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Abstract: This paper aims to identify the factors that affect Sustainability 4.0
in the fashion industry through a systematic literature review (RSL). To carry
out the RSL, the Web of Science and Scopus databases were used, with a time
limit between the years 2017 and 2022. The RSL identified 26 papers
considered a relevant contribution to the construction of knowledge about the
researched topic. From these papers, 46 factors were listed that affect
Sustainability 4.0 in the fashion industry, based on the dimensions established
by the triple bottom line (TBL) theory, with 19 factors linked to the economic
dimension, 12 to the social dimension and 15 to the environmental dimension.
The paper concludes that a synergistic relationship was observed between the
listed factors and the subject studied. Thus, this article offers a new
contribution to the literature, providing data for different audiences, leading
them to sustainable and technological development.
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1 Introduction

The concept of Industry 4.0 (I4.0) is linked to the Fourth Industrial Revolution in
manufacturing, in which technological solutions such as digitisation, artificial
intelligence (AI) and automation are transforming production processes. The trend of this
new industrial model is based on how to describe the trend of digitisation and automation
of the manufacturing environment (Oesterreich and Teuteberg, 2016; Kumar et al., 2021),
or even, according to Amaral (2016), the 14.0, consists of merging production methods
with the latest developments in information and communication technology.

From a technical point of view, the concept of 14.0 is defined as a growing trend
towards the digitisation of the industry, enabling the creation of pathways that will allow
establishing links between companies and their partners, including the emergence of new
business models (Oesterreich and Teuteberg, 2016) and among some technologies that
incorporate the dynamics of 14.0 are robotics, Al, big data, internet of things (IoT),
intelligent algorithms, automation, synthetic biology, cloud computing and cyber physical
systems.

Based on these assumptions, negative and positive impacts arise with each new wave
of technological revolution and historically the textile industry has been the most
powerful factor in accelerating economic growth and the industrial sector has had a great
impact on the entire social environment and on various sectors of the economy (Marson,
2014; Ahmmed and Babu, 2022). Concomitantly with the impetus for this digital
transformation, there is the need to advance in the implementation of sustainability, so
that it is present throughout the entire textile production chain, including its various
segments (children’s fashion, women’s fashion, men’s fashion, sportswear, yarns, fabrics,
jeanswear, underwear, fabrics for decoration, homewear, among countless others) thus
increasing transparency in the processes of the fashion industry.

According to data from the Textile and Apparel Industry Association, in Brazil alone,
the textile and apparel industry had an estimated turnover of R$ 194 billion in the year
2021 (ABIT, 2021). Further deepening the prominence of this sector in the Brazilian
economic scenario, we bring the Confections Pole of the Agreste of Pernambuco, an
agglomeration of productive and commercial initiatives related to the apparel sector.
Together, Caruaru, Santa Cruz do Capibaribe and Toritama are the main cities inserted in
the Pole. The production of garments made in these three cities is sold all over Brazil and
abroad. According to the Economic Study of the Local Productive Arrangement (APL) of
Garments of the Pernambuco Agreste, published by the Brazilian Service of Support to
Micro and Small Companies (SEBRAE), the gross annual income of the Pole is close to
R$1 billion. There are about 20,000 production units that employ 130,000 people in ten
cities in Pernambuco (SEBRAE, 2014).

Added to these large numbers, there is the excessive exploitation of natural resources
due to industrial growth and the consequent harm caused to the environment in processes
that degrade nature, such as pollution and its effects, has generated the need for legal
changes and environmental zeal by the main responsible for the problems: the industrial
sector (Schulte and Lopes, 2008).

Fashion, while industry, whether in the clothing or apparel segment, represents one of
the largest consumers of resources, since it has always been among the most polluting in
the world and, this great impact generated is also related to the complexity of the textile
chain (Seuring et al., 2004). Among the environmental impacts caused by this production
chain we can immediately mention the excessive use and contamination of water and the
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growing emission of greenhouse gases, reaching 8% of total emissions in the world in
2016 (UNEP, 2020).

According to Santos (1997), in all processes of the textile and apparel production
chain, waste is generated, whether chemical or not. Since the process of making the
fabric in the industry, in the knitting stage, for example, solid waste is generated from the
fabric fibres, fibre tips, which may be considered useless for the production in question,
and thus discarded.

In addition, the short life cycle of textile and clothing products, an obsolescence often
already programmed by ‘fast-fashion’ production, is another critical point that challenges
the multitude of sustainability aspects in this industry (Kaikobad et al., 2015; McNeill
and Moore, 2015). ‘End-of-life’ textiles are very complex to deal with after disposal even
by the range of different fibres included, the different industrial processes performed
(including dyeing processes) and the huge range of different clothing accessories such as:
buttons, zippers, metal items, labels, among others (Marques et al., 2020).

To associate fashion to sustainability is to associate the textile industry and fashion
consumption to sustainable development (Berlin, 2014). The perception of sustainable
development, in turn, had been redesigned, starting to be influenced by what would be
the three dimensions of sustainability: economic, social and environmental. According to
the theory, called triple bottom line (TBL), such dimensions, besides influencing,
reinforce each other, suggesting that organisations should consider social and
environmental performance, not just financial performance, in their business operations
(Shen et al., 2012), seeking a harmonic coexistence between economic viability, the
environment and society (Liideke-Freund, 2010).

It is worth mentioning that companies with a good performance in the environmental,
social and corporate governance (ESG) agenda are better prepared to face the challenges
that continually arise. They invest in sustainability as an added value, for example
tracking their entire production chain (including outsourced workers) to ensure
compliance with legislation and the dilution of socio-environmental impacts associated
with their brand. The indices that show true sustainability within organisations are
increasingly valued and discussed in the corporate environment, even gaining importance
on the world’s stock exchanges, making the actions of sustainable organisations more
profitable than organisations not so concerned with this issue, which it has already gone
from relevant to essential (Costa and Ferezin, 2021; Al-Odeh et al., 2021).

Based on this discussion, it is necessary to understand the factors that affect
sustainability based on the processes of 14.0 in the Fashion Industry. Thus, this paper
aims to identify the factors that affect Sustainability 4.0, linking them to the three
dimensions established by the TBL in the fashion industry through a systematic literature
review (SLR). It is worth noting that this article understands Sustainability 4.0 as a new
mindset for sustainable development, which is based on the positive correlation between
the so-called 14.0 technologies and the three dimensions established by the TBL, thus
promoting the viability of offering sustainable solutions to more diverse chains of
productive sectors.

Following global trends, just like other manufacturing sectors, the textile and apparel
industry is also going through its digitalisation process (Behr, 2018). Thus, this study
contributes to enhance efforts to promote the adoption of sustainable production practices
within textile manufacturing, in addition to highlighting a new look at social, industrial,
and technological development. In addition, this study brings a broad perspective through
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insights based on trends, providing data for different audiences, which can effectively
contribute to a positive transition of the Fashion Industry towards the implementation of
14.0 and the development of industrial and technological models., be it for scholars and
academics, entrepreneurs, managers, various professionals, collaborators, policy makers
and society as a whole, which is increasingly complex, plural, critical, conscious and
increasingly focused on the digital age.

This paper was structured in sections, organised as follows: Section 2 is the
theoretical foundation, providing background on theoretical and contextual aspects
related to the research. Section 3 presents the SLR methodology, detailing the steps taken
to identify, select, and analyse the relevant studies. Section 4 presents the results,
analysed from the descriptive and narrative perspectives, and finally, Section 5, with the
conclusions, limitations, and future implications of this literature review.

2 Theoretical background

2.1 The impact of the textile industry on sustainability

The management of sustainability in the operations of the fashion industry is a field of
growing concern, after all, textile and clothing manufacturing is one of the most wasteful
consumer industries in the world, representing one of the largest consumers of resources,
since it has always been among the most polluting, generating waste throughout its
production chain. In addition, the short life cycle of textile and clothing products meets
the multiplicity of sustainability scenarios in the context of this industry. Added to this
planetary imposition is society’s increased awareness and concern about unsustainable
production and consumption (Nery, 2019).

Studies by the Ellen MacArthur Foundation (2017b) point out that less than 1% of all
clothes in circulation are recycled back into clothes, and among the main challenges for
this are technological barriers, such as the lack of waste separation technologies mixed
textile fibres (Sandin and Peters, 2018).

According to Viana et al. (2008), the Brazilian clothing sector produces 7.2 billion
pieces of clothing per year, being the 2nd largest producer of indigo in the world; the 3rd
largest knitwear producer; the 5th largest clothing producer; the 7th largest world
producer of yarns and filaments and the 8th world producer of fabrics. Thus, the textile
and clothing industry is one of the most important sectors of the national economy, both
in terms of job creation and the value of its production. As a result of this production, it is
also estimated that in Brazil alone, around 170,000 tons of scraps are generated per year,
that is, fabric leftovers and discards end up in landfills or are incinerated, while only 20%
are recycled (SEBRAE, 2014). In 2017, Brazil was the 10th largest textile producer in the
world, with production of approximately 2 million tons, equivalent to US$13 billion
(Mendes, 2017).

