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Recycle is an important part of the fashion industry's circular
transformation towards Zero Waste [1]. It is defined as a
process of materials being shredded or pulled apart into small fractions or fibers,
called shoddy or mungo (DEFRA, 2006). Current recycling technologies could be
classified into four ways shown below, each with its own positives and negatives.

Wastes are generated in every process
of garment production, and thousands
of tonnes of fabric are wasted before
garments reach the consumer (EAC,
2019). Cutting is the process that
generates the majority of pre-consumer
waste, of which up to 15% of fabrics
could be wasted (AATCC, 2019; Burns,
2019). The application of digital
technology, e.g. computer pattern
making, has reduced pre-consumer
waste to a large extent (EIShishtawy et
al, 2022)

Globally, around 56 million tonnes of
garments are purchased each year,
and this is expected to rise to 93
million tonnes by 2030 and 160 million
tonnes by 2050 (BBC, 2020). The

nain source of waste is clothing
consumers discard, which often ends
up in landfills, by 2050, it is estimated
that more than 150 million tonnes of
clothing would be dumped into
landfills (Figure 2.1.3)(BBC, 2020). The
decomposition can take years and
release harmful pollutants into the

environment. In particular, fast fashion
model and cheap textile products with
a short life span have led to an
increase in the quantity of post-
consumer textiles causing worse
environmental impacts (Stanescu et
al, 2021).

Figure 2.1.2 Textile Scraps in Cutting Room
Source: Medium.com

Figure 2.1.3 Textiles End Up in Landfills
Source: SustainFashion

3.2 Opportunities

and Challenges

Challenges

Difficulty in Sorting

Materials in recycled wastes need to be recycled in different ways, thus the sorting and
separation of different fabrics and components is important and difficult (AFRI, 2022).

Downcycling

Quality is still the first priority when buying fashion items, and the existing recycling
process damages and shortens the length of fibers, resulting in lower material
performance (EAC, 2019). Currently, there are only 1% of recycled clothes are turned
back into new garments (BBC, 2023).

Heterogeneity of waste textiles

The waste material has different histories for each fabric, presence of dyes, finishes,
and other chemicals. As a result, full recycling of the waste material is challenging and
requires significant effort, as additional steps need to be taken to process the material
properly (AFRI, 2022).

Insufficient Supply

The supply of recycled materials is very limited, for example, only 2% of feedstock is
recycled from other industries and less than 1% is textile-to-textile recycling (EMF,
2017).

Incomplete Value Chain and Diseconomies of Scale

The existing infrastructure in the fashion industry is dedicated to the linear model, and
parts of the circular fashion value chain have not been scaled up, such as the sorting
and cleaning involved in recycling, repair, and rental, which makes it difficult to reduce
costs (EMF, 2021; Mckinsey, 2023).

Difficulty in quanti

ing sustainability of circular fashion

Some circular models, such as rental and resale, cannot be decoupled from production
and resource use, and it is difficult to track the footprint of products in post-consumer
stage (Stal and Corvellec, 2018; EMF, 2021).
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Mechanical Thermo-mechanical

« Make use of physical forces such as
cutting and grinding to convert textiles into
usable fibres

« Commercially proven, Low energy and
Cost-efficient

« Challenge: quality degradation of recycled
fibres with a fibre-length reduction of up to
30-40%

Chemical

« Involves multiple distinct technologies,
which use chemical processes to break
down fibres to the polymer or monomer

« Make use of combination of pressure and
heat to melt synthetic textiles and recover
polymers.

« Less quality degradation than mechanical
recycling technologies, Low in energy
usage and can be used on non-textile

« Limitation: Can not be used on natural
fibres

Thermal-chemical

+ Make use of gasification to produce
syngas through the partial oxidation
reaction of polymers

level « Campatible with all forms of fibres

- fibres returning to almost virgin-quality « Requires further adaptation or research for
fibres the treatment of textile waste

« Requires more energy than mechanical « Can not be used in closed-loop recycling
recycling

Source: The Textile Institue (2022)
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Figure 2.1.4 Mechanisms of possible textile waste recycling routes; Source : (Damayanti,

2021)
[1] Zero Waste: A style that aims to minimize textile waste. (Sustainable Review, 2023)
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2.2 Sustainable
Materials and New
Forms of Fashion

THREE THEMES OF SUSTAINABLE FASHION

Technology aids the

Technology aids the development of sustainable materials and products. Sustainable
artificial materials could solve social and environmental issues in fashion industry
(Fletcher, 2013).

