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ABSTRACT
The objectives of this study are to understand the circular supply chain
barriers for textile companies to implement the circular economy. Main
contributions of the study were to propose a specific framework that
reveals circular supply chain barriers in transition to circular economy
with holistic view by encompassing all stakeholders, to reveal causal
relationships among the circular supply chain barriers within textile
industry. Causal relationships between the proposed circular supply
chain barriers were identified by Fuzzy-Decision Making Trial and
Evaluation Laboratory (DEMATEL) method. The barriers are classified
under cause and effect groups and related implications are proposed.
The findings of this study are lack of collecting, sorting and recycling,
reluctance for acceptance of CE model, and problems related to
uniformity and standardisation are revealed as the most important
barriers, respectively. Moreover, lack of technical knowledge is the most
influencing factor, whereas, challenges in product design is the most
influenced factor.
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1. Introduction

The circular economy (CE) has been becoming more important for manufacturing companies in
today’s world since the increasing importance of the sustainability and the environmentally friendly
activities. The transition from linear economy to the CE is inevitable for manufacturing companies
to have sustainable and fair global economy (Vermeulen 2015). Sustainable development concerns
such as climate change and increasing carbon emissions have forced companies to change their way
of doing business from linear economy to the CE (Mazzanti and Montini 2014; Atlason, Giacalone,
and Parajuly 2017; Coste-Maniere et al. 2019; Zhou, Song, and Cui 2020).

The CE and its implementations have been mostly used in the textile industry, which was the
largest manufacturing industry that pollutes the environment because of its complex process.
The textile industry is the second most polluting sector in the world (Malik et al. 2014), because
it has a SC where toxic substances polluting air, water, and soil are used extensively. The amounts
of textile waste have been increasing globally, however, recycling or reusing of textile products
would reduce the new wastes from virgin materials (Dahlbo et al. 2017). In addition, textile industry
also uses excessive water to complete the manufacturing process and all manufacturing processes in
textile industry are very water-intensive (Ellen MacArthur Foundation 2017; Rathinamoorthy
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2019). Therefore, the use of CE principles plays an important role in reducing pollution in textile
industry via material and energy density, reducing materials, reusable materials, using less toxic
materials, increasing recycling ability, focusing on resource efficiency, using products for a long
time, producing value-added products, and eliminating waste (Snoek 2017; Koszewska 2018;
Kumar and Carolin 2019; Pathak and Endayilalu 2019). In this way, final product and fibre demand
is greatly reduced (Koszewska 2018).

Textile companies launch new items with short product life cycle, and this leads to less durable
quality and more costs (Mukherjee 2015). The consumption of textile items and the waste of textile
products have been rising dramatically. The waste taken from the manufacturing process would be
a significant input for another manufacturing process that encompasses raw material, harvesting,
designing, yarn manufacturing, spinning, weaving, dyeing, stitching, and cutting (Smith, Baille,
and McHattie 2017). It is obvious that today’s linear economy cannot accomplish a sustainable
manufacturing process; therefore, the CE is a need for especially textile industry (Mukherjee
2015; Ræbild and Bang 2017; Koszewska 2018). However, it was suggested to the textile companies
to transform their capabilities from linear economy to the CE, there have been many barriers that
companies encounter during this process. Therefore, this study focused on the barriers that prevent
companies adapting the CE implementations.

Each step in the manufacturing of final products is affected by another step in a textile company’s
supply chain (SC), which has several stakeholders such as designers, material converters, garment
manufacturers, brand owners, and retailers (Cao et al. 2008; Snoek 2017; Kirchherr et al. 2018).
Adapting the CE implementations requires the whole SC entities adapt them (Bianchini, Rossi,
and Pellegrini 2019). In the circular supply chain (CSC) of a textile company, the processes in
the chain such as collecting, separating, classifying, and recovering should be improved concur-
rently and should be operated with minimum harmful environmental impacts (Dahlbo et al.
2017). In the CE, the whole SC and its processes should be adapted to sustainability based on opti-
mum utilisation of all resources (Coste-Maniere et al. 2019). Because of these reasons, this study
analysed the SC barriers in the transition to the CE in textile industry. Masi et al. (2018) stated
the need for analysing the specific industries in different geographical contexts. It is important to
understand the CE concept in developing countries. Thus, a number of studies have examined
and suggested possible frameworks for implementation of the CE for various sectors in emerging
economies (Mangla et al. 2018; Farooque et al. 2019; Batista et al. 2019; Deineko, Tsyplitska, and
Deineko 2019; Jugend et al. 2020; Khandelwal and Barua 2020; Jabbour et al. 2020). Also, there
are few studies conducted in the context of the textile industry (Moktadir et al., 2020; Snoek
2017; Daňo, Drábik, and Hanuláková 2020). The study was conducted in Turkey, which is a textile
country and a developing country. The SC stakeholders of the textile companies in Turkey have
been improving dramatically. Due to the increasing importance of Turkey in the global textile
industry over the world, the field study was implemented to the Turkish textile companies’ SC
stakeholders.

The main aim of the study was to reveal the CSC barriers for textile companies to implement the
CE. The main contributions of the study were (i) to propose a specific framework that reveals CSC
barriers in transition to CE with a holistic view by encompassing all the stakeholders, and (ii) to
reveal the causal relationships among the CSC barriers within textile industry. Therefore, research
questions were developed as follow:

RQ1: Revealing the CSC barriers within the complex structure of textile industry?

RQ2: What are the causal relationships among these CSC barriers within textile industry?

In the study, initially, the relationship between SC and CE was investigated and the importance
of CSC was mentioned, then the CSC barriers that prevent companies implementing CE in textile
industry were examined. The causal relationships among the barriers were investigated using
Fuzzy-DEMATEL method. In the implementation part, the interviews with the textile companies
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conducted and the DEMATEL method was implemented. Lastly, the results of the study were dis-
cussed, and both managerial as well as policy implications were proposed based on the results of
DEMATEL method to overcome barriers in textile industry context.

The paper is structured as follows; Section 2 provides a brief literature review, in Section 3 CSC
barriers to implement CE in the Textile industry is presented, Section 4 exhibits methodology used
in the paper, a case study in textile industry is given in Section 5, results in Section 6, discussion and
implication in Section 7–8, and finally, the paper is concluded in Section 9.

2. Literature review

CE is a closed-looped industrial economic model that aims to minimise waste while keeping
materials, product value, and resources within the economy as much as possible via restoration
and reuse, renewable energy, elimination of toxic chemicals usage, sustainable design (Spring
and Araujo 2017; Cheng and Chou 2018; Daae, Chamberlin, and Boks 2019; Kumar and Carolin
2019). The principles of the CE, initially was laid with 3R – Reduce, Reuse, and Recovery – include
10Rs – Reduce, Repair, Renew, Reuse, Remanufacture, Recycle, Refurbish, Repurpose, Recover, and
Refuse (Ellen MacArthur 2013; Cramer 2017).

With the transition of textile industry from linear economy to the CE, by changing the way of
design, manufacturing, marketing, transportation, and consumption of products within the textile
value chain and reducing the use of resources, companies provide the sustainable business model
(Malik et al. 2014; Song andWang 2017). The CE requires the participation of all stakeholders in the
market, and collaboration is shaped by repair, reuse, renewal, and reproduction and recycling
throughout the life cycle of all production, consumption, and resources (Boiten, Li-Chou Han,
and Tyler 2017; Jakhar et al. 2018). Sustainable production and consumption require collaborative
association among supply chains and operational efficiencies which means active engagement,
cooperation, mutual understanding, collaboration, and feedback between various stakeholders in
the market. Briefly, the CE cannot be fully implemented successfully without managing the relation-
ships between various stakeholders by considering their roles in the process that are shaped by
reduce, repair, reuse, renewal, reproduction, refurbishing, and recycling throughout the value
chain (Boiten, Li-Chou Han, and Tyler 2017; Jakhar et al. 2018; Gupta et al. 2019; Camilleri
2020; Jabbour et al. 2020; Rossi et al. 2020). Lifecycle of a product in the CE is longer than in
the linear economy because in a CE approach products are designed to be modular, durable,
value-added, and also recyclable by recovering material, energy, and water (Fischer and Pascucci
2017; Schroeder, Anggraeni, and Weber 2018; Manickam and Duraisamy 2019). Thus, a systematic
material flow and a coordinated SC are crucial to circulate the loops continuously (Govindan and
Hasanagic 2018; Kumar et al. 2019). As the CE has an interdisciplinary structure, the implemen-
tation of CE necessities a collaboration of the related sectors of the manufacturing industry such
as designers, raw material suppliers, and other services providers (Fischer and Pascucci 2017; Rathi-
namoorthy 2019). SC coordination encompasses all kinds of cooperation and collaboration efforts
within direct/indirect parties involved in the value chain such as manufacturers, designers, raw
material suppliers and other collectors, government, retail stores, end-users (Cao et al. 2008; Fischer
and Pascucci 2017; Gupta et al. 2019; Pandit, Nadathur, and Jose 2019; Rathinamoorthy 2019). The
textile industry is a good example to present the limits of the current linear economy model (Kos-
zewska 2018).

