1) Check for updates

Review

Textile
Research
Journal

Analysis of the sustainability aspects
of fashion: a literature review

Virginija Daukantiene

Abstract

Textile Research Journal
0(0) 1-12
© The Author(s) 2022

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/0040517522112497
journals.sagepub.com/home/trj

®SAGE

Today, the fashion industry faces challenges related to the sustainability problem due to its richness, heterogeneity, and
globality. Taking into account the complexity of the fashion industry, this review of the literature analyzes the sustain-
ability of fashion, beginning with the development of fibers and ending with the use of worn garments and considers the
environmental, economic, and social sustainability aspects that must be evaluated throughout the life cycle of the
product. The results of the literature review have shown that the integration of complex decisions into the business
models of both manufacturing and marketing companies must be implemented to develop the sustainable fashion

industry from a long-term perspective.
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The fashion industry is the second-most polluting
industry in the world." This is the main reason why
it has to be transformed into a more sustainable one.
Fashion sustainability is a complex issue* that covers
three equivalently important aspects: environmental,
social, and economic.® ® The environmental aspect con-
siders the creation of ecological value and resource
saving. The social aspect aims to ensure the benefit of
customer satisfaction. The aesthetic and cultural
aspects are also crucial.* The economic aspect analyses
the profit of the industry company or the trade com-
pany. Covering all aspects to ensure knowledge of fash-
ion sustainability, law and regulation, interfunctional
collaboration, research and development investments,
and innovation-oriented learning have also to be
involved.'™'" Interfunctional collaboration ensures
synergy among the different sectors internally as well
as among the stakeholders involved in the development
of environmentally sustainable products and delivery
processes.'> However, fashion sustainability should
not be used as a key instrument for the creation of a
story or marketing strategy for a fashion brand.’
Otherwise, this could force customers to buy more or
select a particular product.'”® Therefore, today, the
transparency of each process and material must be
ensured.

Results of the analysis of the sustainability
aspects of fashion

The sustainability analysis related to the fashion indus-
try was focused in a deep way on the environmental
element, discussing it in the context of the economic
and social elements necessary to evaluate when creating
a comprehensive sustainability map.

Environmental aspects of sustainability

The environmental aspects of sustainability were ana-
lyzed based on five criteria, namely sustainable fibers
and materials, design methods and approaches to sus-
tainable fashion, the impact of clothing technologies on
sustainability, the sustainability problems faced due to
the washing of textile products, and the utilization of
waste.
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Sustainable fibers and materials. Textile fibers and finishes
used for material production must be ecological and
biodegradable or easy to recycle (Figure 1).

The greater use of organically grown natural classi-
cal cellulose fibers, such as cotton and linen, protein
fibers, such as silk and wool, and recently popular cel-
lulose fibers, such as hemp and bamboo, that allow the
elimination of unwanted chemicals has a lower negative
impact on the environment, and help textile companies
increase their sustainability.'* When looking for ways
to increase textile sustainability, new biopolymers
developed from modified Kombucha bacterial cellulose
with properties similar to those of clothing materials
have also gained importance.'” Innovative cellulose-
based fibers, recycled fibers, or reused materials
reduce the use of virgin resources.'® The use of recycled
fibers in clothing also helps ensure circularity in the
fashion industry. The circular business model, which
is more advantageous than the linear one with respect
to sustainability, is more widely discussed in this review
of the literature later.

Textile manufacturing processes must also be eco-
friendly. Today, the textile industry is making many
environmentally friendly decisions, such as replacing
chemical dyes with natural dyes, the use of enzyme
biocatalysts, and the application of biopolymers and
biomasses for the treatment of textile surfaces.'®!”!
An example of such treatment is the use of enzymes
in the textile industry where they are applied for the
treatment of carrageenan, which is produced from sea-
weed biomass and is used during textile printing to
modify its physical characteristics as a thickener.'”'®

The use of automated dosing machines and controllers
in the different stages of textile finishing, pulsating
rinse technology, both water recycling and reuse, and
similar decisions are efficient in increasing the sustain-
ability of manufacturing processes.'* Moreover, the
application of laser technology for very popular and
highly consumed denim fabric finishing also helps to
increase the sustainability of the textile industry. For
example, a properly selected CO, laser of I'V class with
500 mW output is less harmful to the environment and
human health than the classical washing with acid or
chlorine." Laser finishing is even more environmental-
ly friendly than enzyme-based textile washing, which
has recently replaced less sustainable chlorine bleach-
ing.?® Furthermore, laser finishing does not use water,
sand, or stones, as does sandblasting.19 The discussion
of the sustainability of fibers, materials, and finishing
technologies can be finished by stating that new textile
technologies improve the application of recycled and
ecological approaches and decrease the quantity of
released microfibers. Furthermore, scientists®' sug-
gested a novel approach to decrease microfiber release
by more than 80% during the washing of synthetic
textiles. For this purpose, coatings with two biodegrad-
able polymers, such as poly (lactic acid) (PLA) and
poly (butylene succinate-co-butylene adipate) (PBSA),
were suggested for application on polyamide fabrics by
an electrofluidodynamic (EFD) method. The problems
related to the release of microfibers into the environ-
ment are also discussed in this review of the literature
later.