Textile waste increased by 811% between 1960 and 2015, according to research
conducted by the USEPA (2021). As reported, EPA data estimates that the amount of this
waste grew from 1.76 million tons in 1960 to 16 million tons in 2015. In addition, the
amount of textiles that ended up in landfills also saw a sharp increase, from 1.71 million
tons in 1960 to 10.5 million tons in 2015, which is equivalent to 66% of textile waste.
Thus, one can see that this waste represents a large portion of the contributing elements to
environmental pollution in Brazil and worldwide (USEPA, 2021).
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The current extract-transform-discard model of the fashion industry has been
perceived as the source of environmental problems and economic value losses for this
sector (Niinimiki et al., 2020). For example, annually in the European Union, it is
speculated that 5.8 million tons of textile resources are discarded, of which only
1.5 million go through some recycling process, so the remaining 4.3 million are landfilled
or incinerated (Trajkovic et al., 2017). An estimated $400 billion in value is lost every
year due to clothing being underused and rarely recycled (Shirvanimoghaddam et al.,
2020). Based on studies and documents prepared by the Ellen MacArthur Foundation
(2017a), if nothing changes, by 2050, the fashion industry will have spent a quarter of the
world’s carbon budget. In addition, washing clothes, which uses exorbitant gallons of
water, releases half a million tons of plastic microfibres into the ocean every year,
equivalent to more than 50 billion plastic bottles.

To broaden the reflection on the issue, we rescued the thought of Fletcher and Grose
(2011, p.13) to expand when they say that:

“The material used in the manufacture of clothing is associated with all kinds
of sustainability impacts: climate change; adverse effects on water and its
cycles; chemical pollution; loss of biodiversity, excessive or inappropriate use
of non-renewable resources, waste generation; effects negative effects on
human health; and harmful social effects for the producing communities.”

Still regarding this issue, Piribauer and Bartl (2019) add that there is an expectation that
fibre production will result in the amount of 100 million tons per year in the coming
years, which only highlights the imminence of more serious environmental problems,
since the useful life of clothing products is decreasing and that such production levels are
not sustainable according to the availability of resources present on the planet. The
authors strongly advocate the need for the population to rethink their consumption habits.

As stated by Marques et al. (2020), a transition model to sustainability is required
which, in turn, according to Barbosa (2008), consists in finding means of production,
distribution and consumption of existing resources in a more cohesive, economically
efficient and ecologically viable manner. That said, acting with a focus on sustainability
as an ignition for the renewal and longevity of the industry is fundamental.

This scenario has been demanding a structural transformation of the textile industry
towards not only sustainable production and consumption systems, with less impact on
environmental aspects, but also capable of collaborating for the socioeconomic
development of society in a horizontal way (Modefica et al., 2020).

In this sense, digital transformation goes far beyond the intensive use of information
and communication technologies. The adoption of new technologies is an opportunity for
competitive gain. This is even seen in cases of companies that innovate in technologies
capable of making better use of materials, recycling or even creating value networks
and/or new business models. In addition, considering how competitive the fashion
industry is, where new companies emerge daily, the advantage of adopting new, more
efficient and sustainable technologies can mean cost reductions and market gains.

2.2 Industry 4.0

In summary, the concept of 14.0, also entitled ‘Fourth Industrial Revolution’ happened
after three historical transformative processes and is the result of the progressive
integration of digitalisation to the industrial activity (Albertin and Pontes, 2021). The
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term 4.0 was first used in 2013, during an industrial technology fair, known as Hannover
Fair, in Germany, from strategic initiatives of the German government to consolidate the
country as a technological leader, strengthening its globais competitiveness (Kagermann
et al.,, 2013). Transformative historical processes are the result of the progressive
integration of digitalisation to the industrial activity (Albertin and Pontes, 2021). The
term 14.0 was first used in 2013, during an industrial technology fair, known as the
Hannover Fair, in Germany, from strategic initiatives of the German government to
consolidate the country as a technological leader, strengthening its globais
competitiveness (Kagermann et al., 2013).

Therefore, the so-called ‘Fourth Industrial Revolution’ has been described as a
production model where new production models will intensely transform all major
industrial systems, and it has also been targeted in many government plans as a goal for a
sustainable future (Bertola and Teunissen, 2018).

Bocken et al. (2014) defined sustainable business model (SBM) as one that creates
significant positive and/or negative impacts for the environment and/or society through
changes in the way the organisation and its value networks create, deliver and capture
value or change its value proposition. Furthermore, just as stated by Marques et al. (2020)
corporate social responsibility within companies can be integrated with the new
challenges and opportunities assessed by 14.0, responding to the environmental,
economic and social requirements for a sustainable business. Bringing the reference of
this concept to the clothing industry context, we can frame companies that bring in their
agendas and processes, practices related mainly to lower impact production, efficient
design, optimised service life, new fashion systems and, conscious consumption (Berlim,
2020).

According to Yin et al. (2018), 14.0 consists of a technological revolution that offers
society the opportunity for a fundamental transition, not only shaping the design of new
technologies, but also providing agile forms of governance and positive values
transforming the way we live, work, and relate.

This fourth change brings with it a trend towards total factory automation, so the 14.0
transformation movement is revolutionising the way companies manufacture, improve,
and distribute their products (Olah et al., 2020). Enabling and empowering technologies
are increasingly being integrated into the operational sectors and strategic thinking of
organisations, raising the production bar.

Among the main technologies responsible for the configuration of 14.0 are: the IoT,
cloud computing, integrated systems, simulations, big data, autonomous robots,
augmented reality (AR) and additive manufacturing/3D printing (Albertin and Pontes,
2021). Besides these, Javaid et al. (2022) mention: machine learning, machine vision,
data analytics and additive manufacturing.

In this context, it is possible to identify several 14.0 articles that address the theme of
sustainability (e.g., Ghobakhloo, 2020; Luthra and Mangla, 2018; Bai et al., 2020;
Bonilla et al., 2018; Gabriel and Pessl, 2016), but of the existing articles, the theme of
‘Sustainability 4.0’ is little explored, being a gap in the current literature.

Since the concepts of 14.0 and Sustainability are directly related and a clear concept
of Sustainability 4.0 was not identified in the literature, this article sought to
conceptualise Sustainability 4.0 as a new mindset of sustainable development, which is
based on the positive correlation between the so-called 14.0 technologies (robotics, Al,
big data, 10T, intelligent algorithms, automation, synthetic biology, cloud computing and
cyber-physical systems) and the three dimensions established by the TBL (economic,
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social and environmental), thus promoting the viability of offering sustainable solutions
to the most diverse chains of productive sectors.

Sustainability 4.0 is being enabled through the effective adoption of modern
technologies that enable services at significantly lower prices due to the effective use of
energy and resources with less waste (Javaid et al., 2022). For Gomes et al. (2022) with
the practice of sustainability arising from 14.0, organisations have improved the
efficiency of their production processes, making more assertive forecasts and managing
to minimise environmental impacts.

3 Methodology

This section discusses how the adopted methodology will be developed — SLR which, as
postulated by Hulley et al. (2015), uses an approach that occurs through the selection of
primary studies under uniformly applied criteria, aiming to identify the productions
considered relevant, demonstrating the characteristics and results of eligible studies.
According to Kitchenham and Charters (2007), an SLR involves three main phases:
planning, execution, and analysis/reporting of the study synthesising the relevant results,
as presented in Figure 1. The SLR also enables the identification of clusters of evidence,
as well as their absence for the purpose of directing future efforts and pointing to new
areas of primary studies.

Figure 1 Stages of SLR

- =, -~ Execution . - -
4 ) 4 - ) 4 N

. Deﬁ'le:ms::.r::hqmsﬂf:m : . - - _ . rl:.ammehmﬁonofme

» Apply search string by base and - fxwmm e g ;
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+ Testing. Literature Review.

Review

Source: The authors (2022)

In the planning stage, the keywords, the research question and, finally, the academic
databases that would be consulted were defined. The intention of the word selection
process was to reach a significant number of relevant works related to the theme, and
then test combinations were performed to verify the primary results, which were
concatenated in the schematic structure presented in Table 1.

