-buy decisions, much contributed to these 


outcomes. It is also verified that the corporate management is highly effective and efficient and the best 


measure for this is found in the results of companies acquired by the group - an average internal rate of 


return of 15% after the first five years of incorporation to the group, with a mean improvement of 2.9% in 


operation profit. 


This analysis allows us to conclude that there is a good model of corporate management and the 


companies operating in Brazil have the same guidelines as the organization's values. Thus, the analysis of 


the results of the group with its operations in this country allows us to infer that there is a clear strategy 


to justify tolerance of low results. 


With the study of companies A, B and C we verify that the after-sale services can explain its strategy: to 


increase the installed base to get more profits by services. Plans to increase the participation of up to 20% 


in the sales until 2015 with the participation of services in the profits of up to 65% of the total showing 


the importance they are giving to this strategy, which, by the way, was anticipated by Hill (2000)and as 


recommended in the model Delta (2000). It was also noted that companies D and E do not have the same 


strategy due to the different characteristics of their market positioning. Table 1 summarizes these 


differences for further analysis. 


Table 1: Comparative among the companies  


 


Source: author, 2012 


That is, for companies A, B and C the strategy of the after-sales service is recognized as an integral part of 


the value chain. It creates economic value, since it represents the best opportunity for greater profit 


margin. It also shows an exceptional mechanism to gather information about customers and monitor the 


performance of products, and serve as a platform on which companies can foster strong and with good 


relationships with their customers more profitable. Companies that exceed their expectations with after-


sales activities can also increase the customer loyalty and retention of long-term, since the cost of winning 


a new customer is usually higher. Another important consideration is that services are less susceptible to 


commoditization; it offers to the companies the opportunity to stem the defection of customers and 


promote the brand extension. 


However, this strategy must all be properly aligned with the management of operations mainly when it is 


defined as after-sales service approach with a proposal to generate significant revenues and profits and 


growing.  The preparation of the facilities, equipments and labor to that these services will be performed 


with high quality is necessary.  
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Finally there is the issue of corporate governance that can be an impediment to the implementation of 


this strategy of growth without profit. As verified, investors have focused on achieving results in short 


term and the establishment of a plan that shows that evolution, properly approved by the Board, is the 


main tool for viability of the after-sales strategy. This is perhaps the greatest risk: the impatience of 


investors due to worse than expected results that can lead to the adoption of actions to minimize costs, 


hindering the implementation of the solution. We must note that there is no way to predict the worsening 


global crisis observed since 2001 and that this can affect the growth curve of the sales of these companies 


- a deterioration of the sales can derail that strategy. 
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Abstract 


The separate collection made by scavengers has been structured each day. Often new methods appear to minimize 
the effort of collectors, but they still face serious logistical difficulties in transporting recyclable materials especially 
when they have to travel long distances and higher slopes streets. 


The purpose of this paper is to settle mobile warehouses to receive recyclable items, with trucks that receive in bulk 
all materials collected by the collectors, who will deliver them to someone who will be in the truck for weighing and 
subsequent payment to the collector. With the help of the Analysis of Variance – ANOVA, studies were made so that 
this receipt is a quick operation, with the historical record of each sampling in a spreadsheet and value calculations 
based on this description, thus minimizing errors in weighing in bulk and improving, in every collection, the system 
reliability. 


Keywords: selective collection; scavengers; waste material picks; collector; solid waste; garbage; ANOVA; statistical 
methods. 


1 Introduction 
The separate collection made by scavengers has been structured each day. Methods to minimize the 
effort often arise, but the collectors still face serious logistical difficulties in transporting recyclable 
materials, especially when they have to travel long distances and higher slopes streets. 


Some methods are uneconomical, with costly and inaccessible investments to the collectors reality.  


An example is the installation of fixed warehouses, scattered throughout the city, for recyclable materials 
delivery and commercialization, which, beyond being expensive, would cause discomfort to the 
surrounding residents for causing outbreaks of dirt and odors, also proliferation of vectors such as rats, 
cockroaches, flies , etc.. If these fixed warehouses were managed by collectors, the surrounding 
community, in a way, would reject further the initiative, because, among other problems, many residents, 
by distrust, do not accept the collectors.  


The purpose of this study is to install up mobile warehouses, with trucks that receive, in bulk, all materials 
collected, rather than fixed receiving warehouses. The scavengers will deliver the materials to someone 
who will stay in the truck for weighing and subsequent payment to the collector. Using the Analysis of 
Variance method – ANOVA this receipt should be a quick operation, with the historical record of each 
sampling in a spreadsheet and value calculations based on this description, minimizing weighing in bulk 
errors and improving, in every collection, the system reliability. 


The aims of this research are: analyze the receipt processes of recyclable materials; relate the weighing of 
materials collected daily by the pickers with the history of what was collected during a certain period; 
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show that is possible reduce time in material  separation tasks, delivering in homogeneous groups formed 
trough ANOVA; speeding up the materials weighing; propose  one more efficient and faster ways to 
commercialize recyclable materials. 


2 Literature Review 
According to Cempre (2007), Brazil produces around 140,000 tons of waste per day. The portion of this 
waste disposal is around 90% in dumps or landfills, and only 10% is sent to for recycling or composting. A 
great part of this considered good material is going to waste and a lot of money is being thrown away, 
mainly due to not reusing the materials, how complements Calderoni (1998). 


The waste generation in urban areas depends on some factors that are important, among others, in 
pertaining problems assessments to solid waste, described by Andrade (1989): 


•  economic, environmental, sanitary, community, cultural, political, number of local inhabitants and city 
expansion, usual types of packaging, collections types and collection equipment types, road system 
and flooring routes types, distance to final destination and appropriate way to final destination, the 
relative area of production, discipline and control of the producers points, seasonal variations; climatic 
conditions; habits; educational level; segregation at source; systematization of origin, specific laws and 
regulations. 


The number of scavengers available in Brazil is very controversial. MNCR (2007) mentions that there are 
between 500 thousand to a one million of scavengers. Due to the country size and diversity, this model 
suffers variations in each region of the country, where the activity is governed by the market laws, which 
contributes to the process support itself and create working conditions for those unemployed or those 
without employment expectation. 


The scavengers, also known as collectors, pickers, paper gatherer, rag picker, trash collection, unofficial 
waste sorters/recyclers, trash scavengers, waste material pick, litter-picker e litter collector and others, 
according Gutberlet et al. (2009). Maccarini and Hernandez (2007) divide the activity into three basic 
classifications: the scavenger, who lives in the dumps collecting recyclable materials and then sell them to 
intermediaries. There are those who collect on the streets with their carts, wagons or other vehicles 
(Figure 1), which are often called paper gatherer and also negotiate their materials with intermediaries. 
Finally, those who work in sorting recyclable materials centers are often linked to a cooperative or 
association. 


The separate collection made by the scavengers is, hence, according Movimento Nacional de Catadores 
de Recicláveis - MNCR (2007), a new model to the select collection perform. Preferably consists of, rather 
than the municipal agency to collect the material selection, the collectors, duly registered and organized, 
are who do. 


According Eigenheer (1989), usually scavengers live in suburbs or slums and collect materials at random in 
the streets of the block and commercial centers of towns. Most of them are semi-literate and are not 
organized in associations, as stated by Cempre/Eurostat (2006). Due to lifestyle, for realize activity does 
not perform professionally recognized, many are marginalized and discriminated by society. Some often 
get involved in police incidents, due to alcohol ingestion and similar, like Folha de São Paulo (2006) 
reports. 
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Figure 1 - Scavenger with his trolley, collecting on the streets 


The following is a brief description of recyclable characterization and statistical analysis. Costa Neto (1989) 
says that when the product is formed by solid material, if the homogenization is not feasible, such as 
recyclable materials in this study, it is possible to employ the quartering, as called by Tchobanoglous 
(1993). This method recommended the division in four parts of the material to be characterized, sorting 
one or more parts to constitute a sample thereon or removing the sample. 


Toledo & Ovalle (1988) recommend, after obtaining these data for the characterization, the use of simple 
arithmetic average of relative quantity (       ) defined by: 


 


 


Where: 


 simple arithmetic average of relative quantity; 


 amount of these materials at the present time and basic zero; 


 n    =   number of samples. 


For the selective collection there are various possibilities for statistical calculations, such as proposed by 
Hines (2006). Therefore, to increase the reliability of data collected and minimize errors, like Stevenson 
(1986) cites, it is important, first of all, defined its purpose: how, where and what is the information intend. 
Also, mentions the author, that is also important to recognize, measure and understand the causes of 
variability, to act about its and then, the results should be measured and interpreted from technical and 
scientific measures. Complement Shimazaki (2007) that these measures start with simple methods, such as 
the arithmetic mean, and advance in extremely complex calculations, now aided by computer technology. 


Statistical surveys may assist the work of scavengers logistics, but due to lack of adequate procedures and 
technical support, was noticed the difficulty in putting into practice. To apply the results collected on this 
work, any error made in the evaluation of the selective materials collected percentage, may affect mainly 
the collector, who lives on sparing resources. If, however, there is any error of judgment in favor of the 
collector, who will suffer are those who will make the purchase of materials, in this study, the association 
or cooperative of scavengers. 
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3 Materials and methods 


3.1 Statistical method applied to the selective collection made by scavengers 
The simple and usual ANOVA hypothesis test was applied. According to Caten (2007), it essentially divides 
the variability between groups and within groups and compares both. This feature allows realizing a 
simple variance analysis for two factors with only one sample per group. Generally, the analysis is a 
statistical process that is used to determine if the mean of two or more samples are from the same 
population. In this case are formed groups of recyclable materials that have the same amount relative. 


3.2 Bulk weighing method 
The installation of fixed warehouses scattered throughout the city, for the delivery and commercialization 
of recyclable materials collected by scavengers, yonder costly, would result, according to Maccarini studies 
(2007), discomfort to surrounding residents. It was evident that could cause dirt and odors outbreaks, with 
the proliferation of vectors such as rats, cockroaches, flies, among others. Besides, what the society has 
not accepted much, is the agglomeration of collectors in their neighborhood. Another procedure to be 
performed, would be that who the collector would perform triage in loco in their own stand, but the space 
is small to accomplish this separation, which would remove this procedure too. The distances, that usually 
are long to transport the trolley to the store, are also determinant factors to new thoughts about 
alternatives. 


One of these alternatives is that, instead creating fixed warehouses to receiving material, settle in mobile 
ones. These warehouses would be formed by a truck and receivers strategically located in the 
neighborhood, at points near the collection sites. 


For this method realization should be implemented before the model of the selective collection made by 
scavengers, proposed by Maccarini (1998). This model involves the participation of the community 
involved, who should leave the separate garbage in front of their houses, on specific days of the week. 
The pickers then start collecting, and, so that, as soon as they fill the stands, take to these mobile centers 
of receiving recyclable materials. 


The receivers will weigh throughout the bulk material from each collector, depositing them into bins 
within the mobile centers of receiving material (which may be a truck or similar) to then be transported to 
sorting centers with subsequent separation each specific item. This procedure will tend to be fast, given 
that will not be needed that receiver or the scavengers make a detailed screening of materials, to then 
know how much and what was collected. This will provide the pickers return to stretch to make more 
collections. 


In the sorting centers, recyclable materials can be subdivided into more than 20 different types, in which 
each one is sold with different prices. Some with values higher than the average of other materials 
(aluminum, for example, is sold at an average of R$ 2,00 per kilogram, copper at R$ 7,00, while other 
materials ranging from R$ 0,05 to R$ 0,40 per kilogram). To avoid future troubles, these materials with 
much higher values, above average, must first be separated, weighed and paid apart, because, in 
conformity with Downing & Clark (2000), they have a large amplitude range. 


To facilitate the study, in this production the recyclable materials were divided into 12 items only: waste, 
newspapers, paper (white), cardboard, thin plastic, hard plastic, PET, glass, ferrous metals, aluminum, 
copper and similars, and others. The tailings are all that can not be recycled and eventually appear on the 
materials collected, mainly due to lack of knowledge or education from who separates the trash at home. 
They include organic waste, toilet waste, pruning and weeding, among others, which should be directed 
to the ordinary or special domicile collection. The classified like papers, include all those white papers that 
were not dirty or contaminated by other residues. The thin plastic is particularly LDPE (low density 
polyethylene), which are the plastic bags. The hard plastics are HDPE (high density polyethylene), PP 
(polypropylene), PS (polystyrene), PVC (polyvinyl chloride), among others. PET (polyethylene 
terephthalate) is the plastic soda bottles and other containers. The glass comprises mainly canning 
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containers and glass bottles. Ferrous metals are the “tin plate” can and other ferrous metals. Copper and 
related products represent all non-ferrous metals except aluminum. The "others" are those who do not fit 
into any classification previously exposed, such as: rubber, furniture, electronics, clothes and rags, wood, 
among others. 


3.3 Survey samples 
Maccarini (1998) conducted studies and characterizations of recyclable materials collect performed by 
scavengers (Table 1). These studies provide 11 characterization data (11 samples) to be interpolated and 
used with other realized by Maccarini & Hernandez (2007) (Table 2) and also by data collection performed 
by Maccarini (2008) (Table 3). 


Thus, the collected information was grouped to form three distinct data groups. The first, called "Group 1" 
is one whose data were obtained from 11 characterizations shown in Table 1. For practical purposes, even 
though these data were outdated, they were used in this study, mainly by having a large number of 
samples and detail level. Thus, the amount of information was increased enabling the results to be 
completed with the highest degree of reliability. Another reason for using these samples was because the 
percentages of some materials differ little in relation to data collected by Maccarini & Hernández (2007), 
which were also used as historical data. These were called "Group 2" (Table 2). 


For more information and to make better comparisons with the existing, Maccarini (2008) made a new 
characterization from the materials found on a trolley collector, chosen at random, in the streets of Pato 
Branco city - PR. These materials were fully separated and weighed, item by item, as shown in Table 3 
below. The latter was called "Group 3". Thus, the sum total of samples collected, for a total of 13, forming 
the three groups being studied. 


It is important to emphasize that, for the three groups surveyed, among them, no one has coincidence 
with weekday or collection site. At first, Table 1, the data was originated from a single district of the city, 
and one day (Wednesday). Those raised in 2007 (Table 2) represent the average percentages of an 
indefinite period of days, what day of the week and place of collection, were obtained in a study by 
Maccarini & Hernández (2007), in the shed of the Association of Scavengers. There, the materials are 
mixed and homogenized. Finally, those identified in Group 3, Table 3, were on a specific day of the week 
(Thursday), without place of origin definition. 


Table 1: Detailed characterizations, from the collections made by collectors 


MATERIALS QUANTITY (%) / collected days (group 1)  


 
1st 


collects 
2nd 


collects
3rd 


collects 
4th 


collects 
5th 


collects
6th 


collects
7th 


collects
8th 


collects
9th 


collects
10th 


collects
11th 


collects 
average% 


standard 
deviation


Reject 11,6 19,2 1,9 1,6 2,4 3,8 3,5 1,4 7,1 1,1 3,1 4,43 5,59 
Newspaper 6,4 5,3 32,1 2,9 6,2 12,6 6,0 4,5 8,8 4,8 3,4 10,66 8,29 
White paper 8,6 7,7 6,4 13,9 20,3 10,0 10,5 10,6 23,8 21,5 10,4 11,86 6,01 
Cardboard 24,0 31,9 11,6 13,1 24,2 19,8 13,4 17,5 18,9 21,4 18,8 17,80 5,88 
Thin plastic 5,4 4,2 2,3 3,8 6,8 4,0 2,9 5,0 3,2 4,6 3,8 3,89 1,25 
Hard plastic 12,3 12,4 5,8 5,8 9,7 6,7 4,9 5,8 6,9 7,4 5,0 7,04 2,73 
PET 0,0 0,0 0,0 6,3 8,2 5,8 3,8 4,9 7,2 7,5 5,7 4,00 3,13 
Glass 25,8 14,8 12,9 21,9 10,4 22,6 47,8 37,8 14,2 19,7 26,3 23,38 11,27 
Ferrous metal 3,3 3,8 7,1 24,6 8,6 8,7 3,7 6,5 4,6 6,3 10,1 8,75 5,97 
Aluminum 1,4 0,7 1,3 0,5 2,0 1,5 1,7 0,9 1,0 1,1 0,9 1,17 0,45 
Copper and 
related 


0,0 0,0 1,1 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,7 0,30 0,37 


Other 1,3 0,0 17,4 5,5 1,2 4,4 1,7 5,0 3,9 4,4 11,9 6,71 5,17 
Source: Maccarini (1998). 
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Table 2: Detailed characterization of selective materials, held in Association of Collectors 


MATERIAL  AMOUNT (%)/collection (group 2) 
Reject 4,29 
Newspaper 10,11 
White paper 12,35 
Cardboard 18,29 
Thin plastic 3,75 
Hard plastic 7,04 
PET 5,15 
Glass 22,48 
Ferrous metal 8,31 
Aluminum 1,29 
Copper and related 0,29 
Other 6,66 
Source: Maccarini & Hernández (2007). 


Table 3: Detailed characterization from material collected by a collector street, chosen at random 


MATERIAL  AMOUNT (%) / collection (group 3) 
Reject 3,69 
Newspaper 5,13 
White paper 13,98 
Cardboard 34,52 
Thin plastic 2,90 
Hard plastic 5,64 
PET 3,16 
Glass 16,87 
Ferrous metal 4,55 
Aluminum 0,74 
Copper and related 0,17 
Other 8,63 
Source: Data collected by the author in January 2008. 


4 Results 


4.1 Type of waste collected 
The analysis of the collection percentage by kind of waste is shown in Figure 2. In this figure, the mean 
values appear with intervals LSD (Least Significant Differences Intervals) with 95% confidence level, 
confirming the F test significance performed in ANOVA, which shows significant differences between 
some of the percentage of collection by type of waste. 


 
Figure 2: Results of ANOVA 
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The Table 4 shows multiple comparisons to determine what kind of waste has similar percentages which 
do not differ significantly at a level of significance of 5%. The method used was the procedure of least 
significant difference (LSD) of Fischer. The residues that are in the same group appear with an X in the 
same column. According the Table 4, may be checked the division of the waste in five groups. 


Table 4: Multiple comparison multiple to determine the affinity between the materials. 


 Portion (%) Group 
  1 2 3 4 5 


Copper and related  0,25 X     
Aluminum 1,19 X X    
Other 4,60 X X X   
PET 5,17 X X X   
Ferrous metal 5,51 X X X   
Thin plastic 5,54 X X X   
Reject 8,47 X X X X  
Hard plastic 8,59 X X X X  
Newspaper 9,97   X X  
White paper 12,93   X X  
Glass 15,14    X X 
Cardboard 22,65     X 


 


The Table 5 presents new groupings performed, in order to achieve the mean percentage of each new 
group, multiplied by the sales per tonne value. 


Table 5: Analysis and groups formation, without repeating the type of waste. 


Materials 
Portion 


(%) 
Total clusters 


(%)  
Arithmetic mean of 


clusters (%) 
Value of sales per 


tonne (R$) 
Amount due to 


trade 
Copper and related  0,25 1,44 0,72 7.000,00 R$ 50,41 
Aluminum 1,19   2.000,00 R$ 14,40 
Other 4,60 47,85 7,60 no set value R$ 0,00 
PET 5,17 


  


360,00 R$ 24,61 
Ferrous metal 5,51 200,00 R$ 13,67 
Thin plastic 5,54 200,00 R$ 13,67 
Reject 8,47 no set value R$ 0,00 
Hard plastic 8,59 260,00 R$ 17,77 
Newspaper 9,97 50,00 R$ 3,42 
White paper 12,93 28,07 18,89 400,00 R$ 56,13 
Glass 15,14   200,00 R$ 28,07 
Cardboard 22,65 22,65 22,65 180,00 R$ 40,77 
   Total amount due to the sale of materials R$ 262,92 


From this survey, the new groups to be formed are: 


 First group: copper and similars with aluminum; 


 Second group: PET, ferrous metal wastes, hard plastic, thin plastic, newspaper and others; 


 Third group: paper and glass; 


 Fourth group: cardboard (which was isolated in its group). 


For illustrative purposes, the result of materials commercialization per tonne, with previous separation and 
average arithmetic use, was R$ 234,36. Using analysis of variance - ANOVA the result was R$ 262,92, 
similar to the first, which is the real result. In other words, by the mean collection in a ton, the scavenger, 
using the proposed method, would commercialize the materials with 12.1% mean difference value 
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between the proposed (ANOVA) and the usual sales, in other words, from actual average (samples), with 
sorting and weighing each item. 


4.2 Advantages of using the bulk weighing method  
Below are listed some advantages from implementation of bulk weighing method, namely: (i) Due to the 
time savings in not having to wait to separate the materials, the collectors can return to the section to 
carry out new collections, (ii) As the warehouse will be strategically located near the collection site, the 
travel time will be reduced, because the pickers will not need to move long distances to sell the materials, 
(iii) If they organize themselves in cooperatives, the values in  materials commercialization may be higher, 
due to wholesale, (iv) If there are values leftovers of trade due to errors in the estimates, these may be 
divided between them at the end of each month. 


5 Conclusions 
The study can be an initial step for the process optimization and recyclable materials receipt from the bulk 
weighing. This can resulted in the streamlining of materials weighing and commercialization by 
scavengers, in other words, is a more efficient and faster way than conventional methods. 


Based on the ANOVA analysis, was found that are no significant differences in the amounts of material to 
the type of waste between the most of the material collected by scavengers. From Figure 2 it has been 
found statistically that many of these materials have little difference between them, below 5%. 


The materials that have more differences in the quantities are the cardboard and glass. This means that 
the scavenger could deliver all materials mixed, with the exception of cardboard and glass, to then be 
weighed and sold without significant losses for both parties, either the scavenger or the receiver. 


On the other hand, as recommended by the ANOVA test results to regroup recyclable materials into five 
distinct groups to commercialize them in a homogeneous way between each group, this procedure would 
greatly facilitate the process as a whole, because it wouldn’t be necessary to separate item by item. 
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Abstract 


An organization, along its existence, may produce anomalies – the processes or products that in spite of not being 
aligned with the policies, rules or routines of the organization, may generate results over and above any expectation. 
The organization then rewards the people and the teams involved in achieving the results and then the anomalous 
results simply fall into oblivion. What makes some enterprises implement and standardize such practices as their best 
practices, and others miss this opportunity? This paper analyses the main outcomes from a survey made on 
executives working in national and multinational Brazilian technology companies to find out the most likely causes for 
these kinds of anomalies, and to point out some actions that prevent them to repeat themselves in the organizations. 


Keywords: organizational anomalies; overlooked cases of success; organizational best practices. 


1 Introduction 
Usually, all companies talk about innovation, and the importance of ‘doing’ innovation, and say that they 
want to be innovative (Brazeal, Schenkel & Azriel, 2008; Ahmed, 1998). But, in spite of saying they want to 
be innovative, actually most of organizations seem to be ‘genetically’ programmed to be conservative and 
to preserve the status quo, and do not develop adequate conditions to accept new radical ideas and 
processes (Stringer, 2000). 


Organizations usually are good at making close-in changes to existing technologies, processes or 
products and have the ability to do things better (Scott & Bruce, 1994). Most of them do not have the 
right culture, policies and practices to challenge the same old way of thinking and doing business. They 
also do not develop adequate condition to accept and carryout innovative and radical ideas. They do not 
foster innovation (Baucus, et al.;. 2008; Brown, 2010;  Oke, 2004).  


People, in facing problems, challenges or demands for which organization do not have adequate 
responses, by looking for innovative ways of doing things, by having knowledge of what needs to be 
done and knowing how to translate this into specific organizational actions (Ahmed, 1998: 45), develop 
their own solutions and manage to get the desired results.  


They do this because people have a natural drive to be innovative and active. Every human being has the 
need to be creative. They also want to see their ideas, desires and dreams "come through" (Drucker, 
2007). In doing so, people achieve better practices, processes, and results that are not usual in the 
organization.  


People in action generate anomalies. Anomalies are innovative solutions, practices, processes, and results 
that are not aligned and in conformity with norms, and routines, and policies, and practices of the 
organization. By analyzing these results, one may ask:  


 If it is true that organizations search for innovations and if organizational anomalies have 
generated and brought up innovative solutions, why do they not search for and do not invest in 
their own anomalies? 
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 Why after rewarding people and teams involved in achieving this kind of results, these anomalies 
are put aside and into oblivion? 


 What makes some enterprises attempt to repeat this practices and processes,  –diamonds – which 
in many cases may generate great results and transform these best practices into common daily 
practices? 


2 The Design of Norms and Traditions in an Enterprise 
Most organizations are born small and begin with a small number of people; people who have a strong 
drive for success. Usually they build an informal team and in this team there is no motivation problem, no 
communication problem, and no initiative problem (Islam et al, 2011). 


In their early days (Lievegoed, 1994), enterprises depended upon entrepreneurs and being successful, it 
grew and aggregated people. As enterprises grow, it becomes increasingly mandatory and necessary to 
delegate authority, and encourage man and women to exercise their self drive and their initiative and 
bring about new and innovative solutions to emerging problems. They depend on people skills, 
knowledge, experience, and creativity to develop and implement norms and processes that would lead 
them to success. 


When people have an idea, they will discuss it with their colleagues or partners and easily experiment it 
and analyses the results. In doing so, people were recognized and rewarded for their contribution to the 
success of the company which was receptive and valorized creativity, and experimentation as the way to 
develop, processes, and norms.  


Along the organization’s growth and life, these practices, processes, and norms become values, beliefs, 
policies, norms and practices, actually becoming the “company’s way of being” or the usual manner to do 
things within the organization.  


3 The Effect of Success 
The success is a pleasurable thing and people tend to repeat whatever ends up in a positive result. As 
time goes by, these company’s ways of doing things end up crystallizing relationship models, norms, 
processes and routines which become habits performing the function of preserving the initial conditions 
of the enterprise (Ranft; O’Neil, 2001). 


These ways of doing things become values, beliefs, policies and management and business practices, 
necessary to maintain the unity of the enterprise, thus driving the choices and decisions to be made 
(Handy, 1994).  


They become the organizational culture, understand as a pattern of shared basic assumptions that 
organizations learned by solving their problems of external adaptation and internal integration as the 
correct way to perceive, think, and feel in relation to those problems, that has worked well enough to be 
considered valid (Schein, 1997) at its three levels: 


 Artifacts and creations – its constructed physical and social environment, the physical space, the 
technological output, the written a spoken language, the artistic production and the overt 
behavior of its members. They are the visible elements in the organizational culture. To 
understand organizational artifacts one can look at the espoused values in the organizational 
culture. 


 Espoused values – reflecting the original entrepreneur’s values and his sense of what “ought” to 
be, as distinct form what is, referring to the convictions about reality and the way to deal with it 
and the proposition of solutions to problems. The organizational values should be supported by 
some shared assumptions about e.g. how a company should be managed or how business should 
be run. 
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 Finally, the basic suppositions that reflect the shared values within organizational culture. They 
define the preferred solutions among the alternatives which are accepted without questioning. 
Core assumptions can e.g. be assumptions regarding the human nature, human relationships etc. 


This reinforces the conditions for success and the success reinforces these conditions (BOEKER, 1988). The 
greater the success, the stronger will be the power of the organizational system. The valorized behavior 
comes to be the conforming behavior and the success becomes an indicator of the organization’s power. 


In other words, the organizational system creates the modus operandi of the organization that defines the 
right model as a response to the organization’s need to adapt itself to face environment and internal 
changes.  


This right model defines the organization’s objectives and manages the resources and efforts to achieve 
the results. It also establishes the organization’s integration, as defined by the control system, and 
procedures to for the inhibition and treatment of deviations and anomalies. The coordination between the 
parts will avoid serious disturbances and by the latent motivation and determine the rewarding and the 
patterns (Burrell; Morgan, 1994). 


4 The Trap of Organizational Success 
Success may produce some traps like an excessive confidence in organizational culture that may make the 
company and their directors neglect the environmental changes and keep on applying the same formulas 
responsible for success of the past and may act as a powerful stabilizer influence.  


On the other hand, as an organization grows, organizational boundaries emerge. Organizational hierarchy 
becomes more important than ever. Organization gradually may be programmed to be conservative and 
to preserve the status quo. The informal give-and taken communication can evolve into a more formal, 
more distant, structured, and more cautious process. Perform according rules and procedures become 
more and more important. There is a temptation to design against the error Instead of designing for 
success.  


In this kind organization, in spite of saying they want to be innovative, people became aware that risk 
taking, and innovative behaviors are not welcoming, and it is more and more important to became one 
member of the gang (Horibe, 2003. p. 21).  


It become important to act in accordance with exiting system because being innovative and risk taking 
may cause shifts in crystallized policies, processes and practices and bureaucratic structures and these 
shifts may threaten the status quo and upset the hierarchy and social system that have contribute to the 
companies’ past success. 


This may be quite inadequate for solving new problems and may lead to bureaucratic structures that 
discourage bringing about new and innovative solutions to organizational problems, environmental 
challenges and marketing demands 


5 The Failure of Success 
In changing environments the same way that makes an organization grow may also generate drives that 
will lead an organization to fail. For instance, an excessive adherence to the traditions and norms, a short 
sighted vision (Konger; Kanungo, 1991) and a conservative posture to protect themselves from outside 
counseling (Macoby, 2000).  


Another consequence, especially in the case of a poor performance and poor results, may bring about an 
inertial position caused by a blurred perception and consequent reaction to the changes of the 
environment. Another reason may be a regression to old patterns of conduct or a steadfast unsuitable 
course of action. 
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In such cases, managers may not pay enough attention to the initiatives inside the organization and 
prefer the security of early success instead of taking a new course of action. In doing so, they can make 
the organization be more and more conservative (Jones; Butler, 1992). 


All of this may bring up conditions for the emergence of anomalies or innovative solutions that are not 
aligned with the company way of thinking and doing business, that may occur without management’s 
permission or knowledge and constitute the people’s responses to the emerging business environment 
problems or to the need of adaptation. (Dutton, 1993; Lievegoed, 1994) 


6 Identification and Occurrence of Opportunities and the Generation of 
Anomalies 


A drive to be creative and active at different levels exists in all people. Every human being has the need to 
create, to attain his ideas, desires and dreams that can be noticed by looking at children’s behavior when 
they are playing a game. (Gryskiewicz, 2000: 46-51). 


As the organization becomes successful in fulfilling its mission, it grows. In doing so, it becomes more 
complex, while the information exchange becomes a more formal and complex process that may cause 
people to be more distant and more reserved. 


As limitations are created, there will be an attempt to plan to avoid errors and consequently fail to focus 
on success. In this case, people may be valorized for their conformity with the organizational norms, 
values and traditions and not for trying to innovate. Values, norms, and practices may be perceived as 
limitations or impairments to people’s behavior within the organization. 


But people still remain creative and have a need to be creative (Hian, 1998). This, in conjunction with a low 
level of management control or a low response pattern, may create the conditions for people to try new 
behaviors and be successful. 


These successful attempts constitute the organization’s anomalies: the solutions, innovations in processes 
or products that, in spite of not being aligned with the norms, traditions and routines of the organization, 
will bring up new and innovative ways to face the changing and challenging environment. 


So, the question that may arise is: “Why do the organizations, in spite of recognizing the processes, those 
which in many cases may generate great results, do not attempt to repeat them and make these best 
practices become common practices?” 


7 The Survey on Executives 
The method adopted was the critical incident (Flanagan, 1954:327-327 and Godoy, 1989:89), using the 
individual deep interview technique. The main objective was to identify possible causes the let to know 
why anomalies, after be rewarded, are overlooked by the most of companies.  


Eight executives of enterprises working with chemicals, spare parts, and electronic components were 
interviewed.  


The interviews were carried out by following a basic layout previously presented to the managers. This 
layout was developed to help the managers in determining his or her anomalous experience, to think 
about it, to identify the adopted procedures and to avoid improvised reports about insights, and to think 
what happen after getting anomalous results. 


During the interviews, after explaining the anomaly concept, the executives were told to describe their 
own anomalous cases and how they handled these described anomalies. They were also asked why the 
organization do did not analyze such kind of experience to determine what really occurs and why the 
organization did not valorize these anomalies in spite of their good results. They are also asked to explain 
what organizations may do and what measures they may adopt to avoid the loss of opportunities the 
anomalous experience brought about to them. 
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8 Results of the Survey: Effects of Isolated Successes in the Life of the 
Organization  


The reported managers’ anomalous experiences refer to the opportunities of achieving qualitative or 
quantitative jumps in business results. The achieved results have exceed the usual business unit standards 
in terms of productivity, profitability cost, reduction of time and process losses, as well as re-inventions 
decreasing business, as confirmed by the company’s data or evaluation.  


The chosen theme and the interview caused a positive impact on the interviewed executives. Most of 
them have stated that their anomalous experience were a pleasurable experience. At the end of interview, 
many report that describing their anomalies gave them the opportunity of disclosing their associated 
feelings and emotions and led them to have a right level of commitment to describe and analyze their 
experiences. 


The main objective of the survey was to understand why organizations do not pay attention to the 
anomalies.  Also, why they do not analyze the anomalies in order to determine the major factors of 
success and finally, why they do not transform the best practices in daily practices. 


The analysis of the interviews indicates that: 


 Anomalies are quite common inside organizations 
 In spite of having Quality Programs, Problems Solving Programs or Improvement Programs; 


usually the company is not interested in discovering the reasons for the success and the factors 
that responsible for them 


 The search for improvement in the efficiency of their business process, in many cases, is more a 
talk than a practice in the organization. Usually the organization rewards behaviors and 
performances that comply to the norms and the established routines. 


 Norms and practices become rigid limitations to people’s behavior and performance tending to 
materialize in policies, like performance ratings, that emphasize the achievements of accorded 
and recorded results. In many cases, if one tries something new and fails, one will have a bad 
rating 


 The anomalous results may generate feelings like enviousness and jealousy or insecurity or may 
be perceived as a threat by others, especially in the case of managers. 


 The traditional atmosphere existing inside an organization, represented by the traditional 
management processes, do not privilege new ways of doing things. In these cases, in spite of any 
anomalous results, people are recognized and rewarded and the anomalies are forgotten. 


 Maintenance of the managerial comfort zone, which is consistent with norms and traditions in 
use. 


 Some kind of manager’s arrogance or fear of loss of power or prestige inside the organization. As 
the results are achieved without formal managerial support, recognizing these results may 
indicate that the group does not need any managerial support to be successful. This may make 
managers feel that his or her role is dispensable. 


9 Measures that may be adopted to avoid the loss of Opportunities 
By the analyzing the interview data, as suggested by the executives themselves, the main things to avoid 
the loss of opportunities are: 


 Establishing a managerial process that enhances values, develops fearlessness, and empower 
people. This management process will instill and maintain a process of open, overt 
communication and will enhance people’s development. It will explicit the appropriate 
recognition of people for his or her effort to change, innovate, and excel. 


 Adopting practices that foster the initiative and the risk taken having definite objectives 
 Implementing an organizational atmosphere that valorizes the organizational success. 
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 Looking for and hiring people with a strong drive to take risks with definite objectives and to be 
innovative. 


 Making people think and taking actions to meet the organization’s objectives and not only 
considering the functional areas or the behavior conforming to the established patterns 


 Stimulating people to challenge the traditional methods of doing the work, and stimulating them 
to search for innovative ways of doing things.  


 Enabling and fostering people to look for and identify opportunities for change, and innovate.  
 Letting people feel comfortable in taking the risk with definite objectives.  
 Encouraging new ideas and experimentation by searching for suggestions from evolved people.  
 Trying new and disruptive ideas for improvements in products, processes and technologies. 
 Being intentional and deliberate about looking for innovation practices and behaviors inside 


organization. 
 Creating and instilling a culture and an organizational environment where people want to work 


and feel free to be creative and to try things in the effort to produce meaningful innovations in 
processes and products. 


 Adopting an action profile that fosters and valorizes the capability to transcend her or his 
capability in the search for common results and well fare. 


 Giving people time and resources to experience new ways to do the job in order to help them to 
satisfy their need for self updating. 


 Analyzing carefully any anomaly to determine what processes and practices – best practices - are 
responsible for the success and share them with the whole organization and making these 
practices become daily practices. 


 Offering favourable conditions to people’s actions and innovations by creating challenges to the 
people and delegating authority.  


 Offering resources, information and time, even sponsorship and creating a system for recognizing 
and rewarding people in order to valorize those who take the risk and act to innovate. 


 Acting as role models themselves and leading by example, championing other success models- 
people, organizations, and processes that deliver outstanding results 


In doing this, the organization will create conditions for innovative experiences. People, including 
management, will be open to take risks and learn from the results and processes generating opportunities 
for development and growth for all in the organization. 


10 Conclusion 
This paper had as its main objective studying the reasons why anomalies or overlooked successes, in spite 
of having results well above the expected ones, are not analyzed for establishing norms, processes and 
innovative practices.  


As the data of the survey shows, the factors related to a low anomaly valorization in an organization are 
those related to tradition, norms, policies and practices, as well as a management system, making up the 
company’s way doing things, that is, its modus operandi. These factors are also related to the maintenance 
of a managerial comfort zone, involving feelings like enviousness and jealously, or insecurity, or threat, the 
traditional atmosphere existing inside an organization, the manager’s arrogance or fear of loss of power 
or prestige inside the organization. All these factors are related to the maintenance of the managerial 
comfort zone. 


To have people applying their creativity, knowledge and skill in the generation of the unusual solutions to 
new problems and opportunities, but rather go beyond any expected results, it is necessary for the 
organization to innovate.  


It is also necessary to implement a management process that creates a challenge, a valorization of  
initiative, creativity and innovation, adopting practices that foster the initiative and the risk taking action 
having definite objectives and creating an atmosphere that leads people to focus on the whole 
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organization instead of the departmental or individual objectives, sharing information and applying a 
reward and recognizing processes that valorise people who have the courage to change, grow., innovate 
and excel. 
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Abstract 


The importance of innovation on the survival and competitiveness of organizations is an undeniable fact. Small and 
Medium enterprises (SMEs) represent 99,99% of all Portuguese firms. This reality is shared by other European 
countries and therefore it is relevant to study their innovative behavior and attitudes in order to achieve 
competitiveness and sustainability. The present study inquires about barriers to innovation, namely, what are the 
barriers faced by domestic companies, which barriers are easier to recognize and overcome and what is the level of 
importance they have on the firm point of view. The course of the investigation consists primarily in undertaking 
literature review on topics such as innovation, barriers to innovation, SMEs, strategy and competitiveness. The 
theoretical support, resulting there from leads to the building line of work that is embodied in two surveys. The 
results achieved made possible the creation of two new models of classification and segmentation of the barriers. The 
BARINOV MODEL that evidences the existence of internal or external barriers and flashes upon the concept of 
deviation barrier. The BARIFASE MODEL embodies the innovation process through three phases and evidences the 
occurrence of the barriers to innovation during these stages.  


Keywords: SMEs; Innovation; Barriers to innovation; Economic Sustainability; Portugal. 


1 Introduction 
The importance of innovation for the survival and competitiveness of organizations is an undeniable fact. 
The explosion of shared information, the growth of a more globalized economy and the rising crisis has 
changed the rules. Innovation is fundamental on the quest of profitable and sustainable growth. So 
organizations need to innovate to face the current downturn and survive.  


New technologies, new products, new services, whole new industries have emerged. Since the Industrial 
Revolution, businesses rely upon technology as a driver of their progress. Innovation, understood as the 
sustainable implementation of improvements and new ideas, depends on other factors rather than this 
breakthrough technology, despite the fact that the technological improvements have provided 
consistently, in the past, opportunities from which were made and sold products and enhanced services 
(Dearing, 2000). 


The economic environment is an ever-changing reality. Firms are forced to adapt rapidly, the speed and 
intensity of events make this concern a critical condition for the survival of businesses. The global markets 
and high-speed technological improvements have changed the competitive environment, making it more 
complex, more uncertain and forcing change in organizations. 


Despite all this instability, economic crisis brings about opportunities as well as the need to adapt 
strategies and plan actions. Companies need to ensure they are able to compete with emerging countries, 
that their products and services fit the market needs. 


Crisis forces to peep into short-run problems, the immediate future. All the same, firms cannot forget that 
today's decisions have impacts on the future. Also true is the existence of more space for small and 
medium enterprises (SMEs) with innovative spirit, to stand out. The deepening crisis since 2007 and the 
competition in the current world market, where emerging economies grow faster than the others, require 
European countries to puzzle out products and services of higher quality and more innovative. 
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Are companies prepared for this stage? What sustains the survival and sustainability of European SMEs, 
and especially the Portuguese ones? 


Thus, the urgency and relevance for the companies, whatever the market in which they operate, to drive 
process improvements or changes involving their future sustainability is the current theme. The question 
that every business faces is in which way, using which tools and applying what attitudes and actions, will 
promote this claim.  


Companies should endeavor processes towards sustainable innovation. This road is long and difficult once 
the available resources, mainly financial ones, are more and more scarce. This scarcity of resources swells 
the need to develop strong investment returns that contribute to cost structures cut and trigger market 
innovative products and services. Despite the development of this effort there is no guarantee that it is 
sufficient to achieve the competitiveness. 


On this context remains to companies, almost exclusively, the pursuit of differentiation resulting from the 
practice of innovation (in any of its types), or more broadly, conducting proceedings of Research, 
Development and Innovation (RD&I). This broad need for innovation, supporting the diversification, that 
companies feel is also cause and effect of the reduction of product life cycles. Undoubtedly, companies 
must align innovation with its guideline and its strategic objectives. 


According to the Organization for Economic Cooperation and Development (OECD, 2005), are considered 
innovation activities, all scientific, technological, organizational, financial and commercial activities, 
including investment in new knowledge, which is the implementation of innovations. These innovation 
activities have a unique and innovative base, or have as a result, significantly, the implementation of an 
innovation. The RD&I activities include the entire creative work, conducted in a systematic manner in 
order to extend knowledge, including knowledge of man, culture and society, as well as using this 
knowledge to devise new applications. 


As sentenced by Porter (1998), the basic strategies conducive to the competitiveness of a company are 
based on cost leadership, differentiation or focusing. In the first case, the underlying logic is that 
producing cheaper products than the competitors, the company can offer its products to consumers in 
lower prices and increase their participation in the industry. However, the invasion of European economies 
with products from the East and South America reduced the possibility of winning by compressing costs 
and consequently practicing lower prices. Focusing consists in concentrating on a specific consumer. 
Finally, differentiation consists itself in offering a different product to customers, whether being unique in 
quality, design, in after-sales service, or any of its many features. 


Overlooking at Portugal, the country never needed so much its firms to be able to compete externally. 
Enterprises know that the call for innovation is more intense than ever. 


2 Literature review 
The Portuguese entrepreneurial is mostly composed of small and medium-sized firms. SMEs are 
companies with fewer than two hundred and fifty employees, turnover of up to fifty million and balance 
sheet total less than forty-three million euros, under the Commission Recommendation 2003/361/EC on 
the 6th May two thousand and three.  


According to the National Statistics Institute (INE, 2011), the number of non-financial corporations in 
Portugal at the end of the year two thousand and nine was one million and sixty thousand nine hundred 
and six. Only eight hundred eighty-eight of them employed more than two hundred and fifty workers 
(about 0.0837% of total). On the other hand, the number of companies that have less than ten employees 
reaches one million, fourteen thousand one hundred and three (95.59%). This data for the year two 
thousand and nine, reflecting the national trend, by itself justifies the importance of this national study on 
SMEs. Moreover, supports the usefulness of the results emerging from the sample. 
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According to Fernandes, Noronha and Nicolas (2002), the turbulence that characterizes the current socio-
economic environment, driven largely by the imperatives of increasing innovation at various levels, 
maintains the most effective strategies of business as those that make the technology a privileged 
"weapon" for competitiveness. 


Schumpeter (1939) portrays the importance of innovation for long-term profitability, considering 
innovation as a process of "creative destruction." To the author innovation creates competitive advantage 
by avoiding changes in the achievement of the balance, through the destruction of businesses and 
business models. 


As Carayannis, Popescu, Sipp and Stewart (2006), SMEs are characterized by their ability to react quickly to 
changing market conditions, which represent a competitive advantage. In addition, SMEs are recognized 
by their growing participation in terms of employability and development of output. Notwithstanding that 
fact, SMEs suffer from lack of technology adoption as standard practice, despite their greater tendency for 
product innovation after applying technological innovation processes. 


However, SMEs, according to previous authors, face critical economic challenges such as increasing 
competition driven by globalization, restrictions on access to finance, developed networks with foreign 
partners, imperfect access to the transfer of research results and technology, speed of change in the 
technological environment, and the uncertainty of sustainability. 


For Tidd and Bessant (2009) organizations with more success in the market are leading innovation. 
Despite the competitive advantage could result from the size or ownership of assets, among others, there 
is favoritism, increasingly, to organizations that mobilize knowledge, technological skills and experience to 
the creation of novelty. This innovation is reflected in their offers and / or the way they create and 
integrate them in the product range. The theme of survival / growth raises the problem for established 
firms but provides a huge opportunity to rebuild the new rules of the game. 


To Demirbas (2010) SMEs hold an important role in national economies because of their number and 
engaged workforce. However, despite recognizing its importance, some key barriers to innovation for 
SMEs prevent them to succeed in driving innovation processes. 


Therefore the world faces extraordinary challenges. The effects of the crisis will have an impact in the 
coming years. In general, the measurement of welfare is based on the Gross Domestic Product (GDP) per 
capita, and changes in welfare can result from changes in labor productivity (GDP per hour worked) and 
labor utilization (hours worked per person employed). The erosion and deceleration of labor productivity 
growth performance is already a pre-crisis (2007-08), which makes it even more imperative for countries 
to find new and sustainable sources of growth. 


Portugal is no exception to this. According to statistics from OECD Productivity (2009), between 2001 and 
2007, GDP per capita grew, by about 0.3% annually between 2007 and 2008 and about (-) 0.3% per year. It 
could already be noticed, in labor productivity, from 2001 to 2007 the growing at an annual rate of 1.1%, 
while from 2007 to 2008 it grew by about (-) 1.4% per year. More even, the use of manpower, at an annual 
decrease of 1% between 2001 and 2007, and an increase of 1% from 2007 to 2008. This reading supports 
and corroborates the existence of resources accompanied by a low productivity promoted by their use. 


Undoubtedly, innovation is a key required for improving productivity, growth and business sustainability. 
Given this environment, knowledge of the factors that lift innovation is the key. This study identifies and 
presents the barriers to innovation perceived and experienced by the Portuguese companies who 
participated. 


According to Smith (2005), innovation is something new. It's creating something new through processes 
of learning or knowledge. Madrid-Guijarro et al. (2009) found that innovation is widely recognized as a 
key factor in the competitiveness of nations and companies. Small businesses that do not embrace 
innovation in its business strategy take the risk of becoming uncompetitive due to their obsolete products 
and processes. Innovative companies are a prerequisite for a dynamic and competitive economy. For 
these authors, the importance of innovation is mounting as a result of increased global competitiveness, 







 
ICIEOM 2012 - Guimarães, Portugal 


ID334.4 


reduced product life cycle, increase of the technological capacity of companies and rapidly changing 
consumer requests. The study of innovation and innovative attitude of businesses is relevant in this 
context as a critical factor for the sustainability and survival of businesses. It becomes even more 
important noticing the facts that prevent companies, even after recognizing this need to be innovative. 


To Pine (2002) organizations dealing with change, uncertainty, instability, competition in a systematic way 
should be alert to breaking barriers and stimulating actions that maximize the opportunities for the 
emergence of innovations. 


According to Hadjimanolis (2003), there are factors or constraints that inhibit innovation: barriers to 
innovation. The study of the barriers to innovation focuses on the problems that can occur throughout 
the complex and delicate process of innovation. These factors, which place obstruction or inertia in 
innovation, termed barriers to innovation, can arise for various reasons. The identification and 
categorization is fundamental since it will create mechanisms to reduce its existence, minimizing them, 
deleting them or converting them into facilitators of innovation. 


For most authors their categorizations divide into internal and external barriers (Hadjimanolis, 2003; 
Madrid-Guijarro et al., 2009; Piatier, 1984; Stanislawsky & Olczak, 2010). Internal barriers are those that 
arise inside the company and external barriers, those that arise from the external environment. This 
classification is also assumed in the course of this study.  


Piatier (1984) describes the lack of government support as an important barrier to innovation in the 
European countries analyzed. The study conducted for Accenture by the Economist Intelligence Unit 
(2007) over a population of six hundred and one senior managers revealed the following barriers to 
innovation: (1) the necessities related to the frequency, timing and speed of innovation, (2) the 
organizational culture mutation and reducing time to market as a permanent challenge in the assumption 
of innovation objectives and (3) the Chief Executive Officers (CEO) of full age have a greater departure 
from the view against the goals of innovation and innovative capacity of the organization. In addition to 
this, evidence, pointed out the following additional barriers to innovation reported in order of importance 
(higher to lowest importance within companies surveyed). Firstly, the organization seeks to follow the 
current line extensions rather than developing new business models. Next, the organization assigns top 
priority to short-term rather than long-term investments. Furthermore, opportunities to explore untapped 
markets or areas die for lack of those who foster. Additionally, the entity seeks for the next "chicken with 
golden eggs" rather than pursuing a portfolio of opportunities. And finally, the organization does not 
include in the learning process the past error modified due to a growing aversion to risk on new ideas.  


According to Madrid-Guijarro et al. (2009), the barriers to innovation that Spanish SMEs face are 
essentially the external environment, the human resources, the risk and financial position. The same 
authors conclude that the cost of innovation affects more the small and medium-sized enterprises and 
that different barrier have different impacts on different types of innovation. 


Segarra-Blasco, Garcia-Quevedo and Teruel-Carrizosa (2008) present barriers to innovation in Catalonia. 
The Barriers to innovation identified are divided between cost barriers, barriers of knowledge and market 
barriers. With regards to cost barriers are presented the high cost of innovation, and the lack of internal 
and external funds. The barriers of knowledge are the lack of qualified staff, the low information on 
technology, the poor information about markets and the difficulty in finding partners. Finally, market 
barriers cited are: the market dominance by the incumbent, the uncertainty of demand and lack of 
demand for innovation. 


The UK companies face three main barriers to innovation, to be precise the time of development of 
innovation, the risk aversion and the poor market knowledge (Tovstiga & Birschall, 2007). 


The German reality shows as being the more frequent barriers: the low budget, the difficulty in recruiting 
adequate human resources, the bureaucracy and poor cooperation between enterprises (Tiwari & Buse, 
2007). Buse, Tiwari and Herstatt (2010) also emphasize the lack of the target market, bureaucratic 
constraints, and inability to find or decide for the better partner for strategic cooperation. 
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A study carried over SMEs in Cyprus showed the following conclusions: the internal most significant 
barriers are the lack of time, inadequacy of the activities of R & D, design and testing within the company, 
and also financial resources inadequate (Hadjimanolis, 1999). The author also identified the more 
expressive external barriers to innovation: the ease of copying the innovation, the government 
bureaucracy, lack of government support, lack of qualified human resources policies and bank lending. 


In Brazil, Mussi and Spuldaro (2008) studied the following barriers to innovation: the risk associated with 
excessive specialization of human resources; super enhancement of production processes or services by 
its practitioners, the limitation in the allocation of financial end human resources and also the limitation 
on market access (for example concessions).  


The observation of the Portuguese business community in order to understand the longevity of 
companies allowed to establish the following barriers to innovation: the high economic cost and risk 
associated with innovation, lack of funding, organizational rigidity, lack of skilled human resources, lack of 
market information and technology, government regulation and weak capacity to approach the client 
(Silva et al., 2007), as well as the lack of cooperation with centers of learning (Vieira, 2007). 


Demirbas (2010) conducted a study on barriers to innovation in Turkey and reached some conclusions as 
follow. The entrepreneurs who are innovative are those with greater perception of barriers to innovation. 
The results show as barriers to innovation in Turkey: (1) the lack of state policies to support technology 
and R&D; (2) the negative impact of the economy in the level of investment, (3) the high cost of 
innovation, (4) the lack of appropriate means of financing and (5) the lack of qualified personnel.  


Necadova and Scholleová (2011) identified as barriers to innovation in the Czech Republic the items 
described: (1) the high cost, (2) the lack of specialists, (3) the payback period of investment extremely 
long, (4) the equipment technology, (5) standards and legislation, (6) lack of capital, (7) the lack of 
consumer response, (8) resistance to change, (9) the fear of risk, (10) ignorance of the market and (11) the 
infrastructure of the business.  


According to Comtesse, Hodgkinson and Krug (2002) the Swiss business sector faces the following 
barriers to innovation. The cultural level, are: (1) risk aversion, (2) public complacency, (3) non-recognition 
of high-value innovation, (4) the provincialism and (5), closed networks. In educational level are: (1) the 
inability of framework tools for innovation in education, (2) limited human capital, (3) the absence of 
functional models and (4) the lack of entrepreneurial mindset. At the political level: (1) poor access to 
financing, (2) legal barriers, (3) insufficient political vision and growth, (4) the infrastructure and 
intellectual capital and underutilized (5) too many restrictions on the innovation.  


3 Goals 
Due to the great contribution of the innovative activities to firm competitiveness and success, it is of great 
interest to identify the barriers and obstacles that prevent innovation in firms. 


The objective of studying the barriers to innovation relates to the discovery of its nature, origin and 
significance. It is equally relevant to group them and try to understand their effects on innovation 
processes. Even more important is to identify ways to mitigate their negative effect, enabling 
organizations to overcome the negative impact resulting from its existence. Having identified the barriers 
or inhibitors of innovation, it may take measures that will lead to their elimination, favoring the flow of 
innovation in the circuit of companies. 


The present investigation pretends to answer the following questions: (1) What barriers to innovation do 
Portuguese enterprises face?; (2) What is the relevance of each barriers attributed to the barriers identified 
by the firms?; (3) How are the barriers classified and grouped? 


The current study reports the results of a study that examined barriers to innovation among a sample of 
thirty five Portuguese firms. 
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4 Methodology 
According to Saunders, Lewis and Thornhill (2007) the pure investigation followed along this study 
ambers for the expansion of the knowledge about management and business processes, clears universal 
principles related to the latest and disclosure value for the society. As stated by Saunders et al. (2007) the 
investigation occurs along the following sequence: definition of the study topic, critical literature review, 
delineating the investigation, selecting the sample, data collection, data analysis and writing. This study 
followed this line of thought.  


The present study started with a critical review of the literature approaching themes such as innovation, 
its classification, sources, dimension and barriers to innovation. According to Saunders et al. (2007) the 
methodology used is as described. The research philosophy is the epistemology and the research 
approach is inductive. The strategy consists on surveys. The time horizon is cross-sectional and the data 
collection methods are literature analysis, interviews, and questionnaires. 


The data for this study was gathered from two questionnaires surveyed to a sample of thirty five 
enterprises. 


The surveys were sent by mail to managers which answered the same way. In this questionnaire the firms 
were asked to present their perception about their own innovative attitude. The questions aimed at 
recognizing what prevents firms from innovating, if mainly internal or external factors. Subsequently the 
CEOs should point out what are the main refrains of innovation identified in the internal and external 
environment of the firm, in other words the innovation barriers faced. The studied firms were also asked 
to show what is easier to overcome if internal or external innovation barriers. 


In the first questionnaire the main concern was not to influence the firms on their answers and letting 
them present their own convictions. The first group of questions intended to characterize the firms on 
dimension, geographic headquarters and activity. The dimension follows the European recommendation 
making it possible to compare the results with those obtained in others studies in other countries. 


After collecting this data a second questionnaire was surveyed and the main goal was to determine if 
firms faced the barriers obtained in the first questionnaire and what level of importance, they recognized, 
as preventing innovation. 


The sample is the same and the CEOs had to sentence if they felt the barrier and if so, what relevance 
(using a Likert scale) they recognize, so that the relevance of the barrier was known. Furthermore, firms 
were asked to declare where they felt these barriers. Lately, looking at the innovation process 
compounded by three phases (conception, implementation and feedback), declare in which of the phases 
are these obstacles more evident for the firm context. At last, compare the results to the ones obtained in 
the critical review of literature. 


5 Results achieved 
Lengthways the course of this investigation appeared interesting results on the topic of innovation. The 
surveys conducted counted with the participation of thirty-five companies. Four are large companies, four 
medium-sized enterprises, ten small companies and seventeen micro enterprises. The companies 
headquarters are located in the cities of Braga (five), Bragança (two), Lisbon (one), Oporto (twenty six) and 
Viana do Castelo (one) and develop a wide variety of activities such as farm activities, wholesale traders, 
retail traders, manufacturers and service providers. 


When asked about their attitude towards innovation, 51,4% state holding it and 48,6% that they do not 
promote this innovative approach. Whether taking an innovative approach or not, companies have 
identified the most significant barriers to innovation faced. For 42,86% of those surveyed both the internal 
and the external barriers are significant, while 40% of the companies pointed as most important the 
internal barriers. Additionally, 80% of the companies said they were more successful in overcoming the 
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internal barriers, this means facing and dealing with the barriers to innovation that emanate from within 
the company. 


Fifty barriers named by participants were listed. The same sample of companies was asked to designate 
those which are recognized as obstructing the process of innovation and afterwards to provide them a 
degree of importance in obstruction. For this purpose we used a Likert scale of six levels (reduced, little, 
some, enough, lot and huge). 


The more alluded barriers were the current economic climate, the limitation of monetary resources, the 
reduced risk-taking culture, the mechanical performances, the routine and cemented processes, the 
organizational and human resources resistance to change, the lack of incentives and compensation for 
innovation, the high cost of new tools and processes and the small size of the company. 


Heeding the importance attributed to the barriers showed that those with higher degrees of obstruction 
to the recognition of innovation do not match with the most universally cited by the companies. However, 
a common factor to most difficult barriers to overcome is that they arise from the external environment of 
companies. As a result, many companies can understand the difficulty in managing the barriers for the 
reason that they do not depend on the performance of the company. 


With this work, further than attaining the knowledge of innovation barriers at the studied companies, it is 
possible to categorize them in an alternative way through BARIFASE and BARINOV MODELS now 
developed which display different views of the classifications existing so far. The BARINOV MODEL 
stresses the awareness or not of the barriers to innovation by firms. This model points out the capacity of 
firms to identify correctly the barriers they face. Some companies cannot recognize the existence of 
barriers to innovation. In this case the barriers are not perceived, independently of being internal or 
external. The other barriers are acknowledged by firms. Analyzing the answers of the participants is 
possible to perceive that some firms are mistaken about the origin of the barriers they face. Although 
recognizing the barriers (perceived barriers) and understanding well the split on internal and external 
barriers they advocate internal barriers has being born outside the company. By doing so, they downplay 
their existence, and do not set off mechanisms to avoid, minimize or eliminate them. On the other hand, 
some of the external barriers are considered to rise inside the organization. In this case, the effort carried 
out in order to treat, reduce or eliminate the barrier is of no value.  


The usefulness of the model goes beyond the aforementioned characteristic and signs in the appearance 
of wrong-way (deviation) barriers. These represent a misreading of the source barrier. Therefore it may 
contribute to an effort to combat a barrier flagged as internal, but in genuineness external. In other words 
a totally pointless waste of resources. Or alternatively, the validation of a barrier to innovation as external, 
not being driven mechanisms of correction, when in reality, is internal and should be taken the decision 
on whether or not to fight it. 


 


 
Figure 1: BARINOV MODEL. 
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Beyond the model portrayed before the answers collected allowed the appearance of another model: the 
BARIFASE MODEL that targets this topic on a dissimilar prism. It conceptualizes innovation in a three-
phase process and evaluates the most important phases in terms of appearance and recognition of the 
barriers to the companies. These phases are labeled as: (1) perception, conception and ideation; (2) 
implementation and (3) feedback, control and performance. The first phase contemplates the creation of 
something that supports innovation, its embodiment. The second, named implementation exposes the 
diffusion of innovation through the organization and its frequent practice. At long last the third, 
consisting of monitoring and measurement, and if necessary or applicable, its correction or improvement.  


 


 
Figure 2: BARIFASE Model. 


 
The usefulness of the BARIFASE consists of exposing the problem or retractor of the innovative process in 
different moments and allowing managers or decision makers to interpose in that specific moment and 
developing measures to promote innovation. This model evidences the possibility of taking care of 
innovation processes in the firm. If the problem arises along the first phase the company should promote 
the environment that promotes the birth of innovation. If, on the other side, the retraction of innovation 
occurs during the implementation, the company must emphasize the benefits and need of the 
implementation of innovation, not only in favor of the company but of all her stakeholders. Lastly, if the 
third phase does not develop correctly the firm cannot grow and add value through its own performance. 
Knowing the stronger moment enables the firm to improve by innovating. 


The results obtained from the participants showed that they feel the most the inhibition of innovation 
along the phase of conception and creation. The phase most significant hereafter is the third phase - 
feefback and improvement. 


6 Conclusions 
 
The results brought by this study revealed the barriers to innovation faced by the participants, namely the 
current economic climate, the limitation of monetary resources, the reduced risk-taking culture, the 
mechanical performances, the routine and cemented processes, the organizational and human resources 
resistance to change, the lack of incentives and compensation for innovation, the high cost of new tools 
and processes and the small size of companies. It also allowed the acquaintance of barriers importance 
perceived by firms, and made it possible to understand that some factors born outside the firm are 
considered more difficult to overcome and the more important barriers that firms face. 