The textile industry has a long SC, including design, sourcing, fibre and clothing manufacturing,
packaging and delivery, waste management, use and restoration (Clancy, Fröling, and Peters 2015;
EURATEX 2017; Jia et al. 2020). Most companies in the textile industry operate in the linear econ-
omy (Franco 2017). In the CE, textile wastes are used as a resource with reverse logistics appli-
cations and are based on extending the life cycles of textile products and effective use of
resources (Bouzon, et al. 2016). Thus, CSC is a complex system based on effective waste manage-
ment, recycling, remanufacturing, and reusing materials and waste (Mangla et al. 2018; Koszewska
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2018). The CSC is difficult to manage because it has a very long SC and materials are supplied from
many large and small companies from countries with lower labour costs – e.g. companies in Asia
(Snoek 2017).

The SC in textiles consists of different industries and collaborations, the transition to the CE, the
minimisation and recycling of waste at all levels is the common responsibility of all companies
(Pathak and Endayilalu 2019). In this process, environmentally conscious suppliers, manufacturers,
retailers, and users need to be integrated into the entire SC. Besides, some companies may not be
willing to adopt the CE (Rathinamoorthy 2019). However, for a full circular business model in tex-
tile industry, the whole SC must act in accordance with CE principles (Kirchherr et al. 2018; Kos-
zewska 2018). Thus, the entire infrastructure and SC need to be changed (Snoek 2017; Ellen
MacArthur Foundation 2017). In addition to the SC actors, other stakeholders have a vital impact
on the CE activities in textile industry (Pathak and Endayilalu 2019; Sandvik and Stubbs 2019).
Therefore, the literature examining the implementation of sustainability across major SC highlights
the need for a systematic and holistic approach to the CE when all relevant stakeholders are rede-
signed (Ræbild and Bang 2017; Bressanelli, Perona, and Saccani 2019). Stakeholders in the textile
CSC include fibre production, yarn manufacturers, fabric manufacturers, garment manufacturers,
designers, retailers, end-users, collectors, and recycling companies (Cao et al. 2008; Dahlbo
et al. 2017; Pandit, Nadathur, and Jose 2019). The stakeholders in textile CSC are based on
the classification of European Commission (2017); Design4Circle (2019); Wicher et al.
(2018); EUROTEX (2019); Boiten, Li-Chou Han, and Tyler (2017); Snoek (2017); Fontell &
Heikkilä (2017); ECAP (2019). In the beginning of the textile CSC, collectors and recyclers
play a critical role in collecting used or unused textile wastes for reuse or recycling from textile
industry, classifying them according to their colours and type of materials, and removing acces-
sories such as staples and zippers on the materials (ECAP 2019). In colour separation, it means
that repainting is not necessary in terms of energy-saving and prevention of pollutants (Sand-
vik and Stubbs 2019). Textile waste is turned into recycled fibre by fibre manufacturers (Fontell
& Heikkilä 2017). Later, recycled fibre is used as the raw material and turned into the yarn.
Yarn producers combine with other fibres related to the final use of the yarn. This process
is provided to reduce energy savings, use less raw materials, and decrease environmental
impact (Design4Circle 2019; Snoek 2017). Fabric manufacturers conduct recycling by convert-
ing waste to recycled yarns and clothing (ECAP 2019; Charter 2018). The role of designers in
this process is to design the products in a way that will minimise waste in production, reuse
the textile waste within the design of clothing with minimal loss of quality, and encourage the
use of recyclable local materials (Wilson 2015; Ozdamar Ertekin and Atik 2020). Garment
manufacturers use textile fibre fabrics that are recycled after the consumption of the end-
users or discarded textile accumulated among the chain. They can also use recycled industrial
textile waste and PET bottles in production (EUROTEX 2019). In the textile CSC, retailers and
fashion brands play an active role in promoting the SC to move to the CE, creating awareness
and increasing transparency in the chain (ECAP 2019). Moreover, end-users need to discard all
kinds of clothing and home textile products that they no longer need for reasons such as aging,
undercoating, or losing fashion features and decide to throw in the recycling bins of munici-
palities or large retail stores (Buyukaslan, Jevsnik, and Kalaoglu 2015). The role of end-user
should not be ignored because the involvement of user in supply chain decisions offers inno-
vative ideas, affects product cost, and optimum price. Firms can provide this participation with
cloud computing platforms (Chen, Duan, and Zhang 2020). Besides, sellers can give infor-
mation and promote their products to customers (Wu and Tsai 2018). The government and
policymakers have a significant role and influence in the implementation of the CE (Govindan
and Hasanagic 2018; Song et al. 2020; Zhou, Song, and Cui 2020). Therefore, the government
and policymakers directly or indirectly affect the stakeholders’ behaviour in line with the CE.

Figure 1 exhibits the stakeholders in the CSC, from raw material to design and till the products
reach the end-users and then collected and recycled in textile industry within a closed-loop
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structure. In the complex structure of the CSC in textile industry, each stakeholder acts as an inde-
pendent actor that needs to implement collaboration, communication, and coordination in the net-
work structure (Fontell & Heikkilä, 2017).

In order to implement the CE in textile SC the barriers embracing the whole chain should be
investigated. Implementation of the CE refers to the need for a multidimensional array of indicators
rather than a single one (Rossi et al. 2020). These barriers should be highlighted within the systems
approach to cover all members and stages of the SC within the transition to CE. In literature,
especially Rizos et al. (2016); Franco (2017); Tura et al. (2019) have investigated the barriers associ-
ated with the SC and its members. However, to the best of our knowledge there is no study high-
lighting barriers to CSC within textile industry. Therefore, in the next section the CSC barriers to
implement CE in textile sector will be scrutinised.

3. CSC barriers to implement CE in the textile industry

The literature for analysing the barriers was investigated using keywords such as ‘CE barriers/
obstacles’, ‘CSC barriers in textile/apparel industry’, ‘green SC barriers’, and ‘sustainable SC bar-
riers’, ‘challenges in textile industry’. Google Scholar, Web of Science, ScienceDirect, Scopus, Emer-
ald databases were used to search the related articles. While determining this barrier list, it was
applicable to textile industry. The barrier list was identified with 25 barriers through literature
review. As CE is a structured approach, it requires effective SC management and integration
among the stakeholders in the product lifecycle (Atlason, Giacalone, and Parajuly 2017; Tseng
et al. 2020). However, there are SC barriers that hinders a robust CE implementation should be
identified (Mont et al. 2017; Pheifer 2017; Jakhar et al. 2018; Kirchherr et al. 2018). In this study,
the CSC barriers were also classified according to the relationship of one or more stakeholders
involved. In this way, the barrier that different stakeholders may encounter in the implementation
of the CE in the SC of a textile company is shown in Table 1.

Figure 1. CSC Stakeholders in textile industry.
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Table 1. Framework for CSC barriers and stakeholders in textile industry.

Main categories Barrier name

Type of stakeholders

Fibre
Man.

Yarn
Man.

Fabric
Man.

Garment
Man. Designers

Brands &
retailers

End
users Collectors Recyclers

Government
& policy
makers

MANAGERIAL ISSUES C1 Performance assessment
problem

X X X X X X

C2 Reluctance for acceptance of
CE

X X X X X X X

C3 Problems of tracking & tracing X X X X X X X
HUMAN RESOURCES C4 Labour intensiveness X X X X X X

C5 Need for skilled labour X X X X X
DESIGN ISSUES C6 Need for complementary

processes
X X

C7 Challenges in product design X X X X
RAW MATERIALS C8 Procurement problems for

recyclable materials
X X X X X X X

C9 Quality problems X X X X X
C10 Challenges in material
structure

X X X X X X X

C11 High raw material costs X X X X X X
POLICY RELATED
CHALLENGES

C12 Problems related to
uniformity & standardisation

X X X X X

C13 Certification problems X X X X X X X
INFORMATION &
AWARENESS

C14 Lack of awareness X X X X X X X X X
C15 Lack of theoretical knowledge X X X X X X X
C16 Lack of technical knowledge X X X X X X X

COOPERATION &
COLLABORATION

C17 Communication &
coordination problems

X X X X X X X

C18 Supplier inconsistency X X X X X X X
C19 Lack of vision & trust X X X X X X X X X

ECONOMIC C20 High initial costs X X X X X X
C21 Vagueness in profit margins &
rate of return

X X X X X X X

C22 Diseconomies of scale X X X X X X X
INFRASTRUCTURAL &
TECHNOLOGICAL

C23 Lack of high-tech in reverse
logistics

X X

C24 Lack of infrastructure X X
C25 Lack of collecting, sorting &
recycling

X X
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Managerial issues:Managerial issues are about business level activities which include ‘perform-
ance assessment problem (C1)’, ‘reluctance for acceptance of CE (C2)’, ‘problems of tracking and
tracing (C3)’. If there are lacks of a quantitative performance measuring system and performance
indicators regarding CE, it causes managerial problems, especially on the behalf of yarn, fabric and
garment manufacturers, collectors, and recyclers (Su et al. 2013; Mangla, Govindan, and Luthra
2017; Govindan and Hasanagic 2018; Bianchini, Rossi, and Pellegrini 2019; Jia et al. 2020). Beyond
performance assessment problems, companies may hesitate to accept the CE as a business model
and this affects yarn, fabric and garment manufacturers, designers, brand owners and retailers,
and governments/policymakers (Cao et al. 2008; Govindan and Hasanagic 2018; Kirchherr et al.
2018). This happens when there are negative reactions to change, short-term focus and applying
the CE is found risky (Kumar et al. 2019; Kumar and Suganya 2019). Problems of tracking and tra-
cing refer difficulty of monitoring the product’s life cycle and material flows in the CE experienced
by yarn, fabric and garment manufacturers, brand owners and retailers, collectors and recyclers
(Elia, Grazia Gnoni, and Tornese 2017; Govindan and Hasanagic 2018; Kumar and Suganya
2019). This difficulty also occurs because of the lack of data (e.g. about material location, the deter-
mination of components and materials and their related typology, status, and quantity) and suitable
information for decision-making processes (Tatoglu et al. 2016; Kirchherr et al. 2018; Baltussen
2019; Bianchini, Rossi, and Pellegrini 2019). For continuous traceability, not only the materials
and products but also the waste should be monitored (Bianchini, Rossi, and Pellegrini 2019).

