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ABSTRACT The fashion industry, during production and post-consumption, has major adverse environ-
mental impacts. With the recent circular economy (CE) practices initiative, discarded fashion materials are
reused to recover value from the waste. However, the CE practices initiative have not been well-received by
society. The role of CE practices is very crucial in fashion industry as it helps in lowering the environmental
burden caused by the discarded fashion materials, which in turn help to achieve the sustainable development
goals (SDG). This study aims to collect and evaluate the challenges restricting the preference for CE
practices initiative in Indian fashion industry. Based on literature review and inputs from the fashion industry
experts, the study identified twenty-one challenges, in seven categories (Industrial management, Labour,
Material, Regulations, Knowledge, Collaboration, and Infrastructure). An integrated multi-criteria decision-
making (MCDM) approach comprising fuzzy Decision-Making Trial and Evaluation Laboratory Model
(DEMATEL), Analytical Network Process (ANP), and Technique for Order Performance by Similarity to
Ideal Solution (TOPSIS) is used to evaluate the challenges. The outcome of the study identifies costly raw
materials, absence of certifications, problem in collection and separation, weak technical know-how, and
absence of shared vision as the top five challenges to CE practices in Indian fashion industry. Further, the
revelation of the causal interrelationship among the challenges helps the industrial management in taking
appropriate steps to avert the challenges.

INDEX TERMS Circular economy (CE), fashion industry, fuzzy decision-making trial and evaluation
laboratory model (FDEMATEL), India.

I. INTRODUCTION
Current fashion material consumption pattern i.e. fast fash-
ion has caused great environmental concerns. As a result of
fast fashion practice, in 2018, the fashion sector generated
around 2.1 billion metric tons of greenhouse gas (GHG)
emissions. The current fast fashion consumption practices
have increased the quantity of fashion wastes, which are
being incinerated, landfilled, or moved to developing coun-
tries [1]. Every year around 92 million tons of textile waste,
approximately $400 billion worth of clothing, are discarded
by society and are expected to further rise by 60% between
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2015 and 2024 [2], [3]. Globally, only 25% of the fashion
material wastes are recycled or reused while the remaining
75% remain in landfills [4]. The scenario is predominantly
worse in India, the second largest populated country in the
world [5]. In India, annually 1million tonnes of fashionmate-
rials are discarded as wastes [6]. Owing to the customers’
need for newness and novelty, the actual life of the clothes
is being reduced, resulting in underuse of the cloth materials.
Customers’ preference for fashion materials at low costs has
encouraged the fashion industry to come up with a material
of inferior quality [7].

In recent times, there has been a growing concern among
the public regarding the adverse impacts of discarded fashion
materials on the environment. Awareness on sustainability
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has been growing in the society and as a result, the indus-
trial decision makers, and policy makers are looking sustain-
ability options [8]. Becker-Leifhold and Iran [9] suggested
collaborative fashion consumption as a viable option for
reducing the adverse impact of fashion industry. Further, the
increasing awareness about the sustainable practice among
the public has pressurized the fashion industry to incorporate
circular economy (CE) practices [10]. The increasing interest
of consumers, government, and companies in sustainable
industrial practice has given a great push for CE practices.
The global value of the fashion industry is 3000 billion US
dollars and it is more than 2% of the gross domestic prod-
uct (GDP) [11]. An estimate in 2012 indicates that roughly
400 billion square meters of fabrics are consumed by the
fashion industry globally. Out of this, nearly 15% of the
fabrics remain unused and discarded into the environment
as solid wastes resulting in landfills [12]. To manage the
increasing fashion material wastes, and also recover value
from the wastes, the fashion industry is in a position to adopt
CE practices [13]. Further, the demand for fashion materials
is expected to increase by three times more than the current
demand i.e. 160 million tons in 2050. Whereas, the fashion
industry is struggling in meeting the expected demand as
it is facing an acute shortage of raw material (cotton) for
production [14].

India, one of the major players in the global fashion
industrial community is also witnessing problem in cotton
procurement. Drastic climate change has altered the rain-
fall pattern and impacted the cotton cultivation in India and
other parts of the world [15]. On one side, the fashion
industry is facing shortage in procurement of raw materials
while on the other side accounting for large quantity of
wastes. Most of the wastes from the fashion industry are
non-degradable and makes lasting environmental impacts.
Advancements in technologies has given an ample oppor-
tunity of recovering values from these wastes [16]. Though
the progress in technological innovations offers a ray of
hope in recovering value from the wastes, its prevalence
is mostly not the same in technologically developed and
developing countries. Countries with suitable technologi-
cal infrastructure are pioneering in recovering value from
the wastes whereas countries with limited technological
access and infrastructure are sluggish in value recovery prac-
tices. Such difference could be better understood when a
comparison is made between China and other developing
countries [17].

Though the interest in CE practices is gaining signif-
icant momentum among the fashion industry community,
there are many barriers that hamper the adoption of CE
practices. In a study regarding the barriers to CE practices
in the fashion industry in Industry 4.0 era, Kumar et al.
[18] identified a list of 15 barriers and pointed out lack of
skilled workforce, weak legislation, poor framework, and
short-term vision as the critical barriers. In another study,
Vecchi [19] recognized that the fashion industry is faced with
problems in in all the major six phases namely resources

consumption, design, production, retail, consumption, and
end-of-life which are essential in the adoption of CE prac-
tices. Shortage of human and financial resources, and capa-
bilities has been cited as the major barriers in the movement
of the European fashion industries preference for CE
practices [20].

From the above information, it could be perceived
that to manage waste and in moving toward sustainable
industrial activity, the fashion industry needs to opt for
CE practices. India, the most populated country con-
sumes more fashion materials, and eventually, generates
more waste. These wastes generated provide an opportu-
nity for the fashion industry to recover value from the
wastes, which may reduce the input capital cost of the
raw materials [21]. However, as of now, no visible ini-
tiatives have been made by the fashion industry in India
regarding CE practices [22]. Bearing this in mind, this
research raises the following for analyzing the challenges
that restricts CE practices by Indian fashion industry.
In a nutshell, this study focuses on the following research
questions.

i) What are the various challenges that inhibit CE practices
by the Indian fashion industry?

ii) What are the relationships between the differ-
ent challenges and which of them need immediate
attention?

iii) What is the relationship between the categories of
the CE practices challenges, and which one is the most
important?

To answer the above research questions, initially an
extensive literature review and interaction with the indus-
trial community were carried out to identify the challenges
restricting the preference of the Indian fashion to CE prac-
tices. The list of challenges provided in this study may act
as a catalogue for the fashion industries that are interested
in CE practices. Next, to evaluate the challenges, an inte-
grated approach of fuzzy Decision-Making Trial and Evalu-
ation Laboratory Model (DEMATEL) – Analytical Network
Process (ANP) – Technique for Order Performance by Simi-
larity to Ideal Solution (TOPSIS) is used. DEMATEL, intro-
duced by Gabus and Fontela [23], is a graph theory based
technique, used to categorize the challenges under consider-
ation into cause and effect groups. To categorize the chal-
lenges, a pairwise comparison between the challenges is
made initially. Next, ANP, an extension of analytical hier-
archy process (AHP), developed by Saaty [24], is used to
rank the challenges by considering the weight importance.
Then, TOPSIS, developed by Hwang and Yoon [25], is used
to rank the categories. This integrated approach has been
used in earlier researches for ranking barriers in green man-
ufacturing [10], and selection of best strategy for sustain-
able food manufacturing [26]. By revealing the relationship
among the challenges and by prioritizing the challenges,
this study provides some valuable insights for the industrial
practitioners in developing suitable framework to combat the
challenges.
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The research paper is structured into a total of 5 sections.
Section 2 involves the literature review, section 3 explains
the application of the solution methodology in evaluating the
challenges to CE practices in Indian fashion industry, whereas
section 4 explains the results. Section 5 concludes the study
by highlighting the key findings and future scope of the
study.

II. LITERATURE REVIEW
The literature review is discussed in four sub-headings,
namely (a) need for CE practices in the fashion industry
(b) key challenges to CE practices in the fashion industry,
and (c) research gaps. These three sub-headings will provide
better insights about the problem the manuscript deals with
and also the existing research gaps and the contribution of this
study.

A. NEED FOR CE PRACTICES IN THE FASHION INDUSTRY
As the public becomes more concerned about the environ-
mental impact, the industrial community has started show-
ing more interest in moving towards environment friendly
industrial practice and policies. The sustainable performance
of a firm can be measured by analyzing the environmental,
social, and governance scores [27]. CE practices are one of
the initiatives taken by the industrial community with the
concern on environment. CE practices are a kind of prac-
tices in which the useful lifetime of a product is extended
to the maximum possible extend. In other words, in CE
practices, the product is kept in the value chain as much as
possible [28]. CE practices mainly focus on three principles:
waste elimination and pollution minimization, circulation
of the products to the possible extent, and regeneration of
nature [29]. The present-day linear economy paradigm i.e.,
take-make-dispose followed by the fashion industry has sub-
stantial adverse impacts on the environment and also acts
in a direction opposite to the sustainable development goals
(SDGs) postulated by the United Nations (UN) [30]. Such
drawbacks of the conventional linear practices clearly indi-
cate the need of CE practices for the fashion industry. Further,
to act in line with SGDs, the fashion industry community
need to incorporate CE practices as it helps in lowering the
environmental burden caused by the discarded fashion mate-
rials [31]. In a study, Shirvanimoghaddam et al., [3] observed
that during the past two decades, alongwith the increase in the
production of fashion materials, the mean worldwide yearly
consumption of fashion materials has increased from 7 kg to
13 kg per person. Increased consumption of fashion materials
may consequently result in an increased generation of fashion
waste.

