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1.  Introduction 

For decades, the global fashion industry has been criticised for its unethical and 
unsustainable production and consumption practices, which rely heavily on the 
linear take-make-waste model. The industry’s reliance on the excessive 
extraction and use of virgin resources, water, chemicals, energy, and the fast 
cycling of trends has resulted in substantial environmental and socio-economic 
problems in global fashion value chains (Niinimäki, Peters, Dahlbo, Perry, 
Rissanen & Gwilt, 2020). One of the most worrying aspects of the industry’s 
operations is the volume of production and consumption, which has been 
fuelled by the emergence of the fast fashion phenomenon (Ibid.). During the last 
15 years, the production of apparel has approximately doubled, while the 
utilisation rate of clothing has declined by 36% (Ellen MacArthur 
Foundation/EMF, 2017a). In line with this development, it is expected that 
global clothing production will continue to grow in the future. The global 
population is expected to rise by 8.7% by 2030, but the amount of apparel 
consumption is projected to increase from 62 million tons at present to as much 
as 102 million tons of newly purchased garments (Global Fashion Agenda & The 
Boston Consulting Group 2017). 

Another significant concern in the fashion industry is its dependency on virgin 
material sources. Today, up to 97% of the materials used for clothing production 
is estimated to come from virgin feedstock (EMF, 2017a). Meanwhile, the 
estimates of global textile material flows indicate that in 2015, less than 1% of 
the material used for clothing production was recycled into new high-value 
applications such as new clothing; 12% was recycled into lower value 
applications for other industries; and 73% ended up in landfills or being 
incinerated (EMF, 2017a). This equals significant losses of (virgin) resources 
and value. Most disposed-of garments, however, still hold value as products, 
materials or textile fibres. Nearly 100% of them could be reused or recycled 
(Hawley, 2006), and as such, used as a resource for the production of new 
materials and high-value products in the fashion industry.  

The global fashion industry has been accused of being lethargic and reluctant 
to change its practices (Lewis, 2008). Even though stakeholders are increasingly 
showing interest in sustainability (see Cobbing & Vicaire, 2017), sustainable 
solutions are not being implemented rapidly enough “to counter-balance 
negative environmental and social impacts of the rapidly growing fashion 
industry”, as stated in the Pulse of the Fashion Industry 2019 Update (Lehmann 
et al., 2019, p. 1). Moreover, the industry has continued expanding (EMF, 
2017a). 
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Given the Earth’s limited capacity and the expected population growth, 
alternative models of production and consumption are essential. In contrast to 
the linear take-make-waste model, the circular economy (CE) has been 
advocated as a promising model that could provide prosperity by decoupling 
growth from its environmental impacts (e.g. EMF, 2015; Lacy & Rutqvist 2015). 
The CE builds on the idea of closed loops, in which biological and technical 
nutrients could cycle infinitely – at least in principle. Waste would no longer 
exist, as it would be used as a resource for producing new materials and 
products. Primarily, this would imply more efficient reuse of existing products, 
their components and materials, the creation of new business models, and 
improved recycling of materials that are no longer suitable for reuse. Recent 
years have demonstrated a global interest in the CE model, and in the European 
Commission, for example, it is even regarded as a necessary transition to 
achieve climate-neutrality targets (European Commission/EC 2020).   

Within the sustainable fashion discourse, CE is a relatively new concept. It has 
received significant attention in a rather short period of time in sustainable 
fashion research (e.g. Jia, Yin, Chen & Chen, 2020; Ki, Chong & Ha-Brookshire, 
2020) and among various stakeholder groups within the industry. The Global 
Fashion Agenda in particular has been active in facilitating industry-wide co-
operation and initiated noteworthy actions and commitments towards a CE 
(Global Fashion Agenda/GFA, 2018a). Meanwhile, new business models, textile 
sorting and recycling technologies, and circular textile ecosystems have been 
cultivated in multi-disciplinary research collaborations1. Through these 
developments and voluntary commitments, CE appears to be becoming the 
guiding concept for sustainability in the fashion industry, at national, regional 
and global levels.  

In order to transform the practices of the entire industry sector, substantial 
actions are required at multiple societal levels. This applies to legislation, 
education, infrastructure, technology, business, production, consumption, and 
initial clothing design (e.g. EMF, 2017a). This doctoral dissertation zooms in on 
the design stage and looks at the recent developments at the intersection of the 
CE and clothing design. This viewpoint is of great importance. As Tischner and 
Charter (2001, p. 120) have estimated, the design phase can predetermine up to 
80% of products’ environmental impacts during their lifecycle. This estimate is 
also referred to in the European Commission’s Sustainable Product Policy 
(European Commission, n.d.), stressing the role of design in the sustainability 
discourse.  

Design scholars have been active in producing information on sustainability 
and CE for the benefit of practising designers. As described in Chapter 2, general 
circular design guidelines have already been developed, but clothing-specific 
issues may make them seem inadequate from the perspective of clothing design. 
In the context of fashion, studies have largely focused on long-lasting garments 
and design strategies supporting garment longevity. Such studies are crucial in 
terms of clothing reuse, but they do not guide designers on how to close the 

 
1 In the European context, see e.g. Mistra Future Fashion, SIPTex, Trash-2-Cash, ECAP, Fibersort, 
Telaketju, ENTeR, Re:Newcell, Finix, New Cotton. 
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material loops after clothing is no longer suitable for reuse. Knowledge related 
to garment recycling still seems limited. Only a handful of papers have 
addressed a design for recycling (DfR) approach in the fashion context in recent 
years (e.g. Gulich, 2006; Goldsworthy, 2014; Durham, Hewitt, Bell & Russell, 
2015; Niinimäki 2017), and most remain at the conceptual level. Some 
guidelines supporting ‘circular fashion design’ have already been initiated, but 
they also remain rather general and vague. 

Recycling is, however, an important part of the CE, and in the quest for 
improved textile recycling, different targets have been initiated in recent years 
(see Chapter 2). At the level of policy, new legislation on textile disposal and 
recycling is being implemented. In Europe, for example, EU Member States are 
required to set up a separate collection system for post-consumer textiles by 
2025, in line with the new waste management package (European Commission, 
2018). This means that textile waste can no longer be handled as part of mixed 
waste, which presently ends up being incinerated or dumped in a landfill. 

From the perspective of clothing design, this development poses an interesting 
situation. In both academic and practical terms, it is presently unclear how to 
design garments that are suitable for recycling, and more specifically for closed-
loop textile recycling (CLTR), which would allow textile waste to be upcycled 
into high value applications, for example, back into garments. Whereas textile 
waste has traditionally been processed through mechanical recycling 
(considered downcycling), new technologies have recently emerged that show 
potential for enabling textile waste to be recycled back into virgin quality fibres. 
However, it is unclear how these recent developments will impact clothing 
design practice, and vice versa. This dissertation aims to contribute to this 
knowledge gap by studying this emerging phenomenon – the pursuit of 
advancing CLTR. The research questions of this dissertation are built on the 
notion that moving into a CE may be key in the transition towards a sustainable 
fashion industry, and that improving current textile recycling rates is an 
important aspect of this. Thus, the overarching research questions are:  

 
What does the pursuit of advancing CLTR mean from the perspective 
of clothing design? How do current clothing design practices appear 
in terms of this endeavour?  

 
These questions are addressed by investigating, on the one hand, the current 

state, limitations and requirements of CLTR, and on the other hand, the current 
ways of integrating sustainability into clothing design practice. This dissertation 
consists of four research publications that provide answers to these questions to 
various extents. Papers 1-3 respectively represent a case study, a conceptual 
research paper, and a small interview study. These papers were processed fairly 
simultaneously, and mainly deal with the first research question. Although the 
dissertation focuses on clothing design practice, these papers address informa-
tion on new technologies in textile sorting and recycling in order to improve our 
understanding of clothing designers’ potential role(s) and contribution(s) to 
CLTR. Paper 4 acts as a counterforce to Papers 1-3 by providing a reality check 
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of current clothing design practices through a mixed-method study, mainly 
addressing the second research question. The papers form a co-ordinated 
cluster of individually published papers that shed light on current sustainable 
clothing design approaches, the related concerns, and the knowledge gaps 
relevant to CLTR. Together, they can be perceived as forming one mixed-
method study, as is articulated in Chapter 3. Figure 1 illustrates the connection 
between these papers. 
 

 

Figure 1. Connection between research papers (own compilation). 
 

The format of this dissertation is article-based, which means that it includes 
several peer-reviewed research papers and their compilation. This compilation 
contains six chapters that summarise the content of the papers and discuss their 
cross-cutting contributions. It is structured as follows: this first chapter 
introduces the research topic and the rationale behind the work. Chapter 2 
guides the reader into the CE concept in relation to textile recycling and 
sustainable fashion research. The methodological choices of the dissertation are 
presented in Chapter 3. Chapter 4 summarises the research findings, paper by 
paper. Chapter 5 provides an interpretation of the key findings and discusses 
their practical implications. It also addresses the limitations of the research and 
directions for future studies. Chapter 6 concludes the dissertation, with some 
final remarks, followed by the original papers. Table 1 provides an overview of 
the appended papers and their individual contributions. 
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Table 1. Overview of papers 

Publication Key words Research 
question(s) 

Research 
approach 

Contribution 

1. Design for 
Circularity: The 
Case of 
circular.fashion 

Design for 
circularity, 
circular fashion, 
circular design 
strategies, 
chemical fibre-
to-fibre recycling 

What does it 
mean in practice 
to design 
clothes that at 
their end-of-life 
could be 
circulated into 
new fibres, 
yarns, fabrics 
and textile 
products? 

Descriptive case 
study of Berlin-
based sustainable 
design 
consultancy 
circular.fashion 

Provides a novel 
example from the 
industry; highlights 
challenges in CLTR 
and suggests ways in 
which to overcome 
them; lists practical 
aspects for the benefit 
of clothing designers. 

2. Closing the 
Loop: Intentional 
Fashion Design 
Defined by 
Recycling 
Technologies 
 

Recycling, 
closing the loop, 
intentional 
fashion design, 
sorting 
technology, 
circular 
economy 

How will future 
recycling 
technologies 
transform 
clothing design? 

Conceptual paper 
based on review of 
emerging textile 
sorting and 
recycling 
technologies 

Describes current 
developments in 
textile sorting and 
recycling; suggests 
tentative principles of 
‘intentional fashion 
design for recycling’; 
discusses clothing 
design practices of the 
future. 

3. Addressing 
the Dialogue 
between Design, 
Sorting and 
Recycling in a 
Circular 
Economy 
 

Circular 
economy, 
clothing design, 
design for 
recycling, textile 
recycling, textile 
sorting 

What kinds of 
implications 
does ‘design for 
recycling’ have 
for the 
designer’s role 
and practice? 
With whom 
should they 
collaborate and 
how could they 
do so? 

Exploratory 
interview study 
with design, 
sorting and 
recycling experts 

Presents challenges in 
CLTR and 
recommenddations for 
overcoming them; 
highlights the 
importance of the 
sorting phase and 
suggests ’design for 
sorting’ as a separate 
strategy; visualises the 
required knowledge 
flows between the 
design, sorting and 
recycling stages. 

4. A Mixed-
Method Study of 
Design Practices 
and Designers’ 
Roles in 
Sustainable-
Minded Clothing 
Companies 

Sustainability, 
sustainable 
design, 
sustainable 
fashion, clothing 
design, fashion 
design, design 
practice, mixed 
method 

How is 
sustainability 
integrated into 
the design 
practices of 
sustainable-
minded clothing 
companies? 
What is the role 
of a clothing 
designer in this 
respect? 

Mixed-method 
study combining 
interviews of 
clothing designers 
and an online 
survey 

Stresses material 
choices and product 
longevity as the main 
approaches in 
sustainable clothing 
design; indicates that 
knowledge of garment 
recyclability is limited; 
highlights the limited 
role of clothing 
designers. 
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2. Towards clothing circularity 

 
This chapter presents the context and theoretical foundations of this 
dissertation. The first section focuses on the CE concept and the various 
commitments supporting the transition towards it. The second section 
addresses textile recycling as a crucial component within the CE ambition and 
provides basic information on textile recycling and related processes. The last 
section zooms in on the level of product design, highlighting how little is known 
about the DfR approach in the context of fashion and clothing. 

2.1 Circular economy – a new paradigm for the fashion industry 

The way in which today’s economy operates derives largely from the Industrial 
Revolution – an era when hand-crafted goods began to be mass-manufactured 
due to technological inventions that radically transformed the manufacturing 
processes of different industries. These new inventions enabled more efficient 
production as well as transportation, furthering commerce and prosperity. Over 
recent decades, economic growth has been impressive, yet largely based on the 
linear throughput of materials and energy, which from the perspective of people 
and the planet are highly unsustainable (Jackson,	 2009).	 Today’s industrial 
societies and their ways of living, producing and consuming have incisively been 
referred to as throwaway cultures (e.g. Cooper, 2010). Products are replaced 
and/or disposed of earlier than is necessary, mostly ending up in landfills or 
being incinerated, which equals significant losses of natural resources and 
value. Such an industrial model has become referred to as a linear take-make-
waste model. It contradicts the pursuit of sustainable development, which is 
defined as “development that meets the needs of the present without 
compromising the ability of future generations to meet their own 
needs” (WCED, 1987, p. 43). Despite extensive research on and practical 
initiatives for sustainable development, the discussion around it seems to have 
lost its momentum, and has been criticised for being too vague to be 
implemented (Kirchherr, Reike & Hekkert, 2017). As Cooper formulated in 1994 
(p. 2): “If the goal of sustainable development is to be reached, industrial 
countries must move towards developing circular economies”. Indeed, in 
contrast to the linear production and consumption model, the CE concept is 
being increasingly advocated as a sustainable alternative across industry and 
academia (see e.g. Geissdoerfer, Savaget, Bocken & Hultink, 2017; Korhonen, 
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Honkasalo & Seppälä, 2018), carrying the potential to operationalise 
sustainable development (Kirchherr et al., 2017). 

The circular economy concept 

Probably the most referred to definition of CE comes from the Ellen MacArthur 
Foundation (EMF) (2014), which has been an active advocate of the CE in recent 
years, translating the key messages and benefits of the concept for the corporate 
world (Lernborg, 2021). The EMF (2014, p. 14) defines CE as “an industrial 
system that is restorative and regenerative by intention and design. It replaces 
the end-of-life concept with restoration, shifts towards the use of renewable 
energy, eliminates the use of toxic chemicals, which impair reuse and return to 
the biosphere, and aims for the elimination of waste through the superior design 
of materials, products, systems and business models”. According to the EMF 
(2015, p. 5-7), the three main principles of a CE are 1) to “preserve and enhance 
natural capital by controlling finite stocks and balancing renewable resource 
flows”; 2) to optimise resource yields by keeping products, components, and 
materials at their highest utility and value on the basis of reuse, repair, 
remanufacturing, refurbishment, and recycling; and 3) to “foster system 
effectiveness by revealing and designing out negative externalities” such as 
waste and pollution. 

The CE concept derives from several fields and notions. The EMF is associated 
with the development of the CE idea, given their wide set of publications and 
collaborations with different industries, policy-makers and academia 
(Lernborg, 2021). However, the concept has actually already been addressed for 
decades. Some trace its origin back to the 1960s, more precisely to Kenneth 
Boulding’s (1966) articulation of the earth as a closed circular system (see 
Allwood, 2014; Geissdoerfer et al., 2017; Merli, Preziosi & Acampora, 2018). 
Some researchers attribute the introduction of the CE to Stahel and Reday-
Mulvey (1976) (see Rathinamoorthy, 2019), others to Pearce and Turner (1989) 
(see Andersen, 2007; Ghisellini, Cialani, & Ulgiati, 2016). Yet, despite the efforts 
of several parties, it is hard to trace the CE concept to a single author or date 
(EMF, 2013). Since the late 1970s, the CE concept has been drawing 
understandings from major schools of thought that share the idea of closed 
loops (see e.g. EMF, 2013; Geissdoerfer et al., 2017; Korhonen et al. 2018). 
These theoretical understandings and influences are commonly attributed to 
various fields and concepts, such as industrial ecology, cradle-to-cradle (C2C), 
the performance economy, product-service systems, the laws of ecology, 
regenerative design, biomimicry, and the blue economy (see e.g. EMF, 2013; 
Geissdoerfer et al., 2017; Korhonen et al. 2018).  

Given the multiplicity of influences behind the CE, the concept has been called 
vague. Korhonen et al. (2018, p. 37), for example, state that the concept has so 
far been “a collection of vague and separate ideas from several fields and semi-
scientific concepts”, lacking scientific depth. Meanwhile, several variations and 
interpretations of the CE concept have been offered (see e.g. review papers by 
Ghisellini et al., 2016; Geissdoerfer et al., 2017; Merli et al., 2018; Lieder & 
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Rashid, 2016: Kirchherr et al. 2017) that only further obscure its meaning 
(Kirchherr et al. 2017). Based on their review of 114 definitions of CE, Kirchherr 
et al. (2017) found that 35%–40% of the definitions reflected the 3R framework 
(reduce, reuse, recycle), whereas 3–4% addressed the 4R framework (reduce, 
reuse, recycle, recover), which provides the foundation for the European Union 
Waste Framework Directive (Kirchherr et al., 2017). The study also revealed 
that only a third of the CE definitions addressed waste hierarchy overall (Ibid.). 
The lack of notions of waste hierarchy is problematic, as this may simplify and 
subvert the understanding of the CE, potentially resulting in minimal changes 
in companies’ practices (Ibid.). In addition, most CE definitions tend to miss all 
three dimensions of sustainable development (economic, environmental, 
social) (Ibid.). Generally, the main aims and definitions seem to be largely 
related to economic and environmental qualities, while neglecting the social 
aspects (Ghisellini et al., 2016; Kirchherr et al. 2017; Merli et al., 2018). This has 
also exposed the concept of CE to criticism (e.g. Hobson & Lynch, 2016). 

Decoupling constraint resources from economic growth 

According to Lacy and Rutqvist (2015), a CE has three fundamental drivers. 
The first driver is the recognition of resource constraints and the current 
wasteful economy, which does not meet the needs of future generations. The 
introduction of new technologies and digital innovations are the second driver, 
making a CE increasingly viable for businesses (Lacy & Rutqvist, 2015). The 
third driver relies on the idea that economic growth can be decoupled from 
constrained natural resources (Lacy & Rutqvist, 2015; EMF, 2015). This 
provides socio-economic opportunities for businesses, to which the CE concept 
can be communicated as an opportunity to turn waste into wealth (Lacy & 
Rutqvist, 2015). However, herein lies further critique of CE. Even if its promise 
is to enable prosperity and better living standards while consuming products 
and services in a more sustainable way, the CE idea is still bound to the growth-
driven system (Fletcher & Tham, 2019). Furthermore, even if reuse and 
recycling was practised on a larger scale, it remains unclear whether such 
practices would translate into less material consumption (Valenzuela & Böhm, 
2017), which is still needed in order to remain within planetary boundaries (e.g. 
Lettenmeier, 2018). Recycling, for instance, can even perpetuate a throwaway 
culture (Niinimäki, 2011), allowing unsustainable consumption habits to 
continue. In order to decouple economic growth from material throughput, 
resource efficiencies should increase at least as rapidly as economic output does 
– a scenario that has so far been questioned, given the growth of population and 
affluency (see Jackson, 2009).  

Cycles in a circular economy 

In order to succeed, the CE should limit the material and energy “throughput 
flow to a level that nature tolerates” and utilise natural “ecosystem cycles in 
economic cycles by respecting their natural reproduction rates” (Korhonen et 
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al. 2018, p. 39). These principles align with the ideology of C2C2 – one of the 
main schools of thought behind the CE concept (EMF, 2015). According to the 
C2C ideology, one can distinguish between two cycles in a CE, that is, technical 
and biological cycles (McDonough & Braungart, 2002). This distinction 
suggests that all materials used in the economy are perceived as either technical 
or biological nutrients. Technical nutrients are referred to when dealing with 
finite, man-made technical materials that can be recovered or restored, 
providing valuable inputs for new materials and products, and creating closed-
loop industrial cycles (EMF, 2015; McDonough & Braungart, 2002). Biological 
nutrients, on the other hand, involve organic renewable materials that can re-
enter the environment, biodegrade harmlessly, or be composted (EMF, 2015; 
McDonough & Braungart, 2002). Whereas technical nutrients are used in 
‘products of service’ (i.e., durable goods providing a particular service), 
biological nutrients are used in ‘products of consumption’, which feed nature’s 
own cycles (i.e., products that are gradually used during their lifespan) (Ceschin 
& Gaziulusoy, 2020, based on McDonough & Braungart, 2002).  

