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Abstract
The overconsumption of fashion clothes and accessories is a dramatic reality in the last decades, linked with the world 
economic growth. Also the life cycle of the fashion items become shorter, ruled by “fast fashion” industry and moved by 
consumers’ desires (but not needs). The programed obsolesce is critical for this business strategy, reducing the Product 
Life Cycle to few weeks. But this short time of cloths usage before disposal is an enormous environmental problem. A 
behaviour of fashion overconsumption leads to an excessive use of natural resources (mainly fibres and water) and energy, 
generating millions of tons of textiles wastes every year and requires a transition model for sustainability and circular 
economy. End-of-life textiles are very complex to treat after disposal by the range of different fibers included, by the 
different industrial processes done (including dying processes) and by the different clothing accessories (buttons, zips, 
metallic items, plastics and labels). It is needed new business models, focused in circular economy approaches, where 
the Homo Sustentabilis has the main role. Corporate Social Responsibility inside the companies can be integrated with 
the new challenges and opportunities assessed by Industry 4.0 framed by the Forth Industrial Revolution, responding 
at the environmental and social demanding of the millennial and Z generations.

Keywords Homo Sustentabilis · Sustainability · Circular economy · Fashion industry

1 Introduction

The production of virgin textile fibers, whatever natural 
(cotton, flax, hemp, silk or wool and hairs) or artificial/syn-
thetic (PET, polyamide, rayon, elastomer) has an enormous 
environmental impact and uses large amounts of non-
renewable sources. These textile fibers are often of a high 
quality and purity and can be recycled by several methods. 
Recycling methods are in many cases more sustainable 
and environmental interesting than the production of new 
virgin fibres [7].

Circular economy is a key topic in the last year’s research 
and political speeches, mainly when the subjects are Sus-
tainability and Next Generations Future. As explains Walter 
Stahel “a new relationship with our goods and materials 

would save resources and energy and create local jobs” 
[17] will be a critical strategy to our common future. Circu-
lar economy business models can assume two main types: 
first model foster reuse and extend service life through 
repair, rebuilt, remanufacture, upgrades (e.g. upcycling) 
and retrofits; second model turn old goods or materials 
into as-new resources by recycling (upcycling or down-
cycling) these materials.

The pyramid model for textile recycling categories [9, 
10] helps to understand the huge problem we are fac-
ing and leads to the preparation of strategies to reduce 
this tremendous impact in the future generations. Open 
recycling of post-consumer textiles and clothing is a nec-
essary process that takes the used products from the 
pyramid base’s (“used clothing markets”) and prepare 
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it to the “conversion to new products” in the pyramid´s 
level. Usually open recycling in textile context, refers 
the industrial process of mechanically or chemically (or 
both) that is opening and tearing the fabrics to return 
them to a fibrous form. But is needed to keep in mind the 
sustainable business models [2] that can create positive 
impacts or reduce negative impacts in the environment 
and combined them with design elements [16]. The next 
generations are reclaiming a very active position of all the 
politics, businessman and consumers to declare “climate 
emergency”. Many actions can be taken be the Textile and 
Clothing (T&C) sector, mainly because this industry is the 
second more polluting and the fast fashion in promoting 
the overconsumption of fashion products.

Also the Corporate Social Responsibility of the Fash-
ion Industry can play an important role in these achieve-
ments. Several economic sectors in Europe are focusing 
their strategies to change to Circular Economy models, 
including some important retailers, selling also fashion 
products [15].