Human resources: Human resources category is about ‘labour intensiveness (C4)’ and ‘need for
skilled labour (C5)’. There is a labor-intensive structure in the circular textile industry and it nega-
tively affects yarn, fabric and garment manufacturers, designers, and recyclers (Mont et al., 2017).
Especially, collecting and separating disposed of textiles for reparation to recycling are labour-
intensive activities (Dodick and Kauffman 2017). Besides, some activities such as bio-refining
require skilled labour. However, there is lack of qualified personnel on the CE (Li and Yu 2011;
Su et al. 2013) and it puts pressure on yarn and fabric manufacturers, collectors, and recyclers
(Morone and Navia 2016; Esposito, Tse, Soufani 2018).

Design issues: Making recyclable and environmentally friendly designs are important to con-
duct business activities circularly for a textile company (Atlason, Giacalone, and Parajuly 2017).
Considering the CE, proper design of the product allows an easier separation of materials, and
also contributes to identify the mixture of various materials and components within the textile pro-
ducts (Rathinamoorthy 2019). However, there are challenges affecting the design process such as
‘need for complementary processes (C6)’, and ‘challenges in product design (C7)’. In order to pro-
duce apparel, many complementary processes -such as cleaning, coating, dyeing, welding- are
needed and garment manufacturers and designers experience these challenges (Koszewska 2018;
Jia et al. 2020). In the manufacturing process, avoidance of using toxic materials is another impor-
tant challenge (Rathinamoorthy 2019). Textile products have complex material composition and it
causes difficulties in the disassembly, separation, recycling processes that are the activities affect
designers, brand owners, and retailers, end-users (Sabaghi, Mascle, and Baptiste 2016; Franco
2017; ECAP 2019). For example, even if it is successful in producing end products, it is not guar-
anteed that consumers will like and buy it (Atlason, Giacalone, and Parajuly 2017).

Raw materials: Issues about raw materials are important challenges in the circular textile indus-
try. ‘Procurement problems for recyclable materials (C8)’, ‘quality problems (C9)’, ‘challenges in
material structure (C10)’ and ‘high raw material costs (C11)’ prevent a successful CE application
in textile industry. In order to implement a sustainable design strategy, waste should be recycled
(Ballie and Woods 2018). However, there is limited quality and availability of recycled materials
or it is difficult to recycle (Franco 2017; Kirchherr et al. 2018; Filho et al. 2019). For example,
blended polyester and cotton are difficult to recycle (Baltussen 2019). These barriers affect yarn, fab-
ric and garment manufacturers, end-users, collectors, and recyclers (van der Velden, Patel, and
Vogtländer 2014). Recycled materials may be in low quality and durability. It causes problems
with the quality and expected lifetime of the finished product and makes their activities harder
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(Niinimäki and Hassi 2011; Filho et al. 2019). Textile products are complex as they are made of var-
ious materials (Parajuly 2017). This complexity makes it hard to decompose textile wastes and
reduces the ability to extract secondary raw materials and find alternatives. This situation compli-
cates the work of yarn, fabric and garment manufacturers, collectors, and recyclers (Bastein et al.
2013; Snoek 2017). Another vital barrier in the CE implementation is high raw material costs.
Many virgin materials are cheaper than recycled materials because transactions for recycling and
collection are expensive (Kumar and Suganya 2019). Therefore, the price of the recycled end pro-
ducts increases, and end-users may not want to buy them. Therefore, manufacturers may not want
to produce, and brand owners/retailers may not want to sell recycled products (Fletcher, 2014; Nii-
nimäki and Hassi 2011; Govindan and Hasanagic 2018).

Policy related challenges: Government support and policies are vital for a successful and clear
implementation of the CE because they shape companies’ future steps (Kumar et al. 2019). Policy
related challenges can be discussed under two headings which are ‘problems related to uniformity
and standardisation (C12)’, ‘certification problems (C13)’. Policies and laws about the CE are not
strong and standardised, and some of them do not fit the CE concept so they restrain the activities
of yarn, fabric and garment manufacturers, government and policymakers (Li and Yu 2009; Gen-
ovese et al. 2017; de Man and Friege 2016; Maitre-Ekern and Dalhammar 2016). Different stan-
dards, lack of standardisation and certification cause confusion about performance assessment,
quality, data collection, which negatively affect yarn, fabric and garment manufacturers, collectors,
recyclers, and governments/policymakers (Su et al. 2013; Dodick and Kauffman 2017; Hazen, Mol-
lenkopf, and Wang 2017; Baltussen 2019; Luthra, Mangla, and Yadav 2019; Yadav et al. 2020).

Information and awareness: As robust implementation of the CE is dependent on information
and awareness, ‘lack of awareness (C14)’, ‘lack of theoretical knowledge (C15)’, ‘lack of technical
knowledge (C16)’ hinders successful CE activities. Many companies do not have information
about CE and its principles; also, they are not aware of its potential benefits. Hence, yarn, fabric
and garment manufacturers, designers, brand owners and retailers, collectors, recyclers, and gov-
ernments/policymakers are negatively affected by the lack of information, knowledge, and aware-
ness (Geng et al. 2012; Wastling, Charnley, and Moreno 2018; Rathinamoorthy 2019; Yadav et al.
2020). Moreover, if companies do not have expertise in current technologies and practical
implementation (e.g. methods of treatment and recovery for discarded textile products), the effec-
tiveness of the process and quality of recycled products may diminish (Dahlbo et al. 2017; Kirchherr
et al. 2018; Baltussen 2019; Kumar and Suganya 2019) and this situation negatively affects yarn, fab-
ric, and garment manufacturers, designers, collectors, and recyclers (Ilić and Nikolić 2016).

Cooperation and collaboration: SC of textile industry is long and complex because it encom-
passes several manufacturing and distribution processes (Cao et al. 2008). Thus, ‘communication
and coordination problems (C17)’, ‘supplier inconsistency (C18)’, ‘lack of vision & trust (C19)’
between multiple stakeholders causes problems. Having difficulties about collaboration, infor-
mation sharing, and getting feedback with SC actors reduces the effectiveness of the CE implemen-
tation as it diminishes synchronisation, communication, and monitoring (Dodick and Kauffman
2017; Mont et al. 2017; Mangla, Govindan, and Luthra 2017; Baltussen 2019; Kumar et al. 2019;
Patel and Desai (2019); Yadav et al. 2020). Since most of the manufacturers in the textile industry
operate in a linear economy, it is difficult to communicate and coordinate with brands and retailers
with these manufacturers, collectors, and recyclers in the transition to a CE (Rizos et al. 2016; Man-
gla et al. 2018; Tura et al. 2019; Kumar and Suganya 2019; Kumar et al. 2019; Luthra, Mangla, and
Yadav 2019).

Due to the length of the SC in textiles, the fact that too many suppliers are included in the process
from the harvest to the finished product creates a shortage of consistent supplier (Baltussen 2019;
Rathinamoorthy 2019; Kumar and Suganya 2019). The problem that may arise in supplier consist-
ency is affected by the amount and frequency of supply and brands and retailers that want to pro-
duce in a CE is prevented (Mangla et al. 2018; Kumar and Suganya 2019.) In a CE system working
with SC stakeholders who share the same vision is also difficult as many firms do not accept and
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deploy the CE. Thus, problems on losing control and trust are experienced frequently (Brown,
Bocken, and Balkenende 2019; Karlsson, Rootzén, and Johnsson 2020). In order to act jointly within
the SC, loss of control in the sharing of information about the CE and absence of trust among sta-
keholders such as manufacturers, designers, retail and brands, collectors, and recyclers arise as a
barrier (Snoek 2017; Rizos et al. 2016; Jia et al. 2020). In addition, because the supply chain is
formed by various stakeholders, effective risk management and decision-making systems should
be created by including all stakeholders to handle potential errors (Cong et al. 2008)