The idea of closed cyclical flows of products and materials is at the heart of the 
CE concept, suggesting means for producing and consuming products and 
services without exceeding planetary boundaries (EMF, 2017b). Figure 2 below 
shows an outline of a CE system that is often referred to, modelling the flows of 
biological and technical nutrients (EMF, 2015). 

 

 

Figure 2. Outline of a circular economy (Ellen MacArthur Foundation, 2015, 6). 

 

 
2 The phrase ’cradle-to-cradle’ was originally introduced by Walter R. Stahel in the 1970s (see 
Rathinamoorthy, 2019), but later became popularised by Michael Braungart and William McDonough, 
particularly through their seminal book ‘Cradle to Cradle: Remaking the Way We Make Things’ 
(McDonough & Braungart, 2002). 
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Garments and textiles commonly fall into the ‘products of service’ category, 
and therefore, the technical cycle is particularly important for the fashion field 
(Niinimäki, 2017). In the fashion industry, the natural fibres (such as cotton, 
hemp, silk, wool) that make up natural materials could cycle back into the 
environment – at least in principle, but this would require all the ingredients 
used in the materials and processing to be biocompatible (Earley & 
Goldsworthy, 2019). In reality, however, the natural fibres used in garments are 
often blended with man-made fibres to achieve a certain look or functionality. 
In addition, the production processes of both natural and man-made materials 
involve various chemicals that further add to the product’s complexity, as do the 
various product components (Niinimäki, 2013). These aspects make 
biodegradation and composting unrealistic options for garments and textiles 
(Niinimäki, 2017). Most often, garments are mixes of various materials and are 
thus unsuitable for a biological cycle – or (in many cases) for recycling in a 
technical cycle. McDonough and Braungart (2002) term such products 
‘monstrous hybrids’, meaning mixtures of both technical and biological 
materials, which cannot be easily separated or recovered at end-of-life. This is 
the case with most garments.  

Emergence of circular fashion  

Although a relatively new concept in the fashion industry, the CE has received 
traction among businesses and academia in rather a short period of time (see 
GFA, 2018a; Jia et al., 2020; Ki et al., 2020). The term ‘circular fashion’ was 
first coined in 2014 by two different parties in Sweden: the fashion brand H&M 
and a sustainability consultant, Anna Brismar, from Green Strategy 
(Rathinamoorthy, 2019). It seems that Brismar introduced the first definition 
of circular fashion, which read as “clothes, shoes or accessories that are 
designed, sourced, produced and provided with the intention to be used and 
circulated responsibly and effectively in society for as long as possible in their 
most valuable form, and hereafter return safely to the biosphere when no longer 
of human use” (Green Strategy, 2012–2020). This definition follows the 
articulations proposed by the EMF (2014) to some extent, and brings the CE 
concept closer to the practitioners working in the fashion field. Since its 
emergence, the term circular fashion (or circularity more generally) has 
penetrated the language of various stakeholders across the fashion sector, 
including brands, sustainability consultancies (e.g. Green Strategy, 
circular.fashion), NGOs (e.g. Global Fashion Agenda, Fashion for Good), 
fashion scholars (see reviews by Jia et al., 2020; Ki et al., 2020), and national 
and regional textile and fashion associations (e.g. Euratex, Swedish Fashion 
Council, Finnish Textile and Fashion Association). The way in which such 
parties interpret and understand circular fashion remains unclear. No research 
has so far reviewed the definitions of circular fashion (to the author’s 
knowledge), but given that CE itself is still described as “an evolving concept 
without a clear definition” (Merli et al., 2018) and remains in its early stage of 
development (Ghisellini et al., 2016), one may expect the same from circular 
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fashion. Despite the ambiguity surrounding the CE concept, it seems to provide 
a new paradigm for the fashion industry. As Korhonen et al. (2018, p. 45) claim, 
the CE concept has been acknowledged as promising because it “has been able 
to attract the business community to sustainable development work”. Similarly, 
it thereby has the potential to mobilise radical change throughout the fashion 
system: not necessarily as a goal in itself, but as a means to achieve sustainability 
(Roos et al., 2019). 

Committing to changing the linear system 

Closing the loops of both biological and technical nutrients requires rethinking 
and reorganising current production-consumption systems. One of the 
fundamental pillars in a CE is systems thinking, which may assist in this matter 
(Charter, 2019; EMF, 2017c). Systems thinking provides a holistic approach to 
understanding why something is (or is not) happening or functioning the way it 
is (or should), given the different elements and interconnections that contribute 
to it either internally or externally (Meadows, 2008). It enables the use of a lens 
to analyse interactions on different scales (Blomsma & Brennan, 2019), and can 
be perceived as a tool for tackling complex problems (EMF, 2017c). According 
to systems thinking, a system is “an interconnected set of elements that is 
coherently organised in a way that achieves something” (Meadows, 2008, 11). 
This also applies to the CE concept – an industrial system that is envisioned as 
providing prosperity within planetary boundaries on the basis of cyclical flows 
of energy and materials. In a fully operating CE system, however, a multitude of 
elements and their interconnections should concur seamlessly, which is not 
currently the case. As shown in the recent reports of the Circularity Gap 
Reporting Initiative (2021), we are still far from a true CE. 

In order to make the CE a reality, simultaneous changes are required within 
various systems and at various levels: the macro, the meso and the micro (e.g. 
Fang, Côté & Qin, 2007; Linder, Sarasini & van Loon, 2017). These can be 
interpreted as three levels of a CE system (Kirchherr et al., 2017). Micro-level 
changes are linked to single processes, companies or individuals (Geng, Sarkis, 
& Ulgiati, 2016; Ghisellini et al., 2016). At this level, the means to achieve a CE 
include cleaner production practices, waste minimisation, eco-design, product-
life extension, new business models, environmental labelling, and green 
procurement (Fang et al., 2007; Geng et al., 2016; Ghisellini et al., 2016; Linder 
et al., 2017). Reuse, remanufacture and recycling are essential activities at this 
level for transforming modes of production and consumption (Linder et al., 
2017). Meso-level changes, on the other hand, concern industrial clusters and 
eco-industrial parks (Geng et al., 2016; Ghisellini et al., 2016). Industrial 
symbiosis, green supply chains, eco-efficiency and resource optimisation are 
vital here (Fang et al., 2007; Geng et al., 2016). Macro-level changes deal with 
regions, provinces, cities and nations (Geng et al., 2016; Ghisellini et al., 2016). 
At this level, the micro- and meso-level changes should be incentivised on a 
broader scale by different policy means (Geng et al., 2016), eventually enabling 
the restructuring of industrial systems (Fang et al., 2007). 
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Even though the CE concept has been critiqued for various reasons, the 
commitments to it at different societal levels are undeniable. At the macro level, 
CE has been integrated into political agendas across the continents; the EU and 
China being at the forefront of CE research and implementation (Merli et al. 
2018; Pesce et al., 2020). In 2015, the European Commission (EC) launched its 
first ‘Circular Economy Action Plan’ (EC, 2015), which made legislative 
proposals on waste management to boost the implementation of the CE within 
the EU, as well as to reinforce global commitments to UN’s Sustainable 
Development Goals (SDGs), specifically ‘Goal 12: Ensure sustainable 
consumption and production patterns’ (EC, 2015). This first action plan 
provided a vision of increasing recycling and reducing the landfilling of 
municipal waste (EC, 2015). In 2018, this was followed by a new set of rules and 
targets, requiring “Member States to take specific measures to prioritise 
prevention, re-use and recycling above landfilling and incineration, thus 
making the circular economy a reality” (EC, 2018, para 2). While the original 
action plan did not address textiles (but focused on plastics, construction and 
demolition waste, food waste, materials in electronic devices, and bio-based 
products) (EC, 2015), the new ambitions set in 2018 placed textiles on the 
agenda. Here, the requirement for EU countries was that they must set up 
separate collection systems for post-consumer textiles by 2025 (EC, 2018). 
Since then, a new Circular Economy Action Plan has been launched, which 
includes textiles as one priority area (EC, 2020). 

Even though recycling is only one of the principles within CE, it seems to be 
the most referred-to approach for managing waste in the EU’s CE action plans. 
In October 2020, the European Parliament’s (EP) Committee on the 
Environment, Public Health and Food Safety (2020, 5) tabled a motion for a 
resolution in the New Circular Economy Action Plan. Although the motion 
emphasised preventive actions over recycling (such as the ‘right to repair’), and 
reductions of primary resource use in regard to a sustainable product policy 
framework, it also placed weight on recycling: As described in the motion, the 
EC was encouraged to “propose resource efficiency and environmental footprint 
targets for each product category and to introduce product-specific targets for 
recycled content” (EP, 2020, p. 5). Meanwhile, the EU wants to support the 
markets for recycled materials and aims to keep resources cycling within the EU 
to the greatest extent possible (EP, 2020). In this regard, the motion underlines 
the need to “maintain clean and sustainable closed material loops” (EP, 2020, 
p. 5); encourages investments in new technologies to “ensure that the quality of 
a recycled product has the same quality as a virgin equivalent” (EP, 2020, p. 9); 
and emphasises the importance of sharing “best practices in waste collection 
and new sorting infrastructure” (EP, 2020, p. 12).  

Commitments to textile circularity 

In line with the general CE commitments, more specific targets related to textile 
circularity have also been established. The increasing recognition of the fashion 
industry’s negative environmental and social impacts has fuelled this 
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development. In 2015, the fashion industry produced 92 million tonnes of waste 
across its supply chains (Global Fashion Agenda & The Boston Consulting 
Group, 2017). Meanwhile, total apparel consumption equalled 62 million 
tonnes globally (Ibid.), of which 6.4 million tonnes were in Europe (WRAP, 
2017a). On average, a European consumer acquires 26 kg (Manshoven et al., 
2019) and discards around 11 kg of textile products per year (Beasley & 
Georgeson, 2014). This implies that, around 5.8 million tons of textiles are 
thrown away annually in Europe alone (Beasley & Georgeson, 2014). Globally, 
current consumption habits are estimated to contribute to around 39 million 
tonnes of post-consumer textile waste generated each year (Common Objective, 
n.d.). Of this amount, only a small percentage is currently recycled in some 
form. As shown in the EMF’s report (2017a), roughly 1% of global textile waste 
(generated at different stages of supply chains) is recycled within the industry 
and used in the production of new clothing. Recycling textile waste for other 
industries is an established practice, yet makes up only 12% of global textile 
material flows (Ibid.). Meanwhile, as much as 73% of textile waste ends up in 
landfills or being incinerated (Ibid.). According to Hawley (2006), almost 100% 
of all textile waste could, however, be reused or recycled in some way. 

As stated in the European Parliament’s motion (2020) described above, a new 
comprehensive EU strategy and product policy framework is required for 
textiles (EP, 2020). At the time this manuscript was being finalised, a new EU 
strategy for textiles was being drafted (STJM, 2021), calling for the development 
of eco-design “measures to ensure that textile products are fit for circularity” 
(EC, 2020, p. 13). Today, textiles, apparel, and leather also have their own 
dedicated section on the European Circular Economy Stakeholder Platform, 
which is a joint initiative of the European Commission and the European 
Economic and Social Committee intended to boost circularity in the clothing 
and textile industry (EU, 2019).  

These recent events signal macro-level commitments to the CE vision in this 
industry sector, but commitments are also being made at the micro level in 
individual companies. In 2017, the Global Fashion Agenda called on fashion 
brands to take action in circularity by initiating the global ‘2020 Circular 
Fashion System Commitment’, which outlines four action points for companies: 
1) Implementing design strategies for cyclability; 2) Increasing the volume of 
used garments and footwear collected; 3) Increasing the volume of used 
garments and footwear resold; 4) Increasing the share of garments and footwear 
made from recycled post-consumer textile fibres (GFA, 2018a, p. 4). By May 
2018, 94 companies (representing 12.5% of the global fashion market) had 
signed the commitment, setting themselves a variety of targets, ranging from 
circular design training to investments in textile recycling technology (Ibid.)  

It has been estimated that textile waste flows will increase in upcoming years 
(Palm et al., 2014), and various recycling targets have been set in recent years, 
such as ‘The Nordic textile re-use and recycling commitment’, which aims to 
double the share of separately collected post-consumer textiles across the 
Nordic region by 2025 (compared to 2012) (Fråne et al., 2017, p. 7). Another 
aim is that “90% of the total amount of textiles collected is re-used or where re-
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use is not possible, recycled” (Ibid.). A recent coalition, The Fashion Pact, is 
another example of commitment to this issue. According to this coalition, one 
of the means of tackling climate change is to increase the supply of lower impact 
materials in the fashion industry. The first step here is to change 25% of fashion 
companies’ key materials (mostly cotton, polyester, man-made cellulosics, and 
leather) to lower climate impact sources by 2025 (The Fashion Pact, 2020, pp. 
22–25), which practically implies increasing the use of recycled materials (The 
Fashion Pact, 2020, p. 26). The pursuit of increased textile recycling can also be 
seen in the amounts of various research projects framed by the CE, fashion and 
textiles.3 Although many of these research projects focus on micro-level 
processes (such as the development of a particular recycling technology), they 
also work at the meso level, enabling new partnerships and deeper 
collaboration, which lay the ground for circular business ecosystems in the 
fashion and textile sector.4  

2.2 Textile recycling as a building block for circular fashion 

Considering the low recycling rates and recent commitments to circularity in 
the fashion and textile sector, this dissertation focuses on the recycling loop in 
the CE. This section starts by explaining some of the important terms used in 
the context of textile recycling. After this, it briefly explains the various steps 
and approaches in order to better articulate the scope of this research. It also 
describes the potential benefits of recycling as well as the challenges that 
presently hinder textile recycling on a larger scale.  

In the research literature, recycling is defined in many ways; and sometimes 
it is confused with reuse (Cooper, 1994). Thus, it is important to clarify the 
differences between these terms, and how they are defined in this dissertation. 
Generally, reuse means the secondary use of products or their components 
(Cooper, 1994). In the fashion context, reuse is linked to an activity in which a 
used product or a part of it (textile or other material) is utilised again after its 
initial use (Salmenperä, 2017). Donating old clothes to charity and using 
second-hand clothes are the most obvious reuse activities, but this is sometimes 
perceived as a form of textile recycling (Michaud et al. 2010), which creates 
confusion. 

When a garment is no longer suitable for reuse it can be considered textile 
waste. This is when recycling comes into play. According to Worrell and Reuter 
(2014, p. 10), recycling is “the reprocessing of recovered materials at the end of 
product life, returning them into the supply chain”. In other words, recycling 
“involves the conversion of recovered scrap materials into a form that is suitable 
for use as secondary material for the manufacture of marketable end-products” 
(Cooper, 1994, p. 4). ‘Secondary’ can be used here interchangeably with 

 
3 Trash-2-Cash; The EU Resyntex Project; Mistra Future Fashion; Telaketju; Finix; ECAP; REACT; 
Accelerating Circularity; Recycling Revolution; SIPTex; Fibersort 
4  The Telaketju project, for example, is a collaboration network that brings together numerous 
stakeholders across the Finnish textile industry to research and develop a circular textile ecosystem 
around post-consumer textiles.  
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‘recycled’, in contrast to ‘virgin’ or ‘primary’ material, which is extracted from 
the environment (Worrell & Reuter 2014, p. 10).  

These general definitions apply to multiple materials used in different 
industries and can also be applied to textiles. Thus, textile recycling can broadly 
be defined as the reprocessing of recovered textile waste into secondary 
materials or new products for the original or other purpose within or beyond 
the clothing and textile industry (Salmenperä, 2017). In popular contexts, textile 
recycling may also be associated with the whole process, from textile collection 
and sorting to the final recycling stage. However, this dissertation addresses 
these stages separately. The following sections unfold the current approaches 
utilised within these stages. 

Textile collection and sorting 

Recycling goods means not only conquering technical issues in the recycling 
phase; it also involves the identification, selection and subdivision of materials 
(Haffmans, van Gelder, van Hinte & Zijlstra, 2018). Today, post-consumer 
textiles are collected through various routes, such as charity organisations, 
recycling companies, municipality bins, and fashion brands’ own take-back 
programmes (Palm et al., 2014; Hawley, 2015; Wedin et al., 2017). After 
collection, textiles go through a sorting phase, which can include numerous 
stages. The process starts by identifying wearables from non-wearables (Wedin 
et al., 2017). The former can be separated into around 400 specific grades, 
depending on, for example, market needs, season, or product type (Hawley, 
2006; Thompson et al., 2012; SOEX, n.d.). Non-wearables, on the other hand, 
can be sorted according to the requirements of different recycling streams 
(Wedin et al., 2017). Manual sorting is the primary sorting method in this 
process (Hawley, 2006; Wedin et al., 2017), and is prone to human errors and 
thus also incorrect interpretations of what the sorted material truly consists of 
(Wedin et al., 2017). This is highly problematic from the perspective of textile 
recycling, as will be discussed later. Alternative sorting methods based on 
automation and robotics have been developed in recent years (see Paper 2) to 
enable more accurate material recognition. This development appears essential 
if post-consumer textile waste is to be recycled into high value applications 
instead of being downcycled. Paper 2 sheds light on the recent developments in 
this area. 

Textile recycling methods  

Textile reuse takes place at the product or fabric level, but textile recycling 
happens at the fibre, polymer or monomer levels (e.g. Östlund et al., 2015; 
Heikkilä et al., 2018). Recycling methods include mechanical, thermal or 
chemical recycling (Östlund et al., 2015; Heikkilä et al., 2018), and for clarity, 
short explanations of these methods are provided below. 

Mechanical recycling is a technology that is over 200 years old and refers to 
textile recycling at the fibre level (Durham et al., 2015). The process can be 
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adjusted for one fibre type, but recycling of blended materials is also possible. 
During this process, textile materials are cut and shredded, which shortens fibre 
length and lowers its quality. It is also known as ‘downcycling’ (Gullingsrud, 
2017; Kamppuri et al., 2019). Typical products made of mechanically recycled 
fibres are non-woven materials, stuffing, wipers, automotive components, and 
building and insulation materials (Hawley, 2006; Michaud et al., 2010; Payne, 
2015; Fontell & Heikkilä, 2017). The fibres can also be used in the production of 
new yarns, fabrics and garments, but in such cases, often need to be combined 
with virgin fibres in order to reach acceptable quality (Fontell & Heikkilä, 2017). 
Although most textile materials can be processed mechanically, it is still 
challenging to process the recycled material several times using the same means 
(Gullingsrud, 2017). This is because mechanical recycling of mixed materials 
produces heterogenous recyclate, from which different materials cannot be 
separated at later recycling stages (Durham et al., 2015). Textile waste that is 
too low in quality for mechanical recycling may still be suitable for thermal or 
chemical recycling processes if certain requirements are met.  

All textile materials are composed of polymers (Fontell & Heikkilä, 2017), 
which is important to recognise when addressing thermal and chemical 
recycling methods. Thermal recycling refers to polymer-level recycling, which is 
used for synthetic thermoplastic fibres such as polyester. In this process, fibres 
are heated, melted and spun into new polyester filament fibres (Gullingsrud, 
2017). The process breaks down the physical structure of the fibre, which 
weakens its quality (Ibid.). Hence, the recycled material can only be used as a 
material source for limited recycling rounds (Ibid.). Thermal recycling is also 
considered downcycling, from which it follows that virgin fibres are often 
blended with recycled fibres to improve quality (Ibid.). Polyethylene 
terephthalate (PET), used in soda bottles, is the most often used polyester type 
and also the main source for the thermal recycling process on a commercial 
scale (Ibid.). The recycling of synthetic post-consumer textiles, in contrast, 
presently remains problematic due to the heterogeneous nature of post-
consumer textiles (Kamppuri et al., 2019). 