Thus, the execution of the searches in the academic databases followed the search
strings detailed in Table 2.
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Table 1 Scheme of keyword

Description of titles Connectives and/or Description of topics
Fashion industry And Sustainable development
Fashion industry And Digital transformation
Fashion industry And Industry 4.0
Fashion industry And Sustainability

Source: The authors (2022)

Table 2 String scheme per database

Database Strings
WOS — Web of  Sustainable development (all fields) and fashion industry (all fields) or digital
Science transformation (all fields) and fashion industry (all fields) or Industry 4.0 (all

fields) and fashion industry (all fields) or sustainability (all fields) and
fashion industry (all fields) and open access and 2017 or 2018 or 2019 or
2020 or 2021 or 2022 (years of publication) and all open access (open access)
and English (languages) and environmental sciences or green sustainable
science technology or environmental studies or business or management
(categories in the Web of Science)

Scopus (TITLE-ABS-KEY (sustainable AND development) AND TITLE-ABS-KEY
(industry) OR TITLE-ABS-KEY (digital AND transformation) AND
TITLE-ABS-KEY (fashion AND industry) OR TITLE-ABS-KEY
(Industry 4.0) AND TITLE-ABS-KEY (fashion AND industry) OR
TITLE-ABS-KEY (sustainability) AND TITLE-ABS-KEY (fashion AND
industry)) AND (LIMIT-TO (OA, “all”)) AND (LIMIT-TO (PUBYEAR,
2022) OR LIMIT-TO (PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020)
OR LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 2018) OR
LIMIT-TO (PUBYEAR, 2017)) AND (LIMIT-TO (SUBJAREA, “BUSI”)
OR LIMIT-TO (SUBJAREA, “ENVI”)) AND (LIMIT-TO (LANGUAGE,
“English”))

Source: The authors (2022)

The Web of Science — main collection (Clarivate Analytics) and Scopus databases were
consulted, with a time frame of publications between 2017 and 2022 in order to capture
the latest research in the area, after the World Economic Forum in 2016. In detail, the
selections of inclusion and exclusion criteria are listed in Table 3.

After conducting the word search, even without applying any exclusion filter, the
articles located totalled 1,559, 1,011 documents listed on the Web of Science and 548
listed on Scopus. Then, the phase called phase 1 (F1) began, which consisted of
excluding documents, disregarding all articles that did not fit into the knowledge areas
delimited in CI1, and applying the temporal exclusion criterion, disregarding all works
prior to 2017, according to CI2, and also disregarding publications in languages other
than English. In addition, articles that did not provide open access to the full content were
not considered. This resulted in 302 articles (207 in WOS and 95 in Scopus) still
considered relevant. Subsequently, the phase entitled, phase 2 (F2), analysis of the titles
of the articles was performed, and 97 documents were selected (61 in WOS and 36 in
Scopus). Then, in the call, phase 3 (F3), analysis of the abstracts, the number of
remaining relevant items was 54 documents (32 in WOS and 22 in Scopus).
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Table 3 Inclusion and exclusion criteria
1D Inclusion criteria 1D Exclusion criteria
CI1 Papers in the areas: environmental sciences, CEl1 Articles with titles or abstracts
business, management and accounting; with scope outside this
environmental sciences; green sustainable research
science technology; environmental studies
CI2  Articles published in time frame between 2017  CE2 Duplicate articles
and 2022
CI3  Articles written in English languages CE3 Articles with full text not
available for access
CI4 Articles with open access available to their full ~ CE4 Full-text articles with scope

texts

outside this research

Source: The authors (2022)

Figure 2 Filtering process

Source: The authors (2022)
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With the application of CE3, the articles that were repeated were discarded in phase 4
(F4), and the number of documents was reduced to 43 (25 in WOS and 18 in Scopus).
Finally, after reading the texts in full, the last exclusion criterion, CE4, the result was 26
articles considered valid for the research theme, ending in phase 5 (FPS) the filtering
process outlined in Figure 2.

4 Results

Moving on to the last phase of the SLR, some analyses were performed on the 26
selected articles from descriptive and narrative perspectives.

4.1 Descriptive analysis

The 26 selected papers against the research topic in the period from 2017 to 2022 are
listed descriptively. Figure 3 presents the selected papers by year of publication. It can be
seen that studies related to the factors that affect Sustainability 4.0 in the fashion industry
have been growing over the past six years, observing from the year 2020 a significant
increase in the volume of publications. In the first three years of the analysis (2017, 2018
and 2019), the number of publications were three, four and two articles, respectively,
totalling nine published articles. In the following three years (2020, 2021 and 2022), there
were 17 published articles, representing an 88% increase in the volume of publications,
as shown in Figure 3.

Figure 3 Articles published per year
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Figure 4 shows the world map, highlighting the nationalities of the authors of the
analysed articles in order to delineate in a macro view, where and to where the theme
studies are adherent. It is noticeable that there is a continuous growth in research related
to the theme. Four continents had author representatives involved (USA, Europe, Asia
and Oceania) in the studies selected in the RSL. The countries with the largest number of
authors related to the research scope are Italy and China, with six representatives,
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followed by the UK and South Korea, with five and four authors, respectively. Next,
France and Brazil, come with three authors each. Australia and Germany, in turn, have
two authors each. The remaining countries have one author each, as listed: Spain,
Portugal, Canada, Bangladesh, Denmark, Switzerland, Singapore, Sweden, and Iceland.

Figure 4 Map of published articles by nationality of authors (see online version for colours)
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Source: The authors (2022)

Through the online platform Wordclouds it was performed, considering the two databases
used in the research, Web of Science and Scopus, an analysis related to the keywords of
all 26 articles object of this systematic review, thus creating the visual representation of a
network of main keywords in which it was observed that 15 of them received greater
prominence due to their appearance with greater frequency. They were: fashion, industry,
management, design, sustainability, innovation, circular, supply, chain, production,
apparel, technology, textile, business and sustainable. Figure 5 illustrates the
representation obtained.

An analysis was also performed relating the keywords of the articles in the
VOSviewer software using the files of the two databases used from the RSL (Web of
Science and Scopus) that contained the 26 articles selected as relevant to the research. A
co-occurrence network had been created with two interactions between the keywords the
databases identified as strongly present. Eight main clusters were formed, where the size
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and colour of the circle illustrate the frequency of occurrence of the individual keyword

and the type of cluster as respectively illustrated in Figure 6.

Figure 5 Keyword cloud for articles
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Figure 6 Keyword co-occurrence network with two interactions (see online version for colours)
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Descriptive data