Economic: ‘High initial costs (C20)’, ‘vagueness in profit margins and rate of return (C21)’, ‘dis-
economies of scale (C22)’ are other barriers under economy. Textile manufacturers have to bear
high investment costs in order to change their infrastructure and technologies in transition to
CE. High capital investment is needed in order to have a technological infrastructure for the pro-
cesses like reuse of returned products, recovery, and recycling in providing reverse logistics service
and for the training of the personnel working in this field for manufacturers, collectors, and recy-
clers. The cost of sustainable raw material is also high compared to the virgin raw material used in
the linear economy (Pheifer 2017; Pathak and Endayilalu 2019). These needs increase the initial
investment cost and need for working capital (Rizos et al. 2016; Snoek 2017; de Jesus andMendonça
2018; Pathak and Endayilalu 2019; Baltussen 2019; Patel and Desai 2019; Jia et al. 2020; Govindan
and Hasanagic 2018; Hendiani, Liao, and Jabbour 2020). The return on investment is uncertain as it
is cumbersome to identify and measure the long-range effects of the benefits of the CE by manu-
facturers, collectors, and recyclers. In addition, since the cash flow, income, and cost development
of the new business model are not known by the companies, this model has been defined as a barrier
in the short-term adoption of the CSC due to the lack of economic benefits (Rizos et al. 2015; Man-
gla et al. 2018; de Jesus and Mendonça 2018; Werning and Spinler 2020). Also, since virgin material
costs are lower than sustainable products, brands and retailers want to produce and sell large quan-
tities, so the concern about whether they can produce a large amount of circular products creates
uncertainty in their profitability (Brink 2018). Due to the fact that technology in textile is not
sufficiently developed, difficulties in recycling products cause these products to not be produced
very much, which make the development of economies of scale difficult for collectors and recyclers.
Moreover, as the demands of consumers and producers for recycled materials increase, fabrics will
become more available and affordable owing to economies of scale (Brink 2018; Baltussen 2019;
Kurkela 2020).

Infrastructural and technological: Combining and developing technologies to generate suit-
able raw materials from post-consumption textile waste and production waste is vital to close
the loop (Pandit, Nadathur, and Jose 2019). However, technology may be insufficient for the
collection, classification, and separation of textile wastes with the existing infrastructure of textile
companies especially for collectors and recyclers (Boiten, Li-Chou Han, and Tyler 2017; Kos-
zewska 2018; Dieckmann et al. 2020). Especially in emerging economies, these processes are car-
ried out by informal waste sellers (Baltussen 2019; Filho et al. 2019). In addition, the complexity
of the product contents makes separation difficult and technology is needed (Hawley 2014). Lack
of recycling facilities at local and regional level with reverse logistics infrastructure in collecting
textile waste makes it difficult to carry out circular activities (Rizos et al. 2016; Patel and Desai,
2019; Hart et al. 2019). Therefore, the lack of infrastructure makes it difficult to implement CSC
in textile industry.

4. Methodology

Literature review was investigated to reveal CSC barriers within CE in textile industry. The expert
opinions were taken by interviews. In this stage, the industrial experts have been formed. This is
followed by a data collection stage where the data were collected from industrial experts using pair-
wise comparisons. Next, we applied Fuzzy DEMATEL method. Finally, the results of the proposed
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framework are discussed, and implications were proposed. Figure 2 shows the proposed framework
for this research.

The reason to hire fuzzy logic is due to its capability to deal with the vagueness in human
judgment and subjectivity which are inherent within the human decision-making process.
The reason to use DEMATEL method is due to the fact that it analyses a structured procedure
to reveal cause & effect relationship among the specified factors (Fekri, Aliahmadi, and Fathian
2009). Fuzzy DEMATEL is a widely used technique for barrier studies to determine causal
relationships (Kaur et al. 2018) including green and sustainable supply chains (Moktadir
et al., 2020), CSC (Farooque et al. 2019). Fuzzy DEMATEL is useful in dealing with human
bias and ambiguity involved in studying the interrelationships between barriers (Mangla et al.
2018). DEMATEL is a flexible model that can produce more reliable results with less data com-
pared to other methods such as ISM and AHP (Yang and John 2003). Thus, in this paper, the
DEMATEL technique is integrated with fuzzy logic to utilise the advantages of both in a
decision-making process.

Figure 2. Proposed framework for analysing CSC barriers in textile industry.
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4.1. The fuzzy DEMATEL method

DEMATEL method is developed by the Battelle Memorial Institute through Genova Research
Centre (Gabus and Fontela 1972, 1973). DEMATEL can be described as an extensive method for
constructing and analysing the causal relationship among the complex factors in a structural
model (Fekri, Aliahmadi, and Fathian 2009) and it gives priority to criteria depending on the
relation type and the severity of the impact on others (Tseng and Lin 2009). Also, due to
decision-makers are likely to make decisions depending on their personal experiences and thoughts,
their evaluations are stated in equivocal linguistic terms (Fekri, Aliahmadi, and Fathian 2009).
Therefore, the fuzzy theory is useful for dealing with the vagueness that is the nature of human
thought and language in decision-making (Lin and Wu 2008).

The modified version of the DEMATEL method obtained by Fontela and Gabus (1976) pre-
sented as below (Wu and Lee 2007).

Definition 1: The pair-wise comparison scale by using an integer scale can be generated and cate-
gorised as follows, ‘No influence’, ‘Low influence’, ‘High influence’ and ‘Very high influence’ which
corresponds to 0,1.2 and 3 respectively.

Definition 2: The initial direct-relation matrix ‘Z’, which is a (n x n) matrix, is derived by ranking
the criteria in terms of influences and directions via pair-wise comparisons, in which zij is denoted
as the rating that which criterion i affects the criterion j, i.e. Z = [zij]nxn.

Definition 3: The normalised direct-relation matrix ‘X’, e.g. X = [xij]nxn and 0≤ xij≤ 1 can be
obtained from the following formulas (1) and (2), where all major diagonal components are
regarded as zero.

X = s · Z (1)

s = 1
max1≤i≤n

∑n
j=1 zij

, i, j = 1, 2, . . . , n. (2)

Definition 4: For the calculation of the total-relation matrix ‘T’, formula (3) can be used, in which
the ‘I’ represents the identity matrix.

T = X(I–X)−1. (3)

Definition 5: The sum of both rows and columns are separately described as ‘D’ and ‘R’ respectively
for the computing total-relation matrix ‘T’ by using formulas (4)–(6):

T = tij, i, j = 1, 2, . . . , n, (4)

D =
∑n

j=1

tij, (5)

R =
∑n

i=1

tij, (6)

Definition 6: The cause–effect diagram can be derived by plotting the dataset of (D + R, D−R),
where the horizontal axis is computed as (D + R), and the vertical axis can be generated as deducting
D from R (D−R).
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4.2. The fuzzy logic

A successful approach to defuzzification must consider a fuzzy number identified by its form,
spread, height, and relative position on the x-axis (Opricovic and Tzeng 2004). Centroid (Cen-
ter-of-gravity) is regarded as the most widely used defuzzification method (Yager and Filev
1994), however, it cannot differentiate two fuzzy numbers that have the same crisp value in
terms of different forms. Thus, Converting Fuzzy data into Crisp Scores (CFCS), is used to provide
more crisp value than the Centroid method.

The CFCS method, which is devised by Opricovic and Tzeng (2004), depends on the method
which calculates the right, medium, and left (l,m,r) scores by using fuzzy min and fuzzy max,
and the weighted average has taken as regards to the membership function to compute the overall
score. The indication of the fuzzy evaluation of the evaluator k (k = 1,2,. . ., p) shows a level to which
of the criterion I influence criterion j. The CFCS method involves an algorithm that is comprised of
five stages defined as follows:

(1) Normalisation:

xlkij = (lkij −min lkij)/D
max
min , (7)

xmk
ij = (mk

ij −min lkij)/D
max
min , (8)

xrkij = (rkij −min lkij)/D
max
min , (9)

where

Dmax
min = max rkij −min lkij.

(2) Compute left (ls) and right (rs) normalised value:

xlskij = xmk
ij/(1+ xmk

ij − xlkij), (10)

xrskij = xrkij/(1+ xrkij − xmk
ij). (11)

(3) Compute total normalised crisp value:

xkij = [xlskij(1− xlskij)+ xrskijxrs
k
ij]/[1− xlskij + xrskij]. (12)

(4) Compute crisp values:

zkij = min lkij + xkijD
max
min . (13)

(5) Integrate crisp values:

zkij =
1
p
(z1ij + z2ij + · · · + zpij). (14)

4.3. The procedure of fuzzy DEMATEL method

The theoretical processes are clarified as following for the further applicability of the Fuzzy DEMA-
TEL system for group decision-making:

Step 1: Forming an expert group for the identification of the decisive goal. An initial step is defining
what the decision objectives are and set up an expert group to gather the experts to solve problems.

Step 2: Developing evaluation factors and designing the fuzzy linguistic scale. For addressing the
equivocalness of human judgments, the linguistic variable, which is ‘influence’, with five linguistic
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terms is used (Li 1999) which are denoted in positive triangular fuzzy numbers (lij, mij, rij) as
shown in Table 2.

Step 3: Obtaining and combining the evaluations of decision-makers. Measurement of the inter-
action among the assessment variables C = {Ci │i = 1,2,. . ., n} is typically essential to ask an expert
group to carry out an assessment composed of influences and directions among factors. Thereafter,
the fuzzy evaluations taken from experts are defuzzied and reunited as a crisp value which is rep-
resented as zij. Lastly, the initial direct-relation matrix may be acquired from (7)–(14) formulas.