Classical ecologically grown cellulose fibers

Cellulose fibres that do not require chemicals when are grown

Innovative alternative cellulose fibers

Classical biodegradable protein fibers

Decreased use of virgin sources

Sustainable fibers
and materials

Biopolymers and biomasses for textile surface treatment

Innovative finishing machines

Replacement of chemical dyes with natural dyes

Treatment of materials with enzymes

Laser treatment of denim fabrics

Water recycling and reuse

Figure I. Sustainable fibers and materials.
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Design methods and approaches for sustainable fashion.
Claxton and Kent'' concluded that most fashion
brands prioritize sustainability strategies largely asso-
ciated with the materials and production stages of cir-
cular design. In addition, those scientists'' pointed out
designs  for  durability, recycling, zero-waste
approaches, and disassembly (Figure 2). However, it
is not easy to take into account everything from the
stages of the product life cycle to the end-of-life solu-
tions in the design process of a fashion collection.
For example, Wu and Devendorf” analyzed innova-
tive designs of completely disassembleable knitted and
woven fabrics suitable for smart clothing production.
Similarly, Gam et al.>} suggested decisions that ensure
a simple way to disassemble a garment and, later, to
sort and recycle the disassembled garment pieces. It
was possible to produce a disassembleable jacket by
replacing the fusible textile interlining with infusible
interlining to stabilize the front pieces, as well as by
joining the outer layer of the jacket with its polyester
lining using longer stitches. Furthermore, the disas-
sembled jacket pieces can be recycled or reused to
design new fashion products employing laser cutting
technology.>*** For example, ‘rows of loops’ were
laser cut from pieces of denim fabric from worn trou-
sers and ‘knitted” into a new dress.”* The additional
advantage of the application of laser technology was
the possibility of cutting the ‘loops’ of the newly
designed ‘knitted’ dress independently of the shapes
of the disassembled trousers.”* Stankiniené®® also
made similar design decisions. Plain and twill fabrics
were developed from denim fabric strips cut by laser
from dissembled worn clothing to manufacture a col-
lection of fashion accessories, such as collars and belts.
Paras et al.”® also suggested original design ideas to
increase the sustainability of fashion products, and cre-
ated a design that employed detachable garment
parts and provided the possibility to personalize

mass-production garments. Hwang and Zhang®’ also
suggested innovative redesign methods to reduce
post-industrial and post-consumer waste. However,
there are significant differences between upcycled
design and standard fashion design, research, and
manufacturing processes. Another design method
called ‘zero-waste design’ is also a good way to
reduce textile waste in clothing manufacturing.'>*3°
Zero-waste fashion is the development of clothing
models, the design of which significantly reduces or
eliminates waste in the pattern-making and cutting
stage.””3* However, it strongly depends on the width
of the fabric.>! Furthermore, limitations of this fashion
design concept exist because of the dependence of
clothing design on seasonally changing fashion
trends, among which quite strict limits are set for the
silhouettes of garments. Therefore, more initiatives
must be considered to increase sustainability. Zheng
et al.*? suggested a design model consisting of key ele-
ments of garment design, such as colors, silhouettes,
styles, themes, details, and fabrics. Therein, significant
attention was paid to material selection, testing, and
production with respect to sustainability and identified
factors strictly related to the requirements of fabric
suppliers and manufacturers.”> Other scientists®> sug-
gested the design tool called ‘the redesign canvas’ that
was based on the design thinking methodology suitable
for simpler designs with respect to sustainable perfor-
mance. The suggested canvas consisted of 12 building
blocks, namely the concept; consumer; (de)branding;
circular design and economies; business models; value
propositions and innovation; design and smart material
selection; prototypes and product development; reve-
nue streams and costs; data management; sourcing;
supply chain and stakeholders, which are described in
detail in the canvas and must be encountered when
creating a sustainable fashion brand.*** Each building
block consists of a list of features and questions that

Design model (22)

Design tool ‘Redesign canvas’

Design methods

Zero-waste design

and approaches

for sustainable

Design for durability

fashion

Design for recycling

Design for disassembly

Personalization of the mass production garments

Figure 2. Design methods and approaches for sustainable fashion.
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are explained in addition by smaller text on the canvas.
The canvas provides a clear and concise mechanism for
structuring thinking and discussion about the opportu-
nities and challenges design entrepreneurs face in the
sustainability context.

Impact of clothing technologies on sustainability. In the con-
text of mass clothing production, reducing waste from
clothing production must be one of the most valuable
contributions to greater sustainability.”*** In clothing
manufacturing companies, textile waste appears after
the quality inspection of textile materials, garment cut-
ting, and detection of sewing defects.** The applied
technologies must help save virgin resources, materials,
time, and labor costs, and be more friendly to the envi-
ronment. Therefore, the impact of clothing technolo-
gies on fashion sustainability was discussed (Figure 3).

Although leading companies have developed inno-
vative computer-assisted design (CAD) technologies,
such as ‘Lectra®, ‘Gerber Technology®,” CLO, and
many others, which can provide high flexibility and
time efficiency in the clothing design and fabric cutting
stages, they cannot adequately reduce the amount of
waste generated in garment manufacture.>® For exam-
ple, scientists®>>*® showed that Lithuanian companies
generated on average 6500 tons per year of textile
waste in the period 2009-2014. However, several new
production technologies suggest decisions that help to
increase fashion sustainability. For example, it was
stated in many researches>’"'*?*3773% that recently pop-
ular laser technology has several advantages with
respect to fashion sustainability. It can detect textile
faults or automatically position garment pieces on
sewing machines, thus replacing visual observation

during sewing operations.'® In addition, laser technol-
ogy is advantageous for marking,*® accurate cutting of
garment pieces,”'’ material welding,'” leather and
denim engraving or fading,'®** and three-dimensional
(3D) body scanning,' among others. The application
of laser technology reduces processing costs.'” It is flex-
ible when applied to bleach not only a whole piece, but
also locally." Laser treatment influences very small
changes in the denim structure,'”?®%* and it is a
water-free and waste-free process. Laser technology is
also suitable for anticounterfeiting.'” Being managed
without contact using one tool for different and com-
plex designs, including 3D designs and constructions, it
reduces the number of manual labor operations for
workers. When using laser technology for textile treat-
ment purposes and integrating it into the manufactur-
ing process of a company that manages different CAD
and computer-aided manufacture (CAM) systems,
according to the flexibility factor, it can even be eval-
uated as more flexible than screen printing.'”*® The
application of 3D body scanners ensures the mass
customization of products through integration with
existing CAM technology when producing efficiently
well-fitting products according to rapidly taken body
captures of multiple scans from a target customer. It
replaces time-consuming manual measurement techni-
ques, suggesting advantages such as efficient collection
of replicable, more consistent, and much larger data
sets that can be stored for ongoing comparative anal-
ysis alongside new consumer data.* When applying
textile joining technologies, such as adhesive bonding
or welding, sewing threads are not used and the seam
allowances are narrower. Thus, the costs of materials
are reduced. Furthermore, the recycling of the used