Whereas mechanical and thermal recycling are limited by the number of 
recycling rounds, chemical recycling provides the means for handling (even low-
quality materials) for several rounds. Chemical recycling can be performed at 
two levels: Chemical recycling at the polymer level is possible for cellulose-
based natural fibres (e.g. cotton, hemp) as well as man-made cellulose fibres 
(e.g. viscose, lyocell). Fibres collected in both the pre- and post-consumer phase 
can be utilised as a material source (Fontell & Heikkilä, 2017). In this process, 
cellulose is dissolved into a polymer state and regenerated into new man-made 
cellulose fibres through dry-jet-wet spinning or wet-spinning (Kamppuri et al., 
2019), i.e. the process types already applied in lyocell and viscose production. 
Several new technologies in this area have been developed, yet are still on the 
laboratory or pilot scale5. Chemical recycling can also be conducted at the 
monomer level, which is possible for synthetic fibres. In this process, polymers  

 
5  Infinna™, Circulose®, Ioncell®  
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are broken down into monocular parts (depolymerised) and reassembled 
(repolymerised) (Gullingsrud, 2017: Kamppuri et al., 2019). Commercial 
examples exist6 and new technologies in this area are also being developed. The 
promise of chemical recycling is that it enables the production of virgin-quality 
fibres (i.e. upcycling) and is therefore suitable for all kinds of textile processing 
(Gullingsrud, 2017; Fontell & Heikkilä, 2017). Chemical recycling also enables 
the separation of some blended fibres and materials, but which still requires 
further research (Heikkilä et al., 2018). 

Distinguishing between open and closed loops 

The terminology related to textile recycling is multifaceted. In addition to the 
different textile recycling methods and levels described above, the literature also 
distinguishes between open- and closed-loop recycling (CLR) (e.g. Payne, 2015). 
According to Curran (2012, p. 59), open-loop recycling (OLR) is “a system in 
which a product is recovered at the end of its useful life, and the recovered 
material is then used in a different type of product system”. This often applies 
to materials that degrade with repeated use or recycling (Curran, 2012). In the 
apparel context, OLR is commonly mentioned when textiles are downcycled 
into lower-value products for other industry sectors (Payne, 2015), as in 
mechanical recycling. However, OLR also applies to, for example, the thermal 
recycling of PET bottles. Currently, OLR is the primary approach in the clothing 
and textile sector (e.g. Michaud et al. 2010; Payne, 2015). It operates on the 
basis of the linear take-make-waste model and merely postpones material 
disposal (Payne, 2015; Gullingsrud, 2017), as shown in Figure 3. 

 
 

 

Figure 3. Open-loop recycling (adapted from Payne, 2015). 

CLR, in contrast, “occurs when material is used in a product, the product is 
recovered at the end of life, and the recovered material goes back into the same 
type of product, so that there are repeated recovery and reuse cycles” (Curran 
2012, p. 59). In the fashion context, however, CLR has various perspectives 
(Payne, 2015). Firstly, it can be the mechanical processing of pre- and post-
consumer textiles, as long as the processed material enters the same production 
system from which it originated (Payne, 2015). This applies to both mechanical 
recycling and redesigning new textile products from post-consumer materials 

 
6 Eco-Circle®, Econyl®  



30 

(also called remanufacturing). These different CLR methods are illustrated in 
Figure 4. From the author’s perspective, however, these should be regarded as 
OLR if they only postpone material disposal.  

 

 

Figure 4. Different ways of considering closed-loop recycling (adapted from Payne, 2015). 

Another view suggests that CLR can even be the reuse of garments, which Payne 
(2015, p. 114) refers to as ‘closed-loop reuse’. A requirement here is that the 
product enters the same production-consumption system (Ibid.). From the 
author’s perspective, however, this could simply be referred to as reuse, and not 
be confused with recycling. The third view of CLR follows the C2C ideology. In 
C2C CLR, the textile is reclaimed and recycled into products of similar or higher 
value (Payne, 2015). The C2C approach aims for infinite material circulation 
(McDonough & Braungart, 2002), as illustrated in Figure 5. This calls for 
recycling methods that enable the production of virgin quality fibres, which is 
presently only possible through chemical recycling. This dissertation addresses 
CLR based on C2C, and sometimes uses the term interchangeably with chemical 
recycling. 
 

 

Figure 5. Cradle-to-cradle closed-loop recycling (adapted from Payne, 2015). 
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Benefits of textile recycling 

Even though the recycling loop is considered the last resort for materials in a 
CE, it “has a key role to play in a resource efficient economy” (Worrell & Reuter, 
2014, p. 10), and represents a valuable strategy from the economic, social and 
environmental perspective (e.g. Cuc, Gîrneaţă, Iordănescu & Irinel, 2015; 
Zamani, Svanström, Peters, & Rydberg, 2015; Leal Filho et al., 2019). Although 
diverting textile waste from incineration and landfills can create socio-economic 
benefits in the form of new jobs and business opportunities (Cuc et al. 2015; 
Leal Filho et al., 2019), the most often referred-to benefits tend to relate to 
environmental aspects such as the avoidance of virgin materials; slowing down 
the depletion of non-renewable resources; diverting waste from landfills and 
incineration; reducing pollution; and saving water, chemical and energy 
(Muthu, Li, Hu & Ze, 2012; Zamani et al., 2015; Östlund et al., 2015; Sandin & 
Peters, 2019; Leal Filho et al., 2019).  

It is estimated that the majority of the negative environmental and social 
impacts of a garment lifecycle result from the manufacturing phase, particularly 
from dyeing and finishing, fibre production and yarn preparation (Quantis, 
2018, p. 19). These stages require significant amounts of water, energy and 
chemicals (Niinimäki et al. 2020). Replacing the use of virgin materials with 
recycled alternatives could thus mitigate the related impacts. According to 
Muthu et al. (2012), recycled materials also generate fewer CO2 emissions than 
their virgin equivalents, especially in the case of polyester. CO2 emissions and 
primary energy can also be saved, compared to conventional energy recovery at 
end-of-life (Michaud et al., 2010; Zamani et al., 2015). However, the 
environmental benefits depend greatly on the type of the textile fibre (Zamani 
et al., 2015; Östlund et al., 2015). For example, if recycling succeeds in replacing 
some part of cotton production, the negative impacts resulting from cotton 
farming and the excessive use of water and pesticide it causes could be reduced 
(Östlund et al., 2015). Indeed, the most effective way to reduce the water 
footprint within the textile industry would be to compensate cotton with either 
forest-based or recycled cellulose fibres (Roos et al., 2016). 

It is important to recognise, however, that the potential environmental 
benefits can only be achieved if virgin material production is truly replaced by 
recycled materials, and that recycling itself does not increase the overall volume 
of textile production (e.g. Michaud et al., 2010; Muthu et al., 2012; Dahlbo, 
Aalto, Eskelinen & Salmenperä, 2017; Sandin & Peters, 2018). As many scholars 
highlight, reuse is more beneficial than recycling (Dahlbo et al., 2017; Sandin & 
Peters, 2018), and decreasing the volume and slowing down the speed of 
clothing production and consumption should be prioritised (e.g. Fletcher, 2008; 
Niinimäki et al., 2020).  

Challenges in closed-loop textile recycling 

Some companies have started to feel pressured to move from virgin to recycled 
materials. Given that the volume of global cotton production, for instance, has 
remained relatively static since 2010 due to market control, cotton is likely to 
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become a costly premium fibre in the future (WRAP, 2019; Manshoven et al., 
2019). In this respect, the demand for alternative materials, such as chemically 
recycled cellulose, can be expected to increase (WRAP, 2019). However, many 
obstacles lay on this path. Presently, the CLR of post-consumer textiles has not 
been implemented on a large scale, despite its potential benefits and an 
increasing number of initiatives in the field. Multiple issues related to material 
input, infrastructure, market, technology, information, and initial designs make 
this endeavour challenging. This section summarises some of these key 
challenges (also addressed in Paper 1). 

A technical challenge in recycling is the availability of suitable material 
streams (Allwood, Ashby, Gutowski & Worrell, 2011; Payne, 2015). As 
mentioned earlier, garments are highly complex products that contain multiple 
components and chemicals, and this creates a major concern for different 
recycling processes (e.g. Elander & Ljungkvist, 2016; Franco, 2017; Wedin et al., 
2017). As highlighted by Allwood et al. (2011), recycling mixed-material 
products is the most difficult. The complexity of reverse logistics and the 
infrastructure of material collection and sorting presents further obstacles, 
thereby affecting the volumes and availability of suitable material streams 
(Allwood et al., 2011). Current collection and sorting of post-consumer textiles 
is insufficient (e.g. Elander & Ljungkvist, 2016, Kant Hvass, 2014). Even if 
companies are increasingly setting up various take-back systems for garments, 
volumes remain rather low, and the collected materials vary greatly in terms of 
quality and content (Kant Hvass, 2014). 

The economic viability of CLTR – or recycling in general – is another 
significant issue. Costs related to logistics, sorting and recycling are high (e.g. 
Elander & Ljungkvist, 2016), given the inefficiency of recycling related 
processes. Especially for single brands, creating their own closed-loop collection 
systems may be too expensive and inefficient (Watson, Gylling, Andersson, 
Elander & Heikkilä, 2017a, p. 44). Even though recycling has a strong 
commercial incentive to be less energy intensive than the production of virgin 
materials, the complexity of contemporary products makes it unattractive 
(Allwood et al., 2011). As a result, recycled textiles are more expensive than their 
virgin equivalents (Franco, 2017). From the perspective of fashion companies, 
the availability of recycled and recyclable fabrics is also limited (Elander & 
Ljungkvist, 2016; Lawless & Medvedev, 2016; GFA, 2018a). 

Lack of information poses a further barrier for CLTR. Fashion companies, for 
example, face difficulties in accessing specific information on product content 
(such as material composition, dyes, chemicals, and other substances) due to 
long, complex supply chains and a lack of transparency (Elander & Ljungkvist, 
2016; Wedin et al., 2017). As pointed out by Elander and Ljungkvist (2016) and 
the EMF (2017a), communication between different industry processes and 
stakeholders is lacking. Furthermore, fashion companies also seem to lack 
general knowledge regarding textile recycling processes and reverse logistics 
(Kant Hvass, 2014; Elander and Ljungkvist, 2016). 

Regarding technology, critical aspects relate to the readiness level of different 
processes that could enable CLTR. In 2014, Allwood argued that recycling offers 
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little benefit in the context of clothing, due to the lack of suitable recycling routes 
(Allwood, 2014). This is in line with the coincidental report ‘Towards a Nordic 
Textile Strategy’, which emphasised the lack of recycling opportunities to enable 
upcycling of textile waste (Palm et al., 2014). However, the situation is changing 
quite rapidly (even at the time of writing this dissertation) and may well 
continue to do so in upcoming years, considering the numerous commitments 
being made to the recycling of post-consumer textile waste, and the emergence 
of new sorting and chemical recycling technologies7. Presently, many are scaling 
up their operations, aiming to enable high grade textile recycling on a 
commercial scale in the near future. However, although these new technologies 
might enable the regeneration of high-quality fibres on a large scale, they still 
have various limitations. In most cases, material content must be accurately 
identified (Elander & Ljungkvist, 2016), which calls for reliable sorting 
technologies (e.g. automatic robotic sorting) (Wedin et al., 2017), but which also 
remains under development and presents further restrictions (Wedin et al., 
2017; Zitting, 2017; Fibersort, 2019).  

It could be argued that the various issues described above (such as material 
availability and economic viability) derive from the inefficiency of textile sorting 
and recycling, which again results partly from the fact that today’s garments are 
highly complex products. In order to advance CLTR, the efficiency of sorting 
and recycling processes must improve considerably (Ljungkvist, Watson & 
Elander, 2018). How garments are designed to begin with can significantly 
impact the operability of the overall recycling system (including the collection, 
sorting, potential pre-treatments, and final recycling stage). The next section 
dives deeper into the design stage and the approaches proposed in the context 
of CE, with a specific emphasis on the DfR approach. 

2.3 Design for circularity 

In order to operationalise CE towards sustainable development, changes must 
take place at the level of single processes, individuals and businesses – in 
tandem with meso- and macro-level changes. In the case of the fashion industry, 
this refers particularly to changes in the ways of conducting business as well as 
how products are initially designed. In today’s linear system, “products break 
down too quickly, cannot be easily reused, repaired or recycled, and many are 
made for single use only” (EC, 2020, p. 6). This is largely due to linear business 
models and choices made at the product design stage within such models. Here, 
design work traditionally stops before a product is sold, and thereby neglects 
the further stages of the product lifecycle (Bakker, Wang, Huisman & den 
Hollander, 2014a). In contrast, in a CE, preserving the value of products for as 
long as possible is critical, which calls for smarter methods for designing 
products, extending their useful lives and rethinking their role in the wider 
economy (EEA, 2017). This implies product design that enables the advance 
planning of multiple lifecycles (Go, Wahab & Hishamuddin, 2015). In order to 

 
7 Examples of technologies that pave the way for recycling textiles in a manner that enables upcycling 
post-consumer textile waste are addressed in Paper 2. 
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do this, the CE should be considered at an early stage of the product design 
process. As pointed out by Bocken, Pauw, Bakker and van der Grinten (2016, p. 
310) “once product specifications are being made, only minor changes are 
usually possible”. Production companies and their design teams play a central 
role here. As many sources have asserted, product design and development 
stages can determine up to 80% of products’ environmental impacts (e.g., 
Tischner et al., 2001; Charter, 2019; EC, 2020). Similarly, they largely 
determine the circularity potential of a product; its longevity, reparability, 
recyclability, proportion of recycled and renewable materials, and suitability for 
refurbishment or remanufacture (EEA, 2017, pp. 10-11).  

How then, to design the circularity potential of products? Although 
sustainable design approaches have been developed and researched for 
decades8, practical approaches to circular product design require further 
development (Mestre & Cooper, 2017). Most guiding principles, strategies and 
methods of sustainable product design are derived from eco-design, but this 
commonly deals with rather incremental improvements and is still rooted in the 
linear economy (den Hollander, Bakker & Hultink, 2017). Although eco-design 
closely reflects the waste hierarchy (prevent, reuse, recycle, recover), it also 
acknowledges waste as an inevitable endpoint in a product’s lifecycle (Ibid.). In 
circular product design, on the other hand, waste should be understood as a 
design flaw, something that should not exist (RSA, 2016; EMF, 2017a). Circular 
product design is thereby fundamentally different from eco-design (den 
Hollander et al., 2017). It can also be seen as “an independent, upcoming field 
in the ever-evolving sustainability domain” (Sumter, de Koning, Bakker & 
Balkenende, 2020, p. 14) that requires not only new design knowledge (Bakker 
et al., 2014a) but a new or adapted set of principles, strategies and methods (den 
Hollander et al., 2017), as well as specific competencies (De los Rios & Charnley, 
2017; Sumter et al., 2020).  

In recent years, several instances have embraced these views and started 
accordingly developing strategies, frameworks and methodologies for the 
benefit of practising designers (e.g., Bakker et al., 2014a; Van den Berg & 
Bakker, 2015; RSA, 2016; Moreno, De los Rios, Rowe & Charnley, 2016; Mestre 
& Cooper, 2017; Niinimäki, 2017; den Hollander, 2018; Charter, 2019; Centre 
for Circular Design, 2020)9. The frameworks proposed differ slightly in the ways 
in which they conceptualise circular design and categorise the design 
approaches for a closed-loop CE system. The main division is between the 
‘Design for a Biological Cycle’ and ‘Design for a Technical Cycle’ strategies 
(Mestre & Cooper, 2017), the latter of which is of great importance when dealing 
with ‘products of service’ such as garments (see page 16).  

In order to recover products and close the loops in technical cycles, Stahel 
(2010) distinguishes between two main approaches: the reuse of goods and the 

 
8 See the evolution of design for sustainability and the multi-level framework from products to socio-
technical systems by Ceschin & Gaziulusoy (2016; 2020). 
9 Free online tools and guides provide further support. Examples include the Circular Design Guide by the 
EMF and IDEO (2017, 2018), which offers a free resource for designers who want to incorporate circular 
economy principles into their work; and the Circular Design project (2016–present) by Alessio Franconi, 
which presently features an open-source collection of circular design strategies. 
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recycling of materials. This division is reflected in the typology of circular 
product design, which according to den Hollander et al. (2017, p. 520) consists 
of “design for ‘product integrity’ (aimed at preventing and reversing 
obsolescence at a product and component level) and ‘design for recycling’ 
(aimed at preventing and reversing obsolescence at a material level)”. The 
‘inertia principle’, introduced by Stahel (2010), sets the priority order of these 
two approaches (den Hollander et al., 2017). The primary emphasis should be 
on designing for product integrity (Bakker, den Hollander, & van Hinte, 2014b; 
den Hollander et al., 2017), which means keeping a product in its original state, 
“or in a state as close as possible to the original product, for as long as possible, 
thus minimising and ideally eliminating environmental costs when performing 
interventions to preserve or restore the product’s added economic value over 
time” (den Hollander et al., 2017, p. 519). In the context of fashion, ‘design for 
longevity’ is often used to articulate this same ambition (e.g. Cooper, Hill, 
Kininmonth, Townsend, & Hughes, 2013; Niinimäki, 2017; Connor-Grabb, 
2017; Hasling & Ræbild, 2017, Cramer, 2019). Recycling, on the other hand, 
destructs product integrity (den Hollander et al., 2017) and hence should only 
be employed when it is no longer possible to preserve the economic value of a 
product (Stahel, 2010). Although this dissertation acknowledges this priority 
order, its main focus is on recycling for the reasons explicated below. 

Design for longevity 

Earlier research has identified and defined several strategies that support 
design for product integrity/longevity in the CE context. Bakker et al. (2014b), 
for example, differentiate between 1) design for attachment and trust, 2) design 
for durability, 3) design for standardisation and compatibility, 4) design for ease 
of maintenance and repair, 5) design for adaptability and upgradability, and 6) 
design for dis- and reassembly. More recent typology, suggested by den 
Hollander et al. (2017), categorises similar strategies under approaches for 1) 
long use, 2) extended use, and 3) recovery, which respectively aim to prevent, 
postpone or reverse product obsolescence, and can be further divided into more 
detailed strategies. Generally, these approaches can be referred to as design 
strategies for slowing resource loops (e.g. Bocken et al., 2016), following the 
inertia principle. Similar thinking also applies to fashion research. Niinimäki 
(2017), for example, proposes the following strategies for circular fashion design 
on the basis of the RSA Great Recovery report (2016): 1) design for longevity, 
quality and design for long-term satisfaction, 2) design for services: offering 
satisfaction and change in a sustainable way, and 3) design for reuse in 
manufacture. DfR is also proposed in this context, but slowing down resource 
cycles is articulated as the main goal (see Niinimäki, 2017).  

Given the constant increase in the production and consumption of clothes 
(EMF, 2017a), reducing the speed and volume of clothing production is a key 
factor in the pursuit of sustainable development (Fletcher, 2010; Maldini 
& Balkenende, 2017; Niinimäki et al., 2020). This mirrors the research topics 
related to sustainable fashion design over the last decade. Design for longevity 
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can be considered an umbrella strategy, and under this strategy, fashion 
scholars have studied various detailed approaches. These include (but are not 
limited to) physical and emotional durability, timeless design, trans-
seasonality, multifunctionality, adjustability, modularity, slow fashion, 
production on demand and product personalisation (e.g. Niinimäki & Hassi, 
2011; Cooper et al., 2013; Karell, 2013; Aakko 2016; Connor-Crabb, 2017; 
Maldini, Stappers, Gimeno-Martinez & Daanen, 2019). Meanwhile, various 
toolkits and guidelines embracing product longevity (and sustainability in 
general) have been also developed10. The practical aspects that should be 
considered regarding, for example, product aesthetics (style, cut, fit and size), 
care and physical durability (e.g. colour-fastness, durability testing) in relation 
to different product types are explained in detail in reports and guidelines 
published by the Waste & Resource Action Programme (e.g. Cooper et al., 2013; 
WRAP, 2017b). Sustainable Design Cards also provide a wide set of different 
approaches that are highly relevant to the design for longevity approach 
(Hasling & Ræbild, 2017). Given that these practical examples are openly shared 
online, it seems that broad technical knowledge supporting design for longevity 
is already available for fashion industry practitioners. In contrast, information 
on which aspects to consider when aiming to DfR remains rather vague in the 
fashion context, as is discussed in the next section. 

