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Abstract

The fast fashion industry is notorious for wicked environmental and social problems,
such as exploitative resource use, high amounts of waste, excessive pollution, below-
living wages and unsafe working conditions. Addressing these problems calls for a sys-
temic view on the industry with the goal of minimising the intake of natural resources into
the system as well as the output of waste. However, thus far, most solution attempts have
turned out simplistic and insufficient to nudge the industry to more sustainable practices
at scale. We examine the textile and fashion system at the three different levels—the prod-
uct, industry and socio-ecological system levels—and show the inadequacy of the current
sustainability-driven practices in the field. As an alternative, we propose systemic solu-
tions, geared toward long material and product lifetimes, that have the potential to trigger
adaptive responses throughout different actors in the system and across all three levels.
These systemic solutions operationalise a circular value retention hierarchy coupled with a
sufficiency-based consumption philosophy.

Keywords Textile and fashion industry - Fast fashion - Systemic sustainability -
Sufficiency-based circular economy - Circular transition - Circular value retention

Introduction

Every day, we dress ourselves in clothes that traversed long, complicated supply chains to
reach us. Clothes are one of our basic needs, providing warmth and protection and often
also a means of individual expression. The ubiquity and simplicity of these seemingly
innocent products, however, mask a wide array of environmental and social problems. The
current textile and fashion industry (referred to simply as ‘textile industry’ going forward)
over-uses natural resources and produces immense amounts of waste. With the expansion
of so-called fast fashion, through their lifecycles, clothing globally contributes up to 10% of
total carbon dioxide (CO,) emissions [1, uses 4% of freshwater [2] and produces over 20%
of industrial waste water [3]. Textiles are the estimated source of over 35% of microfibres
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released into waterways [4], and cotton cultivation is responsible for 16% of pesticide use
globally [5].

On the social side, the textile industry is a significant sector in the global economy,
providing employment for hundreds of millions around the world [6]. At the same time,
workers in garment supply chains often face human rights violations [7], unsafe working
conditions [8], precarious work [9] and wage theft [10]. A prime example of notoriously
exploitative working conditions and practices is the 2013 Rana Plaza building collapse,
which killed at least 1135 garment workers and injured approximately 2500 others [11],
mostly from its young, female labour force.

In just a few decades, the textile industry has gone through dramatic changes that have
led to alarmingly short material and product lifetimes [1, 12]. Clothes once were dura-
ble, long-lasting goods but have now become disposables that are soon discarded as waste.
Many garments are not manufactured to last and may only endure a mere 10 wash cycles
[13]. Fast fashion originates from the West, but the growing middle class in emerging
economies is increasing consumption. In 2019, China surpassed the USA as the world’s
biggest fashion market [14].

To tackle these problems, the industry has introduced a number of solutions, such as
the use of organic materials and eco-labels. However, these conventional solutions have
been increasingly criticised for their superficiality and failure to address the root causes of
problems in the textile system [15]. This article argues for more systemic solutions, aimed
at maximizing the value of materials throughout their lifecycles to reduce resource use and
waste (Fig. 1). The study provides an interdisciplinary examination of the textile industry
at the product, industry, and socio-ecological system levels. Moreover, it critically assesses
the existing solutions and presents potential systemic solutions to replace the unsustainable
practices in the industry. The findings contribute to the growing body of interdisciplinary
sustainability research on the systemic transition to life within the planetary boundaries.

What Are ‘Systemic Solutions’?

In complex adaptive systems theory, autonomous actors organise their activities based on
the constraints of the existing system while also co-creating those systemic conditions.
Actors respond to one another and adapt accordingly, leading to new patterns of behaviour
[16]. Without those new patterns of behaviour, there is no systems change.

At the root of the many seemingly separate problems in the textile industry are the
cheapness and speed of fast fashion operating model, which has pushed down clothing life-
times and contributed to the social challenges of the industry. The material conditions at
the product level, the organisational choices at the industry level and the dominant para-
digm at the socio-ecological system level together set the conditions for short textile use
lives. Actors adapt to these conditions in an attempt to become successful, and in so doing,
entrench them further. ‘Systemic solutions’ are those with the potential to trigger adaptive
responses in other actors, from which new patterns of behaviour may emerge—ultimately
forming co-evolution between actors. In contrast, ‘simplistic solutions’ are those that are
not likely to trigger such co-evolution, either by design or due to problems in their imple-
mentation. By triggering adaptation in other actors, systemic solutions have the potential to
serve as system attractors that can lead to a change in the system state.

