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Abstract

Purpose — The purpose of this paper is to explore the drivers, inhibitors and enablers of creating a textile-to-
textile recycling system in the Scandinavian fashion industry. It investigates the technology, innovation and
systemic changes required to enable circular supply chains.

Design/methodology/approach — The research study uses a qualitative, interpretivist approach, drawing
on in-depth semi-structured interviews with stakeholders in the Scandinavian fashion industry.

Findings — The main inhibitors to textile-to-textile recycling systems in the Scandinavian fashion industry
are: limited technology which creates a challenge for separating materials; high costs of research and
development and building the supporting logistics; complexity of supply chains including the multitude of
stakeholders involved in product development. The enablers are design and use of new materials,
increased garment collection and collaboration. This research suggests that sorting and recycling
technology can be enhanced with the use of digital technologies, as this would create transparency,
traceability and automatisation.

Research limitations/implications — The research is limited by a small sample size and lack of
representation of all key stakeholder groups, which limits the ability to generalise these findings. However, as
an exploratory study, the findings provide insights that can be further tested in other contexts.
Originality/value — Understanding of textile-to-textile recycling is emerging both theoretically and
practically, however, there is still much that is not understood. This research contributes to furthering
understanding of how technology, collaboration and systemic change in the fashion industry can support
opportunities for textile-to-textile recycling, thereby aligning with circular economy principles.

Keywords Fashion industry, Circular economy, Textile/clothing supply chains, Circular fashion,
Circular supply chain, Textile recycling
Paper type Research paper

1. Introduction

The fashion industry is a significant contributor to environmental degradation and climate
change (Allwood et al, 2006). This, in combination with a growing population, has put
pressure on natural resources, which are expected to become more scarce (EEA, 2015).
Resource scarcity will inevitably affect the fashion industry, as the production of clothes
requires materials such as cotton (Miiller-Christ and Gandenberger, 2006). The fashion
industry is also facing a growing issue of accumulation of textile waste, as fast production
and consumption of clothing has led to a perception from consumers that clothes are
disposable (Allwood et al.,, 2006; Andersen, 2017). One approach to addressing these issues is
the “circular economy”.

The concept of the circular economy dates back to 1976, when Walter Stahel suggested
an idea of “economy in loops” (European Commission, 1976). Theoretical contributions have
also come from industrial ecology (Frosch and Gallopoulos, 1989), biomimicry (Benyus,
1997), cradle to cradle (McDonough and Braungart, 2002) and performance economy (Stahel,
2010). Ellen MacArthur Foundation (EMF, n.d.), who popularised the term circular economy,
defined it as “restorative and regenerative by design, and aims to keep products,
components, and materials at their highest utility and value at all time”. Different methods
can be used for companies to apply circular economy, such as reuse, resell, remanufacture
and recycle (Kumar and Malegeant, 2006).

Research shows that reuse has greater environmental benefit than recycling (Watson
et al, 2015). Yet, reuse on its own is not sufficient to reduce textile waste and does not
address the issue of resource scarcity for large fashion companies. Textile-to-textile



recycling is a process of material recovery of pre- and post-consumer textile waste into
yarns for new fabrics (Sandin and Peters, 2018). Textile recycling is a way to address both
issues of resource scarcity and clothes waste in landfill. However, little is known about how
the fashion industry can reuse textiles through recycling. This paper contributes to
addressing this gap in knowledge by exploring how the Scandinavian fashion industry can
create a system of textile-to-textile recycling. The study utilises an exploratory approach
through a qualitative research design, drawing on interviews with fashion industry
stakeholders. The main research question is as follows:

RQI. How can the Scandinavian fashion industry create a system of textile-to-textile
recycling?

To address this research question, the study investigates three sub-questions, provided as
follows:

RQIa. What are the drivers, inhibitors and enablers of creating a system of textile-to-
textile recycling?

RQ1b. What is the role of technology and innovation to catalyse change in sorting and
recycling of textiles?

RQIc. What types of changes are needed to enable textile-to-textile recycling?

This paper is structured as follows: Section 2 presents an overview of current literature
related to textile recycling. Section 3 describes the research methods. Section 4 presents the
research findings. At last, Section 5 discusses the research contributions and proposes an
agenda for further research.

2. Literature review

2.1 Fast fashion and textiles waste

Fast fashion is characterised by rapidly changing trends and low prices. The
advancement of production in combination with increasing consumerism has created a
mass market for cheap apparel where products are perceived and treated as disposable
(Birtwistle and Moore, 2007; Joy et al., 2012). With the rise of disposable consumer goods,
waste is increasingly a global issue. It is estimated that waste from the fashion industry
will increase by 60 per cent from 2015 to 2030, leading to 148m tons globally (GFA and
BCG, 2017). Textile waste includes industrial waste generated as a side-product to
manufacturing, pre-consumer waste which is stock that is damaged or unsuitable for sale,
and post-consumer waste which covers textiles discarded by consumers (Leonas, 2017).
Clothes degrading in landfills have negative environmental impacts by releasing
greenhouse gas emissions and contributing to soil erosion and groundwater pollution
(Yacout and Hassouna, 2016).