Design for recycling  

DfR is perceived as an established eco-design strategy (Maris, Froelich, Aoussat 
& Naffrechoux, 2014; Go et al. 2015), and has been applied in many design 
disciplines since the 1990s, in tandem with the emergence of eco-design (Maris 
et al., 2014). Generally, this strategy is defined as “designing a recyclable 
product and using recycled materials to replace virgin materials” (Maris et al., 
2014, p. 421). It is commonly categorised under the umbrella strategy of ‘design 
for end-of-life’ (e.g. Kriwet, Zussman & Seliger 1995; Rose, 2000; Go et al., 
2015; De los Rios & Charnley, 2017), which also encompasses strategies such as 
design for remanufacturing and design for disassembly (e.g. Go et al., 2015; De 
los Rios & Charnley 2017). The end-of-life concept represents “a moment when 
a product cannot perform its functions any longer due to failure or fatigue” (Go 
et al., 2015, p. 24). Against the circular product design typology (den Hollander 
et al., 2017), this can also be understood as the point at which preventing, 
postponing or reversing product obsolescence is no longer possible.  

Even though product longevity should be prioritised in order to slow down the 
speed of production and consumption, DfR should also be considered, given 
that there will come a point when clothes can no longer be repaired or reused 
(Cobbing & Vicaire, 2017). Next to product life extension strategies, the 
potential barriers to recycling should also be identified and designed out at the 
production stages (Goldsworthy, 2014).  

 
10 Various tools and guidelines have been listed and studied by Connor-Crabb (2017) and Kozlowski, 
Bardecki & Searcy (2019). 
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Several scholars have already addressed general guidelines to support DfR 
(e.g. Kriwet et al., 1995; Balkenende et al., 2014; Go et al. 2015; van den Berg & 
Bakker 2015; Durham et al., 2015). Although there are differences in the ways 
in which these scholars conceptualise the guidelines, they all point to the 
following areas as requiring special attention in DfR: 1) materials; 2) fasteners 
and connections; 3) and product structures/product architecture. Together, 
they provide some fundamental principles that are applicable in different 
industry sectors. These principles include (but are not limited to) the following: 

 
• Minimise the number of different materials, fasteners and 

product parts (e.g. Kriwet et al., 1995; Maris et al., 2014; Durham et al., 
2015; Go et al., 2015; van den Berg & Bakker, 2015).  

• Consider material compatibilities and avoid mixing materials 
(Kriwet et al., 1995; Go et al., 2015; van den Berg & Bakker, 2015). In 
sustainable fashion research, this principle is also referred to 
as mono-material design (Black, 2008; Goldsworthy, 2014; Gwilt, 
2012; Niinimäki, 2013) or single-material systems (Gulich, 2006; 
Hawley, 2014), implying the avoidance of, for example, coatings, 
printed surfaces, adhesives and lamination in textile materials 
(Durham et al., 2015). 

• Use pure (non-hazardous), recycled and recyclable materials 
(Kriwet et al., 1995; Balkenende et al., 2014; Go et al., 2015; van den Berg 
& Bakker, 2015).  

• Simplify the product architecture to facilitate product 
disassembly (Goldsworthy, 2014; Durham et al., 2015; van den Berg & 
Bakker, 2015);  

• Prefer modular design (Black, 2008; Niinimäki 2013; Go et al., 2015; 
Niinimäki, 2017) and ease the separation of product components, 
such as parts made of different materials or unrecyclable parts 
(Kriwet et al., 1995; Go et al., 2015). In the apparel context, this can 
mean zippers, buttons, pockets, or individual panels (Durham et 
al., 2015).  

• Avoid fixed connections and joining elements that are time 
consuming or require special tools to dismantle (Kriwet et al., 
1995; Balkenende et al., 2014; Durham et al., 2015; Go et al., 2015; van 
den Berg & Bakker, 2015).  

• Provide instructions for recycling and easy disassembly (Kriwet 
et al., 1995; van den Berg & Bakker, 2015). In garments, this can mean 
care labels that, for example, incorporate RFID tags (Durham et 
al., 2015). 

• Allow material sortability and separability by enabling easy 
material identification (Maris et al., 2014; Balkenende et al., 2014; van 
den Berg & Bakker, 2015).  

 
Against this background, it seems that DfR is also a well-covered research 

area, and since the beginning of this dissertation process (2017 onwards), even 
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more guidelines and tools have been developed to support circular fashion 
design in practice11. In line with the inertia principle, design for longevity is the 
mostly advocated strategy in these tools, whereas DfR is rather briefly 
addressed. Even if the tools mention many of the DfR principles listed above, 
the articulations remain vague in terms of CLTR. Advice such as choose 
recyclable fibers (e.g. Flanders DC & Circular Flanders, 2021) or that all product 
materials and chemicals must be carefully considered (e.g. GFA, 2018b), are not 
at all useful without detailed explanations. Some of the most elaborate guidance 
(to the author’s knowledge) has been recently published under the Mistra 
Future Fashion project (Roos et al., 2019, pp. 22–23), but even this includes 
rather general suggestions: Avoid finishings such as water-repellent coatings 
and anti-bacterial treatments, and create mono-material designs (unless this is 
expected to shorten the product’s lifespan) (Ibid.). Suggestions have been also 
made regarding polyester, cotton, nylon 6, and nylon 6.6. In addition, close 
collaboration with specific fibre recyclers/yarn producers has been proposed 
(e.g. Teijin/Jiaren for polyester, Re:Newcell for cotton and Aquafil for nylon 6). 
Checking which additives and dyestuffs are allowed in garments with them is 
important in order to avoid potential problems in recycling processes and to 
ensure that recyclers can use their companies’ own products as input for the 
recycling processes (Roos et al. 2019, pp. 22-23).  

How and if these principles eventually materialise in garments, is altogether 
another issue. In the light of the low textile recycling rates and examples from 
industry (e.g. Cobbing & Vicaire, 2017: Watson et al., 2017a), it seems that the 
DfR approach has not been widely implemented in the fashion industry. Closed-
loop examples in particular remain rare (Niinimäki, 2017). This is also shown 
in the Greenpeace report, which reviewed 138 apparel brands with altogether 
385 different initiatives aiming to slow down and close the loop of the fashion 
industry (Cobbing & Vicaire, 2017). The main practices among the reviewed 
initiatives were related to reducing the environmental impact during 
manufacture and use (161 examples, of which 72 were directly related to 
material choices) and practices embracing product longevity (114 examples) 
(Cobbing & Vicaire, 2017). In contrast, only 22 initiatives focused on ‘design for 
remanufacture and recycling’; more specifically design for disassembly (5 
examples), mono-material design (6 examples) and the use of recyclable 
materials (11 examples) (Cobbing & Vicaire, 2017, p. 35).  

Watson et al. (2017a) made somewhat similar findings when they studied the 
engagement of 11 Nordic brands in the stimulation of textile-to-textile recycling. 
Their findings showed that brands are motivated to use recycled materials in 
their products, but that so far, products containing recycled content constitute 
only a small proportion of their collections (Ibid). Engaging in DfR, on the other 
hand, is not a common practice, but those who engage in it have taken the mono-
material approach and avoid mixing fibres and other materials in their products 
(Ibid.).  

 
11 Examples include (but are not limited to) the Nike Circular Design Guide (n.d.), the Circular Design 
Toolbox by the Global Fashion Agenda (2018b) and Close the Loop by Flanders DC and Circular 
Flanders (2021). 
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The design of easy-to-recycle products largely determines the efficiency of 
textile recycling (Gulich, 2006), and thereby the economic viability of recycling 
(Kriwet et al., 1995; Go et al., 2015), as well as the potential social and 
environmental impacts that it can cause. However, given the insights above, 
design practices supporting CLTR are still in their infancy. This may be because 
the usefulness of DfR is dependent on efficient systems of collecting and 
processing post-consumer textile waste (Watson et al., 2017a), but also because 
fashion brands lack knowledge of circular design more generally (GFA, 2018a). 
Further “industry alignment on how circular products should be designed” is 
needed (GFA, 2018a, p. 13), which in turn calls for further research on CLTR in 
relation to fashion design. Even though CLTR processes and its related 
infrastructures are still only emerging, it is critical to simultaneously advance 
the design practices.  

2.4 Summary 

The knowledge regarding CLTR and the practices that support it require further 
research. This dissertation addresses the issue from the perspective of clothing 
design, and hence works on the micro level of a CE system. Given the nature and 
complexity of contemporary garments, the work focuses on the technical cycle 
in the CE model, especially on the recycling loop within this cycle. It pays 
specific attention to C2C CLR, which is of great importance if the aim is to 
recycle textile waste by means that enable the production of virgin quality 
materials. Figure 6 summarises the scope of this dissertation in the context of 
the fashion industry. 
 

 

Figure 6. Research scope (own compilation). 
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3. Methodology 

This chapter outlines this dissertation’s methodological procedures. It begins by 
presenting the overarching research questions and the paper-specific sub-
questions. This is followed by the philosophical foundations of the work and the 
research design, which applied a mixed-method approach. The data collection 
and analysis methods are described in more detail after this, in connection with 
the individual papers. The chapter ends with some ethical considerations and 
reflections upon the author’s own standpoint. 

3.1 Research questions 

The general research questions in this dissertation are:  
 
What does the pursuit of advancing CLTR mean from the perspective 
of clothing design? How do current clothing design practices appear 
in terms of this endeavour? 

 
The specific research questions in the original papers were: 
 
Paper 1. What does it mean in practice to design clothes that at their end-of-
life could be circulated into new fibres, yarns, fabrics and textile products?  
 
Paper 2. How will future recycling technologies transform clothing design? 
 
Paper 3. What kinds of implications does ‘design for recycling’ have for the 
clothing designer’s role and practice? With whom should they collaborate and 
how could they do so? 
 
Paper 4. How is sustainability currently integrated into the design practices of 
sustainable-minded clothing companies? What is the role of a clothing designer 
in this respect? 
 

As presented in the previous chapter, a great deal is taking place in the area of 
textile recycling, especially in the European context. Hence, the topic of the 
research represents a relatively new field of inquiry, one that is in constant flux. 
From this it follows that an article-based dissertation was considered the most 
appropriate format for the research, allowing the author to contribute to the 
ongoing discourse in a timely manner. Generally, each paper can be considered 



 

41 

a snapshot of the studied issue. As described by Flick (2009, p. 137), snapshots 
allow “pragmatically focused studies, which are interested in describing the 
state of affairs in a field”. 

The paper-specific questions represent the initial research aims and the 
author’s understanding of the research topic at these specific times. Given the 
fluid nature of the dissertation topic, the overarching research questions were 
revised alongside the research process and finally refined to reflect the overall 
contribution of this research compilation. 

3.2 Philosophical foundations 

Philosophical foundations may remain hidden in a person’s research but it is 
important to identify them, as they influence the nature and practice of 
conducting research (Creswell, 2009, pp. 5-6). Philosophical ideas underpin a 
person’s worldview, “a general orientation about the world” (Creswell, 2009, p. 
6), and are also called a research philosophy or paradigm, which provides “a 
basic set of beliefs that guides action” (Guba (1990, p. 17). This dissertation 
draws on pragmatism as a research paradigm; a theory rooted in the work of 
several American thinkers at the turn of the twentieth century, such as Charles 
Sanders Pierce, John Dewey and William James (see e.g. Jackson, 2016). This 
section describes some of the central ideas of pragmatism that resonated with 
this research and supported the methodological decisions. 

Pragmatism stresses experience as the site of knowledge and meaning 
(Jackson, 2016). In other words, it views knowledge as “being both constructed 
and based on the reality of the world we experience and live in” (Johnson & 
Onwuegbuzie, 2004, p. 18). In pragmatism, inquiry is not only limited to 
scientific research; it also extends to other areas of life and day-to-day activities 
(Johnson & Onwuegbuzie, 2004; Pihlström, 2014). Trying out things in practice 
is a way of determining what works, solving problems, and ultimately, surviving 
(Johnson & Onwuegbuzie, 2004). Against this background, research or human 
inquiry is an iterative process, in which belief, action and doubt take turns, 
creating an infinite loop, in which people keep adjusting their behaviour 
according to earlier experience and understandings (Johnson & Onwuegbuzie, 
2004; Pihlström, 2014). In this process, knowledge is viewed as tentative and as 
changing over time, endorsing fallibilism (Johnson & Onwuegbuzie, 2004). 

Through the consequences of actions, it is possible to obtain glimpses of what 
reality holds. Bridging philosophy and practical affairs is essential here, thereby 
moving away from traditional dualisms (e.g. rationalism vs empiricism, mind 
vs body) (e.g. Johnson & Onwuegbuzie, 2004; Jackson, 2016). Pragmatism 
“generally prefers more moderate and commonsense versions of philosophical 
dualisms based on how well they work in solving problems” (Johnson & 
Onwuegbuzie, 2004, p. 18). It emphasises the importance of the research 
problem and calls on multiple approaches in order to be able to understand it 
(Creswell, 2009).  

The early pragmatists already advocated for methodological pluralism in 
research inquiry, rejecting the idea that “using a single scientific method could 
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access truths regarding the real world” (Weaver, 2018, p. 1287). Following on 
from this, pragmatism has been regarded as a suitable philosophical 
underpinning for mixed-method studies (e.g. Tashakkori & Teddlie, 1998; 
Johnson & Onwuegbuzie, 2004; Weaver, 2018), given that neither pragmatism 
nor mixed-method research are committed to a single belief system (Johnson & 
Onwuegbuzie, 2004; Creswell, 2009; Weaver, 2018). On the contrary, 
pragmatism advocates for mixing research approaches and methods “in ways 
that offer the best opportunities for answering important research questions” 
(Johnson & Onwuegbuzie, 2004, p. 16). 

3.3 Mixed-method approach  

As emphasised by Gray (2014), research projects often tend to have multiple 
research questions which can rarely be addressed through only one method or 
approach. Taking into account the complex phenomenon under study and the 
article-based dissertation format, the mixed-method approach (described 
below) was considered the most suitable for this research project as a whole. 

A mixed-method approach is commonly described as a combination of 
elements of qualitative and quantitative research approaches (Tashakkori & 
Teddlie, 1998). A more precise definition by Creswell, Clark, Gutmann, and 
Hanson (2003, p. 165) reads as follows: “A mixed methods study involves the 
collection or analysis of both quantitative and qualitative data in a single study 
in which the data are collected concurrently or sequentially, are given a priority, 
and involve the integration of the data at one or more stages in the process of 
research.” This definition is limited to a single study, but it is possible to employ 
a mixed-method approach in ”a coordinated cluster of individual studies” 
(Lund, 2012, p. 156), which is essentially the format of an article-based 
dissertation.  

The reasons for choosing a mixed-method approach are manifold. One 
rationale is triangulation (e.g. Greene, Caracelli & Graham 1989; Bryman, 2006; 
Lund, 2012), a strategy commonly associated with adding rigour and depth to a 
research inquiry by using multiple methods, data sources, investigators or 
perspectives (Flick, 2009; Grix, 2010). In mixed-method studies, triangulation 
is related to the practice of drawing on a variety of methods, research designs 
and data sources, aiming for convergence and corroboration of findings when 
studying the same phenomenon (Greene et al., 1989). Another rationale is 
complementarity; seeking a better understanding of the issue under study than 
that which could be reached through monomethod research (Greene et al., 
1989; Bryman, 2006; Lund, 2012). Mixing methods may also enable researchers 
to determine contradictions that promote theoretical insights (Lund, 2012). 
Moreover, by combining different methods, researchers can simultaneously 
address exploratory and confirmatory questions (Lund, 2012). A practical 
example of this could be to first utilise a qualitative method for hypothesis 
generation, and then a quantitative method for hypothesis testing (Bryman, 
2006; Lund, 2012). Expanding the breath and range of research can also 
provide a reason for mixing methods (Greene et al., 1989; Bryman 2006). 
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Creswell at al. (2003) highlight four factors that help researchers decide on 
the type of mixed-method research design to employ: implementation, the 
priority given to quantitative or qualitative approaches, the stage of their 
integration, and potential theoretical perspectives. Regarding implementation, 
an important dimension is the time ordering of the qualitative and quantitative 
phases, which can be carried out either sequentially or concurrently (e.g. 
Creswell et al., 2003). Sequential mixed-method procedures “are those in which 
the researcher seeks to elaborate on or expand on the findings of one method 
with another method” (Creswell, 2009, p. 14).  Here, one way could be to start 
with qualitative interviewing to first explore an issue, and then follow up with a 
quantitative survey (Ibid.). In concurrent procedures, on the other hand, 
researchers collect qualitative and quantitative data simultaneously, after which 
they can converge or merge these data types, enabling a comprehensive analysis 
of the research problem (Creswell, 2009). 

This dissertation applied a mixed-method approach. Both qualitative and 
quantitative data were collected, but sequentially. This sequential exploratory 
strategy is illustrated in Figure 7, which distinguishes the different phases. The 
qualitative phase is highlighted by the darker colour, showing that more weight 
was placed on the qualitative approaches. Especially in Papers 1 and 3, the 
emphasis was on expert interviews and qualitative data analysis methods, as is 
described in the upcoming sections. An online survey provided the only 
quantitative component for the research (in Paper 4), but was again mixed with 
qualitative interviews.   

 

 

Figure 7. Sequential exploratory strategy applied in research process (own compilation). 

Although the papers (including data collection, analysis, reporting) were 
worked on separately and published as individual studies, together they form a 
co-ordinated ensemble; a one mixed-method study, the aim of which was to 
understand the pursuit of CLTR in relation to clothing design practice. The final 
phase – the interpretation of the research as a whole – is presented in the 
discussion section of this compilation (Chapter 5). 

3.4 Research process and methods 

The motivations for utilising the mixed-method approach in this dissertation 
were mainly practical. However, different motivations played a role at different 
stages of the research process. The methodological decisions were shaped by 
continuously contrasting the relevant literature, collected data, the author’s 
prior experience and learnings of the issues linked to CLTR. The sections below 
describe the research process connected to each paper and how the methods 
were mixed.  
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Zooming in on the design for recycling approach 

Paper 1 provided the first glance at the current state of CLTR through a 
descriptive case study. The intention of a descriptive (case) study is to 
understand a specific issue, problem or concern (Creswell, 2013), or to show 
how things are related to each other (Gray, 2014, p. 36). In this paper, the issue 
at hand was the question of what design for circularity12 could mean in practice 
from the perspective of clothing design. The study focused on a Berlin-based 
sustainable design consultancy, circular.fashion, which has actively advocated 
for the CE and aimed to build an industry-wide ecosystem around fashion and 
circularity. Due to their novel approach to circularity (see Paper 1), 
circular.fashion was labelled an instrumental case, which could provide insights 
that go beyond the current case (Lazar et al., 2010). 

The case study was purely qualitative, building mainly on the expert 
interviews with the company founder Ina Budde (January-March 2018). An 
expert interview was perceived as the most suitable method for data collection 
in this study, as the interviewee already had extensive experience of working 
with the DfR approach in the industry setting. Expert interviews are commonly 
used for exploring a new field, giving it a thematic structure (Flick, 2009), which 
was also well suited to the study topic. 

Before the actual interview, seven preliminary questions were emailed to the 
respondent. The written answers led to a list of more defined follow-up 
questions and some new topics to be covered in the semi-structured expert 
interview, which was organised through a Skype conference call, and later 
transcribed (see Appendix 1.) In March 2018, an additional Skype call was 
arranged, in which the company founder offered the researcher an online tour 
of the company’s service platform. Special care was taken when taking notes 
during this phase. The company founder also shared some of the company’s 
marketing material, which functioned as secondary data. Online searches of the 
company and its founder provided additional background information, which 
was deemed important, given that no observations or visits to the company’s 
premises were conducted. 

The study applied thematic analysis, a synthesising strategy used in the 
meaning-making process across different paradigms and research designs, 
including case study research (Lapadat, 2010). The analysis of both the primary 
and secondary data began with open coding, which is a known procedure in 
grounded theory (see e.g. Strauss & Corbin, 1990). Even though this dissertation 
did not employ grounded theory, it did use the open coding technique for 
looking through the data for the first time. This procedure worked for the author 
(as a young researcher) as an exercise that enabled her to immerse herself in the 
data with an open mind, and to actually rehearse the practice of coding. This 
first cycle of coding (i.e. initially assigning codes to data chunks) also included 
other coding methods: in-vivo, process and descriptive coding (Miles,  
 

 
12 ‘Design for circularity’ was used in Paper 1 largely as a synonym for ‘design for closed-loop recycling’. 
Even though design for circularity includes the aspect of longevity and reuse, the baseline for the studied 
company was always the suitability for chemical recycling and thereby ‘design for closed-loop recycling’. 