What could such systemic solutions resulting in a radical decrease in the textile sector’s
environmental and social sustainability impacts look like? How could the textile sector
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Fig.1 The operation principle Natural resources input
of the aspired sustainable textile
system

Minimise

Maximise value retention
of materials and products
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Textile waste

move away from simplistic sustainability attempts and instead aim for long material life-
times and maximal value retention?

Product Level: from Simplistic to Systemic Solutions that Maintain
Long Material and Product Lifetimes

Barriers to Long Material Lifetimes at the Product Level

Over the past few decades, the quality of textiles has decreased, making them fall apart
faster [17, 18]. The low quality of clothing is embedded in the fast fashion business logic,
where high quality is compromised for rapid fashion cycles and low prices, often inten-
tionally following the planned obsolescence philosophy. Today, flaws in the quality of gar-
ments, along with wear and tear, are significant reasons for clothing disposal [18].

The materials themselves are not the only product-level barrier to long lifetimes.
Quickly changing fashion cycles and a large number of new collections each year also con-
tribute to short material lifetimes and loss of value. Fast fashion is fuelled by a continual
stream of new styles that fall out of fashion as quickly as they fall in. This design for obso-
lescence is a critical barrier to longevity. Until the late twentieth century, fashion brands
only introduced new styles seasonally, either two or four times per year. Fast fashion brand
Zara famously broke the mould by offering new styles every 2 weeks, and now ultra-fast
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fashion brands like Shein, Boohoo and Asos release new styles continuously. This has led
to consumers adopting a ‘throwaway mentality’ [19] that pushes down the use rate and
lifetimes of clothing.

Along with turning into waste ever more rapidly, textiles have also become less recy-
clable by being more frequently made of cotton-synthetic blends. If you check the label of
the garment you are wearing, there is a high likelihood that the fabric is woven or knit with
a blend of different fibres, such as a mix of cotton and polyester. In traditional mechanical
recycling processes, these blended fibres cannot be separated into their component parts to
be re-spun as pure cotton, polyester and so on, leaving them often landfilled, incinerated or,
at best, downcycled to purposes other than clothing.

Simplistic Product Solutions and Why They Do not Work

As one response to criticism, the fashion industry has introduced supposedly less harm-
ful textile materials. Simply swapping out materials will, however, not trigger beneficial
systems change. With some alternative materials, the problem is one of trade-offs and
unintended consequences. Organic cotton, for example, requires more arable land than
traditional cotton due to lower yields [20]. Fabrics made from recycled PET bottles shed
microplastics when washed [21] and require a continuous stream of plastic waste to pro-
duce at scale. Additionally, even new materials that have several ecological benefits, like
wood-based textile fibres, do not inherently lead to textile materials being in use longer.
Also, these new materials might not lead to improved working conditions or enhanced
social sustainability.

On the design side, responsive design that produces limited batches based on specific
consumer trends may seem like a solution to the ‘push’ of new styles that shortens the
use lives of each garment. This is Zara’s approach. The Spain-based company has exten-
sive consumer analysis capabilities, as well as production capacities near Europe to quickly
identify and produce highly specific trend pieces. Giving consumers what they want should
lead them to value and maintain those items for longer, right? Unfortunately, no. While
this kind of responsive design does limit waste from deadstock, it simply perpetuates
the view of fashion as fast and disposable. Perhaps because this design is responsive but
not bespoke, there is no evidence that consumers wear mass-market responsive designs
longer. To sum up, these solutions have not radically cut down the industry’s environmen-
tal impacts.

Systemic Solutions for the Product Level

To improve product longevity, we need solutions that will trigger co-evolution with other
actors and new patterns of behaviour, like forming new business ecosystem partnerships
and creating new modes of fashion consumption. New practices need to be adopted in par-
ticular at the design and end-of-life phases.