3D body scanning

Computer aided design (CAD)

Computer aided manufacture (CAM)

Clothing

Laser systems for textile defects

technologies for

sustainable fashion

Laser application for positioning, cutting, engraving

3D printing

Adhesive bonding

Welding

Augmented reality (AR) and virtual reality (VR)

Figure 3. Clothing technologies for sustainable fashion. 3D: three-dimensional.
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textile products is easier. The welding and bonding pro-
cesses are faster and more flexible than sewing; thus,
efficiency increases and time is saved. Furthermore, the
implementation of additive manufacturing (AM),
industry 4.0,'"* and 3D printing technology increases
the sustainability of production with respect to two
important aspects, namely eliminating waste and
decreasing transportation costs.*'** Products or their
components manufactured closer to the location of
customers or even in consumers’ homes can reduce
transportation and improve the carbon footprint,
which is an indirect benefit of AM technology in reduc-
ing air pollution.*” The augmented reality (AR) and
virtual reality (VR) technologies adopted in the fashion
industry can also increase fashion sustainability.**** AR
integrates physical environments and virtual elements,
including images or information, for example, ‘magic
mirrors’ in retail centers.*** In contrast to AR, VR is
separated from the real-life environment via a head-
mounted display or a screen.*” For example, when
trying on the garments or participating in a virtual fash-
ion event, aspects such as unnecessary transportation
and excessive use of materials that are used for in-
person live events or in regular stores are eliminated.

Sustainability problems faced due to washing of textile
products. The research published by Browne et al.*®
was among the first to state that microfibers occur
because of domestic washing of clothes. Browne
et al.*® studied microfiber release and compared micro-
fibers collected on the shorelines of six world

continents with microfibers found in both wastewater
treatment stations and the filters of domestic washing
machines. The composition of the microfibers collected
in each of the studied regions was very similar to that
of the most widely spread polyester microfibers. The
largest amount of microfibers was found in mostly
populated areas. In addition, they existed even in
wastewater treatment equipment that had not been
used for a decade. Textiles and clothing are the main
sources of microplastic pollution in aquatic environ-
ments, such as rivers, shorelines, oceans, and seas,
due to their care processes, such as washing and rins-
ing.*” Microfibers are even found in hard-to-reach
areas around the world.*** Today, synthetic clothing
is the main primary source of synthetic microfibers that
negatively affect both the environment and human
health.>®! Recent research carried out in different
countries and investigating textiles of different fibrous
compositions confirmed that microfibers are released
during washing.*°*>> The reviewed literature
showed that many factors influence the amount of
microfiber released during washing (Figure 4).
Vassilenko et al.”® determined that mechanically
treated polyester samples dominant in fleeces and jer-
seys released six times more microfibers than nylon
samples with woven construction and filamentous
yarns. Reviewed research*”***° confirmed that gar-
ments made from natural fibers released the largest
amount of microfiber that can easily degrade.’*
However, synthetic microfibers do not easily degrade
and they pollute the environment for a long time.

Textile fiber content

Fiber and material structure

Textile finishing

Textiles load per wash

Factors

Washing liquid temperature

influencing the

micro fibers

Water pH index

release during

washing

Washing duration

Machine type (top or front-loaded)

Machine filter type

Use of prewashes

Detergent type (liquid or powder)

Figure 4. Factors influencing the microfiber release during washing.
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Therefore, other researchers analyzed the problems
associated with the release of synthetic microfibers.*®
The emission of microfibers depends on washing
parameters, such as the ratio between the amount of
water and clothes, washing liquid temperature, water
pH index, washing duration, machine filters, and use of
both prewashes and detergents.’* > It was confirmed
that the increase in the washing duration influences the
higher intensity of microfiber release.”’ During the
washing of synthetic textiles, the amount of fiber
released increases due to mechanical and chemical
stresses that clothes undergo in washing machines.>~
1 Softener and bleach reduce microfiber release.®
Napper and Thompson®® showed that when both the
duration and temperature increase, the release of
microfibers also increases due to the decrease in the
stiffness of the microfibers. Furthermore, Napper and
Thompson®® determined that more than 700,000 fibers
are released for an average of 6 kg of textile load per
wash. Some researchers®®*0%%* stated that the use of
liquid washing agents increases the release of microfib-
ers in a different way. Furthermore, several studies
stated that the influence of washing agents on microfi-
ber release is insignificant.’”>%:%

The effect of the mechanical action that occurs in
the washing process on the release has not been studied
in depth. Therefore, few studies have been published.
Yang et al.®® investigated textile washing with or with-
out metal balls and did not determine a significant
influence of mechanical action on the amount of micro-
fiber released, supposedly due to the short duration of
treatment. Comparison analysis between washing with
liquid agents and washing with washing powder
showed that the use of powder influences a higher
release of microfibers than the wuse of liquid
agents.®%* It was assumed that a governing factor
for this tendency is the friction that appears between
the surfaces of the washing powder particles and the
textile microfibers. However, De Falco et al.®” and Cai
et al.” added that a hypothesis about the greater influ-
ence of washing powder than washing liquid on micro-
fiber release must be further tested and confirmed, not
only evaluating friction but also considering the pH
index of the washing powder. Furthermore, Hartline
et al.®® identified the significant impact of the type of

washing machine on the release of microfibers. They
determined that the amount of microfiber released by
using a top-loaded washing machine was seven times
higher than that by using a side-loaded machine. It
must be stated that there are many factors that influ-
ence the release of microfibers during the washing of
clothing. However, only a few decisions that decrease
the release of microfibers during textile washing are
known. Mcllwraith et al.*” determined that a Cora
Ball consisted of a plastic ball with many ‘arms’ (donat-
ed by Rachel Z Miller) and the Lint LUV-R filter having
a stainless steel mesh filter with a pore size of 150 um
diameter can decrease microfiber release by count, and
also the Lint LUV-R filter can reduce microfiber release
by weight in the effluent of the washing machine.