Innovations reflect a critical way in which organizations react to the challenges they face. Knowing their 
perception of the innovation barriers is an undeniable advantage to promote their maintenance in the 
market. The results show that companies consider themselves not to be very innovative, that they 
essentially face internal and external barriers. And also that external barriers are more difficult than 
internal ones to overcome. 
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In addition the BARINOV MODEL stresses the perception or not of the existence of barriers, it also 
exposes the capacity of understanding internal and external barriers and brings about the concept of 
deviation barrier, which in the limit represents a total waste of resources by the firm.  


When regarding the BARIFASE MODEL it enables companies to treat the phase of the innovation process 
that is weaker for that specific company, and lightens the more important and profitable measures to be 
carried out. 


The conclusions reached by the study can help firms overcome problems along innovation process, give 
information for their CEOs to conduct innovation process in a different way, and help firms understand 
what is wrong in their innovation process. Mainly, what needs to be improved, where are they spending 
their resources sometimes without obtaining return, and what are the more frequent barriers they face. By 
doing so, they are free to spend their time and resources in other themes over the corporation. It also 
helps spreading innovation. 


Despite all the work that has been developed, the authors will extend the study to further SMEs and 
enlarge the sample in order to obtain other valuable information and continue lightning the innovation 
path. 
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Abstract 


Studies on the certification rules in the fruit industry are being developed worldwide. In Brazil, although there are 


institutions that stand out among research on the study of the certification rules for export of fruits, there is still little 


known on the subject. The certification aims at raising the standards of quality, adding value to the product and may 


contribute to increased competitiveness in the fruit industry, being an important requirement for inclusion in the 


international market. This paper conducts a systematic review of scientific literature about the commercial 


requirements and procedures required for the export of fruits, mapping the intellectual production developed over 


the last ten years. The universe of data collection comprised the electronic databases (SciELO, Scopus and Science 


Direct), Brazilian journals in the agricultural area, and conference proceedings for the area, following a standard 


literature search for systematic coherent keywords. The results show the importance of certification as a factor of 


competitiveness by adding value within the supply chain of fruits, in order to meet the expectations of customers 


becoming more aware of the products produced with environmental and social sustainability. 


Keywords: Certification; Fruit; Literature Review. 


1 Introduction 


The fruit industry is among the main means of income generation, employment and rural development of 


agribusiness in Brazil. The levels of productivity and business results achieved in recent harvests are 


factors that demonstrate not only vitality, but also the potential of this segment. The orcharding is an 


activity with a high multiplier effect of income. The polo orcharding of Petrolina-Juazeiro located in 


northeastern Brazil serves as an example of the capacity for growth and development of the activity in 


general (BUAINAIN e BATALHA, 2007). 


In recent years, consumer confidence in food safety was shaken a few times in the category of health-


related foods. By contrast, many countries that import their products, together with key actors in the 


supply chain, used global strategies to repair people's confidence in the safety of their food through the 


adoption of specific programs, to ensure standardization, control and traceability throughout the food 


production chain, this includes fresh fruit. According to Chaves et al. (2010), the market, in general, 


besides the increasing demand on the external quality of fruit (appearance, color, size, shape), has 


required a number of other attributes such as control and registration on the production system (chemical 


analysis of waste, damage to the environment) and details of the nutritional value. 


The objective of this study is based on systematic review of scientific literature about the commercial 


requirements and procedures required for the export of fruits, understanding which agents are involved in 


a certification process in the sector of orcharding and how it contributes to the elevation of quality 


standards, adding value to the product and increasing the competitiveness of the fruit industry. 
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2 Research Methodology 


The research method used was a systematic review of the literature. The objectives of a systematic 


literature review are (Kitchenham, 2004): 


 Summarize the existing evidence regarding a specific topic. 


 Identify gaps in current research to suggest areas for further investigation. 


 Provide a framework/background to properly position new research activities. 


For the cohesive development of a research process in a systematic review, a particular sequence of 


methodological steps must be followed. In this work, we adopted a methodological procedure of 


systematic literature review adapted from planning proposed by Kitchenham (2004) and the methodology 


of Sampaio and Mancini (2007), as shown in Table 1. 


Table 1: Planning Methodological 


Steps to the  


Systematic Literature Review 


 Strategy adopted 


1. Identification of the need to 


review 


 Defining the purpose of the review. 


2. Identify the databases to be 


queried and set keywords. 


 The survey was conducted on the world wide web and understand the electronic 


databases (SciELO, Scopus and Science Direct), Brazilian journals of agricultural area, 


conference proceedings, with standard bibliographic search using the keywords: 


“certication”, “fruit production”, “fruits exportation”, “traceability”, “quality 


certification”. 


3. Selection of Publications.  Studies published from 2001 to 2011, that address the issue Certification of food 


products, were considered. 


4. Data Analysis.  The information of the works were organized and tabulated, so that it is possible to 


develop comparisons and analysis. 


5. Synthesize the data  From the data analysis, it was possible to prepare a systematic summary, 


summarizing the information provided by the articles that were included in the 


review. 


6. Conclusion present  From the systematic summary prepared, it was possible to understand the 


characteristics and importance of certification in the production chain of fruit. 


Source: Adapted from Kitchenham 2004 and Sampaio & Mancini 2007 


3 Result 


After the selection of publications, according to the criteria of methodological procedure, were initially 


identified 45 papers. After a pre-selection based on reading the abstracts, 24 papers were selected for 


analysis. Excluded were studies that did not address the main theme, or the specific types of certification 


of food products. 


Selected studies were read in full and the information deemed relevant to this survey were tabulated, 


according to the following groupings: year of publication, authors, published location, keywords, search 


method, the study's objectives and the main results and conclusions. The results were grouped according 


to themes of the works found: The Section 3.1 presents the definitions of certification and the importance 


of it to consumers and producers. The Section 3.2 presents the models of fruit certification found in the 


literature and in section 3.3 is made an approach on the role of certification in the production chain of 


fruit. 
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3.1 System of Certification 


According to Nassar (2003), certification is the defining attributes of a product, process or service and the 


ensuring that they fit into pre-defined rules. The certification achieves goals on who is offering and who is 


requesting a product. On the supply side, the certification is an instrument to provide procedures and 


standards that are intended to enable companies to manage their attributes and ensure their access to 


markets. From the perspective of the customer, the certification is intended to inform and ensure the 


attributes recommended by the product. The certification becomes important when the standardization 


becomes insufficient to meet the needs of those involved in production processes and commercialization. 


This standard refers to the details of a production process, and characteristics of fresh agricultural 


products marketed as fruit. 


According to Lazzarotto (2003) certification is stimulated in a market where there are consumers, 


recognizing that a certified product is a quality product, with different attributes, are willing to pay a little 


more for these products. In markets where there are consumers willing to pay for this unique quality, the 


certification shall be available only through institutional determinations. Thus, understanding consumer 


behavior is important for the survival and competitiveness of certifying companies. Following this 


reasoning, Lourenzani et al (2006) believes that the certification is just one important step for the 


producer, it is necessary that in addition to certification, the producer can offer their products in domestic 


and international markets. Differentiated by the fact that consumers recognize the certification as 


justification for  a higher price based on the quality of the product. 


The main advantage of certification is the incentive for excellence in production. The numerous 


requirements provide a high quality product for consumers and producers by improving the production 


system, the goal being the increase in the volume of fruit exported (CINTRA, VITTI E BOTEON, 2003). 


Certification is a way to differentiate the product without the large investments that the formation of a 


brand requires. At the same time, a certified product is, from the standpoint of industrial processing and 


modification, identical to similar non-certified. In other words, the certification adds value without 


changing the product. This can be very interesting to farmers, who usually are price takers in the market 


and commodities marketing (NASSAR, 2003). 


The various systems in the certification allow aggregation of value to the product, differentiating it with 


investment costs many times lower in relation to labels and promotion of fruit in foreign markets. The 


certification adds value without the need for transformation of the product, ensuring the requirements 


demanded by the consumer market, more and more aware of quality and food safety in recent years 


(CINTRA, VITTI E BOTEON, 2003).  


Jahn, Schramm and Spiller (2004) point out that the differences between certification processes are in the 


concept of quality, in the presence or absence of protectionist elements and depth of coverage in relation 


to the productive chain. The authors believe that in practice the evolution of the certification system is still 


in its early stages. The functions performed by the certification procedure are of market character 


(adjustments made to the goods to meet market demands) and commercial (market information or 


communication with the market) (GOMES, et al. 2006). 


For the fruit industry in Brazil, the certification has important consequences because it guarantees access 


to export markets. The certification guarantees the quality and traceability, allowing producers of fruit 


from Brazil to reach new markets, without, however, the guarantee of higher prices. The certification 


excludes producers of less able markets, also serving as a selection process (DÖRR, 2008). 


3.2 The Models of Fruit Certification 


Certification involves the existence of standards, certification bodies and accreditation bodies. In order to 


operationalize the process, there should be a regulatory agent that dictates the rules and a coordinating 


agent, responsible for certification and process coordination (LAZZAROTTO, 2003). In the private 


certifications, trust in the brand represents a contract between the company and the consumer, whose 
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renewal depends on an accurate strategy for quality management that surpasses the limits of the 


company and extends to its suppliers and distributors (SCARE & MATINELLI, 2001).  


Among the certification schemes that involve public and private agencies for regulation and monitoring, 


the best known is the Integrated Fruit Production – IFP, it is a voluntary program. The system of integrated 


fruit production (IFP) has emerged in Europe in the 70's, with a view to using self-sustainable production 


systems that provide protection and integrated management of plants, with the goal of quality 


production and environmental sustainability. The precursors of this system were Germany, Switzerland 


and Spain, which replaced the traditional production techniques for this system, reducing production 


costs and environmental damage, and improving product quality (ANDRIGUETO & KOSOSKI, 2005). The 


IFP is defined by the International Organization for Biological and Integrated Control of Noxios Animals 


and Plants (IOBC) as: “system to produce high quality fruit based on principles of environmental 


sustainability, food security and economic viability, by using techniques not harmful to the environment 


and human health” (ANDRIGUETO & KOSOSKI, 2002). 


The four pillars that support the IFP are: organization of the productive base, sustainability of the system, 


monitoring of processes and information. This system’s purpose is the production of high quality food, 


while depending on the use of techniques that take into account the environmental impacts on the soil, 


water and production (plant).During the evaluation of the quality of products, the system considers 


physical, chemical and biological characteristics of local natural resources in the processes involved in the 


production chain. The fact is that this system reduces production costs due to the rational use of 


agricultural inputs (LOPES & HAJI, 2004). The Integrated Fruit Production (IFP) and the implementation in 


the production process of so-called Good Agricultural Practices (GAP)
1
 promotes the standardization of 


production processes in order to ensure product quality to meet international requirements (FONSECA, 


XAVIER & COSTA, 2010). 


The integrated production activities in Brazil began in 1998/99 with the aim of promoting the free 


membership program for producers and packers, under the overall coordination of the Ministry of 


Agriculture, Livestock and Food Supply - MAPA. However, its regulation achieved a legal milestone in 


2001 with the publication of its basic guidelines in the Official Gazette of the Government of Brazil. 


Among the goals achieved with this system of production, there is emphasis on the production tracking, 


which gives the farmer a certification seal, and the exporter, a quality fruit (ANDRIGUETO & KOSOSKI, 


2005).  


Among the private certification schemes, there are the initiatives of supermarket chains. An internationally 


recognized model, which like IFP is a voluntary program, is provided only to those who fall within pre-


established norms. The EurepGAP / GlobalGAP that is studied by several papers in the area of certification, 


was created by an association of European supermarkets. Launched in 1997 by the Euro-Retailer Produce 


Working Group (EUREP), EurepGAP/GlobalGAP corresponds to a frame of reference of good agricultural 


practices, which aims to serve the interests of consumers, in terms of food safety, animal welfare, 


environmental protection and health, as well as safety and well-being of the worker (EUREPGAP, 2004). To 


obtain EurepGAP certification an audit is performed by auditors of unbiased companies. They are skilled 


enough to act professionally while checking whether the standards established by the Protocol are being 


met in every respect (PESSOA.; SILVA; CAMARGO, 2002). 


According to Cavicchioli et al. (2005), the EurepGAP is the most common seal in Europe, accepted by 


about 30 retailers representing 34% of the European market. Gomes et al (2006) points out that European 


countries were pioneers in the search for agricultural certification due to the internationally recognized 


tradition of valuing and seeking food production quality. The Europeans were the first to have products 


                                                      


1 Good Agricultural Practices (GAP) refers to the practice and procedures established for the primary production that 


aims to control hazards, productivity and quality. The practices and procedures are based on the application of 


technologies developed for the control of the possible dangers and potential for product quality and productivity in 


the field (Manual of Good Agricultural Practices and HACCP, 2004). 
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with certificates attesting to the quality of its products as superior to other similar and also attest to the 


origin. The European retail sector has a key role in assembling and organizing marketing alliances that aim 


to ensure quality of production processes and agricultural products (CARFANTAN & BRUM, 2006). 


Thus, the network of retailers in Europe was the initial driving force, they agreed to resolve what was 


already becoming an issue for their customers, harmonizing their assessment criteria which were 


sometimes quite different. For this reason, the development of a certification standard with a more 


general acceptance was also the interest of producers. The EUREPGAP was focused on the Good 


Agricultural Practices - GAP, highlighting the importance of Integrated Production and of working 


conditions of agricultural labor (BERGER, 2009).  


Due to the large accession to the EurepGAP concept from producers worldwide, at the end of 2007 it was 


decided to change the brand to GLOBALGAP. The GLOBALGAP is now a private organization that sets 


voluntary standards for the certification of agricultural products around the world, whose secretariat is 


based in Germany. Their goal is to establish standards of Good Agricultural Practice (GAP) that include 


different requirements for the several products, adaptable to all the world's agriculture. The GLOBALGAP 


has volunteer members who are divided into three groups: producers, suppliers or retailers, and 


distributors (BERGER, 2009). 


The EurepGAP also establishes requirements to ensure the conservation and welfare of the people who 


are involved in food production, stimulated also by the use of Hazard Analysis and Critical Control Points - 


HACCP. The main points of control are: storage and maintenance of records; traceability; seedlings and 


varieties; seed stocks; history and site management; soil and substrate management; use of fertilizers; 


irrigation; crop protection; harvesting; post-treatment harvesting, pollution and waste management; 


recycling and reuse; health, safety and welfare of workers, environmental issues; customer service and 


complaints (CAVICCHIOLI et al. 2005). 


The CPCC (Control Points and Compliance Criteria) assessed as critical of the level of service in the early 


stage of EurepGAP certification are: fertilization, crop protection, Waste Management and Pollution, 


Recycling and Reuse, Health, Safety and Welfare Workers and Environmental Issues (PAULINO & 


JACOMETI, 2006). In addition, the EurepGAP protocol consists of a set of basic requirements of good 


agricultural practices that correspond to global standards of food safety, environmental preservation, 


health and safety and animal welfare (CAFARTAN & BRUM, 2006). 


The EurepGAP certification can be given to a producer or a group of producers (belonging or not to an 


association or cooperative). A version of this protocol, published in March 2001, defines essential 


elements for the development of best practices for the global production of vegetable and fruit products. 


These guidelines define the minimum acceptable standard to guide groups of European producers, which 


may, however, also exceed the requirements of the protocol (PESSOA; SILVA; CAMARGO, 2002). 


Another seal, considered voluntary, that can be cited is the TNC (Tesco Nature's Choice). This is a private 


process of certification of suppliers used exclusively by British retailer Tesco. More stringent than the 


EurepGAP, the Code of Practice Tesco Nature's Choice was created by the technical staff of Tesco, with 


requirements aimed at product quality, the use of best management practices for products and processes, 


protection of the environment, as well as increase the welfare of rural workers and biodiversity. To get the 


seal, you must be a supplier of Tesco, and all interested in providing for the network had to be certified by 


January 2006 (CAVICCHIOLI et al. 2005). In TNC certification the products are marketed only in its stores, 


making the seal highly restrictive. 


In addition to the voluntary certification, the main requirement demanded by the United States to permit 


imports is the Deparatment of Agriculture (USDA) pre-shipment seal of the Animal and Plants Health 


Inspection Service (APHIS) which is nothing more than a certificate that includes health regulations, 


phytosanitary and animal health, with every fruit and vegetable for some specific standards (ASSIS, 2009).  


The APHIS seal uses several methods of protection that ensure their producers and consumers against the 


introduction of diseases, plant pests and animals that might limit or jeopardize food production. It is 


based on a strategy to safeguard human health, animals and plants, making a secure ecosystem, 
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providing a safe agricultural trade, and reducing the loss of natural resources (APHIS, 2011). For the issue 


of USDA-APHIS, there is the obligation of monitoring by a representative of the USDA itself, funded by 


producers, which significantly burdens the export process. 


To Trienekens & Zuurbier (2008) voluntary certifications have become almost a mandatory requirement 


for access to markets, especially those in developed countries. Companies that focus on the international 


market are faced with the need to certify their product and process for different voluntary standards. 


Companies need to demonstrate greater control in the production, trade and distribution of food to 


ensure quality and traceability of their product and remain competitive in the market. Thus, standards can 


act as reducing trade barriers by reducing the information asymmetry between buyers and producers, 


providing greater confidence between the parties to the transaction. 


In a work of Dorr (2009) he made a comparative analysis of certification systems that exist in the fruit 


industry in Brazil, the results showed that EurepGAP / GlobalGAP and Integrated Fruit Production (IFP) are 


similar certification systems. However, they differ with respect to the number of requirements and their 


distribution over various stages (eg, production, post-harvest). In both systems, much attention is given to 


labor and environmental conditions, as well as ensuring a minimum price for farmers. Most of the 


requirements of EurepGAP / GlobalGAP are included in the IFP, but there are differences with regard to 


their level of importance and distribution over several stages. Moreover, it was found that farmers with 


certification EurepGAP/GLOBALGAP use accounting provided by the IFP, although EurepGAP / GlobalGAP 


itself does not require any accountability. This means that the certification process with EurepGAP / 


GlobalGAP becomes easier and faster when the farmer has already implemented the IFP. Corroborating 


this study, Andrigueto and  Kososki (2005) argue that the IFP is placed at the apex of the pyramid as the 


strategic level most evolved in organization, technology, management and other components in a context 


where the levels for innovation and competitiveness are stratified by levels of development and 


represents the various stages that the producer is and can be inserted into the evolving context of 


production. 


Table 2 shows a summary of the main characteristics of the certification models found in the literature. 


Table 2: Comparative analysis of the main models for the certification of fruit 


Model Features Coordinating 


Agent 


IFP Voluntary accession. Is premised on the Good Agriculture Practices - GAP. It has 115 


requirements, divided into mandatory, recommended, prohibited and permitted with 


restrictions. Certificate valid for 12 months, but monitoring occurs three times a year. 


Public Agencies 


EurepGAP/ 


GLOBALGAP 


Voluntary accession. It has 214 requirements, obligations classified as major, minor 


obligations and recommendations. Certificate valid for 12 months, but monitoring 


occurs twice a year. Is premised on the Good Agriculture Practices - GAP. Necessary 


requirement to export fruit to the European continent. 


Network of 


retailers in 


Europe 


TNC Voluntary accession. Is premised on the Good Agriculture Practices – GAP. Include the 


requirements of EurepGAP, but there is a greater emphasis regarding food safety and 


the environment. Restricted to registered suppliers in Tesco. 


Network British 


retailer (Tesco) 


APHIS Mandatory requirement demanded by the United States to permit imports of the 


United States Deparatment of Agriculture (USDA) regulations includes sanitary, 


phytosanitary and animal health, with every fruit and vegetable for some specific 


standards and is premised on the Good Agriculture Practices - GAP. 


Public Agencies 


Source: Data compiled from Cavicchioli et al. (2005), Dorr (2009), Assis (2009) 


Considering the pyramid of the organization, technology, management and production quality, proposed 


by Andrigueto and Kososki (2005), the Good Agriculture Practices - GAP represent all models of 


certification for the first step towards certification and aim to standardization, quality and preservation of 


environmental resources in the productive system. 
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3.3 The Role of Certification in the Fruit Production Chain 


The requirement of certification as to the inputs of a production chain can lead to further integration of 


their links, enhancing the coordination, information flow and adaptation to the demands. This process 


aims at a more efficient management and operates in the improvement of coordination mechanisms, 


both upstream and downstream in the supply chain. In this sense, quality programs in the chain of food 


production have been adopted, reflecting the international requirements, resulting in the adoption of 


certification seals proving the quality, health and safety of imported products, as happens today with 


mainly fruit for to the markets of the United States and European Union (ASSIS, 2009). According to 


Lazzarotto (2003), the benefits observed of membership reflect the certification throughout the supply 


chain, since there is a reduction of informational asymmetry all parties obtain unbiased information about 


product quality. 


Some authors emphasize the role that retail plays in the link of the food chain in relation to obtaining 


certification seals. Trienekens & Zuurbier (2008) pointed out that large retail companies have the power to 


put pressure on their suppliers to comply with all the norms public and private. By taking on the 


coordination of food supply chains, retailers of the European Union pursue a goal of standardization and 


differentiation. It makes available to the consumer  unique products that combine market differential with 


food security and even the care of social issues. Control devices used by the various segments of the 


production chain, become validated by certification systems and interdependent entities, sometimes by 


groups of consumers that drive retailers to look for a different quality from its suppliers (CAFARTAN & 


BRUM, 2006).  


The ability to add value to the product via the legitimacy of some aspects and definitions of quality leads 


to the need for certification. Thus arises the importance of studying social relations and institutions that 


organize and control both the quality criteria, such as certification mechanisms associated with multiple 


dimensions of quality. The importance of certification also appears strongly in the food chain. The food 


quality is not only in relation to their physical properties, but also to its social aspects built into the 


product, which may even add economic value to them. In this context, it is emphasized that the 


enhancement of quality in the market is produced by the process of certification. Considering the quality 


issues related to intangibles, such as issues involved, the consumer's perception depend on the 


confidence he has about the information received. Thus, becomes a necessary normalization which 


ensures that the products have the features advertised (RENARD, 2005). 


Santos Silva & Batalha (2005) identified the roles of private certification adopted by large supermarket 


chains in Brazil and in the coordination chain management of fruits, and their impact on it. They 


concluded that the management of the supply chain is mainly with regard to technical assistance, 


monitoring and quality control. However, the certification of fruit per supermarket chains still seems to be 


influencing some of the coordination chains of fruit in Brazil, since the connection between them and the 


producer is still weak, for the most part characterized by partnerships with no formal contract long 


established. 


Souza & Amato Neto (2009) pointed out that the relations between producers and intermediaries in the 


chain,it can be observed that the intermediaries are concerned with the requirements of its main 


customer, the retailer. Information is transferred in respect of certificates and what changes should be 


made to suit them. For this reason, many intermediaries have some of their staff present in the packing 


house producers in times of harvest, in order to verify that quality standards are met. In addition, 


information is transferred about the varieties most demanded and problems regarding the quality 


standardsof that fruit until it reaches its destination. Some intermediaries highlight the difficulty in 


educating the producers about the importance of adherence to the certificates. They contend that the 


certificates do not necessarily represent increased sales or better prices, therefore making it difficult to 


convince producers of its importance. 


The modern orcharding should be able to produce healthy and quality products in accordance with the 


requirements of environmental sustainability, food security and economic viability, using technologies not 
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harmful to the environment and human health. In this context, the conformity of the fruit is a market 


requirement, which demands, in addition to the commercial characteristics of quality, safety of the 


product set to program and legislation, ensuring the control and traceability as well as skilled and 


permanent systems and processes involved in the production chain of fruit. In addition, a unique 


opportunity is the social gain arising from the adoption of systems that create "cleaner" production, which 


ensures a higher quality of life for each link in the chain of production, and this is a latent concern of 


consumers in developed countries to acquire their products. The adjustment to the requirements of 


certification requires understanding of the role to be played by all segments and links that operate in the 


production chain, and their interrelationships, for traceability procedures and the production of a safe and 


quality fruit (CHAVES et al 2010). 


To synthesize the approaches discussed, Table 3 presents a chronological summary of the work used in 


the systematic review of the literature. 


Table 3: Chronological overview of studies on certification used in the systematic review 


Year Authors Approach 


2001 Scare & Matinelli The certification models as a strategy for quality management and competitive 


advantage over competitors. 


2002 Andrigueto & Kososki Displays the set of guidelines, rules and regulations of the system Integrated Fruit 


Production in Brazil - IFP. 


2002 Pessoa; Silva & Camargo The quality and certification of agricultural products, with emphasis on EurepGAP 


certification. 


2003 Cintra, Vitti & Boteon The advantages of certification and the impacts on the production process and 


product certificate. 


2003 Lazzarotto Certification as a way of reducing information asymmetry and obtain unbiased 


information about product quality. 


2003 Nassar How certification adds value to products in the Agribusiness. 


2004 Jahn, Schramm e Spiller The different certification standards must be situated in the concept of quality 


required throughout the supply chain. 


2004 Lopes e Haji The implementation of the Integrated Fruit Production IFP as a guarantee of quality 


of exported products. 


2005 Andrigueto& Kososki The concepts and definitions of certification systems, focusing on the IFP and 


EurepGAP. 


2005 Cavicchioli et al. Certification as a passport to export the most demanding markets, with emphasis on 


EurepGAP and TNC. 


2005 Santos, Silva & Batalha The impacts of private certification adopted by large supermarket chains in Brazil 


and in the coordination chain management of fruits. 


2005 Renard Considers the issue of certification as an agent that creates value for the product 


quality enhancement. 


2006 Paulino & Jacometi Analysis of the certification process emphasizing its role in the establishment of 


conditions for sustainability in agriculture. 


2006 Cafartan & Brum As the European Union retailers assume the coordination of food chains and 


influence the strategy for the certification of suppliers. 


2006 Gomes et al. The certification process occurs in two forms: marketing and commercial nature, with 


emphasis on the impacts of certification EurepGap IFP and a producer of grapes in 


the valley region of San Francisco - Brazil. 


2006 Lourenzani et al Although the certification result in investment and restructuring of production 


systems, on the other, makes it possible to access niche markets and helps build a 
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positive image of the product with the consumer market. 


2008 Dorr The importance of certification for the fruit industry in Brazil, securing access to 


international markets. 


2008 Trienekens & Zuurbier The importance of certifications in the adoption of market access, especially in 


developed countries, and the role of large retail businesses in order to boost its 


suppliers acquire certifications. 


2009 Assis The importance of certification in the market for the production of mangoes in Brazil, 


highlighting the IFP, EurepGap and APHIS. 


2009 Berger System Certification EurepGAP to ensure the realization of the Good Agricultural 


Practices. 


2009 Dorr Comparative analysis of certification systems that exist in the fruit industry in Brazil, 


especially the EurepGap and IFP. 


2009 Souza e Amato Neto Analyze the relationships that occur between producers and intermediaries in the 


supply chain of fruit. 


2010 Chaves et al. The role of certification in modern fruit in order to drive the generation of healthy 


and quality products in accordance with the requirements of environmental 


sustainability, food security and economic viability, using technologies not harmful 


to the environment and health human. 


2010 Fonseca, Xavier & Costa The IFP, the EurepGAP and TNC promote the standardization of production 


processes have positive impact on the Brazilian fruit exports to international markets. 


4 Final Thoughts 


The objective of this study was based on systematic review of scientific literature about the commercial 


requirements and procedures required for the export of fruits, understanding which agents are involved in 


a certification process in the sector of fruit production and how it contributes to the elevation of quality 


standards, adding value to the product and increasing the competitiveness of the fruit industry. To this 


end, we selected works that address this issue of certification of food products. The results were 


structured in three sections that dealt with the definitions of certification, its importance for consumers 


and producers, certification models of fruits found in the literature and a discussion of the role of 


certification in the production chain of fruit. 


The results indicate that some issues stand out in the analysis that assist in understanding the role of 


certification in fruit growing. The first considers the growing demand of consumers as to guarantee 


traceability and healthy products without waste from production systems that are environmentally and 


socially correct. Faced with a global market, increasingly dynamic demands coupled with a global 


population increasingly aware, certification protocols as EUREPGAP / GLOBALGAP, IFP and TNC, presented 


as indicators with visual identity, recognized internationally, which ensures the production within the 


demands of Good Agricultural Practices (GAP) required by consumers. The second refers to certification as 


a factor increasing the competitiveness of companies giving product differentiation by adding value and 


therefore increasing international trade. And the third question assesses the importance of certification 


for the production chain of fruit has intensified due to increased requirements of the leading importers of 


fruits in the world as it pertains to food safety, from the plantation to the end consumer, where the major 


retailers are becoming the coordinators of this chain, absorbing consumer and customer demands for 


food safety and driving through certification seals, its suppliers to comply with the requirements 


regarding Good Agricultural Practices (GAP), environmental sustainability and social systems of 


production in which they participate. 


Another issue that deserves mention is the managerial implications for certification organizations in the 


fruit industry, therefore, to produce products that meet the requirements for certification protocols, 
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investments are needed in strategic planning goals and objectives with well-drawn, identifying , 


monitoring and control of critical success factors for service to CPCC (control Points and Compliance 


Criteria), and technological development, with improved production techniques and specialized training 


of hand labor. 
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Abstract 


This paper aims to illustrate the theoretical position on the mass customization strategy and modularity during the 


decade of 2000s. Literature points modularity as one of the best ways to achieve mass customization. In order to 


delineate this decade scenario, we have conducted a search of these themes on the Web of Science database. The 


objective is to illustrate the theoretical position on the mass customization strategy and modularity during the decade 


of 2000s. Only journal papers, refined by subject areas related to engineering and management, and published 


between 2000 and 2009 were considered. A total of 70 papers were collected for a bibliometric review with the tool 


HistCite. Results of this search were analyzed using a series of bibliometric criteria, presenting the twenty most cited 


papers among the 70 selected publications, a relation graph among papers and authors, papers and citation count 


distributions across the years, authors and countries with the higher quantity of topic related publications, and finally, 


an analysis of journals in which these papers were published. Furthermore, a subject classification based on the 70 


studied papers is presented, thus identifying predominant topics such as supply chain studies, modularity methods 


and literature review.  In conclusion, this investigation indicated the rising of new fields of study, such as modularity 


and mass customization in services, and summarizes the opinion unveiled by the researched papers’ authors about 


future investigation opportunities. 


Keywords: mass customization; modularity; bibliometry. 


1 Introduction 


Mass customization can be defined as the challenge of meeting the individual needs of customers while 


maintaining the efficiency of manufacturing similar to mass production (Jiao and Tseng, 2004). According 


to the literature, the development of Mass Customization has as basic assumption the use of flexible 


manufacturing system (FMS) and practices applied during the Product Development Process (PDP). Tseng 


and Jiao (1996) present an approach called Design for Mass Customization (DFMC), based on the premise 


that mass customization can be effectively achieved during product design, more precisely in the concept 


development stage. Thus, the DFMC aims at considering issues of scope and scale economy still in the 


early stages of product development, evolving from a unique product development process to the 


development of a family of products. 


By the means of the strategy of multiple products based on families that share platforms, it is possible to 


reduce time and costs of product development, increase reliability and variety of products, reduce 


management complexity and make business strategies more flexible (Muffato, Roveda, 2000). Two 


methods allow to dealing with the variety in products based on platforms: projects with modular basis 


and projects based on scale (Alizon et al., 2009). According to Muffato and Roveda (2000), platforms tend 


to be more flexible with modular architecture. 


Module, according to Miller and Elgard (1998), is an essential and self-contained functional unit in relation 


to the product to which it belongs, having standardized interfaces and interactions which allow (through 


combinations) the composition of products; modularity is an attribute of an system related to its structure 


and functionality (a system which has modularity has self-contained functional units with standardized 


interfaces); and modularization is the activity in which the modular structure occurs. The term “self-
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contained”, used by the authors, refers to a function performed within the module and limited to it. Da 


Silveira et al. (2001) argue that products from mass customization should be modular, versatile and 


constantly renewed. In order to apply or develop research related to modularity and mass customization, 


it is necessary to understand how both themes relate to each other and which advances were already 


achieved by researchers throughout recent years. 


Pine (1993) argues that modularity is a key to achieving mass customization. According to Duray (2002), 


modularity is a key aspect to reach volume of scale (the mass), while the engagement of the customer 


results on customization. The goal of modularity is mainly to earn flexibility for mass customization 


through the design of products relying on customer specifications and using modular components 


(Duray, 2002). According to Kuderer (2006), modularity also helps to overcome the complexity that 


customization brings to the manufacturing systems, acting as a tool to break down the product structure 


into smaller units, which are easier to administrate. The research question in this paper is what researchers 


have investigated and advanced in the last ten years? 


Thus, the objective of this paper is to perform a survey of the publications concerning modularity and 


mass customization during the 2000s viewing to identify influential papers and authors, journals and 


countries that have mostly contributed to the growth of knowledge in this field, as well the current trends. 


The investigation was performed in the Web of Science database. 


2 Research Method 


Bibliometrics is a set of laws and empirical principles that help determining the theoretical foundations of 


Information Science (Guedes, Borschiver, 2005). Citation analysis allows exploring the contexts in which 


innovations occur and thus develop a more reliable sense of how the work and ideas of a researcher are 


received by the community and other researchers (Cronim 2000). In addition to the citations, by the 


means of bibliometrics it is possible to analyze the scientific performance of organizations, agencies and 


countries based on the counting of publications and citations in the literature (Narim, Hamilton, 1996). For 


the execution of bibliometrics, the steps below were followed: 


 Choice of the Database and Keywords: To search for articles that make up the bibliometric 


analysis, a search in the Web of Science database was carried out, which despite having a limited 


number of academic publications, presents a set of high-quality publications (Cronim, 2000). The 


terms “mass customization” and the root modul were used as keywords, ensuring the search for 


the words “module”, “modularity”, “modularization” and “modular”, forming the following search 


algorithm: “mass customization” AND modul*. The search chosen was the one for “topic”, which 


includes the title, the abstract and the keywords of the paper (results: 284 papers). 


 Refinement of the search: The result obtained with the search algorithm went through filters to 


compose the final stratum for bibliometric analysis. Only journal articles were considered, 


excluding articles from congresses and symposia as well as books, dissertations and theses 


(results: 144 papers). Afterwards, a second filter was used, now by areas of knowledge where the 


following areas were considered: Engineering Manufacturing, Operation Research Management 


Science, Engineering Industrial, Management, Business, Engineering Multidisciplinar and Planning 


Development (results: 122 papers). Next, all journals that contained only one single publication on 


the subject were excluded (results: 101 papers). The last filter applied to the search relates to time, 


where the years 2000 to 2009 were selected. After all these refinements, the final stratum of the 


search included 70 articles that were saved in plain text format and worked with the help of 


HistCite software. 


 Statistics of articles and journals: The HistCite software was developed by Eugene Garfield, the 


inventor of Science Citation Index, in order to help researchers to visualize the results of 


bibliographic searches on the Web of Science database, allowing the analysis and organization of 


search results (Thomson Reuters, 2011). Using the HistCite it is possible to analyze the most cited 
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authors for a given subject, most prolific countries and institutions, most cited papers, publication 


distribution across time, among others. 


3 Results 


The first analysis of the articles resulting from the search was the analysis of citations. This analysis shows 


the most cited articles among the 70 papers reviewed. In this bibliometrics, only two articles were cited 


more than 10 times and only 13 articles were cited more than once. Analyzing the 70 articles from Web of 


Science, 43 articles are not mentioned even once by the other articles studied in this bibliometric analysis. 


Figure 1 shows the 20 most cited articles, distributed across a network of relationships based on citations. 


Through the relationships it is possible to see a group of papers mentioning both Duray et al. (2000) and 


Salvador et al. (2002), the two most cited articles in this bibliometrics, forming a principal network. It is 


also possible to notice a second group of papers on the right side of the graph, which are papers that do 


not cite and are not cited by the group of papers that make up the twenty most cited ones. The graphic 


was redesigned to offer a better understanding of the relationships, and was based on the original 


graphic created in the HistCite® software (Thomson Reuters, 2011). The size of the spheres shows the 


number of citations and the distribution in the lines shows the date of publication of the paper. 


 


Figure 1: Network of relationships  


Duray, Ward, Milligan and Berry, in his 2000 paper, present Mass Customization (MC) as a paradox breach, 


because MC combines craft production with mass production methods. The authors allege in their paper 


that despite the phenomenon of mass customization exist in practice, the academy does not adequately 


invest in this new way of competition. The authors develop a configurational model to classify the 


customization based on the customer involvement in the project and on the product modularity. 


The 2002 paper of Salvador, Forza and Rungtusanatham explores how manufacturing characteristics affect 


the type of modularity to be incorporated into the architecture of a product family as well as the 


modularity relationship with the outsourcing of components. The paper is based on studies of multiple 


cases of product families belonging to six European companies. Among its theoretical results is the 


description of a new type of modularity, not described in the literature yet, the combinatorial modularity. 


Tu, Vonderembse, Ragu-Nathan, Ragu-Nathan (2004) present the concept of MBMP (Modularity-Based 


Manufacturing Practices) and develop an instrument to measure MBMP, as well as build a framework that 


relates customer closeness, MBMP and the ability of mass customizing. Based on 303 responses obtained 


with members of the Society of Manufacturing Engineers, statistical significance and positive relationships 


among the three constructs studied were found. 







 


ICIEOM 2012 - Guimarães, Portugal 


ID103.4 


The second analysis concerns the distribution of papers by year of publication, in which is possible to see 


that in the years 2004 and 2007 there was a significantly above the average production in relation to other 


years. In 2004, the AI Edam-Artificial Intelligence For Engineering Design Analysis And Manufacturing and 


Production Planning & Control journals represent half of the publications of the period, with four 


publications each. In 2007, two journals also have nearly half the total publication of the year: IEEE 


Transactions On Engineering Management, with five publications, and Concurrent Engineering-Research 


And Applications, with three publications.  
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Figure 2: distribution of papers by year of publication 


The papers analyzed in this bibliometrics were published in 18 different journals. The journal that has the 


largest number of publications on the subject is the International Journal of Production Research, with 


nine publications, followed by the Concurrent Engineering – Research and Applications, with eight 


publications. The third journal with the highest number of publications is the Ai Edam-Artificial 


Intelligence for Engineering Design Analysis and Manufacturing, with five publications. As mentioned in 


the methodology, journals with only one publication on the subject were discarded. 


Although it contains the largest number of publications, the International Journal of Production Research 


does not contain publications of high-impact factor, if taken into account the number of citations of its 


publications. The Concurrent Engineering – Research and Applications presents only two papers cited by 


the collection, however, these two papers present a higher citation index, appearing among the twenty 


most cited articles of the collection. The two most cited articles from the collection were published in the 


same journal, the Journal of Operations Management, this one appearing as the journal of greatest 


relevance in the subject and also presenting two other relevant publications. 
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Figure 3: Distribution of papers by Journals 


The distribution of papers by country of origin in the research shows that the United States and China 


hold more than half of the publications concerning MC and Modularity present in the Web of Science 


database. The distribution made by the HistCite® software (2011) shows 17 different countries as 


countries of origin of articles and five articles without defining the country of origin.  
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Among the 158 authors, only 19 had more than one publication. The authors Huang GQ, from the 


University of Hong Kong, and Jiao JX are the ones presenting more papers in the collection, each with 


four publications. With three papers each, there are the authors Agard B., Du, X.H., Salvador F. and Tseng, 


M.M. 


4 Analysis by article category  


Through the analysis of the 70 papers it was noticed the presence of common approaches and subjects. 


Papers were then, identified according to such common criteria, resulting on the classification presented 


by figure 4. It should be noted that many papers may be easily classified in more than one subject, as they 


may approach relation between subjects, such as the relation among modularity and supply chain (Huang, 


Zhang, Lo, 2007). 


 


Figure 4: Categories and subjects  


The first category consists of the papers focused on costumer integration and participation in the process 


of mass customization. Siddique e Boddu (2004) present in his paper the integration of the customer in 


the process via the Internet, in a program that automatically generates a three-dimensional image of the 


product according to the configuration chosen, a price estimate and the sequence information for the line 
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assembly. The paper of Duray et al. (2000) offers a model for classifying mass customization based on 


consumer involvement. Shao et al. (2006) present an approach that generates customer groups according 


to their product specifications (clustering), and the association of these characteristics with the 


configuration alternatives. 


The second category identified concerns papers related to architecture, platform and product families. 


Among the issues found, the presentation of the APF concept (Architecture of Product Family) by Du et al. 


(2001), as a conceptual structure to an organizational logic for the generation of product families, 


methods to assist the choice of platform (Williams et al., 2007), methods for conducting the best possible 


formation of families aimed at producing (Galan et al., 2007); bibliographic review about the platform 


concept, presenting methods for modularization and formation of platforms (Jose, Tollenaere, 2005), 


frameworks for architecture evaluation based on commonality, platform and modularity (Fixson, 2005) 


among others. 


The third category identified presents the papers focused on different aspects of Modularity. In addition 


to the discussion of the benefits achieved by the strategy and its competitive effects (Jacobs et al., 2007), 


there are also papers dealing with the types and levels of modularity (Holtta-Otto, De Weck, 2007) as well 


as presenting methods to drive the modularization at the early stages of product development (Zhang, 


Tor, Britton, 2006; Meng, Jiang, Huang, 2007; Zhuo, San, Seng, 2008). 


The fourth category identified is about the papers that present studies concerning the application of 


principles of mass customization and modularity in different productive sectors, such as the electronics 


industry (Partanen, Haapasalo, 2004), the footwear industry (Zangiacomini et al., 2004), the steam turbines 


industry (Yang et al., 2007), as well as from different countries, such as European multinational 


corporations (Akkermans et al., 2003) and Taiwanese production networks (Lin, 2004), in addition to 


studies in specific companies, such as Volvo Cars (Fredriksson, 2006). Furthermore, the papers that 


presented studies on the transition from mass production to mass customization (Rungtusanatham, 


Salvador, 2008) and mass customization to mass personalization (Kumar, 2007) were also included. 


The fifth category identified in this bibliometrics was the papers related to the supply chain. Among the 


papers included in this category, there are four of the papers presented as the 20 most cited. The article 


by Mikkola and Skjott-Larsen (2004) presents mass customization, postponement and modularization as 


three interrelated strategies complementary to the management of the supply chain. Other issues 


addressed in this category are the configuration of the supply chain according to the level of 


customization offered (Salvador et al., 2004), the role of product architecture in the supply chain design 


(Howard, Squire, 2007), as well as the relationship between the suppliers’ capabilities, the supply chain 


collaboration and the responsiveness of the buyer (Squire et al., 2009), among others. 


The sixth category presents studies that focus on aspects related to production, its planning and control. 


Among the selected papers are studies related to: postponement strategy (Yang et al., 2004), cost control 


system (Tu et al., 2007), data mining (Shao et al., 2006; Da Cunha et al., 2006; Song, Kusiak, 2009); module 


stocks for final assembly (Agard et al., 2009); defect tracking through the house of quality (Wang, Lin, 


2007), among others. 


Among the articles studied some stood out due to the presentation of more specific subjects or new 


views on the subject. Among these, Adaptable design was studied by Gu et al. (2009) and Li et al. (2008), 


the adaptation of modularity concepts and mass customization for services is presented by Voss and 


Hsuan (2009) and Moon et al. (2009), as well as MC is presented as one of the key technologies for the 


approach called Product Lifecycle Management (PLM). In the paper by Fung et al. (2004), there is an 


examination of the relationships between the product style and the consumer trends and preferences, 


bringing the idea of intangible modules to upgrade common products. 
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5 Research Trends 


Many authors, at the end of their papers, indicate potential for improvement in this field of study by the 


means of the presentation of gaps in their researches, the possibility of adding new parameters and 


characteristics to their studies, through the test of methods and proposals in other areas, and even 


guidelines for the improvement and continuity of their works. However, more general issues also arise as 


opportunities for future work, which also point to ways for the maturation of the subject. One such issue is 


presented by Tu et al., in 2004, raising the need to study the nature of the relationship between the 


modularity and innovation. Duray (2000) cites the importance of future researches to include services as 


part of the model of mass customization, as well as the exploration of the implications that the products 


coming from MC have in the market, its benefits and the satisfaction generated on the client and the 


costs associated with these practices. Voss and Hsuan (2009) also cite the need for development and 


improvement of studies in the area of customization and modularity in services, as well as development of 


approaches and tools to help projects related to this. 


Questions related to the life cycle are cited by Jose and Tollenaere (2005), as well as the need to develop 


methods that assist the generation of platforms that bring practical results and relate to aspects such as 


costs. Benefits and costs associated with product customization strategies implemented by companies 


could be analyzed from a comparative perspective, with case studies being analyzed (Brun, Zorzini, 2009). 


Fixson (2005) cites as an opportunity for future researches the study of the linkages between the product 


architecture and its connections with process and supply, as well as with costs, quality and time. 


Kumar (2004) cites directions for research in supply chain and MC, for example, researches related to 


operations strategy (price, quality, flexibility, delivery and service), functional strategies (product design, 


product development, stock, lead time, purchasing, transportation, distribution and retail strategies), 


issues of adjustment between mass customization and capabilities of supply and software development 


chain that help the client with the co-design of products (product configurators). 


6 Conclusion 


This article presented a bibliometric analysis on the subject of Mass customization and Modularity. The 


bibliographic review by the bibliometric method allowed to draw a picture of what has been handled in 


relation to these matters in the 2000s, identifying the most influential works, the authors engaged in the 


subject, countries and journals with the highest number of publications and researches in the area, as well 


as the most discussed topics. 


Through citation analysis it was possible to see the great impact of the papers by Duray et al. (2000) and 


Salvador et al., from 2002, which are the papers of major impact in the collection of articles used in this 


bibliometrics due to the high number of citations. According to the distribution of publications over time 


it is possible to see a growing trend in the number of publications during the decade, with special 


attention to the years 2004 and 2007, which show an increase in the number of publications compared to 


other years. The analysis by category of articles presented seven different topics related to MC and 


Modularity and its distribution over time, demonstrating the appearance of new areas to explore, for 


example, the application of MC and Modularity in services. The research trends presented by some 


authors lead to a direction of what may be the scope of papers found in the next decade, as well as gaps 


not sufficiently explored yet by the academy. 
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Abstract 


The present study aims at demonstrating how the expansion of knowledge can help to improve people's performance 
in organizations. With such purpose a model was built to identify and evaluate the employees' skills in the printwork 
section of a textile company, seeking to identify improvement opportunities to its current and future members. The 
theoretical context approached is about the administration for competences, as well as the Methodology of Multi-
criteria of Support to Decisions - Constructivist (MCDA – C – acronym in Portuguese). The procedures adopted in the 
construction of the methodology were: documental and bibliographical researches, allied to field research through 
semi-structured interviews. Through this study it was possible to define the abilities requested by the section of textile 
printworks, specifically for the quality tree, for which they were casted as explanatory factors of its acting: the visual 
acuity, the technology, and the processes. These were decomposed equally until it was possible to measure them in 
their factual form and not ambiguous. The generated knowledge allowed the representation of the context for a 
model used to identify improvement actions and operationalize the administration of competences, people's abilities 
and aptitudes of the printworks area. 


Keywords: MCDA-C; Evaluation of Performance; Administration for competences and abilities. 


1 Introduction 
The economical alterations, allied to the technological innovations, cause alterations in the managerial 
scenery, affecting the acting of companies in the market, which is more and more competitive. To survive, 
in that market in constant changes, the companies look for enhancing the administration, through 
strategies that make possible to gain competitive advantage. Among them are the ISO Standards, which 
propitiate the evaluation and standardization of the activities of organizations. 


The research reported in here had its origin turned to the attendance to a requirement of the ISO 
Standards, which in its item 6.2 foresees the evaluation of the requested abilities and developed by the 
employees in the several existent functions in the companies in its segment of performance, which the 
researched company wanted to evaluate to improve in an aligned way with its strategic objectives. Having 
in mind that the company didn't have a formalized and systematized instrument to assist to the 
Standards, which establish guidelines and formalizations to the procedures, after the research in subject 
was made. Under that prism, the research question that delineates the present study appears: Which are 
the criteria to be considered in a model that intends to identify and to evaluate the employees' abilities 
that already work in the section of printworks of the company and what do those who intend to work 
there? 


To answer that question, it is proposed the construction of a model of abilities evaluation, that makes 
possible to the managers the accompaniment of the activities execution, as well as the originating result 
out of them. The construction of an identification and evaluation model of the employees' requested 
abilities that work in the company as managerial instrument makes possible the identification of the 
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employees' weak and strong points, with possible promotions in mind, as well as the employees' best 
allocation and larger accuracy in the recruitment process and new employees' selection, making possible, 
in a transparent and structured way, the implementation of training programs and continuous 
improvement in the development of activities. 


In the construction of the model to identification and evaluation of the abilities and, in response to the 
research question it is used, as strategic and managerial tool, the Methodology of Multi-criteria of 
Support to Decisions - Constructivist (MCDA - C), which is a form of identifying, organizing and measuring 
the critical factors of success according to the perceptions and values of the people involved in the 
process (Ensslin, 2002). The option for that approach is justified for its wide coverage, flexibility and 
capacity to operationalize and integrate the strategy of the company to the Standards ISO, promoting the 
identification of the abilities, as well as its measuring in the performance evaluation. 


Ensslin, Montibeller and Noronha (2001) propose the construction of a model of MCDA - C starting from 
four stages. In a first moment the identification of the decision context is made, in which the involved 
people are introduced (actors), the choices of the deciders, the definition of the possible actions, and also 
the problem. Starting from that, it is made the structuring of the problem, proceeding with the 
construction of the multi-criteria model and, finally, the generation and evaluation of the potential actions 
and analysis of the results of the model and recommendations. Front to the exposed, the authors selected 
such methodology for they judge the most appropriate for the resolution of the following problem 
proposed. 


The objective of this article is building a model to identify and evaluate the abilities requested by the 
section of printworks of a textile company for the job of textile printer II, seeking to evaluate and to 
identify improvement opportunities to the people that already work there or may come to work in the 
future. 


To operationalize the development of this research the case study is used as a research method, whose 
intervention tool is the Methodology MCDA - C. The instrument of data collection used was semi-
structured interviews next to the decider, who analyzes, complements and legitimates the data used in the 
construction of the model. In this article the area of quality concern will be presented. This will be 
expanded and analyzed through a graph of influence relationships denominated cognitive map. The 
choice of the critical factor of success, Quality, was due to the fact that it has an importance and impact in 
the result of the productive process of the company and in the its financial requirement. 


2 Theorical References 


2.1 Administration for Competences and Abilities   
Nowadays, the organizations try to have the professional's identity understanding the mobilization of a 
group of resources of their personality, of their knowledge, abilities and of the context, seeking the 
implementation of solutions for their problems. The organizational competences start from the individual 
competences of members in the organization. The competence concept is being used since the decade of 
1970, as a group of characteristics that can be foreseen and structured, in way to establish an ideal group 
of qualifications so that the person can develop a superior performance in his/her work. 


Competences are defined as a "group of knowledge, abilities and attitudes that justify a high 
performance" (Fleury & Fleury, 2001, p. 185), on the other hand, competence is the integration of a group 
of knowledge, abilities and attitudes that, in their manifestation, they produce a differentiated 
performance. The competences structure the ways of knowledge, necessary to the execution of tasks; they 
turn to people, documents and other structures of knowledge in the organization, once they can be 
inherent to people (individual), as well as to the organizations (core competences - central competences), 
with relationship to the countries. 
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According to Brandão and Guimarães (1999), the development of competences happens through the 
individual and collective learning, through the assimilation of knowledge, integration of abilities and 
adoption of important attitudes for a specific organizational context, or for the obtaining of high 
performance at work. The same authors define competence as the integrated union of three pillars, 
denominated of CHA - in Portuguese - (knowledge, ability and attitude), in other words, the competence 
exists when there is the integration of abilities (technique, ability and know-how), knowledge (information, 
to know what and why doing it) and attitudes of putting in practice what was proposed (interest, 
determination and wanting to do it). In that way, the abilities (know how to do it), focus of the present 
work, include the learning through professional experience associated to the tacit knowledge, 
corresponding to the capacity of applying the knowledge in the performance of the proposed tasks. 


When the organization gets to develop competences starting from the integration of knowledge, ability 
and attitude, it should perfect its processes and personnel in order to identify the central competences 
and to focus its operations in it. Prahalad and Hamel (1990) comment that the key-competences should 
answer to three criteria: (i) to offer real benefits to the consumers; (ii) to be difficult to imitate 
(maintainable competitive advantage) and (iii) to provide access to different markets. Therefore, 
competence consists of the capacity of combining, to mixing and integrating resources in products and 
services, so that an organization, to obtain success, can combine several competences to draw, produce 
and distribute products and services to the customers, in the best possible way. 


The authors mentioned above complement that the central competences are related (i) to the time that 
the competitiveness will be preserved in the business, if a certain competence is not controlled by the 
company; (ii) to the importance of the competence for the benefits noticed by the customer and (iii) to 
the future opportunities that will be excluded, if the company loses that competence. The authors also 
affirm, that the central competences should (i) allow potential access to a great variety of markets; (ii) 
contribute to increase the value noticed by the customer, in relation to the final product and (iii) be 
difficult for the competitors to imitate. 


The competences, as well as abilities requested by the textile section, more specifically the printworks, 
have peculiarities, given that they demand special cares, which result in the improvement of the processes 
and in the quality of the product available to the customer. However, in the researched material it was not 
found, specifically, the necessary abilities to the development of the activities in the section, therefore, 
data of the company were used for the construction of the model, allied to the perspectives of MCDA - C.   


2.2 Methodology Multi-Criteria of Support to the Decision - Constructivist (MCDA - 
C) 


The act of evaluating is inherent to the very human nature, once it consists of the analysis and judgment 
of a certain fact, idea, objective and, also, in decision making in order to reach a wanted situation. 
According to Ensslin et al. (2001) and Kaplan and Norton (1997) what cannot be measured cannot be 
managed, given that the performance measurement means the process of quantifying the efficiency and 
the effectiveness of the actions taken by the company (Neely, 1996). However, to define the methodology 
to be used in the performance measurement consists of a task which Demo (2002) denominates as 
complex, because the process of performance evaluation integrates physical/logical structures, whose 
abrupt administration causes a groundless measurement. 


According to Ensslin et al. (2001), formal models exist, whatever it is to support the decision (MCDA-C), or 
to make the decision (Methodology Multi-criteria for Decision Making- MCDM and Methodology Multi-
criteria for Analysis of Decisions - MCDA). However, it is necessary to define the work rules to be used, 
which will define what is or not worth to accomplish, which methods can be used, which wanted objective 
and which problem to be solved. 


MCDA - C consists of a methodology that seeks to increase the actors' understanding, in particular the 
decider, regarding a given context. What is accomplished by the support of the facilitator, so that the 
decider, using his/her values and preferences, can identify, organize, measure and integrate the aspects 
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judged important by him/her in the situation in study. The knowledge is built in the decider. And 
understanding will mean to visualize, with clarity, the consequences of the alternatives, existent and to be 
created, in the aspects identified as important for the situation in a given moment. 


The Methodology MCDA-C had its starting point from PO, being consisted of an evolution of the same 
(Ensslin et al., 2001), starting to consider perceptive aspects in the decision making, so the knowledge be 
the interaction and the objective in the search of a better solution for a given problem (Ensslin, 2002). For 
Lima (2003), MCDA - C consists of a new paradigm to analyze the decisions context in organizations, 
given that it involves multiple analysis criteria inside of the work scenery, not being a problem 
mathematically well resolved. Besides, MCDA - C tries to identify the best way of balancing the 
performance in the multiples criteria considered in a compensatory form. 


Rummler and Brache (1994) explore the variables that influence an individual's performance or an 
organization, and that these variables should be measured and managed so that it is possible to obtain a 
competitive, adaptable (reactive and pro-active) organization and that focuses the continuous 
improvement of the performance.    


Mintzberg et al. (1976) apud Ensslin et al. (2001) affirm that, in the decisions process, there is not, 
necessarily, a flow of decisions in stages pre-determined or organized in a logical way, where the 
existence, content and sequence of each one of those stages will be affected by the influence the actors 
have in the process. The actors consist of an individual or group of individuals that influence the decision 
process directly or indirectly through their system of values (Roy & Vanderpooten, 1996). 


According to Ensslin et al. (2001) among the actors the intervening are represented, which for intentional 
actions participate directly on the decision process, while the acted suffer, in a passive way, the 
consequences of the decision taken, and they participate indirectly of the process; the deciders are 
already those to the which the power of the decision was delegated, in other words, the representative 
and also the facilitator, that is an actor too, once this will never be neutral in the process of supporting a 
decision and, therefore, it influences it. 


With the intention of accomplishing the objective to which is intended, MCDA - C uses support activities 
to the decision, which are subdivided in four phases: (i) identification of the decision context; (ii) 
structuring; (iii) evaluation and (iv) elaboration of the recommendations (Ensslin et al., 2001). The first 
phase consists of the characterization of the decision context, in which the diagnosis of the observed 
situation is accomplished. In that phase it is made the contextualization of the problem and the 
description of the context, in which it is identified whose dissatisfaction it is, and the reason that 
generated it, as well as the current and intended performance. 


The second phase consists of the structuring, where the ones involved in the process are identified 
(decider, acted and facilitators), as well as the label (problem) and the primary elements of evaluation are 
collected (EPAs) (Bana & Costa, 1995), where all are grouped by areas of identity. The individual cognitive 
maps of the deciders are built, for their subsequent aggregation and construction of the congregated 
cognitive map (of the group). Still in the structuring phase the analysis of the cognitive map is made 
starting from the identification of the structural characteristics and of the content of the map and, finally 
the family of fundamental point of view is determined (PVFs - acronym in Portuguese), that consists of the 
aspects susceptible to measurability (Keeney, 1992), for subsequent evaluation (Ensslin et al., 2001). 


The third phase consists of the alternatives evaluation model, which is composed by the construction of 
the model itself, through the construction of the scale of local preference of the actions of each PVF and 
through the determination of rates of compensation and/or substitution, as well as the identification of 
the profile of impact of actions and global evaluation, for later moving on to the recommendations and 
actions (Ensslin et al., 2001). For such, the software Macbeth-scores is used (Bana & Costa, 1997), which 
allows the local and global evaluation of the functions of value of the describers. 


Finally, the fourth phase consists of the recommendations and improvement actions and improvement of 
the criteria that don't assist the expectations of the deciders. In that phase it is defined: the actions 
according to the reference problem; the analysis of the sensibility of the answers to the model front to the 
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variations of the used parameters, besides the generation of strategies guided to the action; and analysis 
of sensibility of the model facing the performance of the actions (Ensslin et al., 2001). 


After the considerations concerning the existent literature on the theme proposed in this work, we turn to 
the identification and methodological framing of the research, in which the construction of the model 
used in the research is explained.   


3 Methodology of Research 
The research methodology was based in bibliographical researches, in books, newspapers, scientific 
articles, theses, dissertations, websites and practical study, in order to formulate a theoretical referential 
chart, regarding MCDA - C and administration for competences and abilities, theme in study. However, as 
to the development of abilities in the textile section, specifically of printworks, a null level of relative 
scientific researches to the theme was found, what justifies the development of this study. 


In reference to the methodological framing, the research consists of an exploratory investigation. Besides, 
a data collection research was made, based on the descriptive research method. In turn, the research 
delineating is of qualitative character, and the technique used for the research was through structured 
interviews with the manager of production in the company, that was the decider of the structuring 
process and development of the methodology. 


The authors of the present work were the facilitators, and the acted were the other members of the 
company, which integrate and accomplish the activities in the printworks section. Furthermore, the 
fundamental point of views (PVFs) and the elementary point of views (PVEs) were defined for each 
arborescent structure made, as well as the function of value through the software Macbeth-scores and the 
evaluation of the current situation (status quo) for each proposed describer, in this case with the quality 
perspective approached. 


In the configuration of the case study it was used, asunit of analysis, a large company of the textile branch, 
with about 3.000 employees, located in the state of Santa Catarina - Brazil. The choice of the company 
happened due to width of its productive process, which is initialized with the weaving, processing and 
dyeing, cutting, sewing, printworks, embroidery, folding, among others. However, the present study 
concentrated on the section of applied printworks, which counts now with about 150 employees and has 
a predominantly automated process (15 automatic machines and one manual). Most of the employees of 
that section are devoted to the operationalization of the machines of printing and to the preparation of 
printing pastes. The section works in two shifts, having one person responsible for each shift and a 
technical team that embraces the development, processes and quality areas. 


As to the data appreciation and analysis, descriptive instruments were used, associated to the use of 
softwares and mechanisms derived from mathematical logic for the definition of the tree of value and of 
the status quo.   


4 Case Study 
In this stage an illustration of the approach of MCDA - C is presented through the case study. A model for 
the identification and evaluation of the abilities of the section of printworks of a textile industry is 
proposed, in agreement to the Standards ISO, item 6.2. In this item, the four stages of MCDA - C are 
presented, turned to the accomplishment of the objective proposed for now in response to the research 
problem presented. The decision context of the research was defined in agreement with the proposition 
of MCDA - C described by Ensslin et al. (2001) in the following way: 


Possessor of the dissatisfaction - manager of production of the researched company;   


Generator of the dissatisfaction - the non-agreement to the Standards ISO, item 6.2, that is about the 
evaluation of the employees' abilities;   
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Current Performance - inexistence of a formal procedure of identification and evaluation of the 
employees' requested abilities in the section of printworks of the company;   


Intended Performance - it is wanted that the identification model and evaluation of the employees' 
abilities propitiates a structured and systematic methodology for such purpose, allowing the verification 
of the requested abilities of those people who work in the printworks section or that may work there; 


Relevance - the problem should be solved, turned to the elimination of injustices in the process of 
performance evaluation of human potential, as well as to the agreement to the Standards ISO demands;   


Feasibility - the problem is feasible of solution, due to the interest of the company in agreeing to the 
Standards ISO demands, through a fair and flexible methodology of identification and evaluation of the 
abilities (model MCDA - C), so much that the necessary information to the development of it are supplied 
by the company. 