Step 4: Generating a structural model and analysing the diagram. The normalised direct-relation
matrix X can be computing using formula (1) depending on the initial direct-relation matrix
Z. After, the total-relation matrix T can be acquired via formula (3). The causal diagram formulas
can be obtained from Definition 5 and 6, which are denoted as formulas (4)–(6). ‘Prominence’
which is the horizontal axis of the causal diagram described as (D + R), on the other side, causal
diagram’s vertical axis named ‘Relation’ can be calculated by deducting R from D as following for-
mula (D−R). The horizontal axis which is indicated as ‘Prominence’ displays the significance level
of the factors, where the ‘Relation’, the vertical axis, can separate factors as a cause–effect group.
Typically, when there is a plus sign on the ‘Relation’ axis, this means that the factor can be taken
as in the cause group. Accordingly, when the ‘Relation’ axis has a minus sign, this corresponds
to that factors regarded as in the effect group.

5. Case study in the textile industry

In this study, the CSC barriers faced by the stakeholders in the SC towards the transition to the CE
in the textile sector are evaluated. The reason to select textile industry is that it is one of the most
polluting manufacturing industries that create several negative environmental impacts as follows: it
excessively consumes resources such as oil, carbon, and water, it has high shares in carbon budget,
and it increases levels of microfibres in oceans (Ellen MacArthur Foundation 2017). Due to the ris-
ing importance of zero waste and circular economy in the textile industry and the negative impacts
of using linear economy in the textile industry, this study is focused on the textile industry. More-
over, since the circular economy in manufacturing contains the entire complex supply chain (Bian-
chini, Rossi, and Pellegrini 2019), the study is focused on the transition to circular supply chains in
the textile industry.

Turkey is the sixth-largest producer for the apparel industry worldwide and the largest textile
manufacturer in Europe. In 2017, Turkey is stated as the fifth largest exporter of textile products.
Approximately one million people are employed in the textiles industry in Turkey (Sabanoglu
2019). The industry has the greatest foreign trade surplus and is the leading industry in the
gross domestic product and domestic input use. The sector leads with high tech use, flexible pro-
duction capability, and qualified workforce (Textile Focus 2019). The total amount of textile exports
of Turkey was 763 million USD (Istanbul Textile and Raw Materials Exporters Association [ITR-
MEA] 2019). However, total exports of Turkish textile and raw materials decreased by 5.5% in
2019 compared to 2018, the amount of total textile and raw materials exports increased by 2% in
2019 (Yoleri 2020). On the other hand, as a global trend, the developed economies have preferred
to outsource their domestic production process to emerging economies with low-wage costs, like

Table 2. Fuzzy linguistic scale.

Linguistic terms Triangular fuzzy numbers

Very high influence (VH) (0.75,1.0,1.0)
High influence (H) (0.5,0.75,1.0)
Low influence (L) (0.25,0.5,0.75)
Very low influence (VL) (0,0.25,0.5)
No influence (No) (0,0,0.25)
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Turkey, where the SC is demand-driven and quite flexible (Snoek 2017). In the textile industry, cer-
tain manufacturers have relative power over the SC in the market with their size in the market and
control the suppliers in the market (Kirchherr et al. 2018).

The interview technique was used in data collection. The stakeholders in SC in textile industry
were interviewed. The interviews were started with a global retailer company. This global retailer
was chosen because it is one of the leading global retailers in Turkey and the CE principles were
strongly emphasised from product design to all SC processes in its sustainability report. In addition,
the reason to begin interviews with a global retailer company is that a global retailer is the key entity
in the textile SC that dominates and leads the whole SC stakeholders such as designers, raw material
suppliers, manufacturers, and local retailers.

The reason for collecting data in this way is that CSC in textile industry is a recent and new
research field within CE that requires in-depth expertise and CSC has just been started to be
implemented in Turkish textile industry.

The advice of experts in this field was used to figure out the companies to be included in the
study. The companies are determined by perceiving the goal of representing the forward and
reverse flows in the circular textile SC. Thus, the parties of the CSC studied in this study consist
of recycling companies, raw material suppliers, final product manufacturers, retailers, and finally
the government side as the policymakers. Therefore, in the study, one global retailer brand, one tex-
tile recycler, two raw material suppliers, one reverse logistics company, one design agency, three
garment manufacturers, and two government authorities are included as shown in Table 3.

Data were collected from 11 experts, representing the stakeholders in the SC, using pairwise
comparisons. Nine experts have been working in the companies that take place directly in the
supply chain such as retailer, textile recycler, raw material supplier, and final product manufacturer.
They have been working in different positions related to sustainability such as sustainable develop-
ment manager, environmental engineer, and director of sustainability.

The other two experts have been working in the governmental and policymaker agency, named
as Aegean Exporter’s Associations. They were included to the research in order to understand the
governmental and non-profit organisations’ perspectives regarding sustainability and circularity in
the textile industry. They have seen as an expert in this field because they work as foreign trade and
marketing specialists and are responsible for increasing regional developments in exporting of raw
textile materials, specifying the strategies about production and marketing capabilities for a sustain-
able textile industry, making statistical analysis of the textile industry, executing market researches,
and organising fashion design contests to promote the design culture.

Among the 11 experts, most of them were graduated from the Faculty of Business and Faculty of
Engineering, few of them also earned PhD and MBA degrees. The ages of the experts were distrib-
uted between 36 and 62. They have worked in many different positions and companies before, and

Table 3. Information about industrial experts.

Position in the supply chain Expert’s position
No. of years

in the company Total work years Gender

Global Brand and Retailer Vice President Supply Chain 18 22 Female
Textile Recycler General Manager 23 25 Male
Raw Material Supplier:
Yarn Manufacturer

Sustainable Development Manager 7 10 Male

Raw Material Supplier:
Fabric manufacturer

Senior Environmental Engineer 8 11 Male

Final product manufacturer:
Garment manufacturer

Owner 14 23 Female
Export Operations and Business 7 10 Male
Director of Sustainability 21 23 Male
R&D Engineer 6 7 Female
Director of Sustainability 8 12 Female

Governmental and
Policy Maker

Secretary General 15 20 Female
Head of Textile Garment Department 11 13 Male
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now they have been working in the relevant company, which this research was executed in, for
many years. The shortest time period in the relevant company was 6 years, despite the longest
time in the relevant company was 23 years. The details can be seen in Table 3. These experts
have been included in the research because of their experiences and long working years in the
field that is between 7 and 25 years. After collecting data, the steps of the DEMATEL method
explained above were applied in data analysis.

6. Results

The DEMATEL results have indicated the following results and findings based on three categories
which are cause and effect groups and importance group. Table 4 exhibits the Direct Relation
Matrix, X, and Table 5 presents the Total Relation Matrix.

The row totals (D) and column totals (R) of Total Relation Matrix are calculated using Equations
(4)–(6), respectively. The results are exhibited with a graph to visualise in a cause–effect diagram.
The (D + R) values show the importance level and represented on the horizontal axis, whereas the
(D−R) values identify whether the criterion belongs to the cause or effect group and represented on
the vertical axis. A positive (D−R) value represents that the criterion belongs to the cause group
whereas a negative (D−R) value represents that the criterion belongs to the effect group (Wu
and Lee 2007).

The cause group represents the factors influencing the other factors. The cause group members
are located above the horizontal axis. As the distance from the horizontal axis increases it signals a
greater influence of that factor to others.

The effect group represents the factors being influenced by other factors. The effect group mem-
bers are located below the horizontal axis. As the distance from the horizontal axis increases, it exhi-
bits that the factor is being influenced more than other factors.

The importance group represents the factors influencing and being influenced simultaneously.
The important group members are located on the vertical axis. As the distance from the vertical axis
increases it mentions greater importance of the factor.

According to the definitions given above, the following findings are listed according to the results
shown in Figure 3. The three barriers with the highest cause values are listed respectively as: ‘Lack of
technical knowledge’ (C16), ‘Procurement problems for recyclable materials’ (C8), and ‘Lack of

Figure 3. Causal diagram.
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Table 4. Direct Relation Matrix, X.