In addition to the problems related to microfiber
release during domestic washing, according to the
Swiss Textiles report published in 2019, it should be
mentioned that the textile finishing processes applied
in industrial companies in the European Union used
approximately 15,000 different types of chemicals
that also pollute the environment. Therefore, the neg-
ative effect of textile finishing processes also has to be
taken into account when looking for ways to reduce
environmental pollution.

Waste utilization. As considered above, both textile man-
ufacturers and consumers generate textile waste that neg-
atively affects the environment.**’® A huge amount of
textile waste, such as textile pieces with textile faults, tex-
tile scraps generated in pattern cutting, garments with
sewing defects that are not suitable for sale, and others,
is generated during, for example, textile material quality
inspection, pattern cutting, and sewing. Textiles used for
a basic garment create 15%-25% waste.”' Furthermore,
a large amount of worn clothing is not recycled or reused,
making it waste. Thus, textile waste recycling could help
reduce waste (Figure 5).3>°

However, recycling of textile waste is complicated
because almost all textile products consist of more
than one type.>?*-*33¢ Mixed and synthetic fiber mate-
rials account for the largest part of textile waste gener-
ated in clothing production processes, and it reaches up
to 20%-25% of the total amount of the textiles used in
Lithuanian clothing companies.*>*® This problem leads

Waste utilization methods

Reuse Redesign / remade

Repair Recycle

Figure 5. Waste utilization methods.
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to difficulties in recycling both textile cutting waste and
used textile products or reusing them into a new prod-
uct.>>3¢ In addition, textiles are chemically treated or
coated with polymeric films or laminated with func-
tional membranes to improve their performance prop-
erties. This group of materials, together with the
accessories, creates a complicated disassembled gar-
ment system. Different garment designs use accessories
such as buttons, zippers, and others made of metal,
bone, plastic, or other materials. The fiber content of
the sewing threads also usually differs from the fiber
content of the textiles used for the manufacture of gar-
ments. Furthermore, the rapidly evolving markets of
smart clothing with integrated electronics components
in textiles pose an even greater challenge than common
clothing with respect to waste recycling, reuse, rede-
signing, and remaking.? One of the suitable ways to
solve this problem is to design easily disassembled gar-
ments.>** Gam et al.>® demonstrated that after a
decrease in the variety of materials used in a formal
men’s jacket, it became easily detachable in just 1.5
minutes for sorting the waste into biodegradable wool
fibers and recyclable polyester fibers. It is also worth
mentioning that the recycling of used textiles requires
innovative technologies, such as the ‘Fibersort™ ™72
technology suggested by the ‘Valtech Group’ and sim-
ilar. ‘Fibersort™" technology is a new technology
based on a combination of NIR (near-infrared) and
RGB camera technology, allowing the recycling indus-
try to identify and separate textiles based on fiber com-
position, such as polyester, nylon, wool, acrylic,
viscose, and cotton, and color properties. The NIR
camera analyzes the fiber composition and the RGB

camera analyzes the color composition. As this tech-
nology is new, it has several limitations, such as diffi-
culties when sorting the blended fibers (three types or
more), dark colors have worse recognition than the
light colors, wet textiles are not accurately scanned,
separation by color is suitable only for single-colored
textiles, and single-colored textiles can only be separat-
ed from multicolor textile products.

Social aspects of sustainability

When starting the discussion about the social dimen-
sion of sustainable fashion, two things are worth men-
tioning. The first is a lack of awareness of consumers
and information about the fashion products they buy
(Figure 6). The second is related to communication
about sustainability that could help increase consumer
awareness. Product traceability and transparency
throughout the product development process and the
supply chain became extremely important in demon-
strating the brand’s originality and sustainability.
There are three main components of customer aware-
ness, namely the cognitive and behavioral characteris-
tics of customers and their employment status.”
Cognitive and behavioral characteristics were found
to depend on culture and religion, and employment
status has an essential impact on awareness, feelings
of sustainability, and decision, but gender governs
only purchase decisions.”

There is a problem in how to distinguish sustainable
fashion products from those that are not sustainable for
customers due to the non-transparent labeling system
applied even for sustainable fashion products.>’*

Consumer awareness

Lowsumerism

Product traceability and transparency

Clear labeling system

Social aspects of

Eco-friendly clothes

the fashion

Capsule wardrobe

sustainability

Renting of clothing

Second-hand clothing market

Repeatedly weared, recycled and upcycled garments

Rise of digital fashion business

Figure 6. Social aspects of fashion sustainability.
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Staniukaityté’* analyzed this problem and developed a
prototype of a labeling system consisting of four circular
shape labels of different colors made from eco-friendly
paper with integrated plant seeds. Each label of the
designed set provided different information to the con-
sumer and communicated the idea of ‘prolonged use of
the product,” suggesting sowing and growing a plant.’
Furthermore, pre-established instructions on recycling,
sorting, reuse, and repair could also reduce environmen-
tal pollution.>”* Due to fast fashion that has been pop-
ular lately, people easily decide not to wear
unfashionable clothing and replace them with new
ones.”” A huge number of cotton shirts and jeans
become waste instead of being recycled, reused, or
remade.’ With the spread of the idea of sustainability,
consumers are often encouraged to adopt the principles
of timeless fashion (slow fashion) instead of the strict
following of forthcoming fashion trends. Products rep-
resenting slow fashion are associated with ‘durable
products, traditional production techniques, or season-
less design concepts.”’> Based on the slow fashion con-
cept, customers are encouraged to buy fewer, but more
durable, ecological, or recycled textile products.®” From
the slow fashion movement, a new approach called low-
sumerism originated. According to the lowsumerism
approach, clothing is designed to be versatile and time-
less, so garments can be used in many different ways and
situations.”® In that case, fashion designers suggest cre-
ating capsule wardrobe — a limited number of inter-
changeable classical clothing pieces of neutral colors
that allow creating different costume variations using
a few items of clothing. Furthermore, the ‘Linchpin’
digital agency suggested several ideas related to the
social concept of fashion sustainability, such as a cap-
sule wardrobe, the second-hand clothing market, eco-
friendly clothing, rental of clothing, repeated wear,

recycled, and upcycled garments, and increased trans-
parency. Furthermore, scientists’®’’ concluded that
early education intervention is essential to shape cus-
tomer and manufacturer behavior and to promote crit-
ical thinking toward a more sustainable future for both
the fashion industry and the market.