In sequence, the involved them in the process are identified, in a direct or indirect way, in other words, the 
actors - decider, facilitator, actors, and acted directly and indirectly, now defined as such for the present 
study:   


Decider - production manager, responsible for the printworks section, more specifically for the job of 
textile printer II;   


Actors - other employees of the company; 


Facilitators - authors of the work and involved in the process;   


Acted directly - employees of the printworks section;   


Acted indirectly - other members of the company. 


To conclude the stage of the decision context, it's necessary to define the label, which for Ensslin et al. 
(2001), consists in defining the problem to be treated, where it should contain the focus of the work, 
indicating the objective to which it is intended. In the case of the present study, the label was defined as 
being the construction of a model to identify and to evaluate the requested abilities of the employees 
that work or may come to work in the company. After the decision context is defined, the construction of 
the model begins. Firstly, the EPAs are identified, which consist of the first concerns of the deciders in 
relation to situation at hand. To identify EPAs, brainstorming techniques and structured interviews with 
the decider were used, situation in which the EPAs were identified, guided to the action, as well as 
transforming them in concepts, with positive poles - present and the psychological opposite - minimum 
acceptable for the decider (Ensslin et al., 2001). 


In the present study a total of 81 EPAs were identified, which make it possible a better understanding of 
what is being proposed. After the formulation of the concepts, they are grouped in identity areas or 
clusters, which are structured hierarchically, with basis in the influence relationships (Ensslin et al., 2001). 
That hierarchical structure, according to Bana and Costa (1994), is denominated as Tree of the Point of 
Views, which Keeney (1992) describes as Hierarchical Structure of Value.   


The Illustration 1 presents the Hierarchical Structure of Value for the proposed problem, which is 
subdivided in three areas of interest (1, 2 and 3) and its Fundamental point of views (PVFs - 2.1, 2.2. 2.3, 
2.4; 3.1, 3.2, 3.3, 3.4), as well as its Elementary point of views (PVEs), that consist of sub-itens of PVFs, till 
the criteria are identified, in other words, the point of view (PV) susceptible to measurability. PVs are 
considered the explanation of the problem to be treated in the construction of the model of identification 
and evaluation of the requested abilities from employees of the section of printworks in a textile 
company. 
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 Model to Identify and Evaluate the Abilities of the Section of Printworks 


1. Actions of the 
Company 


31 32  33 34 


2. Personal 
Characteristics  


i


3. Professional 
Characteristics 


21 22 23 24 


 
1. Company's actions: 1.1 compromising; 1.2 readiness; 1.3 capacity; 1.4 ethics; 1.5 fast answers and 1.6 agreement to 
the Standards ISO.    
2. Personal characteristics: 2.1 aptitude (2.1.1 concentration; 2.1.2 organization; 2.1.3 persistence; 2.1.4 personal 
characteristics compatible to the function; 2.1.5 care; 2.1.6 communication; 2.1.7 initiative; 2.1.8 responsibility and 
2.1.9 to criticize constructively); 2.2 Motivation (2.2.1 and 2.2.2 motivation; 2.2.3 safety; 2.2.4 calm; 2.2.5 happiness; 
2.2.6 disposition; 2.2.7 not being selfish; 2.2.8 seriousness and 2.2.9 team-work); 2.3 Flexibility (2.3.1 and 2.3.2 easiness 
with technologies and learning; 2.3.3 being ready for changes; 2.3.4 dynamism; 2.3.5 interest in professional 
ascension; 2.3.6 improvement; 2.3.7 maturity; 2.3.8 disposition and 2.3.9 receptivity); 2.4 Health (2.4.1 differentiation of 
colors; 2.4.2 physical strength; 2.4.3 not having physical limitations; 2.4.4 not having medical restrictions and 2.1.5 
resistance to heat. 
3. Professional characteristics: 3.1 attention (3.1.1 waste; 3.1.2 punctuality; 3.1.3 assiduity; 3.1.4 job satisfaction; 3.1.5 
rationality; 3.1.6 and 3.1.7 attention; 3.1.8 to identify defects and 3.1.9 and 3.1.10 cleaning); 3.2 Abilities (3.2.1 visual 
acuity; 3.2.2 hand agility; 3.2.3 creativity; 3.2.4 motivation capacity; 3.2.5 creative and manual ability; 3.2.6 knowing 
how to fill the machines and 3.2.7 sensibility); 3.3 Study (3.3.1 knowledge; 3.3.2 numeric easiness; 3.2.3 education; 
3.1.4 understanding of goals; 3.3.5 knowing how to program the machines; 3.3.6 memorization and 3.1.7 agreeing to 
the technical specifications, among others); 3.4 Practice (3.4.1 interpersonal relationship; 3.4.2 vision of the work flow; 
3.4.3 professional experience; 3.4.4 good curriculum; 3.4.5 time in the company; 3.4.6 quality; 3.4.7 productivity; 3.4.8 
specialization and 3.4.9 correct distance). 


Figure 1: Tree of the point of view. 


Starting from the process of construction of the model to identify and evaluate the abilities of the 
employees of the section of printworks in the studied textile company, it was possible to identify the 
criteria that should compose it. In that way, having built the hierarchy of value it is started the 
construction of the describers that will allow the measuring and evaluation of the proposed actions. The 
Illustration 2 presents the subdivision of the quality describer, which is composed by the criteria of visual 
sharpness, technology and process (flow and reliability), the latter being subdivided in production without 
defects and agreement to the Standards ISO, relative to the criterion 3.4.6, concluding, this way, the stage 
of structuring the model. 


 
Figure 2: Quality describer. 


After the structuring phase, the evaluation phase initiated, which intends, initially, to determine the local 
cardinal scales, through the construction of the value function for the describer levels, because this is what 
allows measuring the performance of each action in each one of the point of views, once the describers 
supply an ordinal scale of impact levels. The function of value will be able to quantify the attractiveness 
differences among the levels of the describer, and it is obtained through the comparison of the 
attractiveness difference among the potential actions. That process was accomplished with the aid of the 
software Macbeth-scores. 
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The reference levels for each describer were defined, which Bana and Costa (1994) denominate as anchor-
levels, which determine the limits of impact of levels in the market level. The level superior to 'Good' is 
considered as the excellence level to be sought, in compensation, the level below the 'Neutral' is 
considered compromising to the model. After the anchorage the attractiveness difference is identified 
among the levels determined previously, for which a function of value is created, through the semantic 
method. For that, comparisons were made, pair-to-pair, using the software Macbeth-scores. It’s pointed 
out that, for the construction of the function of value, in the present work, it was used only the 
requirement 'pieces of clothing produced without defect in the last week' in the quality describer. 


The semantic scale used in the software Macbeth-scores is constituted by the levels: very weak, weak, 
moderate, strong, very strong and extreme. Such perspective exposes the mathematical representation of 
the preferences of the decider, once the numeric scales represent how much an impact level is preferable 
or more attractive in relation to another one, being represented through the substitution rates or 
compensation. 


After determining the cardinal scales, through the construction of functions of value for each describer 
level and, with the purpose of making the analysis of importance, the software Macbeth-scores was used, 
through which it was evaluated the alternatives A1, A2, A3 and A0, obtaining the compensation rates for 
the established anchorage levels. This transformation made it possible to anchor the strip of variation of 
value causing the level 'Good' and ' Neutral' to have equivalent attractiveness in all the describers. It is 
noticed that the level 'Good' is N4 (99,9%) and the level ' Neutral' is N2 (99,7%) for the percentile of 
pieces produced without defect in the last week. That consists of a function of lineal value with growing 
perspective, exposing the importance of the quality in the development of the activities. 


Giving sequence to the evaluation stage, the substitution rate is determined, which establishes the 
importance of each criterion in the model, those being able to be transformed, starting from the local 
evaluation, in a global evaluation. Firstly, the criteria are ordered for the subsequent construction of the 
matrix semantics, being differentiated from the construction process of the function of value by the 
introduction of the reference criterion A0, used as anchorage point in the point zero, to which the 
importance of 0% is attributed. 


After evaluating the items of second level, linked to the perspective of processes, which obtained, as 
compensation rate for the alternatives A1, A2 and A0, 75%, 25% and 0% respectively. Later, appraised the 
sub-items of first level, in other words, the items linked to quality directly (visual sharpness, technology 
and process). In that phase the importance of each sub-group was evaluated, as well as its impact on the 
operations of the company, obtaining the following rates of compensation and/or substitution for the 
alternatives A1, A2, A3 and A0 27%, 20%, 57% and 0%, respectively. Concluded the generation of the 
substitution rates, it is also concluded the evaluation model, as to generate the understanding on the 
important criteria to the identification and evaluation of the abilities requested from the employees of the 
section of printworks in a textile company. 


Once the local evaluations are known and made, the determination of the global evaluation is done, in 
other words, to join the evaluations of PVs in a general evaluation of performance. With the purpose of 
evaluating the global performance, concerning the abilities requested by the section of printworks of the 
studied company, the value of the status quo was calculated for the quality describer, joining the local 
evaluations of the point of view to the criteria. The global evaluation was made having as basis the 
following mathematical equation: V (a) = W1*V1(a) + W2*V2(a) + W3*V3(a) + ... + Wn*Vn(a) 


where, 


V(a) = global value of the status quo 


V1(a), V2(a), V3(a), ..., Vn(a) = partial value of the criteria 1, 2, 3, ..., n 


W1, W2, W3, ..., Wn = substitution rates of the criteria 1, 2, 3, ..., n 


n = number of criteria used in the model 
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Given that the status quo, in ordinal scale, for the describer of sharpness, was of 80, for technology it was 
of 15, for production without defects was of 0,25 and for Standards ISO it was of 2, the current global 
value was calculated (status quo) as it proceeds.   


Alternative (a) = status quo = [80;15;0,25;2]   


V (SQ) = 0,27*0+0,20*0+0,53*(0,75*50+0,25*50) = 26,5 


It was possible to verify that, the status quo, for the quality tree, was of 26,5, in other words, a positive 
punctuation, once it was considered a scale that varied of zero (0) to a hundred (100). However, the result 
obtained in the evaluation of the status quo of this describer was below the expectation of the decider, 
however, the simple identification and evaluation of the requirement quality is not enough to base the 
process of decision making, as to the evaluation of the abilities requested from employees of the 
printworks section. Therefore, the accomplishment of the global evaluation was proceeded, which had 
been accomplished through the method of addictive aggregation, out of which the status quo of the 
model was obtained, reflecting a general performance below the expectation of the deciders, having 
some points that compromise the analyzed aspects. However, the detail and depth level that the 
methodology allows to evaluate becomes quite significant concerning the evaluation of the situation, thus 
aiding the decision support. The following considerations are approached concerning the study in subject, 
suggesting alternatives for future works.   


5 Conclusion 
Before a market more and more competitive, it is essential that the organizations look for means of 
standing out and differentiating themselves from their competitors. With that purpose, one of the 
possibilities observed in this work it is that the best understanding of the contexts allows the 
understanding of what are the key factors for their success and how these can be measured, out of which 
a transparent process rises, and well-founded for their administration. With this focus the objective of the 
present study was to demonstrate how the expansion of knowledge can help to improve the personnel 
performance in organizations. With such purpose, through the case study, it was built a model that 
allowed identifying and evaluating the abilities of the employees of the printworks section in a textile 
company. The study showed that for the concern 'quality of the printworks', it can be decomposed, 
establishing scales for its measuring, and from then having built actions for its improvement. 


The objective appeared as a response to the research question that delineated the present study: Which 
are the criteria to be considered in a model that intends to identify and to evaluate the employees' 
abilities that already work in the section of printworks of the company and the ones who intend to work 
there? To identify and to evaluate these employees' abilities, a model was structured starting from the 
perspective of MCDA - C. It is highlighted that the study presents the evaluation made for the critical 
factor of success quality only, for which the identified criteria were: Visual sharpness; Technology; 
Production without Defect; and Agreement to the Standards ISO. 


In the evaluation approach, the method allowed a description of the situation of the problem faced by the 
decider, checking significant subsidies for the analysis of the global situation, allowing an analysis under 
different perspectives of the decider, concerning the needs of the abilities and necessary competences for 
the execution of the tasks, in the analyzed processes. 


Although the exhaustion of the theme had been approached in this study, it is neither unique nor 
concluded, once the methodology allows generating the more and more knowledge of the situation, 
elevating the perception level and quality in the support process to the decision. It is, therefore, important 
to point out that this study is not only opening possibilities of future studies, but also generating an larger 
level of knowledge of the situation 'problem'. 


Therefore, it was concluded that the model allows, in a wide way, to visualize, identify and evaluate the 
abilities requested in a section of printworks of the studied company, reaching the objective of the 
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present study and the expectations of the decider. From this, it was possible to evaluate the status quo, 
which resulted in a positive punctuation of 26,5 in the critical factor of success quality and a global 
evaluation of 10,02; however, below the proposed by the decider. In spite of that, the methodology in 
subject was shown capable to accomplish the requirements of the study thoroughly, aiding the 
organization in the decision making, assisting to the needs of the same. 


Besides pointing out the originality of the research for now presented, it is left recommendations to 
futures works. The amplification of the model to the other areas of the company is suggested, as well as 
to the other sections of the economy, given that the textile segment is seasonal and it demands high 
technologies and special cares in the development of the activities.   
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Abstract  


This article investigates dimensions and factors that according to the perception of business managers drive the 
market success of environmentally sustainable products. Initially, publications related to new products introduced to 
the market (with or without environmental focus) were evaluated. Four complementary dimensions were identified as 
responsible for proper performance: (i) Market Knowledge, (ii) Interfunctional Collaboration, (iii) Knowledge 
Integration Mechanisms, and (iv) Generative Learning. Considering the above, an exploratory study following a 
qualitative approach was conducted with managers that work in the Brazilian market. The choice of the respondents 
was carried out considering some characteristics, such as growth of the sector of activity where the organization 
works, and the area that they manage. Results lead to the validation and ranking of the factors and dimensions 
mentioned in the literature. They also allowed the identification of new factors as: technological domain, competitive 
price, quality, company's brand, and payback. Moreover, considering the variables described and the relationships 
established among them, it was inferred that technological domain can be considered as a dimension. This 
suggestion is based on the respondents' perception concerning "technological domain", such as: specialized people, 
research budget, and also budget for facilities and equipment. The study also shows deeper difference among 
practice areas than among sectors. Based on the list of factors that was generated, new studies are recommended to 
measure the impact of the factors and dimensions on the success of green products. 


Keywords: environmental; innovation; marketing success factors. 


1 Introduction 
Focus on product innovation is one way to impart a competitive advantage to an organization working in 
the industrial market. For this reason, studies on successful product innovation practices have been 
gaining ground since the late 1980s. At the same time, in light of the current scenario of natural resource 
limitations, product innovation practices which are environmentally sustainable take on greater 
importance for companies, apart from being strategic and economically viable.  


Within this context, this article investigates which dimensions and factors, from the perspective of 
managers in the manufacturing industry, drive the market success of environmentally sustainable 
innovation. The objectives center around: (i) analyzing whether such individuals consider the 
measurement suggestions proposed in the literature to be sufficient for evaluating the performance of 
green products, (ii) discovering what factors they consider most relevant, and (iii) identifying if the sector 
in which the organization operates influences the importance of the factors.  


This article is organized into five sections. It first presents the dimensions and factors identified through a 
state-of-the-art survey. Then, the methodological procedures used for conducting the research are 
outlined. Next, the findings from the field research are analyzed and compared to the data from the 
literature review. Lastly, a list of dimensions and success factors for green product innovation is proposed. 
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2 Literature Review 


2.1 Market Knowledge 
According to Iyer (1999), Chen (2001), Beise e Rennings (2005), Mickwitz et al. (2008), Kammerer (2009) 
and Carrillo-Hermosilla et al. (2010), environmentally sustainable product innovation depends on 
consumers willing and able to acquire such products, environmental-friendly legislation and government 
incentives, and educational campaigns that disseminate sustainable culture among society. According to 
the mentioned authors, organizations will invest efforts towards innovative cleaner technologies and 
production processes if these three forces are well intertwined and if companies recognize these external 
factors. 


Complementarily, Cambra-Fierro et al. (2008) and Fraj-Andrés et al. (2009) argued that, when market 
realizes that organizational practices minimize negative environmental impact, companies tend to obtain 
benefits related to cost and differentiation. To Chen et al. (2006) and Chen (2009), environmentally 
sustainable practices add value to a brand as they generate positive awareness towards the brand, as well 
as increased perceived quality and trust that may positively impact customer satisfaction. 


Hanssen (1999), Baker and Sinkula (2005), González-Benito and González-Benito (2008), Peng and Lin 
(2008), Brito et al. (2008) and Naranjo-Gil (2009) all confirm that market knowledge and organizational 
adaptation towards market characteristics are positively related to success of environmentally sustainable 
innovations. Thus, organizations operating at global levels must adapt processes and products to local 
demand in order to reap increased profitability.  


Foster Jr. et al. (2000) state that knowledge about buyers’ intentions and buyers’ level of involvement in 
production and consumption of green products directly impact environmental activities promoted by 
companies. Also Pujari et al. (2003) and Visser et al. (2008) observed that green product development and 
market success depend on customer behavior analysis, which can generate increased satisfaction, loyalty 
and positive word-of-mouth. Cetindamar (2007) and Triebswetter and Wackerbauer (2008) also highlight 
the importance of competitor practice analysis. 


Still on the topic of knowledge about buyer behavior and intentions regarding environmentally 
sustainable products, Bhate and Lawler (1997) found that psychological and situational factors are more 
influent to the development of environmentally friendly behavior than demographic factors. Similarly, 
Halme et al. (2006) and Houe and Grabot (2009) showed that when environmentally friendly products 
increase buyer perceived quality of life, consumers are more likely to acquire them independently of sex, 
social class, employment and age group. 


2.2 Interfunctional Collaboration 
Considering interfunctional collaboration, it is worth noting the study by Byrne and Polonsky (2001), who 
identified that synergy among different sectors must happen not only internally, but also among the 
stakeholders involved in environmentally sustainable product development and delivery processes. 
According to Chen (2007, 2008) and Triebswetter and Wackerbauer (2008), successful environmentally 
friendly innovation is driven by a mixture of internal and external factors, such as available technology, 
development costs, consumer pressure and governmental regulations. 


In a similar tone, Jabbour (2008) highlight the importance of both organization maturity level and 
relationships between organizational areas and other players from the delivery chain (especially those 
responsible for the logistics) for an adequate environmentally sustainable product development process. 
The same trend is observed by Carrillo-Hermosilla et al. (2010), who evidenced not only how marketing, 
R&D and operations must act systemically, but also the need for key stakeholder involvement and 
integration in order to implement green innovation. 


Specifically regarding integration among areas as a success factor for environmentally sustainable 
products, Pujari et al. (2003) identified that there is more interaction than conflicts between traditional 







 
Market Success Factors of Sustainable Products 


ID191.3 


and environmentally-oriented product development models. Similarly, Maxwell and van der Vorst (2003) 
proposed a method for developing effective sustainable products and services integrated into company 
strategies, business functions and overall supply chain. Hallstedt et al. (2010) confirmed that superior 
green product development performance requires the complete incorporation of an environmentally 
sustainable vision into all areas of the organization, as well as the internal availability of incentives for this 
approach. 


As a last aspect of the factor dealing with interfunctional collaboration, Ellram et al. (2008) identified that 
concurrent engineering can be an important tool for improving environmentally responsible practices in 
companies. Gonzalez-Benito (2008) states that widespread proactivity and continuous exchanges between 
different areas promote a distinctive characteristic that drives sustainable innovation performance 
improvements. 


2.3 Knowledge Integration Mechanisms 
Damanpour (1991) map the organizational variables that negatively impact the established mechanisms 
for knowledge integration, among which are included: risk aversion, traditional rewarding mechanisms, 
bureaucracy, conservative organizational culture and structure, internal rivalries, and complex, rigid and 
centralized organizational hierarchies. On the other hand, Sinkula et al. (1997) contend that issues with the 
interpretation of organizational data and memory can negatively impact organizational performance. 
Similarly, the study by Barczak et al. (2007) highlights how the use of information and communication 
technologies can contribute to integrate and preserve knowledge related to new product development 
processes, and the study by Zancul, Marx and Metzker (2006) suggest that concurrent engineering must 
be use.  


According to Hurley and Hult (1998), an organizational culture that emphasizes learning is a key element 
for generating positive innovation results in market-oriented organizations, along with participative 
decision-making, support and collaboration, and power sharing, all of which can be understood as 
knowledge integration mechanisms. As the authors aptly put it, “researchers would be hard-pressed to 
make the case that market and learning orientations are not simply antecedents or phases of a process 
that could be labeled ‘market-driven innovation’”. Similarly, Noble et al. (2002), Baker and Sinkula (2007) 
and Berchicci and Tucci (2010) conclude that management must translate and disseminate market 
information all over the organization, allowing the employees to question and adapt organizational 
knowledge used for innovation means. It seems clear the role of organizational knowledge integration 
mechanisms as antecedents to innovation. 


2.4 Generative Learning 
Generative learning is especially dependent on cultural barriers. As Eder (2003) notices, cultural barriers 
can be an impediment for seizing market opportunities related to environmentally sustainable innovation. 
Chen (2007, 2008), in a similar tone, shows how superior green product performance can be achieved 
when the whole organization develops a set of green competences that influence the management 
processes. To Battisti (2008), the corporate ability to rethink processes according to different lenses allows 
to reduce the gaps between technological improvements and economic results. 


To Jabbour (2008) and Arevalo (2010), companies oriented towards developing environmentally 
sustainable solutions are primarily those that develop a consistent way of learning through critical 
reflective analysis of their actions. Hallstedt et al. (2010) complement this reasoning by emphasizing 
companies' support mechanism (in particular, its flexibility) among the variables that underpin the success 
of green product innovation. 


2.5 Synthesis of the Critical Success Factors   
Considering the literature reviewed, Table 1 shows a synthesis of the critical success factors and its 
constituent elements that influence environmentally sustainable product innovation. 
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Table 1: List of Factors for Successful Innovation with Environmentally Sustainable Products 


Dimension Factors 


Market Knowledge 


Meeting the expectations of consumers 
Meeting the expectations of society 
Knowledge of the variables that motivate sustainable purchases 
Complying with laws and legislation imposed by the government 
Knowledge about Competitors 


Cross-functional 


Collaboration 


Willingness of teams to collaborate 
Organizational Climate that fosters Sustainable Innovation  
Integration of the R&D, Production and Marketing departments 
Formalization and documentation of the PDP 
Systemic Vision 
Integration of key stakeholders 


Knowledge 


Integration Mechanisms 


Risk Propensity 
Low Bureaucratization of Processes 
Effective Internal Communication 
Investment in Empowerment 
Use of Simultaneous Engineering 
Use of Information Technology 


Generative 


Learning 


Elimination of cultural barriers 
Development of green skills 
Critical reflective analysis ability 
Flexibility 


3 Method 
This study is exploratory in nature. Exploratory research is commonly used to measure attitudes and study 
the behavior of small groups. In terms of approach, it was qualitative in nature. Qualitative research is 
based on small samples, and by delving into the issues, can provide a better understanding of the context 
under study.  


With respect to the data collection procedure, the technique of individual interviews was chosen. To 
perform the data collection, the interviews were scheduled in advance and conducted personally by the 
researchers. The elaboration of the data collection instrument took into account the dimensions and 
factors revealed in the state-of-the-art survey.  


Judgmental sampling, a non-probabilistic sampling technique, was used in the study. Judgmental 
sampling can be used when the researcher knows a reliable professional or authority that he thinks is 
capable of assembling a representative sample, but the generalizations from this type of research method 
are limited (CASTILLO, 2009).  


The Indicators of Industrial Production by Subsectors and Activities of Industry (Brazilian Institute of 
Geography and Statistics - IBGE) were used as the selection criterion for the sectors that were covered, 
choosing three for the collection that have been experiencing growth in the last six years (Table 2). The 
region searched has been nearby the institution of the authors. The three sectors actually selected were (i) 
Machinery and Equipment, (ii) Motor Vehicles, and (iii) Furniture.  


After this, same criteria were observed for defining the companies, such as proximity and ease of access 
for the researchers. Lastly, in terms of those interviewed, managers from marketing, production and 
research and development departments were considered qualified to answer, totaling nine persons 
sampled, three per organization (in all the companies, one of each department was interviewed).  
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Table 2: Indicators of Industrial Production by Industry Subsectors and Activities of Industry (IBGE) 


Manufacturing Industry of Rio Grande do Sul (Brazil) Feb/06 Feb/07 Feb/08 Feb/09 Feb/10 Feb/11 


Food 92.35 98.83 110.13 94.31 87.31 105.11 


Beverages 99.15 98.79 87.45 94.45 99.14 98.06 


Tobacco 65.32 70.54 63.24 45.98 40.67 110.27 


Footwear and Leather Articles 75.31 69.02 71.71 51.73 52.65 98.27 


Pulp, Paper and Paper Products 117.66 115.39 119.5 120.61 132.23 93.23 


Publishing, Printing, Reproduction of Recorded Media 78.33 82.39 81.39 78.48 71.43 101.52 


Oil Refining and Alcohol Production 83.21 94.9 125.03 128.5 105.64 90.23 


Other Chemical Products 91.04 97.73 101.72 74.45 102.92 102.75 


Rubber and Plastic 96.92 105.01 108.98 79.89 95.81 94.96 


Basic Metallurgy 104.16 108.45 124.5 65.13 111.83 94.35 


Metal Products 99.47 98.08 108.31 80.85 99.77 105.09 


Machinery and Equipment 90.23 100.39 125.99 87.17 111.99 111.97 


Motor Vehicles 121.86 139.82 174.6 115.67 167.21 103.35 


Furniture 75.99 72.8 87.31 63.81 109.97 96.81 


Base: 2002 average = 100 


For the data analysis, relevant excerpts were separated and isolated for coding and categorization, for 
which a systematic coding framework for comparison purposes was used. The collected data was then 
first compared with the list generated in the state-of-the-art survey (theoretical comparison), after which a 
comparison was made between the sectors and departments of the managers who responded in these 
interviews (internal comparison). Lastly, the interpretation involved the conclusions of the authors 
regarding the material, taking into account the information obtained in the literature review. 


4 Results Analysis 
The first question in the interview sought to discover out how the managers who were surveyed view the 
practice of environmentally sustainable innovations. The majority said that developing green products is 
important for expanding the organization's competitiveness, in other words, enabling the company to 
enhance the value of its brand and increase its sales share. Apart from that, some managers understand 
that engaging in green innovation yields financial benefits from government agencies, promotes 
significant changes in the structure of the organization and affords technological training. Table 3 
contains a summary of the most frequently cited responses. 


Table 3: Importance of developing Environmentally Sustainable Innovations 


Important Factors Times Cited 


Expands the company's competitiveness 6  


Brings about financial gain 4 


Promotes changes in the organization 3  


Engenders technological growth 2  


In question two, the interviewees were asked what factors they believed to be drivers for successfully 
marketing green product innovations. The factor everyone cited is the knowledge that companies must 
have about their target markets. In explaining why they consider this to be a factor that ensures success, 
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the managers stated that design and performance must be in line with consumer expectations ("there's no 
point having a sustainable product if the design does not stimulate sales"). 


Another factor cited by the majority of the managers interviewed deals with technological mastery, that is, 
employee skills, research and machinery that organizations must have so that proposed green innovations 
will generate good market results. Another commonly-cited factor was price. According to managers 
there is a certain leeway on the part of consumers regarding how much more they'll pay for a product 
that is greener than another, and this must be respected ("success depends on the perception consumers 
have of the product and what they are willing to pay for it"). Table 4 summarizes the most frequently-cited 
responses. 


Table 4: Factors that Drive the Marketing Success of Green Product Innovations 


Success Factors Times Cited 


Consumer Market Knowledge 9 


Technological Mastery 7 


Competitive Prices 5 


Good Quality 4 


Company Brand 3 


Financial Return 3 


The third question on the survey asked managers about possible interplay between the factors cited in 
the previous question. All the interviewees agreed that the aforementioned factors are related to each 
other. In terms of the interplay that managers deemed most important, all mentioned consumer market 
knowledge as the initial factor, on the basis of which improvements need to be considered and put into 
effect (but for this technological mastery is needed). In addition, the managers realized that technological 
mastery is interrelated as a factor giving rise to good quality, competitive prices and desired financial 
return. The interviewees also listed good quality as a factor that generates positive associations with the 
company's brand image (reliability) and due financial return. 


The next questions refer to the dimensions and factors mapped in the literature as drivers for the 
successful marketing of green innovations. To make it easier for respondents, they were shown cards with 
each dimension and its factors, and requested to identify the three most important. The results obtained 
for market knowledge (Table 5) will be presented first. 


Table 5: Importance of the Factors from the Market Knowledge Dimension 


 Degree of Importance 


Factors from the Market Knowledge Dimension 1 2 3 


Meeting the Expectations of Consumers 3 2 2 


Meeting the Expectations of Society  1 1 


Knowledge of the variables that motivate sustainable purchases 1 4 1 


Complying with laws and regulations imposed by the government 5 1  


Knowledge about Competing Products  1 5 


Table 5 reveals that the managers interviewed considered compliance with laws and regulations imposed 
by the government as the most important factor from the market knowledge dimension. The second most 
important is knowledge of the variables that motivate sustainable purchases, that is, knowledge of the 
consumer market and the attributes that are valued in this type of purchase. Lastly, monitoring the 
activities of competitors ranks as the third most important factor in regards to market knowledge. Table 6 
presents the results obtained for the cross-functional collaboration dimension.   


 







 
Market Success Factors of Sustainable Products 


ID191.7 


Table 6: Importance of the Factors from the Cross-functional Collaboration Dimension 


 Degree of Importance 


Factors from the Cross-functional Collaboration Dimension 1 2 3 


Willingness of teams to collaborate 1 1 4 


Organizational Climate  that Fosters Sustainable Innovation 1 3 1 


Integration of the R&D, Production and Marketing departments 6 2 1 


Formalization and documentation of the PDP 1  1 


Systemic Vision  1  


Judging from the importance attributed by managers to the cross-functional collaboration dimension, it is 
clear that opinions are more divided on this one than in relation to the market knowledge dimension. 
However, the results indicate that integration between the R&D, Production and Marketing departments 
is considered the most important factor for successful innovation. Also in regards to the factors from the 
cross-functional collaboration dimension, it should be noted that the culture of the organization must be 
geared toward sustainability. Table 7 presents the results obtained for the factors from the dimension of 
knowledge integration mechanisms. 


Table 7: Importance of the Factors from the Knowledge Integration Mechanisms Dimension 


 Degree of Importance 


Factors from the Knowledge Integration Mechanisms Dimension 1 2 3 


Risk Propensity 1   


Low Bureaucratization of Processes 2 2 3 


Effective Internal Communication 3 4 2 


Investment in Empowerment  3 4 


Use of Information Technology 3   


For the dimension of knowledge integration mechanisms, two factors tied in the number of times they 
were cited as first in importance: "use of IT tools", especially with regard to forming the organization's 
memory, and "effective internal communication". Several managers commented that proper 
communication coupled with a good organizational climate decreases internal rivalries. Lastly, Table 8 
deals with the importance ascribed by managers to the generative learning factors. 


Table 8: Importance of the Factors from the Generative Learning Dimension 


 Degree of Importance 


Factors from the Generative Learning Dimension 1 2 3 


Elimination of cultural barriers 7 1  


Development of green skills 2 4 2 


Critical reflective analysis ability  1 3 


Flexibility  3 4 


Most of the managers interviewed rated the elimination of cultural barriers within the organization as the 
most important factor in this dimension, Development of green skills and flexibility are the next most-
cited factors. To conclude the interview, the managers, from their perspective, had to rank the dimensions 
in order of importance. Table 9 contains a summary of the results. 
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Table 9: Importance of the Dimensions 


 Degree of Importance 


Importance of the Dimensions 1 2 3 4 


Market Knowledge 8 1   


Cross-functional Collaboration  5 2 2 


Knowledge Integration Mechanisms   2 7 


Generative Learning 1 3 5  


According to the managers who responded to the survey, market knowledge is the most important 
dimension, corroborated by the responses given in questions two and three. This is followed by cross-
functional collaboration and generative learning. 


Comparing the results of the importance given to the factors mapped in the literature by sector of activity 
investigated and by functional area, it was possible to pinpoint greater differences among the areas of 
activity than among the sectors in which the study was conducted. For example, in the dimension of 
market knowledge, the R&D and production departments for the most part ranked "compliance with laws 
and regulations" as the most important factor while managers from the marketing department pointed to 
the factor "meeting consumer expectations" as the most important. 


As for the differences noted among the sectors, the most striking is that none of the managers who work 
in the furniture sector highlighted the "use of IT" as an important factor in the dimension of knowledge 
integration mechanisms. Moreover, "integration of key stakeholders" was not designated among the three 
most important factors for managers working in the automotive sector, when the cross-functional 
collaboration dimension factors were assessed. 


5 Factors driving the marketing success of green innovations 
This study enabled new factors to be identified that serve as drivers for the market success of 
environmentally sustainable innovations. According to the managers interviewed from the manufacturing 
industries, technological mastery, competitive prices, good quality, company brand and financial return 
need to be considered, in addition to consumer market knowledge. 


Furthermore, taking into consideration the above variables, as well as the established interrelationships, it 
can be concluded that technological mastery constitutes a dimension. This proposal is based on the 
variables linked together by the respondents, such as specialized personnel, investments in research and 
investments in facilities and equipment. Added to this, are the relations between this factor and the others 
cited in the responses to question three. 


Following is a summarized list of the factors that drive the marketing success of green innovations (Table 
10). It contains those factors mapped through the literature review, as well as those generated via the 
managers selected for the interviews. However, the research method given limits for generalizations.  


Table 10: Final List of Factors for Successful Innovation with Environmentally Sustainable Products 


Dimension Factors 


Market 


 Knowledge 


Meeting the expectations of consumers 
Meeting the expectations of society 
Knowledge of the variables that motivate sustainable purchases 
Complying with laws and legislation imposed by the government 
Knowledge about Competitors 
Company Brand 
Competitive Prices 


Cross-functional Willingness of teams to collaborate 
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Collaboration Organizational Climate that fosters Sustainable Innovation  
Integration of the R&D, Production and Marketing departments 
Formalization and documentation of the PDP 
Systemic Vision 
Integration of key stakeholders 


Knowledge 


Integration Mechanisms 


Risk Propensity 
Low Bureaucratization of Processes 
Effective Internal Communication 
Investment in Empowerment 
Use of Simultaneous Engineering 
Use of Information Technology 


Generative 


Learning 


Elimination of cultural barriers 
Development of green skills 
Critical reflective analysis ability 
Flexibility 


Technological Mastery 


Investments in Research 
Investments in Facilities and Equipment 
Investment in Technological Training 
Quality Assurance 
Financial Return 


6 Final Considerations 
This article explored what factors manufacturing industry managers perceive as being drivers for the 
market success of environmentally sustainable innovation. In this sense, the dimensions (i) market 
knowledge, (ii) cross-functional collaboration, (iii) knowledge integration mechanisms and (iv) generative 
learning, mapped through a literature review, were confirmed as important. In addition, a new dimension 
emerged which was labeled (v) technological mastery. 


Bearing in mind that focusing on better products is an alternative for imparting a competitive advantage 
to organizations, it should be noted that the classification of success factors for environmentally 
sustainable innovation is an important aspect to be taken into consideration by organizations in strategic 
decisions related to their portfolio. Thus, the list of factors generated can be used to (i) to support a 
diagnosis, (ii) serve as a starting point for developing a study of structural equations which quantify the 
relationship between the variables listed, or (iii) measure the impact of the factors and dimensions on the 
success of green product.  
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Abstract 


The automotive business in Brazil achieved 10% of the industry revenue and 6% of the formal employment by 2008. 
The commercial vehicle segment concentrated so far eight truck makers that experienced their best market figures in 
2008, the economy crisis in 2009, and an extraordinary recovery in 2010. Government tax reduction programs as well 
as special financing incentives were undoubtedly decisive to re-stimulate the business during the crisis. Positive 
Brazilian perspectives with the boom in the agricultural, oil and gas, mining and infrastructure activities plus the 
coming sports events call the attention of new players that are quickly implementing different business strategies to 
become part of the game. New emission regulations starting from 2012 also bring uncertainties, challenges and 
opportunities. With the growing globalization and market concentration it's critical for any industry understand and 
minimize the forces of competitive pressures. The main goal of this paper, therefore, is to contribute to the academy 
with an alternative approach of strategic and behavioral analysis of rivalry and competition different than the five 
forces model of Porter. Ford, Iveco, MAN, Mercedes-Benz, Scania and Volvo were assessed from 2008 to 2010 within 
three main performance indicators – unit sales, gross revenues and operating profits – supporting the elaboration of 
the competitive pressure systems mapping model of D'aveni, including a hypothetical future scenario with a new 
entrant and the potential impacts in the system. Main findings and results portray the asymmetrical strategic behavior 
of competitors and the temporary dynamic stability in the Brazilian truck industry. 


Keywords: competitive pressure systems mapping; market commonality; strategy; competitive dynamics; rivalry; 
automotive industry; trucks. 


1 Introduction 
The automotive business in Brazil is vital for the nation with 10% of the industry revenue and 6% of the 
formal employment (ABDI, 2008). Within this industry, eight truck makers run their plants in five different 
Brazilian states, supplying the truck market with light, medium and heavy commercial vehicles (ANFAVEA, 
2010). With the economic crisis in 2009 the Brazilian truck market decreased the sales performance by 
26.1% below 2008, but recovered in 2010 with 43.5% of growth in national registrations and 56.9% higher 
volumes in the total production figures. Government tax reduction programs as well as special financing 
incentives were undoubtedly decisive to re-stimulate the business during the crisis. Although the 
exportation increased in 2010 the importation figures also have grown, especially in the heavy segment 
with new entrants, representing 2.5% of the total market sales. Positive Brazilian market perspectives in 
the agriculture, mining, and oil and gas sectors as well as in the infrastructure activities added to the 
coming international sports events in the country, i.e. FIFA World Cup and the Olympic Games, had all 
called the attention of new players that have already started to implement different business strategies 
like direct importations, global strategic alliances and the erection plan of new production plants. New 
emission regulations valid from 2012 on also bring uncertainties, challenges and opportunities. With the 
growing globalization in competition it's critical for the Brazilian truck makers understand and minimize 
the competitive pressures coming from their existing competitors as well as the new entrants. 


Nowadays, the majority of the companies adapt passively and gradually according to the main course of 
actions from the market. They adjust the pace of their own actions in order to catch up with the 
development of the industry trends they’re following. However, the most import insights around strategy 
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rarely come from the projection of new trends. In the contrary, they rise from speculations of how the new 
trends can change the value for the customers and how it will impact in the company’s business (KIM; 
MAUBORGNE, 2005). 


In a given industry the competitive movements from one competitor can cause deep effects in the other 
players and create a mutual dependency. Even when the competition is concentrated or well balanced, in 
which the competitors are relatively equal in terms of size and apparent resources, there might occur 
periods of instability when one or more competitors decide to fight back using all available resources 
(PORTER, 2004). 


For Besanko (2004), the market structure refers to the number and to the distribution of companies in this 
market. For Porter (2004), the foreign competitors must be treated in the same way as the local 
competitors for the market structural analysis. One common indicator is the coefficient of concentration 
index of N competitors.  The nature of a market (concentrated or not concentrated) usually allows a quick 
and reasonably precise evaluation of the probable nature of competition. Other common index used in 
the industry is the Herfindahl Index (BESANKO, 2004). 


For D'aveni (2002) the competitiveness within the industry is traditionally measured by the antitrust 
specialists following the same basic indices. For Besanko (2004), the companies may go through a 
continuum of price fluctuations, varying from the perfect competition on one hand, to the monopoly on 
the other hand. Tied to each extreme there is a variation interval of the Herfindahl indices, which is typical 
of each kind of competition.     


Table 1: Truck makers figures, Concentration and Herfindahl Indices. 


Source: Elaborated by the authors with data from ANFAVEA, 2010. 


The Herfindahl index in the Brazilian truck market situates from 2008 to 2010 in the oligopoly interval 
from 0.2 to 0.6. Yet, according to Besanko (2004), while in an oligopoly, the intensity of the price 
competition can vary from light to extremely aggressive depending on the rivalry among the competitors. 
Nevertheless, those variations are solely suggestions and should not be taken as an absolute truth. 
Besanko (2004) affirms that “it’s essential to evaluate the circumstances that round the competitive 
interaction of the companies to take conclusion around the intensity of the prices competition instead of 
trusting either the Herfindahl index only or other concentration indicators”. Nonetheless, it’s important to 
note that this research doesn’t aim to go deeper into the types of competition, which theory is richly and 
more elaborately assessed by the author. 
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For Keegan (2005), rivalry refers to the overall actions that the companies undertake in the industry in 
order to improve their positions and take advantage ones on the top of the others. For the author, “when 
the rivalry pushes the companies forward toward innovation or cost reduction, it might be a positive 
force. On the other hand, when it pushes the prices and, consequently the profitability backward, it 
creates instability and negatively influences the industry attractiveness”. Furthermore, the competitive 
dynamics shows that in some industries the global players have practically excluded the local players from 
the game (KEEGAN, 2005). As a matter of fact, the Brazilian truck market is massively represented by 
global players according to Table 1. 


Therefore, the main goal of this paper is to contribute to the academy with an alternative approach of 
strategic and behavioral analysis of rivalry and competition different than the five forces model of Porter, 
by using the competitive pressure systems mapping model of D'aveni. 


2 Literature Review 
Typically, the strategists see the competitive pressures as something based on the five forces of Porter: 
bargaining power of customers, bargaining power of suppliers, threat of new entrants, threat of substitute 
products, and competitive rivalry within an industry. However, the recent researches of multimarket 
contacts indicate that the competitive pressure system dynamics is much more complex than the success 
factors that influence the intensity of rivalry among the five forces of Porter. Furthermore, the overall 
vision of the pressure systems allows an industry to take decisions more pro-actively and intelligently. The 
result can lead not only to superior knowledge, but also to the employment of the competitive strategy 
based on the pressures mapping and more coherently. The main purpose of mapping the pressures is not 
to analyze the current tactics and techniques of industry competition, such as the war of prices, marketing, 
and technological innovation. Instead, it's most useful to assess, who in the industry has got the potential 
and the stimulus to exert or to avoid future competitive pressures, to form strategic alliances, to identify 
potential acquisitions or opportunities to enter in new markets and, consequently, the ability to establish a 
new dynamic stability and direction in the industry. Though, it's not an easy task to determine which are 
the main borders and competitors in an industry. The starting point is to identify all the existing 
competitors and the markets they overlap with the focus company being assessed, i.e. the company that 
intends to create the map, also including the rivals that exert pressure towards the focus company's rivals. 
The more two companies overlap, the higher is the pressure. Also, the pressure is measured by two 
distinct factors: the importance of the market to the company, i.e., the overall sales in the market, and the 
degree of penetration of the rivals measured by the size of their incursion, i.e., their market share 
(D'AVENI, 2002). Therefore the competitive pressures can be expressed by: 


Pressure = (Importance of Market) x (Size of Incursion) 


Once all the pressures from each rival are measured, then they should be represented in a numeric scale 
in which the sum of pressures is equal to 1. The competitive pressures may also be mapped by symbols in 
which the companies are represented by circles, the formal (or tacit) alliances are expressed by connecting 
lines between the circles, and the pressures are indicated by arrows that display their direction. The thicker 
is the arrow, the higher is the pressure. Once the pressure mapping is drawn, then it requires 
interpretation. In this phase, it is useful to start the analysis of the strategic behavior from the market 
leaders down to their competitors (D'AVENI, 2002). Furthermore, the pressure systems must be 
continuously assessed due to the dynamic behavior of the industry, the rivalry, and the market so that the 
pressure mapping might be compared to a picture expressing the very single moment of a certain market 
in such a way that the sequenced and chronological overlapping of several maps might also create a live 
animation of competition dynamics over time, such as a film. This methodology might create a broadened 
vision and understanding of how the market evolves and the competitive pressure system behaves 
among the existing competitors and new entrants over the years (PEREIRA et al, 2004 apud SCARANELLO 
& CARVALHO, 2005). 
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For D'aveni (2002), the organizations need to seek for superior position in the industry as much as 
possible and avoid intolerable pressures as much as needed, but it's more valuable to gain superior 
strategic influence with the evolution of the system. For Bingham (2011), the strategies associated with 
the five forces of Porter, which constructs stability and a fortress around an attractive market, can provide 
on one hand a long-term competitive advantage, although on the other hand it only remains valuable 
until the terrain shifts and the strategic position is eroded.  Nevertheless, for Stambaugh (2011), in the 
recent inter-firm dynamics researches, the act of being competitively aggressive is part of the game to 
sustain market position and relative performance so that competitors carefully and continuously monitor 
and analyze their rivals, and are motivated to improve their performance by attacking those firms. 


Yet, in the past researches, Chen (1996) issued for the first time the concept of Market Commonality by 
establishing a fundamental theory of competitor analysis and inter-firm rivalry. Hsu (2006), believes that 
Chen's previous definition of Market Commonality is mixed with the concept of Competitive Pressures of 
D'aveni (2002). If taking the principle that Pbi / Pi represents the relative advantage of company b in 
market i and Pai / Pa represents the importance of market i to company a, then Pai / Pa x Pbi / Pi 
represents the competitive pressure from company b to company a in market i. With the adaptation of 
the mathematical model of Hsu and Chen (2006) to the Competitive Pressures of D’aveni (2002), and, if 
pressure is equal to Importance of Market x Size of Incursion , then pressure is equal to Pai / Pa x Pbi / Pi. 
Therefore, Market Commonality Mab is represented by the sum of pressures from company b to company 
a in all of the I markets they overlap (HSU; CHEN, 2006). 


State of the art researches around competitive dynamics and aggressiveness have also disclosed that in 
vigorously competitive industries, the more successful are the competitive attacks, the faster and stronger 
are the competitive responses (Derfus et al, 2008 apud Stambaugh, Yu & Dubinsky, 2011). Also, if markets 
are characterized by intensive competitive conditions or threatened by highly substitute products, an 
aggressive competitive retaliation might be expected. The study of competitive history of inter-firm 
dynamics may provide strategic guidelines for market entrants. Similarly, the study of market entrants 
may also provide insights and directions for formulating defensive strategies (KARAKAYA; 
YANNOPOULOS, 2010). Although all the concepts are closely connected it's important to emphasize that 
the goal of this paper is neither to research multimarket overlaps nor aggressiveness or defensive 
competitive strategies, but to focus on the competitive pressures mapping approach in the Brazilian truck 
market. 


Hypothesis 
For Porter (2004), the majority of well succeeded global strategies were based on the acknowledgment of 
the five forces of market competition. D’aveni (2002) disagrees with the five forces of Porter affirming that 
“Unfortunately, managers almost always lack objective measurements and useful pictures of the pressure 
patterns they face”. Moreover, D’aveni (2002) emphasizes that “none of these factors explicitly accounts 
for the complexities presented by recent multimarket contact research nor for the variety of pressure 
patterns that comprise and influence intraindustry rivalry”. For D'aveni (2002), the competitive pressures 
are asymmetric, meaning that the pressure from company a towards company b is not necessarily equal 
to the pressure from company b towards company a because the overlap of contacts between the rivals 
may differ in the importance of market, which depends on the company's customer portfolio. Taking into 
consideration all the possible overlap combinations that may exist among several rivals, there aren't two 
pressure systems exactly alike. Porter (2004) also understands that the differences in strategy might not 
affect the rivalry in the industry with the same level of importance, and that the competitive rivalry 
process is not symmetric. In this aspect, both authors have a common understanding concerning about 
the asymmetrical behavior between two rivals.  Thus, would it be possible to conclude that the same 
theory applies in the Brazilian truck market? 


Also, for D’aveni (2002), the pressure systems can never be frozen. The maximum that can be achieved is a 
temporary dynamic stability that might be affected by internal destabilizing actions or external frictions. 
Competitiveness in the Brazilian truck market might also display such behavior? Also, could other 
indicators than unit sales be effective to analyze the Brazilian truck market dynamics? 
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Hypothesis 1: the pressures between two competitors “a” and “b” in market “i” are asymmetrical. 


Hypothesis 2: beyond unit sales, other performance indicators like gross revenues and operating profits give 
a different strategic perspective around the competitive pressures. 


Taking into consideration the recent market contact researches from Segismundo and Laurindo (2006) 
and the specialized automotive magazine Autodata, it looks like there aren't significant barriers for new 
entrants in the Brazilian truck market. 


Hypothesis 3: by employing competitive pressure systems mapping either a new entrant or an existing rival 
might gain superior awareness by visualizing the future hypothetical competitive dynamics in the market. 


3 Research Methodology 
Competitive Pressure Systems Mapping from D'aveni (2002) was chosen as the academic model to 
analyze and measure rivalry and competition in the Brazilian truck market.  Ford, Iveco, MAN, Mercedes-
Benz (MBB), Scania and Volvo were assessed in two market segments – semi-heavy and heavy trucks – 
from 2008 to 2010 within three main performance indicators: unit sales, gross revenues and operating 
profits. 


Data collection, population and sampling 
This research is based on four main data groups. Firstly, Brazilian truck makers overall unit sales data was 
collected from Anfavea – Associação Nacional de Veículos Automotores. Secondly, the number of truck 
registrations per maker and per model was collected from Fenabrave – Federação Nacional da Indústria 
de Veículos Automotores. The third step focused on the data collection of truck prices made available in 
the specialized web magazine O Carreteiro. The fourth step concerned about the data collection of the 
average operating margins of the truck makers available – only for subscribed users – in the report The 
World's Truck Manufacturers 13th edition from AutomotiveWorld.com. However, as the report focuses only 
on the European truck makers, the data of Ford Motor Company was collected from the finance portal 
Wikinvest.com. Data from imported trucks was not collected neither assessed in this research. 


4 Results 
Initially, the total unit sales data of commercial vehicles in the semi-heavy and heavy truck segments was 
collected from 2008 to 2010 according to Graphic 1. 


Graphic 1: Total unit sales in Brazil from 2008 to 2010 in the semi-heavy and heavy truck segments. Source: Elaborated 
by the authors with data from Anfavea, 2010. 
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The data collection of operating margins of each truck maker was one of the most difficult tasks of this 
research. As none of the competitors make their profit margins available in the Brazilian truck market, then 
the data regards to global operations and represent the average results from 2005 to 2009 according to 
Graphic 2. There was also another limitation concerning about unavailable operating margin data from 
Ford trucks so that the overall Ford Motor Company global margins were used. For Storey (2010), 
operating margins from 5-7% probably are the most timid goal that a truck maker can establish. 
Moreover, in a dynamically perceived business like the truck industry, the ability of a company to sustain 
the profitability over the cyclic periods of demand is a clear signal that it managed to achieve the correct 
driving fundamentals of its business. 


Graphic 2: Global average operating margins from 2005 to 2009. Source: Elaborated by the authors with data from 
AutomotiveWorld.com and Wikinvest.com, 2010. 


The next phase was divided into five steps: the first one was to build the tables with the best-seller 
ranking of truck registrations by segmentation from 2008 to 2010. Then, the prices for new vehicles were 
obtained from price tables of each maker and, for the old vehicles, i.e., 2008 and 2009, the price tables 
were available in the web magazine O Carreteiro, built by a specialized price research company named 
Molicar. The third step focused on the calculation of the weighted average unit price per maker, achieved 
by the sum of the product of unit prices per model and the amount of registrations per model, divided by 
the total unit sales per maker. In the fourth step, the estimate annual gross revenue per maker was 
calculated by the product of the weighted average unit price per maker and the total unit sales. 


In the last step, the total gross revenue of the period was obtained by the sum of the annual gross 
revenues. Then, the unit revenue was calculated by the total gross revenue divided by the total unit sales 
per maker in the period. Finally, the annual operating profit was calculated by the product of the annual 
gross revenue and the average operating margin of each maker. Then, the operating profit per unit was 
achieved by the total operating profit divided by the total unit sales in the period. The results are 
displayed in Graphic 3. The importance of market was calculated by the annual unit sales of each truck 
maker in the semi-heavy and heavy segments divided by their annual unit sales in the Brazilian truck 
market. The average importance of market, illustrated by graphic 4, was calculated for the period from 
2008 to 2010. 


Graphic 3: Revenue and operating profit per unit from 2008 to 2010. Source: Elaborated by the authors. 
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Graphic 4: Importance of Market from 2008 to 2010. Source: Elaborated by the authors with data from Anfavea, 2010. 


Calculation of Pressures 
Six competitors – Ford, Iveco, MAN, MBB, Scania and Volvo – were assessed according to the mixed 
models of D'aveni (2002) and Hsu (2006) presented in the Literature Review. From those models, the 
importance of market was treated as the non-random variable and the size of incursion as the random 
variable. Also, as the unit sales indicator, i.e., market share, is typically expressed in percentage, then the 
gross revenues and the operating profits were also converted from Brazilian Real (R$) into a percentage 
scale.  


Symbolic Pressure Mapping 
Once all the pressures from each rival were measured, then they were represented in a numeric scale in 
which the sum of pressures was equal to 1. Table 2 represents the competitive pressures mapping in the 
Brazilian truck market in 2008.  


Table 2: Competitive Pressures Mapping in 2008. 


Source: Elaborated by the authors. 


The graphical representation of pressures was based on the symbology taken from the academic model 
of D'aveni (2002), also available from other recent researches (SCARANELLO; CARVALHO, 2005). (JANSEN; 
ROTONDARO; JANSEN, 2005), (SEGISMUNDO; LAURINDO, 2006). The chosen focus company in the 
symbolic mapping was MAN, which has been the commercial vehicle  leader in the overall Brazilian truck 
market for eight consecutive years according to Renavam – Registro Nacional de Veículos Automotores. 
The rivalry among the competitors, symbolically represented by the graphical elements, i.e., circles and 
arrows in the map, allows visual and  better perception around competitor's relative size illustrated either 
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by bigger or smaller circles and the magnitude of the pressures they exert over they rivals illustrated 
either by thicker or thinner arrows. The predominant arrow color in the map highlights the highest 
pressure exerted among the three performance indicators assessed, i.e., market share, gross revenue or 
operating profit. Figure 1 illustrates the competitive pressure mapping in 2008. 


Moreover, when two direct comparisons are assessed following the methodology of competitive 
pressures mapping, it becomes evident that sizes and pressures are not necessarily symmetric. Eventually, 
there might be coincident symmetry, but in general, the asymmetric behavior of pressures validates 
hypothesis 1. One clear example from the picture taken in 2008 is the asymmetric behavior between MAN 
and MBB. According to Table 2, Mcd > Mdc when it comes to market share (blue arrow). This behavior 
indicates that the main strategy of MBB in 2008 was to consolidate their sales presence in the Brazilian 
truck market in the semi-heavy and heavy segments by pressuring MAN predominantly in volumes. On 
the other hand, for MAN, it was more important to keep their customer portfolio because this strategy 
would represent a more aggressive gross revenue and consequently a safe operating profitability (green 
arrow) ahead of their rival, forcing MBB to continue competing for volumes instead of pricing, once MBB 
operating profit (green arrow) is acknowledgedly inferior, and a price increase policy (yellow arrow) would 
contribute directly for loss of customer portfolio (blue arrow).  


In the transition of 2008 to 2009, an unforeseen external destabilizing action was noted: the world 
economy crisis reached the country and turned on the red light to the Brazilian truck market. When both 
competitive pressure maps were compared, it was clear that 2009, year of crisis and recession in the 
global scenario, thrust fierce competition among the rivals towards the sustainability of gross revenue and 
operating profit. With the truck demand lowered, most of the competitors focused on internal 
improvements in their quality, costs and productivity, but obviously also reduced their investment levels 
and were forced to adjust the manpower. The battle for profit sustainability was clearly perceptible due to 
the majority of green arrow pressures. Against the tide, MBB instinctively pressured most of their rivals 
with market share (blue arrows), but with the cyclic truck demand in 2009 that might not be the best 
competitive strategy. Figure 2 illustrates the competitive pressures in 2009. 


Furthermore, competitive pressures between two rivals may asymmetrically vary for higher or for lower 
depending on the indicator being assessed. For instance, MBB exerted high pressure over a MAN 
concerning about market share (blue arrow) in 2008. Nevertheless, the pressure over MAN shrunk due to 
weaker gross revenues (yellow Arrow), probably affected by a mistaken market positioning, and went 
down even further in profitability due to inferior operating profits (green arrow). By comparing two 
different pictures represented by 2008 and 2009 competitive pressure maps it becomes visually 
perceptible that, beyond unit sales, other performance indicators like gross revenues and operating profit 
may also give a different strategic perspective and overview around the competitive pressures over the 
time validating hypothesis 2.  


Threat of New Entrants 
Recent researches around the weak barriers to entry in the Brazilian truck market indicate that new players 
have been working vigorously (RUNOFF, R. & ROMERO, V., 2011). Navistar heavy truck 9800i is one clear 
example of this strategic movement. The new player NC2 (a joint venture between Navistar and Caterpillar) 
is also preparing to launch a new model in the semi-heavy segment: DuraStar. In order to visualize the 
impacts of the threat of new entrants in an established market a hypothetical future scenario was created 
from 2010's pressure mapping by assigning to Navistar flat 9% of market share, gross revenues and 
operating profitability. The same figures were proportionally reduced in one third from the top three best 
sellers. Taking into consideration that a new player can successfully affect the market leaders or the 
smaller existing players, it can also provoke changes in the pressure system behavior when compared to a 
previous picture. Furthermore, it’s perceptible in the hypothetical map that MBB continues to pressure the 
rivals with the clear goal of sustaining their market position, which unleashes immediate response from 
the competitors, including the new player. 
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Figure 1: Competitive pressure mapping in the Brazilian truck market in 2008. Source: Elaborated by the authors.  


Figure 2: Competitive pressure mapping in the Brazilian truck market in 2009. Source: Elaborated by the authors.                         


As a new player, it’s expected from NC2 to fight for market share and market consolidation, which is 
mostly perceptible against the competitors within the same market size – Ford and Iveco. Also, due to a 
superior product maturity, specially dedicated to the U.S market, NC2 have the power to exert strategic 
price pressure over MAN, Scania and Volvo – perceived as premium brands – boosting the gross revenues 
and operating profits. Thus, if by employing competitive pressure systems mapping either a new entrant 
or an existing rival may gain early and superior awareness by visualizing the future hypothetical 
competitive dynamics in the market, then it validates hypothesis 3. Figure 3 illustrates a hypothetical 
competitive pressure mapping with NC2
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Figure 3: Hypothetical competitive pressure mapping in the Brazilian truck market. Source: Elaborated by the authors.                         


5 Final Considerations 
Recent researches around the Brazilian truck market took into account the analysis of competitor’s 
product portfolio, specification and technical differences as well as new market launches to interpret and 
present the competitive pressure results (SEGISMUNDO; LAURINDO, 2006). On the other hand, the 
utilization of more classic and generalist metrics in this research lead to a macroeconomic academic 
interpretation of the results and took the opportunity to contribute to the academy with an alternative 
approach of strategic and behavioral analysis of rivalry and competition different than the five forces 
model of Porter, by using the competitive pressure systems mapping model of D'aveni (2002). The 
interpretation of the competitive pressure mapping stimulates the formulation of several questions 
around the temporary dynamic stability of the pressure system, such as: a) is there a competitor or a 
dominant group of competitors exerting high pressures? b) the market leaders behave aggressively to 
each other or only to the smaller competitors? c) the chosen strategies are explicit, implicit or 
inconsistent? Also, regardless the industry, any given company is able to develop a new competitive and 
strategic mind-set by employing the competitive pressure mapping in order to answer two critical 
questions: a) if the current pattern of competitive pressures continue, which behavior or position the 
company should make explicit? b) how the company might create stability (or instability) around the 
current pressure system in order to predictably influence the results? With the competitive pressure 
mapping focused on the current situation of the market it may create vital answers to the dynamic 
stability well as the profitability (D’AVENI, 2002). Certainly, by choosing other performance indicators than 
only the market share, such as gross revenue and operating profit, directly influenced the interpretation 
and the analysis of the competitive pressure results. Despite the limitations and difficulties around the 
data collection of regional gross revenues and profitability, a suggestion of continuation of this research 
around strategy, rivalry and competition is the elaboration of the competitive pressure mapping either in 
the top emerging and BRICT countries or in the global truck market, but also including a new approach 
around state of the art competitive dynamics of inter-firm rivalry and multimarket contacts, such as 
defensive and aggressiveness strategies.        
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Abstract 


Companies from different industrial sectors have started offering solutions that add services to the products aimed at 


enhancing their market position. In this context this study aims at conducting a systematic literature review on 


product-system services (PSS) using the bibliometric analysis. PSS is being considered a competitive opportunity for 


the companies, which seeks to reduce the consumption of products through their use and through the provision of 


services. Deliverables from this literature study are main publications and journals, an author citation analysis, and 


taxonomy by constructing a theoretical map. Through this systematic literature review a number of publications on 


PSS were identified from 2006 to 2011. The quantity of articles and related terminology has evolved over the years 


with publications in diversified academic journals. Business models such as PSS have faced problems related to the 


terminology and there is certain lack of consensus among academics and practitioners. This would facilitate the 


knowledge exchange among stakeholders as well as the reader’s understanding. Although there are business models 


on PSS, they usually emphasize the economic aspect so environmental and social aspects should be considered in 


future studies. 