In the design phase, the first important element of design for longevity is a focus on the
physical aspects of longevity: durable materials and high-quality assembly work. Physi-
cal durability enables the extended use time of the garment and also enhances the re-wear
opportunities. High-quality assembly work might not automatically lead to more ethical
work, but coupled with less time pressure and higher prices, it can enable better working
conditions.
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The second element of design for longevity is the psychological aspect. Considering
psychological aspects of consumers’ garment use is essential when aiming for longevity
of use, because garments are not only disposed of when they are worn out and broken
[22]. Only by understanding the multidimensional decision making of consumers’ cloth-
ing-related choices is it possible to design timeless products that do not end up at the
bottom of the wardrobe or in the waste bin. Modular garments—ones that can be disas-
sembled into different parts and reassembled at the wearer’s will—could be one answer
to the consumer’s need for change and self-expression. Consumers, on the other hand,
should adopt new approaches to acquiring and using clothing by modifying, custom-
izing, and repairing clothing and adopting these as normal practices aimed at extending
product lifespans.

In the end-of-life phase—as even long-lasting garments will eventually reach the end
of their use lives—product circularity requires the rise of new actors who can sort and
re-process textiles. However, textile recycling is still in its infancy for two main reasons.
The first, and most critical, reason is the ubiquity of cotton-synthetic blends or other com-
posite materials that cannot be separated. The other reason is that recyclers need to use a
great deal of effort to evaluate the composition of textiles, which is not always accurately
reflected on the tags.

The obvious solution to the first recycling challenge is to increase the use of mono-
materials, like pure cotton, wool or synthetic mono-materials. However, that would not
address the massive amounts of blended textiles already in use. It is also unlikely to happen
because mono-materials cannot compete with blends in certain technical garments, such as
sports apparel. Therefore, new technologies are needed to enable the separation and sub-
sequent recycling of blended textiles. Chemical recycling technologies make it possible to
produce high-quality virgin manufactured cellulose fibres using textile waste as feedstock.

For instance, Ioncell is a technology in which cellulose is dissolved in ionic liquids and
spun into fibres by dry-jet-wet spinning technology [22, 23]. It can also utilise cotton waste
fabric [24], cotton/polyester blend fabrics [25], cardboard [26] and old newsprint [27] to
produce long-lasting fabrics and garments. Recent studies showed that Ioncell fibres can be
recycled at least twice without significant decrease in fibre quality [28, 29]. Although the
chemical recycling technologies to produce recycled manufactured cellulose fibres are in
their relatively early days, there are already a variety of commercialised technologies in the
area—such as the Infinited Fiber Company’s Infinna and Re:newcell’s Circulose® pulp.
Chemical recycling does not have the disadvantages of mechanically grinding down tex-
tiles, which causes fibres to become shorter and requires virgin fibres to be added to make
new fabric. Thus, it extends material lifetimes without increasing natural resource use in
the process.

The solution to the second recycling challenge is the use of optical measurement tech-
nologies to identify material components without destroying the fabric. Before any recy-
cling process, textile waste must be sorted according to the materials they contain. This is
a key function, as the actual recycling process needs to be adapted to different materials.
If chemical recycling or other recycling technologies are to be applied at scale, solving the
large-scale reliable sorting of the textile waste flows is a crucial question. Current rapid and
non-destructive methods for fibre identification are mostly based on optical measurements
in the near infrared (NIR) range [30]. Modern imaging and machine vision methods have
the potential to complement traditional and portable NIR sensors in the future and offer
clear benefits for high-throughput applications. Imaging and machine vision methods pro-
vide spatial information on material properties and reduce the need to control the position
of an object on a measurement or transport line.
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The chemical information provided by an NIR spectrum enables distinguishing the
most common synthetic and natural fibres, such as polyester, cotton, viscose and wool
[30-36]. Promising fibre identification studies have recently been reported for classify-
ing different synthetic and natural fibres and for estimating the properties of fibre blends
under laboratory and pilot conditions [34-37]. Thick and layered textiles, however,
pose challenges for reliable identification due to the limited penetration depth of NIR
wavelengths.

The systemic solutions presented above require the rise of new actors who can design
long-lasting textiles, as well as actors to sort and re-process textiles at scale at the end
of their use lives.

Industry Level: Circular Business Models with Value Retention
and Digital Tracing to Replace Fast Fashion

Barriers to Long Material and Product Lifetimes at the Industry Level

Product-level limitations are not the only causes of short material lifetimes. Industry
practices, like short fashion cycles and complex global supply chains, also contribute to
the web of problems in the sector.

