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Abstract
The fashion industry creates a large amount of pollution, making it one of the least 
environmentally friendly industries in the world with an ever-growing adoption of the linear 
fashion system “take-make-dispose” that continues to exploit scarce natural resources and 
energy. This advocate shifting to a circular economy to achieve sustainable production and 
consumption. However, numerous challenges are faced when introducing the principles of 
circular economy, obstructing the system transition. The ten challenges identified from the 
literature include poor material and energy efficiency, poor circular design, technological 
challenges, regulatory pressures, internal stakeholders’ pressures, financial pressures, 
insufficient human capital, poor management and leadership, lack of external collaborations, 
and consumer-related challenges. This research aims to identify the level of significance 
of the challenges identified from the literature to assist top management with formulating 
a strategy. Decisions will be made and prioritised based on the key challenges to ensure a 
successful and effective implementation of the circular economy in the fashion industry. To 
achieve the aim of this research, seven experts within both the circular economy and fashion 
context are interviewed. Fuzzy Total Interpretive Structural Modelling (Fuzzy-TISM) is used 
to arrange the challenges into a hierarchy-based model and to illustrate the interrelationship 
between these challenges. Also, Fuzzy MICMAC analysis is used to map and rank these 
challenges depending on their driving and dependence power. Based on the findings, 
regulatory pressures and poor management and leadership are the key challenges with the 
highest significance level. Therefore, successful and effective implementation of a circular 
economy requires a change in managerial strategies.
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Introduction

There is no doubt that the fashion industry is amongst the world’s most significant 
industries. Still, it is also amongst the highest contributors to environmental damage and 
social and ecological footprints [1, 2]. Not only does clothing play a crucial part in our 
daily lives, but a significant amount of the global workforce is based within the sector at 
over 300 million as of 2017, and consistently growing [3]. In the UK, the fashion industry 
has around 800,000 employees working in manufacturing, wholesale, retailing, and 
services, generating a revenue of over 100 billion pounds [4]. In Europe alone, fashion 
item manufacture employs approximately 1.7 million people and generates over €165 
billion of income [5]. In 2021, the fashion industry’s global revenue was about $1.5 trillion 
[6]. Therefore, it massively supports employment, especially in low-income countries, and 
significantly supports global economies.

However, the fashion industry alone consumes over 50% of the textiles available world-
wide, comprising various non-renewable natural resources [3]. Moreover, the fashion 
industry processes across the value chain account for nearly 20% of global water waste and 
almost 10% of the world’s carbon emissions per year [7, 8]. According to Atstja et al. [9], 
more than 95% of clothing materials can be recycled, but only 1% of them are recovered 
by the industry for reuse and recycling. In recent years, clothing production has increased 
by over 50%, and clothing usage has declined by over 40% [3]. Consequently, the fashion 
industry is facing a growing amount of textile waste, particularly with the rise of fast fash-
ion, which increases the number of collections per year, lowers prices, and prompts quicker 
changes in styles and trends [10].

The rapid increase in the world’s population and the rising environmental pressures and 
climate change are stimulating governments, organisations, and societies to work on con-
serving scarce natural resources [11]. Circular economy (CE) is one of the new approaches 
to address these issues. The most popular definition for the circular economy is provided 
by the Ellen MacArthur Foundation, which defines the circular economy as “the principles 
of designing out waste and pollution, keeping products and materials in use, and regen-
erating natural systems” [12]. Therefore, the circular economy advocates the shift from 
linear economies like the “take-make-dispose” approach to the “take-make-reuse” to 
address the threats and consequences of the linear fashion system [8, 13]. Moreover, the 
United Nations set 17 Sustainable Development Goals (SDGs). One way to fulfil them is to 
implement a CE, particularly SDG 12: “Responsible Consumption and Production”, which 
emphasises efficient management and use of scarce natural resources and goods [10, 14, 
15]. The CE is considered a systematic approach aiming to reduce waste from occurring 
in the first place and keep resources within the economy. This is done by re-distributing 
items’ intrinsic value by reusing instead of dismissing them. However, the fashion industry 
must deal with challenges that obstruct the shift from a linear to a CE.

The efforts to explore these challenges have been growing in recent years due to the 
emerging nature of the CE in the fashion context. The existing research has proposed dif-
ferent categorizations to resolve the challenges of implementing a CE in the fashion indus-
try. However, the current research lacks the information required at the early stages of the 
decision-making phase that identifies the level of significance for each challenge. This 
causes the arrival of further challenges within the implementation process. This research 
identifies the level of significance for several challenges identified from the literature to 
assist top management with formulating a strategy and making decisions for a success-
ful and effective implementation. This research contributes to the gap in existing research 
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by using the Fuzzy-TISM to identify the interrelationship between the challenges and to 
arrange these challenges into a hierarchy-based model. This helps to simply visualise the 
complex system of challenges and reveal direct and indirect impacts of each of the chal-
lenges identified from the literature. Fuzzy MICMAC will additionally analyse, map, and 
rank these challenges depending on their driving and dependence power. To achieve the 
aim of this paper and fill the research gap, the research is designed to address the following 
research questions:

1.	 What is the interrelationship between the challenges of implementing a CE in the fashion 
industry identified from the literature?

2.	 What is the significance level of the challenges for implementing a CE in the fashion 
industry identified from the literature?

3.	 What are the key challenges of implementing a CE in the fashion industry identified 
from the literature that need prioritising and addressing by management?

The paper aims to achieve its objectives and address the research questions throughout 
its six sections: “Introduction”, “Literature Review”, “Methodology”, “Results”, “Discus-
sion”, and “Conclusion”.

Literature Review

Existing literature identifies various challenges to introducing a CE, and further research 
categorises these challenges into different categories. Table  1 provides an overview of 
reviewed sources that focus on the challenges of introducing a CE without a specific indus-
try context. On the other hand, Table 2 illustrates an overview of the challenges reviewed 
from the literature focused on introducing a CE in the fashion industry context.

Based on the review of existing literature and research, this paper focuses on the chal-
lenges of introducing a CE in the fashion industry whilst also considering the challenges 
faced in other sectors when applicable. Therefore, ten main challenges of introducing CE 
in the fashion industry were identified, including poor material and energy efficiency, poor 
circular design, technological challenges, regulatory pressures, internal stakeholders’ 
pressures, financial pressures, insufficient human capital, poor management and leader-
ship, lack of external collaborations, and consumer-related challenges (Fig. 1). These chal-
lenges cover most areas and are discussed in detail in the following sub-sections.

Poor Material and Energy Efficiency

The fashion industry’s transition to a CE poses several challenges. One is maintaining the 
quality and quantity of materials and energy efficiency whilst having the lowest possible 
environmental impact and highest value of materials [19]. The current linear fashion sys-
tem adds to these challenges by increasing the number of collections per year, lowering 
prices, and prompting quicker changes in styles and trends [10]. Therefore, the linear fash-
ion system has increased the use of non-renewable and unsustainable materials and energy 
in an unsustainable and uneconomic manner [20, 21].