Economic aspects of sustainability

There are many factors that influence sustainability
practices, such as closed-loop and market pressure,
value creation, authenticity, innovation, government
exclusivity and regulatory pressure, functionality,
equity, and localism.”® Heinze”® showed that emotional
management is a key element in sustainable fashion
design that influences the financial and prosocial
motives of entrepreneurs, the management of ethical
complexities, and entrepreneurial risk in sustainable
fashion businesses. Therefore, the main tool to ensure
sustainability in fashion is to replace the linear model
that governs the idea of ‘take-make-waste’ with the
circular business model based on the concept of
‘reduce—reuse—recycle’ (Figure 7). To become more sus-
tainable, the fashion industry must overcome the costly
demand for the design and technological expertise nec-
essary for the innovations in manufacturing processes
and communication with customers that would support
slow fashion, strong brands, or buy and rent used
clothing. Furthermore, the industry must also be inter-
ested in new economic approaches based on, for exam-
ple, de-growth theory or others.*’:8!

In the circular model, resources are kept in the loop
for a long period, maintaining their value while in use,
and repurposed to develop new textile products after
their use.'* For essential changes in the fashion market,
companies must know their end customer and find

Circular model vs linear model

Fair salary for employees

Economic

Slow fashion vs fast fashion

aspects of the
fashion

Strong brands

sustainability

Second hand clothes retail

Online renting of worn clothes

Digital fashion

De-growth

Figure 7. Economic aspects of fashion sustainability.
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ways to collect or reuse the products used. For exam-
ple, the company ‘H&M’ has built its sustainable
supply chain, including the development of eco-
materials, safe training, sustainable manufacturing,
reduced carbon emissions in distribution, and the pro-
motion of eco-fashion.® ‘H&M’ made some of its best-
seller items suitable for recycling and demonstrated
valuable input in the creation of its circular system.
The second example of good practice can be the
Spanish clothing brand ‘Ecoalfs’ that turned broken
fishing nets into polyester fibers, which were used to
make bags and clothing. However, companies must
strive for a long-term sustainability strategy. Both sus-
tainability and the circular economy mainly influence
the long-term competitiveness of fashion companies.®
In addition, they can strengthen the preservation of
values such as ecological awareness, tradition, and
ethics. However, it is easier to implement these initia-
tives for small companies than for large ones. These
companies manage the entire production cycle, which
starts with knitting processes and ends with garment
manufacture and finishing. In addition, these compa-
nies are usually involved in the ‘Greenpeace’ detox
campaign. To ensure sustainability control within the
entire textile manufacturing cycle, all manufacturing
processes, including chemical finishing, should be car-
ried out within a textile company or a partnership com-
pany having the possibility of controlling every
manufacturing process to ensure sustainability. For
example, the Danish organic underwear brand
‘Dilling’ integrated the sustainability concept into its
financial system, investing its money in the processes
of other companies that are not profitable but that can
be controlled with respect to sustainability.
Furthermore, the retail market of most fashion com-
panies is global. Therefore, manufacturing companies
face a great challenge in deciding to recycle garments
produced by themselves. Therefore, collaboration
between brands, research institutions, and industry
companies can help further understanding of the final
customers and suggest relevant decisions to ensure the
sustainability of the fashion business. Furthermore,
Lica et al.** showed that research and design (R&D)
management within the company region and (or)
within the country allows achieving competitive advan-
tage in terms of product design, quality, and brand
name reputation. To ensure sustainability, companies
should also guarantee fair salaries for employees and
transparency for the company itself. Furthermore, slow
fashion should change fast fashion, which highly pri-
oritizes growing profit.*’>*> Emerging businesses such
as online clothing rental or second-hand clothing sale
also lead to increased environmental and economic sus-
tainability, as well as the circularity of fashion.®® In
addition, de-growth theory has emerged as a collective

economic approach that aims to produce a substantial
change in the current culture of production and con-
sumption, so that human well-being and planet surviv-
al become the central axis of market orientation.®%!
The de-growth theory reduces energy and resource use
to bring the economy back into balance with the living
world, reducing inequality and improving human
well-being.?” !

Conclusions

The success of industrial companies with respect to
sustainability depends on their ability to be sustainable
throughout both the global supply chain and through-
out the product life cycle. Sustainable fashion business
requires integrating complex considerations into the
company’s business model, mainly through R&D and
production from the long-lasting perspective.

The complexity of the design of fashion products
and the wide variety of materials used for their manu-
facture are still major challenges for the majority of
fashion industrial companies as well. Simpler product
design, commonly called timeless, and higher textile
quality would also help increase the sustainability of
fashion products in terms of reducing waste after textile
use. In addition, companies must think about the col-
lection and recycling of worn clothing. According to
the circular economy theory, it is necessary to keep
the life of products as long as possible, that is, techni-
cally upgrading, reselling, repairing, or recycling.

Compromising the environmental aspects of fashion
sustainability, it was also noticed that fashion industry
experts focus mainly on national and international
legal regulations on the ecology of materials and
manufacturing processes. However, they lack original
internal initiatives and ideas. Clothing manufacturers
should collaborate with fiber manufacturing companies
to ensure greater transparency with respect to ecology
within the supply chain. In addition, the company
could strengthen the retention of values such as tradi-
tion, ecological awareness, and ethics.

The fashion industry has to become more sustain-
able and to be able to implement the principles of the
circular economy, overcoming costly demand for great
design and technological expertise in remanufacturing
processes, lack of a system for the collection of used
garments, and very low interest of customers in rema-
nufactured products.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.