Keywords: product-service system; PSS; service offering. 


1 Introduction 


With the growth in the production of large scale, there is an increase in consumption and consequently 


intensification of environmental problems. The increase in consumption of products has no longer been 


considered as a competitive strategy. Thus, companies start offering solutions aiming at increasing their 


market position as well as customer’s satisfaction (Sundin, 2009; Sakao et al., 2009b). One of the solutions 


being discussed is the design and offer of product-service systems (PSS). PSS aims to increase the 


competitiveness and profitability of companies and is mainly aimed at reducing the consumption of 


products through alternatives of product use. 


In this context, this study aims to realize a review of literature on the PSS in the recent years (2006 to 


2011). Through a systematic search of the literature in relevant international databases, an author citation 


analysis was carried out on PSS publications in recent years. This step is a further work by Hänsch Beuren 


et al. (2011), where the authors performed a content analysis and identified some relevant findings on 


PSS. 


For its development the present study is structured as follows. Firstly, the adopted research methods are 


outlined. This is followed by definitions and categories of PSS, starting by how the literature has been 


addressing this subject. After that, the evolution of the concept of PSS is highlighted by mapping the 


literature considering main journals, keywords, authors, and articles. Finally, issues for future research as 


well as the conclusions are presented. 
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2 Research Methods 


The present study is categorized as a theoretical article based on a systematic literature review. It covers 


an analysis of articles on PSS from 2006 to 2011. For literature search the following databases were used: 


ISI/Web of Science, Scopus, Compendex and Springer Link, which present the main journals related to the 


subject. Only journal articles were used in the analysis by identifying PSS subject in their titles, abstracts 


and keywords. All articles were read completely to verify their relation with the subject. Keywords were 


related to the term “product-service system” (PSS); most of them the same as used by Baines et al. (2007): 


servitization, sustainability, service economy, remanufacturing, service design, productization, product 


substituting service, dematerialization, system solution, and functional economy, as well as their 


combinations. Two hundred and three articles were identified from the databases above. Endnote 


software and SCI2 were used for retrieving, organizing and analyzing the articles. 


3 Product Service System 


This section presents some PSS definitions stated by various authors concerning PSS and its categories. 


Those definitions are used by the authors to illustrate the transition from a "pure product" to a "pure 


service". 


3.1 PSS Definition 


The main definition of PSS and the most cited in the literature is the one given by Goedkoop et al. (1999). 


The authors consider PSS as a combination of products and services in a system, which provide 


functionalities for the consumers and reduce the environmental impact. Mont (2002) highlights the offer 


of a product and system of integrated products and services which are planned aiming to reduce the 


environmental impact through alternative scenarios of product use. The key elements of the PSS are 


(Goedkoop et al., 1999): the product; the service, in which an activity is performed without the need of a 


tangible good and of the system, the combination of products, services and their relations. Most authors 


consider PSS a competitive proposal to satisfy the consumer’s needs. Other authors stress that the PSS 


goes beyond this, considering the concern on sustainability through the balance between the 


environmental, economic and social aspects (Baines et al., 2007). 


In general, the products are developed to satisfy the needs of the consumers and can be customized to 


include the services. Thus, the PSS is a competitive opportunity which becomes important for changes in 


the consumption standards. However, this process is considered to be long since people acquire products, 


and, in order to get acceptance by consumers, sustainable solutions in the initial design phase are 


needed. Designing a product and/or a service considering its life cycle is a start to achieve better results 


(Tukker and Tishner, 2006). 


The planning for the durability and the dematerialization of products with the inclusion of services are the 


main aspects for making the products more sustainable (Vogtländer et al., 2008). The dematerialization 


aims at reducing the quantity of materials used in the whole product life cycle, not only in its conception, 


but also during its use, reutilization and recycling (Li et al., 2010). Thus, there is a trend for a more efficient 


development of products and services through reduction of natural resources (Kestemont and Kerkhove, 


2010). What is called dematerialization has been discussed in the literature and has also been used as a 


goal for the PSS (Baines et al., 2007). The main objective of dematerialization is human well-being through 


a more efficient and more sustainable development (Kestemont and Kerkhove, 2010). Waste prevention 


and reutilization of products are examples of this (Cleary, 2010). 


The needs of sustainable production and consumption are more and more discussed in the literature. 


Thus, some companies seek to add value to their products through adding services which is a strategic 


resource for obtaining new relationships with the consumers (Vandermerwe and Rada, 1988; Sakao et al., 


2009b). The term used for this strategy is the “servitization”, which is a process of creation of value 


through adding services to the products (Baines et al., 2009; Martinez et al., 2010). Actually, the academic 
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community has been extensively discussing the PSS, but there is no comprehensive definition on the topic 


yet (Aurich et al., 2010). In this sense, Table 1 presents the main definitions of PSS and the most cited ones 


by the authors between 2006 and 2011. 


Table 1: Definitions on Product-Service Systems. 


Authors PSS Definition 


Mont (2002)  “A system of products, services, supporting networks and infrastructure that is designed 


to be: competitive, satisfy customer needs and have a lower environmental impact than 


traditional business models”. 


Manzini and Vezzoli (2003) “An innovation strategy, shifting the business focus from designing (and selling) physical 


products only, to designing (and selling) a system of products and services which are 


jointly capable of fulfilling specific client demands”. 


Brandstötter et al. (2003) “A PSS consists of tangible products and intangible services, designed and combined so 


that they are jointly capable of fulfilling specific customer needs. Additionally PSS tries 


to reach the goals of sustainable development”. 


Wong (2004) “Product Service-Systems (PSS) may be defined as a solution offered for sale that 


involves both a product and a service element, to deliver the required functionality”. 


Baines et al. (2007) “A PSS is an integrated product and service offering that delivers value in use. A PSS 


offers the opportunity to decouple economic success from material consumption and 


hence reduce the environmental impact of economic activity”. 


Goedkoop et al. (1999) “A product service-system is a system of products, services, networks of players and 


supporting infrastructure that continuously strives to be competitive, satisfy customer 


needs and have lower environmental impact than traditional business models”. 


3.2 PSS Categories 


Organizations started changing strategically from the sale of products to provision of services (Oliva and 


Kallenberg, 2003; Sundin, 2009). This change from tangible products to products based on services is a 


trend which aims to add value to the business (Ping and Jia, 2010). Consequently, more companies are 


opting for solutions which involve services. This change occurs due to the sale of products with value 


added by services and products servitization (Sundin, 2009). There is, however, a radical change for using 


the function of a product without necessarily having it as a property. The products provide technical 


functions for the consumer (Aurich et al., 2010), while the services ensure the availability of these 


functions (Maussang et al., 2009). Thus, given the displacement of the economy based on purchasing 


products to the economy based on their use, there is a change (Figure 1) from the pure product to the 


pure service and, when having both product and services in a unique offer, this is known as PSS (Tukker, 


2004). Figure 1 is one of the most used graphical representations of this concept. 


 


 


 


 


Service content 


(intangible) 


Product content 
(tangible) 


PURE 


PRODUCT 
Product 


oriented PSS 


Use oriented 


PSS 


Result 


oriented PSS 


PURE 


SERVICE 


 


Figure 1: Main categories of the PSS (Tukker, 2004). 


It is observed that the divisions of PSS are not strictly defined and may include more emphasis in the 


product or in services. Thus, the change from pure product to pure service aims at dematerializing the use 


of materials offering solutions in products and services which satisfy the needs of stakeholders. Moreover, 


it aims to reduce the environmental impact caused by the intensive consumption of tangible products. As 


illustrated in Figure 1, PSS may then be classified in the following perspectives (Tukker, 2004): 
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 Product-oriented: supply of products with extra services where the consumer acquires a product 


becoming the owner of the same and also uses services which the company offers and which add 


value to the product. 


 Use-oriented: the use of the product is sold together with the services which add value to it. In 


this case, the product is the property of the company which offers its use. 


 Result-oriented: the objective of this category is to offer a result or a competency for the 


consumer, like selling washed clothes instead of washing machines (Fan and Zhang, 2010). In this 


case the product is the property of the organization where the client pays only the delivered 


results (Baines et al., 2007). 


A number of authors (Aurich et al., 2010; Geum and Park, 2010; Sakao et al., 2009b) considered the 


Tukker’s (2004) classification. They consider it as the most appropriate to represent the perspectives of the 


PSS. Nevertheless, it seems that there is no consensus yet on the categorization of PSS and this can be 


explored. Some researchers consider that the property of the products should not be on the customers 


and others consider that different types of services correspond to a PSS (Sakao et al., 2009a). Therefore, it 


becomes necessary to explore these categories in order to facilitate the positioning of companies in the 


most appropriate category. 


4 Evolution of the PSS concept 


This section presents the evolution of PSS by doing a mapping the main journals that published the 


subject, considering most common keywords, main authors, and most cited articles. The evolution of the 


PSS publications can be seen in Figure 2, which shows the growth in number of publications from the past 


years. 


 


Figure 2: Evolution of publications in journals. 


4.1 Main journals 


A diversity of journals used for the publications on PSS was identified (105 journal titles). Since the list is 


extensive, Table 2 shows only the top fourteen. 


The Journal of Cleaner Production has most publications on PSS (18 articles). In 2006, the JCP published a 


special edition, contributing for this result, but the journal has not published many articles on PSS in 


recent years with no article in 2009 and 2010 and only two in 2011. The following journals with most 


publications are the Journal of Manufacturing Technology Management and the Computer Integrated 


Manufacturing Systems, both with the same number of publications (14 articles). All publications in the 


JMTM and in the CIMS were issued in the past three years. IJAMT, CIRP JMST and IJIMS have published in 


the subject from past four years (2008-2011). Thus, it is evident that the JCP has the largest number of 


publications but not as current as the other journals in Table 2. 
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Table 2: Main journals with publications on PSS (n = 203 articles). 


Academic Journals Percentage (%) 


Journal of Cleaner Production (JCP) 17.1 


Journal of Manufacturing Technology Management (JMTM) 13.3 


Computer Integrated Manufacturing Systems (CIMS) 13.3 


International Journal of Advanced Manufacturing Technology (IJAMT) 12.4 


CIRP Journal of Manufacturing Science and Technology (CIRP JMST) 11.5 


International Journal of Internet Manufacturing and Services (IJIMS) 6.7 


Proceedings of the Institution of Mechanical Engineers, Part B: Journal of Engineering Manufacture 4.8 


CIRP Annals - Manufacturing Technology 3.8 


International Journal of Operations and Production Management 3.8 


Computers and Industrial Engineering 2.8 


International Journal of Computer Integrated Manufacturing 2.8 


International Journal of Services Operations and Informatics 2.8 


Journal of Engineering Design 2.8 


ZWF Zeitschrift fuer Wirtschaftlichen Fabrikbetrieb 2.8 


Note: the remaining journals have less than 2.8% of the total number of articles. 


4.2 Main keywords 


A number of studies on PSS have been published and other terms besides PSS have been used as 


synonym such as (Goedkoop et al., 1999): servitization, dematerialization, sustainability, service design and 


others. An attempt to identify those terms used in the literature was made in order to verify the evolution 


of the concept. Figure 3 presents the most common terms used in the publications, mostly according to 


the keywords suggested by Baines et al. (2007). It shows the main keywords cited in the 203 articles. As 


expected, the term used most often was “product-service system”, which appeared in half of the articles. 


 


Figure 3: Main keywords related to PSS. 
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Actually, a large quantity of keywords was identified, but is presented here only the most frequently ones. 


It is still noted that some of the keywords stated in section 2 (Research Methods) were not found in the 


present bibliographical search, such as “service economy” and “system solution”. 


4.3 Main authors 


The analysis performed in the EndNote X5 software (EndNote, 2011) and Sci2 Tool (SCI2 TEAM, 2009), 


identified the authors that have the highest number of citations alone (i.e. as a unique author) and the 


number of citations in joint publications among co-authors. Given a large number of articles identified in 


this work (203), Figure 4 highlights the main authors cited alone and those with joint publications found in 


the references of each article found in the references of each article. 


The size of the node in the Figure 4 corresponds on how many times the author in question has been 


cited in the set of articles, i.e. the larger the size of the node, the more often the author has been cited. 


Noteworthy are the authors: Roy, R. (34 citations) and Evans, S. (32 citations) as the most cited authors in 


203 articles identified in this work. It should be noted that Roy, R., has a greater number of joint 


publications. For example Roy, R. with Shehab, E., present 27 joint publications, with Tiwari, A. with 26 joint 


publications and Alcock, JR with 25 joint publications. In the case Evans, S., joint publications are 


performed with several authors. These values can be observed in Figure 4 by the thickness of the line; the 


thicker the line, the greater the number of joint publications. 


 


Figure 4: Net of author citations. 


As can be seen, the main objective of Figure 4 was to demonstrate which authors are cited more often 


and especially if the authors usually develop joint publications. The results from Figure 4 are helpful to 


undertake studies on PSS since it may serve as a basis for future research. 


Another basis for any research in this area is to identify which authors have published more papers in the 


subject. The more work the author has, the greater chances of finding work are. Table 3 presents the 


authors who have the highest number of papers published between 2006 and 2011. The authors Chu, X.N. 


and Tiwari, A. have 9 publications in the studied period from the total of 203 articles identified in this 


work. 
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Table 3: Publications per author. 


Authors Frequency 


Chu, X. N. 9 


Tiwari, A. 9 


Alcock, J. R 8 


Jiang, P. Y. 8 


Baines, T. S. 7 


Lightfoot, H. W. 7 


Roy, R. 7 


Note: the remaining authors have 6 or less published articles 


It can be seen in Table 3 that the Roy, R. has 7 published articles in the third place. However, it is observed 


in Figure 4 that that author is the most cited among all others. Thus, while not having the greatest 


number of articles published, Roy, R. has a high recognition in terms of citations. 


4.4 Main articles 


The most cited article during the period of the study were “state-of-the-art in product-service systems” by 


Baines et al. (2007), with 50 citations from the total of 203 articles. Baines et al. (2007) offer a great 


contribution by making an introduction on the subject by presenting concepts, practical examples, 


benefits and barriers in starting a business as the PSS. 


The second article was “life cycle oriented design of technical product-service systems” by Aurich et al. 


(2006) with 37 citations. Aurich et al. (2006) encompasses the life cycle of a PSS, which covers the entire 


system, involving products, services, infrastructure, and customer satisfaction. Thus, there are major 


changes in both economic performance and the environmental performance. 


The third article was “developing new product service systems (PSS): methodologies and operational 


tools” By Morelli (2006) with 24 citations. Morelli (2006) seeks to present methodologies and tools that 


contribute to the development of PSS. Other articles have been developed exploiting these 


methodologies and tools, but more research is needed. 


Table 4: Main citations within six-year period. 


Citations 2006 2007 2008 2009 2010 2011 Total 


Baines et al. (2007)    11 12 27 50 


Aurich et al. (2006)  1  14 3 19 37 


Morelli (2006)   1 7 3 13 24 


Willians (2007)    7 2 7 16 


Cook et al. (2006)    8 1 6 15 


Note: the remaining articles have 10 or less citations. 


It is worthy observing from Table 4 that the majority of citations of Baines et al. (2007), Aurich et al. (2006) 


and Morelli (2006) were done more recently in 2009, 2010 and especially in 2011. 


5 Summary, Conclusions and Future Research 


From a literature review of PSS between 2006 and 2011, 203 articles in relevant databases were identified. 


The articles were analyzed by mapping the main journals which has been publishing on the topic, the 
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main keywords used, the main authors, and principal articles. The evolution of PSS presented in the 


previous sections of this paper shows that there is a growing interest in researching the subject. Several 


journals have published articles on PSS, with a growing number of publications year after year. 


The study highlighted the diversity of keywords used in the articles; “product service system” is certainly 


the most used by the authors. The word “PSS” that shortens the main keyword is also present. Some 


terms such as "sustainability", "product-service", "industrial product served system", among others 


highlighted in Figure 2, should be considered when performing a bibliographical search in the subject. 


It is worth pointing out some authors who have more publications over the period from 2006 to 2011. 


They have published a number of articles over the years and this should be taken into consideration when 


conducting research in the subject. It is also important the citations and joint publications among authors, 


when the work of an author is used for the development of other works. This study sought to identify key 


articles in the field, which will be used mainly to develop new proposals. 


From the literature perspective, it can be concluded that, when performing a search on PSS, one should 


take into account those results. Thus, the main objective to verify the evolution of the PSS is fulfilled. 


Nevertheless, there are still questions about the definition, categories, benefits, barriers of PSS and this 


should be investigated theoretically and empirically. With the evolution of PSS, future research should be 


conducted in different contexts of PSS. The subject needs to be further explored, seeking applications in 


other countries, cultures, and types of businesses to contribute to the development of empirical research 


on the subject. Those are possibilities for further work that is intended to be carried out. Firstly, some of 


existing PSS empirical experiences in a developing country is going to be investigated. Then, a 


construction of a conceptual model based on the current literature mapping, empirical analysis, as well as 


a taxonomy development is also planned for future research. 
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Abstract 


The outsourcing process has taken its place in Brazil in the 1980s. It was initially adopted to support services, 
expanding into productive activities undertaken by the contractor enterprise (CE), called core activities or nuclear 
activities. The process of outsourcing has been sometimes poorly deployed and analyzed from the controversial 
perspectives. There is no law in Brazil, addressed directly to outsourcing. Its regulation is referred to only in sumula 
(331) of the Superior Labor Court (TST). In this context, the aim of this study is to characterize the results and future 
challenges of the relationship between CE and outsourced activities that develop exclusively so. This article is 
structured from the literature on the subject and a case study focuses on the relationships among small outsourcing 
firms and an enterprise of large size, of rubber sector, tied to the automotive supply chain. These companies operate 
in a municipality located in the Administrative Region of Ribeirao Preto, Brazil. The evaluation of the reasons for the 
implementation of outsourcing and its results was performed making use of the Transaction Costs Economics. Some 
conclusions can be highlighted. Outsourcing companies face particular problems of survival because they have to 
manage the costs imposed by the chain. It is a strong point in the outsourcing relationships the understanding of the 
organizational culture and  the objectives of the EC by outsourced;  however, exclusive and continuous learning, with 
a single company, can lead the outsourced to lose their identity. 


Keywords: outsourcing; order activities; nuclear activities; automotive chain; transaction costs economics.  


1 Introduction 
The outsourcing has taken its place in Brazil from the 1980s, adopted as a possible solution to increase 
the internal productivity of the companies, due to the economic crisis of that decade. It was used as a 
strategy for enterprise management, to promote the optimization of production enterprises. Its 
acceptance was therefore due to the growing need for reengineering of companies aiming to overcome 
the crisis. This strategy gains importance at a time when companies need to rationalize resources, 
redefining its operations, operate with leaner and flexible structures. Thus, it presents itself as an 
instrument of organizational restructuring aid, to increase productivity and competitiveness and the 
search for identity and commitment to the vocation of the company, according to Sá et al. (1997 cited in 
Valencia; Barbosa, 2002).Outsourcing has become an irreversible trend in organizations, showing that it is 
not just a passing fad, but rather a management strategy adopted to raise the performance of the 
companies making them more competitive (Emmendoerfer; AndradeSilva,2009). 


For Fleury, Fleury (2003), due to the increasing competition, the companies and their businesses are 
subjected to an intense and profound process of restructuring and the pursuit of collective efficiency is 
adopted at the expense of individual efficiency. This leads to the creation of partnerships for the purpose 
of additional resources and achieve objectives. 
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2 Conceptual, historical and theoretical referential 


2.1 Concept and scope of outsourcing 
The outsourcing is part of the effort to provide companies with flexibility and adaptability in the face of a 
changing market that requires endlessly assembly and disassembly of its organizational arrangements 
(Fleury, Fleury, 2003).  


Polonius (2000) contributes to a better understanding of the term outsourcing, defined as when a 
business process management, in which a contractor transfers to third parties (individuals or legal entities) 
services that previously ran itself. 


Brazil (1994) defines outsourcing as a transfer process of functions within the firm (company / source), 
that can be performed by other companies (company / destination). These functions include support 
activities or those directly related to the production process of the firm.  


To Amato Neto (1995), outsourcing constitutes as a process of transfer of activities from within the 
contractor enterprise (company-origin) that are now performed by other companies (destiny companies), 
designated outsourced. These functions may include steps of the production process of the company-
origin (designated nuclear activities) or just activities or support services (non-nuclear activities) as 
maintenance, cleaning, security, power, logistics and others. 


For Queiroz (1998), the nuclear activity (core activity ) is essential for the organization that adds value 
directly to the product and, consequently, can generate greater profitability to the company. The support 
activity is the intermediate in the production process, not directly interferes in the quality of the product, 
but may interfere in the production cost. 


In Brazil, outsourcing was initially adopted for support services, expanding into productive activities 
undertaken by the contractor enterprise (CE), so called core activities or nuclear activities. 


Both the academic literature as the character business, legal and union agree that outsourcing was one of 
the strategies adopted in pursuit of efficiency and organizational flexibility (Costa, 1994; Freitas, 2004). 
Pedriali (2004) remembers that, in the 1990s, the Brazilian economy went through trade liberalization and 
the privatization process. At this point, many Brazilian companies have been pressured to invest heavily in 
technology ,as experienced strong competition from multinational companies. This fact led to falling 
profit margins, leading to an increasing search for cost reductions. It was found in the outsourcing a way 
to lessen this problem. 


Results of research carried out by the Getulio Vargas Foundation in October 2001, involving 1885 
industries, representing about 45% of sector sales in the country showed that 46% of these companies 
were using third party services to perform activities, which demonstrates that the outsourcing at that time 
was already implemented in Brazil (Giosa, 2003). CNI’s research (2009) confirms the growth of this process 
and projects the motivation of companies towards outsourcing. Thus, in terms of prospects for 
subsequent years, the results were as follows: 62% of companies surveyed with the intention of keeping 
the process of outsourcing its activities, 17% intended to expand the process, 3% for the purpose of no 
longer be used this strategy and 18% with the intention to reduce this process. 


These results suggest motivations for both expansion and retraction for outsourcing, and warrant in-
depth studies of the relationship between enterprises contractors and outsourced. 


2.2 Settlement and regulation of outsourcing in Brazil 
In its evolutionary process, the previously embraced outsourcing support services such as cleaning and 
feeding, for example, now tend to reach activities related to the sphere of and thus seek competitive 
advantages (Alves, 2007). 
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In its evolutionary process, the previously embraced outsourcing support services such as cleaning and 
feeding, now tend to reach the sphere of activities linked to production activities, designated nuclear 
activities or core activities  


Studies developed in Brazil indicate that the process of outsourcing has been frequently deployed in a 
precarious manner and analyzed from controversial perspectives. Due to the lack of regulations on the 
law, the lack of technical knowledge of some opinion leaders and inadequate implementation by the 
companies themselves demonstrate this difficulty and, in particular in the context of judiciary. 


According to Costa (1994), few companies with the most appropriate management practices, have been 
absorbing the sense of partnership through supply contracts with quality assurance, improvement of 
products / services, knowledge transfer, implying effective collaborative relationship. 


The historical analysis of the outsourcing process in Brazil shows that in many sectors, this feature has 
been used almost exclusively in order to reduce costs, achieved through the use of labor with lower levels 
of qualification and / or lower standard of pay and benefits, leading to a break ties between employees 
and organizations and a deterioration of conditions and the employment contract (Bresciani, 1997; Costa, 
2001; CarvalhoNeto, 2001 apud Magalhães, 2008).   


Saratt et al. (2008) refer to the use of outsourcing in an inappropriate manner, and in many instances, with 
issues arising from lawsuits and a growing generation of labor liabilities. The structured business 
organization from outsourcing relationships deserves special attention, for hover on companies on with 
this formatting, management and legal risks arising from that strategy. 


Initially, a significant portion of the labor court understood that the activities that can be delegated to 
third parties by the companies were restricted to the support, such as security, transportation, cleaning, 
conservation. Other activities were classified as delegated to third parties, and the relation of providing 
service in most cases deemed fraudulent. Faced with the need to unify the understanding of outsourcing 
processes, standardizing their understanding, appeared in the late 1993 the wording of the summary of 
the 331 TST (Higher Labour Court) partially modified in the late 2000 by Resolution No. 96/2000 the same 
Court , remaining, however, the  Resolution 121/2003, which in its paragraph III: "This is the contracting of 
services and regulates outsourcing." Considers the outsourcing legal since it is restricted to the support 
activities, from the perspective of the contracting enterprise (CE) and do not be configured the 
employment relationship, therefore, from which there are no direct subordination and personhood (TST, 
2010). 


In a seminar sponsored by the Brazilian Institute of Employment and Labour Relations (IBRET), held at the 
Faculty of Economics and Business Administration from USP – University of Sao Paulo, in 2010 with the 
participation of trade union and business representatives was pointed out the necessity of outsourcing be 
regulated and defended the proposed regulation in the country, similar to what occurs in Europe, Japan 
and the United States. 


The type of outsourcing, focusing on nuclear activities or core activities, of the EC is not legalized in Brazil 
and needs to be regulated by rules set so that the impacts are minimized. This regulation is vital, because 
this strategy is already incorporated by the organizations and disseminated throughout the country and  
by several chains. 


Therefore, the contracting enterprise (CE) and the outsourced enterprises are facing constant uncertainty 
(limited rationality), fragility and a total dependence on exogenous and uncontrollable, resulting in high 
transaction costs. The uncertainty provides opportunistic behavior and, according to Souza (1996), none 
control or process coordinated management can avoid problems, resulting in an increase in transaction 
costs. 


According Williamson (1996), institutions are created and they operate with the aim of reduce transaction 
costs. However, in the case of the relationship between the CE and outsourced to nuclear activity, there is 
an increase in these costs, which may lead to the closure of the outsourced activities. 
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To protect themselves from possible litigation, work and respond  by outsourcing, the EC must prove the 
payment of taxes and charges. So, there is an increase in structural costs and in transaction costs, and 
generate conflicts between EC officials and outsourced. 


Despite the Brazilian companies are expanding the use of outsourcing by multiple threads, you can 
identify what the challenges are great, when it comes to relationships, processes, management, legal and 
other aspects (Gutierrez, 2011). 


2.3 Transaction Costs Economics (TCE) and outsourcing 
According to Williamson (1996), by opting for outsourcing, the organization leaves a field known, 
represented by its internal coordination mechanisms and a traditional hierarchy, and initiates relationships 
based for a specific contract and actions arising from the behavioral attributes of individuals, creating 
conditions for the occurrence of transaction costs. The possibility of adjustment problems leads 
individuals to draw institutions which have the function to alleviate these problems and thus enable the 
transaction (Farina et al., 1997). 


For Williamson (1985 apud Farina et al., 1997), the organizational form is a choice variable in the analysis 
of a transaction and the main theoretical reference for this type of analysis is the Transaction Costs 
Economics (TCE) has as main objective study the cost of transactions (unit of analysis) as the inducer of 
the alternative modes of production organization (governance), within an institutional analytical 
framework. 


To participate in the automotive supply chain, it is necessary that the company be flexible, with 
management and controls that take to meet this chain efficiently, ensuring its permanence. This chain is 
supported primarily by reducing costs and maintaining quality. Thus, the outsourced for nuclear activity to 
have to follow certain quality standard, meet delivery deadlines and practice the price set by higher levels 
of the chain. To work with a restricted space of profit margin is necessary that companies possess: 
effective management, controls, internal and external information to circumvent possible structural 
problems, knowledge and mastery of specific assets, information about the opportunities and threats 
relevant to the size of the company; calculation of production costs and of the size of transaction costs 
that occur to close the contracts. All this to maintain the financial health of these companies and not let 
their survival could be  affected. 


The outsourced, in most cases, have the right to use, but all decisions with regard to machinery and 
equipment are of the contractor enterprise. This position entails a great difficulty in their negotiations, 
resulting in transaction costs that can be measured even in the pricing of your service (Williamson, 1996). 


Transaction costs arise mainly from opportunism and the fact that they are not available to all employees 
the information for making decisions. Therefore, it is based on the statement of information asymmetry 
and opportunism that occurs the incompleteness of contracts inter firms, gaps are generated and 
triggered actions that lead outsourced to uncertainties and difficulties in achieving full rationality in the 
transactions. This condition is to require real resources to bear the costs ex-post, an internal control and 
appropriate to the specific businesses to remain in jail and even to survive. 


3 Objectives 
It is general purpose of this article: characterize results and challenges arising from outsourced 
relationships, developping, with exclusivity,nuclear production activities - or core activities - for a 
contracting company, large size, included in the sector of rubber, linked to the automotive industry. 


Specific objectives are: to characterize the conditions for implementation of outsourcing in Brazil; submit 
questions concerning the legality of outsourcing, analyze outsourcing in light of the Transaction Costs 
Economics (TCE). 
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4 Methodology 
The investigation which gave support to this article was based on relevant literature and field research. It 
was developed using survey data from different sources: 1) literature search for the structuring of the 
theoretical, conceptual and empirical, 2) data collection and information collected: a) in enterprises 
outsourced that develop core activities or nuclear activities; b) in its  contractor, a large multinational auto 
parts, manufacturer of rubber parts for automotive industry. All the companies under investigation are 
located in a municipality in the state of Sao Paulo, belonging to Administrative Region of Ribeirao Preto, 
Brazil 


For reason of confidentiality will not be identifing the contractor enterprise , the enterprises outsourced 
and the municipality in which they develop their activities 


Data collection and analysis of relations between the contracting company, large, and small units 
outsourced was performed taking advantage, according to Yin (2010), the case study as research strategy. 
This is a case, properly contextualized, the relationship between contractor and outsourced for nuclear 
activities, gathered in groups, exclusive suppliers of such contractor, belonging to an automotive supply 
chain. 


In order to investigate the various aspects involved in the adoption of outsourcing have been prepared 
two interview scripts. 


The script for the contractor was divided into six sections, containing: a) historical and general 
characterization of the company, b) position of the company in the supply chain and product lines; c) 
outsourcing, describing all the processes involved; d) characterization of the contracts e) strengths and 
weaknesses, threats and opportunities arising from outsourcing (from the perspective of the contractor 
enterprise) and f) the strategies adopted by the company when the crisis in the late 2008/2009.  


The script of interview for the outsourced was the most comprehensive and structured into nine blocks 
containing: a) historical and general characterization of the company's competitive advantage and b) the 
relationship with customers; c) the acquisition of machinery, equipment and maintenance; d) labor used, 
motivations and consequences; e) characterization of the contracts; f) credit issues, cost and price; g) 
inter-relationship with the contractor enterprise; h) strengths and weaknesses, threats and opportunities 
arising from outsourcing; i ) advantages or disadvantages of outsourcing (from the perspective of the 
outsourced).  


The script for the outsourced had the objective to collect information and assessments related to 
outsourcing and about internal processes and forms of management outsourced enterprises. This script 
was applied to the leadership of two of the three groups of outsourced: the first, ETR1, composed of three 
companies and the second, ETR2, by two companies. 


The organization, analysis and evaluation of results of field research were developed from a qualitative 
perspective, in conjunction and comparison with the literature. 


The evaluation of the reasons for the implementation of outsourcing and its results was performed relying 
on the Transaction Costs Economics. 


Because of the way of insertion of the chain in the country's economic activity, the relations between the 
companies involved are subject to factors internal to them, externals and systemic. This condition of the 
object of research made possible, through the use of literature on the subject, the generalization of 
conclusions. 







 


ICIEOM 2012 - Guimarães, Portugal 


ID95.6 


5 Case Study of the relationships between contractor enterprise and 
outsourced to nuclear activity exclusive 


5.1 The contractor enterprise  
The contracting company has four factories in the city surveyed, one in MG and other unit being built in 
another city in the state of Sao Paulo. The four factories employed in 2010, 2326 workers. The contractor 
is one of the production chain and the hierarchical assembly and is part of a restricted number of direct 
suppliers who occupy the first level of this pyramid. To occupy this level follows the specifications 
required efficiency, world-class production, productive capacity and development projects, being the 
determining factor of this relationship the price. Compliance with these specifications is distributed along 
the chain. Thus, the non execution by any of the links of the chain may result in deletion of the chain. For 
the decision-making and adoption of the outsourcing contractor considers primary factors: 1) cost 
reduction and 2) guarantee that the supplier has the technical capability to perform the task or whether it 
is possible to receive necessary training. 


The types of outsourcing and activities used by the contractor are: 1) AA (Support Activity), asset security, 
concierge, reception, restaurant and transportation (other than logistics), 2) NA (Nuclear Activity - linked 
to production). As the respondent reported: "We outsource the final part of the production process, which 
we call finishing, which consists of removing burrs, cuts, splices and cut pieces for the molding process." 
There is a transfer of enforcement activities ancillary to companies that have specialized services for this 
service, promoting agility and competitiveness. However, the respondent added that: "The reason for 
outsourcing is solely because of cost reduction." 


5.2 The outsourced enterprises (nuclear activities) 
The two groups of outsourced - ETR1 and ETR2 - are made by companies in fragmented micro 
enterprises. According to the respondent group ETR2, this is a survival strategy in the face of heavy taxes 
and charges imposed on businesses, enabling thus the frame Single National System. 


ETR1 The group comprises three companies, all working in the area of Service Delivery in machining / 
finishing of rubber parts, metal, rubber and plastics, and employ the first 145 workers, 184 the second and 
third 21. 


According to the respondent Group ETR2, this group was born from the need for a "second supplier". 
Following the same selection model for the adoption of outsourcing, a former official was asked to start a 
business. This group is composed of two companies founded, the first in 2002, and second in 2008, 
working in the area of services for trimming, inspection and packing rubber parts and employ 
approximately 125 workers. 


The following are some characteristics of the outsourced: 1) assets (machinery and equipment) are owned 
by the CE and the outsourced are on loan. Given the specificity of assets, is granted the right to use 
outsourced to perform their activities. 2) The products of the CE and outsourced are directly linked to the 
given type of outsourcing (nuclear activity), 3) for some even the third-party transportation is made and 
formalized in the contract, 4) training of their employees are under the guidance of the technical quality 
of the CE who are full-time in them and 5) other features may still be available to give support to the 
activities of outsourced. 


5.3 Relations and the challenges of outsourcing 
Some aspects can be highlighted from the results of interviews relating to the performance of companies 
and the relationship between contractor and subcontractors. 


The following are the criteria, in order of importance, pointed out by the contractor for the establishment 
of the partnership in the context of outsourcing: a) price and quality, if not cheaper than doing the work 
internally, there is no reason to outsource and quality must be equal to what we have internally, it is this 
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level of quality that we have contracted with our client. Not meeting the quality requirements involves 
heavy fines for us, 2) for the location: they are all located within our city and this is important to not have 
high transport costs. Still, according to testimony of the president of the contractor: "We do not interfere 
in the management of outsourced, nor have any direct contact with employees of the same. There is no 
bond of responsibility in running these companies, nor any relationship that characterizes employment 
with its employees. But the practices of productivity, ISO / TS, respect for the environment, respect for 
labor laws, no use of labor, child labor, agents are required and indispensable for all our suppliers, who 
does not follow, does not work for us ". Assessing the positive experiences and difficulties arising from 
outsourcing, says: It is very gratifying to see a former employee become an entrepreneur, creating jobs 
and enabling the competitiveness we need to continue growing market. On the other hand, the nuclear 
activities difficulties occur with the problems linked to the action of the local union, but the main problem 
is the Brazilian legislation. It is urgent passage of the legislation that is in congress, under penalty of 
nuclear outsourcing be eliminated. 


It was observed through the information obtained in interviews pressure on relationships, the difficulties 
and challenges for the performance of the outsourced activities, the weaknesses in coordination and 
control processes. 


The fact that the outsourcing of a nuclear type / end of the case study, to be owned by former employees 
presents itself as a facilitator in spreading the culture of the outsourced to the contractor enterprise. 


Also noted is the existence of a strong dependence on outsourced in relation to the contractor enterprise 
(CE). In this sense, a failure to comply with standards agreed between the parties may cause the 
interruption of the relationship and the outcome of the risk of survival outsourced. 


It’s convenient to be highlighted some elements of weight in outsourcing relationships with obvious 
impacts on outsourced planning, use of machinery and equipment, labor, contracts, quality and price. 


As companies take part in a production chain, are subordinate to it directly depending on the applications 
and the development orientation of its operations. Thus, the outsourced part of their planning production 
planning of the CE. 


All decisions relating to machinery and equipment used by contractors are on the CE adopted the system 
of lending. 


For the survival of outsourced, cost-cutting end up falling on his great and unique heritage that is the 
labor, setting the transfer of the responsibility that this represents and what motivates the adoption of 
outsourcing by general contractors. In this case, however, the rotation for the two groups is not regarded 
as high, but it exists. 


All participate in the drafting of contracts, because that is when we analyze the proposals and the costs 
necessary for carrying out the activity on the part in question. We analyzed the volume and manpower 
needed for further elaboration of the budget. In negotiation, the parties shall adjust the conditions 
simultaneously. The third-party vendors participate as normal, with a competition among them, the most 
competitive given greater involvement in business. 


The quality of the outsourced service is defined according to previously established standards and the 
decision occurs in conjunction with CE. This maintains technical quality full-time monitoring this factor 
within the outsourced for quality control and minimize potential problems. 


Price is the deciding factor in closing the contract and the development of outsourcing activity. Although 
other issues are considered important, it is from him that is made option by either company. Wage 
bargaining occurs only when the price can be modified by initiating a new process of negotiation. 
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6 Conclusion 
The following are the conclusions drawn from the literature reviewed, the fieldwork and the relationship 
between literature and empirical research. 


Ratifying statement Souza (1993), small companies have outsourced the dynamics, functions, 
performance, survivability and the process of capital accumulation, largely linked to the accumulation 
potential and strategies of contractor enterprises, representing the their complementarity. 


While the outsourcing presents itself as a strategy, which favors the competitiveness of enterprises, 
creates problems and challenges in its implementation process for both: contractor enterprise and 
enterprises outsourced. 


Due to the existence of controversy between authors and lawyers with respect to activities that may or 
may not be outsourced, it is essential to differentiate the activities in support of the nuclear activities, 
especially for the guidance of the companies, avoiding in this way they act in a non legalized. 


There are specific relationships between contractors and suppliers, resulting from the case of outsourcing: 
a) through activities, support, b) the purpose or nuclear activities without exclusive relationship, c) or 
nuclear activity with respect to exclusivity. Some results challenges for the contractor enterprise and the 
outsourced enterprises require special attention. 


Companies that have adopted outsourcing were aimed early  the immediate reduction of their costs 
through downsizing of its staff of employees, eliminating hierarchical levels and reducing its payroll. This 
mechanism, however, is not sustainable in the medium term, because it enhances the generation of 
underemployed by salary reduction, conflict intensifies and causes distortion of that process in society. 


The outsourced face problems of survival, especially because they have to manage costs imposed by the 
contractor enterprise. These problems are aggravated when they are linked to a chain, condition of 
outsourced enterprises, object of field research, from which this article was prepared. 


Although the understanding of organizational culture and objectives of the contractor enterprise (CE) be a 
strong point to a third party, this cancels during the time of relationship, its identity, its mission and 
objectives. These latter, which were initially confused with the EC, no longer exist, due to the continuous 
learning of the exclusive relationship with a single company. 


These differences in perception between the point of view of contractor enterprise and of outsourced may 
hinder cooperation, commitment and partnership between them. The critical success factors most 
important key to the success of the relationship, perceived by the third party may not be the same as 
those perceived by the contracting company. 


It might also conclude that outsourcing is a strategy exposed to challenges, due to factors of several 
orders. Taking advantage of the Transaction Cost Economics (TCE) it is possible highlight the asymmetry 
of information and bargaining power, as well the mutability in the scenario. Its components are often 
independents of actions of the companies, but make up its environment, requiring outsourcing  to have 
flexibility and adaptation. The challenge is greater when the outsourcing relationships occur in the interior 
of a chain and when the third party maintain exclusive relationship with the contractor enterprise. Despite 
this exclusive relationship may not be explicit or formalized in a contract, this dedication results in total 
dependence by enterprises outsourced. 
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Abstract 


A manufacturing process generally involves numerous controls and different kinds of programming and one of them 
is the pull production system. The pull production system is identified by its visual way to see the need of production, 
the synchrony between the stages of production and simplicity, as the programming is only sent when the consumer 
wants it. Using this system, there is a significant reduction of inventories as these are controlled and dimensioned. The 
pull production system is characterized by its visual way to see the need of production, synchrony between the stages 
of production and simplicity, because the programming is sent only when the consumer wants. Using this system, 
there is a significant reduction of inventories as well as these are controlled and sized. Using the pull production 
system, it becomes available the possibility for the consumer to pick an item when needed, as they are available in the 
supermarket of the process. The objective of this research is to evaluate the application of the pull production in an 
industry of plastic packages. It was elaborated through the bibliographical review of the pull production and case 
studies, developed in an industry of plastic packages in São Paulo’s state, Brazil, anchored on the discussed concepts. 
As a result, it was obtained a simpler and cheaper control of production, on the very factory’s floor, supplying the 
client’s demand at the moment they want it, without the need of carrying large inventories, maintaining a leveled flow 
of material by the factory.   


Keywords: pull production, plastic packaging, reduction of inventories. 


1 Introduction 
The term lean production was created in the early 90's to name the "Thinking Process" by Taiichi Ohno 
(Toyota engineer) and the set of methods that describe the production system of Toyota Motor Company. 
This term became popular in the book "The Machine that Changed the World" (Womack et al, 1992), 
which clearly illustrates the significant difference in performance achieved by the implementation of the 
concepts of Lean Production in the Japanese automobile industry, in relation to Western industry. 


According Rentes et al, (2000), Lean Production brings together a series of principles to eliminate the 
waste during production, seeking to meet or even exceed customer expectations. These techniques seek 
to minimize the losses within the company, generating products with lower cost and enabling the 
organization to produce at a lower price and without loss of quality. 


To better understand lean production, there is a need to define it. In this way Womack et al, (1992), shape 
this new philosophy production as it follows. 1. It is an integrated production system, focusing on the 
production flow, small-batch production according to the just-in-time philosophy and a reduced level of 
inventory 2. It involves actions to prevent defects instead of fixing them 3. Works with the pull production 
rather than pushed production based on demand forecasts; 4. It is flexible, being organized through 
working teams formed by multi-task manpower 5. Practice active involvement in addressing the causes of 
problems with a view to maximize the added value of the final product 6. It Works with an intensive 
partnership from the first supplier to end customer.  


According to Hines and Taylor (2000) the five principles of lean production are: 1. Specify what adds value 
and what does not, according to the perspective of the customer. On the opposite way of what is done 
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traditionally, this evaluation should not be done according to the perspective of the company or its 
departments; 2. Identify all the steps required to produce the product throughout the entire production 
line, in a way to avoid every kind of waste 3. Promote actions to create a flow of continuous value, without 
interruptions or delays; 4. Produce only the amount requested by the consumer; 5. Strive to keep a 
continuous improvement, seeking the removal of losses and waste. 


It takes a few steps, principles and tools to create a lean flow for the organization to become a lean 
company. However, based on the definition of Womack et al, (1992) and the principles of Hines and 
Taylor, (2000), we noted that both philosophy and principles lead us to: give the client (which may be the 
next step in the process production) what he wants, when he wants and in the quantity he wants, which 
means, to generate customer value. According to Liker (2005), if we can accept a request from a client and 
produce a single product just for that application - using a cell production piece flow - this will be leaner 
than the system can be imagined. But as there are interruptions in the normal flow of processing raw 
materials into finished products delivered to customers, it is necessary to use the pull production with a 
leveled programming. 


One of the control tools used by Lean Production, which meets the objectives and principles described 
above, is the pull production system. 


In the "pull system", each next step of the process is a customer from the previous process, which 
produces to the next step only what was required, which means to supply each process with the exact 
needed items, in the right quantity and at the right moment. (Cunha et al, 2003). 


The objectives of the "pull system", listed by Moura (1989), are: to minimize inventory in the process, 
minimize the fluctuation of the inventory during process, reduce the "lead time" production, prevent the 
transmission of larger fluctuations in demand or volume between processes, to raise the level of control 
through decentralization (delegation of responsibilities); to react faster to a changing demand, and reduce 
defects. 


According to Rother and Shook, (1999), what is intended to be done in the lean production system is to 
built a process to meet only what the next step needs and when it needs it. It seeks to link the whole 
process - from the last customer to the raw materials - in a steady flow, without returns, which manages 
the shortest lead-time, the highest quality and lowest cost.  


One of the tools that makes possible to produce only what the next step needs, and when it needs it, is 
the use of the pull systems based on “supermarkets”, leveling the production range in order to control it. 


Pull systems for production scheduling are conceptualized as systems where customers are supplied from 
a basic stock items only at the time and in the quantities needed (just-in-time), leading from there a due 
replacement (Monden, 1984; Ohno, 1997, Schonberger, 1992; Moura, 1989). This system generally 
operated with the tool Kanban cards, frames and preconceived supermarket items, is historically 
recommended for repetitive production systems in batches (Tubino 1997, Harmon, 1991, Corrêa and 
Gianesi, 2011). 


1.1 Objective 
The aim of this study is to evaluate the implementation of pull production in a plastic packaging industry 
through a script of 12 questions proposed by Smalley (2008). In order to do it, there will be a 
bibliographical review on the pulled and pushed systems, as well to present the Kanban concepts and the 
steps to create a leveled pull system. Then you it will be presented the case study held in plastic 
packaging industry, where it is intended to achieve the objective proposed in this paper. 
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2 Bibliographical Review 


2.1 Pull Production versus Production pushed 
An effective and efficient production control system must be able to produce the right quantity at the 
right time and at competitive cost. All stages of production must be well synchronized, so that materials 
produced at certain stages of the process come in the correct quantities and at the correct time to the 
next stages, which will use them.  


The production processes with several stages can be classified into two kinds: The pull production and the 
push production systems. 


In the pushing system, the production schedule is based on time schedule. This is done by a core of 
developers who take the orders, and then schedule each step of the process where these orders should 
go through. The stages are given the information about the arrival of the requests to be processed, their 
size, and when they must be concluded. It is common to have several requests waiting in the same 
process step. In this case, the supervisor decides which one is a priority. The problem is that this priority is 
not always the same priority to the programming department. This fact and the material delays, broken 
machines and other unexpected events cause the production schedules to become obsolete as soon as 
they are created. (Nicholas, 1998). 


Even though several authors describe pushing systems under different aspects, (Huang et al, 1998), 
consider that the pushing systems are generally recognized for operating a release of material in the 
system. That is, the push production system operates releasing the needed material for the first operation 
according to the demand’s forecast. Then the semi-finished product is released to the next step without 
any request made by this stage, meaning that the materials are pushed throughout the production 
process. 


Fundamental problems with the push production into batches can be seen: each process in the value 
stream operates as an isolated island, producing and pushing the product in accordance with the 
schedules received, rather than meeting the real needs of the following processes. Once this material is 
not necessary yet, it should be handled, counted, stored, etc... - Pure waste. The faults lie buried in 
inventories in the process until the next step finally uses these parts and identify the problem. As a result, 
while the time of adding value to produce a product is too small, the total time that the product takes, 
through the plant, is too long (Rother and Shook, 1999). 


The pull system eliminates the need to program all the operations where a request will go through. 
Decisions according what to do and the quantity to be done are taken by operators, using a simple sign 
system that connects the operations through the process. The Kanban system is a method of doing this 
sign system (Tardin and Lima, 2000). 


The pulling system production is, generally, initiated by the last stage of the process. This system requires 
the existence of small inventories of finished pieces at the end of every step. Thus, only the last stage 
receives the client’s request. To accomplish it, it seeks in a small inventory of parts from the previous 
steps, the pieces it needs to perform the request. This step, in turn, searches the database of the previous 
step the parts needed to restore its own inventory, and so on.  


Pull production means not to produce until the customer (internal or external) request the production of a 
particular item (Tubino and Andrade, 2003). The objective of putting a pull system between two processes 
is to have a way to give the exact order of production to the previous process, without attempting to 
forecast demand and schedule later the previous process. 


However, there are some conditions in order to implement a pull production system: a bigger power for 
the factory’s floor workers, who will decide what, when and how much to produce, to produce what the 
customer orders, to reduce the amount of material in process, preventive maintenance of equipment, 
quality assurance, as the inventories should be minimal, minimal setup time in order to obtain flexibility, 
all steps should be able to produce in the same pace of the final step, relatively stable demand.  
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2.2 Kanban System 
In lean manufacturing, kanban is a specific tool to control information and regulate the movement of 
materials from the production processes (Smalley, 2008). 


Kanban is a Japanese term that means card; this card acts as a trigger of the production (or moving) by 
the production centers present in the process, coordinating the production of all items, according to the 
demand for final products (Corrêa and Corrêa, 2008). 


Moreover, according to Voss and Clutterbuck (1989 cited by Rentes, 2000) kanban is a pull system control 
movement of material, which comprehends a mechanism which triggers the movement of a material of an 
operation to the next. Corroborating with these notions, Liker, (2005), states that Kanban means sign, 
card, and announcement card. 


The kanban is used in pull systems based on supermarkets (product designed stock). On the factory floor, 
the supermarkets should normally be located near the delivery process to help that process to have a 
visual concept of customer needs. The responsible one for moving the process material “the client” goes 
to the supplier’s supermarket and withdraws what is needed. This withdrawal triggers the kanban 
movement since the supermarket up to the supplier’s process, where they are used as the only instruction 
for that production process. (Rother and Shook, 1999). 


When the continuous flow is not possible because the processes are far away or because the cycle times 
to perform the operations vary widely (in the packaging industry), the next best choice is the 
kanban/pulled system. Rother and Shook (1999) says, "make it flow where it can, pull where it should”. If 
there is a desire to create lean systems, where it is not possible to create the piece flow, the best 
alternative is the pull system with some inventory and the use of kanban. 


According to Slack (2002), there are three types of Kanban cards: 1. transport Kanban: it is used to warn 
that the material can be removed from a previous step and transferred to a specific destination. This one 
contains information such as: number and description of the component, place of origin and destination, 
among others. Smalley (2004), calls it a withdrawal kanban 2. production Kanban: it is a sign for the 
productive process, meaning that it can start to produce an item to be placed in the inventory; 3. supplier 
Kanban, there are used to notify the vendor that it is needed to send material or components for a stage 
production. 


2.3 Creating a leveled pull system with the use of kanban 
To deploy a leveled pull system using kanban and supermarkets, there is a need to start with a family of 
products at the closest point to the customer. According to Smalley (2008), it is necessary to answer 12 
questions at the time to implement the pull system.  


The questions and explanations below are described, according to Smalley (2008): 


 What products are to be kept in an inventory of finished products and which ones are to be 
produced only according to the client’s order? 


Most manufacturers have a wide range of demands for different end products in their value stream. To 
target a product there is a need to use the ABC analysis of production. In this analysis we can see the 
amount of products ordered by customers every day, the "A" products with larger volumes. A second 
group represents the orders made very often, but not daily, the “B” products with an average volume. And 
finally, the third group, which consists in products that are not ordered so often, but in very different 
quantities, making the class "C" of lower volumes. 


After the analysis is done, one of the options for the decision of finished products versus on demand 
production, would be o keep A and B products at the supermarket of finished products and make the C 
products on demand from semi finished components - mixed pull system.  


 What quantity of each product is to be kept at the supermarket of finished products?  
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After employing the mixed pull system and keeping the finished products for the A and B items, it is 
necessary to calculate how much each of these items should be maintained and this can be determined 
by a simple formula that is described in Table 1. 


 Average daily demand x lead time replacement (days) Cycle inventory  
+ Changes in demand as % Inventory Cycle Buffer inventory 
+ Safety factor as % of (Inventory cycle + buffer inventory) Safety inventory 
=  Inventory of finished goods  


(supermarket) 


Table 1 - Calculation of finished products. Source: Smalley, (2008, p. 20)  


 How to organize and control the supermarket of the finished goods supermarket? 


You will need to create places for each item, places carefully designed to ensure that the oldest parts are 
checked before. They should be posting signs above the storage sites, clearly indicating the maximum 
quantities for each finished item. It allows the finished products to be organized in a logical and visual 
way, allowing distinction between normal and abnormal circumstances.  


Another important issue is to divide the items A and B into three categories: cycle inventory, buffer 
inventory and safety inventory, so it is possible to check which stocks are within the normal variation. 


 Where to set the value stream? 


At this point a process should be selected to work as a general value stream puller and the whole process 
must be functioning at the same pace - takt time of the pacemaker process. 


According to Rother and Shook (1999), the takt time synchronizes the pace of production to keep pace 
with sales. Is the frequency in which a part or a product must be produced, based on the pace of sales, to 
meet customer demand. The takt time is calculated by dividing the time available for work (in seconds) 
per turn, by the volume of customer demand (in units) per shift. 


Still, by the same author, the takt time is used to synchronize the pace of production with the pace of 
sales in the "puller process". 


In the pulling replacement system, the final assembly will be the pulling system in almost every case. 


 How to level the production in the pulling process? 


To level the production the batch sizes in the pulling process must be reduced according to three 
constraints: 1. Differences in work content between the products: The work content of the pieces that pass 
through each operation must be evaluated; and if possible in each cell the products should vary only a 
little and possibly no product should have work content above the takt time; 2. Setup requirements 
between models: Strategies to reduce the setup time (time for tool changes and the time to put the 
materials in the right places) should be implemented to allow limitations on the sizes of the batches 3. 
Pitch interval production: Pitch production determines the maximum length at which the pacemaker 
process can be leveled by the mix. Pitch is a lean concept and is calculated by multiplying the amount of 
takt time in a package (number of products per container transferred by the finished products from the 
cell assembly). 


By clearly knowing the daily time available in production, daily demand of the customer per model and 
the minimum batch size, it is possible to level the production by its mix. For this, it is necessary to divide 
the available time for production by the pitch to calculate the number of pitch intervals available to meet 
demand. 


 How to transmit the demand information for the pulling process in a way to create the pull? 


In the lean production, the specific tool to report the production orders to regulate the movement of 
materials is the kanban. As a process consumes the product, signals are sent to the previous via kanban so 
that the quantities consumed are restored. 
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These kanban cards must be ordered and there is a need to set the pace that they will be delivered. For 
this purpose a heijunka box can be used. According Lexico Lean (2003), the heijunka box is a frame of 
load leveling where each horizontal line is assigned to a product type and each vertical column represents 
identical time intervals to a kanban pace withdrawal. Each kanban spaces represent a pitch production of 
a type of product. 


This simple method uses the time intervals at the top (identification of the columns) to order visually the 
production orders - production kanban - in order to make clear the next items to be produced and the 
exact moment to do this. 


 How to manage the information and material flows from the previous process to the pulling one? 


Supermarkets can be created to control the flow of material in the previous process that have different 
standards of operation or set-up times from the pulling process or even, significant distances from the 
two processes. At this moment the withdrawal kanban is used, which will help the material movers to 
identify where to deliver or to collect material. 


 How to size the supermarkets and trigger the pulling? 


A standard quantity for the inventory must be set for each part to be kept in the assembly cells based on 
the nature and frequency of the transport route, to create a separate withdrawal kanban for each 
container stored in the cells and determine the right amount of products held centrally in the 
supermarket. 


 How to control the flow of batch processes from the supermarket? 


To program the batch processes a set of tools known as kanban signal is used. To implement the kanban 
signs four steps are needed: 1. Determine the time available for the setup 2. Establish the number of daily 
setups 3. Determine the size of the production batch 4. Specify a trigger point for replacement. 


 How to expand the leveled pull throughout the plant? 


The expansion options might be the value stream approach, when all the resources of the plant can be 
divided and dedicated to individual value streams, and the departmental approach, when processes use 
shared resources. 


 How to maintain the leveled pull system? 


To keep the leveled pulling system is not an easy or a short term task. In any leveled pull, three managing 
activities are critical: 1. continuous monitoring of customer demand; 2. continuous assessment of 
performance index and process stability 3. Daily supervision of the production control and of the 
operational processes to ensure that standardized work is followed. 


Someone should perform each of these functions and assign responsibilities for the daily activities the 
organization. 


 How to enhance your leveled pull system? 


To improve, the organization must maintain the stability of the process by reducing the safety inventory 
and the setup, as in every process there is a remaining loss that will be manifested as a loss of availability, 
speed or quality. 


Moreover, a major source of improvement of the system can be found in non-productive time, especially 
during the waiting of the material in supermarkets. The inventory cycle can be decreased only by reducing 
the lead time of the door to door manufacturing.  


3 Methodology 
This paper is an exploratory study, therefore, there is little knowledge about the problem studied (Cervo 
and Bervian, 2005). It analyzes the producing process of a packaging industry from the perspective of the 
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pull production. Thus, this study aims to get acquainted with the phenomenon (production of plastic 
packaging) gaining a new perception from it (from the perspective of pull production) and discovering 
new ideas. (Cervo and Bervian, 2005). 


The research development that provided a ground for this paper came through the bibliographical review. 
The concepts of the pull production system were analyzed in the bibliography concerning the subject and 
the concepts were applied in a case study performed in an industry of plastic packaging, located in the 
state of São Paulo. 


As for the period of investigation, there was a cross-sectional once the data was collected at a given time. 
The processing of such data was qualitative, as the qualitative methodology is traditionally identified with 
the Case Study (Marconi and Lakatos, 2007). 


4 Case Study  
The implementation of the pull system was applied to a plastic packaging industry located in the state of 
São Paulo, Brazil. The industry produces plastic packages made of polyethylene of high and low density 
polypropylene, and PET. Its main customers are the pharmaceutical sector industries and major customers 
are located within the state of São Paulo.  


The packaging industry tried to keep inventories to avoid the lack of products to its customers; however, 
even then, there was a lack of a type of packaging, produced under the scheme for overtime. The 
production system adopted by the company was to push, where each process "pushed" downstream 
programming. Each process produced what they believed was most beneficial and not what the end 
customer (pharmaceutical industry) needed and when needed. 


When these discussed problems were analyzed, it was detected the need for a change and it was 
proposed the adoption of the leveled pull production with kanban, following the 12 steps proposed by 
Smalley (2008). 


First, to implement the pull system, it was determined which were the finished products that should be 
kept in the inventory and which ones would be produced according to requests. Therefore, it was 
analyzed the volume of sales in the period from September 2010 and September 2011, which 
comprehends thirteen different periods. The analysis of the segmentation was applied and it is called “the 
ABC analysis in production" where products were rated according to their production volume, from the 
biggest to the lowest. 


When it was done, it was noted that 12 of 204 items accounted for 60.73% of the demand and were 
ordered almost every day by the customer. These 12 items were classified as A. The second group consists 
of 17 items, accounting for 19.29% of the demand and requests by customers almost every fortnight. This 
group is called group B. The third group consists of 175 of 204 items that account for 19.98% of the 
demand and were requested monthly by the customers. This group is called Group C. 


After the classification of products according to the ABC analysis of the production, the company chose to 
use the mixed pull system, where items are placed in categories A and B should be on supermarket 
products and items in category C should be made according to their requests. It means that the company 
would spend less time managing the 80% of the volume for which they were responsible for items A and 
B, and so they could concentrate on the production of items C to meet the orders. By adopting this type 
of system, the company needed a dedicated group of machines (cell) only for the production of items C, 
and all efforts to reduce machine setup were made to meet the large number of items that would be 
produced in that cell. 


Once defined which items were in the supermarket and what items would be made by order, the next 
question was how much each of these items should be kept at the supermarket. For this, it was 
determined the overall daily average demand, the replenishment lead time (in days), the inventory cycle, 
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the safety inventory and the stock buffer to get to the finished goods inventory at the supermarket, as 
shown in Table 2. 


With the new methods of inventory control and determination of inventory levels for each item, the 
company planned a new arrangement for the physical inventory, from what was perceived that it would 
take less physical space for the storage of products. So the company decided to separate certain areas 
segregated for each of the 29 items that would be stored, allowing a visual control that would be added 
to the inventory control that the company had in its ERP (Enterprise Resource Management). The data 
calculated in table 2 were registered in the ERP system to obtain a better control of the products 
movement and a fast answer in the production of the items that might vary in the inventory levels.  


 
Table 2 - Calculations for the implementation of the pull system. Source: Authors 


The factory is divided into three distinct sectors of production: industry blowing bottles, injection caps and 
screen printing (painting) bottles. When analyzing the flow of production value, it was found that the 
process of blowing bottles is 26.6% slower than the screen printing process (the next stage of production), 
being needed only 5 hours of daily production in injection to meet the demand of the products in the 
industry. Thus, it was planned that the team linked to the blowing process would come in 3 hours earlier 
and would be moved to the sector of injection as soon as the normal work shift starts. Additionally, it was 
decided that the sectors of printing and injection processes would be the pulling process of factory.  


With these decisions, the company started to level its production, balancing the customer’s tact time and 
the lead time of the factory production. It is sure that for this result other things were planned: reductions 
in batch sizes of products, investment in reducing setup times of machines through the acquisition of new 
tools that enable the rapid exchange of parts, and even the acquisition of machinery. Additionally, it was 
calculated the production pitch for products classified in families A, B and C and it was determined 
intervals seeking a new production planning.  