The global fashion industry is also faced with resource scarcity. Current environmental
trends stress the importance of resource-dependent industries, such as the fashion industry,
to look for alternative ways to secure supply (Bell ef al, 2012). The MEA (2005) shows a
decline in ecosystem services which deliver resources for production, while the European
Environment Agency (2015) finds that climate change will reduce the availability of
virgin materials. In addition, it is expected that cotton fields will be replaced to grow food
crops to support the growing population, presenting a challenge to the fashion industry
(Miiller-Christ and Gandenberger, 2006). GFA and BCG (2017) find that areas in China and
India will experience stress on their water supply, which will also impact cotton production.
Research suggests that resource-dependent companies need to decouple from natural
resources and create alternatives to the linear production model to ensure long-term
economic growth (Jackson, 2017; Weetman, 2016).
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2.2 Circular economy and the fashion industry

Since 2010, the EMF (n.d.) has been influential through challenging the linear “take, make,
dispose” mentality of the business world. Through its work, the concept of circular economy
has been increasingly influential in many industries, including the textile and fashion
industry. Applying circularity to the clothing and textile industry incorporates the whole
value chain in a systemic rethinking of production (Rabild and Bang, 2017).

In circular economy, waste is considered as a resource (EMF, n.d.). Using textile waste as
a resource can be achieved through reversing logistics and thereby redistribute textiles back
in the supply chain at different stages (Sas et al.,, 2015; Bouzon and Govindan, 2015). Kumar
and Malegeant (2006) identify five different ways of product recovery: repair, reuse,
refurbish, remanufacture and recycle. Stahel (2016) states that companies can implement
circular economy concepts in their business models through two different approaches: either
extending the product’s life or recycle and regenerate the components of the products.

Earley and Goldsworthy (2015) expand Stahel’s (2016) approach by adding an element of
speed. They argue that it is important to distinguish between short-life fashion and long-life
fashion. Reuse, resell, upcycling and remanufacturing methods apply to products based on
durability, quality production and long usages. Garments that are produced with low quality
through fast production systems often do not have enough value to be repaired or resold,
therefore these products should be taken back to recycle (Earley and Goldsworthy, 2015).

Earley and Goldsworthy’s (2015) findings align with current practices in the industry,
where companies such as Nudie Jeans, Patagonia, VIGGA and Filippa K all have integrated
life-extending practices to their business models through either reuse, repair, resell or
renting. These companies all produce clothes of high quality and durability, which enable
them to maintain the value of the clothes (Pal, 2016). Despite efforts to extend the life of
garments, GFA and BCG (2017) find that 82 per cent of clothes are sent to incineration or
landfill. This supports the argument that life-extending practices by themselves are not
sufficient to address the amount of textiles that are unwanted. Furthermore, all textiles will
be out-worn at some point. Enhancing recycling practices is a way of redirecting textile
waste away from landfills and utilising it as a resource.

Recycling is done by disassembling, dissolving or shredding materials. Fibres are then
regenerated into new materials that can be used in industrial production of new textiles
(Leonas, 2017). There are two ways of recycling textiles; mechanically and chemically
(Leonas, 2017). Mechanical recycling covers processes of cutting, shredding and
mechanically disassembling materials (Palm ef al, 2015). Chemical recycling is a process
where synthetic materials are broken down for repolymerisation (Leonas, 2017). While
recycling of textiles has been explored in academic literature, understanding of the actual
practices and the economic feasibility of textile-to-textile recycling is limited and at a
development stage. To incentivise stakeholders in the fashion industry to recycle textiles,
there needs to be economic reasoning (Sas et al.,, 2015). With the current technology, textile
recycling is not economically beneficial (Bouzon and Govindan, 2015).

2.3 Systemic changes for textile recycling

Textile-to-textile recycling challenges the linear production model that underpins
mainstream business models (EMF, n.d.). Changes are necessary throughout the whole
value chain and are thereby more than a technical matter; it requires new design practices,
collection of used textiles, establishing reverse logistics and supporting legal frameworks
(Realff, 2006; Mathews, 2015). With the current financial barriers regulatory pressure and
incentives are driving factors for product recovery (Bouzon and Govindan, 2015).
Establishing a suitable system for textile recycling requires collaboration between clothing
companies and stakeholders such as government, researchers, collectors and recycling
companies (GFA and BCG, 2017).



3. Methodology

As little is known about how the fashion industry can reuse textiles through recycling, this
research study utilised a qualitative exploratory research design. This is appropriate where
little is known about a phenomenon (Blaikie, 2000). This approach was useful as the research
was not testing a specific hypothesis, but rather aimed to generate new knowledge about
circular fashion (David, 2004). Exploratory studies (developing a rough description or an
understanding of some social phenomenon) are useful where little knowledge exists in the
literature (Blaikie, 2000). The research study employed an interpretivist mode of inquiry using
a qualitative research design. Interpretivism views the social world as the world interpreted
and experienced by its members from the “inside”. Qualitative researchers study things in
their natural settings, attempting to make sense of, or to interpret, phenomena in terms of the
meanings that “insiders” bring to them (Blaikie, 2000). Thereby knowledge was
intersubjective and constructed in a social context. The knowledge generated similarly
influenced the reality that it takes part in (Pryke ef al, 2003). It also meant that knowledge was
a “co-fabrication” between the researcher and participants (Pryke et al, 2003, p. 90).