However, the fashion industry’s challenge concerning materials and energy is limited 
to the scarcity of resources, dictated by environmental impacts and climate change of 
current raw material production, and the poor understanding and management of the 
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Table 1   Overview of the challenges faced in introducing circular economy (without specific industry con-
text)

Authors Challenges

Kumar et al. [16] 15 challenges faced throughout the supply chain:
(1) Insufficient legislation and control,
(2) lack of governmental guidance and support,
(3) risk of mismanagement,
(4) poor waste management,
(5) lack of management support,
(6) short-term goals,
(7) insufficient funds available for the industry,
(8) inefficient execution of framework,
(9) lack of skilled workforce,
(10) employee resistance for change,
(11) Lack of planning for the implementation and integration of CE and 

industry 4.0,
(12) lack of understanding industry 4.0,
(13) use of materials as energy,
(14) poor resource quality,
(15) insufficient market demand

Tura et al. [17] Categorise the challenges into seven categories:
(1) Environmental,
(2) institutional,
(3) economic,
(4) social,
(5) organisational factors,
(6) supply chain,
(7) technological and informational

Hina et al. [11] Categorise the challenges into two categories:
(1) Internal challenges: organisational strategies and policies, product design, 

internal stakeholders, financial challenges, collaborations, technological 
difficulties, and lack of viable resources

(2) External challenges: supply chain-related challenges, environmental 
challenges, regulatory challenges, social and cultural challenges, economic 
challenges, and consumer-related challenges

García-Quevedo et al. [18] Categorise the challenges into two categories (focused on European SMEs):
(1) insufficient financial and human resources, and (2) the complexity of 

administrative obligations and legislations

Table 2   Overview of the challenges the fashion industry faces in introducing a CE

Authors Challenges

Colucci and Vecchi [2] Categorise the challenges into three categories:
(1) operational challenges, (2) Technical challenges, and (3) customer-related 

issues
Abdelmeguid et al. [8] Categorise the challenges into two categories:

(1) Hard aspects: financial challenges, regulatory challenges, circular business 
model-related challenges, and pressures from stakeholders

(2) Soft aspects: consumer-related challenges and green intellectual capital
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current and potential material flow [22]. Although the extraction of raw materials is 
energy-intensive, there is still not enough attention given to the importance of utilis-
ing waste, making use of reusable, recycled materials, and biodegradable material to 
ease the flow and recovery of materials [22]. Moreover, some synthetic fibres require 
enormous amounts of energy and chemicals whilst generating toxic waste and pollut-
ing materials in their production, which cause environmental impacts and human health 
concerns [19]. Furthermore, by implementing circular strategies and activities, materi-
als and energy can be used more efficiently, and production levels can be raised. How-
ever, this can lead to an increasing risk of circular rebound, which offsets the benefits of 
a circular economy [23].

Poor Circular Design

The circular design must redefine and reimagine products and services to improve 
waste management and support shifting to a CE. The design of circular systems should 
include strategies to extend the lifespan of products, such as swapping, renting, leasing, 
and repairing, as well as strategies to encourage circularity at the end of their useful 
lives, such as repairing, reusing, recycling, and remanufacturing [16, 20].

However, with fast fashion dominating the market, products are not designed to last 
for long or active use indicating poor circular design [24]. This is due to the fashion 
industry’s competitive environment with a constantly changing market demand and 
customer preference, which pressures designers to rapidly create new styles and trends 
instead of focusing on innovative and efficient circular design [25]. Additionally, cre-
ating optimal circular products and services whilst keeping consumers’ preferences in 
mind is often a challenge for the fashion industry. A circular and resource-efficient solu-
tion must be accompanied by the desired features, performance, and quality expected by 
their consumers to ensure an overall success [26].

7

5

12

5

6

7

7

8

6

7

0 2 4 6 8 10 12 14

Poor material and energy efficienc

Poor circular design

Technological challenges

Regulatory pressures

Internal stakeholders pressures

Financial pressures

Insufficient human capital

Poor management and leadership

Lack of external collabora�on

Consumer-related challenges

Frequency of appearance

Ch
al

le
ng

es

Fig. 1   The frequency of appearance of the ten challenges identified in the literature reviewed
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Technological Challenges

The technology available in the fashion industry challenges CE implementation. This is 
because standard technologies used in the production process are designed to support fast-
fashion business models, thereby designed to support high-scale and mass production at 
a lower cost and with shorter production cycles [2, 21]. Thus, circular economy business 
models are insufficiently supported by advanced and efficient technologies that run cost-
effectively without compromising quality [8, 17].

A limited number of technologies are available to support the shift to a CE and over-
come the issues caused by the currently available and used technologies [27]. These CE-
oriented technologies must facilitate CE strategies such as optimising, remanufacturing, 
and regenerating resources [28]. CE-oriented technologies include sorting, recycling, and 
printing technologies, detection and separation of fibres and materials technology, mate-
rial recovery, and waterless dying technologies [11, 16, 20]. Other sustainability-inspired 
technologies include additive manufacturing, cloud manufacturing, Cyber-Physical Sys-
tems (CPS), and the Internet of Things (IoT) [29]. These technologies could provide vari-
ous circular qualities, including obtaining primary data that helps with decision-making 
and reverse logistics by monitoring real-time movements within the transportation sys-
tems, providing information about the availability of materials and sharing manufacturing 
resources, and estimating carbon emissions [16].

The limited availability of these technologies, accompanied by the challenge of strategic 
and efficient integration within the business models, and a fundamental lack of knowledge 
in their operation and implementation to resolve CE challenges, are some of the major bar-
riers to a successful adoption [22].

. Furthermore, technological advancements could potentially lead to circular rebounds if 
not used effectively and efficiently [23].

Regulatory Pressures

In the fashion industry, regulations and legislation are seen as one of the most significant 
barriers to introducing a CE. Governments have the most control over how companies and 
retailers operate and play a crucial role for introducing a CE [8, 18]. Therefore, the transi-
tion needs to be complemented by supportive legal frameworks.

Insufficient regulations in some countries could encourage the outsourcing of produc-
tion processes to benefit from fewer or weaker sustainable legislations and circular prac-
tices in place. It could potentially lead to unethical practices such as exploitation of the 
workforce and poor working conditions [30]. Furthermore, having insufficient regulations 
or legal obligations for consumers to support circular initiatives made within the industry 
could be very challenging for the industry to adopt a CE.

Challenging regulations and reduced taxes placed by the governments within the fash-
ion industry can drive a successful transition to a CE. Therefore, governments can support 
the fashion industry through various ways, including implementing strict regulations and 
lowering taxes. However, governments around the world fail to implement efficient strate-
gies that would help with waste minimisation, as well as fail to provide support for the 
complex administration requirements and high administration costs that act like a barrier 
when transitioning to a CE, particularly for SMEs [16, 18]. Additionally, there is insuf-
ficient governmental support and guidance to create a stream of textile waste derived from 
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different companies, which hinders the opportunity for circular waste management at scale, 
[22].

Internal Stakeholders’ Pressures

Collaboration and engagement amongst all internal stakeholders, including employees, 
managers, and owners, are required to introduce a CE in the fashion industry [7, 13]. Their 
collective action and effort are critical in planning and developing business strategies 
[31]. The involvement of all internal stakeholders increases constraints and pressures due 
to the different self-interests and needs of the various stakeholders [8, 16]. Also, internal 
stakeholders in the fashion industry need economic reasoning and benefits as an incen-
tive to transition to a CE [32]. Therefore, it is very difficult to align and connect the goals 
of different internal stakeholders and meet their requirements, which makes the transition 
to a CE very challenging. However, the commitment of internal stakeholders alone is not 
enough. Commitment and engagement of external stakeholders, such as consumers, are 
also essential to achieve circularity in the fashion industry [13].