For this whole process to become real, it was necessary to determine how to transmit the information to 
the production cells. For this, at the lean production, there is a specific tool for the communication of 
production orders and to regulate the movement of materials called kanban. To plan how to operate the 
kanban, the company needed to analyze the environmental demand of its products and determine if it is 
stable or subject to large variations. As the company makes 90% of sales to only two customers and the 
demand for products from these clients are stable, it was determined that the withdrawal kanban is the 
tool that best fits the company's reality. Since the company's warehouse department is responsible for the 
movement of materials through the plant, the storekeeper became responsible for movement of the 
Kanban factory, both in the pulling process and in its earlier process.  


The next step was the dimensioning size of the supermarket. Therefore, it was established that the route 
of movement of the materials should present a fixed amount and variable time, because the quantities of 
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materials produced and the way to store them in the inventories are fixed. Then, it was designed the size 
of each finished product inventories, items from the curve A and B, where the cycle inventory was 
considered that will be added to the buffer inventory and to the safety inventory. Since the beginning of 
the plans for the change into the pull production system, the expected volume to reduce the inventory 
level is around 45%. This is a fairly a large number, because the company decided to create in its plans, a 
supermarket of intermediate products for the items in group C, which would help to reduce the lead time 
production of products that would be ready and waiting for the final step production in the sector of 
screen printing.  


To control the production of items for the inventory of finished goods and intermediate goods 
supermarket the thought was to use the kanban signs. Using this type of kanban, the removal of product 
in the supermarket triggers replacement of the same product in the previous step. The operation of this 
kanban type requires the determination of the available time to set, to set the number of daily setups, the 
determination of the size of the batch production and specifying a trigger point for replacement. 


It is worth to remember that all products made in the plastic packaging industry were used in the plans 
and in the calculations to set the pulling system. However, it is recommended that the implementation is 
done by product or product family. Thus, it becomes easier to carry out the measurement of results and 
possible correction of process deviations. Some indicators can be used to measure the improvements 
brought by the implementation of a pull system. These indicators can be described and classified into the 
following groups and were extracted and adapted from Smalley (2008). 


 Indicators of productivity: Direct Labor (parts / person / hour) and number of movers of 
materials. 


 Quality indicators: index of scrap and rework of the parts produced. 
 Indicators of Call: downtime per shift. 
 Inventory turns: how many times the inventory turns per month, estimating the level of 


inventory in monetary values by dividing cost of sales of stock in the month. 
 Delivery on time: This indicator is important for both internal customers (meaning the screen 


printing industry) and for external clients. 
 Costs: reduction of production costs of the plant, for example: overtime, loss of product, among 


others. 


For the plant to maintain the leveled pull system three basic activities are required. The first one is the 
continuous monitoring of customer demand by calculating the average demand in a given period. The 
second is the continuous evaluation of performance indicators and process stability, which should be 
made through a statement of the result of value streams that show the numbers at the beginning of the 
implementation of pull system, the goal, the current state and improvement obtained in the process. The 
third is the daily supervision of the control of production and the operational processes that the 
standardized work is being followed; this activity must be made by controls highly visual and easy to 
interpret.  


5 Conclusion 
The implementation of pull production system in a plastic packaging industry is feasible, therefore, 
simulations were made with data extracted from databases of the company and the project was made 
based on everyday situations from day to day business. 


Based on the bibliographical review, a detailed analysis was carried out as on how the pull production 
system can be deployed in a plastic packaging industry. Due to the high degree of detail, this work can 
contribute in many ways for the same sector industry. 


The first aspect to be highlighted concerns the reduction of inventory levels of the plant, obtained 
through the analysis and classification of the daily demand of products by ABC method. 
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The inventory reduction has led to consideration of a second aspect related to the improvement in the 
organization of the factory, which allowed the design of a new production layout. 


A third aspect referred to the observed improvement of the production process obtained as a result of 
the two previous results and, consequently, led to a fourth aspect which is the improvement in the flow of 
information. 


The sum of these improvements resulted in a reduction in production costs that can be treated as a fifth 
appearance. 


However, there was also a gain that could not be measured, on the change of the philosophy of the 
company that will enable the adoption of a culture of continuous improvement and this culture could 
lead to incalculable benefits to the company and also to society as a whole. 
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Abstract 


The Kraljic matrix has been largely used in many different industries as an efficient tool for developing differentiated 


purchasing strategies. However, its application on construction industry is unknown, as well as the lack of systematical 


approach on criteria prioritization which is one of the key issues of the methodology. This paper describes the 


application of Kraljic matrix on a large construction industry multinational group, identifying the necessary 


adaptations of the tool. Adjusting Kraljic tool for construction industry required specific key-factor selection, then AHP 


technique for factor prioritization. This work explores the output usefulness and its applicability on construction 


projects. 


Keywords: supply chain management; Kraljic matrix; purchasing portfolio approach; purchasing strategies; 


construction industry. 


1 Introduction 


Portfolio approach on purchasing has been a relevant subject through last decades; it is well known that 


there is no one “perfect” purchasing strategy that could fit all kinds of purchased good or services. Thus 


segmentation is necessary in order to differentiate purchases and to adapt different strategies. 


Construction industry is complex and conservative sector that resist changing when confronted with the 


risks associated with procurement of projects (Cheng, Li, Love, & Irani, 2001). Each construction project is 


unique involving a wide range of parties and activities what causes high market and process 


fragmentation. Being well known for its budget overruns, project delays (mostly due to supply 


disruptions), conflicts, claims and counter claims it is characterized by poor performance and low profit 


margins (Yeo & Ning, 2006). 


The main criticalities in construction sector are the environment of complexity and uncertainty as the 


production is executed on a temporary site by a temporary organization of many different parties 


(owners, designers, constructors and labor force) that are dissolved after completion, what leads to 


opportunism focused on short term-relationships (Fearne & Fowler, 2006). From one side, the high 


customer influence on the project outcome and from the other the buyer-supplier relationships that are 


mostly of transactional nature where each partner is seeking for its own short-term benefit, avoiding 


serious investments in the relationship thanks to the opportunistic behavior. Despite the temporary 


configuration characteristic, the focus on price as the bid evaluation key parameter (for supplier selection) 


is one of the main sources for almost all the above exposed problems plaguing the industry (Hatush & 


Skitmore, 1998). 


The lack of transparency and information sharing in this sector is outstanding what makes risk 


management a crucial but difficult task (Aloini, Dulmi, Mininno, & Pastore, 2010). 


Risks such as supplier bankruptcy during the project, natural disasters or political changes that could 


cause a consequent supply disruption threaten this particular sector. Therefore, facing the high risk 
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exposure due the criticalities and general focus on price for supplier selection it is evident the need for an 


improved approach on purchasing. 


Among many portfolio approaches, Kraljic (1983) developed a bi-dimensional matrix based on the 


strategic impact and supply risk vectors. Given some purchasing portfolio, products can be grouped by 


similarity regarding the supply characteristics, (e.g. it can be purchased form the same supplier in the 


same order) and then rated accordingly different critical factors, e.g. total amount spent on that class 


during some period, the number of suppliers available, product scarcity (Kraljic, 1983). 


Strategic importance/impact of purchasing can be measured by the cost of materials/total costs, value-


added profile, and profitability profile and so on. Supply risk or in other words supply market complexity 


is expressed through factors such as the number of available suppliers for a given product, monopoly or 


oligopoly conditions, pace of technological advance, entry barriers, logistics costs and complexity. 


However this method also received a lot of criticism: Selection of dimensions and respective weights is 


difficult (Gelderman & Van Weele, 2003); (Nellore & Soderquist, 2000); (Olsen & Ellram, 1997) the 


positioning of the items in the matrix is subjective and makes the model imprecise as well as the relative 


classification of items inside the matrix (Cox, 2001); (Ramsay, 1994).  


This methodology has been largely used on manufacturing industries, although its application both on 


projects driven industries and construction industry is poor and rather unknown. Construction industry 


does suffer huge losses due supply delays and/or supply disruptions; therefore the selection of the right 


purchasing strategy is crucial (Aloini, Dulmi, Mininno, & Pastore, 2010). 


The review revealed that there is an obvious lack of criteria prioritization in the literature. The best 


example, similar to AHP was the use of fuzzy comprehensive evaluation, a methodology very similar to 


AHP (Narasimhan, 1983). As follows, there are no other obvious examples of criteria weight assignment. 


This paper describes the application of Kraljic matrix on a Portuguese large construction company, 


identifying the necessary adaptations of the tool. As the application of such methodology on construction 


industry is unknown, this research focused on the applicability and development procedure in order to 


analyze its usefulness with the real-world industry practitioners. 


2 Theoretical background 


2.1 Portfolio approach – Kraljic matrix 


In the field of purchasing portfolio models, despite some other suggestions with minor nuances, Kraljic 


matrix has become the standard (Lamming & Harrison, 2001) (Gelderman, 2003). The portfolio approach 


on purchasing considering the strategic impact (internal) and supply risk (external) dimensions not only 


allow management to get a better perception on the bargain power and consequently choosing for the 


adequate strategy but do reduce the company risk exposure (Kraljic, 1983). Strategic importance can be 


measured by the cost of materials/total costs, value-added profile or profitability profile  while supply risk 


through factors such as the number of available suppliers for a given product, monopoly or oligopoly 


conditions, pace of technological advance, entry barriers, logistics costs, complexity, etc. Each 


organization, in spite of meeting the best fit between the matrix as a tool and its reality, must select its 


particular criticalities. Given some purchasing portfolio, each product can be grouped by similarity 


regarding the supply characteristics, and then rated accordingly different critical factors. 


Four categories arise from these two vectors. These are: Leverage, Strategic, Non-critical and, finally, 


Bottleneck. (Table 1) 
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Table 1 Kraljic matrix and typical items purchased 


St
ra


te
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H
ig


h
 Leverage 


Mix of commodities and specific materials 
 


Strategic 
Scarce and/or high value materials 


Lo
w


 Non-critical 
Commodities, some specified materials 


Bottleneck 
Mainly specified materials 


 
 Low High 


Supply risk 


 


Leverage items are known as the “best” placed items. They hold a considerable business share (high 


strategic impact) while the risk is reduced, nonexistent or already mitigated by some specific strategy. The 


supply process is mature and well established. 


Strategic category is all about future strategy; this class of products has high impact on business and high 


risk. Specific management practices are required, e.g. long-term relationships with suppliers, continuity 


plans and strategic planning are crucial. Successful management of this category of products/services can 


mean the difference between the survival and demise of a company. 


Bottleneck items are the most underestimated and ignored items. They have very low business impact, 


but a high supply risk. They are very likely to suffer supply interruptions and delays, among many other 


types of supply disturbances. The lack of such items can delay the whole projects or production lines, e.g. 


the lack of a cheap O-ring can be responsible for holding up an important piece of machinery. 


Finally, the non-critical items have a low impact on business and low supply risk. This is the least 


important category, in which high performance and low cost are the drivers. For example supply process 


is mature, the supply market is healthy; there are plenty of choices and alternatives. 


The breakup of the purchasing portfolio in the above-mentioned four categories backs management to 


choose better purchasing strategies and therefore building the best supply strategy according to the 


product and market characteristics. 


Nevertheless this method received a fair degree of criticism (Gelderman & Van Weele, 2005): Selection of 


dimensions and respective weights is difficult and imprecise (Gelderman & Van Weele, 2003); (Nellore & 


Soderquist, 2000); (Olsen & Ellram, 1997) the positioning of the items in the matrix is subjective and 


makes the model imprecise as well as the relative classification of items in its independence inside the 


matrix (Cox, 2001); (Ramsay, 1994) (Ritter, 2000). This methodology fails to reflect the context of networks 


due to the oversimplified insight on buyer-suppliers relationship (Dubois & Pedersen, 2002) missing the 


concern for sustainable competitive advantage achieved through inter-firm relationships based on other 


aspects rather than the direct purchase itself (Wagner & Johnson, 2004). 


2.2 Impact on the strategic recommendations 


Each of the four categories requires different approaches in order to minimize supply risk and make the 


most of the buying power (Kraljic, 1983). Comparing the bargain power of the organization against the 


supply market three basic purchasing strategies come up: exploit, balance and diversify. Consequently 


managers should exploit the power in leverage category using its high bargain power. It can be achieved 


through target pricing, tendering and product substitution. Items which can cause problems and risks are 


located in the bottleneck category making adequate the volume insurance, security of inventories, vendor 


control and backup plans for such cases, through diversifying strategies. Strategic and non-critical items 


are the ones holding the bargain equilibrium between the buyer and supplier; non-critical items require 


efficient processing, product standardization, order volume and inventory optimization while strategic 


items require strategic partnerships. 


The adequate purchasing strategies for strategic and bottleneck items are the ones that minimize risk 


what means moving the left in the matrix towards leverage and non-critical categories. The standard 
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strategic recommendations are directions adequate to the most of the situations holding the item in 


some given position in the matrix or moving to another. (Table 2) 


Table 2 Standard strategic recommendations (Adapted from Gelderman & Van Weele, 2003) 


Items Holding the position Moving to another position 


Leverage “Maintain a partnership of convenience” “Develop a strategic partnership” 
(moving to Strategic) 


Bottleneck  “Keep safety stocks” “Decomplex the product, find a new supplier” 
(moving to non-critical) 


Non-critical  “Individual ordering” “Pooling of requirements” 
(moving to leverage) 


Strategic  “Maintain a strategic partnership” 
“Accept a locked-in partnership” 


“Terminate a partnership, find a new supplier” 
(moving to leverage) 


 


While there are standard strategic, construction industry projects are often developed in remote 


conditions with geographically distant suppliers where the logistical infrastructure is highly undeveloped. 


There are two adequate strategic directions adequate for such cases; one is the use of remote purchasing 


agents for the strategic items while the other is the use of logistic management systems (Gelderman & 


Donald, 2008). Both these strategic directions do tend to reduce the supply risk by dealing with the 


distance and the uncertainty. 


2.3 Application of Kraljic approach 


Kraljic approach has been applied on several different industries (Gelderman & Donald, 2008). A brief 


chronological analysis on the keyword “Kraljic” in research databases seeking for practical applications 


revealed very few suitable results. De Haan et al. (2003) used Kraljic portfolio approach on a natural 


rubber industry without doing any explicit criteria prioritization using only “availability and technical 


quality” for risk measurement and “price” for profit impact. Zhao et al. (2007) focused on factor analysis, 


matrix indicators (criteria) definition and quantification. Later Gelderman and Mac Donald (2008) studied 


the adaptation of this methodology to an undeveloped logistic infrastructure applying it to an oil 


company case using several criteria without mentioning any prioritization. Caniels and Gelderman (2007) 


focused on power and interdependence in buyer supplier relationships using the purchasing portfolio 


approach based on a questionnaire aimed at purchasing professionals of various sectors. Liu and Xu 


(2008) executed its application on steel industry, selecting the suitable criteria using fuzzy comprehensive 


evaluation, performing criteria prioritization by means of a methodology very similar to AHP presented by 


Narasimhan (1983). Later, based on the observation of a sample of 10 organizations from different 


sectors, Pagell et al. (2010) developed a sustainable purchasing portfolio matrix based on Kraljic matrix yet 


without any practical application of the new model. Lee and Drake (2010) used the portfolio approach on 


two elevator manufacturers for component purchasing strategies development, seeking to improve the 


original Kraljic model, using the AHP for component prioritization but not criteria. Applied to a 


refrigerator making company, Seifbarghy (2010) relied on fuzzy numbers in order to quantify and 


prioritize most of the qualitative criteria. Still concerning analytical scoring of different commodities using 


a more objective approach, Padhi et al. (2011) used fuzzy multi-attribute scoring to assign weights and 


multidimensional scaling for positioning in the matrix, applying it to a Rural Development Department 


commodities purchasing portfolio. 


These are the main Kraljic matrix practical uses found in the literature; therefore it is clear that its 


application on construction industry is unknown or even absent and as well as factor prioritization is a 


rare and yet immature practice. 
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3 Case Study 


The case study focuses on the application of Kraljic portfolio matrix on a Portuguese large construction 


company that operates worldwide, identifying the necessary adaptations of the tool considering the 


sector characteristics and discussing its applicability. 


Operating primarily in Portugal (where it is based), Angola, Mozambique and Guinea-Bissau, among many 


other countries, this company provides construction and rehabilitation services for almost any kind of 


infrastructure as well as contract management services is a publicly held company with a market capital of 


more than €620M. This particular case was found suitable to such study because of the wide and well-


established international supplier base (more than 1K suppliers) and experience result of more than ninety 


years of activity constructing worldwide. 


3.1 Methodology 


A period of 6 months was scheduled to conduct the research with the team consisting of the Supply 


General Manager, Internal Control General Manager, Division Manager and International Procurement 


Manager. The main objective was to investigate the applicability of the Kraljic purchasing portfolio matrix 


for construction industry and to evaluate the adapted portfolio matrix with the practitioners. The study 


was unspecific to any particular project thus encompassing all the purchases during the year of 2010. 


The research included 6 key steps: (1) Literature review; (2) Criteria selection and prioritization; (3) Product 


portfolio analysis; (4) Matrix construction; (5) Design and filling in the matrix; and (6) interpretation of 


results. Following an in-depth literature review on the topic (step 1), several open interviews were 


performed by two researchers with key practitioners in order to accomplish the steps 2 to 6. After criteria 


selection, the Analytical Hierarchical Process model was used for criteria prioritization involving the whole 


team. 


Product portfolio analysis (step 3) consisted in grouping different items into categories, both goods and 


services. Starting with a database containing more than 4000 items, the selection principle used 


encompassed the total amount purchased during one year of activity and grouped regarding the 


possibility of being purchased in the same order from the same supplier. 


The grouping consisted of various phases; the initial database hierarchical arrangement was suitable for 


the research purpose what eased the process. This triage resulted in 29 classes representing 75% of the 


total amount purchased as some of the classes were excluded due some particularities, e.g. the excessive 


amount spent subcontracting of electrical installations made during the year due to a special project. 


Then, after criteria selection and prioritization each selected category was positioned on the matrix by 


means of a questioner filled in as a team exercise. Each criterions answer was codified to values between 0 


and 1 multiplied by the respective criterion weight. The sum of all the weighted criteria and respective 


answers represented the final score of each dimension of the matrix. 


Then, after criteria selection and prioritization each selected category was positioned on the matrix by 


means of a questioner filled in as a team exercise, each criterion had several possibilities of answer. Each 


criterions answer was codified to values between 0 and 1 multiplied by the respective criterion weight. 


The sum of all the weighted criteria and respective answers represented the final score of each class inside 


the dimensions of the matrix. 


 


Where: 
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3.2 AHP application on criteria prioritization 


Analytical Hierarchical Process (AHP) in one of the multivariate analysis techniques that help to reduce the 


randomness of subjective evaluations. Complex decision making requires the establishment of different 


“trade-offs” between different criteria (Goodwin & Wright, 2004). In order to define which are the 


priorities in the decision process the decision elements are compared with each other and weights 


assigned (Zahedi, 1986). The AHP application is quick and simple what makes it suitable for real world 


practitioners of many different backgrounds. Although, a very similar method was applied on criteria 


prioritization (Liu & Xu, 2008), AHP have never been explicitly used for such propose. 


3.2.1 Criteria selection 


Decisions based on purchasing portfolio models are proven to be sensitive to the choice of criteria and 


weights (Day, 1986). Concerning strategic impact, the generic selection criteria suggested by Kraljic in 


terms of the volume purchased, percentage of total purchase cost, or impact on product quality or 


business growth is not totally suitable for construction sector.  As well as the availability, the number of 


suppliers, competitive demand, make-or-buy opportunities, storage risks and substitution possibilities 


regarding the supply risk need some adaptations. Concerning the problem of selecting the most 


appropriate variables to use (Nellore & Soderquist, 2000), open interviews with the team of expert cross-


functional practitioners and researchers discussing the outcome of the literature review on selection 


criteria revealed a new list of criteria assumed as valid for the construction sector. Each criterion answers 


were positioned on a scale between 0 and 1 in a team exercise with practitioners considering the different 


importance of each answer to some specific criterion. 


3.2.1.1 Strategic impact 


Construction sector is a project driven production, practitioners considered that one of the most 


important to classify the strategic impact on some given item is by its importance on the project 


development sequence, e.g. concrete or construction steel which are key-elements in almost all early 


stages of project sequences. The perceived bargain power of the buyer may seem more an outcome than 


a criterion but this was a way of considering the buyer-supplier interdependence in the conservative 


construction sector; relying on other commercial bounds, interpersonal relationships and past experience 


what quite often play an decisive role on the supplier selection, its performance and integrity addressing 


one of the critiques made to this approach on the concern for sustainable competitive advantage through 


inter-firm relationships (Wagner & Johnson, 2004). (Table 3) 


Table 3 Construction sector strategic impact selected criteria 


Criteria 


C1) Total amount purchased 
C2) Expected growth in demand 
C3) The level of standardization of the product 
C4) Perceived bargain power of the buyer 
C5) The importance of the product in the project sequence 


 


As the total amount purchased was an already known value, it was expressed through a value between 0 


and 1. 


3.2.1.2 Supply risk 


Supply risk criteria are extensive and there are many factors that influence the external risk exposure, the 


problematic here is to choose the most important ones in order to make the list short. A wide range of 


criteria makes the methodology unpractical when applied to broad purchasing portfolios. 


About construction sector particularities, the criterion of supplier availability on the constructions site 


local market was considered important as the purchasing team normally spent lot of resources working 


on it. Practitioners were aware of many different risk factors that threaten their business but have never 


discussed its hierarchy of relative importance and likelihood. (Table 4) 
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Table 4 Construction sector supply risk selected criteria 


Criteria 


C1) Suppliers available on the constructions site local market 


C2) Product availability 


C3) Substitution possibilities 


C4) Product storage costs 


C5) Legal requirements 


C6) Ease of supplier substitution in case of failure 


C7) Logistical proximity of supplier market 


C8) Number of available suppliers 


 


The number of available suppliers was considered to be the amount of suppliers used during the year; 


practitioners agreed that they could be considered “active” suppliers, what is rather different from C1 that 


refer to any other potential suppliers that the company is aware of yet never done business with. It is 


important to distinguish “active suppliers” from the “potential suppliers”, because the number of 


potentially available ones was much greater and vague yet the already proven ones are much easier to 


reach and do business agreements with. 


The number of available suppliers was also a sensible matter as it value couldn’t be used linearly. 


Regarding this particular case, number of suppliers ranging from 2 to 70 it is not suitable to consider is as 


a percentage so the agreed normalization between 0 and 1 was the (number of available suppliers)
-0.8


. 


3.2.2 Criteria prioritization – AHP application 


The AHP application was performed as a team exercise, each criterion was compared to the rest of the 


criteria following the AHP methodology. Both strategic impact and supply risk criteria scored good 


consistency ratios (lower than 10%). Total amount purchased and the number of available suppliers 


resulted as the heaviest criteria in the strategic and supply risk dimensions respectively. (Table 5 and Table 


6) 


Table 5 Strategic impact criteria AHP application and weights 


Criteria C1 C2 C3 C4 C5 Weights 


C1) Total amount purchased 1     9     8     6     5     61,9% 
C2) Expected growth in demand  1/9 1     1      1/3  1/4 6,0% 
C3) The level of standardization of the product  1/8 1     1     1      1/3 7,5% 
C4) Perceived bargain power of the buyer  1/6 3     1     1     1     10,9% 
C5) The importance of the product in the project sequence  1/5 4     3     1     1     13,6% 


Eigenvalue (λ= 5,175); Consistency Ratio (CR=3,9%) 


 


Table 6 Supply risk criteria AHP application and weights 


Criteria C1 C2 C3 C4 C5 C6 C7 C8 Weights 


C1) Suppliers available in the constructions site 
local market 


1      1/2  1/2 2     1      1/3 1      1/7 5,9% 


C2) Product availability 2     1     1     4     3     1     2      1/5 10,6% 
C3) Substitution possibilities 2     1     1     3     2      1/2 1      1/6 8,3% 
C4) Product storage costs  1/2  1/4  1/3 1     1      1/5  1/2  1/9 4,0% 
C5) Legal requirements 1      1/3  1/2 1     1      1/4  1/2  1/8 4,8% 
C6) Ease of supplier substitution in case of 
failure 


3     1     2     5     4     1     2      1/4 13,1% 


C7) Logistical proximity of supplier market 1      1/2 1     2     2      1/2 1      1/7 6,7% 
C8) Number of available suppliers 7     5     6     9     8     4     7     1     46,7% 


Eigenvalue (λ= 8,221); Consistency Ratio (CR=2,2%) 
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3.3 Results 


After completing the questioner and inserting the data in the model all 29 classes took place in the matrix. 


It was considered that the matrix was equally divided on 50% for each dimension axis, e.g. strategic items 


are the ones that score more than 50% both strategic impact and supply risk dimension. 


Table 7 Distribution of the purchased amount among the four categories 


Categories Strategic Leverage Bottleneck Non-Critical 


Percentage of total amount purchased 27% 37% 22% 14% 
Number of classes (out of 29) 4 (14%) 7 (24%) 11 (38%) 7 (24%) 


 


The quality of the distribution was judged by means of a several assumptions: First, the equilibrium of 


shares of the amount spent during the year of activity. Second, the average tendency of the distribution 


should be central. Third, it is expected that both leverage and strategic categories represent the biggest 


share of the portfolio. (Table 7 and Table 8) 


Concerning the risk exposure, 49% of the total purchased value falls into high risk strategic and 


bottleneck categories what can justify the future application of risk mitigation strategies. (Table 7) 


Table 8 Assumptions of distribution quality judgment 


Assumptions Expected Obtained 


A1) Equilibrium of shares of the amount spent during the 
year of activity 


None inferior to 10% 
None superior to 50% 


27%;37%;22%;14%. 


A2) Average tendency of the strategic impact score and 
supply risk score 


Both (50% ± 5%) 46% & 52% 


A3) Leverage and strategic category must represent the 
biggest share of the portfolio 


Superior to 50% 64% 


 


Analyzing Figure 1 concrete is strategic as it holds the highest strategic impact and medium-high supply 


risk. It is essential for the construction and there is a scarcity of suppliers due the strict quality 


requirements and legal implications. One possible risk mitigation strategy is the approval of more than 


one concrete specification in the beginning of the project allowing some flexibility. It is wise to establish 


strategic partnerships with concrete suppliers in order to guarantee is supply reducing the supply risk. 


Scaffold platform and score class is difficult to obtain as there are few suppliers in the market and they are 


located in the Chinese market making this product the one with highest risk taking place in the bottleneck 


category. Geotechnical engineering is a highly specialized activity being one of the first phases of the 


construction project, the further project development depends on it success what makes it an important 


item, its scarcity of supply makes it bottleneck class. Consequently the purchasing team should be looking 


for alternative suppliers in order to reduce the supply risk of these classes. 


Stone due its natural qualities is often a rare product that can only be obtained from some specific 


supplier in the world, although it is mostly used for decoration thus the amount spent is quite low what 


makes it a clear bottleneck item. Wooden furniture suffers from the same problem as stone due its natural 


characteristics. Both wooden furniture and stone have high supply risk because these items are chosen by 


architects and designers in early stages of the project, making this item specification unique and 


obtainable from maybe one or two suppliers in the market. Substitution of these items is time consuming 


and consequently expensive. The suggested mitigation strategy is to insist that architects and designers 


loose the material specification in the project phase allowing alternatives in case of supply disappearance.  


There are some non-critical classes like the rental of general transport equipment what contain all postal 


and transport services. Facing a wide range of supply, highly standardized service allow low prices and low 


supply risks. High standardization makes the sourcing of some classes non-critical, such is are the paints 


or the rental of specific excavation machinery that are available worldwide. 
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Figure 1 - Portfolio matrix plot (bubble proportional to the amount spent) 
 


Workforce represents all non-specialists, it is a clear leverage as the market is full of offer and they are 


essential to construction representing a great amount spent due to the high volume of people hired. 


Items like construction steel and construction aggregate are clear leverage products mostly because of 


the high standardization and specialized supplier availability. These products should be price driven and 


sourced through open biddings to incentive competition among suppliers. 
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4 Conclusions and recommendations 


The contribution of this case-study addresses the presented research gap regarding the application and 


adaptation of Kraljic matrix on construction industries, as well as the successful criteria prioritization using 


the AHP technique. Facing numerous reasons for poor project performances, sector criticalities and risks, 


the excessive focus on price as the key driver for supplier selection, reveals the lack of efficient 


management solutions regarding purchasing in this particular sector. This research makes a step further 


adapting and applying already existing methods on new sectors. 


Most of the categories achieved the expected position in the matrix. The post-validation of the matrix 


output has been done individually first and finally in group. Practitioners agreed that such methodology is 


an efficient management tool in order to develop purchasing strategies and can easily be performed on a 


regular basis. They also recognized the importance of such exercise being independent of any particular 


project and its consequent “full compatibility” with the business. However, it is unclear the decision on 


whether an item changes its category inside the matrix. The team agreed that management should avoid 


blind judgment on the categorization of some given class; instead it is important to consider the relative 


position of classes regarding each other. Obvious positions that are located on the extremes of the matrix 


leave no doubts but ones near the borderline between categories should be judged carefully. 


The strategic impact revealed that any criteria but the amount spent had little use as practitioners have 


the natural tendency to consider everything “very important” when isolated, the assignment of weights is 


an efficient way of dealing with this tendency. 


The top management agreed on the importance of having such tool as an effective “photograph” of the 


purchasing portfolio revealing the supply risk exposure and a way of measuring the relative impact of 


supply risk mitigation strategies when repeated over time. 


This research has also shown that AHP is an effective way of dealing with one of the key problems of 


Kraljic matrix yet keeping it simple and usable by the practitioners. 
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Abstract 


This article is a technical report about the implementation of an improvement program based on a methodology 
for fault management in the company Mahle Metal Leve S / A in order to reach the root causes of the possible flaws 
found. To this end, steps will be implemented consistent with the proposal of six sigma methodology in order to 
make possible the study of faults detected. So, it becomes possible to determine corrective actions to be taken 
and propose actions for improvement in this process. Failures in the delivery of services or products as well 
as unintended effects, bringing losses for many companies such as rework time, lost productivity and customer 
dissatisfaction. By definition, the six sigma methodology uses statistical methods and non-integrated statistical in a 
logical sequence usually through a project management approach which achieving high levels of performance. 
Therefore, an appropriate way to present this type of problem solving, since it is a large company that produces large 
batches. 


Keywords: Six Sigma; Auto Parts Company; Root Causes. 


1 Introduction 
This article is a technical report about the implementation of an improvement program based on a 
methodology for fault management in an auto parts company pertaining to a Global Group and it is 
responsible for the manufacture of piston rings and bushings, which plant is located in Itajuba, Minas 
Gerais. The goal is to reach the root causes of potential failures encountered in this organization. To this 
end, steps shall be implemented consistent with the proposal of the six sigma methodology. With this, it 
becomes possible to determine corrective actions to be taken and to propose actions to improve this 
process. 


Failures in the delivery of services or products, as well as undesirable effects, brings losses for various 
companies such as time of rework, productivity losses and customer dissatisfaction. These failures are 
results of nonconformities in the processes, and must be treated and controlled. They are connected to 
the trustworthiness, that is, the capacity of a system to operate as expected on predetermined conditions. 
Therefore, in order to inspire confidence, it is necessary to avoid the pitfalls, which is through the 
understanding and treatment of its causes. 


According to Rotandaro (2008), Six Sigma is a philosophy which enables to achieve, maximize and 
maintain the commercial success through understanding of customer needs (internal and external), 
focusing on the client and product. It is a methodology structured that increases quality using continuous 
improvement of processes involved in a product or service, take account of all important aspects of a 
business.  
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The major advantage obtained by performing this kind of study involving a foreign element in the 
production process, due to the fact that if the expert himself to investigate the process, a lot of 
information may no longer be represented. Routine activities of the specialist elements also may seem to 
him of little relevance and no significant effect to the process, and it is, in fact, wrong. According to the 
journal of a group of employees of the enterprise in question, when it comes to sustainable 
improvements in performance, the key to success is in improving the processes of purchasing, production 
and logistics of delivery and reduce costs at fault. Thus, in order to collaborate with the fulfillment of 
these goals, it is noted that this proposal is of great importance for the company. 


After planning the methodology to be used in this study, it was defined the strategy for conducting the 
project. The generation of data for such planning emerged from brainstorming sessions with 
management of the sector in which the study was conducted. 


2 Theoretical basis 


2.1 Company and its context in market 
The group which the company take part (object of study) is among the thirty largest global suppliers of 
systems for the automotive industry, owns 100 locations spread across four continents, and its head office 
is located in Stuttgart - Germany.  


The Engine Systems and Components business unit includes, such as:  


• Aluminum pistons for gasoline and diesel engines;  


• Articulated pistons and steel pistons for commercial vehicle engines; • Complete power cell modules; 


• Piston rings; 


• Piston pins; 


• Cylinder liners;  


• Bearings and bushings;  


• Complete valve train systems and their components;  


• Turbocharger parts. 


In Brazil, there are five factories located in the cities of Mogi Guaçu (SP), Queimados (SP), Indaiatuba (SP), 
São Bernardo do Campo (SP) and Itajubá (MG), and a distribution center located in Limeira (SP), which 
supplies the domestic replacement market and exportation, especially Latin America, Africa and the 
Middle East. It also has departments of Applications Engineering, Product Engineering, Sales and services 
provided by the modern Technology Centre Research Group in Jundiaí (SP), in direct connection with the 
Technology Center Stuttgart, Germany. The plant is located in Itajubá responsible for the production of 
piston rings and bushings, to meet both domestic and international supplier of original equipment (OE) 
and replacement parts (direct sale), and then can be verified guidelines that guide the management of the 
affairs of this plant: 


• Its vision is to make a profit and be committed to results, to be competitive in all segments in which it 
operates, be agile, flexible and aligned with market realities; always be customer-focused, be prepared to 
face the challenges of national and international competition , using modern processes and streamlined 
workforce trained, capable and motivated. 


• Its mission is to provide components, assemblies, services and high technology solutions for mechanical 
applications related to the generation and transmission and filtering systems, is a supplier of 1st level with 
a strong global presence, gain and maintain leadership position in all markets it serves. 
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Since its founding, the company is constantly concerned with the quality of its products, services, and the 
motivation of your employees so that they develop their skills and knowledge, and their contribution in 
achieving the goals of the group. It has an efficient controlling system in all its branches, recognized 
worldwide for their most demanding customers and supported by various certifications, among which 
stand out ISO/TS 16949, ISO 9001 and ISO 14001. 


The size of this company, its position in the world, and yet, the existing high level of competitiveness in 
the automotive market make this study relevant. 


2.2 Methodology Six Sigma 
According to Breyfogle (1999), Six Sigma can be considered both a business strategy and a science that 
has the aim of reducing manufacturing and service costs, and creating significant improvements in 
customer satisfaction and bottom-line savings through combining statistical and business process 
methodologies into an integrated model of process, product and service improvement. This strategy has 
aims of improving productive effectiveness. Traditionally Six Sigma employs a structured five-phased 
DMAIC methodology. Six Sigma teams are created to tackle specific problems to reach Six Sigma levels of 
performance. 


DMAIC is a development cycle of improvement projects originally used in Six Sigma. Initially designed for 
projects related to quality, DMAIC is effective in reducing defects, and comprehensive projects to increase 
productivity, cost reduction, improvement in administrative procedures, among other opportunities. The 
acronym represent a sequential step in the process of evolution of a given project: Set, Measure, Analyze, 
Improve and Control. The steps are described below: 


2.2.1 Define (D)  
According to Senapati (2004), the step "Define" consists of properly define the problem to be treated, that 
is, having a clear development plan for the project, as well as the ratio of the critical processes involved in 
the work. One of the most appropriate tools to be used is the SIPOC (Supplier - Input - Process - Output - 
Customer), which aims to identify the boundaries of the project, i.e., which suppliers and customers of the 
process under study, and also what the main "inputs" to be processed and the relationship of the most 
critical to clients on "outputs" generated. Antony and Banuelas(2004) present the tasks to be developed in 
this phase of work: 


• Define the scope of the project boundaries. 


• Define exactly the concept of "problem" to be treated. 


• Set the time and the project leader. 


• Estimate the financial gain from the project. 


• Obtain approval from senior management on the development of the work. 


Thus, it is expected that after completion of phase "sets" the Six Sigma project team has a figure, 
reasonably clear, the problem being treated. 


2.2.2 Measure (M) 
According to Antony and Banuelas(2002), this phase the aim is to ensure that the way the process is being 
measured is correct. Before working analysis and improvement, it is must take the exact picture of the size 
of the problem being treated. The tasks to be developed in this phase of work include: 


• Making the "process map" to be improved and identify key "inputs" and "outs". 


• Making the "matrix of cause and effect." 


• Performance measurement capability of the current process under study. 


• Definition of a target process capability to be achieved. 
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Thus, it is expected that after completion of phase "M", the Six Sigma project team has a figure, 
reasonably clear, the size of the problem being treated. 


2.2.3 Analyze (A) 
According to Kwak and Anbari (2004), the phase "Analyze" has as main goals to conduct the analysis of 
the causes of defects and identification of sources of process variation. Also, the determination of the 
factors that impact the "outputs" in the study and prioritization of opportunities for future improvements. 
Antony and Banuelas(2004) present the tasks to be developed in this phase of work: 


• Development of FMEA (Failure Mode and Effect Analysis); 


• Identification of "inputs" critical potential; 


• Developing a plan for the next phase. 


Thus, it is expected that after completion of phase "Analyze" the team of the Six Sigma project has a 
figure, reasonably clear, of the causes of the problem under study. 


2.2.4 Improve (I) 


According to Kwak and Anbari (2004), the phase "Improve" has as main objectives the improvement of 
processes in order to eliminate variations and development of creative alternatives and implementation of 
improvement plan. 


This way, it is expected that after completion of this phase, the Six Sigma project team may have directed 
the actions best suited to solving the problem under study. 


2.2.5 Control (C) 
According to Kwak and Anbari (2004), the phase "Control" has as main objectives of the control process 
variations to meet customer needs, develop a strategy to monitor and control the improved process and 
implement improvements to systems and structures. Antony and Banuelas(2004) present the tasks to be 
developed in this phase of work: 


• Implement control plane; 


• Ensure long-term capability of the system; 


• Ensure the implementation of continuous improvement process; 


Thus, it is expected that after completion of phase "Control" the Six Sigma project team may have 
directed the actions most appropriate to ensure the maintenance of good results. 


It is too observed that DMAIC is a structure for the six sigma improvement on existing processes by 
increasing the capability of critical parameters to customers. 


3 Conduction strategy of the project 
Initially, using the Pareto chart, there was a brief survey of what kinds of defects present in the rings 
generated a higher percentage of scrap in MFACC. This way, it was set the widely problem to be studied. 
The problem investigation was performed using the Ishikawa Diagram, after brainstorming with people 
involved in the process, and it was sought to list their main causes. 


The prioritization of the causes was given by a statistical analysis on the contribution of each of the 
manufacturing processes of the rings with respect to the incidence of waste, and the flow together during 
this data collection can be viewed below: 







 
Analysis of the implementation of a process improvement program based on the six 


sigma methodology in an auto parts company 


ID150.5 


 
Figure 1. Production Process Flow in which he conducted the monitoring. 


Simultaneously with this survey, it was mapped out the process, dividing it into small processes. Thus 
became possible to know the differences between the standard and what is practiced daily by the 
operators, besides knowing the parameters of machines capable to influence the appearance or not chips. 
This way, it became possible to identify where in the production process of this family of rings was 
generated the highest percentage of scraps, defining the system in a process that should work 
correctively. 


Data collection was performed from direct involvement in the activities of the organization, as well as 
through interviews with professionals whose knowledge about the product and production process is 
relevant. Meetings between researchers and participants of the organization centralized all the 
information collected, and generate discussion of interpretations. The results were recorded to ensure the 
knowledge management. 


4 General Analysis 


4.1 Identification and Prioritization of Problem  
In order to identify the most significant waste for the process in question, the Pareto Chart was applied. 
The data were taken from the Enterprise Resource Planning (ERP), for the periods from January to 
December of 2011 and they are in the table follows: 
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Table 1. Nonconformity - 2011 Period 


Pareto Non-Compliance – 2011 


  


Description Refuse % Refuse 


% Refuse 
versus 


Volume 
Produced 


% Cumulative 


1 Chips in the face of the end 13835 20,74% 7,24% 20,74% 
2 Chips in the face of contact 8457 12,68% 4,42% 33,42% 
3 Diference in number of rings 6109 9,16% 3,20% 42,58% 
4 Brands/beat on the face of contact 4012 6,02% 2,10% 48,60% 
5 Higher gap 3485 5,23% 1,82% 53,83% 
6 Dirty in the face of contact 3018 4,53% 1,58% 58,35% 
7 Destructive testing 2946 4,42% 1,54% 62,77% 
8 Trapezoidal - height 1595 2,39% 0,83% 65,16% 
9 Setting machine 1418 2,13% 0,74% 67,29% 
10 Dirty in the inside face 1252 1,88% 0,65% 69,16% 
11 Others 20566 30,84% 10,76% 100,00% 
  


So, it was possible plotting the graph 1.  
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Graph 1. Pareto of nonconformities - Period 2011 


According to the chart, it is possible observe that the appearance of chips in the rings is critical and 
accounts for approximately 33.42% of waste produced in the factory, and of these, 20.74% are chips on 
the face of the tip of rings. This way, it was decided to work with the problem of the chips on the face of 
the tip, analyzing its causes and consequences, thus seeking a solution to this problem. However, due to 
the fact that the production of rings has a high scope of products, it was necessary to define a family of 
rings in which the incidence of defects present the highest possible relevance, aligned with the volume of 
production of the same family of rings. Getting to the result, it was decided finally that the perimeter 
which should concentrate efforts: emergence of chips on the face of the tip of the rings belonging to the 
family MC-236 (type of coverage chrome).  
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4.2 Problem Investigation 
Through brainstorming, factors that could possibly generate the appearance of these chips throughout 
the production process of the Rings (macro process) were listed. The tool was used during the monitoring 
and investigation of the process conducted, and had the support of experts of the process, quality, and 
manager responsible for plant. During the organization of information collected, the mentioned points 
generated a diagram Cause and Effect (or Ishikawa), and can be viewed below: 


 
Figure 2. Cause and Effect Diagram related to the appearance of chips in the tip of the face - Macro Process. 


This is a survey of possible causes that might contribute in some way with the emergence of these chips 
chrome bath, considering the production flow of the whole ring (macro process). 


4.3 Prioritization of Causes 
During follow-up sample (about four thousand rings), the incidence of the scrap in question after each 
operation was registered. Note that in order to ensure the reliability of the experiment, there was 100% 
visual inspection of rings before and after each operation. The results are shown in table below: 


Table 2. Percentage of chips in the face of the tip per operation. 


  Chipping on the face of the tip 
Operation No burrs With burrs Total 
Chroming 6,32% 13,26% 10,91% 
Brushing abrasive 1,74% 56,44% 35,86% 
Grinding machine top gross 10,45% 0,00% 3,00% 
Lapidary parallel 19,18% 8,08% 12,49% 
Without burrs 0,00% 0,00% 0,00% 
Profile grinding machine 15,81% 3,25% 6,54% 
Grinding machine finished top 14,27% 3,31% 6,14% 
Boring 1,79% 0,83% 1,02% 
Pumping 0,00% 1,64% 1,01% 
Sanding crosed 5,34% 0,82% 4,08% 
Grinding machine trapezoidal 17,89% 4,93% 10,73% 
Phosphatization 7,21% 6,61% 7,69% 
Measurement of gap 0,00% 0,83% 0,51% 
Total 100,00% 100% 100,00% 


 


Plotting the data in the chart, there are obtained: 
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Graphic 2. Pareto of chips in the face of tip per operations. 


According to Campos (2004), the Pareto diagram is a simple picture that aims to give a graphical 
representation of the stratification. The Pareto principle was adapted to the problems of quality by Juran, 
from the theory developed by the Italian sociologist and economist Vilfredo Pareto, and establishes that 
most of the losses resulting from problems related to quality come from a few but vital problems. Of all 
problems, between 20% and 30% should make up 70% to 80% of losses (few causes are actually 
conditioning the effect). This can provide information to make evident the prioritization and visual 
problems and projects, and to allow the concentration of efforts to improve the areas where the greatest 
benefits can be obtained (WERKEMA, 1995). 


Through statistical survey conducted, a summary of which is represented by the Pareto diagram above, it's 
possible see that the Brushing Abrasive generated 35.85% of the increase of waste, the Lapidary Parallel 
12.49% to 10.91% Chroming, as well as Grinding Machine trapezoidal was responsible for 10.73%. 
Therefore, it was possible to portray what operations are responsible for approximately 70% of this waste. 
It is worth noting that were accompanied by 13 different operations, and that these, four were observed 
in this prioritization (that means 30% of operations caused 70% of waste in this process, thus validating 
the theory). 


By comparing Table 2 and Pareto above, note also that the gap in the sample which had burr was the 
most influenced the appointment of the operations mentioned. This greater influence can be explained by 
the fact that the burr generates a high material removal compared with rings without burr in the gap. As 
the ideal is to portray reality in a study like this, one must consider that the presence of burr was only 
identified because inspections were performed during the conduct of data collection, and that the rings 
followed without burr were submitted to brushing operation only for the study were more completely, 
which leads to conclusion that the presence of burr is common to the general process. 


5 Final Considerations 
The presence of chips in the compression rings can cause serious damage to the engine if it is assembled 
using a damaged part. Among this damage may be mentioned:  
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 Scuffing (Micro-melt from overheating);  


 Risk in the cylinder; 


 Damage to the gas sealing system (Blow By); 


 Adhesive wear (micro weldings);  


 Breaking during assembly of the piston due to the chip on the external face;  


 Breaks during operation; 


 Breaks during operation caused by the occurrence of one or more damage mentioned above. 


Whereas if there is a defect able to cause serious damage to other engine components, and also the 
importance of seeking to reduce the main scrap of the plant in question, it is evident the need to 
concentrate the effort to achieve this goal. 


It can be stated that the Brushing Abrasive stood out among the other operations with it's frequency of 
approximately 35.86% of chips in the face of the tip due to the presence of burr in the gap of the ring, 
because the chroming just "copy" the surface of the ring (in this case there were burrs off limits accepted, 
verified by measurements performed by the laboratory), therefore, when leaving the chroming and 
passing through the abrasive brushing that is capable of removing material where there is too the 
presence of burrs, thus generating the chips. 


Therefore, it is proposed to include the operation brushing prior to chroming. There was already an 
initiative like this, and this survey contributed to making a final decision, since there were no records of 
data collection in this regard earlier. 


About lapidary parallel, it was noted that factors such as chromium layer or even gap of rings 
larger/smaller than the specified characteristics are commonly found in the input of the operation and it 
generate these chips in the rings. 


The creation of chroming in chips (the third most important operation as seen in Pareto) can be attributed 
to the same factor. During the dismantling ring trees, which could cause chipping even without the 
presence of burrs, their presence increases the appearance of these chips due to the same principle? In 
the tree, the rings are closed and there are counted between the tips, for example, to open them. Thus, it 
may be the removal of material (chromium layer + Burr) generating chips. 


Finally, it is possible to list some possible causes for the appearence of these chips related both to labor 
and method, and justify this scrap in any of the operations listed above, among which may be cited: 


Inexperience of the operator; possible lack of attention; incorrect selection of the necessary tools to the 
machine, the operator in a hurry because of the urgency of delivery of the consignment; negligence by 
following the guidelines present in the instruction of machining, machining instruction inadequate or not 
updated; unavailability of the proper tools; misidentification of the tooling. 


During this study, it was noted the need to obtain some additional information thus recorded are two 
possible topics to be addressed in future work: 


a. Statistical with sufficient number of samples (about ten samples), which are accompanied rings have 
shown burr before the chroming and those that have been brushed, in order to validate the hypothesis 
that the presence of burr causes the appearance of chips by testing hypotheses. 


b. Study about the size of chips. The goal would be to determine what size of chips generated in the 
abrasive brushing would be recovered in the next operation (grinding machine top gross). With this, it 
would be desirable to detect root causes that cause chips above that size (after all, only these chips come 
be effectively scrap). It must be taken into account also that some residue could be removed by grinding 
the top finished, determine the size of this residue as well. 
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Finally, in order to obtain the effect of reducing the incidence of scrap in question, it is suggested that the 
subsequent step is performed in this study was carefully observing the steps set out by Six Sigma. It is the 
application of this methodology in the process priority in this study, which constituted the application of 
this methodology in the micro process (Define, Measure, Analyse, Improve and Control). 
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Abstract 


Due to the increasing market uncertainty, complexity, product variety and more and more challenging demand 
mostly because of globalization and technological advances, supply chains compete with others supply chains, rather 
than simply firms with other firms. Therefore, companies must select the best matching supply chain strategy 
regarding products and markets characteristics in order to get sustainable competitive advantage. This literature 
review compares and contrasts the most important perspectives seeking for enlightenment on the subject. Finishing 
with a brief analysis on possible research gaps identified. The key-findings are the similarity and compatibility of 
several different approaches, the lack of quantitative empirical research and service supply chains studies. 


Keywords: supply chain management; supply chain strategy, literature review 


1 Introduction 
Supply chain (SC) management is becoming more and more critical to remain competitive in the market. 
Matching customer requirement with product characteristics and ensuring the delivery should be one of 
the greatest concerns for the management (Li & O'Brien, 2001); (Aitken, Childerhouse, & Towill, 2003); 
(Holweg, 2005); (Demeter, Gelei, & Jenei, 2006). 


Therefore, it is important to align SC strategy and products classification variables accordingly to the 
target market. There is no such thing as a “one-size-fits-all” SC strategy (Shewchuck, 1998), thus strong 
market orientation is more and more necessary in order to identify classification variables (Fisher, 1997); 
(Frohlich & Westbrook, 2001); (Schnetzler, Sennheiser, & Schonsleben, 2007). Christopher and Towill 
(2000); (2002) and other authors created models by considering dominant classification variables using 
the combination of variables such as duration of life cycle, lead time, volume, variety and variability 
(Childerhouse, Aitken, & Towill, 2002); (Vitasek, Manrodt, & Kelly, 2003); (Cigolini, Cozzi, & Perona, 2004). 
Those five classification variables are also known as DWV3 (Christopher & Towill, 2000). On the other 
hand, Lee (2004) defined three key dimensions of competitive and sustainable SCs: agility; alignment; and 
adaptability. 


Many authors tried to develop a framework that could embrace the complexity of the topic leading the 
management to the right SC strategy. Two key perspectives arise, regarding SC configuration (supply 
networks) and SC management. The first, SC configuration, focuses on the number, role and locations of 
the various SC actors, as well as it is individual role in it (Nassimbeni, 1998); (Harland, Lamming, & 
Cousins, 1999). The second approach has been focused on the SC management, identifying the best 
practices that can lead to better SC and product alignment, as for example the use of information-sharing 
tools, quality management practices, co-design approaches, etc. (Lamming, Johnsen, Zheng, & Harland, 
2000); (Giannakis & Croom, 2004); (Bruce, Daly, & Towers, 2004); (Harland, Zheng, Johnsen, & Lamming, 
2004); (Christopher, Lowson, & Peck, 2004). 


The dependence of product and market characteristics is clear. One way of distinguishing products is 
regarding its functional or innovative characteristic. This leads to different SC configurations: physically 
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efficient SCs for functional products and market-responsive SCs for the innovative ones (Fisher, 1997). 
Lamming (2000) expanded the Fisher’s model (1997) considering the product uniqueness and complexity, 
while Lee (2002) focused the analysis on supply and demand uncertainty. 


SCs have evolved, growing into networks, and broadening management scope beyond organization 
boundary, downstream into their customers and customers’ customers, and upstream into suppliers, and 
then into suppliers’ suppliers. Competitive reality changed too; the proposition is that networks compete 
with networks, rather than simply firms with firms (Cunningham, 1990). 


Regarding the sustainability; social, environmental and economic dimensions, choosing the appropriate 
SC strategy is critical. First, concerning environmental dimension, lean SC means fewer wastes, less 
resource consumption, which consequently leads to the economic dimension through fewer costs. 
Second, in order to sustain competitive advantage the ability of choosing the right SC makes companies 
more competitive and more resilient to market and demand changes what by itself means increasing the 
probability of company survival and consequently local stability, development and employment what 
completes the third, social dimension of sustainability. 


This literature review purpose is to highlight the key perspectives on the problem of matching the SC with 
product and market characteristics. This paper is organized in sections: After a brief research 
methodology explanation follows the classification of different contributions on the topic, following with 
an insight on relationship between product characteristics and customer requirements, a summary of 
classification variables that appeared in recent literature which can be used for SC segmentation and 
strategy development. Further, SC configuration and practices are described followed by the summary of 
literature contributions on product classification regarding three SC configurations: - Lean, agile and 
leagile. Finally, the paper closes with further research recommendations. The aim of this paper is to gather 
and organize some of the most influential developments on the question of choosing the right SC 
strategy in order to support further research. 


2 Methodology 
This review does not tend to be comprehensive in spite of collecting all the literature regarding the topic, 
consequently the purpose is to gather key perspectives on the problem of matching the SC with the 
product and market characteristics. 


The literature analyzed in this review has been collected through two major scientific research databases: 
SciVerse ScienceDirect and Emerald Group Publishing Limited. The terms “supply chain management”; 
“strategy”; “market specific”; “market segmentation”; “management techniques”; “product classification”; 
“product attributes”; “demand chain management”; “aligning supply chain”; “matching supply chain” were 
some of the key-words used to search the business and management research journals. However these 
keywords resulted in an excessive amount of papers so the initial triage requisite was the term “supply 
chain management” in combination with others, followed by abstract reading and classification. Two 
major groups were formed: Conceptual papers on SC strategy; and empirical case studies of quantitative 
or qualitative nature. 


Most of the studies classify SC as being lean (also known as physically efficient) or agile (sometimes also 
entitled as responsive), with some minor deviations, third classification is suggested as the adaptable 
supply chain called leagile that takes the best of both worlds of lean/agile. 


After complete paper reading, some were excluded as being too focused on some particular topic. One of 
the most frequent topics on the previous body of papers was “lean or agile” supply chains and the most 
common factor was the “uncertainty” also described as the variability of demand or supply as the key 
driver for strategy development. 
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3 Research papers categorization 
Choosing the right SC based on products and markets has been an eminent topic trough the last decades. 
The literature review has shown that regarding the period between 1982 and 2012, most of the 
publications are conceptual. Both empirical research using case studies and exploratory surveys/interviews 
are qualitative and the lack of quantitative empirical research is obvious. (Table 1) 


Table 1: Contribution classification and type of industry 


Author  Year  Conceptual 
Empirical 


(Quantitative) 
Empirical 


(Qualitative) 
Type of industry 


Whitten et al.  (2012)    ●    Mix 


Qi et al.  (2011)  ●  ●    Mix 


Godsell et al.  (2011)    ●  ●  FMCG 


Qi et al.  (2009)    ●    Mix 


Christopher et al.  (2009)    ●  ● 
Lighting/Electronics/ 


Healthcare/FMCG/Retail 


Selldin & Olhager  (2007)    ●    Mix 


Schentzler et al.  (2007)  ●  ●  Electroacoustic 


Demeter et al.  (2006)      ●  Automotive 


Holweg  (2005)  ●  ●  Automotive/Electronic 


Cigolini et al.  (2004)  ●  Mix 


Lee  (2004)  ●  Mix 


Giannakis & Croom  (2004)  ●  Mix 


Bruce et al.  (2004)  ●  Textile/Clothing 


Harland et al.  (2004)  ●  ●  Mix 


Christopher et al.  (2004)  ●  Fashion 


Aitken et al.  (2003)  ●  Lighting 


Vitasek et al.  (2003)  ●  Mix 


Christopher & Towill  (2002)  ●  ●  Clothing 


Childerhouse et al.  (2002)  ●  ●  Lighting 


Lee  (2002)  ●  Mix 


Li and O'Brien  (2001)  ●  Mix 


Frohlich & Westbrook  (2001)  ●  Mix 


Van Hoek  (2000)  ●      Mix 


Mason‐Jones et al.  (2000)  ●    ●  Mix 


Lamming et al.  (2000)  ●  ●  Mix 


Harland et al.  (1999)  ●  Mix 


Nassimbeni  (1998)  ●  Mix 


Fisher  (1997)  ●  Mix 


Gattorna & Walters  (1996)  ●      Mix 


Oliver & Webber   (1982)  ●    ●  Mix 


 


The dearth of quantitative empirical research can be logically explained by the inherit complexity of 
quantifying most of the SC related elements. Vitasek (2003) addressed the supply-demand mismatch by 
analysing both the volume and variability of demand for products enabling a statistical approach on the 
problem. Li and O’Brien (2001) analysed the relationship between product types and SC strategies in a 
quantitative approach, testing the conceptual model developed by Fisher (1997); three strategies: make to 
order, make from stock and make to stock (MTO; MFS; and MTS) were tested against two key factors, 
impact of demand uncertainty and value adding index. Still focused on Fisher’s model Seldin and Olhager 







 
ICIEOM 2012 - Guimarães, Portugal 


ID113.4 


(2007) successfully tested the relationship between products and SCs using an empirical survey. Frohlich 
and Westbrook (2001) conducted an empirical research on SC strategies characterizing each with a  
different “arc of integration”, which represented the direction (towards suppliers and/or customers) and 
the degree of integration activity quantifying each element showing that the degree of integration was 
positively correlated with the performance improvement.  Later in the same year of 2001, Frohlich and 
Dixon (2001) performed a cluster analysis on a large sample of codified qualitative data, seeking to 
validate manufacturing strategies. Christopher et al. (2009) successfully applied DWV3 approach on several 
different industries in order to classify different value streams; here we find one of the rare applications of 
SC matching on healthcare.  Whitten et al (2012) performed the performance measurement of Lee’s 
model showing the positive correlation between SC strategy, SC performance and organizational 
performance with stronger relation between SC performance and marketing performance than with 
financial performance. 


Purely conceptual models with no empirical validation or clear historical empiric evidence remain useless 
despite all the great ideas that it could encompass unless someone perform a practical validation. Thus, 
practical application of various already developed conceptual models should be the main concern of 
further research. Codification of qualitative data allows the use of statistical methods, enabling the 
quantitative analysis by decreasing the problem complexity increasing reliability and generalization of 
different frameworks. 


Regarding the focus sector, most of the empirical studies are on manufacturing sector, e.g. automotive, 
textile, apparel, lighting or electro-acoustic, etc. There is an evident scarcity of SC studies for services, 
although some conceptual models mentioned above seem to be applicable on services. 


4 Product and market orientated SCs 
The concept of SC suggested by Brace (1989) and considered in this work as the ultimate SC purpose is: 
…“the whole manufacturing distribution process may be seen as a sequence of events with but one end in 
view: it exists to serve the ultimate customer.” 


Product characteristics are closely connected to customer requirements what makes the distinction 
sometimes difficult and confusing, although there are factors like product complexity, uniqueness or 
customer demand patterns for some functional or innovative product that can be used for this purpose. 
Thus one of the possible ways of matching the product characteristics with the customer requirements is 
by product segmentation based on products characteristics and only after focus on the SCs. Fisher (1997) 
distinguished between functional and innovative products based on six classification variables such as 
Product innovation; Demand volume stability; Product life cycle duration; Make-to-order lead-time; 
Product Variety and End-of-sale mark down. Lamming (2000) expands above exposed Fisher’s (1997) 
ideas by distinguishing products also regarding its innovation, uniqueness and complexity. Lee (2002) 
makes a step further Fishers’ (1997) model and introduces the demand and supply uncertainty, where on 
the demand side products can be either functional (low uncertainty) or innovative (high uncertainty) and 
on the supply side can be Stable Processes (low uncertainty) or Evolving Processes (high uncertainty). 
Albeit different, Vitasek (2003) uses just two key variables for product segmentation, volume and 
variability, developing a simple yet powerful profiling framework. This same approach on volume and 
variability can be observed in the work by Godsell et al. (2011) when SC segmentation is performed 
through demand profiling. 


Segmentation of products is a dynamic process due the continuous customer requirements change. As 
the life cycle of a product evolves these requirements change, so SCs must change accordingly in order to 
maximize competitiveness (Aitken, Childerhouse, & Towill, 2003). That way, companies that seek blindly to 
achieve solely efficiency most likely will fall. Different product segments in different life cycle stage require 
different strategies, which require different SC practices and are based on different classification variables, 
reviewed further in the work. 
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4.1 Classification variables 
Linking market segment considerations and product characteristics to enable SC segmentation can be 
accomplished through variables that do link marketing, manufacturing and product strategy. 


Literature suggest us many particular case studies, hence it worth keeping in mind that the enablers for 
some specific successful example does not necessary lead other SCs to success. Consequently, it is likely 
to be general classification variables that apply to the most of case studies. It is probable that companies 
of the same sector present similar profiles, yet it all depends on the selection of the appropriate 
classification variables (Godsell, Diefenbach, Clemmow, Towill, & Christopher, 2011) (Christopher M. , 
Towill, Aitken, & Childerhouse, 2009) (Christopher & Towill, 2000). 


Focusing on the relation between firms SCs or supply networks can either be seen as a set of upstream 
and downstream organizations from the original source of raw material to the end customer. 
Alternatively, the emphasis can be on a particular product, only analysing factors contributing someway to 
the manufacture, distribution and sale of that product (Harland, Zheng, Johnsen, & Lamming, 2004). 