As the research is exploratory in nature, a qualitative approach is more appropriate to
under-studied areas of research (Marshall and Rossman, 1989/1999), in order to generate
new theory and knowledge. An interpretivist approach lends itself to engaging actors with
qualitative research tools, such as interviews, to draw out the views and meanings actors
ascribe to their social realities. Open-ended questions are used as the basis of exploratory
research, therefore the research questions are focused on “how” and “what”.

3.1 Data selection

Selection of participants for this research was based on an analysis of stakeholders in the
Scandinavian fashion industry. This included people involved in; the mainstream fashion
industry, sustainability in the fashion industry, the circular economy and sustainable
innovation in a general sense. Stakeholders were identified from the literature, participants
of the Copenhagen Fashion Summit, organisations collaborating with the European Union
on initiatives, policies or technology development, and by using snowballing (David, 2004).

These stakeholders were then analysed for their involvement in textile recycling based
on: companies’ and organisations’ websites; participants in current initiatives about textile
recycling; and examples in the literature. The analysis resulted in a participant ranking
depending on their readiness and influence to do textile recycling. “Readiness” covered
knowledge about recycling, investments in technology and innovation, or participation in
initiatives about textile recycling. “Influence” was the power a stakeholder has to determine
directions and success of textile recycling (DfID, 2003).

The ranking thereby determined which stakeholders to approach to gain insight about
textile recycling. In total, 70 stakeholders were identified through the stakeholder analysis,
and 35 related to textile recycling in the fashion industry in Scandinavia. In total, 11 of these
stakeholders agreed to participate in the research, representing designers, researchers,
sustainability managers, experts in the technical aspects of textile recycling, business
consultants, experts in circular economy theory and a project manager of a textile-to-textile
programme. See Table I for a summary of participants.

3.2 Data collection

Interviews are a common data collection method in an interpretivist approach. When using
interviews as a method, knowledge can be created in the interaction between the social actors
involved, in this case the interviewer and the interviewee. The interviewees’ statements
became data that were interpreted by the interviewer using a high level of reflexivity
(Silverman, 2014). Semi-structured interviews provide the opportunity for the researcher to
keep the conversation within chosen themes, but leave room for the participants to produce

Circular
fashion
supply chain

369




JFMM
23,3

370

Table 1.
List of participants

Stakeholder type Code Description

Clothing company, entry-price segment C1 Sustainability manager

Organisation, design agency 01 Circular and sustainable design

Organisation, material/fabrics advisory 02 Circular textiles

Organisation, textile recycling 03 Circular textiles

Organisation, trade association 04 Circular economy and sustainability
Organisation, trade association 05 Sustainable business models in fashion industry
Organisation, freelance 06 Sustainability in clothing and textiles sector
Organisation, circular fashion o7 Textiles recycling

Researcher R1 Sustainable Fashion

Researcher R2 Circular economy and fashion

Researcher R3 Sustainable business models in the fashion industry

their own opinions and ideas (Kvale, 1996). The interview guide addressed the research
questions, but had an openness to explore new aspects. This made the interview a form of
structured conversation (Kvale, 1996). The interview guide included the following questions:

Many clothing companies already focus on integrating “sustainability” in their
practices — how do you think “circularity” differs from sustainability?

What does it mean for companies to apply a circular approach?
What are the main drivers to move towards a circular approach?
What are the current challenges or barriers?

(How) can technology and innovation help catalyse change in relation to sorting and
recycling textiles?

What currently inhibits textile recycling?

What is the potential in the “end-of-life”-phase/textile waste?

What technologies enable recycling of textiles?

(How) does digitalisation play a role in sorting and recycling of textiles?

What opportunities and challenges are related to the use of technology/ innovation/
digitalisation?

Which initiatives do you find most promising for enabling circularity in the fashion
industry?

How can current initiatives/technologies from the fashion industry be scaled up
become mainstream?

What is the value for a company of collecting clothes when the technology is not yet
sufficient to recycle the materials?

Which stakeholders are involved in creating textile recycling? (How) does
collaboration play a role in this?

What do you think the fashion industry will look like in 10-15 years?

All interviews were recorded, with permission, and transcribed. The interviews were done in
person or by phone in the period between June and October in 2017 and were 45-60 min.

3.3 Data analysis
A content analysis of each interview was undertaken using qualitative coding techniques. The
transcribed interviews were coded to draw out key themes from the data (Saldafia, 2016).



Coding is a method that “permits data to be divided, grouped, reorganised and linked in order
to consolidate meaning and develop explanation” (Saldafia, 2016, p. 9). After initial coding of
the interviews, the codes were grouped into categories. The categories were then grouped into
the themes: drivers, inhibitors, enablers, technology and systemic change. For example, the
initial coding produced codes of: biodegradable materials, recyclable materials and
mono-materials. These codes were then grouped under the category of “new materials”,
under the theme “enablers”.