Financial Pressures

The fashion industry faces various financial pressures when transitioning to a CE [8]. This 
is usually due to limited financial means available, limited financial support provided, and 
high risk of misinvestment into the CE, particularly for SMEs and start-ups [16–18]. Also, 
the change requires many investments at the start to enable investments in the right CE-
oriented technologies and infrastructure [33]. Moreover, the poor financial performance 
and difficulty in measuring and evaluating the efficiency of the circular business models 
hamper the transition’s long-term environmental and social benefits [16]. This is because 
the CE is considered a new concept that implies uncertainty about its short-term profitabil-
ity, and thereby, is usually not supported by financial markets [8, 34]. The fashion industry 
also faces the challenges of circular systems’ costs and inefficiency, for instance, recycling 
or separating materials [35]. These higher costs and inefficiencies sometimes lead to a rise 
in the price of sustainable and circular fashion goods and services, affecting consumers’ 
purchasing and product usage decisions as they are unwilling to pay more [35].

Insufficient Human Capital

Providing adequate and relevant training and knowledge to employees within the fashion 
industry is necessary to ensure that the resistance to change is minimised and increases the 
level of commitment to this change [36]. Also, it increases the ability to know more about 
sustainable materials and resources and the use of new technologies, circular strategies, 
and techniques [20, 37]. In addition, the involvement of employees in the decision-making 
process empowers the companies staff members, benefitting both the employees and the 
competitive advantage of the organisation.

Nevertheless, the fashion industry’s lack of skilled and knowledgeable human capital 
causes a further challenge for CE introduction [8, 16]. As the fashion industry fails to rec-
ognise the crucial part that human capital plays in the manufacturing system and the over-
all life cycle of the system, it fails to consider the significant role it plays in organisational 
development and change, when implementing a CE [36]. Also, it fails to recognise the 
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significance of imitable, non-substitutional, and rare human capital in achieving a competi-
tive advantage [38, 39]. Therefore, organisations and brands are not paying much attention 
to allocating enough time and adequate finances to share knowledge, train and educate the 
workforce regarding circularity [18]. Consequently, there appears to be insufficient knowl-
edge, skill set, and behaviour concerning the CE, management of environmental and sus-
tainability concerns, and environmental protection [40]. This obstructs the ability of the 
fashion industry to transform into a CE.

Poor Management and Leadership

Management and leadership are critical factors for the introduction of circular strategies. 
Management and leadership shape the organisational culture, which plays a crucial role in 
organisational behaviour and the successful application of circular systems [37]. The shift 
to a CE within the fashion industry requires changes in the organisational culture, which 
may be threatening to some individuals and may be accompanied by high-risk aversion 
and high costs in the short-term [8, 34, 41]. Therefore, good leadership and management 
capabilities are essential for implementing fundamental changes within the industry [11, 
42]. This helps in understanding the internal and external organisational issues and needs, 
as well as helping in considering the whole system and how it operates to support the intro-
duction of a CE [41]. In addition, good management and leadership help understand the 
needs of the employees and boost motivation and development of the workforce to support 
the transition [11].

However, there is a lack of managerial and leadership skills required to distribute cir-
cular knowledge and adopt circular strategies, which usually leads to insufficient use of 
human capital and other organisational resources [8, 31]. This lack of effective manage-
ment and leadership also leads to a lack of drive and motivation to implement circular-
ity and a failure to raise awareness of the significance of transitioning to a CE system [8, 
36]. Furthermore, poor management and leadership act like a barrier to initiating visions 
in the decision-making process and implementing actions, since it obstructs the ability to 
adopt the essential strategies in planning, organising, and controlling [36]. Therefore, poor 
management and leadership hinder the fashion industry’s ability to transition to a circular 
economy.

Lack of External Collaborations

Collaboration networks within the fashion industry with external partners, including 
brands, retailers, suppliers, and governments, facilitate the sharing of knowledge and 
expertise, support the development of new environmental ideas and circular strategies, ena-
ble technological advancements and circular innovation, and reduce the costs of research 
and development [40]. In addition, collaboration networks encourage sharing materials, 
garments, services, tools, and other resources. Therefore, the value chain becomes more 
connected, and their vision is more aligned, facilitating the communication of best prac-
tices and introducing CE principles within industries [43].

However, the lack of external collaborations hinders the fashion industry’s transition 
to a CE [8]. This is due to the lack of transparency stemming from a lack of trust and the 
incompatibility between partners across the value chain, in turn restricting the exchange 
of knowledge, expertise, and activities between collaboration networks [11]. This reduces 
the ability to reduce costs, develop new ideas, reduce the risks associated with long-term 
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investments and the opportunity of collaborating with the government [44]. External col-
laboration also relies on three supporting factors: challenges from the external environ-
ment (regulations, society, and expectations), challenges from the competitive environment 
(suppliers, competitors, consumers, and intermediates), and the search for the competitive 
advantage (cost and differentiation qualities and features) [45]. Therefore, the absence or 
insufficiency of these three driving factors could act as a barrier to external collaboration 
and restrict its supporting opportunities in introducing circularity in the fashion industry.

Consumer‑Related Challenges

Based on Berberyan et al. [46], there are variables related to the product, such as price, 
quality, availability and accessibility, product design, and ethical identification. In compari-
son, the variables related to the consumers include personal interests, norms, habits, con-
venience, social desirability bias, and perception. Usually, variables related to the product 
are the ones that could be managed. As variables related to consumers are more difficult to 
predict and control due to the conflicting external behaviours regarding the purchase, use, 
and disposal of products or services within the fashion industry which creates circularity 
dilemmas [8, 47].

The attitude-behaviour gap is one of the main consumer-related challenges. There has 
been a massive gap between understanding the need for ethical clothing and circular prod-
ucts, services to tackle environmental concerns, and consumers’ purchase, usage, and dis-
posal behaviour [48]. For example, consumers first identify the price when purchasing. Yet 
circular and sustainable products and services tend to be more expensive to compensate 
for the higher costs encountered throughout the production process. This is referred to as 
a circular premium, and it acts as a challenge since it advocates a high risk of losing exist-
ing consumers who may not accept this increase in price [49]. Although circular strategies 
within the fashion industry could be communicated at a larger scale, through initiatives 
such as enhanced marketing mechanisms and platforms to educate consumers, and promote 
awareness amongst them, this still relies on consumers’ mindsets and behaviours that are 
hard to anticipate and manage [16, 17, 20].

Methodology

To achieve the aim of this research, Fuzzy Total Interpretive Structural Modelling (Fuzzy-
TISM) is used to deduct a structured model to illustrate the relationship between the chal-
lenges, and Fuzzy MICMAC analysis is used to map and rank these challenges based on 
their driving and dependence power. The driving power in this research refers to a higher 
level of significance, independence, and influence of some of the challenges on others, 
thereby helping to successfully address other challenges and implement a CE in the fashion 
industry [50, 51]. In contrast, dependence power in this research refers to the challenges 
that rely on others when being addressed to achieve a successful implementation and have 
minor or no influence on other challenges [50, 51].

Fuzzy-TISM is a qualitative research tool and structured approach based on collect-
ing data from a limited number of experts within the research criteria, which lie in the 
fashion context of this research, using focus groups, questionnaires, or interviews [52]. 
The experts do not need to have any previous knowledge of the underlying method. 
Furthermore, Fuzzy-TISM is the fuzzy extension of the ISM, which is a pairwise 
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comparison methodology for identifying and summarising relationships between vari-
ables that define a problem or a challenge [51]. However, it has been updated to include 
the interpretation of each relationship by qualitative considerations on a 0 to 1 scale to 
show the direction of the relationship and the degree of influence [53].

The research approach used to achieve the objectives of this paper is an inductive 
approach. This means that the theoretical ideas and the model created are derived from 
the data collected from interviews. Therefore, the philosophical position underpinning 
this research is interpretivism because the research focuses on the experts’ subjective 
experiences and interpretations of the world, hence highly dependent on the experts’ 
lived experiences, insights, and real-life situations [55].