 

45 

Huberman & Saldaña, 2014). In-vivo coding is based on the language used by 
the study participants, honouring their voice (Ibid.). As the research focused on 
a particular company in a particular context, this coding method was considered 
especially appropriate. Process coding was used to connote the practices 
involved in the pursuit of circularity, whereas descriptive coding was simply 
used for assigning descriptive nouns or concepts to other meaningful data 
chunks (Miles et al., 2014, pp. 74-75). Together, these coding methods resulted 
in numerous first cycle codes, which were applied to the original research 
question, as well as to the different challenges in CLTR identified in the earlier 
literature. The second cycle of coding involved categorising the codes 
thematically and using them for searching for links between the challenges and 
practical solutions proposed and utilised by circular.fashion. ATLAS.ti software 
was used throughout the analysis process. The case report was written on the 
basis of the thematic categories and published as a book chapter in ‘Sustainable 
Fashion in a Circular Economy’ (Niinimäki, 2018). 

Papers 2 and 3 were also initiated during the analysis of the case study. Here 
it is important to clarify certain aspects that influenced the course of the 
dissertation. During 2017-2018, the author was involved in an EU-funded 
research project called Trash-2-Cash, which dealt with CLTR13. When reading 
about and conducting the project-related work around this topic, it became clear 
that further knowledge was needed, particularly of textile sorting and recycling 
phases, in order to better understand the possible requirements for and 
potentials of the DfR approach. These insights influenced the focus of Papers 2 
and 3. Whereas Paper 1 addressed multiple stages in a circular textile supply 
chain through the specific company case, Papers 2 and 3 paid attention to the 
sorting and recycling stages. However, the main focus was still on clothing 
design and the DfR approach.  

Paper 2 was a conceptual text, published as a book chapter in ‘Technology-
Driven Sustainability: Innovation in the Fashion Supply Chain’ (Vignali, Reid, 
Ryding & Henninger, 2020). In this paper, the authors aimed to identify future 
recycling technologies and how they could transform clothing design. The 
chapter focused on the recent developments in textile sorting and recycling 
technologies, their present possibilities and their limitations. For this purpose, 
a short review was conducted, which examined the state-of-the-art situation in 
textile sorting and recycling. As pointed out by Kirchherr et al. (2017), much of 
the work on CE is driven by non-academic players, and this also seems to be the 
case in the fashion sector. This paper referred a great deal to the grey literature 
(e.g. reports published from a variety of research projects). Despite not being 
peer-reviewed, such publications often provide new practical knowledge of the 
industry’s advancements, and were thus considered useful (also in Papers 1, 3 
and 4). Finally, the literature was reflected upon through the authors’ 
professional experience as well as the knowledge gained from the ongoing 

 
13 It must be acknowledged that on the basis of the project work (often in multidisciplinary and 
international workshop settings) it was possible to gain insights that also helped clarify the research 
scope. 
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Trash-2-Cash research project14. On this basis, the authors were able to suggest 
tentative principles of intentional fashion DfR. 

Paper 3 continued examining the kinds of implications that the DfR approach 
had for the designer’s role and practice: with whom they should collaborate, and 
how they could do so. The paper was worked on concurrently with Paper 2, but 
using a different approach. Although Papers 1 and 2 dealt with the same issue, 
they remained limited in terms of empirical data. More data on the issue under 
study had to be collected.  

Informed by the analysis of the first paper, the research literature, and the 
project work, Paper 3 was narrowed down to the design, sorting and recycling 
stages. By this time, it was clear that circumstances in the area of CLTR were 
developing fast. Due to the rapidly advancing situation, a rather exploratory 
approach was adopted in Paper 3, with the intention of exploring the issue anew 
(Stebbins, 2001). A small expert interview study was designed, which involved 
five experts from the Trash-2-Cash research project. The small interview sample 
was regarded as acceptable here, partly because of the exploratory nature of the 
research. Secondly, the authors assumed that these experts had gained a 
relatively good understanding of each other’s disciplines and practices, as they 
had worked together on the same topic for more than three years. The experts 
were thus considered exceptionally suitable interviewees for the study. One 
clothing designer, one sorting expert, and three material scientists working in 
chemical fibre recycling agreed to participate in the study. The semi-structured 
interviews of the experts, each lasting 40-90 minutes, were conducted either 
face-to-face or via Skype between December 2017 and March 2018. The 
interview questions were tailored according to the interviewees’ expertise and 
work contexts (see Appendix 2), and were sent to them in advance. The 
interviewees’ expertise is summarised in Table 2.  

Table 2. Expertise of interviewees (adapted from Paper 3). 

 Position Area of expertise 
Interviewee 1 Designer Clothing design 

Interviewee 2 Project manager Textile sorting 

Interviewee 3 Research professor Chemical textile recycling 

Interviewee 4 Researcher Chemical textile recycling 

Interviewee 5 Postdoctoral researcher Chemical textile recycling 

 
The interviews were audio recorded, and transcribed by the author (also in 
Papers 1 and 4). This helped the author become properly familiar with the data, 
and enabled the identification of relevant data chunks already during the 
transcription phase. Similar to the first paper, the analysis began with open 
coding, but was supported by descriptive coding and sub-coding (see Miles et 
al., 2014). In this process, the data revealed multiple challenges, described by 
the experts. Hence, CLTR challenges gained a specific focus in the data analysis 
in relation to design, sorting and recycling. Sub-coding was particularly useful 

 
14 Both authors had experience of working as clothing/textile designers in the industry; and in research 
projects related to sustainable fashion. 
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here because it allowed the immediate categorisation of such aspects (e.g. 
Challenge for design – Product complexity) (Miles et al., 2014). The challenges 
were further categorised into relevant themes that were perceived to be closely 
connected to recycling efficiency (the importance of which was discussed 
earlier), such as the designer’s role, knowledge, material, and technology. 
Recommendations related to these aspects were also brought up in the reporting 
phase. The paper was presented at the 13th International Conference of the 
European Academy of Design in April 2019, and published later in the Design 
Journal. 

Complementing the picture: reality check of clothing design practices 

Papers 1-3 dealt largely with the first overarching research question (i.e. what 
does the pursuit of advancing CLTR mean from the perspective of clothing 
design?). Rather similar conclusions were drawn from these papers 
(triangulation of data sources). For example, clothing designers should consider 
multiple aspects in addition to traditional clothing design skills and tasks, if 
their aim is to design garments for CLTR. However, Papers 1 and 3 also implied 
that clothing designers’ work may be constrained due to many factors (see 
Chapter 4). This led the author to wonder how the current clothing design 
practices within the industry appear in the light of the myriad requirements that 
the DfR approach might create. Paper 4 was initiated on this basis, acting as a 
counterforce to the previous papers and providing the main insights into the 
second research question (i.e. how do the current clothing design practices 
appear in terms of the CLTR endeavour?). Figure 1, shown on page 16, aims to 
summarise this connection between the individual papers.  

Against this background, Paper 4 zoomed in on the clothing designers’ work, 
investigating how sustainability is currently integrated into the design practices 
of sustainable-minded clothing companies. By addressing sustainable design 
practices in general, this paper expected to create a clearer understanding of 
clothing designers’ roles in relation to CLTR. The paper was published in the 
Sustainability journal in June 2020 as a mixed-method study, which brought a 
quantitative element to the dissertation as whole. The study’s semi-structured 
expert interviews and an online survey were conducted sequentially for data 
collection. This multiphase process is described below. 

As Paper 4 focused on the design practice, hearing about the designers’ 
experiences in their own words, through human-to-human interaction, was 
considered important. For this purpose, expert interviews were initially chosen 
as the primary data collection method. The expert interviews formed the first 
phase of the study (including qualitative data collection, analysis and reporting) 

and took place between January and June 2019. This phase aimed to map the 
design practices in sustainable-minded clothing companies, and designers’ 
concerns about sustainability and circularity more generally. A purposive 
sampling strategy was conducted here. Only established small or medium-
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sized15 clothing companies with a clearly formulated sustainable vision or 
agenda were contacted via email. Eventually, five clothing designers from three 
Northern European companies were interviewed either face-to-face or via 
Skype16. The interview questions are listed in Appendix 3. Each interview lasted 
60-90 minutes, was audio recorded and later transcribed. Table 3 provides a 
summary of the interviewees and short descriptions of their employer 
companies. 

Table 3. Information on interviewees and represented companies (adapted from Karell & 
Niinimäki, 2019). 

Position Experience in the 
field 

Description of employer company 

Design Manager/Designer 18 years Clothing and lifestyle brand for adults; focus 
on organic and recycled materials, clothing 
longevity and repair 

Development Manager/Designer 
Sustainability Advisor/Designer 

20 years 
5 years 

Clothing and lifestyle brand for children and 
adults; focus on organic and recycled 
materials, and clothing longevity 

Head Designer 
Assistant Designer 

16 years 
2 years 

Clothing brand for children and adults; focus 
on organic materials, clothing longevity and 
user-centred design 

 
Thematic analysis was also conducted during this phase. However, the earlier 
literature and the insights gained from Papers 1 and 3 already provided clues 
regarding the challenges and concerns related to sustainable fashion design. 
Hence, provisional coding (Miles et al., 2014) was considered appropriate. In 
provisional coding, a researcher generates a start list of codes on the basis of 
their prior knowledge, but these codes can be revised, modified, deleted, or 
expanded throughout the analysis process (Ibid). The specific challenges that 
were made into codes here included company strategy, knowledge, technology, 
market, and material. The codes were adjusted as the analysis progressed. The 
analysis particularly examined aspects that seemed to either limit or help 
clothing designers apply sustainable design principles. This clarified the current 
practices and the most critical issues among the interviewed designers. Finally, 
these aspects were categorised under three general themes that seemed to steer 
the sustainability-related discussion in these sustainable-minded clothing 
companies and the design processes within. A conference paper was written on 
the basis of these findings and presented at the PLATE conference in 2019 under 
the title ‘Deconstructing the Clothing Design Process for a Circular Economy’ 
(Karell & Niinimäki, 2019)17. 

The small interview sample meant that more data were necessary to better 
understand the clothing design viewpoint. As challenges in recruiting the 
designers emerged, an online survey was designed, enabling the authors to 
collect perspectives from more designers and to expand the conference paper 

 
15 Small and medium-sized enterprises represent 90% of all businesses in the European Union 
(European Commission, 2015). 
16 Recruiting designers for the study was challenging, which can be seen in the small interview sample. 
This may be due to companies’ time constrains, but also because the topic of the study may be quite 
sensitive for some companies. 
17 The conference paper (Karell & niinimäki, 2019) is not appended to this compilation. 
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into a journal article (i.e. Paper 4). The intention of the survey was to lower the 
threshold for designers to participate in the study. Not only was it viewed as 
convenient timewise, but it also allowed the designers to participate in the study 
anonymously. Bringing in the quantitative component was mainly to gain a 
larger study sample, which could complement and expand the knowledge 
already gained through the expert interview phase.  

The survey phase (including planning, dissemination, analysis, and reporting) 
was conducted between November 2019 and April 2020. The purposive 
sampling strategy was used again to recruit clothing designers from European 
clothing companies that communicated their sustainability vision and aimed to 
conduct their business responsibly. The survey recruitment was carried out via 
direct email and LinkedIn queries to companies and their employees, as well as 
through online contact forms. Altogether 178 companies were contacted, which 
resulted in 31 survey responses. The survey design (Appendix 4) was largely 
inspired by the analysis of the expert interviews. This was a significant benefit 
to conducting the expert interviews and the survey sequentially. Some expert 
interview questions were copied for the survey as they were, but some new 
questions were also formulated. Based on the concerns described in the expert 
interviews, the authors also generated statements on which the respondents 
could consider their stance. 

The survey analysis included three parts. Firstly, a qualitative content analysis 
was applied for the open-ended survey questions (Weber, 1990). The analysis 
and the generation of codes started purely from the survey data. In other words, 
no provisional codes were used at this point (despite some preconceptions given 
in the expert interviews and earlier literature). Descriptive coding and sub-
coding were utilised, the latter of which is regarded as particularly suitable for 
content analysis (Miles et al., 2014). ATLAS.ti software was used here. The first 
cycle of coding focused on aspects that seemed to have a (in)direct connection 
with clothing designers’ working practices and conditions. Multiple codes were 
defined, refined and combined in the process of multiple reviewing of the data. 
The intensity of the codes was reviewed, enabling better understanding of the 
concerns about integrating sustainable aspects in clothing designers’ daily work. 
The second phase was more straightforward, focusing on the background 
information of the respondents and the companies. The third part addressed 
the questions that resulted in numerical data. No quantitative analysis was 
conducted, given the small survey sample. Instead, the numerical data were 
approached rather qualitatively, by contrasting them with the intensity of issues 
identified in the content analysis of the open-ended survey questions. Paper 4 
provides more detailed descriptions of the survey design, sample, data 
collection, and analysis. Table 4 summarises the research approaches and 
methods connected to each paper. 
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Table 4. Overview of methods and data 

Publication Research 
question(s) 

Type of 
research 

Data 
collection 

Data analysis Data set 

Paper 1. What does it 
mean in practice 
to design clothes 
that at their end-
of-life could be 
circulated into 
new fibres, yarns, 
fabrics, and textile 
products? 

Descriptive 
case study 

Expert 
interview 

Thematic 
analysis; 
various coding 
methods 

1 email interview;  
1 transcribed Skype 
interview; 1 guided 
online tour of the 
company’s service 
platform & notes; 
company’s 
marketing material 

Paper 2. How will future 
recycling 
technologies 
transform clothing 
design? 

Conceptual 
paper 

Review of 
existing 
literature 

n/a Academic and grey 
literature 

Paper 3. 
 

What kinds of 
implications does 
‘design for 
recycling’ have for 
the designer’s role 
and practice? 
With whom should 
they collaborate 
and how could 
they do so? 

Exploratory 
interview 
study 

Expert 
interviews 

Thematic 
analysis; 
various coding 
methods 

Transcriptions of  
5 interviews 

Paper 4. How is 
sustainability 
integrated into the 
design practices 
of sustainable-
minded clothing 
companies? What 
is the role of a 
clothing designer 
in this respect? 

Mixed-
method 
study 

Expert 
interviews; 
Online 
survey 

Thematic 
analysis of the 
interviews; 
content 
analysis of the 
survey 
responses 

Transcriptions of  
5 interviews;  
31 survey responses 

Logic of reasoning 

The logic of reasoning in this research was abductive – a way of reasoning 
situated between deductive (testing a theory) and inductive (creating a theory) 
reasoning (Timmermans & Tavory, 2012). As articulated by Durrani (2019), 
abductive reasoning “does not search for one absolute truth but, through an 
iterative process of switching between theory and data, continuously provides 
possible solutions to perplexing problems”. Abductive reasoning was employed 
throughout the different analysis phases, drawing from both the author’s prior 
knowledge and the gathered data. As argued in pragmatism, a research inquiry 
never starts from a clean slate; it is always derived from the adopted 
assumptions of reality (Pihlström, 2014). Similarly, in this dissertation, the 
research inquiry began and was influenced by the author’s prior experience and 
knowledge of the sector. As the research progressed and data were analysed, the 
interpretations were always influenced by the author’s increasing 
understanding of the issue in combination with the data.  

Throughout her research, the author also participated actively in public 
events, seminars and site visits linked to textile recycling (see Appendix 5). 
Notes on these events complemented the understanding of the issue under 
study. Even though such notes were not considered data per se, nor were they 
analysed at any point, they provided additional information on issues linked to 
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the study and helped the researcher navigate in this complex industrial sector; 
to question the initial purpose of the research; and to critically reflect on it 
throughout the dissertation process. 

3.5 Ethical considerations 

It is important to acknowledge that certain biases always exist when conducting 
research. Hence, the standpoint of the author must be clarified here. The author 
has worked as a clothing designer in the fashion industry, which certainly 
impacted her decisions and her interpretations throughout the research. On the 
other hand, her experience in the industry may also have provided an 
advantage: awareness of the field-specific terminology, and the different 
processes and their interconnections may have helped the author, especially 
when preparing and conducting the designer interviews. 

Regarding interviews in general, the procedure was that the interview 
questions were always sent to the interviewees in advance. This was meant to 
facilitate the interview situation as the interviewees would know what to expect. 
After the interviews, the transcriptions were sent to the informants, allowing 
them to revise their articulations, to check if everything they wanted to share 
had been captured, and/or to check that no identifiers remained in the 
transcripts. The papers were also sent to the research participants for comment 
before they were submitted to any publication. 

Throughout the dissertation process, the author was involved in several 
research projects situated at the intersection of sustainable fashion and the CE. 
The research was connected to the projects through funding. The dissertation, 
however, is a separate entity from the projects, meaning that the author had full 
command of the research focus and its process.  
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4. Findings 

This chapter synthesises the core findings derived from the four original 
research papers. The purpose of the chapter is to provide an overview of the 
findings before discussing the overall contribution of the dissertation. The 
chapter ends with a summary that presents the findings in a condensed format 
in relation to the overarching research questions.  

4.1 Paper 1.  

Design for Circularity: The Case of circular.fashion 

The paper began by reviewing the challenges facing CLTR identified in the 
earlier studies (see Section 2.2). Some critical aspects are linked (but not 
limited) to insufficient textile collection and sorting, a low volume of textiles 
suitable for recycling, the complexity of textile products, a lack of knowledge 
regarding reverse logistics and product content, and the readiness level of the 
emerging recycling technologies (e.g. Allwood et al., 2011; Palm et al., 2014; 
Elander & Ljunqvist, 2016; Niinimäki, 2018). The case study of circular.fashion 
supported the findings of earlier studies but also set further barriers, as well as 
approaches to tackle them. These aspects enabled the understanding of the 
possible implications of design for circularity. Figure 8 synthesises the 
challenges and potential solutions identified in the study with respect to the 
different phases of the circular supply chain.  

The study emphasised that garments today are not optimised for recycling. 
Even though brands would like to create sustainable fashion, general 
understanding of sustainable design strategies seems to be lacking. Finding 
appropriate materials (textiles, additional trims) while working under extreme 
time and price pressure further complicates brands’ pursuit for sustainability 
and circularity. The lack of transparency in the supply chains was also 
highlighted as a significant concern. As the case showed, it is currently difficult 
to obtain precise information on material content, but without transparency and 
accurate material information, it is impossible to evaluate the recyclability of 
garments. This situation is unfortunate, because many brands do not have their 
own research and development team and are dependent on the existing material 
offerings, and thus, the information provided by the material suppliers.  

Developments in recycling technologies have raised additional aspects that 
are likely to impact design work. The case emphasised that the emerging 
chemical recycling processes in particular have their own specific requirements 
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for material content, but which could already be considered at the level of 
design. While some processes can tolerate small amounts of elastane, for 
example, other processes cannot. On the other hand, the case illustrated that 
the technologies in the recycling sector are advancing rapidly and the 
limitations of these processes are constantly under work. Even though this 
sounds positive from the CE perspective, such a development indicates that the 
limitations and requirements of certain recycling processes can also change 
rather quickly. Hence, it can be difficult to stay up-to-date on the state-of-the-
art in these sectors. 
 

 

Figure 8. Challenges and solutions in garment circularity identified in the case of circular.fashion. 
Source: Paper 1. 

The circular.fashion case study also demonstrated ways in which to overcome 
many of the above-mentioned challenges and provided an example of how 
circular clothing design could be possible. As described in the study, the 
company itself provides support for fashion companies in the development of 
recyclable and biodegradable textiles and products, and arranges training and 
workshops for various stakeholder groups. The core service of the company is a 
novel digital industry-connecting platform – the circular.fashion system – 
which is made up of two parts. The first part, Circular Design Software, enables 
brands to create circular textile products by means of Circular Design 
Guidelines (i.e. practical instructions on how to implement various design 
strategies supporting circularity) and the Circular Material Database, through 
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which brands can access sustainable materials approved by the partner network 
of circular.fashion. In the software, brands can also conduct a Circularity Check, 
which reveals whether the garments they design are suitable for CLR with the 
chosen materials. Recyclable garments receive a unique Circularfashion.ID, a 
woven QR code, which includes accurate material information and allows each 
garment to be tracked. The ID embodies the second part of the circular.fashion 
system, that is, Reverse Supply Chain Intelligence. This allows consumers to 
access the full history of each garment by scanning the QR code, which leads the 
consumer to a Customer Interface. This interface contains a Sorting Guide, 
which provides consumers with instructions on how and where to return the 
garment at end-of-life. It also connects sorting companies and pre-defined 
textile recyclers.  

