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Executive summary

�is report was commissioned by the Deutsche Gesellschaft für Internationale Zusamme-
narbeit (GIZ) and funded by the German Federal Ministry for Economic Cooperation and
Development. It addresses the concept of a circular economy in the textile industry with
a particular focus on �bres in the garment and fashion sector. �e contents are based on
a comprehensive literature analysis, an expert workshop held during this 2018�s Cradle to
Cradle (C2C) international congress as well as more than 20 interviews with professionals
from the textile sector.

�e report outlines the conceptual implications for a circular textile sector, presents the
status quo of implementing a circular textile industry at the EU level, assesses innovative
recycling technologies and discusses challenges and potential solutions for the transforma-
tion to a circular textile sector. In this �rst part, the following working de�nition of circular
economy in the textile industry is suggested:

�A circular textiles economy describes an industrial system which produces neither
waste nor pollution by redesigning �bres to circulate at a high quality within the
production and consumption system for as long as possible and/or feeding them
back into the bio- or technosphere to restore natural capital or providing second-
ary resources at the end of use.�

Based on this understanding, the transition towards a circular textile industry will require
fundamental changes in the way products are designed and used, business is conducted
and progress is measured at the corporate level. �e background analysis suggests that the
transition towards a circular textile industry in Europe and Germany is still in its infancy.
�is is directly linked to a wide range of socio-economic, environmental and legal barriers
which inhibit the adoption of circular solutions on a broader scale. At the same time, a
number of potential solutions exist and innovative recycling technologies can help to close
material loops at the end of the textile use phase. However, none of them have reached
market maturity yet, suggesting that further �nancial and technical support is needed for
commercialisation.



4 C I R C U L A R  E C O N O M Y  I N  T H E  T E X T I L E  S E C T O R

1     Introduction ........................................................................................................................................ 7

2     Circularity in the textile sector......................................................................................................... 8

2.1  Conceptual considerations on a circular textile industry.............................................................. 8

2.2  State of play: circular economy in the textile sector across EU and non-EU 
       consumer countries............................................................................................................................. 11

2.3  Technology assessment: closing material loops through textile recycling.........................................21
 2.3.1 Established recycling technologies.................................................................................................................. 22
 2.3.2 Innovative closed-loop recycling technologies......................................................................................... 23
 2.3.3 Sorting technologies................................................................................................................................................... 25

2.4  Transitioning towards a circular textile industry............................................................................................... 26
 2.4.1 Challenges and barriers......................................................................................................................................... 26
 2.4.2 Solutions and best practices................................................................................................................................29

3    Conclusion and outlook......................................................................................................................................................  35

Annex I.    Schools of thought.................................................................................................................................................. 36
Annex II.   Circular economy system diagramme......................................................................................................... 37
Annex III.  Detailed framework for circular business models in the textile industry.......................... 38
Annex IV.  Assessment of recycling technologies.........................................................................................................40
Annex V.   Nearshoring and automation as enablers for a circular textile value chain.....................45
Annex VI.  Strategies for overcoming challenges to use of recycled materials.......................................46

Bibliography ...........................................................................................................................................................................................47

Table of contents





6

List of abbreviations

BAT Best Available Technologies
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BREF BAT reference document
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ECAP European Clothing Action Plan
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EMF Ellen MacArthur Foundation
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WRAP Waste and Resources Action Programme

UBA Federal Environmental Agency
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1. Introduction 

�roughout recent years, demand for textile �bres, �rst and foremost in the fast fashion segment, has increased 
tremendously. Global �bre consumption is expected to reach between 130 and 145 million metric tonnes by 
2025 (Ellen MacArthur Foundation 2017a). At the same time, the textile industry is often described as one 
of the most polluting and resource-intensive industries in the world. In order to transform the textiles value 
chain towards actively contributing to social, economic and environmental development, public and private 
stakeholders have started to embrace the concept of a circular economy.1 Mainstreamed by the Ellen MacArthur 
Foundation (EMF) (as well as the Cradle to Cradle movement, amongst others), the circular economy is de-
scribed as restorative and regenerative by design, fostering system-wide innovation and rede�ning products and 
services to eliminate the concept of waste whilst minimising negative impacts and creating positively de�ned 
(i.e. material health) products for speci�c circular application scenarios. 