Pifatex (Figure 2.2.1), a plant-based leather, is claimed to be an alternative to traditional
animal leather and non-biodegradable PU leather, making the product more eco-friendly
while ensuring animal welfare (Hijosa, 2015). Since its commercial launch in 2015, Pifiatex
has been used by more than 500 manufacturers, including sports brand Nike and fashion
house Hugo Boss (BoF, 2018; Nike, 2023)

of sustainable materials and products

Figure 2.2.1 Pifiatex Leather from Pineapple Leaf Fibre
Source: Yuta-shoes

Figure 2.2.2: Louis Vuitton PFP-like NFTs Rewards in Game APP
Source: Vogue (2022)

The emergence of Web3 technology and the Metaverse spawn a brand-new virtual
form of fashion, which may be the future of the whole industry. Fashion NFT requires no
raw materials or manufacturing, thus it can generate revenue with minimal negative
environmental and social impact (Joy et al, 2022). Numerous fashion and luxury brands
such as Louis Vuitton (Figure 2.2.2) have launched their NFT collections. However, the
accessibility and inclusivity of the metaverse have been called into question from a
social perspective, as it can cause inequity in NFT consumption (Forbes, 2022)
Additionally, the environmental impact of Web3 technologies, which are highly energy-
consuming, should be assessed further (Marro and Donno, 2022; Giungato et al, 2017).

4.1 Waste Recycle

Potential Direction of Technical

~ | Application and Development
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Limitations
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4.1.1 Sorting and identification: develop a cheaper and more
accurate method for all wastes

Due to the complex material composition of waste, identifying and sorting it in order to
allow more materials to be accurately recycled is a problem that technology needs to
address. In addition to traditional physicochemical techniques such as thermogravimetric
analysis and infrared spectrometer techniques, identification methods based on digital
technologies such as Al and ML(Machine Learning) currently have advantages in terms of
accuracy and cost for some materials but are not yet applicable to all materials
(Damayanti, 2021). The widespread use of LoT and blockchain technology is expected to
identify and sort waste in a retrospective manner, but both will take longer to become
widespread (Luscuere, 2017; Damayanti, 2021).

4.1.2 Cost and production volume: develop a more efficient way

Existing mechanical or chemical recovery methods have shortcomings in terms of volume
and cost, due to factors such as complex processes and energy consumption, therefore
recycling technology needs to seek breakthroughs in process optimization and reduction
of resource consumption (Wener and Carmalt, 2006; Damayanti, 2021).

4.1.3 Recycled material performance

Consumer research shows that quality is still the most important element of clothing
(Mintel, 2019). Existing recycling technologies damage the fibers and thus affect the
fabric quality, especially natural fibers (EAC, 2019). To ensure the quality of clothing made
from recycled materials, recycling technologies that are less damaging to the material
need to be developed.

4.1.4 Environmental impact: less pollutants and consumption

The process of material recycling inevitably generates chemical pollution and consumes
resources, such as water and energy, and recycling technology should be developed in a
direction that minimizes these environmental impacts (Yousef et al, 2020; Sustainfashion,
2023).
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DEVELOPMENT OF
SUSTAINABLE FASHION

The overgrowth of the fashion industry in the past
decades, dominated by a linear model, has led to many
problems, making sustainable fashion a focus of both
industry and academic attention. Sustainable fashion is a
macro and multi-faceted subject, with technology being
one of the key drivers in many of the approaches and
practices towards sustainable fashion. This report
discusses the current landscape and future of technology
in sustainable fashion around a number of interrelated and
inclusive themes. Due to limitation of themes and
descriptive research, some of findings lack quantitative
evidence and therefore the impact of technology on
sustainable fashion may be deviated or omitted in some
degree. It is also worth noting that other drivers and
players within and outside the fashion industry
simultaneously influence the development and application
of technology during the fulfilment of sustainable fashion.

EXECUTIVE
SUMMARY

2.3 Circular
Business Model

THREE THEMES OF SUSTAINABLE FASHION

The application of advanced algorithms and data
processing technologies in the fashion industry, such
as Al and big data, has enabled more accurate
forecasting of consumer demand, allowing suppliers
and brands to supply on demand, thus avoiding
overproduction and reducing waste (Wong and Guo
2010; Thomassey and Zeng, 2018; Ren et al, 2018). As co2
Strengths N
aresult, some of the environmental and social Reudction
problems are alleviated and the sustainability of the
existing growth-oriented fashion business model is
enhanced (BoF, 2020). Nevertheless, the current
linear fashion model needs to be transformed into
circular model, as it can significantly reduce waste
and solve other sustainable problems in the fashion
industry, Figure 2.3.1 shows the environmental
improvement of circular fashion. Besides technology,
other players influence the circular transformation as
well, the Textiles 2030 initiative (Figure 2.3.2), a
voluntary agreement launched by industrial NGOs,
endeavors to guide businesses toward circulation

