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Abstract. The Fourth Industrial Revolution — Industry 4.0 — brings new concepts
to the daily lives of the companies, allowing the emergence of new business mod-
els. Industry 4.0 impacts not only the production line, but all areas of the organi-
zations, forcing them to seek new methods that help the project management pro-
cess. To improve the project management process, those new methods need to
bring more agility with sustainable actions and with more assertive data-driven
decision making. Therefore, the changes that Industry 4.0 brings stimulate the
search for new factors that influence the success of projects. This paper presents
a review and analysis of the project management literature from the perspective
of Industry 4.0. Articles were listed in the scientific databases considering the
critical success factors of projects in Industry 4.0. Based on the critical analysis
of the literature, a proposal for a method for project management in Industry 4.0
was made.
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1 Introduction

Industry 4.0 symbolizes the Fourth Industrial Revolution that comes to meet the de-
mand arising from constant changes in society due to technological advances. Such
advances change patterns of consumption, production, services and business models.
Therefore, it is necessary for organizations to adapt their processes in order to survive
in this environment, which is increasingly competitive. With this, the role of project
management has become essential to support this process of change, being a crucial
factor for organizations to be able to transition to this new industrial paradigm [1][2][3].

This concept — Industry 4.0 or 14.0 — first appears in Germany, in 2011, in Hannover,
as a strategic initiative that aims to create intelligent factories in which manufacturing
technologies are updated and transformed by cyber-physical systems (CPS), Internet of
Things (IoT) and cloud computing. Since then, this initiative has introduced a new rev-
olution in the way factories operate. [4][5].

The speed, range and impact that Industry 4.0 brings, with the new technological
age, will fundamentally transform production value chains and business models, mak-
ing decision-making more decentralized, and processes more efficient, autonomous and



customizable. This means a new period in the industrial context, transforming different
sectors of the market. However, these changes do not only occur in the industry, other
segments also needed to adapt to this new era, as is the case of project management,
with this in mind, it is important that organizations carry out better project management
practices [6]

As a new concept, Industry 4.0 has deficiencies in terms of information, standards,
and concept. What makes it necessary for good guidance as well as use and manage-
ment guidelines [7]. Schwab [6] points out that new technologies will drastically
change the nature of work in all sectors and occupations. Therefore, by its nature, it
requires an adaptation of the form of management and the development of a whole new
set of methods to manage projects in Industry 4.0.

Hence, the research problem of this paper is based on the elaboration of a proposal
for a project management method in Industry 4.0. To this end, the Critical Success Fac-
tors are used to assist in the development of the method, as they represent the essential
agents for the success of a program or technique [8] and are responsible for character-
izing the actions and processes necessary for the company's objectives to be achieved

[9].

2 Literature Review

2.1  Industry 4.0

The industry has gone through countless transformations until reaching Industry 4.0 or
14.0, known as the Fourth Industrial Revolution. The First Industrial Revolution, in the
18th century, provoked the construction of railways, the invention of steam engines,
and the beginning of the appearance of the first factories, making the industry reach a
new level with mechanical production. The Second Industrial Revolution began at the
end of the 19th century and entered the 20th century with the emergence of electricity
and the assembly line, making mass production possible. The Third Industrial Revolu-
tion began in the 1960s, also known as the digital or computer revolution, as it was
driven by the development of semiconductors, mainframe computing, personal compu-
ting, and the internet. The Fourth Industrial Revolution, known as Industry 4.0, then
appears for the first time in Germany, in 2011, at the Hannover Fair, which brings to
discussion how new technologies will revolutionize the organization of global value
chains [6].

The Fourth Industrial Revolution is just beginning to take shape. Therefore, it will
take some time for a full appreciation of the main patterns to emerge. Despite this rev-
olution, emerging technologies and pervasive innovations are diffused much faster, and
more widely than in previous revolutions and determining an adequate definition will
be elusive for some time [10].

The 14.0 initiative enables industries to have key characteristics that enhance their
success, namely: meeting the customer's individual requirements; Flexibility; Opti-



mized decision making; Productivity and resource efficiency; Creation of value oppor-
tunities through new services; Respond to demographic changes in the workplace; Pro-
fessional versus personal balance; A high-wage economy that is still competitive [5].