Regarding the relation within the firms and its classification variables, Harland et al. (2004) suggest that 
the success of supply networks creation and operation is enabled by factors such as the use of technology 
to transfer for example drawings and specifications during the new products development, information 
sharing and processing to support partner selection activity. The existing relationships in networks 
connect and commit different parties, easing conflict resolution. However, the same successful factors 
may be both “enablers” and “constraints” like the example of information sharing technologies: - 
electronic data interchange (EDI) enabling quicker order exchange between partners but requiring 
compatible information systems and common standards of data specification on both sides. 


Cooperation between firms is the key enabler of successful SCs, although ambiguous. Grandori et al. 
(1995) demonstrated the importance of consortia, franchises and other modes of inter-organizational 
cooperation mechanisms as an important coordination mechanism, this leads to the concept of 
motivation reflected in those business models, being sharing of property rights one of the strongest. 
Contemporary de Toni et al. (1995) highlighted the importance of the relationship management within 
SCs suggesting the development and use of adequate procedures for the selection, evaluation and 
monitoring of the suppliers, systems of incentives (alike the above cited), risk and reward sharing with 
suppliers as well as tools to control any possible opportunistic tendencies. For example, large customers 
pressuring typically smaller suppliers through “squeeze” policies looking out for maximum advantages 
only lead to a local and short-term benefits, mostly because these suppliers will naturally avoid serious 
investments in the relationship thanks to the customers’ opportunistic behaviour. Harland et al. (2004) 
identified through an exploratory survey and literature review nine critical activities and five contextual 
factors applicable on the relational perspective. (Table 2) 


Table 2: Critical activities and contextual factors (adapted from Harland et al., (2004)) 


Critical activities and contextual factors (Supply networks) 


Activities  Contextual 
Partner selection; 


Resource integration; 
Information processing; 
Knowledge capture; 
Social coordination; 


Risk and benefit sharing; 
Decision‐making; 


Conflict resolution and; 
Motivating. 


Market environment; 
Product/service package; 


Operations process; 
Supply network structure and; 


Focal firm SC strategy; 


 


Finally, the market oriented perspective of classification variables rests on agile, aligned and adaptable SC 
proposed by Lee (2004) encompassing a large variety of product and market characteristics on a very high 
level approach. When companies move into new markets or new technologies, they must have its SCs 
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ready for the new business challenges and opportunities. Despite the high-level of this approach, it takes 
into account the uncertainty referring the concept of agility (responsiveness) and adaptability. Fishers’ 
(1997) functional and innovative product differentiation focuses only on demand uncertainty. As follows, it 
is critical to take into account the uncertainty of demand and supply. Thus, being part of the previous 
focus on products perspective it embraces the time perspective. 


Regarding the classification variables referred in different contributions, uncertainty is one of the major 
concerns expressed through variability, reliability of supply/delivery and customer expectations. Nature of 
demand can also be linked to customer expectations, volume, variability and frequency of delivery due its 
interconnected nature. Vitasek et al. (2003) and later Godsell et al. (2011) came up with an interesting 
framework for solving the supply-demand mismatch by analysing both the product volume and variability 
of demand, matching each cluster of products to different manufacturing and distribution strategies 
based on the demand profile in order to drive high service levels while minimizing inventory. Most of the 
contributions relied on duration of life cycle, lead-time, volume, variety and variability; so-called DWV3 
classification variables influenced both by lean and agile thinking (Christopher & Towill, 2000). (Table 3) 
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Product life cycle      ●  ●  ●    ●  ●  ●    ●  ●  ●  ●  ●  ●  ●  ● 
Lead time  ●  ●  ●  ●  ●    ●  ●  ●    ●      ●  ●  ●  ●  ● 
Volume      ●  ●  ●    ●  ●  ●  ●  ●      ●  ●    ●  ● 


Product Variety  ●    ●    ●    ●  ●  ●    ●          ●  ●  ● 
Variability      ●  ●  ●  ●  ●  ●  ●  ●  ●  ●  ●  ●  ●    ●  ● 


Nature of demand  ●    ●  ●  ●    ●  ●    ●    ●  ●  ●  ●  ●  ●  ● 
Point of product config.          ●  ●                ●  ●  ●     


De‐coupling point        ●                      ●  ●     
SC response time  ●      ●  ●                    ●  ●     


Customer expectations        ●  ●  ●                  ●  ●     


Demand pareto analysis                    ●            ●     
Reliability of delivery  ●  ●      ●                    ●       
Reliability of supply  ●  ●      ●      ●              ●       


Flexibility  ●  ●      ●                  ●  ●       
Minimum run size  ●                            ●       


Change over  ●                                   
Range  ●        ●                           


Frequency of delivery    ●                          ●       
Profit margin        ●    ●  ●                ●       


Product complexity        ●  ●                  ●  ●       


Table 3 - Classification variables considered among literature contributions 


5 Supply chain configurations and practices 
Achieving the global optimum within a SC does not necessary lead to a win-win situation (Porter, 1985). 
To choose for a specific SC configuration we need to select the classification variables, segment our 
products and analyse the market in order to understand what kind of supply and demand the company or 
a particular product is facing. SCs are a joint effort of various players and management focus must 
transcend the organization boundaries. 
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Christopher et al. (2002) took three basic variables such as “products” that can be either standard or 
special, “demand” that can be either stable or volatile (variability) and “lead times” as being long or short, 
quite similar to demand/supply uncertainty framework proposed by Lee (2002). Special products with 
volatile demand should have innovative and agile short SCs whether special products with stable demand 
have been recognized as a rare exception thus ignored. Standard products with volatile demand require a 
high capacity able to meet extreme demand short SCs while stable demand can be served through high 
volume, long and lean SCs so to take advantage of economies of scale. Short SCs should be able to react 
quickly to demand changes, relying normally on domestic suppliers while long SCs reach lower cost 
foreign suppliers, this “length” can be understood as logistic distance. 


Split sourcing is one of the possible ways to achieve greater responsiveness, splitting the base and surge 
demand allows the firm to purchase components or materials in advance of demand from low-cost 
sources and manufacturing or assembling the final product locally. Such kind of strategy is one of the key 
reasons for the success of Zara and consequently applicable on other fashion retailers exhibiting leagile 
practices. 


Nonetheless, Lee (2002) focused on uncertainty and considered that functional products (standard) 
demand uncertainty is low by default and high for the innovative ones (special). On the supply side, 
uncertainty can be either stable or evolving. SC configuration is determined by SC strategy and before 
setting up any SC strategy, it is indispensable to understand the sources of uncertainty (Simangunsong, 
Hendry, & Stevenson, 2011). 


Although uncertainty (variability) is impossible to avoid, its reduction is possible by appropriate strategies 
and practices, e.g. it is crucial to share demand information and synchronized planning across the SC so to 
reduce the increasing fluctuations of orders placed upstream the SC, also known as Bullwhip effect, thus 
reducing supply and demand variability. Practices like engaging supplier replenishment programs as well 
as abolishing pushing strategy practices like rebates, quantity discounts or anything else that induce 
demand spikes does help to deal with uncertainty and equalize the demand. 


5.1 Lean, leagile and agile supply chains 
People often think that cost efficiency in SCs is the key driver towards success, although Lee (2004) made 
a perspicacious observation stating that organizations did not gained a sustainable advantage over 
competition by developing efficient and cost effective SCs, worse than that was the fact that those 
companies performance steadily deteriorated over time. Thus, high-speed, low-cost (lean) supply chains 
are unable to respond to unexpected changes of demand or supply. Although, this same idea has been 
dealt from different perspectives and some confusion may emerge. 


Lee (2004) outlines agility, adaptability and alignment in order to achieve sustainable competitive 
advantage. Agile as being  able to respond to short-term changes in demand or supply quickly and 
handling external disruptions smoothly while adjusting SC design to adapt to structural shift in markets 
and modify supply networks strategies, products and technologies aligning the interests of all 
stakeholders and involved organization in the SC with their own. 


Bruce et al. (2004) described lean, agile and “leagile” (hybrid both lean and agile) SCs. Lean SCs are cost 
efficient with minimal waste. Agile SCs are the ones able to respond effectively to a constantly changing 
and highly competitive business environment focusing on minimal lead times. Finally, being the 
combination of both lean and agile configurations derives the leagile approach. 


This review, seeking for some clarification of terminology will rely on the lean, agile and leagile SC 
classification further described. 


Lean SC configuration, also known as physically efficient (Fisher, 1997), tend to minimize cost and 
maximize performance while holding lead times as short as possible as long as it doesn’t increase cost; 
cost/quality are the key drivers for suppliers selection and inventory should be kept as low as possible 
maintaining high average utilization rate of the manufacturing process. The demand is normally stable 
and predictable what makes forecasting and production planning suitable in order to reduce production 
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costs. These SCs key characteristic is high capacity production and distribution, enabling scale economies 
and optimization techniques. Just-in-time systems, automation, facility layout optimization, workflow 
streamlining, direct shipping (i.e. intermediaries’ reduction) are some of the best practices held in this kind 
of SCs. 


Agile SCs focus on holding the minimal lead times being able to meet constantly changing demand 
dealing at the same time with manufacturing, supply complexity and uncertainty. Highly innovative 
companies face both great opportunities and risks what makes this kind of SCs the most challenging to 
manage. Decoupling point strategy can be rewarding as it creates inventory buffers to minimize the 
mismatch of sales forecast and actual demand in other words, the manufacturing process should deploy 
excess buffers capacity and buffer stocks of parts or finished goods in order to handle demand spikes. As 
well as any means of shortening new product development times reduce response times and uncertainty, 
thus practices like sharing among SC partners detailed prototype plans, production plans, shipping 
schedules and test results reduce not only response times but also minimize supply and demand 
mismatch (Vitasek, Manrodt, & Kelly, 2003). Consequently, these kinds of SCs require tight strategic 
partnerships in order to share information and resources remaining competitive in the market. 
Postponement and modular design are the best product-design strategies. Suppliers should be selected 
based on flexibility, speed and quality. Lead times should be kept as short as possible even if it that means 
investment or cost increase. This kind of configurations is oriented towards stable supply processes of 
innovative, low complexity products with highly variable low volume demand. 


Leagile configuration is the combination of both lean and agile combined at a decoupling point being 
agile on downstream enabling high service levels and lean upstream for cost effectiveness from the 
decoupling point in the SC (Mason-Jones, Naylor, & Towill, 2000) (Naylor, Naim, & Derry, 1999). 


All above encompasses the ability to respond quickly to market demands maintaining competitive 
advantage or in simple words it is the balance between effective and efficient service level adjusting the 
SC design and practices based on product and market characteristics. Comparing the SC configuration 
description in different contributions, we classified the products into four distinct categories accordingly 
to what is described above, ignoring the originally given classifications and focusing mainly in its 
characteristics. (Table 4) 


Table 4 - Supply chain configurations and literature contributions 


Contribution 
Supply chain configuration 


Lean  Leagile  Agile 
Godsell et al. 


(2010) 
High volume 


/Low variability 
  Low volume 


/High variability 


Cigolini et al. 
(2004) 


Mature phase 
Simple products 


Mature phase Complex 
products 


Introduction/Growth/Decline phases 
Simple & Complex products 


 
Lee (2004)      Triple‐A SC’s 


Bruce et al. (2004)  Raw textile materials  High street fashion products  Fashion goods 
Christopher et al. 


(2004) 
    Fashion goods 


Vitasek et al. 
(2003) 


“A” High volume / Low 
variability products 


“B” Medium Volume / Low‐
med variability 


“D” Med‐High volume / High variability 
“C” Low‐volume products low‐high 


variability 
Christopher and 
Towill (2002) 


Standard Products with 
stable demand 


Standard Products with 
volatile demand (Top‐up agile) 


Special Products with volatile demand 


Lee (2002) 
Stable supply 


process/functional 
products 


Stable supply 
process/Innovative products 


Evolving supply process 
Innovative & functional products 


Manson‐Jones et 
al. (2000) 


Commodities (mechanical 
precision products) 


Electronic products  Fashion goods (Carpet manufacture) 


Lamming et al. 
(2000) 


Low complexity functional 
products 


High complexity Functional 
products 


High & Low complexity 
Innovative/Unique products 


Fisher (1997)  Functional Products    Innovative Products 
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6 Conclusion 
This paper review meant to align, compare and contrast some of the latest developments on choosing the 
right SC based on products and markets. There are some obvious similarities and few outliers of the 
mainstream of researchers on the topic. 


Matching product characteristic with customer requirements relies on product segmentation accordingly 
to different classification variables with the main concern: serve the ultimate customer. Segmenting 
products is a dynamic process due the continuous customer requirements change. As the life cycle of a 
product evolves these requirements change, so SCs must change accordingly in order to maximize 
competitiveness. 


Classification variables depend on the company sector, products, markets and client characteristics, 
although there are universally applicable classification variables such as DWV3 (Christopher & Towill, 
2000). Variability expresses the demand uncertainty which efficient management is one of the main 
concerns in the SC literature (Simangunsong, Hendry, & Stevenson, 2011). 


Following practice three basic kinds of SCs can be identified: Lean, leagile and agile SCs. Triple-A SCs (Lee, 
2004): Agility, Adaptability and Alignment were proposed as a way of achieving sustainable competitive 
advantage. Agile as being able to respond to short-term changes in demand or supply quickly and 
handling external disruptions smoothly while adjusting SCs design to adapt to structural shift in markets 
and modify supply networks strategies, products and technologies aligning the interests of all 
stakeholders and participating organization in the SC with their own what embraces almost all identified 
classification variables. 


Fishers (1997) model seem to be the most popular among most of the posterior research works, thus 
many contributions have been developed in order to improve it. 


About research gaps, the lack of empirical quantitative research is obvious, few researchers carried on 
quantitative analysis. Many conceptual models are available, although not all of them were properly 
validated. Cross application is possible of some models empirically created through case studies on some 
particular sector, thus enabling the development of generic frameworks for proper SC selection. All 
considered researches focus on goods SCs and only one about healthcare services. Therefore, the above-
mentioned gaps should be the concerns of further research. 
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Abstract 


The SMED methodology - Single Minute Exchange of Die - proposed by Shigeo Shingo was developed in Japan 
between 1950 and 1969 being referenced in the reduction of costs and times. This work discusses the SMED 
implantation, the technical and operational questions that involve this methodology within of a production cell in an 
auto part manufacturing industry. The project of implantation of SMED methodology started up in 2010, within the 
structural shock absorber area. The operational questions were discussed based the activities on the shop floor 
before, during, and after the implantation of methodology. The aim is to show that the SMED methodology without 
support of other tools cannot maintain itself and to reach the proposed goals. A staff during the implementation of 
SMED was established and trained. Thus, the functions that would be performed by each member within the group 
for an elaboration of Major Kaizen were established, and each phase during the process was defined since the 
training until the improvements and standardizations. The results show that after implantation of the SMED 
methodology, it was observed with comparatives graphics of traditional setup versus Fast Change of Tooling – FCT - 
that the process acquired significant gains, reducing the time of change, optimizing the trained labor and taking 
advantage of it in another process. 


Keywords: Toyota production system, Single minute exchange of die, Setup. 


1 Introduction 
Nowadays, the competitiveness is increasing, challenging the worldwide organizations to change or 
improve more and more the productive processes to continue in the market. The considerable gain in 
improvements is the creativity, the use of fewer materials, and great ideas.  


Based on this, the Fast Change of Tooling – FCT is being very used in the industries due to great profitable 
feedback, making more flexible the processes, changing the productive environment, attending for a 
variable demand of diversified molds of pieces in small batches, and consequently, increasing the 
productivity into the corporations. Moreover, the FCT reduces or eliminates losses and costs of stopping 
machines, overproduction, large inventories, and other settings. 


The Fast Change of Tooling – FCT can be understood as a methodology for the setup reduction of 
equipments, generating an economic production in small batches. The use of the FCT helps the lead time 
reduction, allowing the industry a quick answer before the market changes. Another advantage is the 
economic production of small batches of manufacturing, which generally require low investment in the 
production process (Shingo, 2000). Furthermore, the FCT reduces the number of errors in the setup of 
equipments (Harmon & Peterson, 1991). 


O Lead Time (the total time required to manufacture an item, excluding the time of purchase of items but 
including the time of manufacture, preparation of machines, running, movements, inspection, and storage 
or process) is an important coefficient in the costs of manufacturing processes. The reduction of Lead 
Time generates lower operation costs and aggregate benefits to the consumer. The time gain from the 
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Lead Time reduction is an investment in the customer satisfaction and in the reduction of manufacturing 
costs (Slack, 1999). 


The reduction of time in the setup of the process is a necessary requirement to decrease the unit cost. 
According to (Harmon & Peterson, 1991) the reduction is important based on three statements: 


1) High cost of setup provoked great manufacturing batches, increasing the investment in storage; 


2) Fast and simple techniques for the tool change decrease the possibility of errors in the regulation of 
equipments; 


3) The reduction of setup increases the time of equipment operation; 


The Fast Change of Tooling – FCT is essential to obtain the necessary qualities for a competitive strategy 
of industries in relation to customers and markets, mainly to reach a Just in Time (JIT) production, where 
the quality depends on the Lead Time reduction. The Lead time reduction depends on the decrease of 
intermediary storages, synchronism of production, and size of manufacturing batches. The reduction of 
size batches is a function of reduction of setup times, and has a high degree of dependence in the FCT. 


2 State of the Art 
The lean production system has been very discussed in the literature, mainly by the authors, Mondem 
(1993), Schonberger (1982), Shingo (1985), Hall (1983). According to Bayou and Corvin (2008), in spite of 
several researches developed in the last decades, this theme isn’t completely developed yet. This occurs 
due to two reasons; in a first place, there isn’t a general definition and broadly accepted by the 
researchers, and second, until the moment, there aren't papers that describe a systematic and relative 
dimension about the lean production system. 


As a result of this, the Production Toyota System (PTS) or Lean Production System (LPS), created by 
Toyoda and Taiichi Ohno in the 1950s, was, firstly, drawn in the academic literature by the Professor 
Yasuhiro Monden with the aim of elimination of waste. The seven kinds of waste are considered by 
Womack e Jones (1998). The waste is eliminated with specific techniques such as: the production in small 
batches, reduction of storages, high focus on quality, predictive maintenance, and others.   


According to Godinho Filho and Fernandes (2004), the production in small batches and the reduction of 
storages provides great incentives for the reduction of time setup. The SMED methodology (Single Minute 
Exchange of Die) proposed by Shigeo Shingo is used for the reduction of time setup, and it is based on a 
long time of experience. The SMED is a scientific methodology that can be applied to any industry and 
any equipment (SHINGO, 1985). 


The application of SMED methodology aiming to reduce the waste and setup time is defined as a 
reduction process of total time to make a change of one process. This philosophy should be applied from 
the last part of the product manufactured until the first part accepted with the quality of the new batches 
following (Marchwinski and Shook, 2003). 


The SMED methodology is applied using a strategy of six steps (Shingo, 1985). First, the total time of 
change is measured. After, the change is analyzed and identified as internal or external operation using 
the time of specific operations. Afterwards, the internal operations are changed to external after a 
complete analysis. Thus, the necessary time to perform the operations internal and external is reduced, 
and finally, the procedure in new change (new setup) is standardized. 


The time of change (setup time) allows to reduce the production batches increasing the production 
capability, flexibility, and the disposal of resources, as well as the improving of the quality of the products 
and the customer satisfaction. Therefore, the main aim of the time reduction of setup creates  a great 
flexibility of production and gets small and profitable production batches. The process of setup time 
reduction can also behave as an efficient method to joint operators in the decision-making and problem 
solution. 







 
Implantation of the SMED Technology into an Auto Parts Industry: A Case Study 


ID151.3 


The main authority considering the setup time reduction is Shingeo Shingo. During several years, he 
worked as Toyota consultant and with other Japanese manufacturers. Shingo developed a methodology 
to analyze the setup time reduction in big mold machines used in the automotive industry. Shingo gave 
the name to his methodology of SMED that correspond to analysis, time reduction, and tooling change. 
Applying his methodology, Shingo was capable of reach results very expressive, for example, the setup 
time reduction decreased from 4 hours to 3 minutes in a machine of 1000 tons of pressure (Shingo, 1985). 


Although the Shingo’s methodology has been initially developed for the use in the manufacturing of 
metallic parts of the automotive industry, the main principles of SMED methodology can be applied to 
other processes where a constant change of tooling occurs in several industries. The time reduction of 
change of tooling reaches significant results of the implementation of SMED methodology. The 
application of the six steps of the process and the change from internal to external operations, in other 
words, the changes the operations that were carried out with stop machine (internal operations) to 
operations performed with the machine in operation (external operations) can reduce the setup time in a 
range of 30 – 50%. (Shingo, 2000). 


According to SMED methodology there are two classes of setup, external and internal. The internal class 
of setup concerns the operations that are carried out when the machine is turned off. The class of external 
setup concerns the operations that are carried out when the machine is working (Marchwinski e Shook, 
2003). The important factor in SMED implementation is to make the division between internal and 
external elements and try to convert the internal elements in external elements. 


Fogliatto and Fagundes (2003), proposed in a furniture industry four steps; strategic – with the 
involvement of all employers; preparatory – corresponding to the elaboration of strategies and analyses 
of the current system; operational – practical application of the methodologies proposed; and verification 
– setting of the strategies and used techniques. The authors comment that, after the steps, the 
environment should be prepared for actions of continuity and focused on reduction of setup times in 
other processes. 


McIntosh et al. (2007) evaluated two fundamental tools, which can best be achieved, independent of the 
adopted methodology. First, the improvement can occur with the change of when the tasks are carried 
out, with a better allocation of tasks without changing the essence of them. Second, the tools consist of 
finding the structural changes existing for the tasks, allowing them be completed more quickly. The 
authors describe these two tools in relation to the work of Shingo as a method of reinterpreting the SMED 
methodology.   


Sugai et al. (2007) made a critical analysis of the Shingo’s methodology for the FCT. According to the 
authors, although useful, there are several gaps, especially considering the problems associated with the 
periods of acceleration and deceleration relating to the setup activities. It was observed that the 
separation, and the conversion of tasks wasn’t enough. Another application of the SMED was analyzed by 
Trovinger and Bohn (2005). The authors used the SMED methodology in setups of the assembly of Printed 
Circuit Board (PCB) of high-speed. According to the authors, more than 50% of the effective capability can 
be lost in setups of PCB applications. 


Moxham and Greatbanks (2001) discuss the practical application of the SMED in the textile manufacturing 
operations. The authors suggest prerequisites that need be provided before the implantation phase of the 
SMED methodology. The SMED technology cannot be affected by cultural problems, procedures, and 
barriers of management. These problems need to be solved to obtain success. The authors called these 
prerequisites of zero-SMED. The authors suggest that there are prerequisites that need be provided 
before of the implantation SMED phase.   


Patel, Shaw e Dale, (2001) had good results for the SMED application. The authors studied the time 
reduction of setup and the methods for reducing errors in little industries, involving mechanic accuracy 
components in small batches with the great variety for the aerospace industry. 
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3 SMED Implantation 
The methodology SMED applied in Magneti Marelli Cofap at Lavras was started in December 2010 in the 
cell of shock absorbers structural. The implantation was carried out together with the pillar of costs 
deployment and improvement focused using a detailed analysis. The stratification by cost unit, there was 
an evident need to work the reducing of the setup time on the cell 2 that corresponding to a press that 
produces holes. The project was coordinated by the leader of the pillar of continuous improvement and 
by an analyst of technology. 


4 Objective 
The main objective for the utilization of SMED in the place aforesaid was the reduction of waste with 
movements and activities unnecessary that no aggregate values during the setup operation of the 
machine. The implementation generates a cost reduction and flexibility in the production with a reduction 
of 46% of the setup time. 


4.1 Development and Organization 
After the first action to be developed, the next step was the choice of the team. The team was composed 
according to the provided necessities and referenced by the coordinators of the project. After the team 
composed, being included operators and supervisors, the next step was carried out to enable all teams 
into the SMED methodology. 


During the training, the SMED philosophy was taught to the team, since the principles of operation of the 
SMED methodology until the complex concepts. All steps of SMED methodology were thoroughly 
studied, and all questions were explained to the correct implementation. Then, the exact activity of each 
member of the team was defined, and the formulation of Major Kaizen was necessary for the description 
of each step of the process. The steps of the process were defined not only in the application of 
continuous improvements but also the standardization of activities (Figure 1 and Figure 2). 


 


Figure 1: responsibilities of each member of the team 
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Figure 2: Major Kaizen 


After the elaboration of Major Kaizen, was possible create a program of activities that would be 
developed to reach the proposal gain in the reduction of time setup. The schedule was defined according 
to (Figure 3) 


 
Figure 3: Schedule of activities 


In the first step of the SMED was carried out a depth analysis of the problem that would be eliminated. In 
this step, the implementation of movies of each activity was performed to record each action separately 
during the setup. These movies were programmed joint with the planning and control of production and 
without the knowledge of the operators and maintenance team. The aim obtained  a result closer to the 
reality of the day-to-day of operators on the shop floor (Figure 4) and (Figure 9). 
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Figure 4: Shooting and Figure 5: Registering of the setup 


 


Figure 6: Registering of setup information 


The shooting was carried out very detailed, and each member on the team was responsible for a specific 
function, since the registering of time until analysis of each action made by operators and maintenance 
team. The record of all activities was saved in the precise form of setup according to (Figure 6). 


 
Figure 7: Form for registering the setup activities 


After the phase of shooting and registering of setup activities, several meetings were carried out to 
analyze the movies. The meetings had the aim to study the actions of each member responsible by the 
setup during the operation. Moreover, the more important condition was to understand, if the action 
aggregated values or not into the process, detaching the setup activities in internal and external, and 
define whether these activities could be eliminated, matched, reduced or simplified. The form developed 
for this registered is according to (Figure 7). 
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Figure 8: Setup process deficiencies in Cell 2 


Based on the shooting and analysis of data registered, was possible define the main deficiencies of the 
process in the cell number 2 and elaborate a plan of action to solve the problems. The first deficiencies 
registered were: no standardization of setup activities, no standardization of wrenches, deficiencies in the 
transport and handling of tools, and no specific programming of the setup (Figure 8). By detecting the 
main deficiencies in the process associated with the analysis of the setup, it was possible to establish a 
reduction goal and develop an action plan with activities to be performed by each member of the team to 
solve or minimize the major problems registered (Figure 9) 


 
Figure 9: Management of the team activities 
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4.2 Results 
The methodology used to monitor and register the setup techniques helped all the team in a widely 
review of the process. Thus, it was possible to increase the profit in the cell monitored with the reduction 
of setup time, generating a product more competitive and collaborating with the professional growth 
within the manufacturing environment. The great challenge to the industry studied was to create a 
specific sector responsible by the development of systems of Fast Change of tooling – FCT. The creation 
of an exact sector provided a continuous improvement that generated not only a Fast Change of Tooling 
but also the increase the process flexibility, decrease of waste, and storage reduction, generating a 
process more dynamic. 


After the performance of the action established, it can be observed that the results were satisfactory, 
showing a more organized cell, a more efficient layout, standardization of activities, programming and the 
availability of the tools for the production, generating a time reduction of 46% in setup time according to 
(Figure 10). 


 
Figure 10: Result of the reduction of time setup 


The following figures (Figure 11) and (Figure 12), show the improvement obtained during the realization 
of the activity proposals and made in the manufacturing cell such as; cabinet organization tool, acquisition 
of more a device for move high tools, programming of production on the side of the cell, and 
organization of the tools in the workplace. 


 
(a) 


 
(b) 


Figure 11: (a) Cabinet organization tool and Device for move high tools (b) 
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(a) 


(b)


Figure 12: (a) Programming of production on the side of the cell and (b) Organization of the tools in the workplace 


5 Conclusions 
Based on the results, the following points are summarized: 


The results show that the gains from the correct application of the SMED reduce the setup times and 
generate great improvements and expansions with the application of this powerful tool; 


In spite of the results observed, the SMED philosophy wasn’t achieved completely because the time that 
exceeds one digit in the setup time is considered a loss; 


The work carried out on the shop floor was satisfactory into a preview and according to process 
conditions. The great problem that is not permitted to reach best results in the time setup reduction is the 
correct measure of parts produced. This occurs because a robot carried out the measure by sampling of 
the parts produced is impossible to reduce the time in this operation; 


Finally, the aim of this work, considering the complete monitoring the achievement was reached. It can be 
concluded that the SMED is an excellent tool for reduction of movement time, besides, if properly 
conducted, it is rallying people for the challenges, facilitating the process of continuous improvement. 
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Abstract 


This article analyzes the behavior of a link in the supply chain of PET (polyethylene terephthalate) bottles for soft 
drinks, from the standpoint of the packaging manufacturer,  aiming to understand the so called whiplash effect (WE). 
The manufacturer is concerned about the impact on stocks caused by an unexpected variability on the demand 
during a forthcoming period. Such oscillations are likely to occur during the Soccer World  Cup 2014 in Brazil, when 
demand levels will be significantly increased.  Having this in mind, it is showed a calculation to dimension the WE 
applied to two levels of the studied chain, using demand data from January to December 2010. The result shows an 
intensity factor of 4.60 for the PET bottles demand. This parameter could be considered a warning for the next 
periods. In order to minimize the variability of demand caused by this effect, some management actions were 
proposed, all of them suggesting improving the dissemination of information in the chain. Better connection among 
the chain members and the integration of companies were proposed, from suppliers of raw materials to the final 
customer, on the assumption that the dissemination of information in the chain may reduce the WE. 


Keywords: Supply Chain, Whiplash Effect, PET Bottles, World Cup 2014 


1 Introduction 
A manufacturer of PET (Polyethylene terephthalate) packing for soft drink in the Metropolitan Area of 
Salvador (MRS) is concerned about the impact on its stocks caused by unexpected variability on demand 
during the next Soccer World Cup 2014. It is known that demand levels of soft drink strongly increase 
during that kind of event. The phenomenon of unbalanced distribution due to information distortion in a 
supply chain remains focusing the attention of logistics practitioners and theoreticians. That phenomenon 
is known as whiplash effect (WE). This study is relevant as a way to contribute to solve a practical problem 
by measuring the present WE and using the outcome to foresee future problems.  


This paper aims to study the oscillations in demand caused by information distortion on the quantities 
demanded in a link in the supply chain formed by the PET packing manufacturer and a soft drink 
company that uses that package.  Such oscillations were observed between January and December 2010, 
and its consequences were studied in the light of the WE, having been dimensioned by the method 
developed by Fransoo & Wouters (1997). The outcome of the calculations is a warning sign about the 
expected impacts of these oscillations for the period of the Soccer World Cup 2014, when the levels of 
demand will strongly change.   


As a way of preventing an artificial amplification of demand orders during the soccer championship it is 
suggested better integration between the two levels of the supply chain. To mitigate that phenomenon 
occurrence, is recommended to implement information technology tools for disseminating more accurate 
data about quantities predictions. 
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2 Context 
In recent times, logistics processes have attracted the attention of industries, trade and service 
organizations due to the search for greater competitiveness.  Logistics costs, which mostly are classified as 
variable costs, now represent an increasingly significant percentage in the composition of total production 
costs. Thus, greater attention and more control in the quest for significant reductions in logistics costs 
have become of interest to the productive activity. It is known that information about demand throughout 
the supply chain tends to be amplified at every link in the chain upstream and, consequently, its members 
take the chance to operate under unrealistic expectations of increased demand, producing the WE 
(Forrester 1958).  Such effect causes an impact in the logistic costs as it induces the chain companies to 
make speculative and needless decisions that could be avoided. The appropriate determination of the WE 
reveals the extent to which distorted and inaccurate information could lead to forecasting errors at 
different stages of the chain. These errors will lead to unrealistic inferences about the behavior of demand. 
This dysfunction is associated with lack of information and also to its inadequate quality, generating 
distortions that are amplified by all the links in the supply chain. 


In an entire chain, the retailer may be affected as well as the wholesaler, the distributor, the manufacturer 
and, finally, their suppliers, often exponentially, the amount that grows toward the factory and its 
suppliers.  


In the face of that dysfunction, beyond the expected increase in variable costs resulting from the 
inventory, fixed costs proportion also tends to grow upstream the supply chain, due to the need for 
adding extra capacity. This means that the implications of the WE – which, as said, occur in a growing 
manner toward the factory and its suppliers - also include lengthening the time of recovery of fixed costs, 
as a consequence of additional depreciation of machinery, equipment and facilities. Thus, WE could 
results in "increase in manufacturing costs, inventory costs, cost of transport, cost of manpower, as well as 
costs due to inventory shortages, leading to loss of sales to the supply chain, and problems in inventory 
management” (Diniz, 2009). 


The WE, also known as "Forrester effect" in honor of Jay Forrester, was first set in a classic article from the 
Harvard Business Review (“Industrial Dynamics, July/Aug. 1958”).  


For the present case study, in order to understand the occurrence of the WE in a link in the supply chain 
consisting of a producer of PET package and a company that produces soft drinks using such packages, 
data were collected to forecast demand in one year period (2010). 


The packaging producer receives demand forecasts in liters, classified by type of package, final customers 
and the company that makes soft drinks. This information is converted into a Master Production Plan. 
Over the periods, initial forecasts will be finally manufactured (or modified as orders are placed) and then 
billed and delivered becoming "actual sales" for the packing producer and "effective procurement" for the 
soft drinks company. The WE is configured by the quantitative differences found between the "demand 
forecasts" reported monthly, then fortnightly, and the actual sales consolidated. These differences result in 
the increases in inventory costs and those other costs directly related to overestimated or underestimated 
production process, whatever the case may be. In this context, attempts to measure the consequences of 
that effect on logistics costs are justified. This study pays especial attention to the costs of raw materials 
inventories, since such costs are of significant importance to the efficiency of management, from the PET 
bottles manufacturer standpoint.  


Furthermore, if it is considered that in normal market conditions the WE has already been installed, i.e., it 
occurs systematically even though to a lesser extent, the increased demand for PET bottles during the 
World Cup 2014 may enhance this dysfunction. The companies of the chain will be in charge of managing 
the business order to prevent themselves from that phenomenon during the mentioned event. The 
suitable measures depend mainly on the application of appropriate information processes between the 
supply chain levels (bottle manufacturer and soft drink producer), seeking integration and dissemination 
of more accurate information on demand. 
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Based on the arguments presented here, this work has its problem-question defined as follows: 


"What are the current impacts of the WE in the production of PET bottles and how to prevent these 
impacts from growing during the World Cup 2014?"  


3 Theoretical Fundaments 
Ballou, (2001) sets out the logistics business studies, so that management can provide better level of 
profitability in distribution services to customers and consumers. This can be done by planning and 
organizing effective control for handling and storage activities aimed to improve the product flow. 
Regarding the logistics industry Ballou, (2001) presented (Table 1) where the logistic function relates to 
the company areas of production and marketing. 


Table 1: The function of the Logistics Industrial Company. Adapted from Ballou (1999). 


LOGISTICS FUNCTION IN INDUSTRIAL COMPANY 


PRODUCTION 
PRODUCTION 


INTERFACE AND 
LOGISTICS 


LOGISTICS 
MARKETING 


INTERFACE AND 
LOGISTICS 


MARKETING 


Production 
Planning 


Production 
Planning 


Inventory 
management 


Service levels Promotion 


Material Handling 
Location of 


Facilities 
Order Processing Pricing 


Market Research 
 


Maintenance of 
Equipment 


Purchases 
Storage and 


Handling 
Package 


 
Management of sales teams 


Quality 
management 


 
Transportation of 
finished product 


 


Location of facilities 
 


 


 
According to Silva & Colenci (2009), demand and forecast errors are always associated in a given system. 
These errors are spread and amplified when transmitted from company to company within the value chain 
from customer towards supplier. The products demand variability to final consumers is considered a 
common phenomenon. This can be explained by a number of factors, such as special dates that 
encourage consumption, such as Christmas, Mother's Day, Father's Day, Valentine's Day, Children's Day, 
ie.., allowances, bonuses and extra salary; cultural events that stimulate the consumption of certain 
products, marketing campaigns, early academic periods, sold out season, and other factors.  
It can be stated that the WE is the result of the discrepancy between planned and actual demand, leading 
the companies to poor decision making in their intention to align supply with demand. Thus, companies, 
for not having the correct information of their clients, seek to protect and secure the stock to a possible 
change in demand. 


Distortions in information demand may occur and do occur, as we move away from the final customer 
along the supply chain. In a simple linear supply chain - a series of companies whose claims come only 
from the next member - the final consumers create the demand for the last company of the chain. Both 
the seasonality of demand and the forecast errors can increase the distortion, as we approach the 
beginning of the supply chain. 


Lee, Padmanabhan and Whang (1997) listed the difficulties resulting from WE: 


 lost sales due to stock-outs generated by extreme variations in demand; 
 Increase safety stocks, aiming the recovery of service levels to ensure the competitiveness of the 


structure; 
 Increase the number of rescheduling production to cover emergencies; 
 Inefficient management of local resources such as personnel, equipment and capital. 
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The substantial consequences for organizations are: 


 Rising costs related to inventories in the supply chain, due to the increase of local stocks in each 
stage of the system;    


 Fall in  return on capital invested in chain operations; 
 Decreased productivity of employees who work in production processes developed in the system;  
 Reactive decision making process, mainly due to the demand peaks, causing disruption of 


planning; 
  Inefficient management of resources in the supply chain as a whole, as a result of local 


inefficiencies and difficulty of integration of performed operations.  


3.1 Methods applied to the dimensioning of Whiplash Effect 
There are interesting works applying simulation methods to measure the WE, (DOMANSKI, R. et al., 2009). 
Nevertheless, the case calls for a practical algorithm to be used on the shop floor, among practitioners. 


Silva (2008) presented their work in some research about the methods of calculating the WE, used in 
various industries, in order to make assessments of the level of amplification and fluctuation in existing 
supply chains. Table 2 shows these research and areas in which it was applied. 


 


Table 2: Examples of research for the measurement of whiplash effect. Adapted from Silva (2008) 


REFERENCES AIM OF THE RESEARCH 
Blackburn (1991)  Automotive industry 
Avery et al (1993)  Automotive industry in an MRP environment 
Hammond (1994)  Automotive industry in an MRP environment 
Lee et al (1995)  Food Industry (USA) 
Lee et al (1997)  Personal care industry 
Holmstrom (1997) Supermarket industry (Europe) 
Gill e Abend (1997)  Retail industry (USA) 
Taylor (1999)  Automotive industry (UK) 
Fransoo & Wouters (2000) Food Industry (Europe) 
McCullen & Towill (2001) Mechanical Industry  (Europe) 
El-Beheiry et al (2004)  Toy Industry (Europe and USA) 
Hejazi & Hilmola (2004)  Electronics and furniture industry (Europe) 


 
In the present study, the methodology used to measure the WE was the one developed by Fransoo & 
Wouters (1997). According to these authors the effect on a chain level (ω) is obtained by the ratio 
between the level of dispersion in sales of a supplier to his customer (Cout) and the level of dispersion of 
demands of the customer to the supplier (Cin) of the link studied. The level of dispersion (C) is obtained 
by dividing the standard deviation (σ) by the arithmetic average (μ) for each distribution (Table 3). The 
demands (Din) are quantitative data informed by a posterior level of the chain (customer) to the previous 
level (supplier). Sales (Dout) are the quantitative data corresponding to the previous level of the chain 
(supplier) in response to demands. That is, Din is the order of a chain customer to a supplier and Dout is 
the value of the requests addressed by this vendor, as shown in Figure 1 below: 
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Figure 1: logistical Flows link in a two-level supply chain. Adapted from Vieira, Barbosa and Conceição (2003). 


According to the methodology, the " whiplash effect" is calculated using the formula in Table 3 below: 


Table 3: Calculation of the WE. Adapted from Fransoo & Wouters. 


(1) ω = Cout / Cin the effect on a chain level 


(2) Cout = σ (Dout (t, t + T)) / µ (Dout (t, t +T)) level of dispersion in each link on sales 


(3) Cin = σ (Din (t, t + T))   /  µ (Din (t, t + T))  level of dispersion in each link on the demands 


(4) Dout (t, t + T) value of orders served by the supplier to the customer (sales) 


(5) Din (t, t + T) value of orders for a customer to a supplier chain (demands) 


(6) ωT = ω1 x ω2 whiplash effect in a total of two levels of the chain 


4 The firm and the World Cup 2014 
The research firm is one of the largest units of the Brazilian market to produce PET bottles for soft drinks. 
This factory, located in the City of Simões Filho, Bahia, offers packaging solutions for customers of 
different needs - especially the soft drinks market. The company is a major supplier of packaging for 
leading soft drink market in Brazil, having pioneered the production of PET in Brazil since 1987. (Available 
in http://www.engepack.com.br accessed on 24 September 2011.) FIFA World Cup 2014 (International 
Federation of Association Football) will  be held in Brazil for the second time. Investments about $ 4.5 
billion only in stadiums are provided, and $ 500 million of this amount is budgeted for Salvador. The 
general infrastructure projects are ongoing and an investment of over $ 8.5 billion is estimated 
nationwide. 


One of the most important world sporting events today, the  World Cup 2014 will mobilize the savings of 
the 12 (twelve) host cities in the social, infrastructure and movement of productive resources. In such, the 
productive organizations will be challenged to respond proactively by planning for the supply of raw 
materials to manufacture its products, the adjustment of their production capacity, and adequacy of its 
distribution network, aiming at the efficient and effective service demands. Considering that the period of 
the event is relatively short, the programmed actions should be planned well in advance and accurately, 
so that products and services are available to consumers at the right time, right place, and the desired 
quality. 


One of the problems facing supply chains for some is the possibility of occurrence of the WE, due to the 
sharp increase in demand for products and services. Thus, the study of the implications of that 
phenomenon as a possible solution can contribute to preventive negative effects caused by changes in 
demand for specific products and services, during the World Cup 2014.  
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The firm of this case study has a strong belief that a practical measurement of the WE will be helpful to 
overcome difficulties related to demand oscillation during the sport event.  


5 Results of the WE during the period from January/2010 to December/2010 
The methodology developed by Fransoo & Wouters (1997), described in section 3 of this work was 
applied to the case study.  Samples for the soft drink sales forecasts and production volumes of PET 
bottles (Level 1), as well as, the intended purchase of PET resin from the suppliers and the actual 
quantities sold by them (Level 2) are shown in Table 4, from January to December 2010. The calculation of 
the WE is shown in Table 5. 


Table 4: Production and Sales Plan. Source: Company studied.  


jan/10 feb/10 m ar/10 apr/10 m ay /10 jun/10 jul/10 ago/10 s ep/10 oc t/10 nov/10 dec /10 Total


S ales  
Forec as t ing 


D in  1
668.380 486.538 614.618 513.248 492.022 554.271 577.993 466.463 643.722 700.897 726.938 750.958 7.196.049


P roduc tion 
V olum e    
Dout  1


802.056 608.173 799.004 590.235 590.426 731.638 809.190 587.744 759.592 939.202 763.285 1.126.437 9.106.982


Forec as t 
P urchas es   


D in  2
600.000 600.000 600.000 800.000 600.000 600.000 800.000 600.000 800.000 800.000 900.000 900.000 8.600.000


S ales   
V olum e    
Dout  2


585.000 585.000 585.000 0 650.000 700.000 750.000 0 825.000 0 905.000 880.000 6.465.000


P E RIO D


Le
ve


l 1
Le


ve
l 2


 


By observing Table 5 it is noted that at Level 1, by comparison between the forecast of sales and the 
production of PET bottles, there was an amplification of 1.28. In turn, at Level 2, the comparison between 
the forecast of purchased PET resin and its sales volume by the same supplier, it is noted that there was 
an amplification of 3.60. As a result of its impact on two levels, the overall effect investigated to the chain 
stood at 4.60, which is the multiplication factor of the upstream supply chain of PET bottles for soft drinks. 


Table 5: Calculation of the WE in two levels of the chain studied. Source: Designed by the author 


PRODUCTION OF PET BOTTLES


Levels 
 Monthly 


Average 
Standard 
Deviation 


Cin Cout ω ωTotal 


 
L


ev
el


 1
 


Sales Forecast 
Din 1 


599.671 99.246 


0,1655 0,2114 1,28 


4,60 


Production 
Volume        
Dout 1 


 


758.915 160.454 


L
ev


el
 2


 


Purchase 
Forecast 


Din 2 
716.667 126.730 


0,1768 0,6363 3,60 
Sales Volume 


Dout 2 
 


538.750 342.810 


 


6 Results of the WE estimated for the World Cup 2014 
According to data reported by the Ministry of Sport in 2010 (based on studies of the Brazilian Institute 
IBGE), in 2014 the Gross Domestic Product (GDP) of Salvador will have increased by 4.23%. This 
percentage refers to the overall increase of GDP in the local economy, and there is no evidence that it can 
be regarded as the same percentage of increase that will occur in the production of PET, or even the 
production of soft drinks. This is because the impact of GDP increase in the production of such products 
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should also be identified by the time the event date is approaching and the share of GDP be predicted for 
the area of food and beverages.  


The impact of the WE calculated were obtained considering the forecasts and actual sales reported by the 
producer of PET, which occurred during the year 2010, which followed the behavior of consumption 
patterns in terms of normal variation, considered all events provided for that year.  


The fact that the company recognizes the current existence of the WE  evidenced by an amplification of 
the order of almost five times according the Fransoo & Wouters model is positive to the management . In 
fact, based on the forecasts of demand growth that will occur in the World Cup 2014, the two levels 
(supplier and customer) of the chain tend to manage more efficiently their relationship. Then, impacts 
should be minimized, so that the factor found (4.60) in the calculation performed in year 2010 will not 
occur during the sport event in 2014. It was recommended to the management the implementation of 
specific IT tools that should be used seeking to share information on demands in the chain, which aims to 
reduce the impacts generated by the WE.  


6.1 Anticipated costs of the WE in World Cup 2014 
According to data from the Brazilian Association of Soft Drinks - ABIR in the period 2004-2012 (actual 
data and projections) soft drink consumption grows by an average of 3% per year. Thus, projecting the 
same growth in the years 2013-2014 on the company's data, we infer that the production of PET bottles 
would reach 7,465,222 million liters in 2014 (Table 6). The cumulative percentage of growth will be about 
13%, without considering the implementation of the World Cup. 


Knowing that there will be significant increase in the consumption of soft drinks, and, assuming 
hypothetically that there may be a 40% increase in consumption, due to domestic and foreign tourism 
movements during the course of the sporting event of 2014, sales could be about 10.4 million liters (Table 
6). It should be explained here that the increase of 40% is just a prediction for the area of food and 
beverages in 2014. 


Table 6: Projections of consumption (sales) of PET bottles. (in liters). Source: Designed by the Authors.     


CONSUMPTION OF SOFT DRINKS, liters  


Year 
Actual 


Consumption 
Predicted 


Consumption 
% Accumulated % Year 


2010 6.632.753  100 3 
2011  6.831.736 103 3 
2012  7.036.688 106 3 
2013  7.247.788 109 3 
2014  7.465.222 113 3 


Cup 2014  10.451.311 158 40  
 


Considering that the prices of raw materials will not change significantly in coming years, because 
beverages are commodities, projected purchases of PET bottles would be in the order of $ 42 million, and 
its consumption would reach R$ 52,7 million, which would demonstrate the impact of the WE in logistics 
costs of raw materials (Table 8). 


Table 8: Projections for World Cup 2014. Source: Designed by the authors 


PET BOTTLES – Projection for 2014 


Purchases Consumption 


Volume Value Volume Value 


10.214.700 41.979.573 14.349.984 52.710.030 
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7 CONCLUSION 
This article aims to discuss the impact of the WE in the manufacture of PET bottles by a company of the 
package sector in the State of Bahia and to present a method for sizing effect. It was recommended to the 
management some information technology tools capable of mitigating the WE on the variability of 
demand information. Details of the mentioned recommendation are not part of this work.        
The results obtained by the application of the methodology developed by Fransoo & Wouters for sizing 
the WE highlighted the lack of synchronism in the programming activities of the production of PET bottles 
with regard to the acquisition of raw materials, due to amplification of demand information.       


The case study pointed out the same kind of implications from the WE which was mentioned by Lee, 
Padmanaban and Whang, 1997. In fact, the producer of PET packaging carried out some tasks to keep up 
with demand variation especially the "to increase safety stocks, with a view to recover from low service 
levels". One of the conclusions of this phenomenon is that its effects lead to reduced profitability, since 
organizations tend to build up stocks of raw materials and thus immobilize capital that will only be paid in 
longer terms, i.e., from the moment those stocks are being used.  Additionally, this reduces the 
profitability of other links in the chain, because of rising costs imposed on them. In such a situation, if the 
final prices of the products are inflexible, chain companies will bear those costs and, consequently, their 
profit margins will be reduced.            
Indeed, in its management strategy, the company studied will have to protect itself against the harmful 
effects caused by the considerable variability in demand informed by the client. If the company uses 
appropriate information tools to monitor and control their inventories more effectively, the total cost of 
the chain would be reduced and the return on capital employed in logistics operations and production of 
PET bottles would be kept.          


The dimension of the WE as calculated in this research resulted in obtaining amplification of the order of 
1.28 for the first level of the chain - producer of PET packaging and producer of soft drinks - and 3.60 for 
the second level - producer of PET packaging and raw material supplier. Thus, it was noted that from the 
first to the second level of the supply chain, there has been an increase of almost three times. Considering 
the complete supply chain with the two levels lead to an amplification factor of 4.60, indicating that this is 
the extent of WE in the observed relationship between the companies studied.      


The mentioned degree of amplification derived from purchases of raw materials that should be 
corresponding to 6.4 million liters, while the actual demand by the producer of soft drinks was around 9.1 
million liters. This scenario means that the producer of packaging suffers the effects of misinformation 
between demand and consumption. The implication is that if its production schedule considers as valid 
the correct quantity demanded, there will not be enough stocks to manufacture the product, and its 
customer will not be addressed in adequate level of service. 


Thus, due to fluctuations in the actual quantities of consumption, the package producer is obligated to 
maintain stocks at excessive levels of demand forecasts, absorbing costs of maintaining inventories, in 
order not to incur the costs of inventory shortages. 


Due to the grandiosity of the World Cup 2014 - and therefore the predictions of significant increases in 
consumption - it would seem that the companies studied will get prepared to respond effectively to 
situations that could lead them to compromise their operations as a result of the WE. That signifies 
implementing management programs that reduce the uncertainty and variability by means of information 
technology tools.  


This work entails the conduct of future research on the chain studied, particularly with regard to the 
adoption of information technology tools that minimize the consequences of whiplash in the production 
of PET bottles for soft drinks. 
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Abstract 


This works presents a method of selection, classification and clustering load curves (SCCL) able to identify a greater 


diversity of consumption patterns existing in the distribution sector. The method was developed to estimate the 


features of a sample of load curves aiming to infer the behavior of consumption required by the population of 


consumers. The algorithm comprises four steps that extract essential features of a load curve of residential users with 


emphasis on seasonal and temporal profile, among others. The method was successfully implemented and tested in 


the context of an energy efficiency program developed by a company associated to the sector of electricity 


distribution (Electric Company of Maranhão, Brazil). This program comprised, among others, the analysis of the 


impact of replacing refrigerators in a universe of low-income consumers distributed by some cities in the state of 


Maranhão (Brazil), where it was possible to recognize patterns of load profiles using the typing method developed. 


The results were compared with a well known method of time series clustering already established in the literature, 


the Fuzzy C-Means (FCM). Based on the main features of a load profile, the analysis confirmed that the SCCL method 


was capable to identify a greater diversity of patterns, demonstrating the potential of this method in better 


characterization of types of demand which represents an important aspect to the process of decision making in the 


energy distribution sector. Furthermore, a well known index (Silhouette index) was also adopted to quantify the level 


of uniformity within and between clusters. 


Keywords: typing load profiles; clustering; electricity sector. 


1 Introduction 


A decision-making process in an organization can be analyzed and improved through several methods or 


strategies. The development of technologies of storage and data mining has given opportunities for the 


implementation of efficiency strategies of pattern recognition through historical series. In this context, 


analysis of records of power measurements in substations and customers allows to identify opportunities 


for improvement of the load factor and energy efficiency of the distribution system, through relationship 


to the client, contributing also as support for the decision-making (Marambio et al, 2003, Cavalcante et al, 


2008, Cavalcante et al 2009, Ferreira et al, 2010 and Ferreira et al, 2011). 


Some works are related to the typification of load curves based on clustering techniques. Bitu and Born 


(1993) used the non-hierarchical method, through the dynamic clouds technique, which emphasizes the 


minimization of variance within each group, maximizing the distance between groups. Gerbec et al (2002) 


performed the typification of load curves through the hierarchical clustering method using the Ward 


technique (Hair, 2005), highlighting its convenience in the quantification of groups (and patterns). 


Gemignani et al (2009) combined the hierarchical and non-hierarchical methods to improve the efficiency 


of the clustering in the recognition of different demand patterns from the same level of tension,. 


Paula and Tahan (2006) applied the auto-organizable neural net, or, Self Organizing Map (SOM), for the 


recognition of typical load curves in different classes of consumers. Zalewski (2006) used the fuzzy logic 


for clustering and typification of load curves. The author performed the clustering of load profiles in order 
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to classify the substations in homogeneous groups according to the peak of consumption. Nizar’s, Dong 


et al (2006) combined two methods, namely, the Feature Selection and Knowledge Discover in Database 


(KDD) (Han, 2000 and Goldschmidt, 2005) to get better patterns of load demand in a distribution system. 


Nizar, Dong and Zhang (2008) also combined the Feature Selection and KDD. Nizar, Dong and Wang 


(2008) presented the Extreme Learning Machine (ELM) method which improves the performance of the 


clustering methods based on neural nets and incorporates concepts of KDD and Data mining.  


Considering the methods of typification of load curves, already consolidated in the literature, Pessanha 


(2002) compared the development of some of them and highlighted that the Fuzzy C-Means (FCM) 


presents a better level of quality of cohesion and distinction in problems of load curve clustering. Gerbec 


et al (2004), Zakaria & Hadi (2006), Prahastono et al (2008) e Anuar & Zakaria (2010) used the FCM 


method for the typification of load curves. 


This work proposes a new method of selection, classification and clustering load curves (SCCL), based on a 


systematic extraction of features, that is able to identify a greater diversity of demand patterns and also 


represents a potential tool for the improvement of decision-making process through a better 


classification of heterogeneous profiles of consume in the electricity sector. The case study analyzed 


comprised an energetic efficiency program, accomplished by the Electric Company of Maranhão (CEMAR) 


(Brazil) that considered, among others, the analysis of the impact of replacing refrigerators in low-income 


consumers. Section 2 presents the SCCL method and Section 3 presents the case study and the results 


achieved through the application of Fuzzy C-Means and SCCL, attesting the potential of the latter for the 


analyzed problem. 


2 SCCL - A New Method of Typification of Load Curves  


The SCCL method (Figure 1) consists of two phases and uses consumption data sampled throughout the 


day. The first phase performs the classification of data (time series) and pattern recognition by successive 


iterations. The second phase performs the clustering of load curves according to the patterns recognized 


in the first phase. 


The first phase is divided in four stages that apply, each one, one concept (or feature) important for the 


typification (pattern recognition), in accordance to the requirements and indicators practiced by the 


electricity sector. The first three stages perform the quantification of similarity between the load curves 


based on the curve with higher peak demand (reference curve). The last stage performs the quantification 


of similarity between curves according to a criterion of seasonality. 


The four stages inserted into the first phase of typification are described below: 


 1
st
 stage: Typification by probability distribution of hourly demand. 


Each curve is normalized in the interval [0; 1] dividing the hourly measurements by the peak demand 


curve. The consume is quantified in the dimensionless value, named power per unit (pu) (Chicco et al, 


2002 and Gerbec et al, 2005). The formation of groups is accomplished through the chi-square goodness 


of fit test that quantify the level of similarity between the distribution of the peaked curve and the 


distribution of other curves (Hair et al, 2005). 


 2
nd


 stage: Typification by variation of hourly demand. 


This step comprises the analysis of correlation between the load curves belonging to the same group 


(groups obtained in the previous stage) and its reference curve of the group (peaked curve or curve with 


the highest peak demand). The formation of groups is accomplished through the t-test of correlation 


coefficient (Gujarati, 2000), obtained for each load curve in relation to the reference curve. 
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Figure 1: The SCCL method. 


 3
rd


 stage: Typification by Load Factor (LF)  


This stage comprises the analysis of similarity of LF between the curves of each group obtained at the end 


of the second stage and the respective reference curve. The formation of groups is accomplished through 


t-test of differences in mean demands (Gujarati, 2000), obtained for each load curve in relation to the 


reference curve. The LF is a feature of the load curve which is calculated by dividing the mean demand by 


the maximum demand. According to Filho (2001), LF is an indicator able to evaluate the rational use of 


electric energy by the consumer, provided by the concessionaire. In relation to the system of distribution, 


based on the consumer expectation, the higher the LF, the energy use will be more rational and economic. 


In relation to the equipment, the higher the LF, more efficient is its operation. 


 4
th


 stage Typification by seasonality at peak hours and off-peak 


The curves of each set generated in the third stage are submitted to a process of clustering by seasonal 


affinity which consists in calculating the median of the energy consumption at half-time edge (9 am to 18 


1st Phase : Typification 


Phase 2: Clustering 
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pm) (mA), at the edge time (18 pm to 21 pm) (mB) and at the empty time (without loading) (0 am to 9 am 


and 21 pm to 24 pm) (mC). Next, the curves are classified according to the Table 1. 


Table 1 – Classification of patterns based on seasonal similarity. 


Conditions mB  ≤ mC mB > mC 


mA  ≤ mB Type 1 Type 2 


mA > mB Type 3 Type 4 


 


The first phase is composed by four successive stages involving different criteria. This phase is repeated 


several times (iterative process) to check if some prototypes (patterns) can be reassembled, and it’s 


finished when there is convergence in the number of patterns obtained (prototypes). Thus, the number of 


prototypes is a result of the method itself and an initial estimate is not necessary. 


The SCCL’s second phase (Figure 1) performs the clustering of the load curves of the initial sample using 


the smallest Euclidian distance (selection criteria) from the patterns obtained. The groups are submitted to 


a qualification process that comprises two steps. In the first, prototypes associated to few load curves are 


eliminated. The second step verifies if changes in the confidence level, used in the three first stages of the 


first phase, provides better quality of clustering. The metric used to qualify the clustering is the silhouette 


index (ROUSSEEUW, 1987) which measures the level of cohesion and separation among the groups. The 


median of the silhouette index of each load curve represents the General Index of Silhouette (GIS). 


3 Case Study and Results 


The SCCL method was applied to analyze possible changes in the consumption patterns in the context of 


an energy efficiency program implemented by the Electricity Company of Maranhão (CEMAR) (Brazil) and 


developed during the period November 2008 to July 2009. This program comprised the exchange of five 


thousand two hundred and fifty (5,250) old refrigerators by new ones in low-income communities. One 


sample with eighty load curves (old refrigerators), presenting a high consumption of electric energy and 


another sample of 80 load curves after the exchange of refrigerators. This sample size represents an error 


level of 11% variation in sample means and a confidence level of 95% in the prediction of the population 


parameter.  


The SCCL method was also used to define the number of groups to be considered on the FCM method. 


The confidence level adopted at the 3 first stages of SCCL’s first phase were 97% in both cases 1 (before 


the exchange of refrigerators) and 2 (after the exchange of refrigerators). 


The application of SCCL method in case 1 was capable to recognize the existence of two groups or 


demand profiles. The FCM method recognized different patterns of demand, with an inferior quality of 


clustering in relation to those identified by the SCCL method. The GIS obtained by FCM was 0.31 and by 


the SCCL method was 0.52 (Figure 2). 
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Figure 2: Indices silhouette and patterns recognized by SCCL and FCM methods (case I). 


For the case 2, the SCCL method also identified two groups with different consumption patterns. The FCM 


method recognized two patterns with similar profiles of demand what implies that the FCM was capable 


to recognize only one pattern of consumption in the homes after the exchange of refrigerators. The GIS 


obtained by FCM presented a value slightly inferior (0.39) compared to SCCL method which was 0.40 


(Figure 3). 


The value of GIS associated to the SCCL method was lower in case 2, attesting that after the exchange of 


refrigerators the profiles of electric energy became more similar. 


 
Figure 3: Indices silhouette and patterns by SCCL and FCM methods (case II) 


In both cases the SCCL recognized demand patterns representative of more heterogeneous groups 


among themselves and with a higher level of homogeneity internally. Despite the replacement of 


refrigerators have contributed to the load curves become more homogeneous, the SCCL was still able to 


recognize different demand patterns, revealing the existence of two distinct types of consumers present in 


case 2. 


An additional analysis was made to verify the homogeneity between load curves of the same group and 


its adherence, comparing to the pattern recognized. In this situation only the groups associated to the 


highest number of load curves (generators groups) were considered both cases 1 and 2. The analysis 


comprised the calculus of shape parameters (mean, variance, asymmetry and kurtosis) and one tendency 


parameter (slope) for each one of the curves belonging to the group. Next, all these parameters were 


normalized and compared (using Euclidian Distance) with the same parameters of pattern curve. The 


Table 2 shows the coefficient of variation of distribution of these dissimilarity measures for each of the 


methods (SCCL and FCM). The lower the value of the coefficient of variation more homogeneous is the 


group. The results show that the SCCL got a better pattern of homogeneity than FCM in both cases 1 and 


2. 
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Table 2 – Statics of groups generated through the most significant typical curves found by the STAC and FCM 


methods. 