Until the 1980s, the textile and fashion industry was organised to respond to cus-
tomer demands by forecasting their expectations for two seasons, a much slower market
speed than today [12]. Since the 1980s, fast fashion started to gain dominance, which
meant that the speed-to-market increased tremendously.

Today, brands are able to offer a rapidly changing selection of cheap clothes because
of the structural changes that have enabled offshoring production and the power brands
wield in global supply chains. Garment manufacturers are easy to set up, requiring rela-
tively little start-up capital and mostly low-skilled labour. The ease of establishment
has led to an explosion of garment suppliers, creating cutthroat competition and giv-
ing brands significant leverage over their suppliers [12]. This competition transcends
geographical boundaries. As wages rise, infrastructure improves and trade agreements
change, production tends to move to lower-wage countries. This ‘caravan capitalism’
[38] has seen textile production march from western industrial centres to China, Bang-
ladesh, Vietnam, Ethiopia and others. The leverage over suppliers allows brands to push
down both prices and lead times. Textile and garment workers tend to come from vul-
nerable populations—such as women and migrants—that allow factory owners to force
short turn-around times, low wages and (often unpaid) overtime. According to a sam-
ple covering 60 employees, the monthly average salaries of women garment workers
in Bangladesh ranged from 45 USD to 60 USD, depending on the role [39]. All of this
enables a continuous, quickly changing stream of cheap clothes.

These complex supply chains are connected to problems at the product level. Because
there are so many different sub-suppliers involved, it is almost impossible for brands to
know every company that is involved in production and every ingredient put into their
textile materials. A recent study on optical identification of cellulose textile fibres found
that 14% of the sampled consumer textiles contained fibres or fibre blends that were
different from those reported on the textile labels [40]. This makes proper recycling of
textiles more difficult.
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Simplistic Solutions at the Industry Level and Why They Do not Work

Right now, the dominant fast fashion business models push companies to sell as much as
possible as frequently and cheaply as possible. Yet, with rising consumer demand for sus-
tainability, brands have begun to ‘green’ their garments. One of the most common tools for
doing this is eco-labelling.

Unfortunately, eco-labels and certifications of social sustainability, on the whole, do not
lead to co-evolution of new practices with other actors. The growing criticism of third-
party audits indicates they can be unreliable [41]. Auditors can be corrupt, and suppliers
that are given sustainability mandates without any financial support may be additionally
incentivised to fake audit results [42—44]. This all, of course, assumes companies pursue
third-party labels and certifications in the first place, as the process of gaining and using
verified labels and certificates involves cumbersome bureaucracy and requires extensive
documentation and manpower [45]. Some brands instead use their own in-house certifica-
tions of social sustainability or eco-labels, such as ‘Conscious choice’ by H&M. These
labels tend to be less trustworthy than those with third-party verification [46].

What about the labels” impact on consumer habits? Even when the information on labels
is trustworthy, it can be difficult for consumers to understand. Consumers can thus be slow
to translate awareness into action [47], rendering eco-labels’ leverage for change limited in
this sense as well.

Systemic Solutions for the Industry Level

Companies need to change their core business models to enable product longevity and cir-
cularity, which can be supported by new data management approaches. In addition to obvi-
ous environmental improvements, the resulting effects—Ilike lower volumes, higher pur-
chasing prices and slower cycles—can also enable social improvements in supply chains
[48]. New types of business models may encourage sufficiency [49] (like the US company
Buy Me Once), help extend garment lifetimes or enable multiple use phases of the gar-
ment. For example, the Finnish brand Anna Ruohonen produces most garments on-demand
only, and thus, no surplus is formed. Additionally, the business model features collections
of timeless, well-cut, everyday clothing and a second-hand service, where customers can
return used Anna Ruohonen clothing to the stores in exchange for a gift card. The brand
itself then takes care of the resale.

Given the higher price points, business models for longevity and sufficiency are likely to
cater to higher-income consumers. In the best-case scenario, sustainability-minded affluent
consumers may shift their purchasing habits to prioritise longevity and sufficiency. In many
places, second-hand and vintage garments have become very trendy [50, 51], enabling
the success of business models like Emmy, a Nordic online store for second-hand brand
apparel. Second-hand garments make it possible for lower-income consumers to extend
material and product lifetimes without relying on fast fashion. The online peer-to-peer mar-
ketplace Poshmark—known primarily for its fashion exchange—was valued at $3 billion
US dollars at the time of its initial public offering [52], illustrating that there is money to be
made in facilitating reuse.