10 Textile Research Journal 0(0)
Funding 15. Chan CK, Shin J and Jiang SX. Development of tailor-
The author(s) received no financial support for the research, shaped bacten?ll cellulos§ textile cultivation techniques for
authorship, and/or publication of this article. zerg-waste design. Clothmg' Text Res J 2018; '36: 33-44.
16. Majumdar A, Shukla S, Singh AA, et al. Circular fash-
ORCID iD ion: properties of fabrics made from mechanically
L o ) recycled poly-ethylene terephthalate (PET) bottles.
Virginija Daukantiené (® https://orcid.org/0000-0002-6800- Resour Conserv Recyel 2020; 161: 104915.
1304 17. Siller-Sanchez A, Ruiz HA, Aguilar CN, et al
Biorefinery approach for red seaweeds biomass as

References source for enzymes production: food and biofuels indus-

1. Rathinamoorthy R. Consumer’s awareness on sustain- try. In: Parame.swaran B, Var.Jam S and Rz.weendran S
able fashion. In: Muthu SS (ed.) Sustainable fashion: con- (eds.) Green bio-processes. Singapore: Springer, 2019,
sumer awareness and education. Singapore: Springer, pp-413-446.

2019, pp.1-36. 18. Pedersen G, Hagen HA, Asferg L, et al. Removal of

2. Wu S and Devendorf L. Unfabricate: designing smart b rmt:}g paste tll’jlc“l;)esnzrljnggxeslsggze after textile print-
textiles for disassembly. In: Bernhaupt R and Mueller F Ing. Patent no. 5,44, 7 i .

. 19. Muthu SS (ed.). Sustainable innovations in apparel pro-
(eds.) proceedings of the 2020 CHI conference on human . . .
. . . . duction. Singapore: Springer; 2018.
factors in computing systems, 21 April 2020, Association 20 Thrahim NA. Eid BM. Abdel Aziz MS. et al. Green sur-
ONfewC;)(n;f]ll ting Machinery Honolulu, USA, pp.1-14. face modification and nano-multifunctionalization of
S . . . denim fabric. Cellulose 2018; 25: 6207-6220.

3. Woodside AG and Fine MB. Sustainable fashion themes 71 Deeml?;lc?) EC CoicZ ij[e Guaino V. et al. Novel finishin

in luxury brand storytelling: The sustainability fashion ' ’ iy Sl e &
b orid. J Glob Fash Market 2019: 10: 111-128 treatments of polyamide fabrics by electrofluidodynamic
research grid. ob Las arket S T process to reduce microplastic release during washings.

4. Kozlowski A, Bardecki M and Searcy C. Tools for sus- i . . .
ainable fashion desien: an analvsis of their fi G Polym Degrad Stabil 2019; 165: 110-116.
tamnable 1as 10}“ (=js.1gn. an‘an‘? ysis ol their fitness for Zheng J, Li L, Gu W, et al. Sustainable apparel product
purpose. .Sutvzamabzlzzy 20.19’ 11,' 35 81‘. . design methods: a fashion brand company case study.

5. Daukantien¢ V. Ecology ideas in fashion industry: from Fibre Text East Eur 2020 28: 23-33
use of ecological materials to promotion of slow fashion. 23, Gam HJ. Cao H Bennett, 7 .et al Application of design
Impressions from the conference industry engineering 2015. for disassembly in men’s jacket: a study on sustainable
Environ Res Eng Manag 2015; 71: 3-4. . apparel design. Int J Clothing Sci Technol 2011; 23:

6. Moon KK, Youn C, Chang JM, et al. Product design 83-94.
scenarios for energy saving: a case study of fashion oy gyeikataite A. The use of denim fabric for the production
apparel. Int J Prod Econ 2013; 146: 392-401. of knitted systems. MSc Thesis, Kaunas University of

7. Baker LB. Laser cutting for fashion and textiles. Laurence Technology. 2014.

King Publishing, London 2016. ) 25. Stankuniené A. The reuse of denim fabric for the produc-

8. Nayak R, Singh A, Panwar T, et al. A review of recent tion of clothing accessories. MSc Thesis, Kaunas
trends in sustainable fashion and textile production. University of Technology. 2013.

WOkaO"f'e 2019; 13: 11-12. ) ) 26. Paras MK, Wang L, Chen Y, et al. A sustainable appli-

9. He.B, Li F, Cao X, et al. Product sustam.able de31gn:. a cation based on grouping genetic algorithm for modular-
review from the environmental, economic, and social ized redesign model in apparel reverse supply chain.
aspects. J Comput Inform Sci Eng 2020; 20: 040801. Sustainability 2018; 10: 3013.
doi: https://doi.org/10:11.15/1.4045408 o 27. Hwang C and Zhang L. Innovative sustainable apparel

10. De Medeiros JF, Ribeiro JL and Cortimiglia MN. design: application of CAD and redesign process. In:
Success factors for environmentally sustainable product Muthu SS and Gardetti MA (eds.) Sustainability in the
innovation: a systematic literature review. J Clean Prod textile and apparel industries. Cham: Springer, 2020,
2014; 65: 76-86. pp.87-107.

11. Claxton S and Kent A. The management of sustainable 28 Carrico M and Kim V. Expanding zero-waste design
fashion design strategies: an analysis of the designer’s practices: a discussion paper. Int J Fash Des Technol
role. J Clean Prod 2020; 268: 122112. Educ 2014; 7: 58-64.

12. Byrne MR and Polonsky MJ. Impediments to consumer 29, McQuillan H. Zero waste design thinking. Doctoral
adoption of sustainable transportation: alternative fuel Dissertation, Hogskolan i Bords. 2019.
vehicles. Int J Oper Prod Manag 2001; 21: 1521-1538. 30. McQuillan H. Digital 3D design as a tool for augmenting

13. Djabbarpour Nami L. Storytelling for communicating sus- zero-waste fashion design practice. Int J Fash Des
tainable fashion. Doctoral dissertation, Hogeschool van Technol Educ 2020; 13: 89-100.