In the fashion industry, the CE practices, on one hand,
extend the end of life of the fashion material and prod-
ucts by allowing recycling and reuse, and, on the other
hand, ensure the effective utilization of resources [30] Dis-
sanayake and Weerasinghe [32] suggested four strategies,
namely, efficient resource utilization, including circularity

in design, product life extension, and end-of-life circular-
ity, which could help the fashion industry in the successful
adoption of CE practices. Through second-hand consumption
of discarded fashion materials, the industries engaged in the
production of fashion materials may reduce the raw material
cost and may recover value from the wastes. The success
of the incorporation of CE practices in the fashion indus-
try is determined by external (government regulations, envi-
ronmental norms, and corporate social responsibilities) and
internal factors (organizational culture, innovations, mate-
rial efficiency, and increased customer satisfaction) [33].
For a fruitful benefit of CE practices in the fashion indus-
try, all the stakeholders involved needs to work in har-
mony. Studies by Saidani et al., [34] and Prieto-Sandoval
et al. [35] highlights that the stakeholders in a CE practices
may operate at micro, meso, and macro levels. Hence, the
fashion industry interested in CE practices need to over-
come many challenges which are discussed in the next
section. In a study, Dicuonzo et al., [36] insists that orga-
nizational culture, commitment of the supplier along with
the consumers may motivate the fashion industries towards
CE practices.

B. KEY CHALLENGES TO CE PRACTICES IN THE FASHION
INDUSTRY
Apart from the CE practice which is a closed-loop supply
chain network, the conventional linear supply chain network
followed in the fashion industry is full of complications.
A systematic study carried out by Jia et al., [37] regarding
the understanding of CE practices in the fashion industry
identified barriers in terms of organizational policies, absence
of appropriate performance metrics, low level of education
and training, and poor strategic planning. Though some tech-
nological innovations are introduced to lower the adverse
environmental impacts of the fashion industry through CE
practices, most of the innovations are properly utilized by
the fashion industry especially located in the developing
countries. Reasons such as lack of commitment, cost of the
technological innovations, and poor cooperation from the
stakeholders are cited as the reasons by the fashion industries
of the developing countries [38]. Apart from the challenges in
processing stage, even the post consumption stage also pos-
sesses severe threat to the environment. Most of the clothes
coming out of the fashion industry today are manufactured
using synthetic materials [39].When such kind of materials is
disposed into the environment, they remain non-decomposed.
However, the advancements in the technological innovations
provide the opportunity of recovering value from the wastes.
For effective recovery of value from the wastes, the clothes
thrown away as the wastes have to be properly collected.
Reverse supply chain plays a crucial role in ensuring sequen-
tial flow of waste materials into the recycling facility [40].
However, in most cases, the waste materials are not properly
collected and supplied to the fashion industry interested in
green clothing. Hence, the industries are facing insufficiency
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in getting adequate quantity of waste material for recycling.
Even if some fashion industry shows interest in CE practices,
the response from the society is poor. Without sufficient
market demand, the interest of the fashion industry is limited.
Also, the fashion material developed through CE practices
must be provided at low price. Hence, it is necessary to
provide sufficient subsidy for the fashion material developed
through CE practices. A study of Kazancoglu et al., [41]
the barriers identified problem in collecting, sorting, and
recycling facility, poor commitment from top manage-
ment, problem regarding standardization, and weak tech-
nical knowledge as the major barriers to the adoption of
CE practices in the fashion industry. Similar study carried out
by Kazancoglu et al., [42] identified a list of 25 barriers under
nine categories namely management and decision-making,
labour, design challenges, materials, rules and regulations,
lack of knowledge and awareness, lack of integration and
collaboration, cost, and technical infrastructure. However,
in a study, Chen et al., [43] pointed out that customers lack
of knowledge and awareness about CE practices, absence
of framework to implement CE practices, and absence of
knowledge transfer among the stakeholders are the major
barriers in incorporating CE practices. A thorough search of
the literature indicated a list of 21 challenges and is given
in Table 1.

C. RESEARCH GAPS
According to Ki et al., [44], with the current linear econ-
omy practice, the fashion industries are adversely impacting
all three dimensions (economic, environment, and social)
of sustainability. By considering the adverse environmental
impacts of the fashion industry, mainly post-consumption,
Gazzola et al., [45] stressed on the fashion industry to adopt
CE practices. With the environmental norms becoming more
stringent and the raising environmental awareness in society
also pressed the fashion industry to embrace CE practices.
In a study, Karuppiah et al., [46] advocated that the adop-
tion of CE practices helps the global nations in the move-
ment towards the attainment of SDGs. However, a study of
Kalmykova et al., [47] regarding the rate of implementation
of CE practices observed a wider gap between the developed
and developing countries and also among various industrial
sectors. Many earlier works on CE practices [11] empha-
sizes mainly on the merits and its role in the attainment
of SDGs. Though it is acceptable that the incorporation of
CE practices greatly helps the industry in recovering value
from the wastes and also in the attainment of SDGs, the path
to the incorporation of CE practices is full of impediments.
Hence, the difficulties faced by the industrial management
in the embracement of CE practices need to be studied.
In this consideration, this study aims to identify and analyze,
various challenges faced by the Indian fashion industry in the
adoption of CE practices. For this, an integrated multi-criteria
decision making (MCDM) framework has been utilized to

evaluate the challenges to CE practices in the fashion indus-
try. This study aims to reveal the causal interrelationship
among the challenges and also to rank the categories of
challenges.

III. METHODS
A. PROBLEM DESCRIPTION
According to Khare [50], the value of the Indian textile indus-
try is 223 billion dollars in 2021 and its value is expected to
increasewith a sharp rise in the domestic demand and exports.
Among the south-east Asian countries, India is ranked as the
second-largest producer and consumer of fashion materials,
next to China, accounting for 35% of the market. Being
yielded to the raising environmental concern, the fashion
industrial community of China has moved towards sustain-
able industrial practice and has started promoting CE prac-
tices. As a result, the discarded fashion materials have been
reused and reintroduced into the market to promote CE prac-
tices. However, the picture is entirely different in India [58].
According to a report by McKinsey, nearly three-fifths of all
the fashion materials manufactured and purchased are ending
up in landfills within a year [59]. The production of fashion
materials has doubled since 2000, which may further add
more pressure on the environment. Being concerned about
the adverse environmental impacts, the fashion industries of
western countries have been moving toward CE practices.
However, due to lack of awareness and poor societal sup-
port, the transition towards CE practices has not been well-
established in India [60]. Also, absence of reliable and robust
reverse supply chain management has made CE practices
a mess for the Indian fashion industry. By considering the
adverse impact of the fashion industry, it could be under-
stood that transition towards CE practices is imperative for
Indian fashion industry. Studies focusing on CE practices are
mostly from the developed countries while only few studies
were devoted to developing countries like India. Contrarily,
the need and the possibility of enhancing CE practices are
more important in developing countries than in developed
countries [61]. There is still a significant gap between their
knowledge and practice of CE practices in India as it is
still in its early stages. It is critical to impart knowledge on
the benefits of CE practices to the public. Despite the fact
that public opinion polls show that individuals are worried
about environmental issues, several studies have found that
customers who appear to possess responsible beliefs usually
do not translate their goals into accountable buying perfor-
mance [62]. As a result, it is crucial to study the causes of this
performance and, if possible, devise a solution to make sus-
tainable products more appealing to consumers. This study
helps in understanding the challenges to CE practices, as well
as the connections that exist between them. Thus, giving a
clarity or aid in the ease of understanding CE practices; this
study provides a long-term assistance for the Indian fashion
industry to a more sustainable. To evaluate the challenges
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TABLE 1. Identified challenges to CE practices in fashion industry.
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to CE practices, this study uses an integrated approach of
fuzzy DEMATEL-ANP-TOPSIS. The framework utilized in
this study is given in Fig. 1.

FIGURE 1. Framework of the integrated MCDM approach.