This paper adapts the Fuzzy-TISM approach suggested by Khatwani (2015). However, 
the steps have been slightly modified. Therefore, eight steps of Fuzzy-TISM are adopted 
in this paper, noting that Step 1 and Step 2 are completed before data collection, and the 
results build on these two steps. The eight steps are as follows (Fig. 2) [50]:

Step 1: Start of Decision-making Process

This step involves setting the research goals and committing the decision-making 
process to achieving these goals. Therefore, deciding how to gather the information and 
knowledge required to achieve the research objective. For this research, the responses 
of 7 researchers, academics, and industry experts in implementing the CE in the fashion 
industry are collected through in-depth interviews (Table 3).

Step 2: Selection of Criteria

This step involves establishing a set of criteria. For this research, the literature was 
reviewed to identify a set of challenges associated with circular economy implementa-
tion in the fashion industry. The challenges of implementing a circular economy in the 
fashion industry identified from the literature are as follows:

	 1.	 Poor material and energy efficiency (C1): The use of non-renewable materials and 
energy in an unsustainable and non-economic manner and/or the use of toxic materials 
and energy [20, 21].

	 2.	 Poor circular design (C2): Having difficulty reimagining and reinventing products 
and services supporting the CE. For instance, lacking the ability and the capacity to 
include strategies to extend the lifespan of products, such as swapping, renting, leas-
ing, and repairing products, as well as strategies to encourage circularity at the end of 
their useful lives, such as repairing, reusing, recycling, and remanufacturing [16, 20].

	 3.	 Technological challenges (C3): Poor level of advanced and efficient technologies that 
run cost-effectively without comprising the quality [8, 17].

	 4.	 Regulatory pressures (C4): The regulations and legislations that affect how the com-
panies in the fashion industry operate. For example, lack of governmental support, 
insufficient legislation and control, complex administration requirements, chemical 
requirements, and legal obligations [8, 18, 22].

	 5.	 Internal stakeholder pressures (C5): The pressures exerted by employees, manag-
ers, shareholders, owners, and management, and the difficulty of aligning their goals 
industry [7, 13].
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	 6.	 Financial pressures (C6): Circular business models in the fashion industry have been 
hindered by the lack of financial resources, support, and evaluation mechanisms [16–
18].

	 7.	 Insufficient human capital (C7): Insufficient understanding and inadequate behaviour 
amongst employees regarding the circular economy, environmental protection, and 
environmental and sustainability management [8, 36, 40].

	 8.	 Poor management and leadership (C8): Poor managerial capabilities and leadership 
skills shape the organisational culture, which is crucial in successfully distributing and 
applying knowledge regarding circular strategies [8].

	 9.	 Lack of external collaborations (C9): The fashion brands and retailers lack collabora-
tion with external partners (i.e., brands, retailers, and suppliers) on sustainable and 

Fig. 2   The eight steps of Fuzzy-
TISM [50]
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circular strategies, limiting their opportunities to unite their visions, improve their 
connectivity, and support their commitment to the transition [8, 43].

	10.	 Consumer-related challenges (C10): Difficulty in anticipating and managing the deci-
sions of consumers regarding the purchase, use, and disposal of products or services 
within the fashion industry [2, 46].

Step 3: Gathering Responses and Creating SSIM Matrix

The responses about the pairwise relationship between the challenges are collected from 
the seven experts through interviews and used to complete the initial SSIM matrix for each 
expert [56]. The experts are asked to choose one of four following symbols (V, A, X, and 
O) to indicate the pairwise relationship and the direction of the relationships between the 
challenges, followed by a combination of the five linguistic terms (Very high, High, Low, 
Very low, No) to indicate the degree of influence/impact of the challenges [52]. Therefore, 
the experts have four response options:

i	 V: To establish that challenge i influences/impacts challenge j but not vice versa, fol-
lowed by Very high (VH), High (H), Low (L), or Very low (VL). For example, V (VH) 
or V(H) or V(L) or V(VL).

ii	 A: To establish that challenge j influences/impacts challenge i but not vice versa, fol-
lowed by Very high (VH), High (H), Low (L), or Very low (VL).

iii	 X: To establish that challenges i and j influence/impact each other, followed by (Very 
high (VH), High (H), Low (L), or Very low (VL) for each direction. For example, X 
(VH, L) or X (H, VH).

iv	 O: To establish that there is no relationship between challenges i and j, followed by No 
influence (No). For example, O (No).

Step 4: Reachability Matrix Level Partition

In this step, the reachability matrix is partitioned into different levels. For example, 
based on Singh et al. [51], the reachability set is the variable itself and other variables it 
may help achieve (based on the rows). The antecedent set is the variable itself and the other 
variables that may help achieve it (based on the columns). The intersection set is the com-
mon variables between reachability and the antecedent sets.

Table 3   Experts’ profiles

Job title Years of experience

Circular economy programme and research manager 6
CEO and co-founder of a sustainable and circular fashion brand 20
CEO and co-founder of a circular fashion brand 4
Co-founder of a sustainable and circular fashion courses and training provider 10
Circular project manager 8
CEO and co-founder of circular fashion brand 20
Senior research associate in sustainable luxury 18
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Step 5: Creating the TISM Model

In this step, a defuzzified TISM digraph is developed to visualise the hierarchy-based 
model showing the inter-relationship between the challenges and the direct and indirect 
impact of each challenge during the implementation of a CE within the fashion industry.

Step 6: Creating Fuzzy-TISM Digraphs

In this step, all responses collected from the interviews will be combined in an aggre-
gated SSIM matrix using fuzzy linguistic terms. Moreover, Fuzzy-TISM digraphs are 
developed using simple arrows to visualise the relationship between the challenges.

Step 7: Calculation of Final Fuzzy Reachability Matrix

In this step, the linguistic terms are replaced by the fuzzy linguistic values first pro-
posed by Li [57] and shown in Table 4. Therefore, N is replaced by (0.0, 0.0, 0.25); VL 
is replaced by (0.0, 0.25, 0.50); L is replaced by (0.25, 0.50, 0.75); H is replaced by 
(0.50, 0.75, 1.0); and VH is replaced by (0.75, 1.0, 1.0).

Step 8: Calculation of Driving Power and Dependence Power and Conducting MIC-
MAC Analysis

In this step, the aggregated fuzzy reachability matrix is generated from the Fuzzy 
SSIM completed in the previous step. The fuzzy reachability matrix’s columns and rows 
are summed up to calculate the driving and dependence power. Then, the crisp value 
required for Fuzzy MICMAC analysis is determined using the following five equations 
derived from Khatwani et al. [50]:

Step 1: Determine L = min
(

lk
)

;R = max(uk);K = 1, 2,… nandΔ = R − L, then use 
Eq. 1 to determine each of the alternatives.

Step 2: Use Eqs. 2 and 3 to calculate normalised values for the left score (ls) and the 
right score (Rs).

(1)xlk =

(

lk − L
)

Δ
,Xmk =

mk − L

Δ
,Xuk =

uk − L

Δ

Table 4   Fuzzy linguistic scale 
[57]

Linguistic description Notation Triangular 
fuzzy number

Influence 
scope

No influence (0.0, 0.0, 0.25) N 0
Very low influence (0.0, 0.25, 0.50) VL 1
Low influence (0.25, 0.50, 0.75) L 2
High influence (0.50, 0.75, 1.0) H 3
Very high influence (0.75, 1.0, 1.0) VH 4
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Step 3: Use Eq. 4 to calculate the normalised crisp value.