Amsterdam. 2016. 31. James AM, Roberts BM and Kuznia A. Transforming

14. Shirvanimoghaddam K, Motamed B, Ramakrishna S, the sequential process of fashion production: where

et al. Death by waste: fashion and textile circular econo-
my case. Sci Tot Environ 2020; 718: 137317.

zero-waste pattern cutting takes the lead in creative
design. Int J Fash Des Technol Educ 2016; 9: 142—152.


http://orcid.org/0000-0002-6800-1304
https://orcid.org/0000-0002-6800-1304
https://orcid.org/0000-0002-6800-1304

Daukantiene

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Kozlowski A, Searcy C and Bardecki M. The reDesign
canvas: fashion design as a tool for sustainability. J Clean
Prod 2018; 183: 194-207.

Liu Z, Li W and Wei Z. Qualitative classification of waste
textiles based on near infrared spectroscopy and the con-
volutional network. Text Res J 2020; 90: 1057—-1066.
Choudhary AK, Sikka MP and Bansal P. The study of
sewing damage and defects in garments. Res J Text
Apparel 2018; 22: 109-125.

Dobilaité V, Mileriene G, Juciene M, et al. Investigation
of current state of pre-consumer textile waste generated
at Lithuanian enterprises. Int J Clothing Sci Technol
2017; 29: 491-503.

Dobilaité V, Juciené M and Saceviciené V. Study of tex-
tile waste generation and treatment in Lithuania. Fibre
Text East Eur 2017; 25: 8-13.

Matthews J. Textiles in three dimensions: an investiga-
tion into processes employing laser technology to
form design-led three-dimensional textiles. Doctoral
Dissertation, ©Janette Matthews. 2011.

Nayak R and Padhye R. The use of laser in garment
manufacturing: an overview. Fash Text 2016; 3: 1-6.
Antanavicitité A and Dobilaité V. Principles of slow fash-
ion application in clothing collection creation. Environ
Res Eng Manag 2015; 71: 54-59.

Reid LF, Vignali G, Barker K, et al. Three-dimensional
body scanning in sustainable product development: an
exploration of the use of body scanning in the production
and consumption of female apparel. In: Vignali G,
Louise F. Reid, Ryding D and Claudia E. Henninger
(eds.) Technology-driven sustainability. Cham: Palgrave
Macmillan, 2020, pp.173-194.

Chakraborty S and Biswas MC. 3D printing technology
of polymer-fiber composites in textile and fashion indus-
try: a potential roadmap of concept to consumer. Compos
Struct 2020; 248: 112562.

Khosravani MR and Reinicke T. On the environmental
impacts of 3D printing technology. App! Mater Tod 2020;
20: 100689.

Arena F, Collotta M, Pau G, et al. An overview of aug-
mented reality. Computers 2022; 11: 28.

Boardman R, Henninger CE and Zhu A. Augmented
reality and virtual reality: new drivers for fashion retail?
In: Technology-driven sustainability. Cham: Palgrave
Macmillan, 2020, pp.155-172.

Javornik A. The mainstreaming of augmented reality: a
brief history. Harvard Bus Rev 2016 (online version).
Browne MA, Crump P, Niven SJ, et al. Accumulation of
microplastic on shorelines worldwide: sources and sinks.
Environ Sci Technol 2011; 45: 9175-9179.

De Falco F, Cocca M, Avella M, et al. Microfiber release
to water, via laundering, and to air, via everyday use: a
comparison between polyester clothing with differing tex-
tile parameters. Environ Sci Technol 2020; 54: 3288-3296.
Mintenig SM, Loder MG, Primpke S, et al. Low numbers
of microplastics detected in drinking water from ground
water sources. Sci Tot Environ 2019; 648: 631-635.
Carlsson P, Singdahl-Larsen C and Lusher AL.
Understanding the occurrence and fate of microplastics

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

in coastal Arctic ecosystems: the case of surface waters,
sediments and walrus (Odobenus rosmarus). Sci Tot
Environ 2021; 792: 148308.

Prata JC, da Costa JP, Lopes I, et al. Environmental
exposure to microplastics: an overview on possible
human health effects. Sci Tot Environ 2020; 702: 134455.

. Kirstein IV, Gomiero A and Vollertsen J. Microplastic

pollution in drinking water. Curr Opin Toxicol 2021; 28:
70-75.

Carney Almroth BM, Astrom L, Roslund S, et al.
Quantifying shedding of synthetic fibers from textiles; a
source of microplastics released into the environment.
Environ Sci Pollut Res 2018; 25: 1191-1199.

Belzagui F, Crespi M, Alvarez A, et al. Microplastics’
emissions: microfibers’ detachment from textile gar-
ments. Environ Pollut 2019; 248: 1028—1035.

De Falco F, Di Pace E, Cocca M, et al. The contribution
of washing processes of synthetic clothes to microplastic
pollution. Sci Rep 2019; 9: 1-1.

Vassilenko E, Watkins M, Chastain S, et al. Domestic
laundry and microfiber pollution: exploring fiber shed-
ding from consumer apparel textiles. PLoS One 2021;
16: €0250346.

Cesa FS, Turra A, Checon HH, et al. Laundering and
textile parameters influence fibers release in household
washings. Environ Pollut 2020; 257: 113553.

Kelly MR, Lant NJ, Kurr M, et al. Importance of water-
volume on the release of microplastic fibers from laun-
dry. Environ Sci Technol 2019; 53: 11735-11744.

Dalla Fontana G, Mossotti R and Montarsolo A.
Assessment of microplastics release from polyester fab-
rics: the impact of different washing conditions. Environ
Pollut 2020; 264: 113960.

Volgare M, De Falco F, Avolio R, et al. Washing load
influences the microplastic release from polyester fabrics
by affecting wettability and mechanical stress. Sci Rep
2021; 11: 1-2.