B. PREPARATION STAGE
As an initial step of answering the research questions, this
study begins with the identification of challenges to CE
practices. To identify the challenges, an extensive litera-
ture survey was carried out. The literature for review was
selected from the commonly used scientific databases such
as Scopus, ScienceDirect, EBSCO, and GoogleScholar. Also,
several keywords connected using the Boolean operators,
such as ‘‘Circular Economy’’ AND ‘India’’, ‘‘Circular Econ-
omy’’ OR ‘‘Sustainable Production’’, and ‘‘Circular Econ-
omy’’ AND ‘‘Fashion Industry’’ are used for collecting
literature. Mostly, the articles published after 2015 were
preferred for literature review. Initial search resulted in
the identification of 76 articles. Then, as suggested by
Mohamed Shaffril et al., [63], some inclusion and exclu-
sion criteria are applied for finalizing the articles for fur-
ther review processing. Inclusion criteria includes select the
article for review only if the central focus of the study is
on CE practices rather than keywords in title, and abstract,
articles published only in English, and articles published

after 2015. Exclusion criteria include articles published in
conferences, short communications, editorials, and duplica-
tive works. Using the inclusion and exclusion criteria, out
of 76 articles only 40 articles were retained and considered
for further review process. By analysing the 40 articles, the
challenges to CE practices are identified and are given in
Table 1. The number of challenges considered and eval-
uated in this study is acceptable in comparison with ear-
lier studies ([42], [43]) where less number of challenges is
evaluated.

C. EVALUATION PHASE
The transition from the linear production process to
CE practices is influenced by numerous factors and
hence a comprehensive approach is needed to evaluate
this problem. To evaluate the identified challenges to
CE practices, an integrated MCDM approach comprises of
fuzzy DEMATEL-ANP-TOPSIS. MCDM approaches have
been used in many earlier studies where multiple factors are
analyzed. As MCDM is impacted by so many variables, there
is a lot of uncertainty. Fuzzy set theory is used in conjunction
withMCDM approaches in order to overcome this constraint.
Velasquez andHester [64] argue that fuzzy optimization helps
in handling uncertainties in the decisionmaking. For instance,
Karuppiah et al., [46] utilized an integrated MCDM approach
cosisting of grey-DEMATEL and fuzzy-COPRAS to evaluate
the inhibitors that are impeding the transition of the Indian
leather industries from the linear practices to CE practices.
Singh et al., [65] utilized grey DEMATEL for evaluating
the barriers in the supply chain of fresh products. Likewise,
Ali et al., [66] applied fuzzy Technique for Order of Prefer-
ence by Similarity to Ideal Solution (TOPSIS) for evaluating
the barriers in the implementation of CE practices in Pakistan
food industry. In another study, Khan and Ali [67] used an
integrated fuzzy step-wise weight assessment ratio analysis
(SWARA) – VlseKriterijumska Optimizacija I Kompromisno
Resenje (VIKOR) to evaluate the facilitators of CE practices
in Pakistan electronic waste management. In their study,
fuzzy SWARA was used to rank the facilitators while fuzzy
VIKOR was used to prioritize the strategies for electronic
waste management. Similarly, Hasheminasab et al., [68] used
an integrated an approach of SWARA and Measurement of
Alternatives and Ranking according to COmpromise Solu-
tion (MARCOS) techniques for evaluating the impacts of
CE practices in energy industry. From the above-discussed
studies, it is clear that MCDM techniques have been widely
used by researchers in evaluating both the challenges and the
impacts of CE practices on the sustainable performance of the
industries.

The steps followed in the integrated approach used in this
study are detailed as follows [10]:

1) ESTABLISHING CAUSAL RELATIONSHIP AMONG THE
CHALLENGES
Step 1: Develop a fuzzy direct-relation matrix Ã. Denote the
matrix as ãij =

(
lij,mij, nij

)
to indicate the influence of
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criteria i over factor j according to the experts. The experts
were requested to create a pairwise comparison matrix (Ã)
between different challenges to denote the impact of one
criterion over the other.
Step 2:Normalize the matrix (Ã) using the Eq. (1) to obtain

normalized matrix X̃ .

Given that, ãij =
(
lij,mij, nij

)
and s =

1
max
1≤i≤n

n∑
j=1

uij, then

X̃ = s× Ã (1)

Step 3: Construct the fuzzy total-relation matrix
(TRM) T̃ using the Eq. (2), where I is an identity
matrix.

Let, X̃ij =
(
lij,mij, nij

)
which can be represented as three

different crisp matrices where each element is obtained from
the matrix X̃ .

X =


0 u12 · · · m1n

m21
. . . · · · m2n

... · · ·
. . .

...

mn1 · · · · · · 0

 ,
T̃ = X̃

(
I − X̃

)−1

T̃ =


t̃11 · · · · · · t̃1n
...
. . . . .

. ...
... . .

. . . .
...

t̃n1 · · · · · · t̃nn

 (2)

Step 4: Find r and s values summing the rows and columns
respectively using the Eqs. (3) and (4).

r = [ri]n×1 =

 n∑
j=1

tij


n×1

, s =
[
sj
]
n×1 =

[
n∑
i=1

tij

]
(3)

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

Step 5: Use the r and s values to draw the causal
diagram.
Step 6: Determine the unweighted super matrixW .

W = (T )′.W ′ (5)

Step 7: Estimate the weighted super matrixW α

W α
= T α ×W (6)

where,W α is the normalized total-influence matrix.
Step 8: Limit the weighted super matrix. This is done by

increasing the weighted super matrix to a particular power,
this is done to stabilize the matrix

limh→∞ (W α)h where, h indicates any number of
powers.

2) RANKING THE CHALLENGES
Step 1: Create the fuzzy decision matrix with m alternatives
and n criteria as follows:

C1 C2 · · · Cn

Ẽ =

A1
A2
A3
A4


X̃11 · · · · · · X̃1n
...
. . . . .

. ...
... . .

. . . .
...

X̃m1 · · · · · · X̃mn


Step 2: Compute normalized decision matrix Z̃

Z̃ =
[
z̃ij
]
m×n , i = 1, 2, . . . ,m; j = 1, 2, . . . , n

Z̃ij =

(
aij
c+j
,
bij
c+j
,
cij
c+j

)
(7)

Step 3: Calculate the weighted decision matrix using
Eq. (8)

ṽij = z̃ij ⊗ w̃ij (8)

where, w̃ij is the weight for the criteria j.
Step 4: Calculate the distance from the positive and nega-

tive ideal points.

A+ =
{
ṽ+1 , . . . ., ṽ

+
n
}
,A− =

{
ṽ−1 , . . . ., ṽ

−
n
}

(9)

Let, ṽ+1 = {1, 1, 1} ; ṽ
+

2 = {0, 0, 0}

s+i =
n∑
j=1

d(ṽij, ṽ
+

j ), i = 1, 2, . . . ,m; j = 1, 2, . . . , n.

(10)

s−i =
n∑
j=1

d(ṽij, ṽ
−

j ), i = 1, 2, . . . ,m; j = 1, 2, . . . , n.

(11)

s(Ã, B̃) =

√
1
3

[
(a1−b1)2+(a2−b2)2+(a3−b3)2

]
(12)

Step 5: Calculate the value of relative closeness using the
following Eq. (13)

R∗j =
Dj

D∗j + Dj
, j = 1, 2, . . . , n. (13)

Step 6: Rank the criteria conforming to the variable found
according to preference order.

3) FINALIZATION AND EVALUATION OF BARRIERS TO CE
PRACTICES IN THE FASHION INDUSTRY
To ensure the appropriateness of the challenges CE practices
identified through the literature review, opinions from the
respondents who are engaged with the fashion industry were
sought. To obtain the opinion, a questionnaire containing
the identified challenges was developed and given to the
respondents. The questionnaire given to the respondents is
given in Appendix 1. The questionnaire was mailed to the
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respondents. Frequent reminders were given to the respon-
dents to obtain their opinions. Initially, the respondents were
asked to answer either ‘YES’ (deemed appropriate) or ‘NO’’
(not deemed appropriate). As the respondents found all the
challenges appropriate, they were asked to fill the question-
naire (Appendix 1) evaluating every challenge on a qualitative
5 point Likert scale (1 - Strongly Disagree and 5 - Strongly

TABLE 2. Categorization of challenges to CE practices in the fashion
industry.

agree), similar to many past research works [69]. The results
of the questionnaire were converted into quantitative values.
These values were analyzed to find the corresponding rela-
tive importance of each challenge using the average values.
Opinions were obtained from a total of 100 respondents.
These 100 respondents are directly and indirectly connected
with the fashion industry and possess vast knowledge and
experience in the functioning of the fashion industry. The
respondent group was fixed at 100 numbers through compar-
ison with similar papers: 127 respondents [70], 125 respon-
dents [71]. The details of the respondents were not obtained
to maintain anonymity which will allow for more honest
responses to the questionnaire. Based on the experts’ opinion,
the challenges to CE practices is finalized and are further
categorized under seven categorizes (industrial management,
labour, material, regulations, knowledge, collaboration, and
infrastructure) as shown in Table 2.

After finalization, a group of five experts were approached
to evaluate the challenges. The number of experts considered
in this study is sufficient as in earlier studies [33], [41] similar
number of experts used. For evaluation purpose, the experts
were asked to rate the challenges using the triangular fuzzy
numbers given in Table 3. Here, triangular fuzzy numbers
(TFN) are used as it is comprehensive for both qualitative and
quantitative analysis. Further, with triangular fuzzy numbers,
it is easy to give appropriate rating for the factors under
consideration [72]. Individual response from the five experts
were collected and aggregated. The aggregated responses of
the experts are used in the integrated approach.