Step 5: Use Eq. 5 to calculate the crisp value for Bk

Results

Step 3: Gathering Responses and Creating SSIM Matrix

The aggregated initial SSIM matrix is derived based on the highest frequency of occur-
rence for the linguistic terms and is shown in Table 5. The table shows that all challenges 
influence/impact one another in one or both directions and that none are unrelated.

Step 4: Reachability Matrix Level Partition

To generate a defuzzified reachability matrix, only the direction of the relationship 
between the challenges is considered. Therefore, only the four symbols used in the initial 
SSIM matrix are considered and replaced by 1 or 0. The V is replaced by 1, A is replaced 
by 0, X is replaced by 1, and O is replaced by 0, as shown in Table 6. The driving power 
is the count of all challenges within the reachability set (based on the rows), hence the 
challenge itself and other challenges which it may help to address. The dependence power 
is the count of the challenges in the antecedent set (based on the columns), hence the 
challenge itself and all other challenges which it may help in addressing it.

Furthermore, levels of partitioning are conducted based on the reachability, anteced-
ent, and intersection sets, as represented in Tables 7, 8, 9, and 10. Table 7 shows the first 

(2)Xls
k
=

Xmk

(1 + Xmk − Xlk)

(3)Xrs
k
=

Xuk

(1 + Xuk − Xmk)

(4)X
crisp

k
=
[

Xls
k
×
(

1 − Xls
k

)

+ Xrs
k
× Xrs

k

]

∕[1 − Xls
k
+ Xrs

k
]

(5)B
crisp

k
= L + X

crisp

k
× Δ

Table 5   Initial aggregated SSIM matrix
C10 C9 C8 C7 C6 C5 C4 C3 C2 C1

C1 Poor material and energy efficiency X(H, H) X(L, VH) A(VH) A(VH) A(VH) A(L) A(VH) A(VH) X(L, VH)
C2 Poor circular design X(VH, H) X(VH, VH) A(H) A(H) A(H) A(H) A(VH) A(H)
C3 Technological challenges X(H, H) A(VH) A(H) A(VH) X(H, VH) X(H,H) A(VH)
C4 Regulatory pressures V(H) V(VH) X(L,H) V(L) X(H, L) X(L,L)
C5 Internal stakeholders’ pressures X(L, VL) X(H, L) X(L, VH) X(VH, H) X(H, H)
C6 Financial pressures X(H, H) X(H, L) X(H, VH) X(H, VH)
C7 Insufficient human capital V(H) X(H, H) X(VH, VH)
C8 Poor management and leadership V(H) X(VH, L)
C9 Lack of external collaborations V(H)
C10 Consumer-related challenges
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iteration, where poor material and energy efficiency (C1), circular design (C2), and con-
sumer-related challenges (C10) are found at level 1. This indicates that C1, C2, and C10 
would not help address any of the other challenges below their level. Table 8 represents 
the second iteration, where technological challenges (C3), internal stakeholders’ pressures 
(C5), and financial pressures (C6) are found at level 2. Table 9 shows the third iteration, 
where insufficient human capital (C7), poor management and leadership (C8), and lack 
of external collaborations (C9) are found at level 3. Finally, Table 10 represents the fourth 
iteration where regulatory pressures (C4) are placed at level 4. Therefore, this indicates 
that C4 help in directly or indirectly addressing all other challenges.

Step 5: Creating the TISM Model

Moreover, Fig. 3 represents the TISM Diagram developed to visualise the relationship 
between the challenges through the constructed hierarchy-based model. The solid one-
ended arrow illustrates the relationship of one challenge with another in one direction, 
whilst the dotted double-ended arrows show the interrelationships between one challenge 
and another. The challenges in Fig. 3 are represented in 4 levels based on the levels con-
cluded in Step 4.

At the bottom-level challenge of the model is the regulatory pressures (C4), which indi-
cates the key challenge that requires the most attention managerial attention at the early 
stages of strategy formulation and decision-making for a successful and effective imple-
mentation of a circular economy in the fashion industry. Whereas the top-level challenges 
of the hierarchy are poor material and energy efficiency (C1), circular design (C2), and 
consumer-related challenges (C10), which indicate that they require the least managerial 
attention due to their lowest level of significance according to the TISM model. Therefore, 
the levels help with grouping those challenges. As seen in the model, all challenges have 
direct or indirect interrelationships, which shows the relevance of all the challenges identi-
fied from the literature and how they impact each other bringing in the need to understand 
their complex system.

Moreover, all challenges on the same levels are interconnected and impact each other 
in both directions, which means that challenges on the same level have the same impact on 
one another. However, this does not mean they have the same significance level because 
their relationship with other challenges on higher and lower levels should also be consid-
ered in making those observations. For example, consumer-related challenges (C10) is on 
level 4 and interconnected with the other challenges on the same level and with all chal-
lenges on level 3, where challenges have higher significance and impact levels. This means 
that consumer-related challenges (C10) could influence and get influenced by higher sig-
nificance challenges, showing its higher significance level compared to the other two chal-
lenges at the same level. Another example is technological challenges (C3) appears to have 
a lower significance level in comparison to internal stakeholders’ pressures (C5) and finan-
cial pressures (C6) despite being on the same level. technological challenges (C3) can only 
influence the other two challenges on the same level and the challenges on the higher level, 
hence, with a lower significance level. Therefore, this gives the other two challenges, inter-
nal stakeholders’ pressures (C5) and financial pressures (C6), a higher significance level 
due to their interconnection with the challenges on level 2.

Furthermore, poor management and leadership (C8) is shown to be one of the key chal-
lenges with a higher level of significance in comparison to insufficient human capital (C7) 
and poor and lack of external collaborations (C9), which are on the same level. This is 
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because poor management and leadership (C8) are interconnected with regulatory pres-
sures (C4) and thereby can influence and get influenced by one another. Therefore, having 
that direct interrelationship with regulatory pressures (C4), which according to the model, 
is the key challenge that needs the most managerial attention, makes poor management and 
leadership (C8) one of the challenges with the highest level of significance. Additionally, 

Table 6   Defuzzified reachability matrix

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 Driving power

C1 Poor material and energy efficiency 1 1 0 0 0 0 0 0 1 1 4
C2 Poor circular design 1 1 0 0 0 0 0 0 1 1 4
C3 Technological challenges 1 1 1 0 1 1 0 0 0 1 6
C4 Regulatory pressures 1 1 1 1 1 1 1 1 1 1 10
C5 Internal stakeholders’ pressures 1 1 1 1 1 1 1 1 1 1 10
C6 Financial pressures 1 1 1 1 1 1 1 1 1 1 10
C7 Insufficient human capital 1 1 1 0 1 1 1 1 1 1 9
C8 Poor management and leadership 1 1 1 1 1 1 1 1 1 1 10
C9 Lack of external collaborations 1 1 1 0 1 1 1 1 1 1 9
C10 Consumer-related challenges 1 1 1 0 1 1 0 0 0 1 6
Dependence Power 10 10 8 4 8 8 6 6 8 10

Table 7   First iteration of the final defuzzified reachability matrix

Variable Reachability set Antecedent set Intersection set Level

C1 1,2,9,10 1,2,3,4,5,6,7,8,9,10 1,2,9,10 1
C2 1,2,9,10 1,2,3,4,5,6,7,8,9,10 1,2,9,10 1
C3 1,2,3,5,6,10 3,4,5,6,7,8,9,10 3,5,6,10
C4 1,2,3,4,5,6,7,8,9,10 4,5,6,8 4,5,6,8
C5 1,2,3,4,5,6,7,8,9,10 3,4,5,6,7,8,9,10 3,4,5,6,7,8,9,10
C6 1,2,3,4,5,6,7,8,9,10 3,4,5,6,7,8,9,10 3,4,5,6,7,8,9,10
C7 1,2,3,5,6,7,8,9,10 4,5,6,7,8,9 5,6,7,8,9
C8 1,2,3,4,5,6,7,8,9,10 4,5,6,7,8,9 4,5,6,7,8,9
C9 1,2,3,5,6,7,8,9,10 1,2,4,5,6,7,8,9 1,2,5,6,7,8,9,10
C10 1,2,3,5,6,10 1,2,3,4,5,6,7,8,9,10 1,2,3,5,6,10 1