 


STATISTICS 


CASE 1 CASE 2 


SCCL FCM SCCL FCM 


Load factor of the pattern curve 


(pu) 


0.83 0.80 0.86 0.68 


Percent of curves belonging to 


generators groups (%) 


75 55 66 58 


Coefficient of variation (%)  53 71 35 68 


 


According to the Table 2, the SCCL attracted a greater number of load curves to the generator group 


whose the pattern curve had a higher load factor in relation to the FCM in both cases 1 and 2. Thus, the 


SCCL shows that the exchange of refrigerators also contributed to a more uniform use of the energy load 


of the refrigerator. However, the FCM shows an opposite situation with load factor reduction after the 


refrigerators’ replacement, what would represent a contradiction, considering that newer devices would 


contribute for the most efficient use of energy. This result obtained by the FCM could imply in the 


application of investments not required. Therefore, the STAC was able to generate, from the group with 


the highest number of load curves, typical curves (patterns) most representative and with load factors 


more consistent with the reality. 


According to SCCL, the consumption averages associated to the generator group was 80.62 kWh and 


57.79 kWh in cases 1 and 2, respectively, showing a reduction of 35.76% in the energy consumption and 


attesting the success of energy efficiency program. 


The patterns recognized by SCCL associated to the minority of the refrigerators presented a less uniform 


profile in both cases 1 and 2. It reveals the existence of consumers with habit of opening the refrigerator 


more often throughout the day (improper use), reducing the load factor. Even considering the reduction 


in the energy consumption, this information provides for the efficiency program managers the possibility 


of more specific and focused actions for improving the consumption habits.  


4 Conclusion 


This work introduces a new method for the typification of load curves that uses criteria and characteristics 


inherent to the electricity sector and represents a potential tool for the recognition of patterns of 


consumption in a given population sample. Among other applications, the method of selection, 


classification and clustering load curves (SCCL) is capable to evaluate the impact of energetic efficiency 


programs, promoted by the sector, representing, therefore, an important support tool for decision-


making at the management level. 


The real case analyzed in this work comprised an energetic efficiency program accomplished by the 


Electricity Company of Maranhão (CEMAR) (Brazil) that analyzed the impact of replacing 5,250 


refrigerators in low-income consumers. The results obtained through SCCL, compared to a well known 


method of clustering (Fuzzy C-Means, FCM), reveal the viability and potentiality of the first to recognize 


patterns and generate conclusions consistent with the electric sector, supporting the implementation of 


efficient management actions, based on the real features of the consumer market. 
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Abstract 


The increasing importance of sustainability requires efforts in every field of research and application. Supply Chain 
Design (SCD) as the top level of supply chain planning offers great potentials for the improvement of ecological 
logistics performance. The respective strategic decisions comprise the structural and conceptual design of a supply 
chain network including its material and information flow processes. Classic approaches consider logistics costs and 
performance as primary objectives, whereas modern approaches integrate ecological objectives and, thus, are 
considered as Green Supply Chain Design (GSCD) approaches. The goal of this paper is to identify current scientific 
contributions to GSCD, discuss their applicability and to identify an outline of an ideal GSCD framework. Hence an 
extensive academic literature research has been conducted comprising drivers, objectives and measurement systems 
as well as the respective models, frameworks and instruments. On this basis, relevant GSCD elements have been 
derived and systematised in a conceptual GSCD framework. As a result, this paper does not only provide a systematic 
overview of GSCD elements, but also allows outlining further research requirements. Evidently, each field of GSCD 
already holds valuable individual approaches. However, the appropriate interrelation of these elements into one 
methodology is still lacking.  


Keywords: green supply chain design; supply chain management; ecology; performance measurement; framework. 


1 Motivation and Research Approach 
Society and politics are becoming more and more aware of the climate change and its consequences. 
Consequently, measures for the improvement of ecological sustainability are required in every field of life. 
The logistics sector assumes increasing responsibility: globalised business processes necessitate more 
transportation processes over longer distances, thus, resulting in high energy demand and growing 
emissions. In particular, the emission of greenhouse gases (GHG) needs to be closely observed as the 
climate warming is accelerated by excessive human-caused emissions (Intergovernmental Panel on 
Climate Change, 2001, p. 5). While GHG emissions have decreased by 2 % in the 192 countries of the 
UNFCCC contract (United Nations Framework Convention on Climate Change) from 1990 to 2005, the 
emissions of the transportation sector have increased within the same period by 43 % to 3.47 bn. t. 
(Kuczmierczyk, 2010). The transportation sector induces 14 % of worldwide GHG emissions (Stern, 2008, 
p. 197). Within OECD countries this share amounts to 30 % (International Transport Forum, 2008). 


Counteractive measures can be divided into technological and organisational approaches. 
Technologically, energy and emissions may be saved by innovations such as hybrid engines or SkySails 
(the equipment of cargo ships with sails, cf. http://www.skysails.info). Organisationally, ecological 
objectives need to be included in logistics planning, e.g. when deciding upon transport dispositions or 
network locations. In order to influence logistics networks in an early stage and, therefore, to make use of 
the maximum potential for improvements, these activities have to start at the long-term level of Supply 
Chain Management (SCM), the Supply Chain Design (SCD). Here, classic approaches consider logistics 
costs and performance as primary objectives, whereas modern approaches integrate ecological objectives 
and, thus, are considered as Green Supply Chain Design (GSCD) approaches. The goal of this paper is to 
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identify current scientific contributions to GSCD, discuss their applicability and determine an outline of a 
GSCD framework.  


As a basis, an extensive academic literature research has been conducted and is presented in section 2. It 
comprises drivers, objectives and measurement systems as well as the respective models, frameworks and 
instruments. Subsequently, relevant GSCD elements have been identified and systematised. The resulting 
conceptual GSCD framework is presented in section 3. Section 4 concludes with a summary and an outline 
of further research requirements. 


2 State of the Art in Green Supply Chain Design 
Supply chain design determines the structure of the supply chain and its processes. It comprises long-
term decisions, which are expensive to reverse (Chopra & Meindl, 2010). According to Gilbert (2001), it is 
necessary that a green supply chain combines the usual purchasing decisions and long-term relationships 
between buyer and supplier with environmental criteria and requirements. In his view, greening the 
supply chain can be achieved through three different approaches: environment, logistics and strategy. 
Another definition is given by Srivastava (2007): SCM has to include environmental thinking regarding all 
steps related to the life cycle of a product. This includes “design, acquisition, production, distribution, use, 
re-use and disposal”. All these activities from the design of the product or service to the distribution and 
reverse logistics are covered by GSCM (Srivastava, 2007). Walker, Di Sisto, and McBain (2008) also saw all 
phases of the product life cycle involved, starting at the purchase of raw materials through the design 
until the disposal. The definition given by Davies and Hochman (2007) resembles the definition above. 
According to their view, GSCM is more than just putting some green practices in place: the environmental 
performance on all levels of the supply chain management has to be improved as well as on the shop 
floor levels. It is the task of GSCM to minimise all negative effects a product or service has on the 
environment (Rettab & Ben Brik, 2008). Sarkis, Zhu, and Lai (2011) defined GSCM as “integrating 
environmental concerns into the inter-organisational practices of SCM including reverse logistics.” 


Concluding, though various authors have already dealt with Green Supply Chain Management (GSCM), it 
may be concluded that there is still no precise definition for Green Supply Chain Design (GSCD). In 
contrast, driving forces and factors behind GSCD have already been approached by a number of authors, 
as the next section shows. 


2.1 Drivers and Factors of GSCD 
Reinhardt (1998) pointed out that the government is responsible to ensure an environmental-friendly 
policy of high quality by manufactures. Rarely do companies take the initiative of their own accord and 
they are only willing to spend money on environmental issues as long as it does not threaten the overall 
economic output and financial goals. Therefore, the government has to establish laws to safeguard the 
environment. 


In the context of GSCM implementation at a chip manufacturer, Trowbridge (2001) differentiated between 
internal and external drivers. Internal drivers refer to the collaboration between manufacturer and supplier 
to minimise the impact on the environment. This can be achieved by using more ecological resources and 
equipment. External drivers are influences and restrictions given by customers, investors and non-
governmental organizations. Bowen, Cousine, Lamming, and Faruk (2001b) provided an “initial analysis of 
the role of supply management capabilities in green supply” and found, within their study, internal drivers 
for greening the supply chain. Wee and Quazi (2005) “aimed to develop and validate a set of critical 
factors of environmental management that could be used by managers in assessing and improving their 
own practices.” In the end they established seven critical factors: top management commitment to 
environmental management, total involvement of employees, training, green product/process design, 
supplier management, measurement and information management. Walker et al. (2008) identified, in line 
with a literature review, factors which drive or hinder companies from adopting ecological measures. This 
research also includes a classification by internal (e.g. organizational factors) and external factors (e.g. 
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regulations, customers, competitors) as well as internal and external barriers for implementing GSCM: 
“Internal barriers include cost and lack of legitimacy, whereas external barriers include regulations, poor 
supplier commitment and industry specific barriers.” According to Lee (2008), the major drivers are buyer 
influence, government involvement and GSC readiness. A research about the different levels of greening 
the supply chain in the UK manufacturing sector has been accomplished by Holt and Ghobadian (2009). 
The authors have analysed the relationship between drivers of environmental behaviour and the 
management methods which followed. Hu and Hsu (2010) gathered 20 critical factors for implementing a 
green supply chain management in the Taiwanese electrical and electronic industry to comply with 
European directives. The critical factors were divided into the following four dimensions: supplier 
management, product recycling, organization involvement, and life cycle management. 


In summary, the analysis of drivers and factors of GSCD is already at an advanced stage as a lot of 
research projects contributed to this subject in various contexts. Nevertheless, when deciding upon 
structural or process-wise alternatives, the impact of these drivers on the supply chain configuration has 
to be evaluated. This topic is addressed by various methods as discussed in the next section. 


2.2 Methods for the Ecological Assessment 
Due to the increasing relevance of environment protection activities in companies as well as in the whole 
supply chain, various methods for environmental management were developed. Well-known examples are 
risk assessment, evaluation of environmental performance (e.g. of a company), environmental audits, 
environmental impact assessment (EIA), and life cycle assessment (LCA) (Herzig & Schaltegger, 2009, 
pp. 23–24). These methods differ in criteria such as completeness, transparency, practicability, 
objectiveness, and, notably, purpose (Meyer, 2005, pp. 51–52). 


For the ecological analysis and assessment of transportation processes in supply chains, life cycle 
assessment (LCA) has been approved and is widely accepted (Finkbeiner, Inaba, Tan, Christiansen, & 
Klüppel, 2006, p. 80; Pfohl, 2004, p. 258; Reeker, Hellingrath, & Wagenitz, 2011, p. 142). LCA allows the 
systematic surveying and assessment of ecological impacts of products and enterprises (Kunhenn, 1997, 
p. 15). The LCA procedure is standardised by the DIN ISO norm 14040/44 and consists of four phases: 
goal and scope definition, life cycle inventory analysis (LCI), life cycle impact assessment (LCIA), and 
interpretation. The most complex part is the data collection step of the LCI phase (Baumann & Tillman, 
2009, p. 97), where process inputs (e.g. energy consumed for process) and outputs (e.g. CO2 as an 
emission) have to be analysed. 


Regarding transportation processes, the norm DIN prEN 16258 provides precise rules for the data 
acquisition and the allocation of emissions to load units. Nevertheless, this norm is still under 
development. For the whole logistics sector, a number of software tools and databases provide average 
values or ulteriorly aggregated data sets. Some of the most prominent tools are according to Hellingrath 
& Schürrer (2009, p. 21) EcoTransIT (http://www.ecotransit.org/), GaBi (http://www.gabi-software.com), 
Umberto (http://www.umberto.de), ProBas (http://www.probas.umweltbundesamt.de), SimaPro 
(http://www.simapro.de), and sirAdos (http://www.sirados.de/). Well-known databases are ecoinvent 
(http://www.ecoinvent.ch/), Gemis (http://www.gemis.de/), the U.S. Life Cycle Inventory Database 
(http://www.nrel.gov/lci/), and the European Life Cycle Database (ELCD, 
http://lca.jrc.ec.europa.eu/lcainfohub/). These databases may be particularly easy and inexpensive to 
integrate into existing logistics systems. In the context of GSCD, these databases are suitable to provide 
the necessary input data for the LCI of newly planned supply chain structures and processes. 


According to the LCA methodology, the LCI analysis is followed by the LCIA. Typical assessment objectives 
are acidity, damages to the ozone layer, or effects on the biodiversity (Baumann et al., 2009, p. 129). The 
LCIA aims at aggregating the results of the LCI for better understanding and easier communicability. The 
LCIA results are typically classified in the categories “resource demand”, “human health”, and “ecological 
impacts”. 
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The systematic presentation of the results of the LCI as well as of the LCIA requires proper methods to 
structure and aggregate the identified information and data. For this purpose, various performance 
measurement systems have been developed.  


2.3 Performance Measurement Systems for GSCD 
According to Neely, Gregory, and Platts (2005), performance measures are metrics which are used to 
quantify the efficiency and effectiveness of a particular action. The benefit of measuring performance is to 
stabilise the green supply chain design process and to identify potential for additional improvements 
(Bond, 1999). 


There are various types of performance measurement to evaluate green supply chains. Chaabane, 
Ramudhin, and Paquet (2010) referred to a number of approaches combining environmental and 
economic performance to compromise between these two dimensions (e.g. Nagurney & Toyasaki, 2003; 
Sheu & Chou, 2005; Frota Neto & Bloemhof-Ruwaard, 2008). Typically, the economic dimension is 
covered by the consideration of costs and profits in the net present value (Hugo & Pistikopoulos, 2005). In 
order to measure the impact on the environment, several performance metrics have been developed. 
They measure, for instance, the quantities of greenhouse gases (e.g. CO2, CFC and NOx) related to 
processes, products, or activities (Luo & Wirojanagud, 2001) as well as waste generation, energy efficiency 
and material recycling. 


An early approach which is still established today is the CML method, developed in 1992 by the 
“Centruum voor Milieukunde” (CML) in the Netherlands. Along the life cycle of a product, all emissions 
having an identical effect are considered and aggregated to an index known as the effect indicator 
(Heijungs, Guinée, Huppes, Lankreijer, & Udo Haes, 1992). The integration of noise emissions is also 
possible (Althaus, Haan, & Scholz, 2009). 


The “Eco-indicator 95” has been developed by the National Reuse of Waste Research Program and Pre 
Consultants of the Netherlands (Goedkoop, 1998). This method classifies environmental impacts based on 
their effects in order to provide an environmental profile with standardised effect scores. The effects are 
evaluated and aggregated to a single Eco-indicator value. The “Eco-indicator 99” is an updated extension 
to this methodology. It introduces damage models for human health, ecosystem quality and resource 
depletion (Goedkoop & Spriensma, 2000). The Association of German Engineers (VDI) developed the 
Cumulative Energy Demand (KEA) method to measure the total demand in the phases of a life cycle of a 
product to compare possible products and services (VDI guideline 4600, 1997). Wackernagel et al. (1999) 
developed the concept of the “Ecological Footprint”. This framework considers human consumption of 
resources as well as industrial and commercial usage. The natural capital requirement of a company, 
region or population is represented by the Ecological Footprint. 


Environmental Management Systems (EMS) provide companies with a structural approach for 
implementing environmental performance and protection measures. However, EMS do not comprise 
instructions for the achievement of environmental targets. Companies are constrained to determine their 
processes and develop a solution to manage their impacts. Typical EMS are ISO 14001 (Borken, Patyk, & 
Reinhardt, 1999) and EMAS (Eco-Audit Management Scheme). 


Lucent Technologies developed, in cooperation with the Multi-lifecycle Engineering Research Center 
(MERC) at the New Jersey Institute of Technology, the universal environmental metric EcoPro. Luo et al. 
(2001) refer to this system as universal because it contains various necessary attributes “including 
applicability to the entire product lifecycle, compatibility with LCA methods and databases, and means for 
communicating with both suppliers and customers.” 


Cirullies, Klingebiel and Scavarda (2011) presented a target system “combining ecological objectives with 
the established objectives of economy and logistics performance.” The authors chose the German 
industrial guidelines 4400 “logistic indicators” (VDI guideline 4400, 2002) and extended the indicator 
system by a definition of logistics efficiency and respective ecological target values and according 
measures. 
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All performance measurement systems presented above are suitable scientific approaches that can be 
applied on the LCI or LCIA level for GSCD. Certain PMS – such as the one developed by Cirullies et al. 
(2011) – already integrate logistic and environmental targets. Four basic methods are well-established to 
determine relevant logistic indicators and will be presented now. 


2.4 Evaluation methods of Green Supply Chain Design Options  
Appropriate methods for the development of structural or process-wise green supply chain options are 
brainstorming, mind-mapping, and morphological matrices (Nöllke, 2010, pp. 33–110). The creation of 
supply chain design alternatives also makes use of methods like product, region, customer, or 
competition segmentation (Beckmann, 2004, p. 33). This form of clustering allows for a reduction of 
complexity and, thus, decreases the effort required for further evaluation of the identified alternatives. 


Current research contributions suggest a two-stage SCD assessment approach applying two different 
modelling methods (Kuhn, Wagenitz & Klingebiel, 2010; Klingebiel & Seidel, 2007). The first phase makes 
use of static methods that are – depending on the detail level – rather easy to apply. Suitable methods are 
material flow calculation and mathematical optimization. The static phase results in a reduced set of 
potential solutions that represent the input for the second phase. This level introduces the consideration 
of uncertain and dynamic behaviour within the supply chain. As proven in many studies, discrete event 
simulation is an appropriate and widely accepted approach to analyse these dynamics occurring in 
logistics networks (Tako & Robinson, 2011; Wagenitz, 2007). Each method must be supported by 
respective IT tools and “green” modelling approaches. 


Suitable IT tools for the static analysis phase include LogiChain and Microsoft Excel. Whereas LogiChain 
was developed explicitly for logistics processes (Fuchs, 2004), Excel is a general – however acceptable – 
tool as it is known by most users. Both static modelling approaches – material flow calculation and 
mathematical optimization – can be implemented in Excel. In addition, this tool allows the attachment of 
ecological datasets. Established tools for the simulation-based design and planning of supply chains are 
OTD-NET, WITNESS, Arena, ProSim, and Extend (Pierreval, Bruniaux, & Caux, 2007, p. 187; Reeker et al., 
2011, pp. 149–150). Notably, OTD-NET combines information and material flow in a unique way. This 
feature is particularly relevant in the automotive sector, which necessitates a complicated long term 
planning process. OTD-NET has proven its suitability in various logistics research and industry projects. 
The new version OTD-NETeco comes with an ecological assessment module based on the ELCD datasets 
that can be easily customised (see for example Cirullies et al., 2011). 


Modelling approaches for mathematical optimisation include ecological objectives either by transforming 
the indicator into the existing target dimension (mono-criterion), e.g. costs, or developing a multi-criteria 
optimisation model. The latter involve LCA for the aggregation of environmental impacts. Seuring and 
Muller (2008) pointed out that LCA has already been successfully included in the design of new products 
to minimise the impact on the environment. However, not much work has been done to include LCA and 
supply chain management principles in integrated decision making models (Seuring et al., 2008). One 
mathematical programming-based approach which includes LCA for strategic decisions in the supply 
chain design was developed by Hugo and Pistikopoulos (2005). Guillen-Gosalbez (2001) introduced a 
model for supply chain design which also considers environmental aspects. The model provides a plan to 
maximise the net present value and to minimise the impacts on the environment. Bowen, Cousine, 
Lamming, and Faruk (2001a) tried to explain and resolve the conflictive situation in which the desirability 
of greening the supply chain is high, but the implementation in practice is slow. Within the process of 
their research they recognised certain implementation patterns. Another approach was provided by 
Nagurney et al. (2003). They developed a supply chain model comprising a manufacturer that produces 
homogenous goods in different plants with different impacts on the environment (Nagurney & Liu, 2006). 
A similar approach considering the effects on the environment was introduced by Frota Neto et al. (2008) 
who developed a framework for designing and evaluating logistic networks. 


Besides LCA-based approaches, there are studies which include external control mechanisms in terms of 
statutory provisions and carbon taxes. Johnson and Heinen (2004) considered the growing carbon trading 
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market. An extensive mathematical generic model, which helps decision makers in the design and 
planning of supply chains, was developed by Chaabane, Ramudhin and Paquet (2010). By linking with the 
emission trading scheme, sustainability objectives are evaluated in a cost-effective manner (Chaabane et 
al., 2010, p. 3). Ramudhin, Chaabane, Kharoune, and Paquet (2008) introduced a mixed integer 
mathematical model for the green supply chain network design where the influences of the carbon 
market trading are considered. This extension helps to understand the trade-offs between total logistics 
costs and the impact of reductions in greenhouse gas emissions (Ramudhin et al., 2008). Chaabane et al. 
(2010) built on this model and extended it by including LCA. 


An early simulative approach was developed by the LOCOMOTIVE project in the nineties. This project 
combines conventional goals like costs, delivery time, and customer service with environmental 
compatibility in a simulative model (Hirsch, Kuhlmann, & Schumacher, 1996) for the inexpensive 
verification of environment-friendly production. Within the Austrian project MOVE, a recent simulation 
approach for the “optimisation of transport logistics systems considering aspects of sustainability” 
excluding air traffic was introduced (Baumgartner, Matyus, & Haunschmied, 2006). Another research work 
was introduced by Reeker et al. (2011) who evaluated the ecological design of logistic systems in the 
peripheral area of automotive production facilities. 


The review of existing methods for the design of supply chains as well as according models and tools 
clearly shows that the potential for a “green” supply chain is far from being fully tapped as planning 
methods integrate the ecological aspect insufficiently. Evidently, research lacks a holistic framework that 
includes all relevant elements of GSCD and illustrates the cause-effect relationship between these 
components. Furthermore, GSCD research misses a planning methodology that provides detailed but 
generally applicable instructions for logistics network design. 


As the development of a framework represents a first step towards such a design methodology, the 
succeeding section presents the concept of a framework for GSCD.  


3 Concept of an Integrative Framework 
A concept of an integrative GSCD framework has been constructed which arranges all elements identified 
in the literature review as well as the relations between them. The framework is based on the typical SCD 
process as it is applied in the procedure models developed by Klingebiel (2009), Winkler (2009, p. 115), or 
Straube, Doch, Nagel, Ouyeder, and Wuttke (2011). 


The starting point is represented by drivers which influence the logistics network or may do so in case no 
according action takes place such as re-designing the network (“zero base alternative”). The continuous 
monitoring of these drivers triggers the GSCD process which starts with the development of design 
alternatives. This phase starts with the precise definition of the design scope depending on the effecting 
drivers and design objectives. The definition of the scope also involves the supply chain segmentation 
according to products, regions, or customers. These steps help to reduce the complexity and limit the 
number of potential alternatives. The succeeding development of design alternatives is often supported 
by informal methods such as creativity techniques. 


Subsequently, the alternatives are evaluated by the use of analysis methods which integrate a “green” 
performance measurement system (PMS). This integration requires the combination of logistics 
assessment and LCA methods as well as the availability of a suitable software tool. Thus, the choice of an 
appropriate method is strongly case-depending as the scope of the use-case determines the degree of 
complexity, the need to consider stochastic effects, i.e. uncertainties, risks and dynamics, and the 
acceptable modelling and computation effort, for instance. The evaluation phase usually ends with a 
recommendation for action. 


This recommendation constitutes the basis for the implementation phase which transfers the model-based 
planning results to practice. In parallel to this process, the continuous monitoring of the supply chain 
allows to check the expected impacts from the design process. It also acts as a sensor that enables an 
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early reaction in case unexpected factors have an impact on the logistics network. Figure 1 summarises 
the context presented above. 
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Figure 1: Integrative GSCD Framework 


This integrative GSCD framework arranges all elements that were identified in the state of the art review 
and brings them into an overall GSCD context. It structures GSCD-relevant methods, tools, drivers, and 
measurement systems to indicate their mutual effects and dependencies.  


4 Conclusion 
Green Supply Chain Design with its relevant elements has been investigated from a supply chain design 
perspective. An extensive overview on the state of the art literature on GSCD has been made which gives 
a clear picture of the current GSCD research: On the one hand, relevant elements have been identified and 
many scientific contributions have been made. On the other hand, the consolidation of these elements in 
the context of GSCD is lacking so far. 


The integrative framework presented in this paper structures and, thus, unifies the GSCD elements that 
were analysed in the literature review. The assignment of elements to the steps within the general GSCD 
procedure indicates their relation and respective dependency. 


However, this framework also allows to outline further research requirements. The logical consequence of 
this framework is an elaborate and consistent methodology for the application in GSCD practice. The 
realisation of this methodology is determined by a set of requirements. These comprise the consistent 
integration of new environmental objectives into classic logistic targets, the coverage of the entire GCSD 
process (from scope definition to implementation) and the ability to handle dynamics as well as a high 
degree of complexity. The intensive work on such a GSCD methodology will also require a clearer 
definition of Green Supply Chain Design. As concluded in section 2, literature still misses this definition. 


Therefore, “green” thinking has to be established as a constitutive element of the SCD process. Decision 
makers have to include energetic and environmental issues early, i.e when defining the scope of a network 
design project. Besides this influence on a company’s strategy, suitable instruments are necessary for a 
successful integration of green objectives in the design process. The development of an SCD 
methodology that is closely related to practice could provide valuable methods and tools and, thus, 
increase the acceptance of green issues. 
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Abstract 


Effective inventory control is a requirement for operational processes to run smoothly and requires in turn that 


inventory data be reliable, as undesirable effects may otherwise be produced in different areas of the organization, 


such as a reduction in service level or a drop in operational efficiency because of unforeseen stoppages or 


rescheduling of production. This study seeks to identify how various types of inventory control affect inventory 


accuracy. The study is a descriptive one, and the approach adopted involved the use of multiple cases (seven case 


studies in Brazilian companies). The main results include classification of the degree of control of inventory operations 


so that the companies in the study could be classified into three categories: high, medium and low. In addition, the 


study correlates different types of inventory control with the inventory accuracy index for each of the seven 


companies and shows the relationship between types of control, the importance attached to inventory control by the 


organization, the number of inventory items and the accuracy index. 


Keywords: inventory control, inventory accuracy, cycle counting, bar code. 


1 Introduction 


The control of inventory accuracy has been the subject of increasing attention in recent years as 


companies increasingly seek to reduce logistics costs and reduce inventory levels. Inventory accuracy has 


thus become an essential requirement for logistics decision making.   


The term inventory accuracy is used to refer to the relationship between the quantity of material actually 


found and the quantity recorded in the information system (Sheldon, 2004) and is currently the subject of 


many studies. DeHoratius and Raman (2004) examined approximately 370,000 stock records in 37 stores 


and 2 distribution centers and found an inaccuracy of 65%.   


In a benchmarking study into good inventory control practices at 16 US logistics operators (LOs), Collins 


et al. (2001) propose that LOs with an accuracy index of more than 99.9% be considered as having have 


world-class performance. These companies use cycle counting (CC) and Radio Frequency Identification 


(RFIDs) as a form of inventory control and devote around 3,600 man-hours per year and approximately 


5% of the annual budget to the inventory control process. In Brazil, a study carried out by IMAM (The 


Institute for Innovation and Improvements in Modern Administration) in 2003 in 162 Brazilian companies 


in various sectors found that average inventory accuracy was 92.75% (IMAM, 2003), highlighting an 


opportunity to identify ways of improving inventory accuracy indexes. 


The causes and effects of inventory inaccuracy in organizations and the supply chain vary. One important 


effect of inventory inaccuracy is difficulties with inventory management (Waller et al., 2006). Other effects 


include larger purchasing and production batches and uncertainty as to whether demand will be met.  


The main aim of the present study was therefore to identify how several types of inventory control affect 


inventory accuracy. The article has five sections including this introduction. The second section gives 


details of the method used in the study. The third section consists of a review of the literature on 


inventory control, inventory accuracy, inventory control processes and cycle counting (CC). The fourth 


section provides descriptions and analysis of the cases and the fifth section presents the conclusions of 


this work. 
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2 Research method 


The approach used was based on case studies. A total of seven cases were used and the findings were 


then compared with those reported in the literature. 


The instruments used to collect data consisted of documentation, records in files (accuracy indicators and 


inventory reports), interviews and direct observation. The interview questions were structured, i.e., they 


were prepared based on a research protocol for the case studies. The script for the interviews was based 


on the findings of the literature review and validated in the first case study.  


It was decided to analyze the data by relating it to the findings of the literature review and the 


conclusions of similar inventory control studies. When used in conjunction with the findings of the 


literature review, the material collected (from interviews, documents and direct observation) allowed a 


systematic approach to the interpretation of the areas being investigated to be adopted. This approach 


consisted of five steps, which are shown in Table 1.  


 


Table 1:  Research approach 


Stages in the Analysis Details of the Analysis 


1 


Analysis of the causes 


and effects of 


inaccuracy 


The data collected in the interviews is compiled according to the causes 


and effects of inaccuracy so that the average impact of each cause or effect 


can be determined. Based on the average impact, a list of the main causes 


and effects and the findings of the literature review is then drawn up. 


2 


Analysis of the 


inventory control 


processes 


 


The receiving, data capture and shipping processes are analyzed to 


determine the level of control in each company. After this, a more detailed 


analysis of each process is carried out.   


3 
Analysis of the use of 


CC 


 


It is established whether the company uses CC, what methodology is used 


and if there is an action plan to correct discrepancies. This data is correlated 


with the inventory accuracy index.  


4 
Analysis of the use of 


bar coding (BC) 


 


It is established whether the company uses BC and what improvement is 


associated with this.  


5 


 


Relationship between 


the different types of  


inventory control and 


the inventory accuracy 


index  


 


The impacts of the different types of inventory control on the inventory 


accuracy index are analyzed and correlated with the number of direct items 


controlled by the companies.  


 


3 Literature Review 


Some forms of inventory control are known to have an impact on inventory accuracy, as reported by 


authors such as Wilson (1995), Brown et al. (2001), Piasecki (2003), Waller et al. (2006), Rossetti et al. 


(2007) and Huschka (2009). These studies sought primarily to identify the impacts but did not describe in 


detail how different types of inventory control affect inventory accuracy. 


Accuracy conveys the idea of precision. Inventory accuracy can be defined as the physical quantity of 


material expressed as a percentage of the quantity of material recorded in the information system 


(Sheldon, 2004).   







 


Different types of inventory control in Brazilian Companies 


ID245.3 


The study by Rinehart (1960) can be considered the first paper on inventory inaccuracy. In it the author 


analyzes the causes and effects of inventory discrepancies in a US Federal Government Agency. Other 


pioneering authors who contributed to the study of accuracy were Iglehart and Morley (1972), who 


analyzed the impact of inaccuracy due to information uncertainty on inventory levels in a US Naval 


Department. 


Inventory inaccuracies normally hide high costs resulting from operational mistakes and even theft. These 


costs can reach millions of dollars depending on the size of the company and the sector in which it 


operates. A survey carried out by the US National Supermarket Research Group reported that 


supermarkets in the US lost approximately 2.30% of total sales in 2001 as a result of internal and external 


theft, incorrect receiving of goods, damaged products and pricing errors (Shain, 2004) and that this led to 


a drop in the inventory accuracy index. 


A study carried out by IMAM in 2003 into the use of inventory management techniques in around 96 


medium-sized Brazilian companies found that 31% of them had reasonably reliable accuracy data; only 


24% reported that stock accuracy was within the planned range (IMAM, 2003). 


Inventory inaccuracy can be caused by a variety of factors, ranging from issues related to processes and 


labor to insufficient investment in technology. Table 2 summarizes the main causes of inventory 


inaccuracy found in the literature. 


 Table 2:  Summary of the causes of inventory inaccuracy 


 Causes Authors 


Incorrect inventory records update 
Wilson (1995), DeHouratius and Raman (2004), Waller et al. 


(2006) 


Small salaries Brown et al. (2001) 


Damaged material Shain (2004), Rekik (2006), Shain and Dalery (2007) 


Errors in inventory records 


 


Arnold (1998), Raman et al. (2001). DeHouratius  and Raman 


(2004), Kang and Gershwin (2004), Shain (2004), Rekik 


(2006), Waller et  al. (2006), Shain and Dallery (2007),  Shain 


et al. (2008) 


Bar Code not used Brown et al. (2001) 


Cycle counting not properly implemented Arnold (1998), Brown et al. (2001) 


Clear procedures not defined Shain (2004) 


No training Brown et al. (2001) 


Supply Raman et al. (2001) 


Materials counting frequency Sheppard and Brown (1993) 


Materials transport frequency DeHouratius and Raman (2004), Waller et al. (2006) 


Incorrect identification Wilson (1995), Kang and Gershwin (2004) 


Inventory counting interval Raman et al. (2001) 


Incorrect material location 
Wilson (1995), Raman et al. (2001), Kang and Gershwin 


(2004), Shain (2004), Shain et al. (2008) 


Number of stored items Rinehart (1960), Sheppard and Brown (1993) 


Obsolescence 
Kang and Gershwin (2004), Shain (2004), Shain and Dallery 


(2007), Shain et al. (2008) 


Theft 


DeHouratius and Raman (2004), Kang and Gershwin (2004), 


Shain (2004), Waller (2006), Shain and Dallery (2007), Shain 


et al. (2008) 


Inconsistent material movement  records Arnold (1998) 


Turnover Rekik (2006) 


Product value Sheppard and Brown (1993), Raman et al. (2001) 


Product variety 
Raman et al. (2001), Rekik (2006) 


 


It can be seen that among the main causes of inventory discrepancies, the most frequently mentioned by 


the authors in the literature review are errors in records (involving basically receiving, production data 
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capture, moving, shipping and returns). Two other errors frequently observed are those caused by 


incorrect location and theft.  


Inventory inaccuracy has a series of effects on company performance. The main ones are shown in Table 


3, where the literature reviewed is classified according to the effects the authors observed. 


 Table 3:  Summary of the effects of inventory inaccuracy 


Effects Authors 


Internal logistics costs increase 
Iglehart and Morley (1972), Arnold (1998), Brown et al. (2001), 


Kang and Gershwin (2004), Shain (2004) 


External logistics costs increase 
Waller et al. (2001), Shain(2004), Basinger (2006), Rossetti et al. 


(2007) 


Urgent deliveries Arnold (1998) 


Production planning difficulties 
Arnold (1998), Brown et al. (2001), Castro (2005), Uçkun et al. 


(2008) 


Collaborative management Raman et al. (2001), DeHoratius and Raman (2004), Sari (2008) 


Corporative image Shain (2004) 


Service level 


Arnold (1998), Brown et al. (2001), Shain (2004), Castro (2005), 


Basinger (2006), Waller et al. (2006), Rossetti et al. (2007), Shain 


et al. (2008), Uçkun et al. (2008) 


Loss of operational efficiency 
Arnold (1998), Shain (2004), Castro (2005), Shain and Dallery 


(2007), Uçkun et al. (2008) 


Demand management Shain (2004) 


Retail decrease Arnold (1998), Raman et al. (2001) 


 


Of the main effects shown in Table 3, those most frequently mentioned in the literature are an increase in 


costs, an impact on service level and a loss of operational efficiency. 


4 Case studies 


This section describes the case studies of the seven Brazilian companies that agreed to take part in this 


study. The case studies were based on interviews, analysis of documents, records and direct observation. 


Table 4 summarizes the main features of each of the companies. 


Table 4: Features of the companies studied 


Company Industry Product 
Number of 


employees 


Number 


of SKUs 


Monthly 


production 


(units) 


Inventory accuracy 


index 


FS1 Automotive Driving system 280 2.900 60.000 un 99,00% 


FS2 Automotive 


 


Glass and safety 


systems 


500 1.700 528.000 un 99,40% 


 


FS3 
Automotive Stamping 400 500 480.000 un 85,00% 


FS4 


 


Electronic 


components 


Wire cables 800 5000 720.000 un 70,90% 


 


FS5 


 


Automotive 


 


Car calotte 
40 100 104.000 un 97,20% 


 


FS6 


 


Bank 


furniture 


 


Bank furniture 


 


100 


 


3000 


 


50 un 


 


65,00% 


 


FS7 


 


Printed 


circuit board 


 


Printed circuit 


board 


 


120 


 


500 


 


2.500m² 


 


99,42% 
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The cause of inaccuracy with the highest average impact according with interviews was errors when 


recording the movement of materials; in fact, this had the greatest number of extremely high impacts. 


This same cause of inaccuracy can be attributed to errors when recording material in the system, errors in 


the process for recording production data after it has been captured and errors in the process for issuing 


outgoing invoices.  


Interviewees were also asked whether other factors influenced inventory inaccuracy in the company. It can 


be seen that errors in the bills of materials were identified as one such factor, as six of the seven 


companies studied referred to this. Based on the case studies and the review of the literature, the main 


causes of inventory inaccuracy can therefore be identified, as shown in Figure 1. 


 


Figure 1. The main causes of inventory inaccuracy. 


During the course of the interviews and the direct observations, eight processes that have a direct impact 


on inventory control in each of the companies were investigated:  


• Receiving; 


• Quality control; 


• Storage;  


• Line feeding; 


• Data capture; 


• Storage of the finished product; 


• Shipping; 


• Returns.  


Of the processes analyzed, the three that generate the greatest inventory discrepancies according to the 


literature and the interviewees were selected (receiving, data capture and shipping). To allow these 


processes to be clearly identified, they were broken down into activities: six activities for the receiving 


process; three for the data capture process; and six for the shipping process. The choice of these three 


processes was based on the reports of the semi-structured interviews and the direct observations carried 


out during the case studies. Table 5 shows which activities the companies in the case studies carry out as 


part of the three processes. Each company is designed as a “FS#”. 
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Table 5:  Identification of processes by activity 


Process Activity FS1 FS2 FS3 FS4 FS5 FS6 FS7 


Receiving 


Physical check X X  X X X X 


Order check X X    X X 


Control form X X X  X  X 


Identification X X X  X X X 


BC reading  X      


Divergences treatment X X  X  X  


Data capture 


Manual  X  X X X X 


Semi automatic X  X     


Automatic        


Shipping 


Control form X X X   X X 


Physical check X X X X X X X 


Package X X X    X 


Identification X X X  X X X 


BC reading X X      


Low customer complaint X X   X  X 


 


Companies FS1 and FS2 had the greatest level of control in the receiving process. The only company that 


carried out all the control activities for this process was FS2, which, in spite of the large number of items 


received every day, has a strict procedure for controlling the receiving of goods. The company makes 


heavy use of the WMS system (Warehouse Management System), bar code readers and a specific area for 


checking and identifying materials. Another point of note in the receiving process in companies FS1 and 


FS2 is the issuing of the incoming invoice, which is done immediately after the physical check so that the 


inventory balances are updated more quickly. 


In the data capture process, the companies with the best performance were FS1 and FS3, which use bar 


code reading (BC), an approach that can make data collection more reliable. 


For companies FS1, FS2 and FS7, the shipping process was the process with the greatest degree of 


control. FS1 and FS2 both use BC in the shipping process and also have a well-organized storage facility 


and a good system for controlling the shipping of goods. This approach is a consequence of the strict 


controls adopted by the company’s clients and the penalties incurred if the wrong materials are sent.  


FS7 has a strict inspection system covering labeling, packaging and the checking of material quantities 


and specifications against order quantities and specifications. It also has an organized area for inspection 


before loading and shipping. 


It can be seen from Table 5 that the companies with the greatest degree of control in their processes were 


FS1 and FS2, whose processes ensure that inventory discrepancies are less likely to occur during receiving, 


data capture and shipping. In other words, there is a greater likelihood of a higher inventory accuracy 


index, primarily as a result of the use of a bar coding (BC) system, strict control of processes, the 


organization of the physical space and the method for identifying materials. 


By analyzing the individual activities in the inventory control processes, the use of cycle counting (CC) and 


the use of BC, the data can be organized so as to allow an analysis of the various types of inventory 


control, the number of inventory items in the company and the average accuracy index. This information 


is shown in Table 6. 
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Table 6: Types of inventory control 


Company 
Number of 


SKUs 


                                 Type of inventory control 
Average 


IAI 
Inventory control 


process level 


Periodic 


inventory 
CC BC 


FS1 400 High Yes Yes Yes 99,99% 


FS2 1700 High Not Yes Yes 99,40% 


FS3 500 Medium Not Yes Yes 85,00% 


FS4 5000 Small Not Yes Yes 70,90% 


FS5 100 Small Yes Not Not 97,20% 


FS6 3000 Medium Yes Not Not 65,00% 


FS7 500 Medium Yes Yes Not 95,42% 


 


It can be seen from Table 6 that although FS1 has the best accuracy index, it has a much smaller number 


of items (raw materials and finished products) than FS2, which has around 67% more direct items. In other 


words, although the results for FS1 are excellent and the company has good inventory control processes, 


FS2 also has a good index, particularly if the number of direct items the company controls is taken into 


account, as these make inventory control more complex.  


FS5 and FS7 have good accuracy indexes. However, it was evident from the interviews and observation of 


the companies’ operations that they have relatively simple operations in terms of materials control and 


number of items, factors that have a direct impact on inventory control. Hence, an increase in the 


movement of materials and number of items could directly affect the inventory accuracy index. 


Of the companies studied, FS4 and FS6 had the poorest inventory control in terms of the number of 


activities for each control process, the use of CC, the use of BC and the inventory accuracy index. A 


relationship can therefore be identified between the extent to which the different types of inventory 


control analyzed in this study are used and the inventory accuracy index, a finding that corroborates the 


conclusions of Brown et al. (2001). 


5 Conclusion 


The case studies revealed an important cause that has not been identified in the literature: errors in the 


bill of materials related to data being incorrectly recorded and/or failure to update data after product 


designs are changed.  


This study has shown the direct influence that receiving, data capture and shipping have on inventory 


accuracy. These processes are thus important elements of inventory control and play an essential role in 


improving the inventory accuracy index and keeping it at a satisfactory level. 


The study has also shown that most of the companies that used CC had a better inventory accuracy index. 


In FS1, for example, this jumped from less than 80% to 99.99% after a significant improvement had been 


made to the process for controlling raw materials.   


It can be seen that for CC to be implemented effectively, the causes of any discrepancies must be 


analyzed and action plans used to correct them. CC is thus an important tool for identifying and 


overcoming shortcomings in the inventory control process. Another important finding related to the 


success of CC is the need to involve employees in the logistics department in inventory control. The 


importance of this was apparent in FS2, which pays a monthly bonus to employees in the logistics 


department when the target for the accuracy index is reached.  


Of the seven companies studied, three (FS1, FS2 and FS3) use BC and one (FS4) is in the final phase of 


implementing it. In the companies using this technology, it was apparent that BC had contributed directly 


to the high quality of the inventory control, particularly as a tool for use in receiving, data capture and 


shipping operations. Implementation of a BC system can be considered an important requirement for 
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achieving greater control of inventory processes and, consequently, greater inventory accuracy.  


 


The companies with the best inventory accuracies (FS1 and FS2) had the greatest control of receiving, 


data capture and shipping processes and used CC and BC systems. 
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Abstract 


This study aims to present the cross-cultural adaptation process of the constructs logistic service, satisfaction and 
loyalty to the Brazilian culture and to investigate their content validity and reliability. This process included the steps 
of translation, back translation, review by expert committee and pretesting. The final constructs were applied to 148 
respondents from the chemical industry.  Cronbach's alphas were 0.960 and 0.955 for the two dimensions of customer 
service; 0.954 for satisfaction, 0.950 and 0.906 for the two dimensions of loyalty in the total sample. Eliminating items 
from the initial pool resulted in 24 items for the five construct scales. To confirm construct unidimensionality, 
reliability, and validity, we evaluated the psychometric properties of the five constructs using CFA by means of LISREL. 
We evaluated one pair of factors at a time, and found that each alternate model did not demonstrate better fit, only 
some correlation. The study suggests that the constructs of logistics service, satisfaction and loyalty are reliable and 
valid measures for the Brazilian culture. 


Keywords: Cultural Adaptation, Reliability and Validity; Validation Studies, customer service; satisfaction and loyalty. 


1 Introduction 
Companies are always looking for new ways to maintain and/or increase their competitiveness and gain 
market share.  One of the most important initiatives in recent years is the offering of logistics service 
levels that help customers to achieve their goals.  The objective of this research is to demonstrate the 
impact of logistics service on customer satisfaction and, consequently, on their loyalty.  Empirical evidence 
is provided on the relationship between operational and relational performance, satisfaction, affective 
commitment, purchasing behavior and loyalty of buyers from the Brazilian chemical industry.  This 
research demonstrates the importance of relational performance, which has direct and significant impact 
on customer satisfaction, as it influences directly the perception of operational performance by the buyer.  


It is also shown that customer satisfaction did not directly influence the purchasing behavior, but rather 
indirectly did through affective commitment. In other words, satisfaction can lead to affective 
commitment, and this emotional connection is what influences future purchasing behavior.  This research 
provides a more complete and complex view of the loyalty phenomenon. 


2 Literature review 
This section presents a literature review of the constructs: logistics service, satisfaction and loyalty. 


2.1 Logistic Services  
Service Logistics is a measure of how well the system behaves in providing a product to the customer in 
time, space and place (STERLING, and LAMBERT, 1987). Lambert et al. (1998) and Mentzer et al. (2001) 
noted that until the 90’ logistics service was evaluated in the literature by and internal operational 
measures such as availability, order cycle time and on time delivery. However, customer perception of the   
the supplier´s performance was not considered. Since 2000, logistics service research began to investigate, 
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the perception of customer’s aspects. In an effort to measure the quality of logistics services according to 
customer perception, Mentzer et al. (2001) developed a scale for the logistics service, inspired by Stank et 
al. (1999), considering both operational and relational aspects. The operational aspect reflects the 
perceptions of customers about the ability of providers deliver the right products in a timely and reliable, 
and includes aspects such as availability, condition of delivery and on time delivery, and also reliability. 
The relational aspect focuses on the ability of the supplier to understand the needs and expectations of 
the customer. Therefore reflects an external dimension, or market-oriented, as suggested by Collier 
(1991). Several previous studies have not considered the relational component of logistics services (Davis, 
2006). Stank et al. (1999), Stank et al. (2003) and Davis-Sramek et al. (2008, 2009) found a significant 
causal relationship between operational performance and relational performance. However, the reverse 
causal relationship has not been identified. 


2.2 Satisfaction 
The satisfaction construct has been conceptualized, measured and tested for decades in the literature in 
various industries and contexts (Oliver, 1980; Parasuraman et al., 1985; SRAMEK-DAVIS et al., 2008). 
Usually authors use the confirmation of expectations as the basis for the operational definition of the 
satisfaction construct. The satisfaction construct can be classified as transactional or accumulated. The 
transactional dimension is the perception of the performance of most recent transaction (Oliver, 1993). 
Other authors such as Anderson et al. (1994), however, assert that satisfaction should be viewed as a 
judgment based on experience regarding a particular product or service This definition is more 
appropriate because some researchers (Fornell, 1992; Reichheld and Sasser, 1990) found that satisfaction 
accumulated correlates directly with the customer loyalty has also been identified in the literature that the 
logistics service is an important antecedent of satisfaction (Daugherty et al., 1998; Leuthesser and Kohli, 
1995).  


2.3 Loyalty 
The loyalty construct, has also greatly studied in the literature, presents not only the behavioral loyalty 
dimension, characterized by the repetition of the purchase, but also the attitudinal loyalty dimension, that 
makes reference to the emotional and positive feelings about their supplier (Oliver, 1999). "According to 
this view, is not correct to make any inference about loyalty only based on buying patterns repeated, since 
the true loyalty also includes the behavior, an attitudinal response, consisting of cognitive and affective 
components" (Dik and Espinoza, 2004). In some cases, customers may be forced to buy due to sheer lack 
of options, however, can switch suppliers at any time at a more favorable time (Kumar et al., 2003). 
Therefore, there is a consensus that the loyalty construct has two dimensions: attitudinal and behavioral 
(Reynolds and Arnold, 2000).  


Kandampully (1998) argues that the loyal and true relationship between companies and customers is 
created by the organization's ability to connect emotionally and establish long-term relationship with 
customers. For this reason, true loyalty should be determined not only by behavior but by feeling and 
emotion from the relationship (CHANDHURI and Holbrook, 2001). Dick and Basu (1994); Sramek-Davis, et 
al. (2008) define loyalty as the causal relationship between behavioral loyalty and attitudinal loyalty. 
Once analyzed the dimensions of attitudinal loyalty and behavioral loyalty, you can better understand the 
relationship between them. Several researchers have shown that attitudinal loyalty has a positive influence 
on behavioral loyalty (Ruyter et al., 2001; Wetzels et al., 1998; Sramek-Davis et al., 2008). 
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2.4 Conceptual Model 


 


The hypotheses tested in the survey were: 


Hypothesis 1. In chemical manufacturer supplier relationships, relational performance has a positive effect 
on operational performance. 


Hypothesis 2. In chemical manufacturer supplier relationships, operational performance has a positive 
effect on satisfaction. 


Hypothesis 3. In chemical manufacturer supplier relationships, relational performance has a positive effect 
on satisfaction. 


Hypothesis 4 In chemical manufacturer supplier relationships, affective commitment has a positive effect 
on purchasing behavior 


Hypothesis 5. In chemical manufacturer supplier relationships, satisfaction has a positive effect on 
affective commitment. 


3 Methodology 
Measures for all variables were constructed first in accordance with the existing scales in the literature. 
After adapting the measures, a survey instrument was created and subjected to a pre-test. We also 
engaged in scale purification. Following basic descriptive analyses, including examination for coding 
errors, normality, skewness, kurtosis, means, and standard deviations, we subjected the purification data 
set to confirmatory factor analyses (CFA) by means of LISREL. In these analyses, items were grouped into a 
priori conceptualized scales. Modification indices, standardized residuals, and fit statistics were used to 
flag potentially problematic items (Anderson and Gerbing, 1988; MacCullum, 1986). These items were 
examined within the theoretical context of each scale and were deleted on substantive and statistical 
grounds, if appropriate (Anderson and Gerbing, 1988; MacCullum, 1986) Eliminating items from the initial 
pool resulted in 24 items for the five construct scales The research was conducted in a B2B context in the 
chemical industry, and we collect data from Brazilian chemical company buyers. The e-mail addresses 
provided by the manufacturer gave us that information. The final sample consisted of 148 responses, with 
an overall response rate of 32.5% when undeliverable surveys were removed from the total sample 
contacted. 
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4 Results 
The five hypotheses were tested simultaneously in a structural equation model using LISREL. The fit 
statistics found are comparable to those of the measurement model, and demonstrate sound model fit 
(CFI = .99, AGFI =.80 and RMSEA = .051). The results show that both the operational and relational 
performance influence satisfaction. And satisfaction, in turn, impacts the effective commitment of the 
buyer and that, finally, impacts on their purchasing behavior. This result is consistent with the results of 
Davis-Sramek et al. (2008) and Chiou and Droge (2006), even when assessing a distinct population.  


The model results indicate a strong confirmation for Hypothesis 1 (R2= .68), supporting the contention 
that as the supplier’s customer personnel develop working relationships with customers, the supplier can 
learn more about the chemical manufacturer’ operational needs, and therefore align processes to meet 
those needs. 


Hypotheses 2 and 3 (R2= .80) suggest that both operational and relational performance have a positive 
influence on satisfaction. Two other studies examined this relationship and found conflicting results. Stank 
et al. (2003) found support for the relational component and no support for the operational component, 
and Stank et al. (1999) found strong support for the operational component and marginal support for the 
relational component. This analysis found strong support for the influence of both relational and 
operational performance on satisfaction. 


Hypothesis 4 (R2= .41) proposes that affective commitment has a positive influence on purchase behavior, 
and this constitutes loyalty. There was strong support for this hypothesis, so unlike previous research that 
takes a simpler view of loyalty, we maintain that loyalty is the causal relationship between affective 
commitment and purchase behavior. 


We found support for Hypothesis 5 (R2= .58), which indicates that satisfaction does have a significant 
influence on affective commitment. Greater levels of buyer satisfaction engender a stronger emotional 
attachment to the relationship with the supplier. Satisfaction and purchase behavior are not positively 
correlated. In other words, satisfaction leads to affective commitment, and this emotional attachment is 
what influences a customer’s subsequent purchase behavior. 


5 Conclusion 
This research demonstrates how chemical manufacturer’ perceptions of order fulfillment operations have 
the potential to move suppliers from ‘‘faceless vendors’’ to value-adding partners, which can play a 
significant role in developing chemical manufacturer loyalty. The intangible aspects (such as personal 
contacts and the establishment of emotional attachment) may have a more relevant than tangible and 
measurable aspects of the customer supplier relationship (such as operating performance) to win the 
loyalty of the buyer. 


The research supports the existence of a more complex, mediating relationship between satisfaction, 
affective commitment, and purchase behavior. Just satisfying customers may not be enough to influence 
future behavior (Boyer and Hult, 2006); forging emotional bonds and trust in the relationship stems from 
first satisfying customers and consequently influences purchase behavior. 


This research proves that the original model of Davis-Sramek et al. (2008) can also be applied to evaluate 
the relationship between customers and suppliers in the chemical industry. Finally, the research extends 
knowledge of how customer loyalty manifests itself in manufacturer supplier relationships. These results 
justify the importance of looking at the emotional and behavioral components of loyalty not only as 
distinctly different constructs, but as a causal relationship between affective commitment and purchase 
behavior 
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Abstract 


One of the main concerns in enterprise engineering is the development of techniques and tools for organizational 
design, encompassing structure, information flow and process coordination. For this, the development of models and 
their application are core issues. Models for enterprise engineering and integration found in the literature deal with 
different aspects of organizational design - architectures, frameworks, methods and techniques. As these models 
abound, there is a need for their organization, enabling their application. This work addresses this problem by 
analyzing and characterizing the main process related models for enterprise engineering. Firstly, a review of these 
models is conducted including works from the late 1980s to the late 1990s, focusing on the development of 
enterprise-wide models and architectures, and from the late 1990s to today, focusing on the further development of 
models, architectures and their interoperability. Secondly, these models are characterized based on a set of six 
variables - primary literature reference, origin, tool support, application domain, concerns addressed and evaluation 
results. This characterization is then used to propose further research topics in the area, including the development of 
enterprise engineering methods incorporating an improvement and evolutionary perspective and a governance 
concern, the search for enterprise models for specific areas, the integration and application of interoperability 
frameworks and the need for proper enterprise engineering project management. 


Keywords: enterprise engineering; process models; model characterization. 


1 Introduction 
Enterprise engineering is a broad field of study. Its main concern is the development of tools and 
techniques to be applied for business design, encompassing areas such as organizational structure, 
information flow and process coordination. It combines elements from different fields such as 
organizational sciences and information systems in order to unify and integrate these areas in a seamless 
manner, so that an enterprise can operate and mobilize its resources towards its goals. Enterprise 
engineering has developed significantly in the last decade (Hoogervorst, 2009). 


Given this definition, enterprise integration and interoperability aspects can be considered to play a vital 
role in any enterprise engineering endeavor. Both of these themes have received an increasing amount of 
attention in the last decade. Nevertheless, some open issues still exist. Panetto and Molina (2008) describe 
five grand challenges to enterprise integration and interoperability in enterprise engineering: (1) 
collaborative networked organizations; (2) enterprise modeling and reference models; (3) enterprise and 
process models interoperability; (4) validation, verification, qualification and accreditation of enterprise 
models; and (5) model reuse and repositories. More recently, Hvolby and Trienekens (2010) present 
another challenge: the application of existing frameworks to the development of business applications 
which support the operation of an enterprise. Vernadat (2010) argues that although enterprise integration 
and interoperability are mature areas in the technical domain, they are still areas under development in 
the organizational and semantic domains. 


One can conclude from these challenges that processes and their models, definition and application are 
one of the core points in enterprise engineering. Process modeling, implementation and coordination are 
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the basis for driving any enterprise engineering effort towards interoperability and integration. Process 
related models that support interoperability and integration can be found in the literature for different 
elements of an enterprise such as architectures, frameworks, methods and techniques (Chalmeta et al, 
2001; Mertins and Jochem, 2005; Chen et al, 2008). There are also standards that formally describe some 
of these models and their application (Chen and Vernadat, 2004; Kosanke and Nell, 1999).  


As these models abound, there is a clear need for their organization and characterization in order for 
them to be correctly applied. Some of the questions that arise when the application of a model is 
considered are: (i) in what level and context can it be applied; (ii) what is necessary for its application; and 
(iii) what is the basis for its correct application. This work tries to address these questions by analyzing the 
main process related models used for enterprise engineering, integration and interoperability. Firstly, a 
review of the main models for these areas is presented. Secondly, the models are characterized according 
to a set of elements. Finally, conclusions and perspectives for future works are drawn. 


2 Review of main process related models 
Models presented here were found based on a literature research in reference databases such as the ACM 
Digital Library, Emerald Insight, IEEE Xplore, Science Direct and Wiley Online Library, as well as conference 
proceedings from IFAC (International Federation for Automatic Control). Only process related models 
based on an enterprise engineering approach were considered, that is, the scope of the work had to be 
related to process modeling, structuring, implementation or execution in an organizational context. 


Broadly speaking, the works studied may be categorized in two main phases. The first phase goes from 
the late 1980s until the late 1990s and is mainly concerned with the development of enterprise-wide 
models and architectures which can describe, in detail, how an enterprise should be organized and 
operate. Phase two starts in the late 1990s and has two main concerns: (i) the further development of the 
models and architectures by means of new modeling constructs, languages and methods; and (ii) the 
interoperability of enterprise models. The following discussion will be started with some of the main 
models in the first phase: GIM, TOVE, CIMOSA, PERA, and GERAM. 


One of the first attempts in the creation of enterprise-wide models with a certain level of formalism was 
named GIM, the GRAI Integrated Methodology (Doumeingts et al, 1993). GIM focused on computer 
integrated manufacturing systems and established three sets of components: (i) a global model, 
describing the invariant parts of the system; (ii) a modeling framework that used formalisms to represent 
the physical and functional aspects of a system; and (iii) a structured approach to guide the application of 
the methodology. Although trying to be general, it was mainly of academic interest and addressed only 
the analysis and design phases of a system life cycle. 


Fox (1992) described both a framework and a software tool to support the process of gathering 
organizational knowledge and representing it for further reference. His framework was based on the 
definition of a simple ontology, structured from the functional level of an organization downwards. Its aim 
was to help describe organizational elements, including processes and their interactions. The software 
tool was mainly used to model and visualize the ontology, applying it to a specific organizational context, 
not to implement and coordinate the execution of the necessary processes for each functional level. This 
work was later extended and the resulting extension called TOVE – TOronto Virtual Enterprise (Fox et al, 
1994). TOVE included a methodology and a set of meta-ontologies used to model enterprises. This set of 
meta-ontologies was later specialized, so that it could model particular areas such as quality management 
systems (Kim and Fox, 2002), aiding enterprise models to achieve conformance to regulatory standards 
(Kim et al, 2007). TOVE also defined a common language for the representation and interchange of 
process specifications, enabling them to be reused in the modeling of different contexts. 


Sarkis et al (1995) presented a structured methodology for the strategic management of technology in an 
integrated manufacturing context, covering organizational, cultural, process and technological issues. It 
was based on four main elements: a shared corporate vision, an enterprise reference architecture, a set of 
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tools for analysis and design and a methodology. The following processes defined the methodology: (i) 
develop vision and strategy; (ii) change culture; (iii) integrate and improve the enterprise; and (iv) develop 
technological solutions. The focus of such an approach relies on a strategy breakdown, being the 
integration of the enterprise another activity to be performed. This activity was further detailed to be 
composed of four sequential processes, but there were no feedback loops to reinforce the fact that the 
system could evolve over time. 


Extending the above mentioned methodology, Liles and Presley (1996) presented an enterprise modeling 
framework for enterprise engineering based on an approach with five views. They advocated that, as well 
as following the processes defined before, only through the use of these views is that an enterprise could 
be completely modeled. These views were the information view, the activity view, the business process 
view, the resource view and the organization view. These set of views were inspired in some of the general 
models discussed here and are also influential to future works in the area. 


Perhaps the best-known initiative in enterprise modeling is CIMOSA – Computer Integrated 
Manufacturing Open Systems Architecture (ESPRIT Consortium AMICE, 1993; Zelm et al, 1995, Kosanke et 
al, 1999; Kosanke and Zelm, 1999). In the beginning of the 1990s, a consortium named AMICE (reverse for 
European CIM Architecture) was formed to develop the necessary infrastructure to facilitate the 
implementation of CIM – Computer-Integrated Manufacturing systems. As well as an integrating 
infrastructure that supported the execution of a particular model, the consortium developed a generic 
modeling framework in order to generate these models, with three main dimensions. The views 
dimension is composed of the organization, resource, information and function elements. The generic 
dimension is composed of the generic, partial and particular elements. The life-cycle dimension is 
composed of the requirements definition, design specification and implementation description stages. 
The results of the consortium were later detailed in a series of publications, some already mentioned, and 
other being Abdmouleh et al (2004), Berio and Vernadat (1999), Dickerhof et al (1999) and Kosanke 
(1995). 


Also in the early 1990s, the Purdue Enterprise Reference Architecture – PERA was proposed (Williams, 
1994). PERA used the concepts of enterprise elements (facilities, people and control and information 
systems) and enterprise phases (enterprise definition, conceptual, preliminary and detailed engineering, 
construction, operations, decommissioning and dissolution). PERA understands that anything in an 
enterprise, at a given time, can be described by the combination of elements in a given phase. The scope 
of PERA is to define an enterprise reference architecture that describes the elements in each one of the 
phases. Although PERA is supposed to be generic, that is, applicable to organizations of any domain, it 
was developed with industrial organizations in mind. 