Table 4

(Z20Q) stoypne ay [, 224105

£30]099 pue
SOOUDIOS [EJUSUOIIAUD
pue :so1doy 1010

110dor ‘IoALIp ‘anseowr

MITADT AINJRIAN]
OIBWIAISAS © :S[OPOW SsouIsnq

— ASojound) pue 20udI0S [eunofp {KITIqeuresns ‘UOTYSeJ {[Opour ssoursng pue[ed] T ‘INOpsuURyOf PUE S’ [ ‘IIOPSHIOY], uoryse} urpim Ajiqeureisng 610C
uononpoid a[qeureisns uononpoid juowed
Sununoode pue ‘uonesuo)snd [euosad cudisop Ul SSOUQATI0JJO wiIofie[d poziuolsno
juowaSeurw ssauIsng [ewnor Tenaia juourres ‘uuojjerd pasmuoisn)) 'UIYD H ‘Suo) pue "0 ‘Suery “x ‘i 10} syudwdAoxdur ojqeuresng 610T
uoreAOUUT UOTYsEJ $5ass9001d
uSISOp UOTYSE] {S[OPOW SSAUISNQ UOTJBULIOJSUR)
Sununoode pue uorysej ‘soruedwod USALIp usisap Tensip ySnoayy Ansnpui
JuswoFeuRW ssaulsng [eunof ‘uonewIojsuen [eNSIp (' Ansnpuy A[e1] pue 3N ‘[ ‘U9SSIUNS, pue " ‘B[oMdg uoryseJ uneAouu[ ‘()'f UOIYSE] 810T
Sununoooe pue Ansnpur uorysej oy
JusWdFRURW SSAUISNQ ASD {Amxn] uorysej 'V “I[[UIA pue “J 9saue(] “'J ‘ojerue) U0 snooj e :ureyd Ajddns sjqeureisns
90UQI0S [BJUSWUUOIIAUL [ewnor ‘dewpeor ‘ureyo Ajddns ‘Kijiqeureisng Areiy “V ‘Uorg “T ‘UOIYOIRIA Y ‘0110 & spremo) dewpeos e SuruSisoq 810T
£301092 pue
SIJUAIOS [BIUSWUOIIAUD 0"t Ansnpuy {Soruou0dd Ansnpur SuLimoejnuew [aredde
pue <sordoy 19130 A31ou0 ‘Furper) uoqreo ‘Ansnpur [aredde uorysej Sunjiom swelj Surpen
— ASojoud9) pue 20udI0S [eunof uoryse} ‘AJN[IqeurRISNS {UTRYINd0[g 'UIYD ‘DX ‘N pue ‘7z ‘ays “1'dg ‘ng UOISSIUID PAOULRYUD UTRYINOO[( 810T
K301002 pue uonesiundo
SOOUQIOS [BJUSLIUOTIAUD ‘uonenuuls paseq-juade Ansnpur uopamg ureyo Ajddns joredde 1op10-03-ayewr
pue ¢sordoy 10130 [oredde <1op10-03-oxew ‘ureyd Ajddns pue oouel 9[qeuresns Suizijear 10y uoped
— A3ojouyoa) pue 20UdIOS [eunof d]qeureisns <uoneIoqe[od ureyo Ajddng eury) ‘X ‘uay) pue "D ‘Suepy < BN 9OIAIJS PNOJO SANRIOQER[0D Y 810T
Aypiqeureisns cuorysey
9[qeureisns SjuowoSeuew ureyd Ajddns [diitig) *d ‘Airdg sureyo Ajddns joredde
Q0UIOS [BIUSWUOIIAUY [eunof oqeureisns {Ansnpur [oredde pue onxo], pue 3N pue ) ‘Suo@ O ‘U7 “d ‘Uoys pue o[IX2) UI SANssI AIjiqeureisng  L10T
sa1300uy09) ‘uonesieuosIod SI9WO0ISND 113y} 0}
Sununoode pue cuoneaouur {Ansnpur [aredde o3e UoNeZIWOo)SNd sseuwl JurIdjjo urdaq 0y
juowoSeuRW SSAUISNYG  QOUAIJUOD  [BISIP UONBSIOISNO SSBW dqRUIRISNS epeue) 'S “IOLLIRD) puR [ ‘OIewa[[og oey Jsnw s1ornjoenuewt sdojs UsAdS L[0T
sauajreyo pue ‘sonrunizoddo
SuroAodn uoIyse] MO[S {UONBAID dN[BA 'Y 12ZoyD ‘SIOALIp [eLIauaidonud
[e100s ‘sdn-11e)s 9[qRUIRISNS-UIOQ UOIYSE] Ao pue ‘( ‘S9ZAUIN-op-01e3[[e) :AnsSnpur uorysey Ay} Ul S[Ipowt
SOIIOU09d PUE ssauIsng [euinor 9]qeure)Isns ‘UONBAOUUI [OPOW SSAUISNE pue [izeig “N'AL “BISIUNI0D) “A"g ‘TUIYISIPO], ssouIsnq d[qeureisns pue dAneAOUUu]  L10T
DD [DLIOJIPT 2ddy sadpg spaomAay Anuno) Jdoymy BTN AD2 L




M.F.V.O.B. da Silva and F.J.C. de Melo

306

data (continued)

iptive

Descr

Table 4

(ZT07) stoyne ay ], 224108

Sununodoe pue

spua1y [ed130[0uyd)

DA ‘earard

SUOTJEAOUUT-099 UOTYSE] Ul SPUQI}

JuswaFeURW SsauIsng [eunof <Ansnpur UOIYSe] [YD ‘UOHBAOUUI UIIID) [1zexg pue "Jq ‘03e1] “J TN ‘UBUUITOR[N  [BOISO[OUYD3)-UOU pUR [BIISO[OUYd],  [Z0T
£30]009 pue
SIOUDIOS [BIUSWUOIIAUD Surumw x93 ‘ejep J1q Ansnpur 9[13x2) pue [aredde oy ur
pue so1doy 10130 BIPAU RI1D0S ‘SISATRUR JI0M)U OTJUBIIS Ayqiqeure)sns Jo 3doouoo oy 210]dxd
— A30[0uyo9) pue 20ULIOS [eunof (so[nxa) pue [predde ‘Kipiqeureisng BAI0Y yINog ‘["H ‘Sunf pue D ‘uno x 01 SISA[RUE JI0M]OU OIJUBWIOS 120T
Surnpayos pue Juruueld (Ansnpur Amxn|
‘Ansnpur uorysej {0’y Ansnpuy ‘siskeue ~d ‘Ipreury pue 7 ‘warjoped sureyo Ajddns uorysej 10y
SOIUIOU0D? pue ssoulsng [ewmnof sAym-oAl) Guowdgeuew ureyd Ajddng Areiy 1 ‘ruizzelrely <N ‘erjSerg suonnjos(‘y Ansnpur pue [eLegeuel 70T
[EIUSWUOIIAUD JuawdA[oAUT Jonpold Aoesoape Aypear payuswiSne Jursn
pue ‘sordoy 1o30 pueiq ‘[ouueydIuwo SuIpiy [eniIiA Sumiy [emuaia ySnoayy soudtiodxd
— A30][ouyoe) pue 9dUAIOS [ewnof {Kyirear poyuowdne Surddoys sioyeoug ©2I0Y] [INOS "HY 99 pue “T'H 09y Surddoys s1oxeaus oy Juroueyug 120T
£301002 pue Ansnpur uorysej
SOOUDIOS [BJUSWIUONAUD UsIpamg ay ur saonoeld Awouoss
pue sordoy 10710 Ajmiqeureisns IB[NOIIO UNEINSIAUL :9)SBM
— A30[0uy0a) pue 20UIOS [eunof {UOPAMS ‘UOIYSE] ‘AWOU0DJ TR[NOIL) uopamg "1, ‘sagphig ‘ayew ‘axe) uo dooy 3y 3ursor) 120T
£30]099 pue
SIOUDIOS [BIUSWUOIIAUD ureyd Ajddns A3ojouyd9y
pue so1doy 10710 Burylo[o 1eam-0)-Apeal LAnsnpur Suryiofo NV Aoy [9P PUe "D° A ‘ZounIej ureyoxoo[q ysnoiy Suryogd
— A30[0uyo9) pue 20ULIOS [eunof PUB 9[11X9) ‘AN[IqRIJRI) {UIBYONOO[ ] uredg “y ‘sor-esnaong) [ ‘zo1od uorng Ie9M-0]-Apeal JO AI[IqRIoRI], 020T
suonjesrjdu ugisop 91945 3111 JuswrdoaAdp
cuBisop doo[-paso]d £ [D] ‘uorysej ‘uisop °f ‘ueyelee A pue g ‘sojsuyoeded jonpoud oy Surddew :sor3ojouyoo)
QOUDIOS [BJUSWIUOIIAUH [eurnof {A3o[ouyoa) sqeream ‘Ajijiqeureisng Jrewuaqg AL NUBN O ‘BaoInn 9]qeIeoMm 10J SUONN[OS J[qeUIRISNS  (0Z0T
£301002 pue
SOOUQIDS [EJUSIUONAUD
pue :sordoy 1030 judwageurw 'y ‘se[3no-epuor
— A3ojouyoe) pue 99UdI0S [ewmnor puelq ‘uoryse; {Ajiqeureisng 3N pue Afelg pue ‘g ‘oSLuy “JA ‘o1og spuelq uorysej ur AJijiqeureisng 020T
Ansnpur uorysej ur
Ansnpur uorysej AWOUOIS JBNIIO " ‘ILId S[OPOW SSAUISNQ MU PuB AWOU00d
Q0UQIOS [RIUSWUOIIAUF [euwnop {KITIqeuTRISNS SI{IqRIUQISNS OWOH [eSmiog pue 'y ‘sonbiejy “q'V ‘sonbrepy Ie[NOIIO :SI[IqRIULISNS OWOH 020T
SDaUD [DLIONPTT addy 1adpg spromday Ayuno) J£oyny iy ADI




307

(Z207) stoyme oy, .22.4n0g

£30]002 pue
SOOUDIIS [BJUIWUOIIATUD

Sustainability 4.0 in the fashion industry
Descriptive data (continued)