Utilising a platform like the one developed by circular.fashion could educate 
designers in how to design garments for CLR and facilitate their work. 
Meanwhile, the platform connects brands with sustainable material suppliers, 
enables transparency throughout the supply chain, and has the potential to 
bring together an entire network of stakeholders who deal with CLTR and 
fashion. Such a reliable identification system can facilitate sorting and recycling 
processes, and thereby textile circularity more generally, but also requires 
multiple companies to utilise the same coding system.  

The case study also demonstrated more general implications that the DfR 
approach is likely to have for design practice. Firstly, designers should 
understand the significance of their design choices (material combinations, 
product constructions and surface treatments) and how these aspects directly 
influence the viability of textile sorting and recycling processes. As the study 
indicated, the ideal textile products for CLR would be mono-material products 
(i.e. products made of a single material), as opposed to material blends and 
layered product structures. Surface treatments such as prints should also be 
avoided in mono-material designs. Modular garment design (including parts 
made of mono-materials) and their easy disassembly would offer other viable 
means to facilitate CLR. 

Secondly, as these processes may pose strict requirements on future clothing, 
designers will need to expand their creativity beyond the prevailing design 
practices. This calls for an attitude that “innovation exists in the challenges”, as 
described by company owner Ina Budde. To overcome the challenge of 
(recyclable) material availability, for example, it would be beneficial to consider 
suppliers as being close partners. This might facilitate access to more accurate 
material information and also allow brands to co-develop new textiles and other 
materials together with suppliers according to the latest recycling requirements. 
As the study highlighted, however, even though it is not currently possible to 
recycle all the fibre components found in one material, in the future, the 
recycling requirements may be less restricting. 

Thirdly, although basic material knowledge is part of clothing designers’ 
know-how, designers are likely to need an even deeper understanding of 
material and fibre structures and their linkage to various recycling processes 
when aiming to DfR. In relation to this, the case study emphasised the 
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importance of communication between the various actors within the circular 
textile supply chains. Brands and their designers should prepare themselves for 
constant exchange with textile sorters and recyclers (i.e. fibre manufacturers) if 
they wish to stay up-to-date on the recent developments in these fields. 
Transparency and openly sharing information are indispensable in this respect. 

In sum, the study provided a glimpse of the myriad issues in the recycling 
context within the fashion sector and suggested some essential changes for 
future clothing design. It also underlined the importance of collaboration, 
particularly between the design, sorting and recycling phases. 

4.2 Paper 2.  

Closing the Loop: Intentional Fashion Design Defined by Recycling 
Technologies 

Against the background literature (described in Section 3.4), this paper 
deepened the understanding of how current and futures technologies might 
impact clothing design. The paper introduced and defined intentional fashion 
design as a means of changing the fashion industry paradigm from linear to 
circular, on the basis of Stegall’s (2006) ideas of intentional design. 

Combining the review with the authors’ professional experience gained from 
the clothing and textile industry as well as the Trash-2-Cash research project 
(ongoing at that time), the paper proposed tentative principles of intentional 
fashion DfR. These principles considered mechanical and chemical textile 
recycling. They synthesised the possibilities and limitations of mechanical and 
chemical recycling processes, while taking into account their connection to the 
sorting phase and its potential automatisation. Table 5 summarises the tentative 
principles collated under multiple aspects that were thought to have a (clear) 
relation to the design stage: waste resource; the quality of the waste material; 
fibre content; textile structure; garment structure; prints and finishing; colours; 
chemicals; and lifespan.   

On the basis of the principles outlined, it was suggested that intentional 
fashion design had two main outcomes in a closed-loop fashion system. The first 
related to limited material offering, and the second to new possibilities in terms 
of colours and material attributes. These are elaborated below. 

The issue of limited material offering may result from possible restrictions in 
the sorting and mostly chemical recycling processes. Despite recent 
developments in automated textile sorting technologies (such as near-infrared 
spectroscopy, NIR) having shown potential in handling non-wearable post-
consumer textiles on a commercial scale (see e.g. Fibersort), and thereby being 
able to support chemical recycling (where exact information of the material 
content is crucial), the emerging sorting technologies clearly have certain 
limitations. For example, preliminary observations by Wedin et al. (2017) have 
demonstrated that it is currently possible to identify many mono-material 
textiles and some fibre blends using NIR technology, but that detecting elastane 
is difficult. In addition, certain textile structures (e.g. denim, plated knits) and 



56 

prints can distort fibre identification (Wedin, 22 February 2017; Zitting, 6 June 
2018). These aspects should be acknowledged in the design phase if garments 
are to be reliably identified in automated sorting processes, and thereafter fed 
into appropriate recycling streams. Yet, recycling processes are not free from 
limitations either. Fibre blends, complicated garment structures, prints and 
finishes were revealed as challenging, particularly in chemical recycling. 
Elastane content was also acknowledged as problematic in mechanical and 
chemical recycling processes. 

Table 5. Intentional fashion design for recycling (adapted from Paper 2). 

Intentional fashion 
design 

Mechanical recycling Chemical recycling 

Waste resources Pre-consumer textiles Pre- or post-consumer textiles 
Quality Low quality of waste prevents 

mechanical recycling.  
Some quality is always lost in the 

process. 
Some virgin material is often 

used to guarantee the quality. 

Low-quality textile waste can be recycled. 
High-quality yarn can be produced without 

virgin materials (upcycling). 

Fibre content Different kinds of fibres and 
blends can be used. 

Elastane disturbs the process. 

Fibres that can be identified by an 
automatic sorting system can be used. 

Blends are problematic. Exact fibre 
content needs to be known. 

Textile structures No effect Only textile structures that enable fibre 
identification in an automatic sorting 
system can be used. 

Garment structures Garment shredding is quite a 
rough process, which enables 
different kinds of garments to 
be used. 

No effect if monomaterial. If not 
monomaterial, then modular design or 
easily disassembled materials. 

Prints, finishings Might prevent recycling Might prevent recycling 
Colours Can either be taken into account 

or not. 
Colour recycling enables a new 

colour design system for 
recycled textiles. 

More colour variations in mass 
manufacturing. 

Can either be taken into account or not. 
Colour recycling enables a new colour 

design system for recycled textiles. 
More colour variations in mass 

manufacturing. 

Chemicals Stay in the fibre in the recycling 
process. 

Harmful chemicals might cause 
some harm to the end user. 

Can either be recycled or removed. 
Can be reused to design certain unique 

attributes into recycled fibres. 

Lifetime Should be optimised and 
information provided on when 
and how the garment should be 
returned for mechanical 
recycling (second lifecycle). 

Should be optimised and information 
provided on when and how the garment 
should be returned for chemical 
recycling (second, third or fourth 
lifecycle). 

 
Thus, the question from the design perspective was whether certain fibres 
should be used at all if the aim is to design garments for recycling. It was 
speculated that in the future, the fashion industry might have to limit or even 
cease the use of certain fibres, blends or finishing techniques if a CE was to truly 
be pursued. The use of elastane, for example, should be critically evaluated in 
textile manufacturing or replaced with some new material. In certain products, 
mechanical stretch (created through certain knit or woven structures) might 
suffice and provide enough comfort and functionality without any elastane. In 
line with Paper 1, mono-material design, modularity of garments, and easier 
disassembly were regarded as potential design strategies for overcoming some 
of the identified limitations. 
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On a positive note, the principles of intentional fashion design also suggested 
new opportunities for clothing design. In the case of chemical recycling, for 
example, it could be possible to retain certain chemicals in the production of 
recycled fibres, and thereby produce specific fibre attributes. Another possibility 
relates to product aesthetics and colours: as demonstrated, it is possible to 
retain colours in both mechanical and chemical recycling (see e.g. Pure Waste, 
Ioncell®). This suggests the possibility of a new colouring system based on 
recycled colours. If aiming to retain colours in the fibres during the recycling 
process, brands might need to accept varying colour tones within the same 
collection, but different tones and shades might also enable more creative ways 
of designing industrially manufactured clothing, and thereby more unique 
pieces and experiences. The acceptance of less even and stable colours could 
generally change the aesthetics of mass manufactured clothing. 

In sum, the paper indicated that novel sorting and recycling technologies are 
likely to shape the way in which clothes are designed in the future. On the other 
hand, design choices may influence how (efficiently) the emerging technologies 
eventually operate. By understanding the limitations and possibilities of the 
procedures used in textile sorting and recycling processes, designers can 
influence their functionality and viability. Practically, this implies that designers 
need to know the basic requirements of current and emerging technologies. 
What kind of textile structures, compositions and colours, and non-textile 
components can be identified on the level of sorting? How is this done? Which 
material streams may textiles enter? What are the general limitations and 
opportunities of textile-to-textile recycling technologies? What can and cannot 
generally be recycled through them? What elements in a textile product may 
disrupt the recycling processes? 

4.3 Paper 3.  

Addressing the Dialogue between Design, Sorting and Recycling in a 
Circular Economy  

The paper started by emphasising the low recycling rates of waste clothing and 
the importance of collaboration between design, sorting and recycling phases 
when aiming to increase rates and construct new knowledge on how to DfR. 
Figure 9 illustrates a simplified circular supply chain, highlighting the design, 
sorting and recycling phases that framed the scope of the paper. 
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Figure 9. Design, sorting and recycling represent the pivotal phases in the circular supply chain 
when targeting new knowledge on how to design for recycling. Source: Paper 3. 

The findings revealed that the current communication the between design, 
sorting and recycling phases is poor, and this creates a considerable barrier to 
textile recycling. Communication between design and sorting in particular was 
considered completely lacking, even though the link was described as 
fundamental. A dialogue between sorting and chemical recycling seems to exist, 
but only in the early stage, due to the readiness level(s) of the chemical recycling 
technologies. Collaboration between recyclers and clothing brands is emerging, 
as brands are interested in using recycled materials. It seems, however, that 
information regarding the requirements of recycling processes are not 
communicated to clothing design.  

In addition to poor communication, the interviews shed light on multiple 
other challenges that currently hinder CLTR. These challenges were collated 
separately in terms of the design, sorting and recycling phases, and further 
categorised into internal and external challenges connected with each phase.   

For design, the main internal obstacles were the limited role of designers in 
decision-making, the company resources available, and product complexity. 
External challenges included uncertainty about sorting and recycling 
requirements, consumer behaviour, sustainability knowledge, and material 
availability. The following excerpt depicts the working reality of an interviewed 
designer: 

 
I have to consider multiple questions, even in the case of a simple product. If I 
want to be fully transparent and choose the most ecological and clever alternative, 
I can use endless amounts of energy and time on research. - - - The [amount of] 
research work multiplies when you have more components and suppliers. When 
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you have a heavy outdoor product, in addition to the fabric, you have to consider 
finishing, dye, lamination, or coating. There’s wadding, lining, sewing yarn, 
maybe taping. There are zippers, rivets, drawstrings, elastic strings and bands, 
stoppers, fake fur. Then you put this all together and have to think about how to 
recycle this. 
 

For sorting, internal challenges were related to sorting efficiency, accuracy and 
the readiness level of automatic sorting. Automation was considered a future 
solution for accurate and efficient fibre identification, complementing manual 
sorting, which would still be needed to identify reusable garments from 
recyclables. External challenges included the heterogeneity of textile waste, the 
low quality of the materials collected in the market, and the readiness level of 
chemical recycling. In line with the design perspective, product complexity and 
limited awareness of chemical recycling requirements were also identified as 
problematic. 

From the recycling perspective, internal challenges were linked to the current 
state of recycling technologies. The tolerance levels of different fibres, dyes, 
colours and other components had to be studied on a case-by-case basis until 
certain patterns were found and requirements could be generalised. The 
reliability of material content, sorting accuracy, the heterogeneity of textile 
waste, and product complexity were identified as external challenges for 
recyclers.  

The interviews also raised recommendations for improving textile recycling. 
Regarding garment designs, mono-materiality was appreciated by both sorting 
and recycling experts, but was also acknowledged as an unrealistic 
request. Similarly to Papers 1 and 2, Paper 3 suggested avoiding elastane and 
transfer prints, and modular product structures that would allow the separation 
of different materials. The recommendations implied that the DfR approach 
could pose various requirements for clothing design practices. On the other 
hand, the study also revealed that it was too early to provide designers with 
precise requirements as to how to DfR, because chemical recycling and 
automated sorting technologies largely remained on the pilot scale. Yet, sharing 
knowledge of new technological advancements (e.g. through education and 
research projects) was mentioned as a necessity. In this respect, a ‘Wiki 
of Textiles’ digital platform, based on open access and peer review, was 
envisioned. 

The sorting and recycling phases seem to face similar challenges (such as 
product complexity), but also have their own process-related issues. What might 
be processable for recycling might not be possible for the sorters to identify, and 
vice versa. The paper thus suggested ‘design for sorting’ as a separate strategy 
within the DfR approach. In practice, this meant that  designers should become 
aware of the basic requirements of automated textile sorting technologies, i.e. 
what kind of materials and textile structures could be reliably identified in the 
sorting phase. Only after this would deeper material knowledge in relation to 
different recycling methods be required.  

As the information on the state-of-the-art of sorting and recycling 
technologies is still quite scattered, design teams might want to initiate 
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conversations directly with textile sorters and recyclers, similarly to how they 
collaborate and query material properties and samples with traditional material 
suppliers. Meanwhile, new circles (most likely digital) should be established to 
openly share information on these aspects. Designers’ role in such circles would 
be to indicate their own demands and knowledge limitations.  

Figure 10 summarises the required knowledge flows between design, sorting 
and recycling identified in the study, simultaneously underlining the 
interdependency of these phases. Understanding these interdependencies and 
the knowledge gaps between them could lay the ground for constantly updating 
open design guidelines, and presenting the priority order of design decisions 
(first those related to sorting, then recycling). 

To conclude, Paper 3 supported the idea that DfR imposes limits on material 
options (blends and material combinations), product structures, decorative 
details (e.g. prints), functional details (buttons, strings, bands, etc.) and 
functional finishes. Depending on future developments, the use of certain fibres, 
blends or printing techniques, for example, might become forbidden. Such a 
situation would call for radical creativity on the part of designers to ensure 
interesting, relevant aesthetics and functionality if they had to give up certain 
manufacturing techniques or fibre attributes. 

 

 

Figure 10. Illustration of required knowledge flows between design, sorting and recycling. 
Source: Paper 3. 



 

61 

4.4 Paper 4.  

A Mixed-method Study of Design Practices and Designers’ Roles in 
Sustainable-minded Clothing Companies  

This paper looked more closely at clothing designers’ daily work, and 
investigated how sustainability is currently integrated into the design practices 
of sustainable-minded clothing companies, and what the designer’s role is in 
this respect. From the perspective of clothing designers, the most 
important sustainability aspects for the companies they represented were 
related to product longevity (i.e. high quality/physical durability and timeless 
design), material selection (e.g. use of certified, recycled and organic materials) 
and social responsibility (e.g. safe working conditions, fair living wages, supply 
chain transparency), as shown in Figure 11. The recyclability of products, in 
contrast, scored quite low. Yet, it seemed that most companies were making 
efforts to work on this aspect. 

 

 

Figure 11. How important are the following aspects in the company you work for?  
Source: Paper 4. 
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The findings further indicated that design practices per se were quite well in line 
with the companies’ sustainable approaches. This can be observed in Table 6, 
which summarises the most often-mentioned designer approaches to 
integrating sustainability into their design practice.  

Table 6. How do you integrate sustainability into your design practice? (Adapted from Paper 4). 

Approaches Respondents (n) Examples 

Material choices 18  Organic, recycled, surplus, durable, high-quality, GOTS-
certified, Fair Trade 

Product longevity 9 Long-lasting, durable, high-quality,  
reusable garments 

Timeless design  9 Classic, aesthetically  
long-lasting 

Fit for purpose 8 Product serves function, suitable material choices, “a 
reason for being made” 

Waste minimisation 8  Zero waste, pattern making, packaging, “We have to use 
all that we have in stock” 

Upcycling 6 Surplus, end of roll fabrics, “waste fabrics from previous 
collections” 

Repairability 3 “The structures must be repairable”, “The product can be 
repaired during use” 

Recyclability 3 “Ensuring that the garments can be  
recycled at the end of their lifecycle” 

 
Two key factors seemed to dominate. The first was a strong focus on sustainable 
material choices (e.g. organic, recycled, certified), although this included 
concern about material availability. As the respondents described, it is difficult 
to find materials that match the expectations of longevity, recyclability and 
other sustainability criteria. This suggests that companies may have to balance 
between such endeavours, as the following excerpts demonstrate: 

 
An easily recyclable garment is made of one material and includes only a few 
details, such as zips or buttons. Today, most fabrics designed for the clothing 
industry consist of more fibres, but material blends are currently difficult to 
recycle. 
 
Mono-materials don’t match our company strategy from the perspective of 
maintenance, comfort and sustainability. We are waiting for the recycling of 
blends to develop further. 
 

The second factor was the ethos of product longevity. The use of high-quality 
materials, appropriate product structures and functionality were often 
mentioned as approaches in the open-ended questions. In addition, many 
designers described targeting timeless or classical design while avoiding trends. 
Designers’ familiarity with the various design strategies that have been 
suggested in the context of sustainable fashion design also supported the ethos 
of product longevity, as shown in Figure 12. This figure indicates that the 
designers’ most utilised strategies were timeless design, design for longevity, 
slow fashion, and multi-functionality.  
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Figure 12. How familiar are you with the following design strategies/approaches?  
Source: Paper 4. 

The third factor, which cannot be observed in the figures/tables (but was 
observed in the textual responses), was related to knowledge aspects. The 
findings implied that designers had no information on the actual lifespan of the 
products they design, despite the pursuit of longevity. Regarding materials, it 
was also difficult to assess which materials were superior from the sustainability 
perspective. In addition, information on the materials’ technical durability was 
sometimes misleading, which challenged the longevity ethos. Knowledge was 
also lacking regarding recycling. It was unclear which materials to choose or 
avoid when aiming to design garments for recycling, and what the futures 
recycling system would require from clothing designers. On the other hand, the 
study suggested that designers were quite active in acquiring new knowledge 
related to sustainability. They seemed quite well aware of various sustainable 
design strategies, even if they did not actively apply them (apart from strategies 
supporting product longevity) (see Figure 12).  

It appears that the role of clothing designer can be rather narrow in 
sustainable-minded companies. The core task of designers is to design products 
and collections, often framed by tight collection requirements and schedules. It 
appears that many designers work only on the basis of suggesting ideas unless 
they work in leading positions. Although design is often claimed to be the most 
influential stage in the supply chain, potentially determining even 80% of the 
environmental and social impacts of products (as stated earlier), designers’ 
roles in decision-making seems limited. Given the conditions, it can be difficult 
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to properly consider all the design elements from a sustainability, let alone a 
circularity perspective. The company mindset and strategy, as well as the 
designer’s limited knowledge base, further restrict the possibility of integrating 
sustainability into design practice. 

4.5 Summary of findings 

This research set out to investigate what the pursuit of advancing CLTR means 
from the perspective of clothing design, and how current clothing design 
practices appear in respect to this endeavour. The summaries of the papers 
provided varying answers to these questions. Table 7 compiles the answers to 
the overarching research questions and shows their connection to the individual 
papers. As can be seen, similar conclusions were often made in more than one 
paper. However, even if certain aspects emerged in three or four of the papers, 
this does not mean that these aspects are automatically more important than 
those that emerged less frequently. For example, the ‘design for sorting’ 
approach was addressed in only two papers, but this should definitely be 
considered prior to the limitations of various recycling processes (see Papers 2 
and 3).  

Considering the different types of implications related to the first research 
question, a rather general priority order can be seen: 1) attitude 2) knowledge, 
3) design. If aiming to advance CLTR, the industry must first adopt an attitude 
that stresses transparency. Change in the attitude is a pre-requisite for more 
openly sharing the knowledge related to the various obstacles, bottlenecks and 
technological limitations. Only when these issues are recognised does it become 
possible to truly design for recycling. Given the constantly advancing nature of 
the textile recycling sector, it is currently quite difficult to state which of the 
more detailed design aspects should be prioritised first. A common rule applies, 
however; the simpler the product, the easier it is to recycle. This supports mono-
materiality. 
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Table 7. Summary of findings and their connection to original papers. 