Companies can also shift their business logic by monetising end-of-life or maintenance
activities. Various forms of repair services—either through guarantees, contracted separate
services provided through the brand or stand-alone repair services—enable consumers to
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extend the use lives of their own garments. Patagonia, for example, instructs their custom-
ers to repair their Patagonia clothing, offers repair services and sells used Patagonia cloth-
ing in their Worn Wear program. Joutsen, a Finnish outdoor coat brand, provides repair and
washing services for its garments.

There is also significant market potential in business models that allow consumers to
rent instead of buy. Through their rental service, MUD Jeans charges their customers a
monthly fee. This allows consumers to replace or return their pair of jeans for no extra cost.
Once a pair of jeans is damaged or reaches the end of its life, the consumer sends the jeans
back. The jeans are then recycled, and the material is used to create another high-quality
garment [53, 54]. Rent the Runway and Vaaterekki are examples of larger ‘clothing librar-
ies’ where you have access to a certain number of changing garments according to your
chosen membership plan.

In the long run, these new, circularity-oriented business models can trigger co-evolution
because they often need new partners, ecosystems and customer segments to survive. For
example, business models that involve sorting textiles may need new kinds of actors to
emerge, such as those with NIR measurement capabilities. Others, like Rent the Runway
and Vaaterekki, can change patterns of behaviour, like switching to renting garments for
special events or testing new styles rather than buying them. For any of these business
models to reach their full potential, it is critical to acknowledge the associated changes and
potential difficulties in cash flows, customer base and market dynamics. Transitioning to
product longevity and sufficiency requires targeting a more conscious and sustainability-
driven consumer base, deviating from traditional trend-focused, impulsive buying behav-
iours. Companies need to identify and engage with these new segments effectively, and
consumers across various income brackets must increasingly recognise the value of lon-
gevity, sufficiency and reuse over the allure of fast fashion. Circular business models often
also lead to a reconfiguration of financial flows, where revenue generation is spread over
extended product lifetimes rather than frequent sales cycles, urging companies to rethink
production, inventory and distribution strategies to maintain profitability.

Data is critical for the success of these new kinds of circular business models [55]. For
example, resale and rentals require detailed data on the content, condition and location of
the product. Visibility of products’ lifecycles would require equipping materials, compo-
nents and end products with data carriers that contain identifying data and tracking their
journey through the different stages of the production and use life. Depending on the need,
this identification could be used to provide access to information aimed at producers or
consumers. Within the supply chain, the information could be, for example, detailed pro-
cess and manufacturing data, which could be used to manage material flows and supply
chain orchestration. For the consumer, reading the garment’s data carrier with a mobile
device, for example, could provide information on materials and treatments, or the environ-
mental and social impacts of the manufacturing process. Data carriers could also establish
a channel for brands to interact with consumers after the purchase, which has typically
been difficult to arrange. Information on garment care, repair services or resale and take-
back programmes could be offered. At the end-of-life phase of the garment, recyclers could
use the data to automatically disassemble the garment and sort the materials to appropriate
segments.

From a technological perspective, radiofrequency identification (RFID and NFC) tags
and 2D optical codes—for example, bar codes or QR codes—have the most potential to
serve as data carriers in the textile industry. RFID and NFC tags are flexible and efficient,
but they are more expensive than QR codes and need to be removed before recycling pro-
cesses. They hold more data and can be updated during the product lifecycle. RFID tags
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are already widely used in manufacturing, inventory control, warehousing, distribution,
logistics, and supply chain management. Along with embedding data, RFID tags can also
be used for advanced functions such as measuring the duration or frequency of clothing use
or laundering [56], which can be useful information in determining what comes next at the
end of the garment’s current use life.

Two-dimensional optical codes are simpler and cheaper than RFID tags, and they can be
printed onto packaging or the product itself. They are cost-effective, accurate and reliable,
and can be integrated into existing processes. However, the code cannot be updated along
the supply chain, but a replacement code must be created.

