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Abstract

Circular supply chain management is required for firms to transition from a linear make-use-
dispose economic model to a more sustainable circular economy. However, it faces the critical
challenge of tracing the reuse of materials over multiple life cycles involving a variety of
stakeholders. Blockchain technology can help manage the complexities of circular supply chain
management. This paper takes the first step in developing a system architecture of blockchain-
enabled circular supply chain management in the fast-fashion industry. The system architecture
was validated by two experts in blockchain technology and supply chain management.
Managerial implications are discussed for implementing blockchain technology to advance the

circular economy agenda.
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1. Introduction

Industrial activities are a major cause of the global problems of environmental degradation
and resource depletion/scarcity (Jackson, 2009; Sachs, 2015). The concept of circular economy
(CE) has been developed over the past decade to help deal with these problems (Geissdoerfer
et al., 2017). The definition of CE varies because each stakeholder has its own perspective and
perception of it. For example, Kirchherr et al. (2017) developed an integrative concept of CE

by synthesizing 114 relevant definitions, describing CE as:



An economic system that replaces the ‘end-of-life’ concept with reducing,
alternatively  reusing, recycling and  recovering  materials in
production/distribution and consumption processes. It operates at the micro-level
(products, companies, consumers), meso-level (eco-industrial parks) and macro-
level (city, region, nation and beyond), to accomplish sustainable development,
thus simultaneously creating environmental quality, economic prosperity and
social equity, to the benefit of current and future generations. It is enabled by
novel business models and responsible consumers. (p. 229)

CE differs from the traditional linear economic model (make-use-dispose) in two key
aspects. Firstly, the linear model focuses on how to use resources efficiently, while CE focuses
more on how to use them eco-effectively. Secondly, the linear model can only downcycle
discarded items to make something with less value than the original. By contrast, CE focuses
on upcycling discarded items to make something with a higher value (MacArthur, 2013;
Sariatli, 2017). The regeneration and usage of waste can make the organization more
competitive by enhancing resource efficiency, saving total costs, improving the organization’s
reputation, and minimizing environmental burdens (Ferreira et al., 2017; Masi et al., 2017; Zhu
et al., 2017).

When all supply chain stakeholders work systematically to integrate the CE concept in the
entire supply chain process, ideally, they can develop innovative business models and relevant
supply chain functions to achieve zero-waste by upcycling all relevant resources, throughout
the supply chain life cycle (Farooque et al., 2019). This idea is called circular supply chain
management (CSCM), and it is required for operationalizing CE at a micro-level. Implementing
it brings the challenges of tracking how to upcycle materials over multiple life cycles across
multiple supply chain stakeholders. The typical challenges are related to culture and society,
government regulation and policy, technology, knowledge and skill, circular economic
framework, and market (Govindan & Hasanagic, 2018; Mangla et al., 2018; Ranta et al., 2018).
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Many approaches have been tested and applied to deal with these challenges (Govindan
& Hasanagic, 2018). Among these approaches, Blockchain technology (BCT) has received
particular attention for two reasons. Firstly, this technology has shown rapid growth in
supporting supply chain traceability, sustainability, and information security over the last
decade (Francisco & Swanson, 2018; Saberi et al., 2019). Secondly, this technology can be
used to cope with multiple CE challenges at the same time (Casado-Vara et al., 2018;
Kouhizadeh & Sarkis, 2018; Kouhizadeh et al., 2019).

Some recent studies have developed frameworks to guide the implementation of BCT in
assessing how the product life cycle can have better environmental performance (Liu et al.,
2020; Zhang et al., 2020). However, there has been limited research on exploring the use of
blockchain to enable CSCM in specific industries. While the life cycle assessment method is
well established, CSCM is still an emerging concept which requires further investigation.
Moreover, there is no study about how blockchain-enabled CSCM can impact managerial and
policy decision-making to advance the development of CE. This research focuses on the fast-
fashion industry and has the following objectives:

* To develop a system architecture of blockchain-enabled CSCM in fast fashion

* To discuss theoretical and managerial implications of applying blockchain to advance
CSCM

The ultimate target of CE and CSCM is zero waste (Farooque et al., 2019). This research
focuses on the fast-fashion industry because it is notorious for poor environmental
sustainability (Joy et al., 2012). Therefore, this industry is an ideal field in which to investigate
the development of blockchain-enabled CSCM. Although this is a pioneering conceptual work,
the designed system architecture has been validated by two BCT and supply chain management

(SCM) experts.