Research question Finding Papers 
 
RQ1: 
What does the 
pursuit of advancing 
CLTR mean from 
the perspective of 
clothing design? 

Attitude implications 

New ways of sharing information should be established; openness 
and transparency are fundamental for circularity 1,2,3 

Transparency and communication between different actors in 
textile supply chains is essential; considering suppliers as partners 1,2,3 

Knowledge implications 

Knowledge of recycling technologies, their limitations and 
possibilities is required 1,2,3,4 

Knowledge of sorting technologies, their limitations and 
possibilities is required 2,3 

Deep understanding of fibre and material structures and properties 
is needed in relation to recycling and sorting processes 2,3 

Design for Sorting approach should be emphasised separately 
within design for recycling 2,3 

More efficient ways to integrate sustainable design strategies and 
approaches into design are needed 1,4 

Shared system is required for tracking products, their components 
and information from different parts of the supply chain  2,3 

Design implications 

Limited material offering 1,2,3 

Mono-materiality is favoured by textile sorters and recyclers; 
should be considered in design when applicable 1,2,3 

Modular design and ease of disassembly recommended for 
multilayer products 1,2,3 

Use of elastane can be problematic in sorting and recycling and 
should thus be thoroughly weighted  1,2,3 

Creativity and innovative solutions are needed if aiming for certain 
aesthetics; e.g., avoidance of transfer prints recommended 1,2,3 

Integrating information on recyclability into garments is essential 1,2,3 

More time required for designing one product 3 

New colouring system; colour variations within one collection, new 
aesthetics for mass-manufactured clothing 2 

 
RQ2: 
How do current 
clothing design 
practices appear in 
terms of this 
endeavour?  
 

Limited approach to sustainability 

Collection brief guides design work 1,3,4 

Design decisions do not address recycling at this point; designers 
are balancing between longevity and recyclability 1,3,4 

Limited by company’s strategy and approach to sustainability 3,4 

Designers often have a limited role in decision-making, unless they 
work in leading positions 3,4 

Ethos of product longevity; focus on quality, durability, long-
lasting/timeless design 4 

Use of sustainable materials (organic, recycled, certified) dictate 
the sustainability discussion 4 

Lack of resources 

Sustainable considerations require more time  1,3,4 

Limited offering of suitable materials 1,3,4 

More staff specialised in sustainable practices would be beneficial 3,4 

Lack of knowledge of best practices, sustainable materials, actual 
garment lifespans, and consumer behaviour 4 
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5. Discussion 

This dissertation has described a specific phenomenon within the CE vision: the 
pursuit of advancing CLTR and its relation to clothing design practices. This 
chapter discusses the findings in the light of previous research, and hence the 
overall contributions of the dissertation. Research limitations and avenues for 
future research are addressed at the end of the chapter. 

5.1 Closing the loop through clothing design? 

This dissertation has demonstrated that the clothing design phase directly 
impacts the recyclability potential of garments. Drawing from prior literature 
and the findings presented in the individual papers, this dissertation continues 
to advocate the significance of the design stage in the circularity of products, 
aligning with many scholars that work with CE (e.g. in Charter, 2019). However, 
it is debatable whether clothing designers are the ones who make the final 
choices in terms of garment structures, materials and other product 
components, which indeed are the most obvious aspects that impact garment 
recyclability (see Section 2.3). Every fashion company operates differently, and 
depending on the size of the company, the role of clothing designer(s) can vary 
greatly (Paper 4). Thus, the amount of the decision-making power that clothing 
designers have in terms of material choices, as well as their knowledge base, 
directly affect their opportunities to advance CLTR. While recyclers represent a 
stakeholder group influenced by the most critical aspects identified in CLTR, 
fashion companies are considered the parties able to impact many of these 
aspects, as pointed out by Elander & Ljunqvist (2016, pp. 8-9). This view 
resonates with the findings of this dissertation. 

Still missing guidelines 

This research began by claiming that the way in which garments should be 
practically designed for CLTR is unclear. Even though it was not mentioned in 
the beginning, the initial motivation and intention of the author was to 
contribute to the practical work of clothing designers and to improve the 
existing guidelines on how to DfR in the fashion context. This aim was 
somewhat naïve; this became clear as the research progressed. Indeed, the 
findings revealed (Papers 1 and 3) that it is challenging (if not impossible) to 
formulate detailed guidelines on this matter, given the current state of the 
sorting and recycling technologies. As mentioned in Paper 3, for example, it is 
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currently difficult to obtain exact information on how much different fibres, 
dyes, other chemicals, and components the various chemical recycling processes 
can tolerate. Meanwhile, further information on automated textile sorting and 
its accuracy is needed. Hence, the requirements of such processes (as far as the 
author was able to conclude from the empirical data and prior literature) 
remained surprisingly vague. In line with the general DfR principles (e.g. Kriwet 
et al., 1995; Go et al., 2015; Durham et al., 2015), the findings of the individual 
papers kept suggesting approaches such as mono-material design, modularity 
and design for disassembly, which are rather general. Such approaches are also 
advocated in the recent circular fashion design guidelines (see footnote on page 
38). In this respect, the dissertation was unable to provide much new guidance. 

This insight, however, evokes further questions. For example, how realistic are 
mono-materials in clothing if we take into account the various functionalities 
and characteristics that blended materials or finishing treatments can provide 
(elasticity, comfort, physical durability, interesting aesthetics, water resistance 
etc.). As pointed out throughout the literature and this research, product 
longevity should be prioritised over recycling. Focusing on product longevity 
may, however, dilute the ambition of recyclability if mono-materials do not have 
the same physical durability as blended materials (Papers 1, 3 and 4). Although 
the use of mono-material may be a suitable approach for certain garment types, 
it is definitely not suitable for all. Modular design in clothing, on the other hand, 
presents other kinds of challenges (see e.g. Karell, 2014), which may be the 
reason why commercial examples of modular clothing are still hard to find (e.g. 
Karell, 2014; Durham et al., 2015). In promoting principles such as mono-
material design or modularity, it is rather clear that clothing designers face a 
variety of limitations regarding materials, product structures and decorative 
details, which may further influence garment aesthetics and functionality, as 
well as require a whole new level of creativity (Papers 1, 2, 3).  

Furthermore, designers need to take a holistic approach “to ensure that 
potential conflicts between longevity of clothing and the need for recyclability 
and disassembling are tackled” (Cobbing & Vicaire, 2017, p. 7). In other words, 
it would be important to recognise when certain design approaches are suitable 
in the first place. As Bakker et al. (2014) also pointed out, the waste 
management hierarchy sometimes provides only limited guidance, as much is 
dependent on the product type per se. “Understanding which product life 
extension or recycling strategies should be applied when is one of the main 
challenges for design research” in a CE (Bakker et al., 2014, p. 15). This notion 
resonates with this research. It seems that clothing designers can have a very 
limited understanding of the usage phase of the products they design (Paper 4). 
Knowledge is lacking as to whether design for longevity eventually translates 
into responsible consumption or whether a certain garment type ends up 
flowing through the fashion system as a “fast-moving consumer good” (see e.g. 
Haffmans et al., 2018). This is not to say that garments could not be designed 
for both longevity and recyclability. In fact, this would be ideal. Yet based on the 
current understanding and technical/technological constrains, it seems that 
designers are choosing between the two.  
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Recognising the knowledge gaps 

Even though DfR can be considered an established and extensively described 
concept and strategy (Maris et al., 2014; Go et al., 2015; den Hollander et al., 
2017;), this research reveals that at least in the context of clothing, its practical 
understanding is insufficient. This research described the multiplicity of 
challenges and knowledge gaps that stand in the way of the DfR approach.  

All the papers indicated that today’s garments are not designed for recycling. 
One earlier explanation has been attributed to the lack of circular design 
knowledge (e.g. GFA, 2018a). This dissertation also identified this knowledge 
issue, and further provided more detailed accounts of the existing knowledge 
gaps, that is, the specific requirements of textile sorters, recyclers and the 
related technologies.  

Even though the interdependency of design, sorting and recycling stages was 
clearly demonstrated (Papers 1-3), the research indicated that the dialogue in-
between seems to be weak. This supports some of the earlier notions regarding 
the lack of communication inside the fashion industry (Elander & Ljunqvist, 
2016; EMF, 2017a). Without a collaborative attitude, however, it is impossible 
to understand the limitations of sorting and recycling processes and to design 
accordingly. Recognising this is very important. Not only does this recognition 
provide a new understanding of these specific stages in the circular supply 
chain, it can also propel more research on other knowledge gaps that most likely 
exist elsewhere in the fashion system between different stakeholder groups. 

In terms of knowledge sharing, another challenge is that the development in 
CLTR seems to be rapid, and information expires quickly. The variety of 
different technologies may also be somewhat confusing from the design 
perspective. Regarding chemical recycling, the findings highlighted how 
different processes tend to have their own specific conditions (Paper 1 and 3), 
but as these technologies are still in their infancy, detailed guidelines on how to 
design garments suitable for such processes are not possible. As was mentioned, 
only rough recommendations (like mono-materiality) can be given. Thus, from 
the perspective of design, the question is: Should one wait for the technologies 
to develop further – for example, until the separation of blends is possible – and 
currently just ignore the recyclability aspect?  

Where are we going? 

Another question is what will the role of chemical recycling eventually be in the 
processing of post-consumer textile waste. Given the current challenges in 
chemical recycling technologies, it is possible that such technologies can be used 
for handling only a limited and specified proportion of the future’s textile waste, 
whereas mechanical recycling will continue to dominate in the textile recycling 
sector. 

While writing the dissertation (2017-2021), the circular fashion field has 
changed considerably. New information is continuously emerging. 
Technological developments in CLTR are taking place simultaneously in several 
geographical contexts and projects. Meanwhile, some solutions seem to be 
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competing with each other, which may be confusing not only for the industry 
practitioners, but also for the research and funding bodies that try to make sense 
of the future directions. Regarding reliable material identification in the sorting 
phase, for example, alternative technologies and systems have emerged: one 
based on QR codes (e.g. circular.fashion), one based on RFID tags (e.g. Tex.IT), 
and one based on NIR spectroscopy (e.g. Fibersort). Most likely, the alternatives 
do not end there. Some more advanced tracking systems are also under 
investigation, which further adds to the complexity.  

From the perspective of design, it would be interesting to know whether it is 
possible to create one system for the benefit of the entire fashion industry or 
whether there will be multiple overlapping and competing systems that perhaps 
operate at different levels (company, nation, region, global). What will the 
future recycling infrastructure be like, and for what kind of system should 
garments be designed? If the system requires using certain kind of tags, this 
must be taken into account in garment construction, which is fairly simple. If 
one tries to design for automatic sorting based on NIR, however, attention must 
be paid to material content, textile structures or even colours (see Wedin et al., 
2017). Considering the scale of the global fashion industry, multiple solutions 
are probably welcome as one-size-fits-all solutions may be challenging. Yet, 
given the connectedness of the global textile supply chains, one solution for the 
entire industry would be ideal.  

It is clear that recycling is only one approach in a CE for tackling the problems 
related to the use of virgin fibres and textile waste. It does not solve the issue of 
overproduction or overconsumption, but it may give some the impression that 
it is acceptable from the environmental perspective to continuously purchase 
new things if everything can eventually be recycled. Thus, recycling should be 
viewed critically, as only one approach among many others, which together can 
contribute to reducing the environmental burden of the fashion industry. 
Furthermore, it is highly unlikely that recycling can solve the waste issue of 
already manufactured garments, as clothes from the past and even today have 
not been designed with recyclability in mind. Indeed, this research has not 
addressed what we should do with garments from the past that are no longer 
suitable for reuse. That is a different (yet necessary) discussion, and goes 
beyond the scope of this dissertation. Instead, the research holds value for 
future clothing design practices. Garments will certainly also be produced in the 
future, and those produced should be designed with the aim of both longevity 
and recyclability. This dissertation has produced a tentative understanding to 
support this necessary development by demonstrating some critical aspects in 
CLTR. 

Wishful thinking or achievable practice? 

The research findings (especially Paper 4) indicated that fashion designers face 
various issues in integrating sustainability and circularity into their practice; 
much of which aligns with previous research (e.g. Lawless & Medvedev, 2016; 
Hur & Cassidy, 2019). The research has also demonstrated that (especially in 
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larger companies) clothing designers’ chances of impacting sustainability-
related decisions can be quite limited. Claxton and Kent have recently reported 
similar findings (2020). Even if design decisions can influence 80% of the 
product’s environmental and social impacts (e.g. Tischner & Charter 2001; EC, 
2020), it is not necessarily the clothing designer who makes the final product-
related decisions. This insight resonates with Sumter et al., (2017, p. 391), whose 
findings in the context of industrial design and the CE suggest that “designers 
experience a lack of knowledge and/or work in predetermined solution spaces, 
which prevents them from taking on the role that is expected in literature”. This 
dissertation observed that clothing designers are tied to companies’ sustainable 
approaches, and thereby have limited opportunities to consider the 
sustainability of garments from multiple perspectives, such as recycling. In 
addition, considering the requirements that the emerging sorting and recycling 
technologies may create, DfR does not seem a very achievable practice in the 
context of fashion – at least in the near future. Overall, this aligns with Cobbing 
& Vicaire (2017, p. 7), who stated that “[c]losing the loop on textiles in the 
current circumstances is unrealistic, with recycling in its infancy and many 
unanswered questions about recycled materials”. 

However, as Watson et al. (2017a) have shown, a few fashion companies have 
already established their own closed-loop systems for certain material streams 
in collaboration with specific textile recyclers/fibre manufacturers. Such 
examples at the micro/meso level provide hope that CLTR could become a 
reality. In such close collaboration, it may be much easier to share relevant 
information and the requirements of the recycling processes, and thereby much 
more realistic to implement DfR. Whether material volumes will suffice for 
companies’ own closed-loop systems is another issue and naturally depends on 
the company’s size. If CLTR is to be practised at the level of the fashion system 
as a whole, all the elements (design, technology, consumer awareness and 
practices, infrastructure, business, and legislation) that fundamentally enable it 
should match. This is also why each stage of a circular supply chain must 
concurrently be involved in this development.  

DfR is a prerequisite for CLTR, and in order to make DfR achievable practice, 
a proactive attitude is required from fashion businesses (in line with 
Goldsworthy, 2014). Promising initiatives that activate fashion companies do 
exist (see p. 19) and some bigger brands already play an active role in the 
development of future textile recycling and guidelines for DfR. One example is 
the ongoing New Cotton project, in which large brands H&M and adidas have 
partnered with the recycling industry and other stakeholders in the circular 
value chain to demonstrate how commercial-scale CLTR could be possible (New 
Cotton, n.d.). On the other hand, the question arises as to whether it is only the 
fashion giants who have enough resources (and reputation) to participate in 
prominent partnerships, and thereby potentially steer the progress in directions 
more suitable for larger industry players. The aim of posing such questions here 
is not to provoke, but to encourage further discussions on how different textile 
recycling initiatives can benefit the industry as a whole, including micro, small 
and medium-sized companies with much fewer resources.  
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5.2 Practical implications 

This dissertation has concentrated on CLTR and its connection to design. On a 
more general level, it contributes to sustainable fashion research, particularly 
circular fashion, as an emerging field of study. Figure 13 summarises the 
emphasis of the dissertation. The numbered blocks in the figure illustrate the 
original papers in relation to the different stages within a simplified circular 
fashion supply chain, and hence stress the stages for which this dissertation may 
hold the most relevance.  

 

 

Figure 13. Stages of circular fashion supply chain addressed in dissertation (own compilation.)  

For fashion companies, this research may provide valuable insights for 
rethinking their clothing design processes, the decisions made during the 
process, the basis on which and by whom they are made, and their 
responsibilities related to garment recycling. Secondly, the knowledge gaps 
identified in the research can propel companies to initiate discussions with 
recycling and sorting actors. This may help them align their design and other 
operational practices with garment recyclability. Even if some companies have 
a conscious strategy of waiting for technologies to develop further, this does not 
mean that these companies can remain passive and/or ignore the current 
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advancements in the area of textile recycling. Emerging technologies will have 
a significant impact on how well the CE will eventually play out in the fashion 
context; and how the technologies will eventually operate is largely dependent 
on garment designs. Therefore, fashion companies have to be at least aware of 
technological developments in order to act accordingly, and preferably 
participate actively in the discussions with the sorting and recycling actors. 
Although a lack of resources might make this challenging for smaller businesses, 
companies of all sizes should immediately start working on at least one thing, 
regardless of future systems: transparency, and gaining access to all possible 
information regarding the material content and chemicals used throughout 
their own supply chains.  

This dissertation may also be interesting for institutions that offer fashion and 
textile design education. The research has provided a tentative understanding 
of the different implications and expectations that clothing designers may face 
in the near future, given the societal efforts being made towards a CE. In this 
respect, the dissertation could provide some food for thought and even inspire 
the formulation of future curricula. As previous research has suggested, 
designers in manufacturing industries are likely to need a variety of new 
capabilities in the CE (e.g. De los Rios & Charnley, 2017; Sumter et al. 2020). 
Similarly, the pursuit of CLTR requires new knowledge at the level of clothing 
design, and education plays a significant role in this. Indeed, some of the 
research findings have already been integrated into education at Aalto 
University, where the author conducted her research and was able to share her 
insights in sustainable fashion- and textile-related courses. 

This dissertation can also provide important insights for sector-specific 
organisations that actively share information with the industry stakeholders 
and advance the practices of the industry more generally. The Finnish Textile 
and Fashion Association, for example, is a local industry influencer, which is 
connected to Euratex (The European Apparel and Textile Confederation) and 
EU institutions and industry stakeholders.  

For policy-makers, the most important message relates to transparency. In 
order to design fully recyclable clothing, fashion companies must have access to 
accurate information regarding full material and product content. However, this 
is currently not the case in the fashion industry, as indicated in this research 
and elsewhere (e.g. Elander & Ljunqvist, 2016). Opening up all information 
regarding supply chains does not depend on only companies and their voluntary 
actions. New legislation and/or incentives are required to overcome the issue of 
transparency, which is key in a CE. Papers 2 and 3 also raised the question of 
whether certain fibres, blends or other details could be prohibited in the future. 
This aspect might be worth further collaborative investigation by policy-makers, 
fashion companies and the recycling sector.  

5.3 Research limitations 

This dissertation represents a relatively new field of inquiry, one which is in 
constant flux. Situations change rapidly, and the state-of-the-art depicted in the 
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original papers may only hold for a short period of time. An article-based 
dissertation was thereby perceived as suitable, allowing the author to participate 
in the academic discussion in a timely manner, and to validate the research 
along the way, through peer reviews. However, such a format also has certain 
limitations. While the different papers provided interesting insights into the 
studied issue, the data sets remained small, which sometimes gave more width 
than depth to the study. The research was also limited by time (2017-2020) and 
geographical context (Europe). Given the constantly evolving situation of CLTR 
and the limitations described above, the findings are not generalisable. 

As touched upon in the methodology section, all research methods have their 
limitations. This research applied a mixed-methods approach, which generally 
aims to overcome this issue and to increase the validity of research through 
various means. This was achieved to some extent: as shown in the findings 
section, several insights could be derived from more than one paper, which 
brought credibility to the findings. On the other hand, applying the different 
methods professionally requires skills, which can be overwhelming for young 
researchers. Figuring out how to cope in the midst of myriad practical and 
theoretical concerns, while aiming to contribute valuable knowledge for the 
benefit of academia and practice is a long learning process.  

Despite these limitations, the empirical data enabled the description of the 
studied phenomenon to an extent that could catalyse deeper discussion on the 
relationship between design, sorting and recycling in the fashion industry. Even 
though the data were limited in size, they effectively highlighted the issues that 
need to be recognised in this field. The individual papers add important 
elements to the fragmented body of research in the field of circular fashion and 
textile circularity. The value of the dissertation rests on the views of several 
experts who are working towards CLTR, and practising clothing designers in 
sustainable-minded company contexts. The informants provided valuable 
knowledge that allowed a glimpse of the studied phenomenon, but acted as a 
mere invitation for future research. 