According to the Boston Consulting Group [11], Industry 4.0 affects all manufactur-
ing domains and comprises advanced manufacturing technologies that capture, opti-
mize, and deploy data. Simply, Industry 4.0 makes factories “smart”. Technologies like
the Internet of Things, artificial intelligence, and cyber-physical systems interact seam-
lessly, communicating with each other, and continually adjusting. Companies that fully
understand and capture the value of these advantages will be better positioned to meet
the challenges ahead.

Also, according to the Boston Consulting Group [11], Industry 4.0 is supported by
nine pillars: autonomous robots; Internet of Things; Simulation; Augmented Reality;
Cybersecurity; Systems integration; Cloud computing; Additive manufacturing; Big
data, and data analytics.

2.2 Project Management

Project management has existed since the beginning of civilization; however, it was
only around the 20th century that the need to better monitor and analyze projects
emerged, a need that has been growing in recent years. One of the first scholars to take
a project management perspective was Frederick Winslow Taylor, who notes that the
work could be improved if its parts were studied in isolation. Also, at this time, Henry
Laurence Gantt gave rise to the famous task and goal chart, the Gantt Chart, which was
applied in the military area during the First World War. The great contribution of this
graphic to the art of decision was to relate facts with time. The concepts brought by
Taylor and Gantt were essential for the characterization and conceptualization of pro-
ject management [12]

Before understanding the concept of project management, it is necessary to under-
stand what a project is, and for that, there are several definitions present in the literature.
According to PMI [13], a project is a temporary effort undertaken to create a unique
product, service, or result. It is temporary because it has a beginning and an end defined
in time, and therefore a predetermined scope and resources. And it is unique in the sense
that they are mainly characterized by having no routine, but a specific set of operations
designed to fulfill a single objective. ISO 10006 [14] defines a project as "a single pro-
cess, consisting of a group of coordinated and controlled activities with start and end
dates, undertaken to achieve an objective according to specific requirements, including
time limitations, cost, and resources” [14].

Projects must be managed with the objective of delivering the expected results
within the stipulated time, within the intended budget, with the learning and integration
that companies need. Project management, therefore, is the application of knowledge,
skills, tools, and techniques to project activities to meet project requirements. At first,
this management was done informally, but, over the years, it became a profession, and
guides were created to provide foundation and support [13]. ISO 10006 [14] claims that
“project management includes planning, organizing, monitoring, and controlling all as-
pects of the project in an ongoing process to achieve its goals”.



For Meredith & Mantel [15], project management provides companies with the sup-
port of powerful tools, the ability to plan, implement and control their activities, as well
as the best ways to use people and resources. Thus, project management has stood out
because of characteristics that contemporary society has demanded in the development
of new management methods. Three parameters involve this growth: the exponential
expansion of human knowledge; the growing demand for a wide range of complex,
sophisticated, and customized products and services; and, finally, the evolution of
world competitiveness.

Also, according to Meredith & Mantel [15] the entire project has three direct objec-
tives: scope, time, and cost. Better known as "Triple Constraint". And there is still a
fourth dimension, which is customer expectations.

According to Carvalho & Rabechini Jr. [16] companies have gone through a constant
process of transformation, in such a way that they need to organize themselves to pro-
vide ever more agile and efficient responses to the problems that arise in this process.
These responses comprise a set of actions or activities that reflect the competence to
seize opportunities and the ability to act quickly, respecting time, cost, and scope limi-
tations. Therefore, companies are increasingly investing in the adoption of project man-
agement techniques and tools to accompany this constant process of transformation.

To support project management, agile methods emerge, which were strongly influ-
enced by the Lean philosophy, which seeks to eliminate waste, which includes unnec-
essary work, both concerning documentation and about doubtful functionalities. The
Manifesto for Agile Software Development or Agile Manifesto can be considered the
apogee of agile methods, on which it brings a series of principles on which agile meth-
ods that were developed from 2001 to 2010 are based. These principles call for teams
to be self-organized with face-to-face interaction with the customer and must make
available software that can be used in small intervals of time, always with a focus on
adding value to the business [17].