Suryjopo

pue :sordoy 110 ureyo A[ddns cuononpoid QouRIL] "A'X ‘Suoz wews Jo Judwdo[oAdp sqeure)sns
— A30[ouyo9) pue 90U [euInof cudisop ‘Aypiqeureisns Surylofo pewS pue eUIYD) pue ‘H'A ‘np “g'Z ‘onx <O I1 Jo100dsoid pue onb snyeys oy, 20T
ysope[sueq 10j 7| (DAS) [203
71 Ods Juawdo[oAdP A[qRUIRISNS JASIYOR O}
‘Surddew weans anjea (AWoOU099 I1L[NOIIO [opow [enydosuoo & :AWou0d9 IB[NoId
‘[opowr [enydoouos ‘Furmjorynuewt ysope[Sueq VA ‘UIPPN PUB ‘NN ‘Wes] O} Ul JUSWIOSBUBW 9)SEM [RLIJRUL
9OURIOS [BIUSWIUOIIAUL] [euInof [oredde-3[n%9) (9)seM [RLIJBIN pue 3N “N'N ‘beH “IN'IN ‘1Y [naeys] pue Suumjoeynuew [dredde-anxs],  7z0T
£30[000 pue
SOOUQIOS [RJUSWIUOIIAUD Aiqe-ureisns opowr Surfrelor ojqeure)sns
pue ‘so1doy 10410 2oue)doooe A30[0uyda) (20I0WI00-d N ‘wry Sunowoid swoje|d puey puosds
— A30[0uYyd) pue J0UIIOS [euInof 9ovjIew d[esal ‘wiojie[d puey puodss 8310 yINog puB ‘N ‘Inwmuen “f 10y <A 9vg  SUIUO 10J SAI3NeNS paseq-£30[o0uydd] 7z0T
AuewLIon pue [IZeig ‘Buly) woly
JuSWOT UL [BJUSUIUOIIAUD 1 ‘uoyD pue ‘q'd'q ‘ewry suondaorad  siouonnoerd Surredwod
<Koua1o1yJo 90IN0SAI CUONeSI[BNSIP Kueution pue “g ‘on¥ “d'O’'d’Td ‘usizpnin :K)[IqeUTRISNS [BJUSWUOIIATUD
9OURIOS [BJUSUIUOIIAUL Jeuanor ‘Amiqeure)sns 9je10diod £y Ansnpuy 1izeig ‘eury) “ L ‘uenn “JA ‘ssoyneN <o ‘Iorg 9e10dI10d uo (' Ansnpuy Jo pedwy  zzog
10309s uoIysey isnf-10puasd arow
uoryseJ S[qeureisns sHgs © N0 03 (sDs) s[eon judwdoforaq
ME[ PUE JUSWIUIOAOS puR ‘sjeon) Juawdo[oAd( dqeuleIsng (SIONIOM d[qeureisng ayj Jo urped
(SOIWOUO0J9 puE ssaulsng [ewmor JueI3Tw oonsn( 10pudS £10109s JudULIED BI[RNSNY N ‘NI pue Y ‘esereAalip oy Sursn ;0 10J UOIYsey Ise] 70T
Auewion
£30]099 pue pue doueL{ uorysej puey
SOOUAIOS [BJUSWUUOIAUD JUSWAFEIUS aSNAI 9[BSAI {PUBY PUOIAS ‘a1ode3uig 1D ‘Bueyz pue ‘JA ‘IOprouydg PUO023s JO ISBI A, (,S[OPOW SsauIsnq
pue ¢sordoy 10130 {A3o1oud9) ‘uonesnISIp {S1AWNSU0d PUBIOZIMG D) ‘loUOquIBS “ A ‘PIBNORY “( ‘NSO Ie[NOI1d JO 2oue)doode Jownsuod
— A30jouyoe) pue 90U [euwmnof {AUI0U099 JB[NOIID UoIyse] {AIqeure)sng SN “H “[oduaniA ¢ Woauy “*J ‘Aojurey) aseaIoul sa130[0uod) [B)ISIP Ue) 7202
£30]002 pue
SIOUDIOS [BIUSWIUOIIAUD uonjewIojsuer) ‘Ansnpur aanoadsiad
pue ‘so1doy 1010 9[11X9) {S9[11X9) PAseQ-01q ‘S[eLIOjeW ueadoing e :ysnut USISOP 9[1NX9)
— A30[0uyo9) pue J0UIOS [euInof Ie[noIo (AJI[Iqeurelsns 10 usisop uoryseq Aoy ‘D ‘Iquojo) pue g ‘. g PUB UOIYSE] B SB UONRAOUUI PISBQ-01g 70T
K30[000 pue
SIOUDIOS [BIUSWIUOIAUD Sw)sAs uoryse} awr-[ear urwoadn
pue ‘sordoy 1010 101 TV ‘ureyo Addns uonesijeuosiod yim ureyo Ajddns ajqeureisns
— A30[0uyd) pue 90UIOS [euinof W9ISAS UOIYSBY SWN-[Bay BIIOY yINog A 99T pUB 9ABAOUUL 3} JO UONBWLIOJSUBLL,  [Z0T
Spa.p [DLIOJIPT addy 4advg spaomday Anuno) Aoyiny BTl AP

Table 4



308 M.F.V.O.B. da Silva and F.J.C. de Melo

Cluster 1, purple, contains the following words: sustainable development, environmental
management and investment. Cluster 2, yellow, contains the following words:
sustainability, fashion, electronic equipment and closed-loop. Cluster 3, green, contains
the following words: industrial production, ecological sustainability and aquatic
environment. Cluster 4, sky blue, contains the word: mod industry. Cluster 5, turquoise
blue, contains the following words: business strategy and economic growths. Cluster 6,
orange, contains the following words: circular economy and conceptual model. Cluster 7,
red, contains the following words: digitalisation and current. Finally, cluster 8, pink,
contains the following words: 14.0 and design firms.

Finishing the descriptive analysis, Table 4 condenses the details of the studies
selected for the RSL composition, bringing the following data: year of publication, article
title, authors, authors’ countries of origin, keywords, type of article, and editorial areas of
the article, which enabled several more detailed analyses.

The articles included in the RSL are distributed between international journals and
conference, with 25 published in journals, which is equivalent to almost 96.3% of the
sample. As for the areas of publication, the ones that appear most often are, in this order:
environmental sciences, science and technology; business and economics; and business,
management and accountings.

4.2  Narrative analysis

After the structural detailing of the 26 selected works, it was done a brief narration about
the main ideas involved in the studies. Todeschini et al. (2017) adduce five
socioeconomic and cultural characteristics that drive the business models of the fashion
area to mobilise to insert in the context of sustainable development, being the main one
the consumer’s tendency to be more conscious about their habits. The other aspects
highlighted by the authors are the circular economy, shared and collaborative economy,
social responsibility of the organisation, collaborative consumption and technological
innovation.

Bellemare and Carrier (2017) pointed in their article to what would be the seven steps
that the manufacturing industry should follow in order to offer mass customisation to its
customers, based on the use of technologies. When it comes to the clothing production/
fashion industry, they exemplify experiences of AR and virtual fitting rooms, which
promote a direct movement in consumer participation and collaboration, after all when it
comes to this market segment, which is very globalised, the search for ‘uniqueness’ is the
focus. They also go through the concepts of mass markets, product configuration and
design, and mass individualism. They conclude that the findings of the study call
attention to the need to adapt to the new market/consumer profile and should encourage
the players involved in the industry to adopt new mindsets and tools that make the most
of information technology aiming at a successful implementation of mass customisation
of production.

Shen et al. (2017) argue that, due to the waste of materials and the environmental
impacts caused by textile and apparel companies, considering that, globally speaking,
they constitute one of the most polluting industries, they were intensely affected by the
need to incorporate sustainability guidelines. The authors ratify that this incorporation
adds value to the product and to the customer, highlighting a trend of consumers with
greater socio-environmental awareness being willing to pay more for a more sustainably
produced garment, because they perceive immense added value in these products.
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Moreover, they highlight the concern of companies to develop a tripartite approach, i.e.,
with economic, social, and environmental scopes, based on the TBL.

Ma et al. (2018) show that a collaborative platform can boost the functioning of the
clothing supply chain from a sustainable perspective, providing consumers with the
possibility of ordering clothing products whose design is customised and personalised,
which directs the production according to the demands of the clientele and avoids, in
addition to the typical risks of production based on forecasts, greater environmental
impacts, which are characteristic of the traditional model of textile production. This new
model allows that, based on orders, suppliers are selected to meet the demand, which is
characterised as an important boost to the development of sustainable fashion.

Knowing that the fashion industry has been quite highlighted for its damage to the
environment, Fu et al. (2018) also studied about the recent blockchain technology,
demonstrating the possibility of bringing carbon emission data to society as a means of
transparency and encouragement to reduce it in clothing manufactures. In their proposal,
the authors mention that carbon emissions are observed in issues such as supply, energy,
labour, and waste throughout different stages of textile production.

Moretto et al. (2018) advocate the relevance of structuring a roadmap under a
long-term perspective for sustainable practices to be implemented by the management of
organisations active in the fashion industry, not only in their internal processes, but
throughout the production scope, extending this vision throughout the supply chain, given
that “sustainability has become crucial to supply chain strategy, especially in sensitive
sectors such as the fashion industry” (Smith, 2003; Li et al., 2016; apud Moretto et al.,
2018).

Not only because of the critical environmental problems associated with it, such as
intense pollution, animal abuse, high water consumption, and the precarious labour
conditions of many of the workers who perform their labour in this productive sector. In
order to design an appropriate sustainable path within companies, they argue, the
roadmap should identify practices and steps to guide a sustainable transformation for
organisations, aimed at operational and strategic guidelines towards the establishment of
sustainable production and consumption patterns. The extension of the focus on
sustainability capability to the supply chain, aims at greater efficiency of production
processes, such as better waste and resource management.