5.4 Avenues for future research 

If the CLTR of post-consumer textiles is to be pursued, more specific DfR 
principles are needed. This calls for further research on the limitations and 
requirements of different sorting and textile recycling processes. In practice, 
this would mean systematically following the advancements of sorting and 
recycling technologies. This might enable the construction of updatable DfR 
guidelines for clothing design, which could also take into account the priority 
order of different (design) considerations. Such an investigation could be 
initiated under a single research project, but given the constantly advancing 
nature of the textile recycling field, the work should be ongoing, thereby 
requiring someone to take long-term command of the initiative. In the pursuit 
of more detailed guidelines, the author also suggests a research setting that 
facilitates discussions between textile sorting, recycling and design experts 
(such as group interviews or collaborative workshops), thereby enabling a 
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shared understanding of the specific issues and potentially a consensus of what 
should be prioritised at the design stage, and why. 

As previously acknowledged, implementing sustainable solutions at the 
company level is not quick enough. Future studies should also address how to 
better integrate different aspects of circularity into fashion companies. Action 
research or other research interventions within fashion companies could 
provide insights on this aspect. In addition, more research is needed at the 
product level. Better understanding of ‘garment journeys’ would be helpful in 
order to consider the suitability of different design strategies for different 
garment types. Longitudinal wardrobe studies could provide the means to 
follow the lifecycle of a single garment. Practice-led research, in combination 
with the longitudinal research approach, could be an inspiring path for those 
who identify themselves as designer-researcher types of scholars, as is often the 
case in the design field.  

It might also be beneficial for future research to address the general diagram 
of the CE that differentiates between the biological and technical material cycles 
(see Figure 2, p. 21). As described earlier, the technical cycle of CE is particularly 
important for the fashion field, given the complexity of garments, which is also 
shown in the scope of this research (see Figure 6, p. 39). One might therefore 
question the usefulness of the diagram in the context of fashion and textiles; 
whether a different diagram would be beneficial for this sector; and what kind 
of role biodegradability could play in the fashion industry. Ongoing research on, 
for example, natural colours and their usage in the fashion industry, could offer 
further perspectives to these questions. 

The author does not take a personal stance on whether CE is or should be the 
solution, even though it seems likely to contribute many usable ideas for the 
benefit of the planet and of society. The viability of the CE for tackling the 
various problems within the fashion industry (e.g. waste, pollution, biodiversity 
loss) remained outside the scope of this dissertation. However, it would be 
worth studying whether CE can deliver its promises in this context, to what 
extent it can do this, and what the potential rebound effects may be. 
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6. Conclusions 

Recent commitments to a CE increase the pressure on the global fashion 
industry to move away from its linear production and consumption model. This 
dissertation has addressed what this development and the pursuit for increasing 
CLTR might mean from the perspective of clothing design. It contributes a new 
understanding of the issue in different ways. It has shed light on the various 
challenges in CLTR; underlined the pivotal stages and knowledge gaps relevant 
for the DfR approach; suggested ways in which to address the identified 
challenges; and unfolded the current sustainable clothing design practices. Even 
though clothing design directly influences the recyclability potential of 
garments, and could thereby contribute to the efficiency of recycling processes, 
implementing the DfR approach in practice on a large scale seems challenging. 
Although DfR has been addressed for decades, the practical understanding of 
CLTR remains insufficient from the perspective of clothing design. Hence, it 
seems that the idea of closing the loop through clothing design remains rather 
wishful thinking – at least for now. 
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Appendices 

Appendix 1. Interview questions – Paper 1 

Email interview questions sent to Ina Budde 21.12.2017 
 

• What is circular.fashion and Design for Circularity? 
• What is the design philosophy behind it? How did cirular.fashion come about? 
• What does your work in circular.fashion include? Please describe what happens 

in practice. 
• What kind of challenges do you face in your work and how do you cope with 

them? 
• Could you tell us something about the design projects you have conducted with 

your clients? 
• What do you consider as future challenges for clothing designers? Why? 
• How do you see the role of clothing designer in the future? 

 
Skype interview with Ina Budde 29.01.2018 
 

• When was circular.fashion established? 
• You mention that you are ‘a team of six passionates’. Can you describe more, 

who is this “we”?  
• What is the revenue model related to your service? Is it based on monthly or 

yearly subscription or how does it work?  
• You mention you that you work with many different levels: circular materials, 

design, new distribution services and recovery system set-ups. Do you have all 
these competences in your team?  

• What other kind of knowledge areas or competencies do you have in your 
company? What knowledge need to be outsourced? 

• How would you describe your role in the team - especially when thinking of your 
background and education in fashion design? Would you say that you are 
mostly a designer or facilitator or consultant or maybe all of these? 

• Does the company only work locally or what is your reach? Do you have plans 
to expand? 

• What kind of partners are you working with or having dialogues with? 
• How have you managed to build these networks? Could you describe the 

process? 
• What is your future vision when it comes to the future practices of fashion or 

clothing design? 
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• Can you specify more what were the requirements [of recyclers] before and how 
they have changed? 

• How much elastane can it [certain recycling process] include? Do you have 
some specific numbers of that? 

• What needs to be taken into account in the design processes when you think 
about these requirements? 

• How do you see these requirements changing in the future?  
• How would you reflect on the idea that in the future you could partner with 

some other companies that provide some similar kind of services as you? 
• Do you know others who are doing the same? 
• There already exist some open design tools in various websites. How do the 

‘circular design guidelines’ on your platform differ from them? 
• What kind of aspects are taken into account in the circular product check? Are 

you evaluating products based on life cycle assessment or how does it work? 
• When you are writing about the 2 different approaches to circular fashion, you 

also mention ‘transitional phase’. What do you mean by that? 
• Do I understand correctly, that in your consultancy, you are mostly focusing on 

the outer loop, which is the design for material recovery? 
• Regarding the circularfashion.ID: Would it be correct to say that it is kind of the 

product’s DNA? 
• You have developed a sorting guide. How does the collection of garments 

actually happen? Do consumers send the garments somewhere?  
• Do you have estimates how long people are using the garments?  
• You mention 2 really interesting design projects that you have worked with. Do 

you have some research data on compostable garments? How long does it take 
to degrade a piece of a garment made of the compostable material you mention? 

• Have you come up with any solutions that you have patented? 
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Appendix 2. Interview questions – Paper 3 

General questions for the experts 
 
• What can you tell about your background?  
• How do you see the relationship between clothing design and textile sorting? 
• How do you see the relationship between textile sorting and fibre recycling? 
• How do you see the relationship between fibre recycling and clothing design? 

 
Design specific questions 

 
• How would you describe your role in the company? 
• How many products do you design per collection/season? 
• What is the role of sustainability in the company? 
• How would you describe the clothing design process in “your” company? 
• How would you describe the clothing design process in the Trash-2-Cash 

project? 
• How would you compare these two?  
• During the project, multiple challenges related to automatic textile sorting have 

been identified. What do you think about those from the perspective of design?  
• Have those findings influenced product design process within the project? 
• How do you see clothing design process and designer’s role in the future? 

 
Sorting specific questions 

 
• What can you tell about the services “your” company provides?  
• What happens between the steps of collecting and recycling? 
• What are the biggest concerns or challenges in textile sorting generally? 
• What about in terms of recycling? 
• What do you mean by closed-loop and open-loop recycling? 
• How is it decided what goes to which loop (reuse vs. recycling)? 
• What percentage of the collected garments go to these different loops?  
• What is the role of technology in the sorting process?  
• What are your future plans regarding NIR technologies? 
• What are the biggest challenges of adopting these new technologies in sorting? 
• Is it possible to solve some of the challenges related to sorting already in the 

product design phase?  
• What kind of designs are most problematic when it comes to sorting? 
• How do you see the responsibility of clothing design in all this? 
• How do you see the future prospects when it comes to sorting and recycling 

garments? 
• What can you say about the design concepts and product designs created in the 

project when it comes to textile sortability? 
 
Recycling specific questions 

 
• What can you tell about the recycling process that you are working with? 
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• What is the current state of its development? 
• What can you tell about the material streams entering ”your” chemical recycling 

process? / What type of material is needed? 
• From where is it/will it be sourced? 
• What are the current requirements for the post-consumer textile waste material 

entering “your” process? 
• How do you see these requirements changing in the future?  
• Would it make any difference in the industrial scale?  
• Would there be some new challenges? 
• How would you generally describe the current situation of chemical textile 

recycling; regarding challenges, recent developments and the future? 
• What kind of other processes do you know when it comes to chemical recycling? 

Do you know anything about their challenges or state of development? 
• What can you then tell about the material blends and chemical recycling? 
• If accurate fibre composition cannot be known, how do you see the future of 

chemical recycling then?  
• What do you think is the most important phase in the textile supply chain when 

talking about recycling of post-consumer textile phase? 
• What should be specifically considered in the sorting phase if targeting chemical 

recycling? 
• What should be specifically considered in the clothing design phase if targeting 

chemical recycling? 
• What kind products would best fit into “your” chemical recycling process? 
• What kind of products would not fit to such process at all? 
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Appendix 3. Interview questions – Paper 4 

• What can you tell me about yourself?  
• What can you tell me about the company you work for?  
• How do you see the role of sustainability in the company or in its strategy? 
• How would you describe your role in the company? 

o What are your responsibilities? Title? 
o How long have you worked in your current position? 
o What products specifically do you design? 
o What kind of skills are needed in your job? 

• Regarding collection/season: 
o How many collections do you produce in a year?  
o How many products does a collection include?  
o How many of the products are usually carry-overs? 

• How would you describe the design process of a new collection? 
o Who are involved in the process? / Who do you work with? 
o What are the responsibilities of those people involved? 

• How would you describe your personal knowledge when it comes to 
sustainability/circular economy? 

• How is sustainability considered in the product design phase within the 
company?  

• How much do you think about the following aspects in the design process: 
o longevity / durability 
o reusability 
o repairability 
o recyclability 

• Are you familiar with different… 
o …design strategies (design for emotional durability, customisation, 

design for modularity etc.)? 
o …design guidelines or tools (e.g.  HIGG Index, Sustainable Design 

Cards, TED’s TEN, The Circular Design Guide, Circular Design 
Toolbox, circular.fashion)? 

o Do you use any of these when designing? 
• Do you use some external help or consultancy to support sustainability in 

design? 
• What would you as a designer need in order to make better/more sustainable 

decisions? 
• I will show (or share my screen to show) you pictures of: 1) a t-shirt with a 

print; 2) a pair of jeans; 3) a padded winter jacket.  
o Regarding sustainability, what kind of things do you usually consider 

when designing these types of products?  
o What kind of aspects can you consider if you aim to design such 

products long lasting? 
o What about if you aim to design such products recyclable? 

• What do you think are the biggest challenges in designing… 
o Long lasting garments 
o Recyclable garments? 
o What should change? 

• How do you see the role and responsibility of the designer when it comes to 
sustainability/circular economy? How much “power”’ does the designer have? 
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Appendix 4. Survey format – Paper 4 

Your background 

1. What is your education?  

 
Vocational 

training 
BA MA PhD Other 

Fashion/clothing design studies �  �  �  �  �  

Textile design studies �  �  �  �  �  

Other studies, please specify: �  �  �  �  �  

Other studies, please specify: �  �  �  �  �  

2. What is your current position in the company you work for? You can choose all that apply. * 

o Fashion/Clothing Designer 
o Textile Designer 
o Print Designer 
o Fashion/Textile Technician 
o Pattern Maker 
o Creative Director 
o Product Manager 
o Production Coordinator 
o Founder 
o Owner 
o CEO 
o Other, please specify: 

4. How would you describe your role and responsibilities in the company? What do you practically 
do? 

5. How many years have you worked in the clothing industry as a designer? * 

o Less than a year 
o 1-3 years 
o 4-5 years 
o 6-10 years 
o 11-15 years 
o 16-20 years 
o More than 20 years 

6. Do you have other work experience in the clothing industry other than design? 

o Yes. Please specify: 
o No. 

 
Design practices and sustainability 

7. What does sustainability mean to you as a designer? * 

8. How do you integrate sustainability into your design practice? * 

9. Below you can find several claims. Do you agree or disagree when you think about your work 
as a designer? * Options: No, I totally disagree/I somewhat disagree/I don't know or I can't say/I 
somewhat agree/ Yes, I totally agree. 
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o I think our company has a clear vision/strategy towards sustainability. 
o Our company has created some sustainability guidelines for the designers. 
o I can suggest improvements related to sustainable practices in our company. 
o My suggestions for improvements (related to sustainable practices) are considered. 
o The offering of sustainable materials (organic, recycled, certified) is poor. 
o Sourcing sustainable materials (organic, recycled, certified) is difficult for our 

company. 
o Sustainable materials (organic, recycled, certified) are too expensive for our company 

to use. 
o New materials emerge so quickly that it is difficult to keep up with the development. 
o We have enough personnel dedicated to sustainability issues. 
o We use (or have used) external sustainable consultancy to help us to improve our 

company's practices. 
o I know a lot of sustainability related issues. 
o I have enough time to consider sustainability related issues when I design. 
o I have enough sustainability expertise to make knowledge-based decisions when 

designing new products. 
o I know where to find more information related to sustainable fashion design when I 

need it. (Could you give an example?) 
o I dedicate (or have dedicated) my personal free time to sustainability related issues. 
o I'm aware of what aspects to consider if I want to design a long lasting product. 
o I'm aware of what aspects to consider if I want to design a product suitable for textile 

recycling. 
o I'm aware of what aspects to consider if I want to design a biodegradable product. 
o New technologies (such as recycling) emerge so quickly that it is difficult to keep up 

with the development. 
o I'm able to find out where the materials used in our products originally come from. 
o I'm able to find out the exact fibre composition of the materials that we use. 
o I'm able to find out what kind of chemicals our products and materials include. 
o I think we make our products as sustainable as possible for now 

 
Sustainable design strategies and tools 

10. How familiar are you with the following design strategies/approaches? * Options: Never 
heard./Sounds somewhat familiar./I know what this is about, but I haven't tried it./I have 
tried this approach./I actively apply this approach. 

o Design for longevity 
o Timeless design 
o Design for reuse 
o Design for repair 
o Design for remanufacturing 
o Design for disassembly 
o Design for recycling 
o Redesign/upcycling 
o Emotional durability 
o Customisation/personalisation 
o Upgradability 
o Co-creation (designing with the customer) 
o Half-way products 
o Transformable design 
o Modular design 
o Multi-functionality 
o Zero waste design 
o Slow fashion 
o Other, please specify: 
o Other, please specify: 
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11. How familiar are you with the following design tools and guides? * Options: Never 
heard./Sounds somewhat familiar./I know what this is about, but I haven't tried it./I have 
tried this tool./I actively apply this tool. 

o Circular Design Kit by circular.fashion 
o Circular Design Toolbox by Global Fashion Agenda 
o HIGG Index by Sustainable Apparel Coalition 
o Nike Circular Design Guide 
o Sustainable Design Cards by Design School Kolding 
o Textile Toolbox / TED's TEN by University of the Arts London 
o The Circular Design Guide by Ellen MacArthur Foundation 
o Other, please specify: 
o Other, plase specify 
 

Challenges and requirements 

12. What are the biggest challenges for you if aiming to design long-lasting garments? 

13. What are the biggest challenges for you if aiming to design recyclable garments? 

14. What would you need as a designer in order to make more sustainable decisions in the design 
process? What kind of requirements or wishes do you have? * 

Company information 

15. In which country is the company located? * 

16. How would you shortly describe the company's purpose? For example, 'ethical babywear made 
of organic materials'. 

17. In which sector(s) does the company operate? Please choose all that apply. * 

o Womenswear 
o Menswear 
o Childrenswear 
o Sportswear 
o Knitwear 
o Accessories 
o Footwear 
o Wearable technology 
o Other, please specify: 

18. Through which operations does the company sell their products or services? Please choose all 
that apply. * 

o Wholesale (The sale of products in large quantities to retailers or other merchants.) 
o Retail (The sale of products directly to customers via shops, online stores, pop-ups, 

bespoke services etc.) 
o Rental (The rental of products based on one-time fee or a service subscription.) 
o Resale (The sale of products that are collected back from the customers.) 
o Other, please specify: 

19. Where are most of the companies' products manufactured? Please choose all that apply. * 

o In-house 
o Nearby region (homeland) 
o Nearby region (neighbouring countries) 
o Within European Union 
o Other, please specify: 



 

97 

20. How long has the company been in operation? * 

o Less than a year 
o 1-3 years 
o 4-5 years 
o 6-10 years 
o 11-15 years 
o 16-20 years 
o More than 20 years 
o I don't know. 

21. What is the company size? * 

o Micro size (fewer than 10 employees, annual turnover ≤ € 2 million eur) 
o Small size (10-49 employees, annual turnover ≤ € 10 million eur) 
o Medium size (50 to 249 employees, annual turnover ≤ € 50 million eur) 
o Large size (250 or more employees)  
o I don't know. 

 
Company's approach to sustainability 

22. How important are the following aspects in the company you work for? Options: Not at all 
important. The issue is totally ignored./The issue is acknowledged but it's not so important./I 
don't know or I can't say./Important. We are working or aiming to work on it./Very important. 
This is in the core of the company's philosophy. 

o Local or nearby production 
o Safe working conditions throughout the supply chain 
o Fair living wages throughout the supply chain 
o Supply chain transparency 
o Transparency in pricing 
o Low environmental impact in production 
o Low water footprint 
o Low carbon footprint 
o Low chemical impact 
o Waste minimisation in production 
o Circular economy 
o Use of organic materials 
o Use of recycled materials 
o Use of certified materials 
o Use of natural dyes 
o Use of biobased treatments, finishes etc. 
o High quality / physical durability 
o Timeless design 
o User-centered design 
o Redesign/upcycling (designing with surplus or secondhand materials) 
o Reusability of products 
o Repairability of products 
o Recyclability of products 
o Biodegradability of products 
o Educating consumers on best practices (such as product maintenance) 
o Alternative business models (such as renting), please specify: 
o Additional services (such as repair, customisation, consultation), please specify: 
o Other, please specify: 
o Other, please specify. 
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Quality issues 

23. How do you estimate the quality of a fabric or a garment? 

24. From your point of view, what is bad, average and high quality? 

25. What kind of quality do you aim for within your company? What kind of methods do you use 
in order to achieve that level? 
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Appendix 5. Event list 

Fashion and circular economy related events attended by the author 2017-
2020 

 
• Trash-2-Cash workshop, Forli 2/2017  
• H&M Change Lab & Gala, Stockholm 4/2017 
• Educators Summit & Copenhange Fashion Summit, Copenhagen 5/2017 
• Trash-2-Cash workshop, Bilbao 5/2017 
• Trash-2-Cash workshop, Helsinki 9/2017 
• Visit to Aalto CHEM – Ioncell® process, Espoo 9/2017 
• Bio-Circular-Collaborative seminar, Helsinki 9/2017 
• Sustainable Fashion in Circular Economy seminar, Helsinki 10/2017  
• Circular economy of textiles, Telaketju seminar (Finnish) Espoo 4/2018 
• Visit to Infinited Fibre Company, Infinna™ process, Espoo 6/2018 
• Visit to LAB University of Applied Sciences, automated NIR sorting machinery, 

Lahti 6/2018 
• Towards CE of Textiles, Telaketju seminar, Helsinki 9/2018 
• 2-day Circular economy trip, organised by Finnish and Textile Association, the 

Netherlands 10/2018 
• Trash-2-Cash workshop, Eindhoven 10/2018 
• Circular Economy Roadmap 2.0 stakeholder event (Finnish), Helsinki 10/2018 
• Circular Economy Towards Sustainability seminar (Finnish), Helsinki 2018 
• USED TEXTILES: Waste or Value? seminar, Tallinn 12/2018 
• Taking Cotton Recycling to the Next Level webinar, 3/2019 
• World Circular Economy Forum, Helsinki 6/2019 
• The European Days for Sustainable Circular Economy (EDSCE) 2019, Helsinki 

9/2019 
• Textiles Tomorrow Summit, Espoo 10/2019 
• Textile Circular Economy networking event, Helsinki 11/2019 
• Circular Economy Strategies workshop, Espoo 12/2019 
• Carbon Neutral Textile Industry – Future or Utopia? webinar (Finnish), 5/2020 
• Carbon Neutral Textile Industry webinar (Finnish), 8/2020 
• Copenhagen Fashion Summit+ (online), 10/2020
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