While the small sample size and lack of representation of all key stakeholder groups limit
the ability to generalise from the findings, the exploratory research provides insights that
can be further tested in other contexts.

4. Findings and discussion
Sections 4.1-4.3 provide insights into RQIa (drivers, inhibitors and enablers). Section 4.4
answers RQ1b (role of technology) and Section 4.5 addresses RQ1c (changes required).

4.1 Drivers of circular supply chains

Global trends such as growing population and increasing scarcity of resources are driving
forces for change in current practices of producing textiles and clothes, as it is increasingly
clear that current practices of producing and consuming are not sustainable (O5; C1; EEA,
2015; Weetman, 2016). This means that companies are forced to change current production
models if they want to sustain their business:

[going circular] is not something that should be done of philanthropic reasons, it should be done
because if you do not, your company will close. (05)

The increasing focus on textile-to-textile recycling is therefore a matter of “long-term secur
[ing] the materials that we need to create the products” (C1; Miiller-Christ and
Gandenberger, 2006). In addition to resources becoming scarce, legislation is expected to
constrain the availability of natural resources. The necessity of redirecting current textiles
waste streams is enhanced by the possibility of extended producer responsibility schemes
as a legislative framework (R2; R3; O5; Watson ef al.,, 2015; EU, 2018).

Tapping into current textile waste streams also provides new business opportunities, as
the value of utilising textile waste is estimated to contribute with €4bn to the global economy
in 2030 (R1; O6; C1; GFA and BCG, 2017). Current developments in Scandinavia show
commitment from large fashion corporations to utilise used garments and textiles in business
context — making circularity a competitive element in being the market leader (R2; C1).
Furthermore, setting up garment collection schemes enhance brand image amongst
consumers, who are increasingly aware of companies sustainability profiles and performance
in Scandinavia (Choi ef al,, 2015). Marketing of these kinds of initiatives is therefore a driver to
show commitment to sustainability and manage consumer perceptions (03; O5; Gam et al,
2010). Despite several drivers for textile-to-textile recycling, there are many inhibitors.

4.2 Inhibitors of circular supply chains

As the literature identifies, there is currently no technology to support textile-to-textile
recycling on a commercial scale (GFA and BCG, 2017). The technological barrier applies to
sorting and recycling (02; O3; O7; R3). Developing technology is inhibited by challenges
with separation of fabrics (01; 02; O4; O7; R1; R2; R3; Leonas, 2017). The four main technical
challenges identified by the participants are as follows:

(1) separation of blends;

(2) separation of additives and trims;
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(3) restoring quality; and
(4) all processes need to be sustainable.

4.2.1 Separation of blends. Garments often contain different materials, for example, cotton
and polyester — these materials are recycled through different methods, and thereby create a
challenge of separation (Leonas, 2017). Yet, completely avoiding blends is not a viable
solution because from a design and durability perspective blends can increase the quality of
the product (O7; Allwood et al., 2006).

4.2.2 Separation of additives and trims. Besides the blends, additives and trims are also
need to be removed from the garments. Additives and trims are elements such as zippers,
buttons and chemicals. This further complicates the sorting and recycling process (R3;
Elander and Ljungkvist, 2016). It is important to ensure knowledge about chemicals used in
garments (02; O5; O4) and to overcome possible contamination from the use-phase of collected
garments (R3). Elander and Ljungkvist (2016) find that there currently is a ‘[lJack of
information regarding chemicals and hazardous substances in textile products” (p. 32).

4.2.3 Restoring quality. Degradation of fibres begins during consumer use from washing
and wearing (O7), but also in the process of disassembling the fibres (O1; O4; O5; 0O6; O7):

[...] fibres are degraded, and that we somehow need to restore to be able to operate according to
circular economy and to compete with virgin high quality materials. So we need to somehow
convert this worn material into something with higher value again. (O7)

Trials with recycled textiles result in a quality that can only be used as pillow filling, and
thereby only function as downcycling (O4; Elander and Ljungkvist, 2016). The current
output of small-scale textile recycling therefore must improve in quality and quantity:

[...] in order to achieve circular economy, it is very important that the fibres that we create, can
compete with cotton so that we actually are able to replace cotton. (07)

Restoring the quality of the fibres is closely related to economic incentives to buy recycled fibres.

4.2.4 Recycling within a sustainable framework. Besides the technical challenges
mentioned above, recycling of textiles must fit within a sustainable framework. Wang
(2006) suggests that processes of recycling must be considered from both an
environmental and economic perspective when comparing alternative methods of
material recovery. First, this means that recycled textiles must be able to match current
production prices (O7). Second, emissions and resource usages from recycling must not
exceed current levels of emissions and resource usage related to production of garments
(O5). Textile recycling also contains a range of chemicals, which needs to be considered for
full material recovery (R2; R3; 02; O4: 06). At last, social aspects are not directly
considered in the circular economy theory (R1; Moreau ef al, 2017). Yet, circular economy
does not mean compromising on social aspects of production (O1; 02; O4; R1; R2). Moreau
et al. (2017) propose that principles from solidarity economy can be combined with circular
economy theory to establish the social dimension. Solidarity economy is a social
movement that builds on foundations of reciprocity and requires responsibility for the
other part in an exchange (Moreau et al., 2017).