Table 8   Second iteration of the 
final defuzzified reachability 
matrix

Variable Reachability set Antecedent set Intersection set Level

C3 3,5,6 3,4,5,6,7,8,9 3,5,6 2
C4 3,4,5,6,7,8,9 4,5,6,8 4,5,6,8
C5 3,4,5,6,7,8,9 3,4,5,6,7,8,9 3,4,5,6,7,8,9 2
C6 3,4,5,6,7,8,9 3,4,5,6,7,8,9 3,4,5,6,7,8,9 2
C7 3,5,6,7,8,9 4,5,6,7,8,9 5,6,7,8,9
C8 3,4,5,6,7,8,9 4,5,6,7,8,9 4,5,6,7,8,9
C9 3,5,6,7,8,9 4,5,6,7,8,9 5,6,7,8,9
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insufficient human capital (C7) appears to have higher significance than lack of external 
collaborations (C9) since it influences the challenges in level 3 in one direction and does 
not get influenced by them, which makes it a more stable challenge than lack of external 
collaborations (C9) to be addressed to gain more effective results despite being on the same 
level.

Step 6: Creating Fuzzy-TISM Digraphs

Table 9   Third iteration of the 
final defuzzified reachability 
matrix

Variable Reachability set Antecedent set Intersection set Level

C4 4,7,8,9 4, 8 4, 8
C7 7,8,9 4, 7,8,9 7,8,9 3
C8 4, 7,8,9 4, 7,8,9 4,7,8,9 3
C9 7,8,9 4, 7,8,9 7,8,9 3

Table 10   Fourth iteration of the 
final defuzzified reachability 
matrix

Variable Reachability set Antecedent set Intersection set Level

C4 4 4 4 4

Fig. 3   TISM Model
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The initial aggregated SSIM matrix is transformed into the final reachability matrix 
using linguistic terms and based on the highest frequency of occurrence, as shown in 
Table 11.

The symbols for representing the fuzzy relationship between the challenges are shown 
in Fig. 4. Using these symbols, the Fuzzy-TISM diagraphs of the ten challenges are gener-
ated and are shown in Table 12.

Step 7: Calculation of Final Fuzzy Reachability Matrix

The linguistic terms are then replaced by the fuzzy linguistic triangular numbers, as 
shown in Table 13.

Step 8: Calculation of Driving Power and Dependence power and conducting MICMAC 
Analysis

Table 11   Final reachability matrix using fuzzy linguistic terms

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10
C1 Poor material and energy efficiency L No No No No No No L H
C2 Poor circular design VH No No No No No No VH VH
C3 Technological challenges VH H No H H No No No H
C4 Regulatory pressures VH VH VH L H L L VH H
C5 Internal stakeholders’ pressures L H H L H VH L H L
C6 Financial pressures VH H VH L H H H H H
C7 Insufficient human capital VH H VH No H VH VH H H
C8 Poor management and leadership VH H H H VH VH VH VH H
C9 Lack of external collaborations VH VH VH No L L H L H
C10 Consumer-related challenges H H H No VL H No No No

Fig. 4   Symbols for representing 
the fuzzy relationship between 
the challenges
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As represented in Table 14, all the columns and rows are summed to calculate the fuzzy 
values of driving and dependence power. The crisp values of driving and dependence 
power are calculated using the five equations mentioned in the “Methodology” section. 
Furthermore, based on the crisp values of driving power (y-axis) and dependence power 
(x-axis), the Fuzzy MICMAC analysis is derived as represented in Fig. 5.

Firstly, regulatory pressures (C4) and poor management and leadership (C8) lie within the 
“Drivers” cluster, as both have strong driving power and weak dependence power. Therefore, 
they have the highest influence over all other challenges and very little or no dependence on 
other challenges. Thus, the MICMAC analysis displays these two challenges as the key ones 
with the highest level of significance requiring the most managerial attention, especially at the 
early decision-making stage for successful and effective implementation results. This somewhat 
validates the TISM model considering that the regulatory pressures (C4) is placed at level 1 and 
has the highest significance level. Additionally, it has an interconnection (in both directions) 
with poor management and leadership (C8) located at level 2, indicating the relationship that 
both challenges have and their high significance. However, according to MICMAC analysis, 
both challenges should be placed in level 1 and treated as key challenges. In fact, poor manage-
ment and leadership (C8) appear to have higher driving power than regulatory pressures (C4).

Secondly, technological challenges (C3), internal stakeholders’ pressures (C5), financial 
pressures (C6), insufficient human capital (C7), and lack of external collaborations (C9) lie 
within the “linkage” cluster, as these challenges have strong driving and dependence power. 
This means these challenges are unstable because any action on them will influence others 
and have a feedback effect on themselves. These challenges are placed in levels 2 and 3 on 
the TISM model, but poor management and leadership (C8) is not being mapped in the same 
cluster. Hence, this slightly conflicts with the TISM model. Furthermore, seeing insufficient 
human capital (C7) on the borderline of the “drivers” cluster validates the findings of the 
TISM model, indicating the high significance of this challenge compared to the other chal-
lenges in the same cluster. Also, seeing technological challenges (C3) on the borderline of 
the “dependent” validates its less significance than the other challenges in the same cluster.

Thirdly, poor material and energy efficiency (C1), circular design (C2), and consumer-related 
challenges (C10) lie within the “dependent” cluster, as these challenges have weak driving power 
and strong dependence power. These are the same challenges found at level 4 on the TISM 
Model. Therefore, the MICMAC analysis validates that they are highly reliant and dependent on 
other challenges. This means that they are driven by other factors with higher significances level.

Finally, no challenges lie within the “autonomous” cluster. Thus, none of the challenges 
have weak driving and dependence power. Also, none of the challenges are considered iso-
lated from the system since they have little or no influence or relationship with other chal-
lenges. This has already been noticed in the initial aggregated SSIM matrix. Moreover, this 
validates that all challenges identified from the literature and analysed in this research have 
a direct or indirect relationship.

Discussion

Several interesting findings were drawn from the TISM model (Fig. 3) and Fuzzy-MICMAC 
analysis (Fig. 5).