Imagine how the material lifetime of a blouse could be extended through circular busi-
ness models enabled by identification data: When the fabric is woven, it is labelled with a
QR code listing all of the component materials and where it was made. The fabric is cut
and sewn into a blouse with a timeless design. The blouse manufacturer extends the fabric
data with information on the materials added, like buttons or embellishments, and stores
all the data in an RFID tag sewn into a seam of the blouse. The blouse is then bought by
a customer who has an RFID-enabled washing machine (which already exist) to track its
washes. At the end of the blouse’s life, the recycling processor scans the tag to see the
component materials and details of its use life. Few washes and seldom used? Send it for
resale. Mono-material in good condition? Send it to be re-spun into new thread. Mixed
materials heavily worn and washed? Send it to the Ioncell process or other chemical recy-
cling to be made into new fibres.

In addition to trustworthy technological solutions, successful implementation of the
data-assisted circular economy requires unprecedented, industry-wide collaboration
between stakeholders as well as common data standards and guidelines [57]. Basically, leg-
islators should demand transparency to level the playing field. At the time of writing, the
European Union is planning regulation on the use of digital product passports, which could
support circular material use and provide consumers a better understanding of the materi-
als used in the products, as well as their embodied environmental impacts.

Socio-ecological System Level: Paradigm Shift
to the Sufficiency-Oriented Circular Textile System

Barriers to Long Material and Product Lifetimes at the Socio-ecological System
Level

A societal paradigm is ‘the shared idea in the minds of society, the great big unstated
assumptions, or deepest set of beliefs about how the world works’ [58]. The underlying
paradigm of contemporary society rests on the fundamental assumptions of economic
growth as a primary national policy goal and shareholder profit maximisation as the organ-
ising principle for international business systems [59].

In the textile sector, short-term profit maximisation has firmly entrenched the system in
unsustainable practices. The dominant fast fashion paradigm is locked into a model based
on ever-lowering costs, low profit margins per item of clothing and constantly increasing
sales of garments. The constant demand for new collections and styles at low prices has led
the industry to prioritise speed and efficiency over quality and sustainability. Production
methods have become increasingly focused on cost-cutting, leading to the use of cheap and
hazardous materials, labour exploitation and reduced product lifespans. The combination
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of low prices, speed to market and significant marketing budgets of fast fashion companies
have made it difficult for sustainability-oriented companies to gain significant market share.

Simplistic Solutions at the Socio-ecological System Level and Why They Do not Work

Ecological modernisation is a school of thought that tries to resolve the ecological crisis
through radical improvements in resource efficiency and the substitution of environmen-
tally harmful industrial processes for less harmful ones, without undermining economic
growth and other capitalist imperatives [60]. The ecological modernisation view relies on
a green growth standpoint on the growth dilemma: modern societies may ‘grow beyond’
social and environmental problems with the right kind of economic growth compatible
with environmental sustainability.

Ecological modernisation cannot fully solve the problems associated with fast fashion
for several reasons. Ecological modernisation primarily focuses on improving the effi-
ciency of production processes and reducing waste, but it does not address the root causes
of fast fashion, such as overconsumption and the pressure to continuously produce new
collections. The ecological modernisation approach relies on market-based solutions, such
as eco-labels and certifications. As mentioned earlier, ‘ecological collections’ or certifica-
tion and labelling systems, which seek at best to green but at worst greenwash existing
practices, have not fundamentally overhauled the existing unsustainable development at
the socio-ecological system level. Globally, the majority of textiles end up in incinerators
and landfills [6], and the average prices of different treatment options reflect that adequate
incentives for textile circularity have not been achieved. The costs for waste disposal in
landfills globally vary from 20 to 70 USD/tonne. For waste incineration, the price ranges
from 20 to 130 USD/tonne [61]. The cost and labour intensity of collecting and sorting
post-consumer textile waste garments make it economically unfeasible for companies to
establish mechanical recycling operations, thus impeding widespread industrial adoption
[62]. Finally, the ecological modernisation approach does not provide adequate incentives
for companies to make significant changes to their production methods and business mod-
els. Consequently, a more systemic approach is needed to address the interrelated social
and ecological issues associated with fast fashion.

Systemic Solutions at the Socio-ecological System Level

A range of alternative economic paradigms for the current growth-at-all-costs model have
been suggested. Circular economy is one of those. Regardless of the relatively strong focus
on economic growth, the organising principle of circular economy holds potential as it
aims to eliminate waste, keep products and materials at their highest value in biological
and technical cycles and move from extensive extraction of natural resources to the regen-
eration of nature. However, to reduce natural resource extraction and avoid perpetuating
green-growth approaches to circular economy that focus only on end-of-life solutions [63],
we suggest a sufficiency-based circular economy as the systemic solution at the socio-eco-
logical system level.