2  Generation Y and Z: main victims 
of overconsumption

Greta Thunberg, a Swedish activist, started a global move-
ment focused on environmental activism with her “school 
strike” last year. Last “school global strike” involved more 
than one hundred nations and millions of young students 
around the world. In Portugal there were over 20,000 stu-
dents in 51 cities protesting against the status quo regard-
ing environmental policies: “There is no planet B” or “Our 

future is on your hands” were some slogans yelled by the 
Z generation. José Miguel, 18 years, Porto, said “The pre-
sent policies promotes the profit not the environment and 
the planet sustainability. We are the next generations and 
we should have a special role in the transformations that 
have to occur”. Also Sofia Solayman, 18 years, Faro, stated 
“Youngers need to be listened mainly because they say we 
are right. But what we see is no changing in the actions 
and planed measures from the decision makers. We have 
to declare the climate emergency”. In Hamburg, Germany, 
were more than 20,000 young students doing exactly the 
same and similar protests in Spain or France. All around 
the world these generations (Y and Z) are claiming and 
screaming for a new Homo Sustentabilis to assume their 
responsibilities in our common future (Fig. 1).

Several studies related with sustainability and con-
sumer behavior highlight the gap between perceptions, 
behavior and attitudes in millennial generation [1, 14] 
and refers also the obsession for fashion products of this 
generation [19]. Fashion cycles became shorter due to 
fast fashion players (e.g. Inditex Group, H&M, GAP, etc.) 
increasing the footprint of Fashion Industry. In fashion 
industry, consumer frugality, defined as “careful use of 
resources and avoidance of waste” [5], is not obvious, by 
the contrary. Low prices and programmed obsolescence 
of fashion products, joined with a continuous growing of 
a new large community of new consumers in emerging 
economies leads to a global overconsumption and to a 
depletion of natural fibers (cotton ahead) very soon. The 
climate emergence required and highlighted by these 
recent social movements demands an immediate transi-
tion from economic linear models to circular models [17, 

Fig. 1  Students strike 2019 
(Greta Thunberg inspiration)
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6]. Two principles are essential in this approach: (1) the 
value of products, materials and resources is retained 
as long as possible, while the production of waste dur-
ing the process is minimized; (2) materials contained in 
the waste which is already produced can be reused as 
“new raw material”. However, remains very clear that this 
changes depends on consumer’s choices, the amount 
and quantity of products they buy, the way how they 
accept and how are dealing with used products, and 
their openness to new business models as they are the 
second-hand markets and sharing businesses (Fig. 2). 

Bocken et al. [2] defined Sustainable Business Mod-
els (SBM) as those that create significant positive and/or 
significantly reduced negative impacts for the environ-
ment and/or society, through changes in the way the 
organizations and its value-networks create, deliver and 
capture value or change their value proposition. They 
have identified eight different categories of SBM’s:

(1) Maximize material and energy efficiency;
(2) Create value from “waste”;
(3) Substitute with renewables and natural processes;
(4) Deliver functionality rather than ownership;
(5) Adopt a stewardship role;
(6) Encourage sufficiency;
(7) Re-purpose the business for society and environment;
(8) Develop scale-up solutions.

There are several examples of business cases that 
can be found in the Textile and Clothing industry corre-
sponding to these eight categories suggested by Bocken 
et al. But it is required a design for sustainability that 
can be apllied in any industrial system and has five key 
design elements [16]: Product design; Process design; 

Value network design; Relational design; Design of “new” 
consumption pattern.

Universities are preparing the next generations of 
designers and they need to assume and use these ele-
ments in their creative processes. In European southern 
universities this topic of Sustainability, “green design”, slow 
design and Ecodesign is already integrated in the courses 
contents [13] but is not largely applied (notorious differ-
ences between bachelor and master or PhD courses) or is 
depending of each professor every year (coordinators can 
change easily in this new academic units). The curricula 
are continuously upgraded in Fashion Design courses and 
incorporates these new approaches, including Industry 
4.0, Digital Marketing and Social Media.

3  New European legislation to wastes 
(textiles and apparel)

Last year, 27 April, the European Parliament approved an 
amending to the Directive 2008/98/EC defining a new 
approach to the textiles wastes. By 1 January 2025 all the 
municipal textiles wastes has to be collected separately 
and sent to be recycled far away from traditional landfills 
[8].