DEMATEL

X C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25

C1 0,00 0,04 0,04 0,02 0,03 0,02 0,02 0,02 0,03 0,02 0,02 0,03 0,03 0,03 0,04 0,03 0,04 0,04 0,05 0,03 0,03 0,03 0,01 0,02 0,02
C2 0,04 0,00 0,04 0,03 0,03 0,03 0,03 0,02 0,04 0,02 0,03 0,05 0,04 0,04 0,05 0,05 0,04 0,03 0,05 0,04 0,04 0,04 0,04 0,04 0,04
C3 0,03 0,03 0,00 0,03 0,03 0,02 0,01 0,02 0,04 0,02 0,03 0,05 0,04 0,04 0,03 0,03 0,04 0,04 0,04 0,02 0,03 0,03 0,03 0,03 0,03
C4 0,02 0,03 0,02 0,00 0,04 0,01 0,01 0,01 0,02 0,02 0,02 0,01 0,02 0,01 0,01 0,01 0,02 0,01 0,02 0,02 0,01 0,01 0,02 0,02 0,04
C5 0,03 0,03 0,02 0,03 0,00 0,02 0,02 0,01 0,03 0,02 0,02 0,03 0,02 0,04 0,04 0,04 0,03 0,03 0,03 0,03 0,02 0,02 0,03 0,03 0,04
C6 0,02 0,03 0,02 0,02 0,02 0,00 0,04 0,02 0,03 0,03 0,03 0,02 0,02 0,03 0,02 0,02 0,02 0,02 0,03 0,03 0,02 0,03 0,02 0,02 0,02
C7 0,01 0,02 0,02 0,02 0,02 0,02 0,00 0,02 0,02 0,02 0,02 0,01 0,02 0,01 0,02 0,02 0,01 0,01 0,02 0,01 0,01 0,02 0,01 0,02 0,03
C8 0,01 0,02 0,02 0,01 0,01 0,02 0,02 0,00 0,03 0,04 0,04 0,02 0,03 0,02 0,02 0,02 0,01 0,02 0,03 0,03 0,03 0,03 0,02 0,03 0,05
C9 0,03 0,04 0,03 0,01 0,03 0,03 0,04 0,01 0,00 0,03 0,04 0,04 0,03 0,03 0,02 0,02 0,03 0,05 0,03 0,04 0,04 0,03 0,02 0,02 0,04
C10 0,01 0,02 0,02 0,02 0,02 0,03 0,03 0,03 0,02 0,00 0,04 0,02 0,02 0,02 0,02 0,02 0,01 0,03 0,02 0,03 0,03 0,03 0,03 0,03 0,05
C11 0,01 0,03 0,02 0,02 0,01 0,02 0,03 0,02 0,03 0,04 0,00 0,03 0,03 0,03 0,03 0,02 0,02 0,04 0,04 0,04 0,04 0,04 0,03 0,03 0,04
C12 0,04 0,05 0,05 0,02 0,02 0,04 0,04 0,02 0,05 0,04 0,04 0,00 0,05 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04
C13 0,04 0,04 0,06 0,02 0,03 0,04 0,04 0,03 0,05 0,04 0,03 0,05 0,00 0,04 0,04 0,04 0,03 0,04 0,04 0,03 0,03 0,04 0,04 0,04 0,05
C14 0,04 0,05 0,04 0,03 0,05 0,04 0,03 0,02 0,04 0,03 0,03 0,04 0,04 0,00 0,05 0,05 0,05 0,05 0,05 0,04 0,04 0,04 0,03 0,03 0,04
C15 0,04 0,05 0,04 0,03 0,04 0,04 0,04 0,03 0,04 0,04 0,04 0,05 0,04 0,05 0,00 0,05 0,05 0,05 0,05 0,03 0,04 0,03 0,03 0,03 0,04
C16 0,04 0,05 0,04 0,02 0,04 0,04 0,04 0,04 0,05 0,03 0,04 0,05 0,04 0,05 0,05 0,00 0,04 0,04 0,04 0,04 0,03 0,04 0,04 0,04 0,05
C17 0,03 0,03 0,04 0,02 0,02 0,03 0,03 0,02 0,02 0,02 0,02 0,04 0,03 0,04 0,04 0,04 0,00 0,04 0,05 0,03 0,03 0,03 0,03 0,03 0,04
C18 0,02 0,03 0,03 0,01 0,01 0,01 0,02 0,01 0,04 0,02 0,03 0,04 0,04 0,04 0,03 0,03 0,04 0,00 0,04 0,01 0,03 0,03 0,02 0,02 0,03
C19 0,03 0,04 0,04 0,01 0,02 0,03 0,02 0,01 0,04 0,03 0,03 0,04 0,04 0,05 0,04 0,05 0,05 0,04 0,00 0,03 0,03 0,04 0,04 0,03 0,05
C20 0,02 0,04 0,03 0,02 0,01 0,02 0,03 0,01 0,03 0,02 0,03 0,03 0,03 0,04 0,04 0,04 0,03 0,04 0,05 0,00 0,05 0,04 0,04 0,05 0,05
C21 0,02 0,04 0,03 0,01 0,01 0,02 0,01 0,01 0,03 0,02 0,02 0,02 0,01 0,03 0,02 0,02 0,02 0,03 0,04 0,04 0,00 0,04 0,04 0,03 0,03
C22 0,02 0,05 0,02 0,01 0,01 0,02 0,01 0,00 0,03 0,02 0,04 0,03 0,03 0,02 0,03 0,03 0,03 0,03 0,04 0,04 0,04 0,00 0,04 0,05 0,04
C23 0,01 0,04 0,04 0,03 0,02 0,02 0,02 0,01 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,00 0,04 0,05
C24 0,03 0,04 0,03 0,03 0,02 0,02 0,02 0,01 0,04 0,03 0,04 0,04 0,03 0,02 0,03 0,03 0,03 0,03 0,04 0,04 0,03 0,04 0,05 0,00 0,05
C25 0,03 0,04 0,05 0,04 0,04 0,02 0,03 0,03 0,04 0,05 0,05 0,04 0,04 0,03 0,04 0,04 0,03 0,04 0,04 0,05 0,04 0,05 0,05 0,05 0,01
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Table 5. Total relation matrix, T.

T

T C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 D’s

C1 0,07 0,14 0,13 0,07 0,09 0,09 0,10 0,07 0,13 0,09 0,11 0,13 0,12 0,13 0,13 0,12 0,12 0,13 0,15 0,12 0,12 0,12 0,10 0,10 0,13 2,82
C2 0,14 0,14 0,16 0,11 0,12 0,12 0,13 0,08 0,16 0,12 0,14 0,17 0,16 0,17 0,16 0,16 0,15 0,16 0,18 0,16 0,15 0,16 0,15 0,15 0,18 3,65
C3 0,11 0,15 0,11 0,09 0,10 0,09 0,10 0,08 0,14 0,11 0,13 0,16 0,14 0,14 0,14 0,13 0,13 0,14 0,15 0,12 0,13 0,13 0,13 0,13 0,15 3,13
C4 0,06 0,09 0,08 0,04 0,08 0,06 0,06 0,04 0,08 0,07 0,07 0,08 0,08 0,07 0,07 0,07 0,07 0,07 0,08 0,08 0,07 0,07 0,08 0,07 0,10 1,79
C5 0,10 0,14 0,12 0,09 0,07 0,09 0,10 0,06 0,13 0,10 0,10 0,12 0,11 0,14 0,13 0,13 0,12 0,12 0,14 0,11 0,11 0,11 0,11 0,11 0,14 2,80
C6 0,08 0,12 0,10 0,07 0,08 0,06 0,10 0,07 0,11 0,09 0,11 0,10 0,10 0,10 0,10 0,10 0,09 0,10 0,12 0,10 0,10 0,10 0,09 0,09 0,11 2,38
C7 0,06 0,08 0,07 0,05 0,06 0,06 0,05 0,05 0,08 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,06 0,07 0,08 0,07 0,07 0,07 0,06 0,07 0,09 1,70
C8 0,08 0,11 0,11 0,06 0,07 0,08 0,09 0,04 0,11 0,11 0,12 0,11 0,11 0,11 0,10 0,10 0,09 0,10 0,12 0,11 0,11 0,11 0,10 0,11 0,14 2,48
C9 0,11 0,15 0,13 0,08 0,10 0,10 0,11 0,07 0,10 0,11 0,13 0,14 0,13 0,13 0,12 0,11 0,12 0,15 0,14 0,13 0,13 0,13 0,11 0,12 0,15 2,98
C10 0,08 0,11 0,11 0,07 0,08 0,09 0,10 0,07 0,11 0,07 0,12 0,11 0,10 0,10 0,10 0,10 0,09 0,11 0,12 0,11 0,10 0,11 0,10 0,11 0,14 2,53
C11 0,09 0,14 0,12 0,08 0,08 0,10 0,11 0,07 0,13 0,11 0,09 0,13 0,12 0,13 0,12 0,12 0,11 0,14 0,14 0,13 0,13 0,13 0,12 0,12 0,15 2,90
C12 0,14 0,19 0,18 0,10 0,11 0,13 0,14 0,09 0,18 0,14 0,15 0,13 0,17 0,17 0,17 0,17 0,15 0,17 0,18 0,16 0,16 0,17 0,16 0,16 0,19 3,86
C13 0,13 0,18 0,18 0,10 0,12 0,13 0,14 0,10 0,17 0,14 0,15 0,18 0,12 0,16 0,16 0,16 0,15 0,17 0,18 0,15 0,15 0,16 0,16 0,15 0,19 3,78
C14 0,14 0,19 0,17 0,11 0,14 0,14 0,13 0,09 0,18 0,14 0,15 0,18 0,17 0,13 0,18 0,17 0,16 0,18 0,20 0,16 0,16 0,17 0,15 0,15 0,19 3,94
C15 0,15 0,19 0,18 0,11 0,14 0,13 0,15 0,10 0,17 0,15 0,16 0,19 0,17 0,18 0,13 0,18 0,17 0,18 0,20 0,16 0,16 0,16 0,15 0,16 0,19 3,99
C16 0,14 0,20 0,18 0,11 0,14 0,14 0,15 0,11 0,19 0,15 0,17 0,19 0,17 0,19 0,19 0,13 0,16 0,18 0,19 0,17 0,16 0,17 0,16 0,17 0,20 4,11
C17 0,11 0,15 0,15 0,08 0,10 0,11 0,12 0,07 0,13 0,11 0,12 0,15 0,14 0,15 0,15 0,14 0,10 0,15 0,17 0,13 0,13 0,13 0,13 0,13 0,16 3,20
C18 0,10 0,13 0,13 0,07 0,08 0,08 0,09 0,06 0,13 0,10 0,12 0,13 0,13 0,13 0,12 0,12 0,12 0,10 0,14 0,10 0,11 0,12 0,10 0,10 0,13 2,75
C19 0,12 0,17 0,16 0,09 0,11 0,11 0,12 0,08 0,16 0,12 0,13 0,16 0,15 0,16 0,16 0,16 0,16 0,16 0,13 0,14 0,14 0,15 0,14 0,14 0,18 3,51
C20 0,11 0,17 0,14 0,09 0,09 0,10 0,12 0,07 0,14 0,11 0,13 0,14 0,14 0,15 0,14 0,14 0,13 0,15 0,17 0,11 0,15 0,15 0,14 0,15 0,17 3,29
C21 0,08 0,13 0,10 0,06 0,07 0,08 0,08 0,05 0,11 0,08 0,09 0,10 0,09 0,10 0,10 0,10 0,09 0,11 0,12 0,11 0,07 0,11 0,11 0,11 0,12 2,36
C22 0,09 0,16 0,12 0,07 0,08 0,09 0,09 0,06 0,13 0,10 0,13 0,13 0,13 0,12 0,12 0,12 0,12 0,13 0,15 0,13 0,13 0,10 0,13 0,14 0,15 2,92
C23 0,09 0,14 0,14 0,09 0,09 0,09 0,10 0,07 0,13 0,11 0,12 0,14 0,12 0,13 0,13 0,13 0,12 0,13 0,14 0,13 0,13 0,13 0,09 0,14 0,16 2,98
C24 0,11 0,16 0,14 0,09 0,09 0,10 0,11 0,07 0,15 0,11 0,14 0,15 0,14 0,13 0,14 0,13 0,12 0,14 0,16 0,14 0,13 0,14 0,14 0,10 0,17 3,19
C25 0,13 0,18 0,18 0,13 0,14 0,12 0,14 0,10 0,18 0,16 0,17 0,18 0,16 0,16 0,17 0,17 0,15 0,17 0,18 0,17 0,16 0,18 0,17 0,17 0,16 3,96
R’s 2,62 3,70 3,39 2,09 2,43 2,50 2,73 1,79 3,45 2,76 3,11 3,47 3,23 3,35 3,31 3,23 3,03 3,42 3,72 3,19 3,15 3,27 3,08 3,14 3,85
D’s 2,82 3,65 3,13 1,79 2,80 2,38 1,70 2,48 2,98 2,53 2,90 3,86 3,78 3,94 3,99 4,11 3,20 2,75 3,51 3,29 2,36 2,92 2,98 3,19 3,96
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theoretical knowledge’ (C15) whereas; the three barriers with the highest effect values are listed
respectively as: ‘Challenges in product design’ (C7), ‘Vagueness in profit margins and rate of return’
(C21), and ‘Supplier inconsistency’ (C18).