Another inhibiting factor for textile-to-textile recycling is the related costs of current
sorting practices and the costs of developing a recycling system using new technologies (04;
02; R2; 03). Current sorting practices are “done manually which is a challenge and it
is expensive for doing fibre-to-fibre recycling” (02). Carlsson ef al (2015) argue that it is
therefore not currently financially viable. Costs related to development of the necessary
recycling system are research, technologies, redirecting waste streams and creating
infrastructure for used garments (O3; O5; R3). Nayak et al (2015) argue that retail leaders are
“concerned about the return on investment and net profit by investing the extra cost into the



existing system” (p. 9) referring to implementation of radio frequency identification (RFID).
Costs of new technology must be weighed against the aim of producing cheap garments
before large fashion companies will see the benefit of it.

Implementing textile recycling requires involvement of several departments in an
organisation and stakeholders in the supply chain. This is inhibited by the size and
complexity of the supply chain of large fashion retailers (O3; R1):

Changing the supply chain is hard, fast fashion supply chain are really big [...] A fast fashion

company might contract a factory, who contract another factory — so there are subcontractors

involved, which makes it challenging. (03)

Fransson et al. (2013) argue that it can be difficult to make all contractors and subcontractors
align with a standard proposed by the focal company. In alignment with this:
[...] the supplier industry, or supply chain they are definitely not ready yet. And we are very

dependent on the supply chain of fabrics and manufacturing to be able to actually make those nice
circular concepts. (0O1)

The literature studying the application of sustainability initiatives throughout large supply
chains highlights the difficulty of aligning all involved stakeholders (Fransson et al, 2013).
Applying a circular approach is no different; all parts of the supply chains need to be aligned
to circular principles, and the size and complexity is therefore an inhibiting factor. The
physical and mental gap between designers and production creates a barrier for designing for
recyclability (O1; O4; O5; 0O6; R1; R2; Leonas, 2017). Designers do not have responsibility for
the products as a whole and are only a small part of the decision process in product
development (R1). Findings from Graedel et al. (1995) found that 80-90 per cent of a products’
environmental and economic cost is determined during design, which reinforces that the lack
of designer influence over product development is an inhibiting factor.

The current lack of system for recycling of textiles was also found to be an inhibitor (O1;
02; 03: 04; O5):

[...]if a company is producing products that at end of their first life cycle only can be recycled, there it

not much value in those today because [...] it is really challenging to use them as a recycling feed-stock

today. So these garments are a burden on the system today, because they have limited end-markets

for recycling. And the end market for recycling post-consumer textiles that do exist are not very
profitable. (O3)

Elander and Ljungkvist (2016), similarly find that there is no sufficient market for recycled
textiles. The lack of a recycling market creates an inhibitor to access the needed materials
and ensure sufficient supply (O1; O4; C1).

In relation to this, there is a legal barrier to access resources: “current policies [in
Denmark] do not allow companies to collect textiles in a scalable amount” (04). Watson ef al.
(2015) speculate that legal and volunteer extended producer responsibility policies might
stimulate companies’ collection of textiles. Miljostyrelsen (2014) advocates for a more
cohesive framework concerning waste fees and value added tax rules. In alignment with
this, participants highlight that regulations create a foundation for changing current
practices in the industry (06; O7; R2; R3). Yet, recycling of textiles should be incentivised by
identified drivers (Section 4.1) and thereby create demand (O1; O4; O5).

4.3 Enablers of circular supply chains

Currently, only 20 per cent of clothes are collected for reuse and recycling practices (GFA
and BCG, 2017). Gaining access to the clothes that otherwise end up in landfill or
incineration, is an enabling factor to create a recovery stream for textile-to-textile recycling:

If you look at the total streams of the garments in the world, not only for [company], but for
everything, it is absolutely not enough collected today and more needs to be collected. (C1)
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Table II.
Participants’
suggestions of
digitalisation to
enhance recyclability

Collecting garments is directly related to circularity:

Reclaiming products at the end of their life is ultimately what circularity is all about, so that is the
future of the industry. (O3)

Despite current technological barriers, potential technological solutions can enable the process
of textile-to-textile recycling (O5; O1; R1; R2; O7). A trust in technology is apparent: “There is
no doubt it will be possible” (05) — “there are more than enough engineers, technologies and
industries that are ready to recycle, or will find solutions” (O1). This is backed up by several
current projects, such as EU-project Resyntex (R2). Participant O7 predicts that:
[...]in 10-15 years we will probably have some kind of fibre recycling plant on a commercial scale
for certain controlled streams like cotton or cotton/polyester. (O7)

In addition to technological development, design and the introduction of new materials is an
enabling factor for textile recycling (O1; 02; O4; O5; 06; O7; R1; Radhakrishnan, 2017):