Table 4 depicts the relationship matrix of categories
used to create the weightages for fuzzy TOPSIS method-
ology. This initial relationship matrix ’K ’. Using Eq. (1),
the initial relationship matrix is normalized. Next, total-
Influence Matrix ’T ’ is obtained using Eq. (2) and is given in
Appendix 2 (a). The sums of rows and columns of categories
and challenges are calculated using Eqs. (3) and (4) and are
given in Tables 5 and 6.

TABLE 3. Fuzzy scale.
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TABLE 4. Initial relationship matrix of categories.

FIGURE 2. Causal Diagram.

Then, using the sums of the rows and columns, ‘rowi+coli’
and ‘rowi − col′i, a graph (Fig. 2) representing the causal
relationship among the challenges is plotted. Using Eq. (5),
an unweighted super matrix ’ W ’ is obtained. Weighted
super matrix ’ W α ’ is obtained using Eq. (6). Using Eq. (7),
a normalized matrix is developed. The weighted matrix is
calculated using Eqs. (8) and (12). Table 7 shows the relative
closeness calculated using Eq. (13).

IV. RESULTS AND DISCUSSIONS
The methodology involved numerous steps comprising of
three different MCDM methodologies paired with fuzzy the-
ory. Initially fuzzy DEMATEL was used to find the ranking
of the influence of each challenge and whether the challenge
is a cause (it influences other factors) or is an effect (easily
influenced by other criteria). According to the results derived
as shown in Table 4, the biggest cause challenge is ‘‘Lack
of traceability (B3)’’ while the biggest effect challenge is
‘‘Absence of certifications (B11)’’.

The challenges can be segregated into two groups, cause
group challenges and effect group challenges. This segre-
gation is based on the nature of the rowi − col i value,
negative values come under the effect categories while the
positive values go under the cause category. The cause
group includes challenges such as ‘‘Inefficient performance

evaluation system (B1)’’, ‘‘Reluctance to new business
model (B2)’’, ‘‘Lack of traceability (B3)’’, ‘‘Absence of
skilled workforce (B4)’’, ‘‘Inadequate training facility (B5)’’,
‘‘Absence of standardization (B10)’’, ‘‘Weak technical know-
how (B14)’’, ‘‘Failure to scale up production (B18)’’, ‘‘Poor
reverse logistics facility (B19)’’, and ‘‘Inadequate processing
facility (B20)’’. These challenges are in the cause group
because they are the main influencers that create challenges
for the industrial management in efficient incorporation of
CE practices. Similarly the challenges in the effect group are:
‘‘Inadequate recyclable materials (B6)’’, ‘‘Lack of high qual-
ity (B7)’’, ‘‘Mixedmaterial configuration (B8)’’, ‘‘Costly raw
materials (B9)’’, ‘‘Absence of certifications (B11)’’, ‘‘Poor
CE awareness (B12)’’, ‘‘Insufficient theoretical data (B13)’’,
‘‘Absence of information sharing (B15)’’, ‘‘Absence of con-
stant supplier (B16)’’, ‘‘Absence of shared vision (B17)’’,
and ‘‘Problem in collection and separation (B21)’’. These
challenges are easily influenced since they are the result of
other driving factors.

Fig. 2 depicts the causal linkages between the challenges.
The ’cause’ hurdles need to be addressed immediately and
eradicated. The positive value of (rowi − col i) denotes that
the influential impact (rowi) is greater than the influencing
impact (col i). High-importance categories and challenges
(rowi+ col i) will strongly impact and be influenced by other
challenges. Without delay, these categories and impediments
must be categorised.

‘‘Lack of traceability (B3)’’ has been identified as the most
crucial challenge to the incorporation of CE practices in the
fashion industry. As the CE practices concept has not been
well received by society, most people are still throwing their
used fashion materials into the open space as a landfill or
incinerating them. Another major reason for this challenge
is that the reverse supply chain network has not been well
established in India. Although the reverse supply chain prac-
tice for e-waste is slowly gaining pace in India, the awareness
regarding fashion waste management is very limited [73].
Adding to that, the lack of communication and cooperation
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TABLE 5. Causal relationship of challenges.

among the few companies engaged in the collection of dis-
carded fashion materials creates problems in the traceability
of discarded fashion materials. All together results in the

supply of an insufficient quantity of waste fashion materials
for the companies showing interest in CE practices [74]. Next
important challenge to CE practices in fashion industry is
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TABLE 6. Causal relationship among categories.

‘‘Problem in collection and separation (B21)’’. Apart from
the collection of discarded fashion materials, the separation
remains an uphill task. Since a variety of materials are used
by the fashion industry in production and are consumed by the
end users, there comes a problem in separation of discarded
fashion wastes. In reusing of discarded fashion materials, not
all materials can be used. Hence, it is essential to separate the
materials that are fit for reuse [75]. Then, ‘‘Costly raw mate-
rials (B9)’’ is another important challenge to CE practices
in the fashion industry. Here, the costly raw materials refer
to the cost involved in the conversion of collected fashion
waste materials into raw materials for the production of new
fashion products. With inadequate technological assistance
and limited skilled manpower, the conversion of waste into
value always remains a challenge for the companies engaged
in CE practices [76].

According to the ranking based on the rowi + col i val-
ues the importance of the found barriers are as follows:
B11>B21>B9>B14>B17>B3>B7>B2>B13>B10>B6>
B15>B12>B5>B8>B4>B16>B18>B20>B19>B1. The
highest ranked barrier is ‘‘Absence of certifications (B11)’’
as identified by Gleim et al., (2013). Most consumers
prefer buying clothes from the same brand since it
saves them decision time. Another barrier that’s impor-
tant is that most consumers do not believe the gar-
ment company’s sustainability initiatives are actually
sustainable.

From Table 5 we can also interpret which of the broad
categories are influential or easily influenced. The categories
‘‘Industrial management (C1)’’, ‘‘Labour (C2)’’, ‘‘Regula-
tions (C4)’’, ‘‘Knowledge (C5)’’, and ‘‘Infrastructure (C7)’’
are the cause categories with ‘‘Material (C3)’’ and ‘‘Col-
laboration (C6)’’ being the effect category. This goes to

TABLE 7. Results of fuzzy TOPSIS.

show that economic and social factors are the driving factors
to sustainable developments in the field of green clothing
purchase and marketing. It can also be identified that the
‘‘Labour (C2)’’ category is the most influential followed by
‘‘Material (C3)’’, ‘‘Industrial management (C1)’’, ‘‘Collabo-
ration (C6)’’, ‘‘Knowledge (C5)’’, ‘‘Regulations (C4)’’, and
‘‘Infrastructure (C7)’’.

The results from fuzzy TOPSIS are congruent with the
results on the causal study on the categories. As men-
tioned in Table 7. The closeness coefficient for each bar-
rier was derived and the results indicate that ‘‘Labour
(C2)’’ is the most crucial category of barriers fol-
lowed by ‘‘Material (C3)’’, ‘‘Industrial management (C1)’’,
‘‘Knowledge (C5)’’, ‘‘Collaboration (C6)’’, ‘‘Regulations
(C4)’’, and ‘‘Infrastructure (C7)’’ barriers in the same
order.
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A. COMPARISON OF RESULT
In this study, absence of certifications (B11) has been rec-
ognized as the most critical challenge faced by the Indian
fashion industries in the transition towards CE practices.
This findings is found to be in agreement with the study of
Saha et al., [78] which indicates certification problem as
the major challenge for fashion industry located in India,
Bangladesh, and Vietnam. Similarly, lack of traceability (B3)
of the discarded fashion material waste is also an impor-
tant challenge. As the reverse supply chain in the fashion
industry is not well-established, there always occurs a
retrieving sufficient amount of waste material. Studies by
Huynh [79] and Huang et al., [7] also indicates lack of
traceability as the important barrier in the transition of fash-
ion industry towards CE practices. Next, cost raw mate-
rials (B9) is the third important challenge. Haseeb et al.,
[58] highlighted that the transition towards CE practices
demands huge financial investment. Therefore, the find-
ings of this study seem to be in alignment with earlier
works.

V. IMPLICATIONS OF THE STUDY
This study offers some valuable contributions to the litera-
ture on CE practices in the fashion industry. For instance,
while many of the earlier studies focusing on CE practices
in the fashion industry insist and emphasize on the positive
paradigm, this study focuses on the challenges ahead in
the incorporation of CE practices by the fashion industry.
Since, the transition from conventional linear practice to CE
practice has become mandatory, compared with large-scale
industries, the small-scale fashion industries are faced with
many challenges. Hence, this problem deserves immediate
attention. Regardingly, this study provides a list of challenges
faced by the fashion industries in the transition towards CE
practices. Further, the interrelationship among the challenges
has also been revealed. Understanding the interrelation-
ship may help industrial management in taking appropriate
actions.

The findings of the study insist on costly raw materials,
absence of certifications, problem in collection and separa-
tion, weak technical know-how, and absence of shared vision
as the top five challenges to CE practices in the Indian fashion
industry. Here, the costly raw materials indicate the cost
involved in turning the waste into useful material. Since the
technology for turning waste into useful material is costly;
many fashion industries are unable to afford it. Hence, the
government was expected to provide some financial assis-
tance for the fashion industry in affording the needed tech-
nological infrastructure. Also, the government must provide
licenses only for those fashion industries which are following
sustainable industrial practices. An important problem in the
transition towards CE practices is the lack of skilled expertise.
So, it is essential to develop a knowledge-based workforce

for the successful incorporation of CE practice by the fashion
industry.