De Falco F, Gullo MP, Gentile G, et al. Evaluation of
microplastic release caused by textile washing processes
of synthetic fabrics. Environ Pollut 2018; 236: 916-925.
Cotton L, Hayward AS, Lant NJ, et al. Improved gar-
ment longevity and reduced microfibre release are impor-
tant sustainability benefits of laundering in colder and
quicker washing machine cycles. Dye Pigm 2020; 177:
108120.

Napper IE and Thompson RC. Release of synthetic
microplastic plastic fibres from domestic washing
machines: effects of fabric type and washing conditions.
Marine Pollut Bull 2016; 112: 39-45.

Zambrano MC, Pawlak JJ, Daystar J, et al. Microfibers
generated from the laundering of cotton, rayon and poly-
ester based fabrics and their aquatic biodegradation.
Marine Pollut Bull 2019; 142: 394-407.

Periyasamy AP. Evaluation of microfiber release from
jeans: the impact of different washing conditions.
Environ Sci Pollut Res 2021; 28: 58570-58582.

Pirc U, Vidmar M, Mozer A, et al. Emissions of micro-
plastic fibers from microfiber fleece during domestic
washing. Environ Sci Pollut Res 2016; 23: 22206-22211.



Textile Research Journal 0(0)

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Yang L, Qiao F, Lei K, et al. Microfiber release from
different fabrics during washing. Environ Pollut 2019;
249: 136-143.

Cai Y, Yang T, Mitrano DM, et al. Systematic study of
microplastic fiber release from 12 different polyester textiles
during washing. Environ Sci Technol 2020; 54: 4847-4855.
Hartline NL, Bruce NJ, Karba SN, et al. Microfiber
masses recovered from conventional machine washing
of new or aged garments. Environ Sci Technol 2016; 50:
11532-11538.

Mcllwraith HK, Lin J, Erdle LM, et al. Capturing micro-
fibers—marketed technologies reduce microfiber emissions
from washing machines. Marine Pollut Bull 2019; 139:
40-45.

Hur E. Rebirth fashion: second hand clothing consumption
values and perceived risks. J Clean Prod 2020; 273: 122951.
Rissanen TI. Zero-waste fashion design: a study at the
intersection of cloth, fashion design and pattern cutting.
Doctoral Dissertation. University of Technology,
Sydney, 2013. University of Technology, Sydney, 2013.
Fibersort™ technology by the ‘Valtech Group’. https://
www.fibersort.com/en/technology. (Accessed on 10
February 2022).

Zhang B, Zhang Y and Zhou P. Consumer attitude
towards sustainability of fast fashion products in the
UK. Sustainability 2021; 13: 1646.

Staniukaityté A. Solutions of eco-clothing labeling. M.
Sc. Thesis, Kaunas University of Technology, 2015.
Fletcher K. Slow fashion: an invitation for systems
change. Fash Pract 2010; 2: 259-265.

Todeschini BV, Cortimiglia MN, Callegaro-de-Menezes
D, et al. Innovative and sustainable business models in
the fashion industry: entrepreneurial drivers, opportuni-
ties, and challenges. Bus Horiz 2017; 60: 759-770.
Shafie S, Kamis A and Ramli MF. Fashion sustainability:
benefits of using sustainable practices in producing sus-
tainable fashion designs. Int Bus Educ J 2021; 14: 103—111.
Thorisdottir TS and Johannsdottir L. Sustainability
within fashion business models: a systematic literature
review. Sustainability 2019; 11: 2233,

Heinze L. Fashion with heart: sustainable fashion entre-
preneurs, emotional labour and implications for a sus-
tainable fashion system. Sustain Dev 2020; 28: 1554—1563.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Shrivastava P. Organizational sustainability under
degrowth. Manag Res Rev 2015; 38. https://doi-org.
ezproxy.ktu.edu/10.1108/ MRR-07-2014-0157.
Vazquez-Brust DA and Plaza-Ubeda JA. Sustainability:
the alternative solution for achieving the balance between
both the natural and the economic system. Sustainability
2021; 13: 4610.

Shen B. Sustainable fashion supply chain: lessons from
H&M. Sustainability 2014; 6: 6236-6249.

Gazzola P, Pavione E, Pezzetti R, et al. Trends in the
fashion industry. The perception of sustainability and
circular economy: a gender/generation quantitative
approach. Sustainability 2020; 12: 2809.

Lica D, Di Maria E and De Marchi V. Co-location of
R&D and production in fashion industry. J Fash Market
Manag 2020; 25: 133-152.

McNeill LS and Snowdon J. Slow fashion—balancing the
conscious retail model within the fashion marketplace.
Australas Market J 2019; 27: 215-223.

Shrivastava A, Jain G, Kamble SS, et al. Sustainability
through online renting clothing: circular fashion fueled
by Instagram micro-celebrities. J Clean Prod 2021; 278:
123772.

Hickel J. What does degrowth mean? A few points of
clarification. Globalizations 2021; 18: 1105-1111.
Oliveira de Mendonca G, Coelho Rocha AR and Bogéa
da Costa Tayt-son D. The minimalist process: an inter-
pretivist study. J Consum Behav 2021; 20: 1040-1050.
Beyer K and Arnold MG. Social sustainability in an
evolving circular fashion industry: identifying and trian-
gulating concepts across different publication groups.
In: sustainability management forum| Nachhaltigkeits
management forum, 6 April 2022, pp.1-26. Berlin
Heidelberg: Springer. https://link.springer.com/content/
pdf/10.1007/s00550-022-00527-x.pdf

Ermer C. Critical design: a new vision for fashion design
studies. Innovat Eur J Soc Sci Res 2022; 1-24. Published
Online: 17 May 2022. https://doi.org/10.1080/
13511610.2022.2069550

Lloveras J, Marshall AP, Vandeventer JS, et al.
Sustainability marketing beyond sustainable develop-
ment: towards a degrowth agenda. J Market Manag
2022: 1-23. Published Online: 13 June 2022. https://doi.
org/10.1080/0267257X.2022.2084443


https://www.fibersort.com/en/technology
https://www.fibersort.com/en/technology