The agile methodology claims that customer satisfaction can be achieved through
continuous delivery of valuable software and constant communication with both the
customer and team members. As opposed to previous practices, the agile methodology
is not limited by the full definition of the entire project, or by a complete analysis or by
the definition of all requirements, but rather by a dynamic interaction, which allows a
constant delivery [17].

In the search for greater efficiency and effectiveness in conducting project manage-
ment, the offer of models proposed by academics and professional associations has in-
creased. Among these models, the following stand out: the Project Management Body
of Knowledge — PMBOK guide proposed by the Project Management Institute [13]; the
IPMA Project Excellence Baseline — PEB guide by the International Project Manage-
ment Association [18] and the Project Management Methodology — PM? guide pro-
posed by the European Commission [19]. According to Rabechini JR. & Carvalho [16],
professionals who train and are certified in these normative models tend to practice in
their entirety in a regulated manner in companies that work without considering cus-
tomization to the reality of their projects.



3 Research Methodology

The research methodology used in this article will be based on Design Science Research
(DSR), which consists of using analytical techniques to study, research, investigate the
artificial and its behavior, whether from an academic point of view, or a business point
of view [20].

According to Vaishnavi et al. [20] the knowledge resulting from DSR can be pre-
sented in the form of artifacts, frameworks, architectures, methods, instantiations, de-
sign theories, or design principles. This result can bring several types of contribution
switching on two criteria: (1) maturity of the problem domain and (2) maturity of the
solution domain. The types of contribution that DSR-guided knowledge brings are: in-
vention (inventing new solutions/knowledge for new problems); improvements (devel-
oping new solutions/knowledge for known problems); adaptation (non-trivial or inno-
vative adaptation of known solutions/knowledge to new problems); and routine (appli-
cation of known solutions/knowledge to known problems). A single research project
can bring more than one type of knowledge contribution [20].

Therefore, the knowledge contribution expected from this article, taking into account
the framework and the research problem established in the introduction, is characterized
by a high maturity in the domain of solutions, since existing solutions will be adapted
to new problems. Furthermore, this study can be described as theoretical-conceptual,
specifically dedicated to research and literature review on project management in In-
dustry 4.0. Therefore, we seek to relate the Critical Success Factors to project manage-
ment in Industry 4.0.

4 Method Guidelines

To support this article, the Systematic Search Flow (SSF) method proposed by Ferenhof
& Fernandes [21] was used in the online scientific databases Scopus and Web of Sci-
ence, as they are multidisciplinary electronic search platforms, which present qualified
articles and peer-reviewed [21].The search was limited to results from the periods 2000
to 2021 and also to results in Portuguese or English. The main objective of this section
is to initially identify works that can help in the development of this research.

Initially, the descriptors applied to the scientific bases were: (“Project Manage-
ment”’) AND (“method” OR “framework” OR “model” OR “approach”) AND (“Indus-
try 4.0”) AND (“critical success factor”). Still in this design phase, no inclusion and
exclusion criteria were applied in order not to restrict the results. As a result, the Scopus
database resulted in seven works, but only four related to the theme are available for
download. In the Web of Science database, five works, three of which were found in
Scopus, and the other two also related to the subject. Then, the search was performed
again, updating the query to ("Project Management") AND ("Industry 4.0") AND
("critical success factor") from the exclusion of the query ("model" or "framework" or
"method ” or “approach”), obtaining one more result related to the theme in the Scopus
database and four more articles in the Web of Science database, but this time only one
related to the scope of this research project. It is observed then that the research field



lacks studies that address this issue. Thus, in order to further complement the research,
a new query was created in order to find more articles that are related to the theme of
this project. Thus, from the search of the descriptors (“Project Management”) AND
(“Industry 4.0”), the presence of about 300 works was observed. In order to refine the
search, filters were selected, in which the two descriptors appeared in the keywords of
the works and that were available for download. Thus, the list was reduced to 115
works. Of these, only two are related to the proposed theme and are available for down-
load. By joining the three queries, a total of 10 articles were selected that will serve as
a basis for selecting the Critical Success Factors for Project Management in Industry
4.0. Table 1 brings the selection of Critical Success Factors gathered into five groups:
factors related to the organization; factors related to strategy and business; factors re-
lated to leadership and project team; factors related to technology and innovation; fac-
tors related to the project. Figure 1 summarizes these works.