VI. CONCLUSION
Rising environmental awareness and consciousness among
the society have forced the industrial community to come
up with environmentally friendly industrial practices. As a
result, the sustainability concept has received significant
attention from the industrial community. One of the recent
sustainability concepts is CE practices. It primarily empha-
sizes the development of fashion materials from discarded
fashion materials. Also, it signifies reutilizing the discarded
fashion materials. However, the practice of CE practices
is often jeopardized by many impediments. Keeping this
in mind, this study identifies and evaluates the challenges
to CE practices using an integrated MCDM approach.
Using literature review and opinions of the respondents,
a list of 21 barriers under seven categories was identified.
Then, an integrated approach of fuzzy DEMATEL-ANP-
TOPSIS has been used to evaluate the barriers. The out-
come of the study indicates costly raw materials, absence
of certifications, problem in collection and separation, weak
technical know-how, and absence of shared vision as the
top five challenges to CE practices in Indian fashion
industry.

This study offers some valuable implications for the indus-
trial managers and policymakers that may help in promoting
CE practices. The important challenge to CE practices is the
low level of public awareness. Almost, nearly three-fifths of
the fashion materials consumed is discarded into the envi-
ronment by the users. Hence, to recover value from the
wastes, the discarded wastes have to be properly collected
and supplied back to the fashion industry. For this, the estab-
lishment of a reverse supply chain has to be done by the
fashion industry. Like, plastic and e-waste reverse supply
chain networks, the reverse supply chain network have to be
established in a robust and reliable manner by the fashion
industry. The efficiency of the reverse supply chain to a
large extent depends on the active participation of society.
However, in most cases, the active participation of society
remains a big question. Most of the users are either dis-
carding the used fashion materials in landfills or incinerating
them. Both such kinds of practices aggregate the pollution
level.

This study primarily focuses on the challenges to CE prac-
tices in the Indian fashion industry context. So, the outcome
of the study cannot be generalized. Hence, a comparative
study between the two countries has to be carried out. Carry-
ing such kind of comparative study may help in generalizing
the outcome of the study. Also, only the causal interrelation-
ship among the challenges has been revealed in this study.
As a future scope of the study, the structural relationship
among the challenges could be revealed using structural equa-
tion modeling (SEM).
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APPENDIX A
This work is to analyze the challenges to CE practices in the fashion industry. Select the most appropriate response to the
statement to the best of your knowledge.
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APPENDIX B
Total influence matrix (T) of challenges.

REFERENCES

[1] L. G. de Oliveira, F. G. Miranda, and M. A. de Paula Dias, ‘‘Sustainable
practices in slow and fast fashion stores: What does the customer per-
ceive?’’ Cleaner Eng. Technol., vol. 6, Feb. 2022, Art. no. 100413, doi:
10.1016/j.clet.2022.100413.

[2] S. Mishra, S. Jain, and G. Malhotra, ‘‘The anatomy of circular economy
transition in the fashion industry,’’ Social Responsibility J., vol. 17, no. 4,
pp. 524–542, May 2021, doi: 10.1108/SRJ-06-2019-0216.

[3] K. Shirvanimoghaddam, B. Motamed, S. Ramakrishna, and M. Naebe,
‘‘Death by waste: Fashion and textile circular economy case,’’
Sci. Total Environ., vol. 718, May 2020, Art. no. 137317, doi:
10.1016/j.scitotenv.2020.137317.

[4] J. P. Juanga-Labayen, I. V. Labayen, and Q. Yuan, ‘‘A review on textile
recycling practices and challenges,’’ Textiles, vol. 2, no. 1, pp. 174–188,
Mar. 2022, doi: 10.3390/textiles2010010.

[5] V. D. Dragomir and M. Dumitru, ‘‘Practical solutions for circular business
models in the fashion industry,’’ Cleaner Logistics Supply Chain, vol. 4,
Jul. 2022, Art. no. 100040, doi: 10.1016/j.clscn.2022.100040.

[6] S. Moazzem, L. Wang, F. Daver, and E. Crossin, ‘‘Environmen-
tal impact of discarded apparel landfilling and recycling,’’ Resour.,
Conservation Recycling, vol. 166, Mar. 2021, Art. no. 105338, doi:
10.1016/j.resconrec.2020.105338.

[7] Y.-F. Huang, S. G. Azevedo, T.-J. Lin, C.-S. Cheng, and C.-T. Lin,
‘‘Exploring the decisive barriers to achieve circular economy: Strategies
for the textile innovation in Taiwan,’’ Sustain. Prod. Consumption, vol. 27,
pp. 1406–1423, Jul. 2021, doi: 10.1016/j.spc.2021.03.007.

[8] A. Neri, E. Cagno, G. D. Sebastiano, and A. Trianni, ‘‘Industrial
sustainability: Modelling drivers and mechanisms with barriers,’’
J. Cleaner Prod., vol. 194, pp. 452–472, Sep. 2018, doi:
10.1016/j.jclepro.2018.05.140.

[9] C. Becker-Leifhold and S. Iran, ‘‘Collaborative fashion consumption—
Drivers, barriers and future pathways,’’ J. Fashion Marketing Manag., Int.
J., vol. 22, no. 2, pp. 189–208, May 2018, doi: 10.1108/JFMM-10-2017-
0109.

[10] K. Karuppiah, B. Sankaranarayanan, S. M. Ali, P. Chowdhury, and
S. K. Paul, ‘‘An integrated approach to modeling the barriers in imple-
menting green manufacturing practices in SMEs,’’ J. Cleaner Prod.,
vol. 265, Aug. 2020, Art. no. 121737, doi: 10.1016/j.jclepro.2020.
121737.

[11] A. P. Provin, A. R. D. A. Dutra, I. C. A. de Sousa e Silva Gouveia,
and E. A. L. V. Cubas, ‘‘Circular economy for fashion industry: Use of
waste from the food industry for the production of biotextiles,’’ Technolog.
Forecasting Social Change, vol. 169, Aug. 2021, Art. no. 120858, doi:
10.1016/j.techfore.2021.120858.

[12] S. Ramkalaon and A. S. M. Sayem, ‘‘Zero-waste pattern cutting (ZWPC)
to tackle over sixty billion square metres of fabric wastage during mass
production of apparel,’’ J. Textile Inst., vol. 112, no. 5, pp. 809–819,
May 2021, doi: 10.1080/00405000.2020.1779636.

[13] A. de Aguiar Hugo, J. de Nadae, and R. da Silva Lima, ‘‘Can fashion
be circular? A literature review on circular economy barriers, drivers,
and practices in the fashion Industry’s productive chain,’’ Sustainability,
vol. 13, no. 21, Nov. 2021, Art. no. 12246, doi: 10.3390/su132112246.

724 VOLUME 11, 2023

http://dx.doi.org/10.1016/j.clet.2022.100413
http://dx.doi.org/10.1108/SRJ-06-2019-0216
http://dx.doi.org/10.1016/j.scitotenv.2020.137317
http://dx.doi.org/10.3390/textiles2010010
http://dx.doi.org/10.1016/j.clscn.2022.100040
http://dx.doi.org/10.1016/j.resconrec.2020.105338
http://dx.doi.org/10.1016/j.spc.2021.03.007
http://dx.doi.org/10.1016/j.jclepro.2018.05.140
http://dx.doi.org/10.1108/JFMM-10-2017-0109
http://dx.doi.org/10.1108/JFMM-10-2017-0109
http://dx.doi.org/10.1016/j.jclepro.2020.121737
http://dx.doi.org/10.1016/j.jclepro.2020.121737
http://dx.doi.org/10.1016/j.techfore.2021.120858
http://dx.doi.org/10.1080/00405000.2020.1779636
http://dx.doi.org/10.3390/su132112246


S. Thinakaran et al.: Analyzing the Challenges to CE in Indian Fashion Industry

[14] H. S. Brar and P. Singh, ‘‘Relationship of agro-meteorological indices
with cotton yield under varied pre-sowing irrigation levels, sowing
dates and time of first irrigation in north-western India,’’ Commun.
Soil Sci. Plant Anal., vol. 53, no. 2, pp. 170–179, Jan. 2022, doi:
10.1080/00103624.2021.1984513.

[15] R. Kalli and P. R. Jena, ‘‘How large is the farm income loss due to climate
change? Evidence from India,’’ China Agricult. Econ. Rev., vol. 14, no. 2,
pp. 331–348, Mar. 2022, doi: 10.1108/CAER-11-2020-0275.

[16] F. Jensen and L. Whitfield, ‘‘Leveraging participation in apparel
global supply chains through green industrialization strategies: Implica-
tions for low-income countries,’’ Ecolog. Econ., vol. 194, Apr. 2022,
Art. no. 107331, doi: 10.1016/j.ecolecon.2021.107331.