�e following report is divided into two parts. �e �rst part presents an in-depth analysis of circular economy 
in the textile sector in EU-countries (including Germany) by providing brief conceptual considerations for a 
circular textile sector, presenting the status quo of implementing a circularity textile industry at the EU level, 
assessing innovative recycling technologies and discussing challenges and barriers as well as best practices and 
solutions for the transformation to a circular textile sector. �e second part provides recommendations to the 
German Federal Ministry of Economic Cooperation and Development (BMZ) and the Partnership for Sustain-
able Textiles, outlining possible courses of action through which the concept of a circular textile sector can be 
further promoted within the context of German development cooperation over the next years.

Methodologically, the report draws from a structured literature analysis and background research, 20 interviews 
with renowned experts with a background in circular economy and the textiles sector. Additionally, adelphi and 
C2C organised a focus group session as part of 2018�s international Cradle to Cradle Congress which focused 
on circularity in the textile industry (Circular Textiles Symposium, conducted on September 14th 2018, Lüne-
burg/Germany): 20 textile experts attended this session. 

Based on scoping discussions at the beginning of the project period, the analysis focuses mainly on the fashion 
industry and predominantly addresses circularity and material health of natural and man-made �bres, thus 
largely omitting other important auxiliary materials in the textiles value chain (e.g. chemicals and water) as 
agreed with GIZ.

I N T R O D U C T I O N

1 The German translation of circular economy “Kreislaufwirtschaft” is often synonymously used for waste management 
  (end-of-pipe-approach) without characteristics of circular design or Cradle to Cradle.
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2 Circularity in the textile sector

2.1 Conceptual considerations on a circular textile industry

During the last 20 years, the environmental impacts of the textile industry have received growing public at-
tention and have pushed manufacturers, retailers and brands to reduce their environmental footprint. In the 
European context, this was guided as early as 2003 with the compilation and publication of the �rst Best 
Available Technology Reference Documents (BAT/BREF) document by the European IPPC Bureau. In this 
context, more recently, circular economy is receiving increasing attention. It is often contrasted by today�s prev-
alent linear economy relying on the extensive extraction of raw materials that are transformed into goods, sold 
on the market place and, once consumed, simply burnt or land�lled. According to the book Cradle to Cradle 
� Remaking the Way we Make �ings (Braungart & McDonough 2002), this is also being referred to as �take-
make-waste� production and consumption patterns. �e concept of a circular economy has been in�uenced 
by various schools of thought that emerged throughout the last decades. An overview is provided in Annex I.

It is very important to highlight that circularity goes beyond mere end-of-pipe solutions and should not be 
simply understood as an approach to more e�cient management of waste (i.e. less resources, less energy, less 
waste). Both literature and interview partners highlighted that the transition towards a circular economy rep-
resents a fundamental paradigm shift and transformation of industrial operations in which waste is understood 
as a valuable resource � or, in fact, the concept of waste is entirely eliminated by designing products for de�ned 
application scenarios, disassembly and recycling in either biological or technical cycles. In a circular economy, 
actors collaborate along the value chain to optimize the eco-e�ectiveness of the entire ecosystem to create shared 
value (Braungart et al. 2006). Local and adapted production is given priority and down-cycling is avoided 
wherever possible in order to maintain the material value of products and components for as long as possible. 

From a systemic perspective, the circular economy concept often distinguishes between biological and technical 
cycles (Ellen MacArthur Foundation 2017a). �is distinction was initially developed by Braungart and Mc-
Donough by formulating the concept of Cradle to Cradle. It presents the idea that materials and components 
should be designed for well-de�ned application scenarios. 