Figure 2.3.1 CO2 Reduction compared

Sustainable fashion derives from a wide range of
circular business models, includir
BTC(resale/rent/repair), CTC(sw.
CTB(upcycle), etc.

p), and

Digital platforms using circular business models are
emerging in the fashion industry, while more and more
brands are experimenting with circular business
models (EAC, 2019; BoF, 2020). Rental and resale
services enable consumers with less disposable
income to purchase luxury fashion, while repair
services can extend the life cycle of products,
resulting in improved resource use and reduced waste
(Jain et al., 2022; BoF, 2020). However, the circular Figu
business model is currently facing a number of ¢ "j‘;ﬁ"ﬂ‘j“j“,;”“
barriers and is therefore not always beneficial to the and texties ind
vironment (EMF, 2021). New

applications and developments in technology may

address some of these barriers.

BV Textiles
A< 2030

2.3.2 Texil 30
ate the UK fashion
ards a circular

4.2 Sustainable
Product Design in
terms of Circularity

Technology such as CAD (computer-aided design) can help
brands achieve longevity and recyclability of products from a
design perspective, allowing materials to be kept in the close loop
S0 as to reduce waste (Kumar, 2017). For instance, Adidas has
designed a shoe (Figure 4.2.1) made of a single material that can
be easily recycled (CNN, 2019). However, design is largely limited
by material availability and market demand, which prevents the
product from being manufactured in large quantities.

Figure 4.2.1 Loop made of

Source: CNN

Process Model

TARGET MAIN THEMES

e, New Materials and Products, Business Model

OVERVIEW OF CURRENT LANDSCAPE

Academic and Industrial

OPPORTUNITIES AND CHALLENGES

Align technical issues with market trends

Market &
Consumer

DEFINE MACRO TOPIC

view of Sustainable Fashion

CONSUMER AND MARKET

Market trend in Sustainable Fashion

DIRECTIONS AND LIMITATIONS

Indicate potential direction

4.3 Accountability

and Efficiency of
Circular Fashion

Traceability: way to accountability and efficiency

Material Passport and Product Passport based on blockchain or RFID are already being
used in the linear model (Luscuere, 2017; Francisco and Swanson, 2018; Queiroz et al,
2019; Mckinsey, 2022). They can also be applied to circular fashion to improve traceability
and to better assess the environmental footprint and commercial performance of a single
product as well as the whole circular system through information like the number of
owners or hirers before recycling (Haupt et al, 2017; Wang et al, 2020; Upadhyay et al,
2021). Besides, Product passports can be used for identification and sorting during the
processes of resale, repair, and recycle, resulting in the improvement of efficiency and
monitoring of textile-to-textile recycling (EMF, 2017). However, fashion brands have not
opened access to product passports, thus industry-wide regulations should be made, in
terms of resale, the obvious benefits are lower identification costs and increased

efficiency (BoF, 2019; Mckinsey, 2022).

Overall Digitalization is a must

Traditional linear fashion model has become more efficient and sustainable after digital
transformation (Mckinsey, 2022). More digital technologies should be applied to circular
fashion to improve automation and operational efficiency, but the upfront investment may
be massive. The application of digital technologies is crucial for the success of circular
fashion and needs to be paid more attention to. Figure 4.3.1 shows the network of the
traceable and accountable circular fashion system digitalized by LoT and Blockchain.
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Figure 4.3.1
The application network of
Product(Material) Passport
and LoT in Circular Fashion
(Author Own's, 2023)

The overgrowth of the fashion industry in the past decades, dominated by a linear model,
has led to many problems, making sustainable fashion a focus of both industry and
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3.2 Opportunities

FASHION SHOWED THE FASTEST
GROWTH YOY IN CONSUMING SECTION

Figure 3.1.1 Fashion industry grows faster
Source: Deloitte Global Powers of Retailing
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and Challenges

Opportunies

Align Sustainability with Marketing

Sustainability satisfies the psychological needs of ethical
consumers and is already a widely adopted competitive

Consumer shift advantage, it can also be aligned with marketing (Wener
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Circular business models such as upcycle and repair
5% extend the customer journey in the post-consumption
Resale stage, creating new consumer touchpoints and improving
88% of UK consumers are willing to buy secondhand fashion, and 53% of them have ever customer 1t, thus increasing customer lifecycle
s purchased secondhand (Statista, 2022). value (Pal, 2019; EIf et al, 2022). Swap and rental allow
brands to reach a wider range of audiences, such as those
Repair with lower incomes and ages (BoF, 2020).
65 Repairing broken items instead of buying brand new has been a strong trend in the UK, 52%
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Figure 3.1.2 The growth of sustainable fashion (Statista, 2022)
c 75% consumers recycle items, compared to 56% globally (Passport, 2022)
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