From the environmental sustainability perspective, successful implementation of cir-
cular economy in the textile and fashion system requires the goal of minimised intake of
natural resources into the system and minimised output of waste from the system. Taking
a sufficiency-based orientation means ‘being satisfied with less new material goods than
usually consumed today, while enjoying the existing ones’ [64]. As an operationalisation
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principle, this would mean prioritising reduce, resell/reuse and repair value retention forms
over material recycling and incineration [65, 66]. In that scenario, after their original use,
textile products and materials should be at best reused or upcycled into new fibres, or less
optimally downcycled to retain the best possible value of the material. We have operation-
alised these principles in the sections covering the systemic solutions at the product and
industry level.

The risk is that due to the complexity of socio-ecological system change, any kind of
material circulation might pass as an acceptable circular solution. In that scenario, recy-
cling used textiles into road filling would be seen equal to reuse of garments in their origi-
nal function. From an environmental impact perspective, however, the former loses much
of the material value taken from nature, while the latter keeps it. Thus, it is imperative to
discern and promote genuine circular practices that have true benefits from climate, biodi-
versity and resource scarcity perspectives.

To change the paradigm of the textile system, a comprehensive transformation must
be carried out, involving changes in product qualities, business models, recycling pro-
cesses, regulation and consumer behaviour. This change can be achieved through design
for longevity and circularity, a shift in consumer mindsets to value sufficiency and prod-
uct longevity and new business models that encourage circularity and monetise end-of-life
or maintenance activities. The sufficiency orientation is particularly important, as in the
textile industry, there is a risk that circular products will only add to overall consumption
rather than displace primary production [66, 67]. The industry also needs to prioritise effi-
cient recycling and upcycling, and it should be re-organised through regulation and policy
measures that incentivise circular practices and internalise environmental and social costs
in product prices. Additionally, the transition requires changes to the operating environ-
ment, such as policies to level the playing field for innovators [68] and new cross-sectoral
collaborations [69]. All of these changes must work together to fundamentally change the
textile and fashion industry as a whole and move towards a more sufficiency-based circular
economy.

Figure 2 pulls together key concepts of this paper and paints a picture of how the suf-
ficiency-based circular economy paradigm could trigger adaptive responses in different
industry actors — ultimately forming co-evolution towards a sustainable textile system.

Discussion: the Transition to a New Kind of Sustainable Textile Industry

In this paper, we explored the problematic system dynamics of the textile industry through
a multi-level look at the sector. Table 1 summarises the key elements driving down mate-
rial and product lifetimes in the textile system, some of the currently applied simplistic
solutions and more impactful systemic solutions that we suggest.

The product, industry and socio-ecological system levels are presented in separate col-
umns, but they all relate to one another. For example, even the most durable fabrics that
could last without wear and tear for decades will not solve the problem of short mate-
rial lifetimes without industry and paradigm changes, since well-made clothes can still go
out of style. In the same vein, new industry practices, like innovative business models and
ways of using data, are not alone enough to fundamentally extend material and product
lifetimes. Even the most innovative business models and intricate traceability data system
will do nothing to extend longevity without materials that are durable to begin with. On the
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Fig.2 A system map showing how the paradigmatic change and co-evolution at different levels could lead
to sufficiency-based circular economy with long material and product lifetimes

other hand, without tangible changes to products themselves, attempts to elicit a paradigm
shift will be confined to unimplementable ideology.

The challenges of the textile sector are intertwined in the different sub-systems of soci-
ety: manufacturing systems and economic systems; political, social and cultural systems;
and technological and legal systems. Consequently, this new type of textile industry cannot
be only an incrementally better version of the current ‘growth-at-all-costs’ fast-fashion par-
adigm. It is a system with totally different system targets and structures. New policies? Yes.
New kinds of industry practices and business models? Also yes. New types of consumer
behaviour? Absolutely. We suggest that for this cross-sectional transformation, the goal of
long material and product lifetimes is a fruitful guiding principle for a sufficiency-based
circular system that minimises virgin resource intake and waste generation.
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