The remainder of the paper is organized as follows. Section 2 reviews the relevant
literature on BCT and CSCM. Section 3 describes the sustainability challenges in the fast-
fashion industry. Based on Sections 2 and 3, Section 4 presents a system architecture of
blockchain-enabled CSCM. Section 5 discusses managerial and policy implications. Section 6

concludes the research.

2. Literature Review

2.1 Blockchain Technology

Nakamoto first proposed the concept of BCT in 2009. He defined this concept as a
technology using data mining and bitcoin techniques to develop data structure and encode the
transaction of information (Nakamoto, 2009). The information within a blockchain will be
stored online permanently, with high transparency and security (Li et al., 2018). The key
characteristics of BCT include decentralization, distrusting, transparency, traceable and
unforgeable transactions, anonymity, and credibility (Lu, 2019).

Lu (2018) argues that BCT may be applied in different platforms: “Blockchain technology
is not limited to crypto currency and capital markets. It also conducts in-depth practice on smart
contracts, network security and privacy, and other applications and platforms™ (p. 238).
Specifically, with the development of Internet of Things (IoT), the application of BCT can help
organizations to develop collaborative services (Da Xu & Viriyasitavat, 2019). In this situation,
the architecture of service has also been updated because of BCT’s fast development
(Viriyasitavat et al., 2019).

Beyond facilitating traditional business and services, BCT has also supported the

transition to a circular economy (CE).



2.2 Blockchain technology and circular economy

Although the transition to CE is a trend for the fashion industry and supply chain, there
are a number of barriers for this transition (Debacker et al., 2017)
1) Lack of standard policy
2) Higher complexity leads to resistance to changing the traditional linear economy and
industry models
3) Protection of intellectual property
4) High costs
5) Lack of quality assurance for recycled materials and re-used products
6) Most consumers have no idea about CE

Practitioners and academia have applied a number of approaches to deal with the barriers.
BCT provides some practical support for CE transition. First of all, BCT can help to integrate
and share information along the whole supply chain process. As a result, the exchange of
materials and products can be smooth (Alexandris et al., 2018). Moreover, BCT offers higher
security in relation to keeping and managing information online. This characteristic can prevent
the leaking of confidential information and help to protect organizational intellectual property
(Kouhizadeh et al., 2019). Finally, all supply chain members, especially consumers, can access
more information quickly from the upstream, such as aspects relating to design, raw materials
and manufacturing processes. BCT can facilitate consumer understanding of the whole supply
chain and hence improve the integration and collaboration between supply chain members

(Rusinek et al., 2018).



2.3 Blockchain technology for Traditional Supply Chain

There are five common strategic objectives in traditional supply chain management. BCT
can provide potential support to help to achieve these objectives effectively (Kshetri, 2018).

+ Cost—BCT can generate a unique code for each transaction. It facilitates a
comprehensive check of the financial flow within the whole supply chain process;

+  Speed—BCT can increase process speed by minimizing physical interactions and
communications;

« Risk control—With BCT, transactions can only occur when all related parties accept it
in specific touchpoints within the BC network. This function helps to control the risk
of data for all supply chain transactions;

« Sustainability—BCT can help to develop measurable and meaningful performance
measurement indicators for environmental, economic, and social sustainability;

«  Flexibility—BCT can help the consumer to track and trace their orders and from
upstream to downstream. This enables consumers to make changes easily and for
suppliers to also adjust to the changes immediately.

Existing research on BCT applications in supply chain contexts can be roughly divided
into four main categories: descriptive, conceptual, predictive, and prescriptive research (Wang
et al., 2019). Table 1 summarizes some recent studies on BCT applications. Most of these
studies are conceptual or based on a general supply chain context. For example, Treiblmaier
(2018), Van Hoek (2019a), and Batwa & Norrman (2020) use or develop frameworks/theories
to study BCT from different perspectives. However, they do not investigate how to specifically
apply BCT to solve SCM challenges in a particular industry. As recommended by Wang et al.
(2019) and Queiroz et al. (2019), in comparison with current studies about drivers and potential
outcomes of applying BCT in the supply chain context, it is also meaningful and critical to
investigate how to apply BCT in SCM step by step for overcoming existing SCM challenges.