Bertola and Teunissen (2018) highlight 14.0 as a promising path to achieve
sustainability in the textile and apparel industry, since companies have sought to link
technological development to the both efficiency in the production process and consumer
satisfaction. An example of this are some sportswear brands, which have sought to
develop more resistant fibres and invested in thermal protection technologies and the like.
In addition, the authors emphasised the connection of customers with today’s values, so
that they seek proposals that present customisation, co-creation, and sustainable patterns.
Thus, as new production and consumption modes are potentiated in the fashion market,
design and customers occupy the centrality of the fashion environment and interests.

Ji et al. (2019) sought to conduct a study in China’s apparel industry, aiming to
ascertain the effectiveness of a personalised platform in fashion design and production,
grounded by big data technology through the use of apparel CEO-design (CED) and
apparel life cycle assessment. They found that the four companies investigated provide
PGC, i.e., apparel customisation, by enabling the customer to avail a platform based on
the wearable hobby through 3D scanner input of the user’s body data. It is concluded that
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the research provides a theoretical basis and data support towards sustainable
development for the apparel industry (Ji et al., 2019).

Thorisdottir and Johannsdottir (2019) conducted a SLR, demonstrating initiatives of a
fashion industry that integrates sustainability into business models. The authors reveal the
need for expanded studies that refer to the fashion industry and sustainability. They
believe that, innovations, regulatory issues, stakeholder outreach and value creation for
the organisation are aspects that influence the integration of sustainability into business
models, as companies tend to positively impact their stakeholders when they incorporate
to their agendas, social and environmental responsibility practices, and corporate social
responsibility.

Marques et al. (2020) highlight the circular economy’s key role in promoting
sustainability, since it promotes a new relationship of the subject with its goods and
materials, which would ensure the preservation and saving of resources. According to the
authors, there are two main circular economy business models: the first of them is
focused on extending the life of objects and investing in reuse, reconstruction, reverse
manufacturing/remanufacturing, and upgrades. The second, in turn, invests in recycling,
either in the elaboration of a material to build other products with it (upcycling), or to
transform these products into raw material (downcycling). The researchers reinforce the
thesis that Generation Z and the millenials are the main public harmed by environmental
conditions in the contemporary world, which is why these individuals also make up the
main group demanding more sustainable actions. At the end of the article, the authors
strongly advocate that business models should be adapted to the demands of
environmental agendas.

Pero et al. (2020) reaffirm the trend that textile and apparel companies have been, in
recent decades, seeking to adapt to a new production model that is in line with the
principles of sustainability. They emphasise the importance of understanding the ethical
dimension before the customer and the production process, because the selection of raw
materials and retail processes directly impact the environmental relations produced by the
industry. Thus, according to the authors, it is essential that companies develop sustainable
marketing policies.

Gurova et al. (2020) address how sustainability must be present in wearable
technologies to mitigate the effects of electronic waste, as of an adequate mapping of the
product development life cycle. The stages that should be addressed for implementing
technological solutions are material extraction, product distribution and disposal,
production, use and disposal of products with finalised useful life.

Bullon Pérez et al. (2020) conducted a research on the use of blockchain technology,
an open database that has digital information through which stakeholders can view and
track garments. Such a resource includes different subjects, from the designers and sellers
to the consumers of the final product. It allows the consumer to increase trust and control
over the garments selected, making the middleman unnecessary in the buying and selling
process. Moreover, it can be observed that this technology ensures the benefit of
traceability of all elements involved in the production and sales process, which not only
meets an ethical dimension of consumption, but also allows stakeholders to have greater
knowledge about how the raw materials that give rise to their garments are obtained and
manufactured. Thus, if a company uses more polluting or environmentally aggressive
means to construct its garments, such information becomes accessible to the consuming
public.
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Brydges (2021) reports that circular economy principles that guided the Swedish
fashion industry were fundamental to its contribution with sustainable development,
avoiding considerable waste caused by this industry, since it is pointed out that the final
stage of the consumption cycle of the clothing industry is the disposal of garments, even
if they are still in usable condition. The author suggests that initiatives and interventions
must compose all stages of the supply chain, not only the waste stage (understood by the
use and subsequent disposal of clothing), but states that adherence to the circular
economy model will not occur in a uniform manner, but rather heterogeneous and
gradual, contemplating the particularities of each organisation and the consumer niche
that frequents it.

Rhee and Lee (2021) reveal that fashion retailers have adopted AR as a resource to
enhance the consumer experience in virtual shopping environments. They sought to
identify whether there were relationships between virtual fit (VF) experience
satisfactions, brand advocacy, mobile purchase intention, and offline purchase intention
to understand how AR-based VF interferes with customer purchase intention, with
customer engagement with the product as a moderating effect. In sum, the study revealed
that virtual adaptation with AR impacts brand advocacy and purchase intent when
performed on mobile apps. Such an initiative connects with 14.0 pillars by supporting a
new way of selling and consuming, making the consumer much more connected,
involved and engaged with the company and its products.

Braglia et al. (2021) emphasise the value of elements related to 14.0 for the resolution
of typical supply chain problems from a strategy based on a chain of questions, the
five-whys, from which it is possible to identify the root of the problem and then develop
possibilities of action. According to the authors, it is essential that companies use tools
and mechanisms to reduce inefficiency in the supply chain that enables the production of
fashion-luxury, contributing to a production system that generates less waste of
resources.

Youn and Jung (2021) aimed to recognise the perceptions of consumers of sustainable
fashion with the use of big data SRS, from posts on social media, they performed the
collection of keywords that were related to sustainable fashion. The most frequent words
were “fashion, sustainable, eco-friendly, clothing, sustainability, ethics, conference, fast
fashion, business and recycling” [Youn and Jung, (2021), p.13].

MacLennan et al. (2021) agree that eco-innovation is a significant contribution to the
transformation of the planet’s reality from the use of technological or non-technological
possibilities. The authors emphasise, in their findings, that the first is predominant in
companies in the fashion sector, in Brazil, using the technological component in the
processes in issues focused on reducing water and energy waste and eco-sustainable
technologies.

Despite this, the authors also show that marketing and organisational eco-innovations,
such as the adoption of certificates in the environmental area and the use of recyclable
packaging are also relevant to be absorbed in the fashion industry. The conflicts between
planned obsolescence and socio-environmental responsibility find support in 14.0 framed
by the Fourth Industrial Revolution, and this is a way, when allied, to contemplate the
interests of Y and X consumers, who have a strong tendency to over-consume. For this,
business models must attribute value to sustainable design, to the conscious consumer, to
resource savings, to modern and sustainable manufacturing processes and materials with
advanced vibrations in this sustainable perspective (MacLennan et al., 2021).
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Lee (2020) states that, increasingly, the supply chains that are adapting their
technologies to the individual needs of customers have stood out. Therefore, he brings
contributions, in this direction, focused on the creation of a supply chain for a system
focused on real-time fashion, using 3D clothing production systems, with the contribution
of ICTs, Al, and virtual environments. The author proposed to improve the purchasing
conditions of consumers with the reduction of impediments such as distance, adaptation
to specific needs and, in turn, meeting the precepts of a sustainable supply chain.

Continuing the search for good circular economy practices, D’Itria and Colombi
(2022) add that the biological basis combined with innovations in design and the
affective and relational issues of biomaterials consist in bio-based textile solutions that
awaken the consumers of this industry in Europe to create affective interaction dynamics
with the brands, in such a way that it is evident the tendency of the consumer niche to
privilege companies that effectively engage in sustainability projects. The authors point
out that there is, in this context, a greater chance of raw materials being reinserted into
the production process, gaining new functionality by being reused.