Accordingly, biological cycles comprise materials that are bene�cial to human health and the environment, thus 
enabling new organic growth as a biological nutrient once they reach the end of use. �is can be illustrated by 
the example of a textile: in the production of a shirt, full �cyclability� in biological cycles can only be ensured 

C I R C U L A R  E C O N O M Y  I N  T H E  T E X T I L E  S E C T O R

Figure 1: Circular Economy as a paradigm shift
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if the raw materials (e.g. pesticide-free organic cotton) and all involved dyestu�s and other chemicals applied 
throughout the production processes are fully biodegradable and do only contain substances that are bene�cial 
to human health and the environment. Technical cycles refer to materials which present primary raw materials 
of limited availability and, in view of increasing resource scarcity, should be retained in use for as long as possible 
(e.g. precious metals or plastics). For instance, C2C certi�ed o�ce chairs are manufactured in such a way that 
all materials used can be disassembled and then sorted according to type and with little e�ort. �is makes it 
possible to reuse all materials as secondary raw materials at the end-of-use phase. For further information on the 
di�erentiation between biological and technical cycles, please refer to the �gure in Annex II. 

Against this background, the transformation towards a circular textile industry calls for fundamental changes 
throughout the entire lifecycle of textile apparel products, including design changes in upstream processes to 
ensure that clothes can be recycled and repaired e�ciently. �is may for example also require a shift away from 
using mixed �bres (e.g. poly-cotton) towards predominant use of mono-�bres of garments (e.g. pure cotton). 
�e use of harmful chemicals (i.e. persistent, bio-accumulative, endocrine-disrupting or carcinogenic substanc-
es) must be avoided at all times. Following the Cradle to Cradle approach to a circular economy, textile apparel 
products need to be designed to be safely worn on bare skin and should be fully biodegradable within biological 
cycles. 

In the manufacturing phase, innovative production techniques need to be fostered by incorporating means of 
zero-waste techniques (e.g. using o�-cuts right at the production facility) and use of innovative �green� chem-
icals. Further, the use of recycled �bres needs to be increased substantially. During the use and consumption 
phase, new business models and use concepts need to be implemented. �ese emphasise access over ownership 
to prolong the product use-phase. In line with the concept, textile apparel retailers are required to shift away 
from mere sales of fashion goods towards service-based business models. �is may, for instance, include renting 
of garments to consumers via clothing libraries (example: tuxedos for rent for special occasions) or leasing servic-
es for which consumers pay a monthly fee in exchange for access to a garment (Esculapio 2018). Furthermore, 
repair and reuse concepts need to become more pronounced at the business-level, e.g. by o�ering repair kits and 
services as well as reselling products that had been in use before.

In downstream processes, end-of-use measures such as recycling, upcycling and reuse are viewed as prominent 
approaches which can close material loops and retain the material quality of textiles for as long as possible. �is 
includes the development and large-scale adoption of innovative sorting and recycling technologies separating 
�bres without reducing their inherent material quality. In this context, various technologies have reached the 
proof of concept stage and now need to be brought to the mass market in order to foster wide-spread adoption. 

Looking at the implication of circular textiles industry at the corporate level, the Finnish innovation fund Sitra 
(www.sitra.�/en/) conducted a comprehensive assessment of innovative business models in the textile industry 
in 2015 (Circle Economy 2015). �e analysis spanned some 250 di�erent business concepts and resulted in 
a framework consisting of three main categories and a number of corresponding sub-categories. �e main 
categories are: 1) Circular (creating value from waste); 2) Servitisation (functionality over ownership); and 3) 
Su�ciency (encouraging e�ective use of resources). As for 1), circular business models seek to eliminate the 
concept of waste and by turning waste streams into useful and valuable inputs for other processes. According 
to category 2), business models based on �servitisation� provide services that satisfy users� needs without having 
to own physical products. Lastly, category 3) describes su�ciency-based approaches as solutions that actively 
reduce consumption and production. �is classi�cation is displayed in the �gure below. For a more detailed 
presentation of the sub-categories, please refer to Annex III.