Fig. 1. Critical Success Factors
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5 Project management method proposal for industry 4.0

Proposing a project management method for Industry 4.0 is a significant challenge
since each project is unique and has unique specificities. It was decided to adopt the
timeline of a project life cycle as a basis by adding a phase before the initiation phase
called the preparation phase, followed by the planning phase, which will act in parallel
with the added simulation phase and the phase of project execution. Then there will be
the project closing phase and an evaluation phase will be added, which will compute
the lessons learned for the next projects.

The life cycle of a project encompasses the main phases that a project goes through.
In addition to delimiting the phases, it facilitates project management, as it allows a
more globalized view of the project as a whole, helping the manager to understand
where the focus of attention should be at any given time.

In Industry 4.0, a project can start and finish quickly, and often a project branches
into new projects. Thus, the project evaluation phase becomes essential, as it is there
that the lessons learned will be documented and that will serve as input in the prepara-
tion phase of new projects that may arise.

Aiming to encompass the characteristics of a project in Industry 4.0 beyond the 10
knowledge areas suggested by PMI's PMBOK, a set of knowledge areas is suggested:
data management, sustainability management, benefits management, and agility man-
agement.

With Industry 4.0, project management models need to be rethought. In this sense, a
proposal was made for a method that encompasses the differentials of Industry 4.0,
enabling companies to operate their projects with greater speed and agility.

The project life cycle was rethought along the lines of Industry 4.0 and new areas of
knowledge were suggested to support project management. Furthermore, with the ele-
ments of Industry 4.0, projects start to become more flexible, together with the high
standard of quality, real-time optimized, and self-organized. Thus, in the method, the
elements of Industry 4.0 are available throughout the project. Thus, the proposed
method of project management in Industry 4.0 aims to unite the traditional models with
the agile mentality, making it a hybrid method.

Project management in Industry 4.0 has become increasingly necessary. The greater
the preparation of companies to carry out this management in an integrated manner and
using Industry 4.0 tools, the better the final results of the project will be over time.

Figure 2 presents the method of project management in Industry 4.0.



Fig. 2. Method for Project Management in Industry 4.0
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In Industry 4.0, data management is essential as all decision-making revolves around
the information extracted from the data. It will be necessary to deal with a constant and
massive volume of data throughout the project lifecycle, so data management is neces-
sary to support decision-making and make it more assertive, from different perspectives
and at various levels of detail. In addition, it makes it possible to analyze more complex
business trends and comparisons.

Data management requires an agile mindset, that is, a break in paradigms, it is nec-
essary to learn and relearn, have a flexible mindset and find creative solutions. There-
fore, together with data management, it is essential to have agile management in pro-
jects.

What's more, projects in Industry 4.0 are increasingly volatile, which means that they
can change objectives quickly, can be transformed into other projects, or simply close.
Therefore, management of benefits comes to meet this demand.

Industry 4.0 has increasingly valued sustainable paths. Therefore, in projects it is
also necessary to monitor the social, environmental, and economic impact, making it
necessary to have sustainability management in the management of projects in Industry
4.0.

The life cycle of projects in Industry 4.0 is agile, in which processes, people, and
technology are constantly involved and integrated. Thus, communication networks in
an Industry 4.0 project need to be reliable, comprehensive, and of high quality. With
this connectivity, tasks can be assigned faster and more assertively. Also, at the same
time, it integrates the project team with interested parties, the exchange of information
being increasingly transparent.

With the Industry 4.0 project management method begins the beginning of a project
management mindset in Industry 4.0, i.e. a set of behaviors and attitudes that support
the project team in the successful execution of the project in Industry 4.0.



Thus, in addition to the emerging operational models, the culture and mindset also
need to be rethought, according to the new moment in the industry. Data in Industry 4.0
becomes more essential for decision making and operating models, but also for the
mindset of the people who are involved, i.e. the company culture in Industry 4.0 needs
to be data driven. This means having a solid foundation with information gleaned from
data rather than guesswork. This applies to projects in which decision-making becomes
more assertive and based on collected, processed, and analyzed data. The data is ac-
companied by the need to have an agile mindset, and for the projects, it is extremely
important to foster learning.