Charnley et al. (2022) reinforce that despite organisational strategies adopted to
include sustainable alternatives to reduce greenhouse gas emissions and waste from the
textile industry’s activity, there is still a lot of resistance in the acceptance as to the
inclusion of bioderived alternatives and clothing recycling proposals by the consumer.
The authors discuss the sale of second-hand clothing, a measure that they consider to be
highly sustainable, since the reuse of clothing has proven to be more beneficial than
recycling its materials. Even if they identify that the consumption of second-hand pieces
is considered unattractive to consumers, the researchers defend that 14.0 strategies can
mobilise the stakeholders so that they adhere to the proposal of these sales models. They
also highlight the relevance and opportunities brought by technology as a way to increase
the consumer’s buying decision process in the textile industry, breaking the barriers
established with the proposition of digital platforms, advanced image creation, product
traceability, improved product taxonomy, filtering functionalities, better communication
and transparency with the customer, among other aspects. Charnley et al. (2022)
reinforce that, despite the organisational strategies adopted for the inclusion of
sustainable alternatives to reduce greenhouse gas emissions and the waste from the textile
industry activity, there is still a lot of resistance in the acceptance of the inclusion of
bioderived alternatives and clothing recycling proposals by the consumer. The authors
discuss the sale of second-hand clothing, a measure that they consider to be highly
sustainable, since the reuse of clothing has proven to be more beneficial than recycling its
materials. Even if they identify that the consumption of second-hand pieces is considered
unattractive to consumers, the researchers defend that 14.0 strategies can mobilise the
stakeholders so that they adhere to the proposal of these sales models. They also highlight
the relevance and opportunities brought by technology as a way to increase the
consumer’s buying decision process in the textile industry, breaking the barriers
established with the proposition of digital platforms, advanced image creation, product
traceability, improved product taxonomy, filtering functionalities, better communication
and transparency with the customer, among other aspects.

Vijeyarasa and Liu (2021) portray about gender justice in the fashion sector as a tool
to achieve the Sustainable Development Goals (SDG), in particular, the SDG 12, which
establishes parameters to stimulate the guarantee of sustainable patterns of consumption
and production. The authors seek that this sustainable standard has as pillars,
sustainability, but also the responsibility and commitment to gender issues within the
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fashion area. Are listed in the research, six main requirements for a sustainable fashion
and guided by gender justice: fair tax, participation and voice, fair pay, gender equality in
the community, responsibility for promoting gender justice. These results emerged from
experience in the fast fashion industry (Vijeyarasa and Liu, 2021).

Still in the direction of initiatives aimed at achieving the strategic SDG, when it
comes to industrial production, more specifically, decarbonisation and dematerialisation,
Beier et al. (2022) investigated the development of companies of various sizes and
industrial sectors in China, Germany and Brazil, aiming to understand the potential in
these different countries to achieve SDG 12, aimed at ensuring sustainable production
and consumption patterns. The authors point out that the higher the level of
implementation of the principles associated with 14.0, so that the highest stage would
comprise the insertion of environmental management systems appropriate to the
dimensions of a given company. They argue, therefore, that the transformations required
for the establishment of 14.0 concepts must be intertwined with the aggregation of
sustainable value to the textile industry and the efficient use of resources.

Based on case studies of online platforms of companies from countries such as the
UK, South Korea and the USA, Bae et al. (2022) state that these resale platforms have
been expanding in the industry and present themselves with trends that aggregate the
dimensions of environmental, economic and social sustainability. The benefits are related
to the order of decreased resource consumption and reduced waste, as well as enhancing
the reuse of materials that still have durability. Researchers recognise that the most
evident target audience for these platforms is the MZ generation (comprising, therefore,
the millenials and digital natives of Generation Z), especially those in their twenties and
older, because this consumer niche tends to be more socially and environmentally
engaged.

In Bangladesh, Khairul Akter et al. (2022) proposed a conceptual model for waste
management in the textile and apparel industry with the perspective of achieving
SDG 12, which addresses the pursuit of sustainable consumption and production. In this
model, the proposed strategies for solid waste management are related to the
implementation of a tracking process associated with the generation of a circular
economy. The proposal is to create a process of identification and mapping of the
flow-value of materials to verify the economic value of material waste and the added
value of their waste. This would avoid, for example, waste, a recurring environmental
problem in the textile and clothing industries. It is worth noting that in this study,
conducted with 17 textile and garment factories, it was identified that “approximately
0.70 USD has been lost for each garment export” [Khairul Akter et al., (2022), p.19].

Li et al. (2022) address that, with the advent of the internet and the evolution of Al,
there was the emergence of smart clothes, which consist of textile pieces manufactured
through the use of more sophisticated technological resources, which make them more
suitable for different contexts of use. The authors draw attention to the development of
intelligent clothes that merge the functionality of clothing with aesthetics, thus aiming at
the adhesion of a public that chooses to acquire quality materials and made with less
polluting and/or more durable resources, thus avoiding waste in production and the
inadequate disposal of parts. However, in view of the reduced useful life of fabrics and
electronic devices, the durability and acceptance of these clothes must be accompanied
by sustainable paradigms that advocate better waste management.
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Table 5 Main impact factors on Sustainability 4.0 identified

Impact factors in Sustainability 4.0

Reference

Adherence to circular economy; extension of product life cycle; corporate
social responsibility; adherence to shared economy; technological
innovation; adherence to collaborative economy; waste reduction; increased
socio-environmental awareness

Waste reduction; augmented reality experiences; virtual fitting room
experiences; on-demand production; focus on customer experience

Increased socio-environmental awareness; optimisation of resources;
reduction of waste; perception of added value to the product; corporate
social responsibility

On-demand production; customisation; waste reduction; economy of
resources

Insertion of technology in production processes; reduction of resource
consumption (water, energy, labour); reduction of carbon emissions;
reduction of waste production; blockchain

Sustainable supply chain; improving business models; establishing
sustainable patterns of production and consumption; increased efficiency in
the production process

Customisation; technological innovation; increased production efficiency;
increased socio-environmental awareness; focus on customer experience

Technological innovation; product life cycle assessment; customisation;
focus on customer experience; reduction of environmental footprint; energy
savings; resource savings; greater efficiency of the production process

Adherence to corporate social and environmental responsibility; perception
of value added to the product

Adoption to circular economy; increased environmental awareness;
remanufacturing; saving resources, waste reduction; corporate social
responsibility; product life cycle extension

Increased socio-environmental awareness; reduced environmental footprint;
adherence to corporate social and environmental responsibility; increased
production efficiency

Product life cycle mapping; implementation of technological solutions;
waste reduction; resource/raw material optimisation

Technological innovation; increased socio-environmental awareness; focus
on customer experience; transparency in production processes; economy of
resources; corporate social responsibility; blockchain

Adherence to circular economy; waste reduction; sustainable supply chain;
optimisation of resources

Technological innovation; focus on customer experience; personalisation

Reduction of waste; reduction in the use of resources; increased production
efficiency; improved production processes

Sustainable fashion; technological innovation; waste reduction; focus on
customer experience; big data

Todeschini et al.
(2017)

Bellemare and
Carrier (2017)

Shen et al.
(2017)

Ma et al. (2018)

Fu et al. (2018)

Moretto et al.
(2018)

Bertola and
Teunissen
(2018)

Jietal. (2019)

Thorisdottir and
Johannsdottir
(2019)

Marques et al.
(2020)

Pero et al. (2020)

Gurova et al.
(2020)

Bullén Pérez
et al. (2020)

Brydges (2021)

Rhee and Lee
(2021)

Braglia et al.
(2021)

Youn and Jung
(2021)

Source: The authors (2022)
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Table 5 Main impact factors on Sustainability 4.0 identified (continued)
Impact factors in Sustainability 4.0 Reference
Eco-innovation; waste reduction; technological innovation; conscious MacLennan

consumption; increased environmental awareness; corporate social and
environmental responsibility; adoption of eco-sustainable technologies;
sustainable design; optimisation of resources; modernisation of production
processes of manufacturing

Technological innovation; personalisation/fulfilment of individual needs;
3D clothing; artificial intelligence; sustainable supply chain

Optimisation of raw materials; reuse of resources; increased
sustainable/ecological awareness; use of biomaterials as raw materials

Decreased waste production; adherence to circular economy; reuse of
products; increase of product life cycle; adherence to new business models;
technological innovation; reduction of gas emissions; improvement of
production processes; focus on customer experience

Corporate socio-environmental responsibility; establishment of sustainable
patterns of production and consumption

Eco-innovation; waste reduction; technological innovation; conscientious
consumption; increased environmental awareness; corporate
social-environmental responsibility; adoption of eco-sustainable
technologies; sustainable design; optimisation of resources; modernisation

Digitalisation adherence to circular economy; extension of product life
cycle; reduction of resource consumption; resale of products; adherence to
new business models; reduction of resource consumption

Establishing/ensuring sustainable production and consumption patterns;
adhering to a circular economy; efficient waste management; reducing
waste

Technological innovation; adherence to less polluting raw materials; waste
reduction; digitalisation; artificial intelligence; adequacy of disposal
processes

etal. (2021)

Lee (2020)

D’lItria and
Colombi (2022)

Charnley et al.
(2022)

Vijeyarasa and
Liu (2021)

Beier et al.
(2022)

Bae et al. (2022)

Khairul Akter

et al. (2022)

Liet al. (2022)

Source: The authors (2022)

The factors identified, per article, as impacting sustainability in the fashion industry and
important for the construction of this survey were condensed in Table 5.