[17] B. Wang, Y. Fu, and Y. Li, ‘‘Young consumers’ motivations and
barriers to the purchase of second-hand clothes: An empirical study
of China,’’ Waste Manage., vol. 143, pp. 157–167, Apr. 2022, doi:
10.1016/j.wasman.2022.02.019.

[18] P. Kumar, R. K. Singh, and V. Kumar, ‘‘Managing supply chains for sus-
tainable operations in the era of industry 4.0 and circular economy: Anal-
ysis of barriers,’’ Resour., Conservation Recycling, vol. 164, Jan. 2021,
Art. no. 105215, doi: 10.1016/j.resconrec.2020.105215.

[19] A. Vecchi, ‘‘Fashion technology & textile engineering the circular fashion
framework—The implementation of the circular economy by the fashion
industry,’’ Curr Trends Fash. Technol. Text. Eng, vol. 6, no. 2, pp. 31–35,
2020, doi: 10.19080/CTFTTE.2020.06.555681.

[20] J. García-Quevedo, E. Jové-Llopis, and E. Martínez-Ros, ‘‘Barriers to
the circular economy in European small and medium-sized firms,’’
Bus. Strategy Environ., vol. 29, no. 6, pp. 2450–2464, Sep. 2020, doi:
10.1002/bse.2513.

[21] A. K. Patwary, M. Mohamed, M. K. Rabiul, W. Mehmood, M. U. Ashraf,
and A. A. Adamu, ‘‘Green purchasing behaviour of international tourists
in Malaysia using green marketing tools: Theory of planned behaviour
perspective,’’ Nankai Bus. Rev. Int., vol. 13, no. 2, pp. 246–265, May 2022,
doi: 10.1108/NBRI-06-2021-0044.

[22] P. Modak, ‘‘Circular economy practices in India,’’ in An Introduction to
Circular Economy. Singapore: Springer, 2021, pp. 555–575.

[23] A. Gabus and E. Fontela, World Problems, an Invitation to MCDMfurther
Thought Within the Framework of DEMATEL. Geneva, Switzerland: Bat-
telle Geneva Research Center, 1972, pp. 1–8.

[24] T. L. Saaty, ‘‘The analytic hierarchy process,’’ in Agricultural Economics
Review. New York, NY, USA: McGraw-Hill, 1980, p. 70.

[25] C. L. Hwang and K. Yoon, ‘‘Methods for multiple attribute decision mak-
ing,’’ in Multiple Attribute Decision Making. Berlin, Germany: Springer,
1981, pp. 58–191.

[26] L. Ocampo, C. B. Deiparine, and A. L. Go, ‘‘Mapping strategy to best
practices for sustainable food manufacturing using fuzzy DEMATEL-
ANP-TOPSIS,’’ Eng. Manage. J., vol. 32, no. 2, pp. 130–150, Apr. 2020,
doi: 10.1080/10429247.2020.1733379.

[27] R. Chandrakant and R. Rajesh, ‘‘Social sustainability, corporate gov-
ernance, and sustainability performances: An empirical study of the
effects,’’ J. Ambient Intell. Hum. Comput., pp. 1–13, Oct. 2022, doi:
10.1007/s12652-022-04417-4.

[28] H. Corvellec, A. F. Stowell, and N. Johansson, ‘‘Critiques of the circular
economy,’’ J. Ind. Ecol., vol. 26, no. 2, pp. 421–432, Apr. 2022, doi:
10.1111/jiec.13187.

[29] B. Suárez-Eiroa, E. Fernández, G. Méndez-Martínez, and D. Soto-Oñate,
‘‘Operational principles of circular economy for sustainable development:
Linking theory and practice,’’ J. Cleaner Prod., vol. 214, pp. 952–961,
Mar. 2019, doi: 10.1016/j.jclepro.2018.12.271.

[30] V. Jacometti, ‘‘Circular economy and waste in the fashion industry,’’ Laws,
vol. 8, no. 4, p. 27, Oct. 2019, doi: 10.3390/laws8040027.

[31] M. A. D. Machado, S. O. D. Almeida, L. C. Bollick, and G. Bragagnolo,
‘‘Second-hand fashion market: Consumer role in circular economy,’’
J. FashionMarketingManag., Int. J., vol. 23, no. 3, pp. 382–395, Jul. 2019,
doi: 10.1108/JFMM-07-2018-0099.

[32] D. G. K. Dissanayake and D. Weerasinghe, ‘‘Towards circular economy in
fashion: Review of strategies, barriers and enablers,’’ Circular Economy
Sustainability, vol. 2, no. 1, pp. 25–45, Mar. 2022, doi: 10.1007/s43615-
021-00090-5.

[33] C. M. Ostermann, L. D. S. Nascimento, F. K. Steinbruch, and
D. Callegaro-de-Menezes, ‘‘Drivers to implement the circular economy
in born-sustainable business models: A case study in the fashion indus-
try,’’ Revista de Gestão, vol. 28, no. 3, pp. 223–240, Jul. 2021, doi:
10.1108/REGE-03-2020-0017.

[34] M. Saidani, B. Yannou, Y. Leroy, F. Cluzel, and A. Kendall, ‘‘A taxonomy
of circular economy indicators,’’ J. Cleaner Prod., vol. 207, pp. 542–559,
Jan. 2019, doi: 10.1016/j.jclepro.2018.10.014.

[35] V. Prieto-Sandoval, C. Jaca, and M. Ormazabal, ‘‘Towards a consensus on
the circular economy,’’ J. Cleaner Prod., vol. 179, pp. 605–615, Apr. 2018,
doi: 10.1016/j.jclepro.2017.12.224.

[36] G. Dicuonzo, G. Galeone, S. Ranaldo, and M. Turco, ‘‘The key drivers
of born-sustainable businesses: Evidence from the Italian fashion indus-
try,’’ Sustainability, vol. 12, no. 24, Dec. 2020, Art. no. 10237, doi:
10.3390/su122410237.

[37] F. Jia, S. Yin, L. Chen, and X. Chen, ‘‘The circular economy in the textile
and apparel industry: A systematic literature review,’’ J. Cleaner Prod.,
vol. 259, Jun. 2020, Art. no. 120728, doi: 10.1016/j.jclepro.2020.120728.

[38] T. Brydges, ‘‘Closing the loop on take, make, waste: Investigating circular
economy practices in the Swedish fashion industry,’’ J. Cleaner Prod.,
vol. 293, Apr. 2021, Art. no. 126245, doi: 10.1016/j.jclepro.2021.126245.

[39] R. Ramasamy and R. B. Subramanian, ‘‘Synthetic textile and microfiber
pollution: A review on mitigation strategies,’’ Environ. Sci. Pollut. Res.,
vol. 28, no. 31, pp. 41596–41611, Aug. 2021, doi: 10.1007/s11356-021-
14763-z.

[40] H.Wang, D.Masi, L. Dhamotharan, S. Day, A. Kumar, T. Li, and G. Singh,
‘‘Unconventional path dependence: How adopting product take-back and
recycling systems contributes to future eco-innovations,’’ J. Bus. Res.,
vol. 142, pp. 707–717, Mar. 2022, doi: 10.1016/j.jbusres.2021.12.057.

[41] I. Kazancoglu, Y. Kazancoglu, A. Kahraman, E. Yarimoglu, and G. Soni,
‘‘Investigating barriers to circular supply chain in the textile industry from
Stakeholders’ perspective,’’ Int. J. Logistics Res. Appl., vol. 25, nos. 4–5,
pp. 521–548, May 2022, doi: 10.1080/13675567.2020.1846694.

[42] I. Kazancoglu, Y. Kazancoglu, E. Yarimoglu, and A. Kahraman, ‘‘A con-
ceptual framework for barriers of circular supply chains for sustainability
in the textile industry,’’ Sustain. Develop., vol. 28, no. 5, pp. 1477–1492,
Sep. 2020, doi: 10.1002/sd.2100.

[43] W.-K. Chen, V. Nalluri, H.-C. Hung, M.-C. Chang, and C.-T. Lin, ‘‘Apply
DEMATEL to analyzing key barriers to implementing the circular econ-
omy: An application for the textile sector,’’ Appl. Sci., vol. 11, no. 8,
p. 3335, Apr. 2021, doi: 10.3390/app11083335.

[44] C. Ki, S. Park, and J. E. Ha-Brookshire, ‘‘Toward a circular economy:
Understanding consumers’ moral stance on corporations’ and individuals’
responsibilities in creating a circular fashion economy,’’ Bus. Strategy
Environ., vol. 30, no. 2, pp. 1121–1135, Feb. 2021, doi: 10.1002/bse.2675.

[45] P. Gazzola, E. Pavione, R. Pezzetti, and D. Grechi, ‘‘Trends in the fash-
ion industry. The perception of sustainability and circular economy: A
gender/generation quantitative approach,’’ Sustainability, vol. 12, no. 7,
p. 2809, Apr. 2020, doi: 10.3390/su12072809.

[46] K. Karuppiah, B. Sankaranarayanan, S. M. Ali, C. J. C. Jabbour, and
R. K. A. Bhalaji, ‘‘Inhibitors to circular economy practices in the leather
industry using an integrated approach: Implications for sustainable devel-
opment goals in emerging economies,’’ Sustain. Prod. Consumption,
vol. 27, pp. 1554–1568, Jul. 2021, doi: 10.1016/j.spc.2021.03.015.