Design is an enormous contributor to circular economy. Adopting a circular design mindset and
designing according to circular economy principles is a mandatory skillset for designers. (02)

Designing to enhance circularity is a matter of designing products that have high durability,
longevity or recyclability (Earley and Goldsworthy, 2015). The design phase is crucial to
enable recycling (O1; O4; O5; 06; R1; R2). Design to enable recycling should focus on easy
disassembling (R3; Radhakrishnan, 2017). Considering the challenge of blended materials,
trims and additives, mono-materials are a suggestion to make the disassembling easier (O1).
Companies and researchers are experimenting with alternatives such as hemp and waste
products, for example, pineapples, grapes, oranges and cow dung (Ananas Anam, n.d,
Global Change Award, 2017b, ¢; Orange Fiber, n.d.). Yet, the introduction of new materials
can be an inhibiting factor, because it creates a challenge with recycling streams (R1; O4).
When a new material is introduced, a recovery stream needs to be considered, as well as the
recycling process of the material. Participant O4 suggests that companies that choose to
introduce new materials must take responsibility for the recycling of them.

As the system of recycling is complex, collaboration is an enabling factor (C1; R1; R2; R3;
01; 03; 04; O5; 06; O7; GFA and BCG, 2017; Pal, 2017). The different kinds of collaborations
mentioned throughout the interviews are discussed in Section 4.5. The general finding about
collaboration is that it is a necessity to enable textile recycling and creating a stream of
recycled materials (C1; O1; O3; O4; O5; R1; R2). For example, collaboration with consumers is
crucial to gain access to resources for textile recycling (Carlsson et al., 2015). A final enabler
is “conditional design” which differentiates recycling strategies for slow and fast fashion
systems. This systemic enabler is discussed in Section 4.5.

4.4 Sorting and recycling technology enhanced by digitalisation

Understanding the drivers, inhibitors and enablers provides a foundation for understanding
technological and systemic changes needed to realise textile recycling. The interviews
indicate that digital tools are essential in textile-to-textile recycling (02; O3; O4; 0O6; O7; R1;
R2; R3) (see Table II).

Usage Suggested technology
Production 3D printing (05)

Decentralised production and digital receipt (R1)
Sorting/recycling Material scanning for easy and commercial sorting (03; 06; O7)

Radio frequency identification (RFID) (02)/tagging (07)
Digital passport (ID-code or chip) (R1; R2; O7)
Connecting technology Connecting demand and supply of “textile waste” (O3; O4; R3)




In line with other industries, there is a potential for automation and technology to take
over current production practices of garments, such as 3D printing (O5) and knitting
technology. For example, Dutch designer Iris van Herpen (n.d.) and the Belgian fashion
designer Bruno Pieters have experimented with 3D printed garments (Moorhouse and
Moorhouse, 2017). Adidas (2017) tested an in-store production technology, where products
were fitted to the individual customer and knitted within a few hours. 3D knitting and
customisation can reduce clothing waste by producing garments based on real-time
demand (O5), and textile recycling presents an opportunity to incorporate design for easy
disassembling and recyclability.

Another usage of digitalisation in production is digital receipts that can change the current
ways of making clothes, through better documentation and transparency (R1). Through the
digital receipts, producers can document used chemicals and materials included in the
products, and thereby enhance transparency for recyclers. This is a way of addressing current
issues around a lack of knowledge of contents of clothes and textiles. Management consultant
McKinsey suggests that digitalisation will create “Supply Chain 4.0[1] (Alicke et al,, 2017).
Through digital receipts, information is more accessible (Alicke et al, 2017). Zhu et al. (2016)
similarly argue that digital information will reshape supply chains, especially concerning
information flow. This provides a technological opportunity to enhance recycling.

The current sorting process of textiles and clothes is done manually which is both a costly
and labour intensive process (R3; Carlsson ef al, 2015), as it can be difficult to identify each
fibre type (R2). For textile-to-textile recycling to be an actual business opportunity, the sorting
process needs to be automated (O3). To meet demands, a potential sorting technology must
therefore be able to identify different kinds of fibres through a method that is fast and cheap
(Carlsson et al, 2015). The sorting could be done through surface-scanning (02; O3; 06; O7):

[...]a sorting-equipment that basically takes finished post-consumer textiles whether that is garments
or towels or whatever. It scans the surface and then it can sort those textiles by fibre type. (O3)

A scanning technology for more efficient sorting can also be linked with a chip or an ID-
code, through RFID, functioning as digital passports (R1; R2; O7):

[...]every product has either an ID-code or a chip or something that can identify 100% what is the
material in this and what chemicals have been used — the story of the garment, so that at the end of
life, it can be easily recycled or put into the circular streams. (R2)

This aligns with current developments of an EU-project “Trash-2-Cash” that has used
“tagging” as a digital method, and Content Thread (O7). The Content Thread is a digital thread
that can connect with RFID technology to inform about content (Global Change Award, 2017a).
The purpose of these technologies is to inform sorters and recyclers about the fibres and
chemicals that are included in each garment: “[digitalisation] enables transparency and it
enables the possibility of circular supply chains in a consistent and standardised way” (O3).
The technologies themselves do not have importance; rather it is the function of them:

Transparency and standardisation are just as important as the sorting technology and the
recycling technology. It is all hooked together. (O3)

The essential functions that must be considered in using technologies in commercial
textile-to-textile recycling is traceability (O3: O4), transparency (O1; O3; O4; O7), standardisation
(03), automatisation (05; O6) and the ability to connect different stakeholders or processes
(03; 04; 06; R3):

Digital technologies can create value and enhance the sorting and recycling processes through
greater accessibility of information and increased transparency. Sorting and recycling technologies
must be automatised to be financially feasible. The digital technologies were suggested as a way of
addressing the current lack of technology to create auto-sorting.
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Table III.

Types of collaboration
to support textile-to-
textile recycling,
identified through
primary data

A digital platform could enhance resource availability for recycling of textiles, by
connecting supply and demand of “textile waste” (O1; O3; O4; O6; R3):

Basically [a digital platform] will allow people that have textile waste to find places to get it
recycled or reused in some sort of way. And it will allow people that are reusing or recycling to find
material suppliers — so essentially it is a circular supply chain builder. (O3)

The use of connecting digital platforms is predicted to have increasing influence on industries,
both in supply chains but also to connect with consumers in a new way (Schwab, 2017).

4.5 Systemic change and industry-wide collaboration
Besides technological developments, there is a need for systemic change to create a recovery
stream of recycled textiles and adopt circular economy in the fashion industry (Weetman, 2016).
Even though there is a need for the whole system to change simultaneously, the identified
enablers (Section 4.3) can be used as catalysts for change. An important enabler of textile-to-
textile recycling is creating a material stream of used textiles and garments. Despite the lack of
sufficient technology to support the recycling of clothes, companies such as H&M and
Bestseller are collecting clothes. Creating a take-back system is a way of training the
consumers for when the technology is available (R1). Furthermore it is a way of collecting
sufficient amounts to have a business case for when the technology is available (O5; C1):

[...]that is a question of scale; in order to get the technology, you also need to develop a business
case. (C1)

Elander and Ljungkvist (2016) find that there is currently no business case for textile-to-
textile recycling and that there is a ‘[lJack of textiles available for recycling due to
insufficient collection” (p. 18). A certain volume of collected textiles is needed to create the
business case and to push the recycling industry (C1; O1; O3; O4; O5; R1; R2). This
highlights the importance of engaging with consumers to recover enough textiles and
clothes to support a stream of recycled materials.

As mentioned in Section 4.3, collaboration is crucial for change towards circularity (Pal,
2016; Poldner, 2013; C1; R1; R2; R3; O1; 03; 04; O5; 06; O7) (see Table III).

In order to ensure a large flow of materials the relationship with consumers needs
to be redefined (03; R2). This could be done by letting consumers be part of the sorting
process if companies are allowed to collect through campaigns — this would require a
change of the current legal framework (O4). Mathews (2015, p. 56) argues that “recyclable
does not mean that it will be recycled”. Goworek et al. (2013) find that consumers do not
have enough knowledge about the environmental impacts of their clothes, and that
educating consumers is an important element in gaining access to the clothing “waste”.
Therefore, it is important to ensure that consumers understand the value of their
used clothes:

[...]the brands actually have to take the educator role as well, in informing and actively engaging. (R2)

Purpose of collaboration Type of collaboration to support textile-to-textile recycling

Collect Collaboration with consumers (C1; O1; 03; 04; 05; R1; R2)
Collaboration with charity (R1)

Recycle Collaboration with collectors/recycling industry (R1; R2)
Collaboration with researchers (R1; R2; C1)

Change Collaboration between designers and recyclers (O1; 05; R1; O7)

Collaboration between small and large companies (O1; 03; 04; O5)
Collaboration between large companies (R1; R3; O1; 05; O6)




Radhakrishnan (2017) suggests that retailers should promote the return of clothes. As
shown, changing consumers’ behaviour, even before the technology is in place, is essential
to enable a stream of textiles (O5; R1; Mathews, 2015).

Large clothing companies are currently collaborating with collector LCO (Stal and Corvellec,
2017). This collaboration is important in terms of managing the textile waste stream (R1; R2):

I.CO provides them the reverse logistics solution and takes care of the sorting and reselling,
reuse, recycling. (R2)

I:.CO’s collaboration with large companies creates a stream of used textiles and garments,
which is highlighted in the literature and by the participants as crucial to enable textile-to-
textile recycling (O1; O5; O4; O3; R1; R2; Allwood et al, 2006).

To manage the waste streams and create a new supply of recycled textiles, large and
small companies must work together. The collaboration is needed to create logistics (O1; O3;
04), systematisation of access to materials on an industry-wide basis (O5), and to reach scale
to create enough demand for recycling technologies (01; O3; O4; O5; C1; R3). Poldner (2013)
argued that “strategic alliances” can create benefit for everyone involved. Poldner uses the
Sustainable Apparel Coalition as an example of how companies can work together to create
system-wide knowledge for the larger benefit. However, ‘[i]t is hard to collaborate with the
competitor to make a massive industry shift” (O3).