In the late 1990s, an IFIP/IFAC task force on architectures for enterprise integration dedicated itself to the 
development of a Generic Enterprise Reference Architecture and Methodology, the acronym for GERAM 
(Bernus and Nemes, 1996). The aim was to create a meta-model for enterprise reference architectures and 
methodologies described by an ontology that stated the main elements that had to be defined. This 
ontology covered eight main elements: (1) the GERA – Generic Enterprise Reference Architecture, which 
described the elements to be considered and applied in the process of generating the enterprise model; 
(2) the GEEM – Generic Enterprise Engineering Methodology, describing how to proceed in the 
application of the reference architecture and reference models; (3) the GEML – Generic Enterprise 
Modeling Language, describing what language and notation should be applied; (4) the GEMT – Generic 
Enterprise Modeling Tools, describing the tools which could be used to construct enterprise models; (5) 
the OT – Ontological Theories, describing the basic properties and axioms used in modeling; (6) the GEMs 
– Generic Enterprise Models, describing models of particular aspects that could be reused in modeling; (7) 
the GMs – Generic Modules, describing technologies which could be readily applied in the 
implementation of the constructed model; and (8) the EMs – Enterprise Models, which described how the 
enterprise would operate. Some mappings of the previous enterprise models into GERAM were later 
developed, one example being that developed by Chen et al (1998), which mapped GIM into GERAM. 
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As a final model for this first phase, in the late 1990s, an ISA – International Society for Automation - 
workgroup started work in a standard to bridge the gap between enterprise and manufacturing control 
systems in what would become IEC standard 62264. This standard defines three sets of models to be used 
for specifying the integration between enterprise and control systems: (i) a functional model, representing 
what are the main functions to be addressed by these models; (ii) an object model, defining what objects 
are relevant; and (iv) activity models of manufacturing operations. These models are to be used as 
references for the instantiation of specific systems and should help in their development. For instance, the 
functional models are specified as dataflow diagrams, the object models as UML class diagrams and the 
activity models as UML activity diagrams. 


Although extremely comprehensive in nature, all of these works defined, actually, ontologies for 
generating models for an enterprise through the application of a set of predefined elements. With some 
exceptions, such as GERAM and GIM, they do not define how one should implement the defined ontology 
or their elements. Even GERAM and GIM, however, do not present the details in which the implementation 
should be carried out. Some initiatives tried to be more specific in the way they treated models and the 
specificities of their implementation, marking the start of the second phase in enterprise engineering 
efforts. 


The ARDIN project was one of these initiatives (Chalmeta et al, 2001). ARDIN is an organized set of steps, 
reference models and tools to be applied to enterprises. ARDIN uses most of the concepts developed by 
GERAM. Based on a discussion about methodology and modeling requirements for a complete enterprise 
architecture, it defines five dimensions for enterprise engineering: (i) support tools; (ii) an integration 
model; (iii) enterprise structures; (iv) a development methodology; and (v) a change management 
approach. It is perhaps the first project in the area to address change management concerns, although 
not already in a continuous improvement cycle. 


Another such initiative was IMEE – Integrated Methodology for Enterprise Engineering (Kim et al, 2001). 
IMEE defines a set of models to be constructed in order for networks of enterprises to be modeled in 
three dimensions: function, information and behavior. For the modeling of each dimension, IMEE defines 
a set of straightforward steps and artifacts to be constructed. IMEE is mapped onto the CIMOSA 
framework, so that each CIMOSA construct has an equivalent IMEE construct. 


The Zachmann Framework, originally proposed by Zachman (1987) and later extended by Sowa and 
Zachman (1992) is a form of classification of architectural elements used for modeling the architecture of 
an enterprise. The framework is built in the form of a six by six matrix, the rows representing the different 
architectural views and the columns representing the different architectural perspectives in each view. The 
views, from top to bottom are the scope or planner’s view, the business model or owner’s view, the 
information systems model or designer’s view, the technology model or builder’s view, the detailed 
specifications or subcontractor’s view and the functioning enterprise. The perspectives, from left to right 
are the data description (what), the function description (how), the network description (where), the 
people description (who), the time description (when) and the motivation description (why).  


In the last couple of years, the area of enterprise interoperability has drawn attention and seen the 
development of frameworks for its development in the enterprise architecture domain. Interoperability 
frameworks were created as a means to conciliate the different views of diverse areas such as software 
engineering, computer science and industrial engineering (Vernadat, 2010). The four main interoperability 
frameworks are TOGAF – The Open Group Architecture Framework, the Levels of Information Systems 
Interoperability Reference Model, the ATHENA Interoperability framework and the EIF – European 
Interoperability Framework. All of these frameworks deal with the components and infrastructure 
necessary for different functions in an enterprise to interoperate, as well as for the interoperation of 
enterprises. For a more in-depth discussion on enterprise interoperability and these frameworks, one can 
consult Kim et al (2006), Vernadat (2007) and Paneto and Molina (2008). 


Another focus of research has been on the development of modeling languages which could be used for 
modeling and depict the main characteristics of enterprises. There are many modeling languages that can 
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be used to express different views of an organization – for instance, its structure, behavior and interfaces – 
and it is difficult to find a language that can bridge existing gaps among all of these views (Anaya et al, 
2010). Thus, other modeling languages were proposed to address these problems, such as UEML – Unified 
Enterprise Modeling Language, a specialization of the Unified Modeling Language - UML. UEML and other 
proposals have in common the fact that they define a set of constructs that can help integrate different 
models for different views of an enterprise, constructing, thus, an unified understanding of it. 


Ros et al (2009) argue that most of the models and their application methodologies use a classical 
straightforward approach to designing and implementing enterprise entities. This approach, however, 
does not fit well into a continuous improvement effort, which organizations must pursue given a their 
competitors. Thus, they propose that a cyclic reengineering approach should be used. For that, they build 
on the work of Berrah et al (2001), who defined seven phases for the reengineering project, naming it the 
cyclic reengineering method: (i) identification of the necessity within a given domain; (ii) strategic analysis 
of the given business entities; (iii) analysis of the organization of relevant business entities (as-is analysis); 
(iv) reengineering decision and planning of the to-be phase; (v) organization redesign (to-be analysis); (vi) 
implementation of the new organization; and (vii) closing the project. The proposed methodology by Ros, 
Fuente and Ortiz, named ERE-GIO is based on two phases. Phase one is the reverse engineering phase, 
which consists of three steps: (i) identification of the business entity, (ii) conceptualization of the business 
entity; and (iii) process analysis (identification of the system, system description, as-is model specification 
and specification of the to-be model). Phase two is the forward engineering phase, which consists of 
seven steps: (i) action plan for change; (ii) process definition; (iii) process design; (iv) system 
implementation description; (v) system construction; (vi) system startup; and (vii) system dismantling. This 
approach was applied in a metal-mechanic industry, mainly for the reengineering of its supply chain 
processes (Fuente et al, 2008). 


3 Analysis and characterization of process related models 
The usual approach for classifying models, architectures and methodologies is to categorize them either 
in the levels where they are applied (strategic or corporate level, management level, control level or shop-
floor level) or in the set of elements or views they describe (structure, behavior, interfaces or others). The 
approach used in this work is different - it seeks not to categorize but to characterize the reviewed 
models in their main aspects so that their main characteristics become apparent. 


The approach used here will be adapted from the one used by Fettke et al (2005) for business process 
management models. Their approach was to survey the literature for reference models and characterize 
them according to three sets of information, each set containing a number of variables. The sets and their 
variables are: (i) general characterization set – name, primary reference, origin, responsibility for modeling, 
access and tool support; (ii) construction set – domain, modeling language, modeling framework, size, 
construction method and evaluation; and (iii) application set – application method, reuse/customization 
and use case. The characterization of this work will maintain some of these variables, exclude or adapt 
others and include a new one. 


Name and primary reference will be maintained so that the model can be referred to and further 
information for it can be consulted. Origin will be maintained so that it is known if the model is derived 
from a scientific or a practical approach. Responsibility for modeling and access will be excluded, as only 
open and public models will be considered. Tool support will be maintained so that it is known if there is 
computational support for its use. Domain will be adapted into application domain, so that it is known 
what is the domain area for which the model can be applied (strategy, manufacturing, logistics and 
others). Modeling language and modeling framework will be excluded, as both of these variables will be 
treated in a new variable named concerns. Size will be excluded because our interest rests on the 
characterization, not quantification of the models. The whole application set will be excluded, as the main 
information of this set is treated in the application domain variable. Finally, one new variable will be 
added: concerns, which will be explained next. 
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The concerns variable represents the main issues that the model addresses. Regarding this assertion, a 
model can be classified as a reference model, an architecture/framework, a method or a technique. It is a 
reference model if it establishes a set of elements to be considered in the modeling effort. It is an 
architecture/framework if it defines how the basic elements of the system are to be combined, integrated 
or interfaced. It is a method or defines a method if it describes the set of steps through which a process 
issue, like modeling, is to be resolved. Finally, it is a technique if it defines a technology to be used or 
categorizes technologies. Table 1 summarizes the classification applied to the reviewed models of the 
previous session. 


Table 1: Characterization of process related models for enterprise engineering. 


Name/Primary 
Literature 


Origin/Concerns Tool support 
Application 


domain 
Evaluation 


GIM/Doumeingts et al 
(1993) 


Scientific/Method None 
Computer 
Integrated 
Manufacturing (CIM) 


Example projects 
conducted by the 
authors 


TOVE/Fox (1992) Scientific/Method 


Proprietary tool 
developed by 
the author and 
his group 


General, with 
applications to 
quality management 
and activity-based 
costing 


Models 
developed for 
quality 
management and 
activity-based 
costing 


Sarkey, Presley and Liles 
approach to enterprise 
engineering/Liles and 
Presley (1996) 


Scientific/Method 


Proprietary tool 
developed by 
the author and 
his group 


General None 


CIMOSA/ESPRIT 
Consortium AMICE 
(1993) 


Scientific/Reference model 
Proprietary and 
open source 
tools 


Computer-
Integrated 
Manufacturing 


Used for the 
instantiation of 
other models 


PERA/Williams (1994) Scientific/Reference model 


Proprietary 
systems 
developed for 
each 
application 


Industrial 
(manufacturing and 
process control) 


Application to 
industrial domain 
problems 


GERAM/Bernus and 
Nemes (1996) 


Scientific/Method and 
architecture 


None General 
Through mapping 
of other 
frameworks  


ARDIN/Chalmeta, 
Campos and Rangel, 
2001 


Scientific/Reference model, 
method and technique 


None General 
Application to an 
industrial case by 
the authors 


IMEE/ Kim, Weston and 
Woo, 2001 


Scientific/Method and 
technique 


Tools used to 
develop and 
construct 
prescribed 
models 


General, networks of 
enterprises 


Application to an 
industrial case by 
the authors 


IEC 62264 and ISA 95/ 
ISO/IEC 62264 and ISA 
95 standards 


Scientific and 
practical/Reference model 


Some tools to 
support 
modeling of 
prescribed 
models 


Enterprise and 
control systems 
integration 


Applied to a 
variety of cases in 
the industrial 
domain 


Zachman Framework/ 
Sowa and Zachman 
(1992) 


Practical/Technique 
Several tools to 
model each of 
its constructs  


Information systems 
and enterprise 
architecture 


Several cases of 
application 


TOGAF and other 
architecture 
frameworks/ Proprietary 
specifications of each 
framework 


Practical/Architecture 
Some 
proprietary 
tools 


Enterprise 
architecture 


Several cases of 
application 
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Name/Primary 
Literature 


Origin/Concerns Tool support 
Application 


domain 
Evaluation 


UEML/ Anaya et al 
(2010) 


Scientific/ Technique 
Open-source 
tool 


Enterprise models in 
general 


Examples and 
case studies 


Cyclic reegineering 
method/Berrah et al 
(2001) 


Scientific/Method None General Unkown 


ERE-GIO/Ros, Fuente 
and Ortiz (2009) 


Scientific/Method None General 
Applied in a 
metal-mechanic 
industry 


4 Conclusions 
To conclude this work, some of its limitations will be addressed, observations about the characterization 
will be made and further developments of the work will be discussed. 


The work is limited to the models presented here. Although general, this analysis is not comprehensive. 
More models could be added by either searching other databases for models that are both process 
related and aimed at an enterprise engineering context and by the analysis of proprietary models. 
Analyzing proprietary models, nonetheless, would require access to them, what may not be possible in 
some cases. These models also have limited applicability, as they would not be available to the general 
public, significantly hindering the interest in the results. 


Another limitation of this work is the classification used. The main objective was the characterization of 
models, not their categorization into groups. However, the relationship between model characterization 
and model categorization could be better explored, so that a better characterization through the use of 
categorization could be reached. 


A final limitation is that business process management models were deliberately excluded from the 
analysis. This is because these models and business process management life cycles, such as those 
described by Houy et al (2010) do not explicitly deal with an enterprise engineering context, but focus in 
the process context. One could understand this type of life cycles as being part of the way some of the 
models that were characterized could be implemented. 


In respect to further developments which could be spun off from this work, there are four main areas to 
be noted: (i) the development of enterprise engineering methods which incorporate an improvement and 
evolutionary perspective and a governance concern; (ii) the search for enterprise models for specific areas; 
(iii) the integration and application of interoperability frameworks; and (iv) the need for proper enterprise 
engineering project management. 


Regarding the development of enterprise engineering methods, it is noted that since the early 2000s, 
there has not been much discussion about this matter. Most of the works trying to address this issue did it 
by applying a straightforward set of steps. An exception is the work of Ros et al (2009), which integrates 
an improvement dimension in the process of enterprise engineering itself. This can be greatly enhanced, 
however, with novel contributions to the area, if a business process management life-cycle, such as those 
described by Houy et al (2010), is to be incorporated and adapted in the enterprise engineering method. 
Such a method should also support the ever-changing nature of enterprises and promote model 
evolution, reuse and its governance. 


In later years, one has seen an increased interest in the application of enterprise engineering concepts to 
different areas, specially those related to some kind of standardization such as quality management (Kim 
and Fox, 2002) and sustainability and the environment (Brand et al, 2007; Ranky, 2010). Other traditional 
areas strongly influenced by process development also have seen increased interest, such as strategy and 
performance measurement (Pun, 2004; Pinheiro de Lima et al, 2009; Costa et al, 2010). The main issue 
here is the creation of ontologies that can help in modeling and implementing enterprises that have 
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activities in such areas or drive standardization efforts in them. This is also related to an increasing interest 
in knowledge representation of models and their reuse (Whitman and Huffman, 2009). 


Interoperability frameworks, as quoted by Vernadat (2010), lie on the convergence vortex of three major 
areas: software engineering, computer science and industrial engineering. Computer scientists primarily 
deal with the technology necessary to implement such frameworks. Software engineers occupy 
themselves with the correct application of such constructs. Industrial engineers deal with the integration 
aspects of these frameworks so that they are used to improve business goals. The technology behind this 
must be developed and validated by computer scientists and software engineers. Nevertheless, there are 
still open issues to be worked out when considering the application of the developed frameworks in 
enterprises – mainly their validation and practical implementation aspects (Kim et al, 2006; Vernadat, 
2007; Paneto and Molina, 2008). 


The management of enterprise engineering projects is another issue identified as a gap in the literature. 
Although many authors occupy themselves with the development of models and issues related to 
interoperability and the necessary technology and infrastructure, little attention has been dedicated to 
their practical implementation aspects. Given an enterprise engineering project, there are many 
possibilities for its realization - there is a great scope variance in such projects and the scope breakdown 
in activities and resources allocation will, consequently, also vary greatly. In addition to this, different 
architectures and techniques that adequately treat the necessities of each of such processes will have to 
be employed. 


As a final remark, if one considers the Cambridge process approach (Platts, 1993) and its characteristics 
(Platts, 1994) – procedure, participation, project management and point of entry - it can be argued that 
many of the issues previously presented could be addressed by it. Two issues that become clear in this 
analysis are the procedure and project management characteristics. The latter is clear from the analysis in 
the previous paragraph. Procedure, on the other hand, emerges when one considers that the different 
existing methods for enterprise engineering are still in early development stages, not yet properly tackling 
the problem and all of its complexities. 
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Abstract 


This paper addresses demand forecasting for monthly data using the univariate Theta method. The model is relatively 
recent and was developed by Nikopoulos and Assimakopoulos (2000). It is based on the concept of modifying the 
local curvatures of the time series, obtained by a theta () coefficient. The central idea is to decompose the time 
series into at least two theta lines L() representing a long term period and the other, a short-term one. The Forecast 
is a combination of the forecasts obtained by adjusting the theta lines achieved in the decomposition. The model was 
applied to the historical record of four Products from the mechanical metal sector using L( = 0) and L( = 2). The 
choice of these two values for the  (0 and 2) coefficients is the simplest case for the model, which was used in the 
M3-competition of Makridakis and Hibon (2000). The forecasts were compared with traditional methods and the 
model performed well, as it presented average MAPE’s of 5.99%, 14.44%, 16.53% and 7.78% respectively, for the four 
Products studied over the last three months which were separated for validation. 


Keywords: demand forecasting; time series; decomposition; combining forecasts; theta model. 


1 Introduction 
One of the major difficulties of the sector that manages the area of materials in a company lies in the 
need to take decisions about future activities. Normally there is a historical record of data, and attempts 
are made to forecast data for the near future, and the short and medium term. Generally, in industrial 
environments, demand forecasting and sales of products is necessary and fundamental for materials 
planning and strategic and operational decisions. 


The Demand Forecast is the basis for the strategic planning of production, sales and finances of any 
business. From these data, companies can draw up plans for capacity, cash flow, sales, production and 
stocks, manpower, purchases and so forth. 


In the modern world companies face fierce competition. With that they need to seek more information 
about the scenarios they may face. The use of forecasts assists administrators in decision making, 
especially in uncertain market. Statistical tools are of great importance for this type of activity, not being 
allowed simply informal predictions. The forecasting models based on time series are then recommended. 
Better forecasts allow the creation of planning more consistent and reliable. 


Medium- and small-sized businesses do not always have the human resources and software available that 
would enable them to use time series models involving great depth statistics. For this reason, companies 
find it difficult to implement the more complex forecasting models of time series. In this context, simpler 
models which are known for their efficiency are desired and supply this need. In addition to smoothing 
models, a variation known as the Theta Model (Assimakopoulos; Nikolopoulos, 2000) is presented as a 
good alternative. 


The simplest case of the theta model involves the decomposition of the time series into two periods. A 
long-term period, which seeks to investigates the trend from the entire historical record. A second short 
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period investigates the latest changes. Based on this central idea, the forecast is matched by the tendency 
of the long-term with the local changes which have been occurring at the present time.  


This study sets out to discuss the theta model, by seeking to prove its performance, and by making 
forecasts in sales series, which were obtained from a company in the mechanical metal sector.  


To prove this, we used historical data on monthly sales of products from a company company which 
handles stainless steel products. Employing an electronic spreadsheet, there was a predictions 
performance comparison between model theta and traditional models of time series forecasting, said 
automatic. The forecast horizon is three months. As a performance criterion, we used the absolute 
average percentage error (MAPE). 


Section 1 shows why the issue is important; Section 2 gives a brief theoretical framework on the subject. 
The theta model is described in Section 3. Section 4 presents the methodology and the application in the 
company is described in Section 5. The findings are reported in Section 6. 


2 Theoretical Framework  
Time series are observations ordered in time, a sequence of values that do not follow a non-random order 
(Morettin; Tolói, 2004). The analysis of time series is based on the hypothesis that the future is a 
continuation of the past, at least of the recent past, in which the trends of growth or decline observed 
should remain in the future, as well as the seasonality or cyclicality observed in the past. This can be 
considered a temporal model (Corrêa; Gianesi; Caon, 2001). 


The representation of time series is normally done by considering the time series (a realization of a 
stochastic process, namely, processes controlled by probabilistic laws), such as 


tX , in which observations 


are recorded at discrete instants and equally distributed, with a notation of
nXXX ...., 21
. The classical form 


of writing a series is: 


tt atfX  )(                    (1) 


where )(tf  is a completely determined function (a systematic, deterministic part) and ta  is a random 


sequence,  independent of )(tf , it being the case that the random variables at are not correlated and 
have a zero mean and constant variance. The random variable 


ta  is also called white noise when the 


distribution is normal, i.e., ),0(~ 2
at Na  . Many of the properties observed in a time series


tX can be 


captured and take on the following form of classical decomposition follows: 


ttttt aCSTX                    (2) 


in which 
tT  is the component of trend; 


tS the seasonal component; 
tC  is a cyclical component and ta is a 


random or noise component, which is the non-explained part which is expected to be purely random. The 
seasonal and cyclical components are repeated at each fixed interval, in which periodic variations can be 
captured by these components. Given a set of time series observations collected up to the instant t  and a 
model that represents these phenomena, the forecast of the value of the series at the time ht   series 
can be obtained. 


Several procedures have been drawn up for time series decomposition. Each method seeks to remove the 
non-observable components as precisely as possible. These procedures, after each of the components has 
been identified, enable the behavior of the series to be better understood and thus enable more accurate 
values to be forecast (Wheelwright; Makridrakis, 1985). 


There are two main objectives in time series analysis. The first is to identify the nature of the phenomenon 
generating the sequence of observations. The second is to forecast future values of the time series. To 
achieve these goals, there is a need to identify the pattern that generates the data of the sequence 
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observed. Having identified the pattern of behavior, it is possible to extrapolate the pattern identified and 
predict future events (Statsoft, 2007). Generally what is done is to identify the structure of the process 
generating the series, within a class of predefined models, and under some conditions the parameters are 
estimated and forecasts made. Or moreover, the sequence is modeled according to the premises of 
softening the variation and adjusting the updated trend in time and then finally the forecasts are made. 


The methods of time series forecasting can be divided into two groups: automatic ones, which can be 
directly applied with the aid of a computer; non-automatic ones, which require the intervention of a 
specialist so that they can be applied (Morettin; Tolói, 2004). The main ones are: moving average, simple 
exponential smoothing, linear exponential smoothing and seasonal exponential smoothing and Winter’s 
linear. Among the automated methods, the exponential smoothing models stand out because they are 
simple to implement and the good results achieved. Among the non-automatic ones, which require the 
user to have a greater statistical base and knowledge, mention should be made of the autoregressive 
moving average models (AR, MA and ARMA), autoregressive integrated moving averages (ARIMA), 
Kalman and AEP filters, ARARMA models, and multivariate ARMA models (MARMA). Among the non-
automatic ones, ARIMA models are the main representatives (Morettin; Tolói, 2004). 


An opportune review of the literature on exponential smoothing, from the original studies by Brown and 
Holt, can be found in Gardner (1985) and later updated in Gardner (2006). Box and Jenkins (1976) present 
the ARIMA methodology, which is widely used in time series analysis, and it has great prominence given 
that has been widely announced and is flexible. Gooijer and Hyndman (2006) reviewed the past twenty-
five years of time series forecasts, and this study is a primary source of references for studies on the 
subject, besides which they found that there had been tremendous progress in several areas, but many 
topics still require further studies. 


The accuracy of forecast is not based only on the forecast horizon desired, but is also strongly influenced 
by the characteristics of the observations of the series under study. The combination of forecasts of more 
than one model increases reliability and reduces large deviations in the projected values, it not necessarily 
being the most sophisticated models that obtain the best results (Wheelwright; Makridrakis, 1985). 


In various studies there is controversy between the results obtained with simple models and those 
obtained using more complex ones which require users to have greater knowledge. Depending on the 
application and who will use the model, the simplest method is the one that has most to recommend it 
(FILDES et a.l, 1998) (Makridakis; Hibon, 2000). 


On concluding the M3-Competition, Makridakis and Hibon (2000) confirmed that methods they 
considered were simpler obtained good results in the competition and in some cases were even better in 
relation to others that are regarded as being statistically sophisticated such as ARIMA and ARARMA. In 
this context the theta model is presented as a quick and simple alternative. This can be considered an 
automatic method, since the choice of the  coefficients is fixed.   


The theta model involves the decomposition of the time series into a set of new series. The resulting 
series are called theta lines L(), and maintain the average and the slope of the original data, but not their 
curvatures. This is based on modifying the local curvature of a time series seasonally adjusted by the theta 
coefficient ().The coefficient  is applied directly to the second difference of the time series. Each of the 
theta lines is extrapolated separately and the forecasts are combined with equal weights (Assimakopoulos, 
Nikolopoulos, 2000). 


Different combinations of theta lines can be used for each forecast horizon. Hyndman and Koehler (2006) 
claim that the theta model in particular presented very good forecasts in the M3-Competition (Makridakis; 
Hibon, 2000), as it obtained one of the best performances among all other models (Gooijer; Hyndman, 
2006).  


Hyndman and Billah (2003) consider that the theta model is equivalent to simple exponential smoothing 
with drift (SES-d). The drift considered corresponds to half the value of the slope of a linear regression 
adjusted to the data. Thus, it provides a form of control that limits the possibility of the model producing 
inaccurate forecasts (Koehler, 2006). Nikolopoulos and Assimakopoulos (2005) disagree with this 
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consideration, and state that the theta model is more generic than exponential smoothing. The model is 
described in the following section. 


3 The theta model 
The challenge of the method proposed was to increase the degree of exploiting the useful information 
embedded in the data before applying a forecasting method. This information from an intuitively point of 
view has short and long term components. These components are identified in the theta model and are 
then extrapolated separately (Assimakopoulos; Nikopoulos, 2000). 


The model is based on the concept of modifying the local curvatures of the time series. This alteration is 
obtained by using the theta co-efficient, or simply , which is applied directly to the second difference of 
the time series. The iX data of the series can be written in as: 
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The iY points of a theta line by definition are: 
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The problem falls back on minimizing quadratic errors, namely: 


))(min()min( 22
i


i
i


i
i XYe   .                (6) 


As shown in Assimakopoulos and Nikopoulos (2000) the result of this minimization implies that both the 
mean and the slope of the theta lines are equal to those of the original series. Different combinations of 
theta lines can be used for each forecast horizon. One of the simpler cases is the combination of two 
theta lines with =0 and =2, i.e., the data can be decomposed as follows: 


))2()0((
2


1
 LLX t                 (7) 


The L( = 0) is the linear regression of the data. This is shown in Assimakopoulos and Nikopoulos (2000). 
The L( = 2) can be obtained in a simplified form using the previous equation. Thus: 


)0(.2)2(  LXL t                  (8) 


The L( = 0) describes the series as a linear trend. Since the L( = 2) doubles the local curvatures by 
extending the short-term action. In the forecasts L( = 0) is extrapolated by a linear trend and L( = 2) is 
extrapolated by simple exponential smoothing (SES). The simple combination of two forecasts gives the 
final )(ˆ hX t forecast for the theta model, namely: 


))2(ˆ)0(ˆ(
2


1
)(ˆ


hht LLhX                  (9) 


where hL )0(ˆ   and hL )2(ˆ   are the forecasts by linear regression and SES of the respective theta  


lines. 
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Figure 1 shows the lines theta and the respective forecasts and real data of series 30 of the M3-
competition. Use of the coefficients  (0 and 2) was made to produce the forecasts estimates in the M3-
Competition of Makridakis and Hibon (2000). The steps followed were: 


 


 Step 0: test of seasonality. The criterion used was the t-test for auto-correlating data with a one-
year lag (12 observations for monthly series). The T value was calculated compared with t= 1.645 
to a 10% significance level 


 Step 1: seasonal decomposition of the data by the classical multiplicative method 
 Step 2: decomposition of the series into L( = 0) and L( = 2) 
 Step 3: extrapolation. The L( = 0) is extrapolated by linear regression and L( = 2) by SES 
 Step 4: combination. The forecasts produced in the extrapolation of the theta lines are combined 


with equal weights 
 Step 5: The seasonal indices obtained in the decomposition of step 1 are incorporated into the 


forecasts. 
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Figure 1: Series 30 of the M3-competition and theta forecasts. Source: Assimakopoulos and Nikopoulos (2005) 


Assimakopoulos and Nikopoulos (2005) suggest how the model with L( = 0) and L( = 2) can be applied 
using an electronic spreadsheet: 


 Step 0: seasonal decomposition of the data by the classical multiplicative method, if necessary 
 Step 1: Apply the linear regression of the data L( = 0), prepare the regression line and forecasts 
 Step 2: Prepare the values of L( = 2) using )0(.2)2(  LXL t  


 Step 3: extrapolate the L( = 2) with SES, optimized by the Microsoft Excel Solver) or by another 
simpler method such as moving averages 


 Step 4: combine forecasts with equal weights obtained by linear regression and SES. 


4 Methodology 
In order to apply the model, the choice of   coefficients, due to the good performance obtained in the 
M3-Competition, was restricted to two theta lines L( = 0) and L( = 2). The other methodological steps 
and decisions adopted in this study were:  


 Seasonality: no seasonality tests were carried out. Data were analyzed graphically where a check 
was made that there was no significant seasonality in the historical data used 


 Sequence of application of the method: steps 1-4 were followed as described in item 3.1 for the 
electronic spreadsheet 


 Measurement of accuracy: to evaluate the forecasts obtained the criterion of MAPE (mean 
absolute percentage error) was adopted. Although some authors criticize this criterion in the M3-
Competition, this was the main criterion, with the advantage of being able to stipulate an average 
MAPE between the series analyzed, which show order of magnitude differences 
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 Comparison with other methods: the forecasts obtained were compared to automatic methods 


which were adjusted by using statistical software 


5 Application 
The metal mechanic sector company provided the historical record monthly sales of four products A, B, C 
and D. 


The company is regarded as being of medium to large, located in Parana state, southern Brazil. The 
company operates in the market for over 20 years. It has approximately 300 employees. Manufactures and 
sells finished products to the lines of residential kitchen furniture, serving the Brazilian market and export. 
Its products are geared for both the higher social classes and for the most popular. Was not obtained 
permission from the company to disclose more information about its structure and also of its products. 


Products A, B and C are traditional and have long been on the market. They are shown in Figure 2. 
Product D has a more recent historical record and is shown in Figure 3. 
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Figure 2: Historical record of Products A, B and C from January/2005 to March/2007. Source: company studied 
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Figure 3: Historical record of Product D from January/2005 to March/2007. Source: company studied 
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The historical record supplied by the company covers 30 months starting in Jan/2005. The months from 
April to June 2007 were separated for validation and comparison with automatic methods adjusted by the 
smallest root mean square error (RMSE). Tables 1, 2 and 3 show, respectively, the real values, the forecasts 
using the theta model and the forecasts using other automatic methods adjusted by the historical data. 


 


Table 1: Real demand values for the Products from April to June 2007 
Period Product A Product B Product C Product D 


04/2007 83010 109159 20617 1009 


05/2007 84250 134084 15512 1176 


06/2007 73019 130291 17355 960 


Source: Authors 


 


Tables 2 and 3 enable it to be affirmed that the theta model, in its simplest application, with L( = 0) and 
L( = 2), obtained results that are at least equivalent to those of other automated methods. In a 
comparison with the MAPE’s of the four Products, an average of 11.19% was obtained using the theta 
model against 12.07% using automatic methods automatic adjusted by the smallest RMSE. 


 
 
Table 2: Forecasts and MAPE’s obtained using the theta model 


Period Product A Product B Product C Product D 


 Forecast MAPE Forecast MAPE Forecast MAPE Forecast MAPE 


04/2007 84112 1.33 % 105072 3.74 % 14576 29.30 % 981 2.81 % 


05/2007 84525 0.33 % 105697 21.17 % 14673 5.40 % 996 15.31 % 


06/2007 84937 16.32 % 106323 18.40 % 14771 14.89 % 1010 5.22 % 


Average MAPE  5.99 %  14.44 %  16.53 %  7.78 % 


Source: Authors 


 


 


 


Table 3: Forecasts and MAPE's obtained with automatic methods adjusted by the smallest RMSE 
Period Product A 


(linear tendency) 


RMSE = 18449.1 


Product B 


(linear tendency) 


RMSE = 16385.8 


Product C 


(linear tendency) 


RMSE = 3666.13 


Product D 


(quadratic tendency) 


RMSE = 188.56 


 Forecast MAPE Forecast MAPE Forecast MAPE Forecast MAPE 


04/2007 91803 10.59 % 112164 2.75 % 15600 24.33 % 1018 0.88 % 


05/2007 92628 9.94 % 113415 15.41 % 15795 1.83 % 1071 8.90 % 


06/2007 93453 27.98 % 114666 11.99 % 15089 13.05 % 1125 17.21 % 


Average MAPE  16.17 %  10.05 %  13.07 %  9.00 % 


Source: Authors 
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The historical data of the product A and the forecasts made for times 28 to 30, respectively 
)1(27X



, )2(27X



, )3(27X



, are shown in the last three columns of table 4. L( = 2) was extrapolated by 


simple exponential smoothing (SES) with α = 3,448042E-03. 
 
 Table 4: Data used in the analysis of demand for product A 


t    (Xt) 


 


L( = 0) 


(y=825,23t+68696,2) 


           L( = 2) 


)0(.2)2(  LXL t
 


1 74863 
69521,43 


80205,33 


2 51867 
70346,66 


33386,46 


3 82692 
71171,89 


94211,63 


4 74920 
71997,12 


77843,00 


5 65568 
72822,35 


58313,37 


6 64955 
73647,58 


56262,98 


7 54956 
74472,82 


35438,42 


8 70970 
75298,05 


66641,75 


9 85469 
76123,28 


94814,88 


10 80183 
76948,51 


83416,65 


11 121836 
77773,74 


165897,94 


12 53624 
78598,97 


28648,31 


13 74831 
79424,20 


70237,16 


14 64319 
80249,43 


48388,01 


15 82299 
81074,66 


83524,06 


16 70102 
81899,90 


58304,62 


17 118274 
82725,13 


153822,31 


18 88665 
83550,36 


93779,56 


19 91316 
84375,59 


98256,09 


20 111738 
85200,82 


138275,34 


21 84745 
86026,05 


83464,59 


22 80762 
86851,28 


74673,64 


23 114657 
87676,51 


141637,69 


24 67092 
88501,74 


45681,62 


25 94758 
89326,98 


100189,14 


26 57968 
90152,21 


25784,55 


27 83307 
90977,44 


75635,60 


)1(27X
  84112 91802,67 76421,59 


)2(27X
  84525 92627,90 76421,59 


)3(27X
  84937 93453,13 76421,59 


 Source: Authors 
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For instance, the forecasting for the moment 28, being in time 27, can be obtained by equation (9) and 
computed by (11): 


84112 = 76421,59) + (91802,67
2


1
)1(27 X



       (11) 


To the effect of the method see Figure 4 which shows the real series of product A and the theta lines L( 
= 0) and L( = 2) and forecasting (data in Table 4).  
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Figure 4: Product A series and theta forecasts. Source: company studied 


6 Conclusions 
The aim of this study which was to apply the theta model was achieved. The theta method with two lines 
(= 0 and = 2) is simple and does not require extensive training or knowledge before it can be applied. 
It is flexible because it can be applied, with good results, in stationary monthly series or with a trend 
whether or not combined with seasonality. It also brings the advantage of one being able to apply it by 
using a spreadsheet. 


The forecasts obtained were compared with traditional methods and the model performed well, as it 
presented average MAPE’s of 5.99%, 14.44%, 16.53% and 7.78% respectively for the four products studied 
in the last three months separated for validation. The MAPE's obtained in the forecasts confirm the results 
of the M3-Competition of Makridakis and Hibon (2000), which suggests the theta method is a fast and 
efficient method for obtaining good forecasts. 


A disadvantage that may be cited is the lack of confidence intervals for the forecasts in the study by 
Nikopoulos and Assimakopoulos (2000). Hyndman and Billah (2003) suggest how confidence intervals can 
be built in. 


One suggestion for further studies is to use more than two theta lines and (or) with different values of  = 
0 and = 2. This should be carefully analyzed in practical applications to ensure that the advantage of the 
simplicity of the method is not diminished. 
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Abstract 


RFID technologies and applications are expected to turn logistics operations upside down, once the cost limitations 
are overcome, generating enormous benefits in aspects like inventory control, traceability or supply chain integration. 
However, the first implementation steps of RFID may instead result in a series of problems and operational 
deficiencies in the distribution centre, not only related to costs or information management, but also to the design 
and reliability of the system itself. We analyse here the problems that had to be faced when implementing a RFID 
pilot in a Spanish dairy product producer, and measure them using the appropriate metrics. 


Keywords: RFID, logistics, shipping, performance, metrics. 


1 Introduction 
Even though its expansion has not been as revolutionary as initially expected, the introduction of radio 
frequency identification (RFID) in logistics operations is an ongoing trend. Adding the real-time 
component to barcode product identification, RFID is now, despite the high cost of its implementation, 
one of the main technological tools available for speeding up the supply chain and reducing the 
occurrence of errors. As a result, RFID technologies and their application in supply chain management 
have represented one of the main research objectives in the field over the last decade, as some recent 
review papers show (Chao et al, 2007; Ngai et al, 2008; Meyer et al, 2009). 


As a result of this research, based on many tests, case studies and pilot implementations, the expected 
benefits of RFID in supply chain management have been identified and largely discussed. Authors 
mention improvements in customer service and customer targeting (Hingley et al, 2007), improved 
traceability (Kelepouris et al, 2007) or the achievement of an error-free environment (Turcu et al, 2007). 
Lefebvre et al (2006) establish their focus on the distribution centre, identifying potential benefits in 
reception (handling of products that arrive at the warehouse), put-away (moving and placing products in 
their specific storage location), picking (retrieving the products from their storage location to consolidate 
customer orders), and shipping (checking, packing and loading in the transportation unit), as well as 
stressing RFID’s potential to automate verification activities, which turns it into a powerful tool to 
eliminate human errors. Tzeng et al (2008) include also higher-level benefits, including improvements in 
communications among staff members, utilization of assets, optimization of processes, visibility of data, 
development of new services and identification of new business opportunities.  


What are the problems then? Cost in the first place, which still makes it difficult to make ends meet and 
obtain reasonable returns on investment. Some authors have started to comment on the introduction 
(and subsequent cost assumption) of RFID forced by retailers on manufacturers (Michael and McCathie, 
2005) or the different scenarios generated by coerced adoption versus free-will adoption of RFID (Matta 
and Moberg, 2006). But there are also additional issues to take into account when contemplating the 
introduction of RFID in the supply chain. Curtin et al (2007) mention issues like the technical integration 
with other applications, the costs and risks associated with becoming dependent on RFID, or the 
difficulties of taking advantage of voluminous data collection and using it for real-time decision making. 
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Spekman and Sweeney (2006) consider it critical to get the infrastructure right first and be sure of 100 
percent read success, and recommend companies to provide clear answers to these questions before 
taking the RFID step: Will the cost of integration with current systems be prohibitive? Will the coding 
requirements and data management problems be excessive? Will implementation seriously disrupt 
current business practices? Will the effort required to implement these systems detract from the 
company’s core business? Will the system have the same reliability and up-time as current infrastructure? 
Michael and McCathie (2005) are concerned about the need for accuracy, reliability, security, need to 
withstand harsh environments, cost of technology including software and equipment upgrades, 
introduction forced by retailers on manufacturers, lack of standards and interoperability, interference and 
reading considerations, and privacy.  


Other authors comment directly on the potential disadvantages of RFID systems in the supply chain, 
which include both operational (standards, interoperability, costs, forward compatibility, lack of familiarity 
and lack of standards) and technical (interference, security and accuracy) barriers (Asif and Mandviwalla, 
2005). Even when the right type of RFID technology is chosen, companies can expect to suffer a variety of 
technical problems, including false reads and failure to read at all, and require all kinds of IT infrastructure 
reengineering and integration (Angeles, 2005). Apart from the cost inherent to the installation of RFID 
systems, aspects like privacy issues, the need for data storing and management, the integration of RFID 
into existing databases and applications and within business processes and relationships with suppliers 
and distributors, the lack of ability for companies to make effective use of the data captured through RFID 
or the provision of training for all involved personnel can expect to represent barriers and additional costs 
incorporated into the system (Lazar and Moss, 2005; Hingley et al, 2007). 


The conclusion that can be drawn from all this is that RFID is merely an enabler, and where 
implementation seems to progress well is when firms move beyond simple compliance in logistics and 
extend the use of RFID into other areas of their operations (Spekman and Sweeney, 2006). Based on this 
knowledge, we present here the description and evaluation of a pilot project for RFID implementation in 
the shipping area of a Spanish dairy producer. And we will not concentrate on the potential benefits of a 
full-scale RFID system, but rather on the negative effects that RFID can bring, at least during the first 
stages after its implementation, due to difficulties in architecture design and to the still unresolved 
reliability flaws. In the next sections we describe the pilot project, the incidents identified, the failures in 
the system architecture and the evaluation of the indicators that we proposed to assess the performance 
of the system. 


2 General description of the pilot  
The pilot project that we present here as a case study was implemented in a dairy product plant in 
Córdoba, in the south of Spain. The objective was to control shipments from the dairy plant in order to 
increase performance and reduce the occurrence of errors, but also to position the company in the supply 
chain as a leading partner in the introduction of technology.  


The first decision was to apply the RFID tagging only to those milk shipments corresponding to a 
particular brand, and to tag pallets instead of individual items due to cost reasons. In total, during the 
pilot test, around 85 orders, each of which contained around 20 pallets, were processed and tagged. We 
used passive tags in the UHF band, with a frequency range that in Spain was originally assigned to military 
communications, and was assigned to RFID applications only after the end of 2007. The tagged pallets 
were to be sent to a specific loading dock for shipment, where the scanner with RFID sensors was placed. 
The RFID system was controlled by an interface application, specifically developed for this pilot project. 
This application received information from the warehouse management system (WMS) application, which 
was in charge of controlling the automatic warehouse and shipments from the dairy plant. This system 
assigned pallets to orders using a FIFO policy, and controlled the movements of transelevators in the 
automatic warehouse and the automatic sending of assigned pallets to the shipping area. 
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Using the interface application, the shipment managers assigned the different orders to a shipping dock, 
and the interface application filtered the orders that had been assigned to the RFID dock and classified 
them as RFID orders. For each RFID order, it loaded the codes for each pallet the order included; later, 
these codes had to be detected by the RFID scanner during truck loading. Pallets that were already loaded 
in the truck were to be marked on the load order list, and once all pallet codes on the load order had 
been marked, the order was eliminated from the list of orders to be completed. 


The entry detection module consisted of two photoelectric sensors in parallel, used to identify not only 
the passing of a pallet load, but also the direction it followed. Also, in addition to RFID antennas, warning 
lights were installed in the scanner arch, controlled by the middleware equipment. These lights glowed 
green when a pallet was correct and red when it was incorrect, accompanied by an audible signal to 
indicate that the pallet had been detected. Correct identification of a pallet meant that the scanned pallet 
had a code that was included in the order being loaded; incorrect identification of a pallet meant that the 
pallet code was not part of the order. Logically, loading pallets with no RFID tag from the RFID dock did 
not result in any interaction with the system.  


Tagging pallets with RFID was carried out using an automatic RFID printer, which was installed in the 
pallet access to the shipment holding area. This tag generator, which was also run by the interface 
application, received the signal to tag a pallet when the system detected that the pallet was assigned to 
the RFID dock. Finally, the RFID module itself consisted of the RFID reader and the antennas connected to 
it. It read the information contained in the RFID tags and transmitted it to the middleware for processing. 
Figure 1 shows a description of the RFID arch with the antennas, sensors and visual warnings, and Figure 2 
depicts the system architecture. 


 


 
Figure 1: Configuration of the RFID arch. 
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The orders that leave the plant are usually loaded in trucks by the truckers themselves. In these cases, the 
producer’s shipment personnel are obliged, once the order is loaded, to verify that the pallets loaded in 
the truck correspond to those listed in the order. To help the shipment personnel with the load check, a 
PDA was habilitated with an application connected with the interface application. This way, the PDA 
showed the list of pallet codes corresponding to the order that was being loaded in that moment, and as 
the scanner detected the pallets passing through, they were also automatically marked off the list. 


 


 
Figure 2: Architecture of the applications set up in the RFID pilot project. 


3 Incidents registered during the pilot experience 
In general, the pilot experience was positive, given that most of the tests that were carried out resulted in 
the pallets being tagged correctly and detected when loaded in the trucks, and the scanner arch gave the 
correct signals. In turn, the interface system interacted with the WMS database as anticipated by loading 
RFID orders and pallet codes, and gave proper verification that the orders were being completed. 


However, a number of incidents with the normal system function were identified during the pilot period. 
In some cases, the cause of the problem has been located, and required only a few adjustments in order 
to be resolved. For other cases, however, the cause of the incidents is unclear, and will require a more in-
depth analysis. It is important to highlight that in many cases these incidents only affected a small number 
of pallets, that is, a low percentage of the total pallets included in each RFID order, although only a low 
number of orders were completely incident-free during the pilot experience, due to different causes each 
time. The following sections list and describe the most important incidents - those that affected normal 
system functioning - which were detected during the pilot experience. 


3.1 Pallet detection 
Most times, the system generally detected the pallets correctly. However, there were occasional 
irregularities in the readings, normally associated to failure to detect the RFID tag, but which could be 
aggravated by the direction photoelectric sensors. For example, the RFID system occasionally failed to 
detect a passing pallet, and therefore the light and beeper signs did not operate. To rectify the situation, 
the pallet was unloaded from the truck to be loaded once again; but it was then detected by the sensors, 
which showed an error because a pallet that had not previously been detected was being unloaded from 
the truck. Sometimes, if the pallet was brought out again before it had completely passed the 
photoelectric detectors, it was finally identified by the RFID system, but then, when it was passed below 
the scanner arch once again to be loaded in the truck, the sensors detected it once again, but this time it 







 
What to expect? Inconveniences and reasons for failure in RFID pilots 


ID221.5 


had already been identified, and the interface system had erased it from the list of pallets filling the 
current order. It was therefore registered as an unlisted pallet, and the sensor's red light lit up. 


3.2 Tag position 
Pallets used in the dairy plant are wooden 800x1200mm Europallets. When loading this type of pallet in a 
standard-sized truck with a container 2.5 m wide, the wide face can be loaded first, allowing for rows of 
two, or the narrow face can be loaded first, allowing for rows of three. This means that the pallet truck 
used to carry the pallets can pick them up either from the wide face or the narrow face. Given that the 
RFID tag is stuck to one of the wide sides of the pallet stack, when the tag passes under the scanner arch 
it will be facing the side, which is the best position for being scanned, if the pallet was picked up by the 
narrow side. If the pallet was picked up by the wide side, however, the tag will be facing forward or 
backward. 


If the pallet was loaded with the tag facing forward, the scanner arch is usually able to read it, even 
though the failure rate increased considerably, as was thoroughly confirmed during the pilot experience. 
However, if the tag was facing backwards, it is touching the hand truck, which usually made it impossible 
to read, even though, in theory, the system had been designed to scan tags even in that case. 


3.3 Database duplication 
The interface application imported information on RFID orders from the WMS application's database. 
Specifically, it imported lists of pallet codes for the pallets to be loaded for each order. Next, once the 
sensors detect each pallet passing under, it was marked as loaded, but the entry in the database remained 
in order to keep track of the operations. Thus, the interface application’s database grew indefinitely as 
new orders were loaded. The ideal solution would be to have the RFID system read the pallet codes 
directly from the WMS database, but this would require to modify the WMS database, which is always 
something difficult to propose in the scope of a pilot implementation. 


3.4 Discrete information scanning 
The WMS systems updated order information from the interface application every five minutes; it 
captured the pallet codes that were assigned to the RFID dock, in order to send those pallets 
automatically to the dock. The problem lied in the fact that sometimes it divided orders in two when the 
order contained pallets with different products and the reading took place just when the corresponding 
number of pallets with some of the products had already been assigned to the RFID dock and the rest was 
still pending. In this case, the interface application identified the order as containing only those pallets 
that were already assigned, without adding the rest in the following reading. The result was that when the 
complete order was loaded, the scanner identified the pallets that were assigned before the reading as 
correct, and gave an error signal when the rest of the pallets were loaded. Furthermore, due to having 
readings every five minutes, there was a time lapse between the assignment of pallets to orders in the 
WMS system and their entry in the interface system. If an order had just been assigned in the WMS and 
the shipping staff immediately consulted the interface system to check whether the order had been 
registered correctly, the loading order did not appear as pending, and would not until the next 
programmed reading was carried out.  


3.5 Real-time modifications 
The configuration of the interface system only allowed real-time viewing of the loading progress for the 
orders, but it was not possible to undo or change the order in real time. This was caused by the fact that, 
once the order information had been downloaded from the WMS, the interface application functioned 
independently and no back-and-forth communications were possible in real time. This made shipment 
operations less flexible, although sometimes it was necessary to make last-minute modifications to orders. 
For example, if the load order contained 27 pallets, but when the truck arrived it could only carry 24 due 
to weight or volume limitations. In this case, 24 pallets were loaded and the other three were left for a 
future load order, either alone or grouped with other pallets belonging to the same customer's next order. 
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The delivery of incomplete orders is common in the company’s logistics operations, but according to the 
information stored in the interface system, this order will be permanently registered as incomplete.  


A similar situation arises if a pallet is already tagged and waiting in the shipping zone and is then found to 
be defective and cannot be shipped. In this case, the pallet is replaced with another one, the previous one 
is discarded, and the merchandise that is not damaged is recovered to be packed in a new pallet. 
However, the interface system has registered the old pallet's code as part of this order, and it was not 
possible to modify it and replace it with a new code. Therefore, when the new pallet is loaded the sensors 
will signal an error, and the order will be registered as incomplete because the substitute pallet’s code was 
never loaded. In general, the possibility of interacting with the interface application to modify load orders 
in real time is absolutely necessary in order to maintain shipment flexibility once the implementation 
becomes definitive. In any case, as mentioned before, this problem would disappear if instead of 
duplicating the WMS’s information, the interface application would simply read from the same database, 
which can be modified in real time. 


3.6 PDA application 
The PDA application was available for checking the shipping of the orders as they were loaded onto the 
trucks, but the slowness in the information update caused more delays than simply checking the loaded 
pallets visually. The reason why the PDA application was so slow was attributed to communication delays 
between the interface application and the PDA. In addition, the fact that only a few of the pallets in the 
shipment zone were tagged with RFID, combined with the fact that, instead of registering the RFID pallets 
that were incorrectly loaded, the PDA subtracted correctly loaded pallets from its list, meant that it was 
necessary to do a visual inspection of the load. 


Besides, the PDA application should work in two directions. This way, it would be possible to work with 
the load order directly from the shipping zone, including the following functions, which are often used 
when sending shipments: 


 Replace pallet codes with others in real time. 
 Eliminate pallets from the load order if they cannot be loaded due to the vehicle's capacity being 


exceeded. 
 Close an order that is still incomplete. 
 Mark a load order as completed so as to create the delivery note. 


3.7 Checking of load orders 
As we mentioned previously, the interface application functions for each order by marking pallets that are 
scanned by the RFID sensors as loaded. When all the pallets in the order have been loaded, the order is 
marked as complete and eliminated from the list of pending load orders. This system works properly as 
long as the load does not have any anomalies. However, if there is an anomaly (a pallet that was not 
scanned by the sensors, a pallet code that was not on the list, an extra pallet, a missing pallet, etc.), there 
was no possibility to check what had gone wrong. It is essential to reconfigure the interface system in 
order to view the list of planned pallets and the list of pallets that had actually been scanned for each 
other, so that it would be immediately possible to tell what error or anomaly had occurred, and with 
respect to what pallet. 


3.8 Creating the delivery note 
The loading phase of an order is closed when the delivery note is created. This delivery note must be 
signed by the trucker transporting the merchandise and by a member of the company’s shipping crew. 
One of the principal advantages of using the RFID to speed up shipping processes would be to 
automatically create the delivery note for a load order at the moment when the system detects that the 
load order has been completed. Even if it were possible to view in the PDA that loading of the order had 
been completed, it would still be necessary for the operator to go to the shipping control room to request 
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that the load order be marked as finished and the delivery note printed; this step could be eliminated by 
using the new technology. 


4 RFID pilot metrics 
Careful evaluation of logistics processes through the use of the appropriate metrics is essential to 
estimate the paybacks of RFID and decide on implementation. Apart from the generic metric systems 
applicable to the evaluation of supply chain performance (Chan and Qi ,2003; Gunasekaran et al, 2004; 
Bhagwat and Sharma, 2007; Muñuzuri et al, 2009), authors like Hou and Huang (2006) or Bendavid et al 
(2009) have developed indicator systems directly applicable to the evaluation of RFID performance, 
including aspects like IQC, shop-floor space, value-added manufacturing, picking efficiency, efficiency of 
stock checking, real-time inventory status, transportation efficiency, distribution accuracy, goods tracking, 
case recycling, sales tracking, reverse logistics, goods identification or sales forecasting. However, these 
metrics can only be applied when the company has a history of indicator recording that can be used for 
ex-ante and ex-post evaluations. In our case, however, the pilot experience had to be evaluated using a 
series of indicators that had to be specifically designed and recorded on the spot, given that the company 
was not measuring and recording them before. These indicators were mainly referred to the time required 
for shipping operations, as the duration of the pilot tests did not allow achieving significant variations in 
other inventory or customer service indicators. In any case, it is important to note that the introduction of 
RFID in companies must be carried out without stopping normal logistics operations, which in this case 
meant that the reliability flaws in the system had to be accounted for by visually checking all outbound 
shipments, which resulted in performance levels similar to the pre-RFID stage. 


We will now describe the three main indicators that we used to evaluate the pilot, showing their variations 
due to the introduction of RFID. The fact that none of the three indicators showed improvements is 
evidently not to be expected in the long run after a full-scale implementation once the aforementioned 
problems have been solved, but rather an example of what companies can expect during the 
implementation stage, all throughout the transitory period until the RFID system is running smoothly and 
can be entirely relied upon. 


4.1 Loading time  
In the case of this dairy producer, this process requires about one minute per pallet, depending on the 
size of the truck and the number of pallets on the load order (the last pallets take less time to load than 
the first ones do, as they travel a shorter distance within the container). And, due to the introduction of 
RFID in the shipments, this time has been lengthened rather than shortened. This has been the case 
during the pilot experience, since on some occasions when the correct scanning signal did not go off 
when a pallet passed through the entryway, it was necessary to unload the pallet from the truck and 
reload it, thus delaying the process. This possibility of delay, if multiplied by the 20,000 pallets per month 
that are now sent out as shipments of the company’s dairy products, could lead to a sizeable accumulated 
delay. In order to not increase the loading time per pallet, the definitive implementation would therefore 
need to guarantee correct scanning of pallets at the dock, regardless of the position of the tag and the 
travelling speed of the forklift. 


4.2 Checking time  
This process, which consists of a visual check that the loaded pallets belong to the load order and is  
carried out after completing loading, takes between one and two minutes, depending on the number of 
pallets in the order. This indicator could be significantly reduced by a definitive, error-free implementation 
of RFID, since the system itself would indicate in real time that the load order had been completed, and 
whether or not an incorrect pallet had been loaded. The dairy plant fills 1000 monthly load orders of 
around 20 pallets per order. Therefore, if the verification time is decreased, it could save an average 25 
hours a month, during which shipping personnel who now devote part of their time to these checks could 
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carry out other duties. However, for the entire duration of the pilot, this checking time was not eliminated, 
due to the described reliability issues.  


Thus, during the first months following the definitive implementation of RFID in the entire plant, it would 
be necessary to continue carrying out the process of checking the load, given the possibility that errors 
could occur in the pallet tagging process or the RFID scanning process. It would only be possible to 
eliminate the process completely when the system had proved to be totally error-free. And in any case, 
before eliminating this process, it would first be necessary to show that the benefits of eliminating the 
checking process would outweigh the risks caused by the errors that could arise.  This would be done by a 
follow-up study in the first few months after implementation that would show what errors were detected 
during the checks in order to document their expected frequency in the event that visual load checking 
was to cease. 


4.3 Order closing time 
This process currently consumes about two minutes, and it is possible that it will not be substantially 
affected by the definitive implementation of RFID in the plant, as the trucker, at least in the initial stages 
of RFID functioning, would probably continue to check the delivery note before the shipping order could 
be closed. The only reduction in time that could be expected here could have to do with closing the order 
and generating the delivery note, in the event that the slip could be created automatically by the system 
once the load order had been finished. For the 1000 orders a month mentioned previously, this time 
reduction could amount to between 8 and 10 hours a month. 


4.4 Other indicators 
Apart from affecting internal logistics through the shipping time indicators, RFID technology would have 
significant impact on other links in the company’s supply chain. Even though other higher-level indicators 
can also be used in the analysis, the most immediate impacts would be on customer service, referring to 
fewer delivery errors, and reducing inventory errors in the warehouse. 


 Delivery errors: these errors, which are a habitual source for customer dissatisfaction in supply 
chains, are produced by delivering the wrong references within an order, or delivering incomplete 
or overfilled orders. The introduction of RFID should enable the company not only to keep real-
time track of the percentage of erroneous orders delivered, but also, and this is more important, 
to achieve the traceability of this indicator, that is, to find out in each case what the source of the 
error was, once the RFID technology is implemented in the entire plant. Although implementing 
RFID should contribute to reducing delivery errors, given that they will make the shipping process 
more automatic, it would be necessary for the company to carry out an exhaustive follow-up of 
the associated indicators, in addition to providing historical pre-implementation data, in order to 
quantify this impact. 


 Reduction in inventory errors: tagging all pallets with RFID before storing them in the warehouse 
and installing RFID sensors in the warehouse transelevators would allow for near real-time control 
of total warehouse inventory, which could also be compared against the inventory levels 
predicted by the WMS system, rapidly identifying any discrepancy. 


5 Possible solutions and related warnings 
Different technical solutions can be implemented to overcome most of the inconveniences described in 
section 3, as, for example, the following: 


 Tag position: standardize the pickup procedure for pallets, ensuring that the RFID tag is placed to 
one side. 


 Discrete information scanning: include an additional field in the database of the interface 
application to indicate whether an order has been fully assigned to the corresponding dock or is 
still in process. 
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 Real-time modifications / PDA application: improve the interface and PDA software accordingly. 
 Creating the delivery note: install a printer in the shipping area, to avoid the need to move back 


and forth between this area and the control room. 


However, several of those inconveniences are not so easy to deal with, and may still be present for a long 
time after completing the full-scale implementation, like the following: 


 Pallet detection: is related to the electronic reliability of RFID systems, which still do not guarantee 
100% error-free readings.  


 Database duplication: involves the full integration of the WMS and interface databases, which is 
not commercially available nowadays and requires extensive ad-hoc developments.   


 Checking of load orders: technically, this issue may also be solved by improving the PDA software, 
but the visual double-check of loaded orders may still be required in medium term. 


Thus, the technical and economic feasibility of a full-scale RFID implementation in this company remains 
unclear even after the results of the pilot have been thoroughly examined. Besides, the worst side of this 
scenario is that economic losses or logistics inefficiencies may only reveal themselves after the company 
has already undertaken large investments, upgrading the different databases and applications and 
possibly modifying some of its shipment processes. 


6 Conclusions and future work 
The benefits of RFID in the long run are well documented in the literature, covering most areas of supply 
chain management, where the availability of real-time information and the elimination of human errors 
are valuable assets. Besides, in the case of a dairy producer in Spain, the use of this innovative technology 
would place the company on the cutting edge on a national level. In addition to possible improvements 
that RFID may contribute to the company’s internal logistics, the improvement of its technological status 
and the fact that its competitors would feel implicitly obliged to take the same step sooner or later are 
factors that should be taken into account. Besides, the competitive advantage that the company would 
enjoy as a pioneer in the introduction of RFID would place it in a privileged position before its customers. 
Having this technology available could lead some of them to adopt it, given the automation of logistic 
processes and the associated traceability that it provides. The nearly indisputable evidence that all supply 
chains will incorporate RFID sooner or later is an incentive for all companies to position themselves in that 
setting. 


Undoubtedly, associated costs do exist that the company must evaluate before proceeding to implement 
RFID on a large scale. These costs refer to the cost of RFID tags on the one hand, and the annual payment 
of the license to use the corresponding RFID code on the other. While the second is a cost that does not 
seem likely to vary greatly over time, we can assume that the first will have a clear tendency to decrease 
as the technology extends and tag production volumes increase. Although pioneer companies would face 
relatively high costs in the use of this technology, it is true that they can expect progressive reductions 
over time in those costs. However, there are other inefficiencies and hidden costs that can accompany the 
introduction of RFID in the logistics processes of a company. The fact that this technology cannot prove 
yet to be 100% reliable might cause that, under certain circumstances, human errors might simply be 
replaced by RFID-caused errors. During the first stages of implementation, companies would have to keep 
doing the same, or sometimes even more, manual and visual work than before, incurring in additional 
costs and inefficiencies that also need to be taken into account. Also, the full integration between the 
existing and the new systems represent a relevant burden for pioneer companies. Processing times, data 
management, real-time operations, system architecture and information flows must be monitored closely 
in order to ensure that all configurations are correct, and that the new technology does not interfere or 
constrain in any way normal functioning in the supply chain. 


The benefits of RFID might then well prevail in the long run, but what we could certainly verify with this 
pilot test is that the drawbacks of RFID implementation, also accounted for in the literature, are always 
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present. The trend towards the introduction of RFID will no doubt continue in the future, but companies 
must be aware that, like in the cases of ERPs or warehouse management, the overall costs (both in the 
system itself and in the subsequent inefficiencies suffered) might surpass the potential benefits, and that 
in the end automation might not always be the answer. The path to follow from here on implies the 
completion of full ex-ante and ex-post evaluations of RFID systems, identifying all the hidden costs and 
quantifying the amount of time required until the system achieves full efficiency. 
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