Further implications for businesses pertain to changes in the approach to performance measurement. Some 
initial research has been conducted on performance indicators, with a wide range of varying approaches. In 
2015 for instance, the Ellen MacArthur Foundation launched the world�s �rst �Material Circularity Indicator� 

C O N C E P T U A L  C O N S I D E R A T I O N S
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which measures the degree of circularity at the company or product level on a scale from 0 to 1 (Ellen MacAr-
thur Foundation b). A similar work was conducted by Gri�ths and Cayzer in 2017 (Cayzer et al. 2017). By 
using a weighted scale, their indicator system follows a scorecard approach, which requires experts� inputs in 
order to translate a product�s performance into a measurable format. Since 2010, the non-pro�t Cradle to 
Cradle Products Innovation Institute provides a 5-level certi�cation scheme to indicate product quality and 
circularity regarding aspects of water treatment, energy consumption, social standards, material health and re-
cyclability (de�ned as material reutilisation). While these examples seek to de�ne circular business metrics on a 
generic level, little has been done to adapt these indicator systems to the speci�c context of the textile industry       
(Hemkhaus 2016).

According to background research and expert interviews, the transition towards a circular textile industry also 
requires far-reaching changes at the policy level. Here, public stakeholders are required to implement take-back 
schemes via Extended Producer Responsibility (EPR) in order to ensure that textile and fashion products are 
collected at the end of their use and circulated back into the production or consumption sphere. In order to 
increase policymakers� understanding of the subject, this report proposes the following working de�nition of a 
circular textile industry, which was developed based on stakeholder consultations (interviews, workshop), and 
review of the existing body of literature:

�A circular textiles economy describes an industrial system which produces neither waste nor pollution 
by redesigning �bres to circulate at a high quality within the production and consumption system for 
as long as possible and/or feeding them back into the bio- or technosphere to restore natural capital or 
providing secondary resources at the end of use.�

From the perspective of Cradle to Cradle, a circular textiles industry also needs to consider the use of healthy 
materials for de�ned usage scenarios. A product which is worn down during its use phase (e.g. a shoe sole) needs 
to be designed for biological cycles, thus requiring it to be fully biodegradable. On the other hand, products or 
product parts that may remain entirely in a technical closed loop scenario can also be designed for continuously 
remaining in technical cycles (e.g. curtain fabrics). Hence, products need to be designed for circularity also with 
regards to material health. In contrast, end-of-pipe-solutions like incineration or down-cycling keep working 
within Cradle to Grave paradigms.

C I R C U L A R  E C O N O M Y  I N  T H E  T E X T I L E  S E C T O R

Figure 2: Framework for circular business models in the textile industry (Circle Economy 2015)
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2.2 State of play: circular economy in the textile sector
 across EU and non-EU consumer countries

�e current linear economic model in the textile sector has put a huge pressure on the environment. Natural 
resources, which are used at di�erent stages of clothing manufacturing deplete with time and it is the responsi-
bility of all the market players to make the current textile industry more sustainable. In this regard, the 4Rs of 
the circular economy model � Re-design, Reduce, Reuse, and Recycle � play a major role in curbing pollution 
caused due to the industry. �is means that the challenges for the textile and clothing sector will refer to the 
fundamental re-design of reduction of material and energy intensity, lower dispersion of toxic substances, en-
hancement of the ability to recycle, maximisation of the use of renewable resources, an extension of product 
durability and increasing the use intensity (Koszewska 2018).

�e clothing industry accounts for a combined turnover of 1.13 trillion EUR globally and employs more than 
300 million people along the entire value chain. In the last 15 years, clothing production doubled and it is 
estimated that the demand for textile �bres further increases by 84% in the next 20 years (ibid.). �is increase 
can be attributed to the rising prevalence of fast fashion, releasing an increasing number of collections each year 
with highly competitive pricing and ever-shorter usage periods. Due to the growing demand for �bres, global 
textile production continues to grow. In 2017, 99 million tonnes were produced globally, growing at a rate of 
approximately 2.5 % per year and reaching between 130 and 145 million metric tonnes by 2025 (Ellen MacAr-
thur Foundation 2017a; Qin, Yang (Michelle); Tecnon OrbiChem 2018).

S T A T E  O F  P L A Y

Figure 3: Growth of clothing sales and decline in clothing utilisation since 2000 
(Ellen McArthur Foundation 2017a)
























































