The interviews indicate that change has to start from large companies due to resource
availability and possibility to influence producers and regulation (O1; O5; O6; R1; R3). This
perspective aligns with Larsson et al. (2013, p. 273) who argue that “[a] large corporation will
have more resources to become a role model, which may inspire other corporations to
follow”. Participant O3 adds:

I think fast fashion, because of the volume they produce, could be a really important accelerator for
the volume of recycled textiles in the market. (O3)

Large corporations therefore have an important role in creating change, yet the systemic
change will not occur until SMEs and the luxury brands participate (02; O4; C1). Participant
04 explained it with a metaphor:

[...] there is only a sustainable transition when the grass is green: that is, when all the blades of
grass have become green. It might be, that there are a few green spots that represent the large
companies, but that won't make the whole field green. (04)

03 further explained:

This is a really big system in general, so it is an industry-wide shift, not an individual company
shift. A lot of brands have to do this at the same. (O3)

The participants acknowledged that Scandinavian organisations cannot achieve full
circularity alone due to the global nature of the supply chain and manufacturing processes,
reinforcing the importance of industry-wide collaboration “since we are all dependent on
each other” (O7):

[...] circular economy is not just about the manufacturer next door, it is a global supply chain — so
there are many things that have to work — so it has to be this “systemic” approach. (R1)

Despite the emphasis on “pushing in the same direction” and collaboration, the interviews
and literature suggest that a division between slow and fast systems might influence
strategies applying circular practices (O1; O3; 05; Earley and Goldsworthy, 2015). Stahel
(2016) suggested two ways of prolonging product life: reuse or recycling. These practices are
seen to apply differently; where small niche companies can increase their focus on services
that prolong the life of garments such as repairing or reselling, the larger mainstream
companies cannot follow this strategy due to the lower quality (O1; O3; O05).
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Earley and Goldsworthy (2015) believed that the fashion system could have two different
kinds of materials: the ones for the “fast” fashion and one for “slow” and quality fashion.
One participant reinforces this perspective by suggesting two different textile systems — one
focused on long life and one focused on short life with easy recyclability (O3). The design of
the t-shirt, for example, is therefore not just about the materials that are used and
technologies available, it is about understanding the current and potential material flow and
strategically integrating it as part of the business model. Goldsworthy (2017) surmised that
it is possible to “build the notion on speed into the whole cycle to ease the flow, including
super-efficient materials recovery” (p. S1968).

Participant R3 calls this conditional design, where the context that the clothes will be
used in is considered. It is about understanding what value the consumer attributes to the
product, for example, when purchasing a t-shirt. If the perception of the cheap t-shirt is that
it is disposable after it has gone out of trend, then the strategic conditional design for this
kind of product is about creating a fast take-back to recycle the materials (R2; Goldsworthy,
2017). Furthermore, participant O4 argued that the real challenge is not to change the
product itself, but to use the product as a means to change the system.

5. Conclusion and implications

The aim of this research study was to explore how the Scandinavian fashion industry can
create a system of textile-to-textile recycling. This was done by investigating the drivers,
inhibitors and enablers of textile-to-textile recycling (RQIa); the role of technology and
innovation (RQ1b); and, the types of changes required (RQIc). While the research provides
further support for drivers identified in the literature, it contributes new findings in three
areas: circularity can create new business opportunities, contribute to reaching
sustainability goals, increase competition and be a way to engage with consumers;
additional inhibitors and enablers were identified; and the nature of systemic and
technological change were further elaborated.

This research contributes to the existing literature, by identifying additional inhibitors,
such as the number of decision makers involved in product development in large fashion
companies, the lack of legal support to create a textile waste stream through companies and
that there is not a sufficient market for recycled materials, meaning that it is difficult to
reach scale for a new business opportunity within recycling.

In addition to the enablers identified in the literature such as technology, design and new
materials, garment collection and collaboration, this research identified new findings by
suggesting that digitalisation provides an opportunity to create a textile recycling system.

The current literature states that systemic change and technological development are
needed for textile recycling. This research extends knowledge on the types of systemic and
technological changes required to enable textile-to-textile recycling: recycling technology can
be enhanced with the use of digitalisation, as this would create transparency, traceability and
automatisation; collaboration on many levels to replace the linear production model; and,
different strategies for slow and fast fashion systems, by focusing on “conditional design”.

This research was limited to only looking at the materials, and thereby excludes energy
and chemicals that also need to be considered to create a fully circular system. The research
was also limited by the small sample, which does not represent the full range of stakeholders.
Future research could expand the sample of stakeholders and consider other country contexts.

Note

1. Referring to the Fourth Industrial Revolution — Industry 4.0. The fourth industrial revolution is
based on interconnected technologies — physical, digital and biological. Technologies such as
artificial intelligence, nanotechnology and big data are predicted to revolutionise business
practices (Schwab, 2017).
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