The three barriers with the highest importance values are listed respectively as: ‘Lack of collect-
ing, sorting and recycling’ (C25), ‘Reluctance for acceptance of CE model’ (C2), and ‘Problems
related to uniformity and standardisation’ (C12)

In order to make a more in-depth analysis to elaborate findings, the one to one cause and effect
relationships among the leading barriers in each category are studied here.

The barrier with the highest cause value is ‘Lack of technical knowledge’ (C16) is influencing the
following two barriers more than others; ‘Lack of collecting, sorting, and recycling’ (C25) and
‘Reluctance for acceptance of CE’ (C2). The barrier with the second highest cause value is ‘Lack
of theoretical knowledge’ (C15) is influencing the following two barriers more than others: ‘Lack
of vision and trust’ (C19) and ‘Lack of acceptance of new business models’ (C2). The barrier
with the third highest cause value is ‘Procurement problems for recyclable materials’ (C8) is
influencing the following two barriers more than others: ‘Lack of collecting, sorting, and recycling’
(C25) and ‘High raw material costs (C11)’.

The barrier with the highest effect value is ‘Challenges in product design’ (C7) is being influenced
by the following two barriers more than others: ‘Lack of theoretical knowledge’ (C15) and ‘Lack of
technical knowledge’ (C16). The barrier with the second highest effect value is ‘Uncertainty in
profitability and return on investment’ (C21) is being influenced by the following two barriers
more than others: ‘Lack of collecting, sorting, and recycling’ (C25) and ‘Lack of awareness’
(C14). The barrier with the third highest effect value is ‘Supplier inconsistency’ (C18) is being
influenced by the following two barriers more than others: ‘Lack of theoretical knowledge’ (C15)
and ‘Lack of technical knowledge’ (C16).

To validate the findings, an interview method is conducted with the experts, who were involved
in sustainable SC operations to figure out whether the results are in line with their current pro-
blems. The findings and results of this paper were found in line to the expectation of the industrial
experts. Then, some implications were developed.

7. Discussion

‘Lack of collecting, sorting and recycling’ (C25) is revealed as the barrier with highest most impor-
tance due to the fact that it has the most significant relation among all factors. This is in parallel with
the findings of Baltussen (2019) study stated that waste textile materials collection, sorting and sep-
aration systems should be developed for better treatment of recycled textile waste. Paletta et al.
(2019) emphasised that the collection and classification of the PET bottle have become increasingly
important to ensure the continuity of the secondary raw material production volume. At the same
time, as Pasqualotto (2015) stated that another problem in collection and sorting is that this process
is done by informal institutions. Sandvik (2017) emphasised that even if attempts/initiatives are set
for textile recycling, this is a technological barrier because there is not enough separation technol-
ogy to support this recycling system. As many academics mentioned that an important barrier in
transition to circular textile is the lack of technology (Elander and Ljungkvist 2016). Besides, it is
stated that the regional infrastructure shortage is a primary factor, which will further increase
this collection and sorting problem, which is an important barrier (Tura et al. 2019).

‘Reluctance for acceptance of CE’ (C2) and ‘Problems related to uniformity and standardisation’
(C12) are the second and third most important barriers, respectively. Kirchherr et al. (2018), as sta-
ted in the study, all companies in the SC should adopt the CE model in the formation of the CSC. As
Tura et al. (2019) point out the fact that some of the stakeholders within the network are not willing
to adopt the new business model and that the corporate culture does not support the companies in
this direction is considered as an important barrier. Therefore, adopting the linear economy model
is an important barrier for this type of company. In Roosendaal (2018) study stated that the
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presence of companies doing business in the linear system ranks fourth among the most effective
barriers in the transition to the CE on textile industry. Besides, Kirchherr et al. (2017) underlined
that the lack of standardisation is a crucial barrier within the transition to CE. Lack of metrics and
standards for recycled product and production standardisation also creates a significant barrier in
terms of material efficiency (Hart et al. 2019).

‘Lack of technical knowledge’ (C16) is the most influencing factor, placed at the top of the Cause
Group. As a result of Moktadir et al. (2020) study on the leather industry in Bangladesh, it has been
determined that lack of awareness and information, as in this study, is the most important causal
barrier to transition to CE. Snoek (2017), Muradin and Foltynowicz (2019) stated that the lack of
academic and feasible information about the CE principles is a barrier to the CE. The lack of infor-
mation regarding implementing CE, especially about the benefits of the CE for companies, is the
biggest barrier for companies to invest and implement the CE (Herrero Rodríguez 2017). As stated
in the study of Pasqualotto (2015), companies do not have sufficient technical information, knowl-
edge, and managerial capacity for companies to change their current business models and
implement the CE. In addition to the lack of information, education programme is a critical barrier
in the implementation of sustainable production (Malek and Desai 2019). Likewise, Rizos et al.
(2015) and Tura et al. (2019) emphasised that the lack of technical and managerial knowledge
and skills is an important barrier especially in the adoption of the CE business model of SMEs.
Lack of technical knowledge especially how to replace existing virgin materials with recyclable
material is questionable (Roosendaal 2018). In addition, a limited level of knowledge makes it
difficult to offer quality circular products to the market. Therefore, to have insufficient technical
knowledge, it will create deficiencies in the identification, evaluation of the products, and appli-
cation of the production (Rizos et al. 2016; Tura et al. 2019).

‘Challenges in product design’ (C7) is the most influenced factor, at the bottom of the Effect
Group. This is in accordance with the findings of the following studies. Govindan and Hasanagic
(2018) stated that the complex product structure poses a major barrier for manufacturers and recy-
clers such as garment manufacturers and recyclers in textile CSC. Due to the fact that the product
will be difficult to remanufacture and reuse, it must be designed with a circular economic model
from the first design. Eco design and production make it more difficult as there is insufficient invest-
ment in environmentally friendly technologies that can achieve this (Rizos et al. 2016). Another
challenge is, as Franco (2017) points out, the number of component parts and ecological alterna-
tives available in the market for the production and supply of products in the CE.