[47] Y. Kalmykova, M. Sadagopan, and L. Rosado, ‘‘Circular economy—From
review of theories and practices to development of implementation tools,’’
Resour., Conservation Recycling, vol. 135, pp. 190–201, Aug. 2018, doi:
10.1016/j.resconrec.2017.10.034.

[48] D. L. M. Nascimento, V. Alencastro, O. L. G. Quelhas, R. G. G. Caiado,
J. A. Garza-Reyes, L. Rocha-Lona, and G. Tortorella, ‘‘Exploring industry
4.0 technologies to enable circular economy practices in a manufactur-
ing context,’’ J. Manuf. Technol. Manage., vol. 30, no. 3, pp. 607–627,
Apr. 2019, doi: 10.1108/JMTM-03-2018-0071.

[49] M. A. Moktadir, H. B. Ahmadi, R. Sultana, F.-T. Zohra, J. J. H. Liou,
and J. Rezaei, ‘‘Circular economy practices in the leather industry: A
practical step towards sustainable development,’’ J. Clean. Prod., vol. 251,
Apr. 2020, Art. no. 119737, doi: 10.1016/j.jclepro.2019.119737.

[50] A. Khare, ‘‘Green apparel buying: Role of past behavior, knowl-
edge and peer influence in the assessment of green apparel per-
ceived benefits,’’ J. Int. Consum. Marketing, pp. 1–17, Jul. 2019, doi:
10.1080/08961530.2019.1635553.

[51] W. Wymer and M. J. Polonsky, ‘‘The limitations and potentialities of
green marketing,’’ J. Nonprofit Public Sector Marketing, vol. 27, no. 3,
pp. 239–262, Jul. 2015, doi: 10.1080/10495142.2015.1053341.

[52] M. Moldoveanu and J. Cirklova, Challenges and Limitations of Using
an Online Survey in Social Sciences: Measuring Beliefs and Intentions
Related to the Consumption of Organic Cotton Clothing. London, U.K.:
SAGE, 2022.

VOLUME 11, 2023 725

http://dx.doi.org/10.1080/00103624.2021.1984513
http://dx.doi.org/10.1108/CAER-11-2020-0275
http://dx.doi.org/10.1016/j.ecolecon.2021.107331
http://dx.doi.org/10.1016/j.wasman.2022.02.019
http://dx.doi.org/10.1016/j.resconrec.2020.105215
http://dx.doi.org/10.19080/CTFTTE.2020.06.555681
http://dx.doi.org/10.1002/bse.2513
http://dx.doi.org/10.1108/NBRI-06-2021-0044
http://dx.doi.org/10.1080/10429247.2020.1733379
http://dx.doi.org/10.1007/s12652-022-04417-4
http://dx.doi.org/10.1111/jiec.13187
http://dx.doi.org/10.1016/j.jclepro.2018.12.271
http://dx.doi.org/10.3390/laws8040027
http://dx.doi.org/10.1108/JFMM-07-2018-0099
http://dx.doi.org/10.1007/s43615-021-00090-5
http://dx.doi.org/10.1007/s43615-021-00090-5
http://dx.doi.org/10.1108/REGE-03-2020-0017
http://dx.doi.org/10.1016/j.jclepro.2018.10.014
http://dx.doi.org/10.1016/j.jclepro.2017.12.224
http://dx.doi.org/10.3390/su122410237
http://dx.doi.org/10.1016/j.jclepro.2020.120728
http://dx.doi.org/10.1016/j.jclepro.2021.126245
http://dx.doi.org/10.1007/s11356-021-14763-z
http://dx.doi.org/10.1007/s11356-021-14763-z
http://dx.doi.org/10.1016/j.jbusres.2021.12.057
http://dx.doi.org/10.1080/13675567.2020.1846694
http://dx.doi.org/10.1002/sd.2100
http://dx.doi.org/10.3390/app11083335
http://dx.doi.org/10.1002/bse.2675
http://dx.doi.org/10.3390/su12072809
http://dx.doi.org/10.1016/j.spc.2021.03.015
http://dx.doi.org/10.1016/j.resconrec.2017.10.034
http://dx.doi.org/10.1108/JMTM-03-2018-0071
http://dx.doi.org/10.1016/j.jclepro.2019.119737
http://dx.doi.org/10.1080/08961530.2019.1635553
http://dx.doi.org/10.1080/10495142.2015.1053341


S. Thinakaran et al.: Analyzing the Challenges to CE in Indian Fashion Industry

[53] F. Harris, H. Roby, and S. Dibb, ‘‘Sustainable clothing: Challenges,
barriers and interventions for encouraging more sustainable consumer
behaviour,’’ Int. J. Consum. Stud., vol. 40, no. 3, pp. 309–318, May 2016,
doi: 10.1111/ijcs.12257.

[54] K. Mathiyazhagan, S. Sengupta, and D. Mathivathanan, ‘‘Challenges for
implementing green concept in sustainable manufacturing: A system-
atic review,’’ OPSEARCH, vol. 56, no. 1, pp. 32–72, Mar. 2019, doi:
10.1007/s12597-019-00359-2.

[55] S. Diddi, R.-N. Yan, B. Bloodhart, V. Bajtelsmit, and K. McShane,
‘‘Exploring young adult consumers’ sustainable clothing consumption
intention-behavior gap: A behavioral reasoning theory perspective,’’
Sustain. Prod. Consumption, vol. 18, pp. 200–209, Apr. 2019, doi:
10.1016/j.spc.2019.02.009.

[56] P. S. Aithal and S. Aithal, ‘‘Opportunities and challenges for green and
eco-friendly nanotechnology in twenty-first century,’’ in Sustainable Nan-
otechnology. Hoboken, NJ, USA: Wiley, 2022, pp. 31–50.

[57] S. Patwary, ‘‘Clothing and textile sustainability,’’ Textile leather
Rev., vol. 3, no. 3, pp. 158–173, Sep. 2020, doi: 10.31881/TLR.
2020.16.

[58] M. Haseeb, I. Haouas, M. Nasih, L. W. Mihardjo, and K. Jermsit-
tiparsert, ‘‘Asymmetric impact of textile and clothing manufacturing
on carbon-dioxide emissions: Evidence from top Asian economies,’’
Energy, vol. 196, Apr. 2020, Art. no. 117094, doi: 10.1016/j.energy.2020.
117094.

[59] I. Amed, The State of Fashion 2022. New York, NY, USA: McKinsey
Company, 2022, pp. 1–144.

[60] N. K. Sharma, V. Kumar, P. Verma, and S. Luthra, ‘‘Sustainable reverse
logistics practices and performance evaluationwith fuzzy TOPSIS:A study
on Indian retailers,’’ Cleaner Logistics Supply Chain, vol. 1, Oct. 2021,
Art. no. 100007, doi: 10.1016/j.clscn.2021.100007.

[61] S. H. Hassan, J. A. L. Yeap, and N. H. Al-Kumaim, ‘‘Sustainable fashion
consumption: Advocating philanthropic and economic motives in clothing
disposal behaviour,’’ Sustainability, vol. 14, no. 3, p. 1875, Feb. 2022, doi:
10.3390/su14031875.

[62] M. S. Bhatia and R. K. Srivastava, ‘‘Analysis of external barriers to
remanufacturing using grey-DEMATEL approach: An Indian perspec-
tive,’’ Resour., Conservation Recycling, vol. 136, pp. 79–87, Sep. 2018,
doi: 10.1016/j.resconrec.2018.03.021.

[63] H. A. M. Shaffril, S. F. Samsuddin, and A. A. Samah, ‘‘The ABC of
systematic literature review: The basic methodological guidance for begin-
ners,’’ Qual. Quantity, vol. 55, no. 4, pp. 1319–1346, Aug. 2021, doi:
10.1007/s11135-020-01059-6.

[64] M. Velasquez and P. T. Hester, ‘‘An analysis of multi-criteria decision
making methods,’’ Int. J. Oper. Res., vol. 10, no. 2, pp. 56–66, 2013.

[65] G. Singh, Y. Daultani, R. Rajesh, and R. Sahu, ‘‘Modeling the growth bar-
riers of fresh produce supply chain in the Indian context,’’ Benchmarking,
Int. J., Mar. 2022, doi: 10.1108/BIJ-09-2021-0517.

[66] Y. Ali, D. H. Jokhio, A. A. Dojki, O. U. Rehman, F. Khan, and
A. Salman, ‘‘Adoption of circular economy for food waste management
in the context of a developing country,’’ Waste Manage. Res., J. Sus-
tain. Circular Economy, vol. 40, no. 6, pp. 676–684, Jun. 2022, doi:
10.1177/0734242X211038198.

[67] F. Khan and Y. Ali, ‘‘A facilitating framework for a developing country
to adopt smart waste management in the context of circular economy,’’
Environ. Sci. Pollut. Res., vol. 29, no. 18, pp. 26336–26351, Apr. 2022,
doi: 10.1007/s11356-021-17573-5.