In Industry 4.0, speed, reach and impacts stand out with the technologies, and the
same happens in projects where more and more agility in processes and flexibility in
decision-making are expected. It is essential to take advantage of technologies and al-
ways look for innovation, anticipate errors, and manage increasingly personalized pro-
jects quickly, with the objective of reducing costs. It is important to know how to read
and interpret data and have a good relationship with all sectors of the industry. It is
necessary to use data and technology in favor of the healthy, agile, and sustainable
development of a project. Thus, the ability to interpret data will be part of the day-to-
day projects in Industry 4.0.

Projects are increasingly volatile, as they can start and close very quickly or com-
pletely change the initially proposed objective, due to the dynamism of the market,
company, or team. Increasingly, more globality and adaptability are required in pro-
jects. Learning and relearning are critical.

Collaboration in real-time, making knowledge sharing constant. Therefore, you must
always be willing to learn. Top management also plays an important role in Industry
4.0 projects. Therefore, the more involved, the more success guarantee the project will
have. Understanding Industry 4.0 technologies, knowing how to apply them and opti-
mizing them according to each project and, more than that, using creativity will be
differentials in Industry 4.0 projects.

Industry 4.0 projects need to be involved in sustainable actions, as companies are
increasingly required to consider the economic, social, and environmental impact on
the environment in which they operate. In addition, it must be kept in mind, throughout
the project, the search for continuous improvement and small changes can have big
effects on a project.

6 Conclusion

The main objective of this paper was to make a proposition of a method for project
management in Industry 4.0 based on the review of related literature and on the Critical
Success Factors for project management within Industry 4.0.

Industry 4.0 promotes major changes in the way companies operate, as it brings new
trends and integrated technologies, in which information and data exchange become
paramount, brings concepts such as cyber-physical systems, Internet of Things, cloud
computing, and big data. The Fourth Industrial Revolution brings disruption to the busi-
ness world, promoting the improvement of process efficiency and productivity. With
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the changes arising from Industry 4.0, project management needs to be reassessed, as
such changes impact project management processes.

The proposal of the method had a set of methodological steps considering theoretical
elements. The proposed method brings as a result a knowledge guide that can be applied
in a project in Industry 4.0 with the objective of bringing successful results to the com-
panies that adopt it. The project lifecycle needs to be more agile to keep up with Indus-
try 4.0 trends, so three new phases have been added to address these needs: project
preparation, simulation, and evaluation. In which the assessment phase complements
the preparation phase since a project can generate new projects, resulting in a cycle of
improvement. The simulation phase becomes necessary since for some projects it is
possible to prototype and simulate them before putting them into execution. In this
sense, it is also emphasized that project management in Industry 4.0 requires a demand
for the formation of new areas of knowledge, in addition to the 10 traditional areas of
project management. In Industry 4.0, projects tend to be increasingly sustainable, vol-
atile, dynamic, requiring more agile and data-oriented processes, as they are fundamen-
tal for decision making. Thus, four new areas were suggested to add to the existing
ones: data management, sustainability management, benefits management, and agility
management.

Regarding the limits of this article, it is noteworthy that the discussion on the role of
the project manager as well as their necessary skills and the 4.0 manager mentality were
not deepened during this research, given the extension of the topic and its complexity.
Independent and more specific research, devoted exclusively to these questions, would
justify itself; even more, it would bring considerable wealth to the debate on the
knowledge built on the subject. This statement is supported even by the fact that, after
analyzing the project management in Industry 4.0, it became clear that, despite the dif-
ferent existing difficulties, the biggest obstacle is the skills and culture that varies from
company to company. they do not allow universal rules for their transformation to be
established.

It should be noted, as a final conclusion, that, with the limitations inherent to the
theoretical-conceptual approach, it was not possible to prove the propositions of the
project management method in Industry 4.0, requiring confirmation and empirical tests
that allow proving such propositions and the relationship of project management with
Industry 4.0 conceptually established. However, according to the information collected,
there is evidence that the proposed method reduces the gaps in the conceptual frame-
work of project management in Industry 4.0.
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