8. Research implications

The barrier with the highest cause value is ‘Lack of technical knowledge’ (C16). It states the need for
technical knowledge and know-how. The recycling process of textile products requires significant
knowledge as well as know-how due to the variety of components and materials existing within the
process. The support and commitment of top management are required to allocate the necessary
financial resources towards know-how investments. Thus, the awareness of top management on cir-
cular processes should be increased. Meanwhile, the companies should realise the need for the tran-
sition to CE. Hence, the current business models should change and transform to new business
models. In addition, the human resources related to the circular operations may be trained for
the know-how and use of related technologies on circular operations. Thus, the following stake-
holders may increase their technical knowledge about CE in their processes such as fibre, yarn, fab-
ric, and garment manufacturers in their production processes, designers in their circular product
design and, collectors and recyclers to implement recent technologies.

The barrier with the second-highest cause value is ‘Lack of theoretical knowledge’ (C15). This
barrier implies the need to incorporate the CE concept and its related stages throughout the man-
ufacturing and SC activities. The necessary theoretical knowledge is essential to implement the
above-mentioned technical know-how. Therefore, the cooperation and collaboration of textile
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industry with universities is necessary to constitute the theoretical knowledge within the company
and among the partners within the CSC. At the same time, industry, academia, non-governmental
organisations may work together through research projects and programmes may concentrate to
improve theoretical information and technical know-how (Koszewska 2018). Thus, the manufac-
turers, designers, collectors, and recyclers may be engaged with continuous improvement by
means of education and training in order to enhance their theoretical knowledge.

The barrier with the third-highest cause value is ‘Procurement problems for recyclable materials’
(C8). Certain parts and components of products cause them to be unsuitable for recycling. As an
example, the metals and petroleum-based plastics in textile products are an obstacle for recycling.
Thus, the need for circular design arises as the managerial implication in this stage. Hence, with the
aid of circular design the proportion of recyclable materials within the product can be increased. In
addition to that, the technological innovations and research may be conducted to decrease the
adverse effect of availability of recyclable materials in the future. On the other hand, the end-
users may be encouraged and motivated to join the CE by using collection bins to throw their textile
products. In addition, the collectors and recyclers may be subsidised by the government. In that
way, the continuous flow of recycled materials will contribute to the capacity usage of
manufacturers.

There are also implications for policymakers related to the leading cause group members.
Initially, government support is essential to transform textile industry from linear to CE and to sus-
tain circular implementations. The government may encourage the technology transfer to eliminate
lack of technical information in order to implement CE. This is possible via subsidising the transfer
of know-how, stating incentives and tax exemptions. In addition to that, the government and local
authorities can increase the awareness of textile companies on the benefits of CE and its contri-
butions to sustainability. The government and local authorities may state rules and regulations
on product standards and components to increase the availability of recyclable materials.

The barrier with the highest effect value is ‘Challenges in product design’ (C7). At the design
stage the products are not designed according to the principles of circular economy and circular
business models. The availability of basic materials or component parts complements architectural
innovation. Components have to be separated, classified, and recycled without loss of quality. Thus,
as indicated before circular design should be based on the increasing availability of recyclable
materials in the design stage. Therefore, the designers, brands, and retailers are the most critical
points to implement designs based on circular principles because their performance will directly
affect the success of the whole CSC (Cao et al. 2008; Dahlbo et al. 2017).

The barrier with the second-highest effect value is ‘Vagueness in profit margins and rate of
return’ (C21). This is mainly due to the high investments required for the transfer of know-how
and technology to manufacturers as well as to collectors and recyclers. The companies may over-
come this difficulty by sharing resources with other firms or by using leasing options. On the
other hand, the continuity of demand is an important factor for companies to get use of economies
of scale and get rid of the vagueness on the feasibility of the circular activities. Especially brands and
retailers approach the circular products with a question mark due to the vagueness in the sales
volume and profit margin of the circular textile products. In that sense, policymakers can regulate
the sector by enforcing the use of circular components and materials through laws, regulations, and
incentives. In addition, the awareness of the consumers who generate the demand for circular tex-
tile products should be increased by the cooperation of Non-Governmental Organisations (NGO),
government, and local authorities. Therefore, the upstream of SC may be enhanced to minimise
uncertainty in profitability and return on investment.

The barrier with the third-highest effect value is ‘Supplier inconsistency’ (C18). This lack of con-
sistency arises due to problems faced by the manufacturers on the quality and volume of the circular
raw materials and components gathered from the collectors and recyclers. Especially, the lack of
infrastructures on collection and classification may be covered by the investments of the govern-
ment that will guarantee the supply of the circular materials with the required quantity. On the
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other hand, the suppliers may be trained and educated both by the government and the industry
may enforce the use of certified suppliers to enhance the quality of circular components and raw
materials. Thus, the downstream of SC may be improved in terms of quality and quantity to sustain
constant suppliers and consistent flow of materials to producers.

The barrier with the highest importance value is ‘Lack of collecting, sorting and recycling’ (C25).
This statement highlighted the importance of two stakeholders: collectors and recyclers. This is due
to the lack of information on the collection and classification of textile waste in the transition of the
textile sector to the CE (Rathinamoorthy 2019). As indicated above, the whole SC should be ana-
lysed and the necessary infrastructural facilities are built by the government. In addition, certified
collection and separation may be established by the government as a regulatory measure to prevent
the unofficial collection and to reduce related inefficiencies. In addition to that, in terms of manage-
rial implication, the circular clusters for textile can be proposed.

The barrier with the second-highest important value is ‘Reluctance for acceptance of CE’ (C2). It
is due to the hesitation of companies towards circular transition and circular business models. Thus,
the hesitant company culture may be changed. This hesitation has also been triggered by the uncer-
tainty in profitability and return on investment (Werning and Spinler 2020). Therefore, the top
management should lead this transformation by focusing on the company culture. In this process,
it may be the best solution for retailers and their suppliers to work together in improving resource
utilisation and adoption of the circular economic model. In addition, the government and policy-
makers may also be considered to disseminate the CE principles among the textile CSC.

The barrier with the third-highest important value is ‘Problems related to uniformity and stan-
dardisation’ (C12). The standardisation is an important factor for circular textile operations. As
indicated before, the standardisation is necessary especially for the design phase where standardised
components and raw materials are required. This will also enhance production as well as SC oper-
ations. The concept of standardisation will also enhance the quality of circular products (Baltussen
2019; Luthra, Mangla, and Yadav 2019). On the other hand, the standardisation concept shall be
extended to certification where the upstream and downstream activities within CSC can be
unified and standardised. In addition, the government and policymakers may also be active to
establish the standardisation and to sustain it by means of assessments and controls among the tex-
tile CSC.

9. Conclusion

Textile companies need all SC stakeholders to be circular in order to deliver a circular product.
Today, it is not enough for a single textile company to adapt the CE. All stakeholders in the
CSC have to adopt the CE principles. Since the textile SC is complex and long, it is not easy to
implement the CE across the entire SC. There are some barriers faced by textile companies and
all stakeholders faced these barriers in the transition to the CSC. Eliminating CSC barriers and
increasing the adaptability to the CE have a vital importance for the sustainability of the textile com-
panies. Therefore, in the textile industry, the CSC barriers may be investigated throughout the
entire SC by considering the stakeholders. Among the stakeholders, retailers and brand owners trig-
ger the need for circular supply chains because they play an active role in promoting and creating
awareness within the supply chain for the CE transition. Retailers require their suppliers to design
and produce according to the principles of circular economy and it is reflected all through the
supply chain, on the other hand, the retailers can contribute to turn the consumer into a conscious
consumer on circular fashion by creating circular product collections and creating awareness.

The contribution of the study is proposing the barriers in the textile CSC and encompassing all
stakeholders in CSC with a holistic approach from design to production, retailers to recyclers. In
addition, the study reveals the importance of barriers and categorises them as cause and effect
groups. In this study, the transition to the CSC in the textile industry is discussed within the per-
spectives of barriers and stakeholders. It provides comprehensive directions for textile companies’
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CSC by emphasising 25 barriers, under 9 categories, and revealing the corresponding stakeholders
at each barrier. This study illustrates the cause and affects relationships among barriers by using
Fuzzy DEMATEL.

According to the findings, ‘Lack of collecting, sorting and recycling’ (C25) is revealed as the most
important barrier because it has the most significant relationship among all factors. ‘Reluctance for
acceptance of CE model (C2)’, and ‘Problems related to uniformity and standardisation (C12)’ are
the second and third most important barriers, respectively. ‘Lack of technical knowledge’ (C16) is
the most influencing factor, located at the top of the Cause Group. ‘Challenges in product design’
(C7) is the most influenced factor, located at the bottom of the Effect Group.

There are some limitations to the study. The study examined only the CSC barriers. In literature,
there are some other barriers such as economical, organisational, governmental, technological, and
cultural. It is advised to conduct research regarding these barriers in the textile industry in the
future. The other limitation is that this study is conducted in an emerging economy like Turkey,
thus the results may differ in case of other developing countries such as India, Malaysia, Pakistan,
Indonesia. The last limitation of this study is that it only focuses on barriers; however, future
research can investigate the drivers of CSC.

In future research, other Multi-Criteria Decision Making methods (MCDM) such as analytic
network process (ANP), analytic hierarchy process (AHP), or new qualitative researches could
be conducted to understand the insights of industrial experts regarding the barriers. Last, the SC
barriers are analysed specifically for the textile industry. Similar studies regarding different indus-
tries, such as food, can be conducted in further studies. In addition, the interest and awareness of
the end-users on the CE, and their acceptance towards recycled textile products could be
scrutinised.
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