[68] H. Hasheminasab, S. H. Zolfani, E. K. Zavadskas, M. Kharrazi,
and M. Skare, ‘‘A circular economy model for fossil fuel
sustainable decisions based on MADM techniques,’’ Econ. Res.-
Ekonomska Istraživanja, vol. 35, no. 1, pp. 564–582, Dec. 2022, doi:
10.1080/1331677X.2021.1926305.

[69] A. Niedermeier, A. Emberger-Klein, and K. Menrad, ‘‘Which factors dis-
tinguish the different consumer segments of green fast-moving consumer
goods in Germany?’’ Bus. Strategy Environ., vol. 30, no. 4, pp. 1823–1838,
May 2021, doi: 10.1002/bse.2718.

[70] P. Jothimani, P. Chenniappan, and V. Chidambaranathan, ‘‘Factors impinge
on the development of a smart city: A field study,’’ Environ. Sci. Pollut.
Res., vol. 29, no. 57, pp. 86298–86307, Dec. 2022, doi: 10.1007/s11356-
021-17930-4.

[71] R. K. Goel and M. A. Nelson, ‘‘Employment effects of R&D and process
innovation: Evidence from small and medium-sized firms in emerging
markets,’’ Eurasian Bus. Rev., vol. 12, no. 1, pp. 97–123, Mar. 2022, doi:
10.1007/s40821-022-00203-6.

[72] Z. Mao, S. Shi, H. Li, J. Zhong, and J. Sun, ‘‘Landslide susceptibility
assessment using triangular fuzzy number-analytic hierarchy processing
(TFN-AHP), contributing weight (CW) and random forest weighted fre-
quency ratio (RF weighted FR) at the pengyang county, northwest China,’’
Environ. Earth Sci., vol. 81, no. 3, p. 86, Feb. 2022, doi: 10.1007/s12665-
022-10193-3.

[73] I. Papamichael, G. Chatziparaskeva, J. N. Pedreño, I. Voukkali,
M. B. A. Candel, and A. A. Zorpas, ‘‘Building a newmind set in tomorrow
fashion development through circular strategy models in the framework
of waste management,’’ Current Opinion Green Sustain. Chem., vol. 36,
Aug. 2022, Art. no. 100638, doi: 10.1016/j.cogsc.2022.100638.

[74] R. Nayak, L. Nguyen, A. Patnaik, and A. Khandual, ‘‘Fashion waste man-
agement problem and sustainability: A developing country perspective,’’ in
Waste Manage. Fashion Textile Industries. Amsterdam, The Netherlands:
Elsevier, 2021, pp. 3–29.

[75] M. K. Paras, A. Curteza, and G. Varshneya, ‘‘Identification of best reverse
value chain alternatives,’’ J. Fashion Marketing Manag., Int. J., vol. 23,
no. 3, pp. 396–412, Jul. 2019, doi: 10.1108/JFMM-04-2018-0060.

[76] M. Koszewska, ‘‘Circular economy—Challenges for the textile and cloth-
ing industry,’’ Autex Res. J., vol. 18, no. 4, pp. 337–347, Dec. 2018, doi:
10.1515/aut-2018-0023.

[77] M. R. Gleim, J. S. Smith, D. Andrews, and J. J. Cronin, ‘‘Against
the green: A multi-method examination of the barriers to green con-
sumption,’’ J. Retailing, vol. 89, no. 1, pp. 44–61, Mar. 2013, doi:
10.1016/j.jretai.2012.10.001.

[78] K. Saha, P. K. Dey, and E. Papagiannaki, ‘‘Implementing circular economy
in the textile and clothing industry,’’ Bus. Strategy Environ., vol. 30, no. 4,
pp. 1497–1530, May 2021, doi: 10.1002/bse.2670.

[79] P. H. Huynh, ‘‘‘Enabling circular business models in the fashion industry:
The role of digital innovation,’’’ Int. J. Productiv. Perform. Manage.,
vol. 71, no. 3, pp. 870–895, Feb. 2022, doi: 10.1108/IJPPM-12-2020-0683.

SHAKTHI THINAKARAN received the B.Tech.
degree in mechanical engineering from the Vellore
Institute of Technology, Vellore, India, in 2022.
She is currently pursuing the M.Sc. degree in sus-
tainable energy technology with the Delft Univer-
sity of Technology, The Netherlands. Her research
interests include sustainable technology, renew-
able energy, and circular economy.

PRANESH CHANDRAVELU received the
Bachelor of Technology degree in mechanical
engineering from the Vellore Institute of Technol-
ogy, Vellore. He is currently pursuing the Mas-
ter of Science degree in industrial engineering
with Texas A&M University, College Station,
TX, USA. His current research interests include
improving and optimizing manufacturing pro-
cesses in the sector, as well as advancing the
sustainability of processes and products.

726 VOLUME 11, 2023

http://dx.doi.org/10.1111/ijcs.12257
http://dx.doi.org/10.1007/s12597-019-00359-2
http://dx.doi.org/10.1016/j.spc.2019.02.009
http://dx.doi.org/10.31881/TLR.2020.16
http://dx.doi.org/10.31881/TLR.2020.16
http://dx.doi.org/10.1016/j.energy.2020.117094
http://dx.doi.org/10.1016/j.energy.2020.117094
http://dx.doi.org/10.1016/j.clscn.2021.100007
http://dx.doi.org/10.3390/su14031875
http://dx.doi.org/10.1016/j.resconrec.2018.03.021
http://dx.doi.org/10.1007/s11135-020-01059-6
http://dx.doi.org/10.1108/BIJ-09-2021-0517
http://dx.doi.org/10.1177/0734242X211038198
http://dx.doi.org/10.1007/s11356-021-17573-5
http://dx.doi.org/10.1080/1331677X.2021.1926305
http://dx.doi.org/10.1002/bse.2718
http://dx.doi.org/10.1007/s11356-021-17930-4
http://dx.doi.org/10.1007/s11356-021-17930-4
http://dx.doi.org/10.1007/s40821-022-00203-6
http://dx.doi.org/10.1007/s12665-022-10193-3
http://dx.doi.org/10.1007/s12665-022-10193-3
http://dx.doi.org/10.1016/j.cogsc.2022.100638
http://dx.doi.org/10.1108/JFMM-04-2018-0060
http://dx.doi.org/10.1515/aut-2018-0023
http://dx.doi.org/10.1016/j.jretai.2012.10.001
http://dx.doi.org/10.1002/bse.2670
http://dx.doi.org/10.1108/IJPPM-12-2020-0683


S. Thinakaran et al.: Analyzing the Challenges to CE in Indian Fashion Industry

S. G. PONNAMBALAM received the Ph.D.
degree in computer integrated manufacturing from
Bharathiar University, India, in 1995.

He worked at Monash University Malaysia,
from 2002 to 2017, and at University Malaysia
Pahang, from 2018 to 2020. He has held academic
and administrative positions at various higher
learning institutions, such as the PSG College of
Technology, Coimbatore, and the National Insti-
tute of Technology, Trichy, India. He is currently a

Senior Professor attached to the School of Mechanical Engineering, Vellore
Institute of Technology, Vellore, India. He has over 300 articles published in
various referred journals, refereed conferences, and chapters in edited books.
His articles are published in different peer-reviewed international journals.
His research interests include sustainable manufacturing, manufacturing
automation, and swarm robotics.

Dr. Ponnambalam is a fellow of IE (India) and IMechE (U.K.). He served
as anAssociate Editor for the IEEETRANSACTIONSONAUTOMATION SCIENCEAND

ENGINEERING and Swarm and Evolutionary Computation. He is also serving
as an Associate Editor for International Journal of Robotics and Automation
and International Journal of Computers and Applications. He is also serv-
ing as an editorial board member for many international journals. He is a
C.Eng. (U.K.).

BATHRINATH SANKARANARAYANAN is
currently an Associate Professor with the Depart-
ment of Mechanical Engineering, Kalasalingam
Academy of Research and Education,
Krishnankoil, Tamil Nadu, India. He has obtained
his Postdoctoral Fellowship from the University of
Southern Denmark, Odense, Denmark. He has also
obtained his Young Scientist Fellowship from the
Tamil Nadu State Council for Science and Tech-
nology (TNSCST). He has published 50 papers in

journal of national/international repute and presented a number of papers
in various conferences/symposia in India and abroad. He is also guiding a
number of master’s/Ph.D. research scholars. His current research interests
include industry 4.0, supply chain management, circular economy, risk
assessment, multi-criteria decision making, scheduling, optimization of
process parameters, soft computing, and artificial intelligence.

KOPPIAHRAJ KARUPPIAH received the Ph.D.
degree in industrial engineering from the
Kalasalingam Academy of Research and Edu-
cation. He is currently an Assistant Professor
with the Department of Mechanical Engineering,
Saveetha Institute of Medical and Technical Sci-
ences, Chennai, Tamil Nadu, India. His research
appears in the Journal of Cleaner Production,
Symmetry, International Journal of Occupational
Safety and Ergonomics, and Sustainable Produc-

tion and Consumption. His research interests include ergonomics, sustain-
able supply chain management, sustainable manufacturing practices, and
circular economy.

VOLUME 11, 2023 727