4.3 Discussion

Many of the notable studies obtained at the end of this SLR address issues related to the
impacts caused by traditional manufacturing systems in the textile and apparel industry,
however, not exactly inserted directly into the context of Sustainability 4.0, the scope
planned for the research, which leads to the apprehension about the existence of a gap in
the literature and the consequent need to highlight the theme, contributing to the
construction of its concepts. Even so, all the publications gathered at the end of the RSL
process were kept and considered relevant for contributing to the surveyed data.

From the descriptive analysis, it is possible to observe, as illustrated in Figure 4, that
there is a predominance of relevant studies in countries considered more developed,
indicating their search for understanding around the theme proposed for this research,
generating a warning that developing countries should also seek to promote research and
development (R&D) for issues related to technology and sustainability in the textile and
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apparel sector. Such observation can be correlated to the fact that the adoption of new
technologies, in general, is conditioned to a greater capacity of resources availability for
such investments, which configures a transition barrier to the 1.4.0 scenario. “In 14.0,
there are also barriers and issues that still require extensive research. These barriers
include the cultural viability of the proposed models and the necessary support from
governments” [Bonilla et al., (2018), p.3740].

The narrative analysis clearly notes, the trend towards technological innovation
and/or digitalisation/digital transformation, evidenced when in 18 of the selected articles
several scholars address Technologies 4.0 and their uses. Fu et al. (2018) and
Bullon Pérez et al. (2020) brought the look from the blockchain perspective, Youn and
Jung (2021), about big data, and Li et al. (2022) about Al, being inclusively, some of
these articles, already directly applied to the fashion industry, as Bellemare and Carrier
(2017) and Lee (2020), when dealing with the experiences with virtual fitting rooms, AR
and 3D clothing, respectively.

The trend of consumers with greater social and environmental awareness, with the
millennials and Z generations being the highlights, as already observed by Shen et al.
(2017) and Bae et al. (2022), in their studies. ‘Connected’ generations, extremely familiar
with technology, and that prioritise values and experiences in their consumption relations.
Therefore, the marketing impact of these generations on the economy is quite significant.
These new consumers offer excellent opportunities, but also pose great challenges for
companies (Weetman, 2019), as they seek purpose and transparency in their choices of
brands and products, imposing environmental and social requirements, for example. In
addition, they also value the quality of the journey/experience of their purchases, and
even consider paying more to have, for example, a personalised product that highlights
their individuality.

Another relevant point for discussion, focuses on the positive trend, even if driven by
different variables, of the incorporation, by organisations, of corporate social and
environmental responsibility actions and practices, since, sustainability in fashion cannot
be preempted to a secondary role. It becomes necessary to integrate it deeply into the
corporate policy and strategy of companies (McKinsey & Company, 2019) and quickly
adopt these sustainable guidelines (Choi and Han, 2019; Grose, 2019).

A significant number of the selected articles show the presence of the circular
economy, indicating a continuous movement towards business models with this
approach. Circular economy decouples companies’ growth from resource consumption
(Weetman, 2019), representing a systemic change that builds long-term resilience,
generates economic and business opportunities, and provides environmental and social
benefits. There are numerous and increasing possibilities for new and appropriate
solutions for industrial remanufacturing, for the recirculation, reuse and/or reuse of textile
waste.

Still from the narrative analysis, it was found in the studies, propensity to the
insertion of technology and sustainability in the supply chains of companies, as Moretto
et al. (2018), Brydges (2021) and Lee (2020) believe. The scope and complexity of
supply chains will need to increase to meet these new needs (Weetman, 2019), after all,
sustainability needs to accompany a business from the collection of raw materials,
through production and arriving at the delivery of products to the consumer, increasing
transparency, considerably reducing waste, optimising the logistics process and
improving resource utilisation, especially in sensitive sectors and those with a critical
socio-environmental footprint, such as the fashion industry.
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Sustainability is one of the drivers of 14.0 an industry initiative that through the
adoption of digital technologies on the assembly line is transforming traditional factories
into smart factories (Thoben et al., 2017). Just as for the entire industrial production
sector, for the textile industry, it is a fact that there is an indissoluble link between the
economic, social, and environmental spheres.

Table 6 Impact factors for Sustainability 4.0 by TBL dimensions

Dimensions of TBL ~ Number Impact factors in Sustainability 4.0
Economic 1 On-demand production

2 Technological innovation

3 Resource optimisation

4 Adherence to circular economy

5 Sustainable supply chain

6 Increased efficiency in the production process

7 Improvement of production processes

8 Waste reduction

9 Blockchain

10 Insertion of technological solutions in the productive

processes

11 Joining the collaborative economy

12 Product life cycle assessment

13 Remanufacturing or reverse manufacturing

14 Big data

15 Joining the sharing economy

16 Digitalising

17 Product life cycle mapping

18 Artificial intelligence

19 Implementation of technological solutions
Social 20 Corporate socio-environmental responsibility

21 More conscious consumption

22 Focus on customer experience

23 Personalisation

24 3D clothes

25 Sustainable fashion

26 New business models

27 Establishing sustainable production and consumption patterns

28 Augmented reality

29 Virtual testers

30 Perception of value added to the product

31 Transparency in production processes

Source: The authors (2022)
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Table 6 Impact factors for Sustainability 4.0 by TBL dimensions (continued)

Dimensions of TBL ~ Number Impact factors in Sustainability 4.0
Environmental 32 Eco-innovation
33 Product life cycle extension
34 Reduction of waste production
35 Reduction of environmental footprint
36 Waste reduction
37 Use of biomaterials as raw materials
38 Reduction of carbon footprint
39 Efficient waste management
40 Sustainable design
41 Energy efficiency
42 Adherence to less polluting raw materials
43 Adequacy of the disposal processes
44 Product life cycle extension
45 Economy of resources (water, labour, energy, fibres, etc.)
46 Adoption of ecosustainable technologies

Source: The authors (2022)

Table 6 then systematically demonstrates a compendium of the previously identified
Sustainability 4.0 impact factors for each of the 26 articles, linking them to the three
dimensions established by the TBL. Thus, a synthetic total of 46 factors listed around the
textile and apparel manufacturing sector was obtained.

5 Conclusions

From the systematic review of the literature, it was possible to identify 46 factors that
affect Sustainability 4.0 in the fashion industry, based on the dimensions established by
the TBL theory, with 19 factors linked to the economic dimension, 12 to the social
dimension and 15 to the environmental dimension. The identification of these factors
contributes to making production processes in the fashion industry increasingly
sustainable, in addition to pointing out ways for social and technological development
through innovation.

In this sense, innovating in sustainable production processes implies investment
through technological changes that generate opportunities for competitive gain. It is
necessary to talk about renewable technological growth, when companies innovate, for
example, in technologies capable of making better use of raw materials, promoting,
among many other benefits, the reduction of waste, remanufacturing products, reducing
the production of waste and carrying out an efficient management of these, or even
creating value networks and new business models.

It was observed the synergistic and positive relationship between the themes in almost
all stages, indicating that the alignment to sustainability effects the sustainable
relationship between the advancement of industrial technologies. From this study,
practical questions arise that can contribute managerially to the entrepreneurs, managers,
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and leaders of organisations in the fashion industry. Such findings may also support the
various actors involved in the textile and apparel industry, including consumers, to work
as agents of change for sustainability, able to identify opportunities and limiters to the
implementation of this transition. From this study, practical questions arise that can
contribute managerially to entrepreneurs, managers and leaders of organisations in the
fashion industry.

The research provides theoretical basis and data support towards sustainable and
technological development for the apparel industry. Also noteworthy is the indication of
trends for the textile production chain and the market that guide the performance of new
exploratory studies and the search for new paths towards a transition to sustainability
through the adoption of new technologies involved in the implementation of 14.0. The
main limitation of the study is the lack of structured concepts of Sustainability 4.0, as it is
a fairly new topic, which limits the collection of articles on the topic. In order to reduce
this limitation, the authors sought to structure a concept of Sustainability 4.0 and from it
identified the keywords for carrying out the RSL.

Based on the results of the study, it is suggested that more research be developed and
as a suggestion for future work, it is recommended to develop an approach to
Sustainability 4.0 in the fashion industry, using the interpretive structural modelling
(ISM) model, aiming to point out the contextual relations of the factors identified in the
RSL, the creation of a data collection instrument from the 46 dimensions to measure the
degree of maturity of organisations and the development of a data collection instrument
to collect the perception and importance of sustainability in the view of the customers.

In this way, this article presents its contribution through insights based on trends,
which will positively guide the Fashion Industry towards the implementation of 14.0 and
the development of industrial and technological models. This article reinforces the
importance of applying new technologies in production processes, including throughout
the entire value chain, in response to the challenges that arise in the textile market, in
addition to encouraging new studies towards Sustainability 4.0 in the Fashion Industry.
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