Firstly, regulatory pressures and poor management and leadership do not lie on the 
same level in the TISM Model, as shown in Fig. 6, illustrating that regulatory pressures 
are ranked at level 1. Therefore, it is the key challenge that influences all other challenges 
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Table 12   Fuzzy-TISM digraphs of all challenges influencing others using the symbols from Fig. 4 to show 
all fuzzy linguistic terms

Challenge Diagraph

C1 has low influence on C2 and 

C9, and high influence on C10

C2 has very high influence on C1, 

C9, C10

C3 has very high influence on C1, 

and high influence on C2, C5, C6 

and C10

C4 has very high influence on C1, 

C2, C3, C9, high influence on C6 

and C10, low influence C7 and C8, 

and very low influence on C5

C5 has low influence on C1, C7, 

C8 and C10, high influence on C2, 

C3, C6 and C9, and very low 

influence on C4
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Table 12   (continued)

C6 has very high influence on C1 

and C3, high influence on C2, C5, 

C7, C8, C9 and C10, and low 

influence on C4

C7 has very high influence C1, C3, 

C6 and C8, and high influence on 

C2, C5, C9 and C10

C8 has very high influence on C1, 

C5, C6, C7 and C9, and high 

influence on C2, C3, C4 and C10

C9 has very high influence on C1, 

C2, C3, high influence on C7 and 

C10, and low influence on C5, C6 

and C8

C10 has high influence on C1, C2, 

C3 and C5, and very low influence 

on C5
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and the starting point for addressing the challenges and implementation efforts. This con-
firms the massive control that governments have over companies (including management 
and leadership), retailers, and consumers, and is consistent with the findings from litera-
ture. This indicates the critical role that governments play in the transition to a CE within 
the fashion industry [8, 18]. Although poor management and leadership is ranked at level 2 
amongst other challenges, the findings entail that it is the challenge that is the second most 
critical for review. Therefore, it needs to be provided with a high degree of attention and 
addressed effectively. The TISM model implies that this challenge is interlinked with regu-
latory pressures, showing that poor management and leadership can influence and get influ-
enced by regulatory pressures. The literature reviewed shows the influence of regulatory 
pressures on poor management and leadership. Still, despite its importance and complexity, 
it fails to consider the impact of poor management and leadership on regulatory pressures. 
Hence, the findings of this research contribute to this gap. Moreover, the findings illustrate 
that poor management and leadership is directly and indirectly linked to all other chal-
lenges. This demonstrates that management and leadership are crucial for positive organi-
sational change, managing high costs and risks, understanding and motivating employees, 
and planning, organising, and controlling resources [11, 36, 42].

Furthermore, the Fuzzy-MICMAC analysis maps the regulatory pressures and poor 
management and leadership as drivers, as shown in Fig. 3. According to the interviews, 
regulatory pressures affect all other challenges. An interesting example made by one of the 
experts was that licenses must be obtained to allow waste collection, transportation, and 
handling because a producer is designated to make a particular product and would need 
a different license to sell waste. At the same time, companies must justify what is bought, 
produced, and wasted, and if waste is recognised as a secondary raw material, then this jus-
tification might be impacted. Furthermore, most experts explained that fashion companies 
have a more top-down approach. For example, a few experts mentioned that managers and 

(C1) Poor Material and 

Energy Efficiency

(C2) Circular Design (C3) Technological 

Challenges

(C4) Regulatory Pressures (C5) Internal Stakeholders’

Pressures

(C6) Financial Pressures (C7) Insufficient Human 

Capital

(C8) Poor Management and 

Leadership

(C9) Lack of External 

Collaborations

(C10) Consumer-related 

Challenges

Fig. 5   Fuzzy MICMAC analysis
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leaders brief employees, including designers, about the actions that need to be done and 
the ways of implementing these actions. This shows that poor management and leader-
ship have a strong driving force as it affects the strategies formulated and decisions made 
at a very early stage concerning all other challenges. This entails that regulatory pressures 
and poor management and leadership shape the rest of the complex system, as they can 
influence other challenges and have low dependence on other challenges. Therefore, both 
challenges are crucial to the success of a CE implementation in the fashion industry and 
maximising its beneficial results.

Secondly, the TISM model shows that poor management and leadership, lack of exter-
nal collaborations, and insufficient human capital are ranked at level 2. This contributes 
to the existing research since the literature reviewed indicates the role of government in 
initiating external collaborations but does not consider the role of government in address-
ing the challenge of having insufficient human capital. Furthermore, collaborations help 
share knowledge, ideas, techniques, materials, and resources, which help improve human 
capital and the growth of the organisations within the industry. However, sufficient human 
capital is still necessary for the collaboration, as without it, this collaboration would not 
be possible. This is because employees should have the knowledge and skill set required 
for applying circularity. Although very little was found in the literature on associating lack 
of external collaborations and insufficient human capital, Todeschini et al. somehow sup-
port the findings of this research by suggesting that external collaborations rely on three 
supporting factors: external environmental pressures, competitive environmental pressures, 
and the search for a competitive advantage [45].

Thirdly, the following challenges that need to be addressed are financial pressures, inter-
nal stakeholders’ pressures, and technological challenges, ranked at level 3 on the TISM 
model. The literature reviewed focuses on the financial pressures occurring due to the lack 
of financial means, support, and uncertainty surrounding profitability [8, 16, 34]. This 
research adds that financial pressures are thought to rely on the economy and the com-
pany’s size. For instance, big companies in low-income countries generate a lot of revenue, 
which massively impacts the economy. Therefore, good leadership and management regu-
lations could be adjusted so that these companies do not move elsewhere with fewer taxes 
or lower costs. The findings and literature still agree that financial pressures are a linkage 
challenge. This is because financial pressures are obstructing the transition to a CE, and 
at the same time, the transition to a CE creates financial pressures. Also, financial pres-
sures could cause multiple effects depending on the economy and the company’s size. For 
internal stakeholders’ pressures, the literature reviewed explains that internal stakeholders 
would support the implementation of CE strategies and have positive effects when there 
is an economic incentive and when their goals are aligned [8, 16, 32]. This is supported 
by the findings classifying internal stakeholders’ pressures as a linkage challenge because 
stakeholders’ pressures could work with or against the transition to a CE based on the fac-
tors highlighted in the literature.

Moreover, the Fuzzy-MICMAC analysis maps technological challenges (C3), internal 
stakeholders’ pressures (C5), financial pressures (C6), insufficient human capital (C7), 
and lack of external collaborations (C9) within the “linkage” cluster, hence requiring 
careful treatment since any change could lead to multiple effects on other challenges and 
themselves. Therefore, each of the challenges falling in the “linkage” cluster influences 
and gets influenced by other challenges in different ways that cannot be anticipated. The 
TISM model allocates these challenges falling in the “linkage” cluster to levels 2 and 3 
and considers them being in the middle levels of the hierarchy with multiple effects. An 
example from the interviews is that although technological advancement could positively 
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help circularity through various ways, including accepting and separating different fibres, 
it could also lead to increased production, negatively affecting the CE. As the literature 
demonstrates, technological challenges obstruct the transition to a CE since up-to-date, 
cost-effective, and efficient technologies support CE business models without compromis-
ing quality [8, 17]. Nevertheless, technological advancements could also lead to circular 
rebound if not used effectively and efficiently, demonstrating its linkage effect and consist-
ency with the literature [23].

Finally, poor material and energy efficiency (C1), circular design (C2), and consumer-
related challenges (C10) are ranked at level 4 on the TISM model. They are mapped within 
the “dependent” cluster in the Fuzzy-MICMAC analysis. These are the least significant 
challenges with the lowest priority and are more likely to be influenced by other chal-
lenges, not vice versa. In particular, poor material and energy efficiency and poor circular 
design, because these two challenges are only interconnected with challenges on the same 
level but do not influence or impact any other challenges from the below levels. According 
to the literature, circular design usually originates from market demands and preferences 
[25]. However, this research shows that most challenges influence poor circular design, 
specifically poor management and leadership, and regulatory pressures.

For poor material and energy efficiency, the findings and the literature somehow agree 
on this challenge as a result of poor management. However, the literature adds that this 
challenge could arise from the scarcity of resources arising from environmental impact and 
climate change, which could be hard to manage even by addressing all other challenges 
[22]. Furthermore, the findings of this research show that this challenge could be managed 
by addressing other challenges. For instance, most experts highlighted that consumers are 
at the bottom as they usually go for the given trends and options. Providing them with vari-
ous circular options will reduce the challenges associated with their purchasing, usage, and 
disposable behaviour. Another expert also added that the price of the products does not 
influence the consumers purchasing decision because the same consumer could pay a lot 
more to buy a designer product. Hence it depends more on the trends and attractiveness of 
the products. This is in contrary to the existing literature that entails that consumer-related 
challenges have a significant impact on the transition to a CE and that these challenges can-
not be managed or anticipated [16, 17, 20].