Last figures about household wastes produced by the 
Portuguese families and sent to landfills are increasing 
continuously. According to APA—Agência Portuguesa 
do Ambiente, the total of municipal wastes produced 
in 2017 in Portugal was 5 million tons, corresponding to 
a daily production of 1.32 kgs per capita. Although the 
textile wastes sent to landfills in Portugal is not com-
pletely known and accurate, and also there are some 
Portuguese companies collecting textiles wastes [11], it 
is indicated that in other similar countries the textiles 

Fig. 2  Circular economy 
Source: Extracted with permis-
sion from Nature, 2016
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percentage is around 5% of solid wastes by volume and 
4% by weight [4]. Others studies in different European 
countries highlights this common general overview 
about textiles wastes and disposal and the difficulties 
to solve this environmental problem [12, 18]. Nowadays, 
the solutions to treat these streams of textile wastes in 
end-of-life are mainly: reuse (sharing, repair, resale in 
second-hand markets); recycling (up-cycling or down-
cycling); incineration (energy recovery and thermal 
power generation or without energy recovery) and land-
fill disposal. In the charity collecting business models, 
these processes includes also footwear and other items 
like toys or furniture, what creates new difficulties in the 
sorting process of textile fibers. Many companies around 
the world that are dealing with these textile and cloth-
ing wastes are exporting it to Eastern Europe, Asia or 
Africa. However, there are an increasing criticism against 
these business models and solutions [3] because they 
have not transparency, destroy local businesses and 
cleaning/hygienic conditions are disregard (Figs. 3, 4). 
But unfortunately, only around 20% of clothing waste is 
globally collected for reuse or recycling, remaining 80% 
to be landfilled or incinerated, resulting in increasing or 
carbon footprint and loss of energy and raw material.

Some African countries (e.g. Ruanda, Uganda and 
Tanzania) and other countries in Central America (e.g. 
Haiti) or Asia (e.g. Philippines) are sending back tons of 
used clothes from North America and Europe. In USA 
the per capita fiber consumption was 38 kg with over 
18 kg being discarded per year [10]. The pyramid model 
for textile recycling categories, by volume, presented by 
Hawley [10] highlights that 48% goes to “Used clothing 
markets”, 29% goes to “Conversion to new products”, 
17% goes to “Usage to other applications”, less than 7% 
goes to “Landfill and incineration for energy” and 1–2% 
are “Diamonds” with high value for vintage consumers 
(Fig. 5).

4  Results and conclusions

Having in consideration the continuous increase of fibers 
production (is expected to rise above 100 million tons in 
the next years), responding to markets demands and eco-
nomic growth, while the lifespan of fashion products is 
continuously decreasing, the world will face an enormous 
environmental problem. Without consumers rethinking 
their fashion consumption habits, changing their behav-
iour and attitudes, these trends will only be more dramatic 
[20].

New business models have to be prepared to address 
this environmental issue, engaged with the scientific 
research in several topics: from consumer behaviour (more 
conscious, committed and active); sustainable design pro-
cess; advanced fibrous materials, including organic and 
green fibers; advanced manufacturing processes incorpo-
rating recycled materials and saving resources (e.g. water 
and energy); new technologies and ITC framed by Industry 

Fig. 3  Market in Africa of clothes

Fig. 4  Batches of clothes ready to trade

Fig. 5  Pyramid model for textile recycling categories in USA, by vol-
ume



Vol.:(0123456789)

SN Applied Sciences           (2020) 2:306  | https://doi.org/10.1007/s42452-020-2094-8 Research Article

4.0; legal and tax regulations (European Commission); and 
national and municipal policies. Next steps in these topics 
will guide the future of Textile and Clothing (T&C) indus-
try around the world, including global markets and global 
producers. Everything in T&C is linked by threads, yarns 
and fibers. But is necessary to put the new Homo Sustenta-
bilis steps the stairs of “hierarchy of wastes” proposed by 
the European Union: prevention, reuse, recycling, energy 
recovery and finally disposal in landfills (Fig. 6).
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