Managerial implications

This research identified the significance level and key challenges that top management and 
decision-makers must prioritise and address to support their understanding and implemen-
tation efforts. This paper shows that the management must adhere to regulations and leg-
islation because regulatory pressure is one of the most vital factors affecting other chal-
lenges of CE implementation. However, it is not only about creating regulations but how 
the management implements them to increase the positive impact of the transition towards 
a CE. For instance, management in large enterprises may be forced to change regulations to 
support their CE initiatives.

Managers and leaders affect organisational culture. Therefore, the managers and lead-
ers must have the knowledge, capabilities, and skills to implement real change, respond to 
the industry’s needs, and find solutions and alternatives when needed. Management must 
also efficiently and effectively use the organisations and brand’ resources, including human 
resources. Furthermore, management must create a flexible, adaptable, and motivated 
culture built on communication and collaboration across the supply chain. In addition, 
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management needs to raise awareness of the importance of this transition and overcome the 
resistance to change. Moreover, management needs to consider CE principles at very early 
stages to base their decisions and formulate their strategies based on those principles. For 
instance, decisions about materials, prices, risks, and profit margins need to be considered 
at early stages depending on the principles and context of the application.

Therefore, it should be noted that management should focus on dealing with regulatory 
pressures as this challenge is at a higher level of influence, hence of greater significance. 
Then, the following challenges that need to be considered are poor management and lead-
ership, lack of external collaborations, and insufficient human capital, as these challenges 
lie on the same level and need to be addressed by the management to overcome all other 
challenges at the other levels directly or indirectly.

Policy Implications

Implementing a CE in the fashion industry heavily depends on government regulations and 
legislation. As the findings of this research show, regulatory pressures are the key challenge 
faced in the transition to a CE. Hence addressing those regulatory pressures could help 
overcome all other challenges directly or indirectly. Many aspects concerned with the tran-
sition, including approvals, material and energy efficiency levels, and emissions allowed, 
are set following the regulations. Therefore, governments must change existing regulations 
and provide legal frameworks and policies supporting CE implementation. Governments 
could enforce strict and standardised regulations making CE principles a legal requirement. 
Managers and leaders follow and implement these policies and regulations to enable the 
transition to a CE. Governments could provide their support in various ways. For example, 
governments could reduce administration costs and requirements as well as lower taxes. 
Governments could also offer incentives to increase collaborations between parts of the 
supply chain or various organisations/brands.

Furthermore, governments could support waste minimisation strategies by providing 
access to textile waste and giving permission to collect this waste from other organisa-
tions/brands and use it as a resource stream. This reduces the challenges faced due to the 
lack of collaboration and helps address other challenges. For example, governments could 
encourage training and development of the workforce to improve their knowledge and 
skills regarding the CE, enabling them to implement new techniques and use advanced 
technologies required in that transition. Additionally, governments could set a cap on the 
price of products according to their specifications and/or the production levels to avoid, to 
ensure that managers and leaders implement strategies that would not exploit consumers or 
resources. Therefore, indirectly encourage consumers to choose circular services or prod-
ucts and avoid circular rebound and premiums.

Conclusion

This research aims to identify the level of significance of the challenges identified in the 
literature to assist top management with formulating a strategy and making decisions. These 
choices are based on the key challenges that require the most attention for a successful 
and effective implementation. To achieve the aim of this research, research questions were 
established to direct, identify, and fill the research gap, and populate the TISM model and 
MICMAC analysis diagrams which are deducted from the research findings.
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Existing literature and research were used to identify the ten challenges of introducing a 
CE in the fashion industry used in this paper, including poor material and energy efficiency, 
poor circular design, technological challenges, regulatory pressures, internal stakeholders’ 
pressures, financial pressures, insufficient human capital, poor management and leadership, 
lack of external collaborations, and consumer-related challenges.

The TISM model is a key step that demonstrates that all challenges identified from the 
literature are interrelated and directly or indirectly influence one another. The ranking of 
the challenges identified is as follows.

•	 Level 1: Regulatory pressures
•	 Level 2: Poor management and leadership, insufficient human capital, and lack of 

external collaborations
•	 Level 3: Technological challenges, internal stakeholders’ pressures, and financial pres-

sures
•	 Level 4: Poor material and energy efficiency, poor circular design, and consumer-

related challenges

Level 1 has the highest significance level, and level 4 has the lowest. Therefore, 
identifying regulatory pressures is the key challenge that requires the most managerial 
attention.

The Fuzzy MICMAC analysis mapped technological challenges, internal stakeholders’ 
pressures, financial pressures, insufficient human capital, and lack of external 
collaborations within the “linkage” cluster. This shows that addressing those challenges 
directly should be avoided unless necessary due to their instability, which may lead to more 
challenging factors or less effective implementation results. Moreover, Poor Material and 
energy efficiency, poor circular design, and consumer-related challenges are mapped within 
the “dependence” cluster. This indicates that these challenges have the least significance, 
in line with the TISM model, as they are likely to be addressed indirectly. Also, directing 
the implementation efforts to these challenges may not lead to the most successful and 
effective results. Finally, regulatory pressures and poor management and leadership are 
mapped within the “drivers” cluster. Therefore, according to MICMAC analysis, these are 
the key challenges with the highest significance level.

This research contributes to existing research in various ways. Firstly, this research 
is the first research to use Fuzzy-TISM to identify the interrelationship between the 
challenges and to arrange these challenges into a hierarchy-based model This helps in the 
simple visualisation of a complex system of challenges and reveals the direct and indirect 
impact, as well as the level of significance of the challenges. Secondly, this is the first 
research to use Fuzzy MICMAC analysis to map and rank these challenges depending on 
their driving and dependence power to validate and analyse the TISM model developed. 
Thirdly, the findings demonstrate that poor management and leadership significantly 
influence regulatory pressures, not just vice versa, as illustrated in the existing literature, 
which elaborates on the significance of both challenges for a successful and effective 
transition. This is because regulatory pressures and poor management and leadership 
are the key challenges that directly or indirectly influence other challenges and therefore 
need the most managerial attention for a successful and effective implementation. Finally, 
contrary to the existing literature, the research findings indicate the insignificance 
of directing measures or strategies to address the challenges at level 4. This includes 
consumer-related challenges since they are usually addressed indirectly whilst tackling 
the other challenges.
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The limitation of this research is that data was collected through interviews with 
individuals rather than focus groups due to the experts’ time and availability restrictions. 
This limited the opportunity to allow all experts involved in the research to communicate 
their opinions and different perspectives from their experiences and agree on the pairwise 
relationship of the challenges rather than basing this relationship on the highest frequency 
of occurrence throughout the interviews. This has also limited the opportunity to have an 
insightful justification for the agreed relationship between the challenges.

Future research should aim to collect data from experts using focus groups instead 
to reach a contextual pairwise relationship between the challenges identified from 
the literature. This will help avoid or overcome the risk of misinterpretation of the 
data collected. Furthermore, the TISM model and MICMAC analysis are based on 
the subjective knowledge and experience of the experts participating in the research. 
Therefore, future research could consider empirically testing the results of this 
research. Finally, future research could explore possible ways of addressing the key 
challenges concluded in this research. However, the research context, location of the 
brands/ organisations, demographics, and the culture they operate in should all be 
considered when planning future research, as these factors will significantly affect the 
results and findings.
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