Therefore, this study aims to address this gap by developing an architecture that illustrates the
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application of BCT in the fast-fashion supply chain, with a focus on enabling CSCM to improve

the environmental sustainability of the industry.

Table 1: A summary of research studies on BCT in SCM

Study Focus Industry

Apte and Petrovsky, | Verification of material ingredients Pharmaceutical

2016

Tian, 2017 Model to apply BCT Food

Hull et al., 2017 Implementing smart contract General distribution

Mansfield, 2017 Fundamental concepts Multiple

Patel et al., 2017 Technical fundamentals, especially Multiple
digitalized transactions

Treiblmaier, 2018 Comparison of applying four different General supply chain
theories in BCT study

Cole et al., 2019 Technology acceptance model General supply chain

Martinez et al., 2019 | Combining BCT with Resource Based Heavy-assets equipment
View (RBV) and Information Processing manufacturing
Theory (IPT)

Saberi et al., 2019 General BCT adoption model and barriers | Food & Beverage

van Hoek, 2019a Framework developed from BCT Multiple
implementation cases

van Hoek, 2019b BCT implementation issues Multiple

van Hoek, 2019c¢ Adapting RFID implementation framework | General supply chain
for BCT implementation

Batwa & Norrman, Overall BCT case study framework General supply chain

2020

Before examining studies on BCT application in circular supply chains in the fast-fashion
industry, this paper provides context about the needs of the industry to move to a circular

economy and how BCT is beneficial in this regard.

2.4 The fashion industry, circular economy, and blockchain technology

The fashion industry contributes more than $450 billion in sales globally (Resta et al.,
2016), making it one of the most significant industries across the world. However, it has also
been shown to be the most harmful industry for the environment and has faced ongoing pressure

to move to a more circular economic model (Koszewska, 2018).




From the initial stages of design through to manufacturing (Moorhouse & Moorhouse,
2017; Bocken et al., 2018) and to the final service stages, CE ideas compel the fashion industry
to prioritize sustainability in terms of focusing more on long-life products, using and reusing
materials, and giving consideration to end-of-life products (Earley & Goldsworthy, 2015).
Concepts such as upcycling and recycling materials and products feature in the fashion
industry’s transition to CE and a major challenge concerns the alignment of values across the
supply chain, particularly with those of the consumer (Todeschini et al., 2017).

As consumers become increasingly concerned with issues of sustainability, practices such
as the upcycling or recycling of materials grow in popularity. However, within the fashion
industry, consumers are typically aware of what happens only at the retail stage and have
limited information about how their purchasing decisions impact on other parties and parts of
the supply chain. In being able to enhance the transparency of practices and processes across
the supply chain, BCT is a practical means of increasing the alignment between consumer
values and demand with the interests of other parties in the supply chain, prompting a move to
a CE model (Vehmas et al., 2018).

Several studies (summarized in Table 2 below) have investigated the application of BCT
in the fashion industry from the CE perspective. However, none of these studies include
architecture that shows the application of BCT from upstream to downstream.

Table 2: Focus of applying BCT to developing sustainability in fast-fashion industry

Research Focus

Fuetal., 2018 Carbon emissions and related scheme
Elmessiry & Elmessiry, 2018a; Sacha, Intellectual property, infringement, legal
2019 regulations

Elmessiry & Elmessiry, 2018b; Nyman, Transparency, and prevention of unethical
2019 actions

The existing studies on BCT, CE, and the fashion industry have not combined all three
dimensions in their examinations, which this paper sets out to do. This paper shows a
connection between BCT, fast-fashion industry, and circular supply chain management

(CSCM)—a brand new concept which views SCM from a CE perspective. The next two
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sections review the concept of CSCM and the application of BCT in CSCM, which provide the

principles guiding this study.

2.5 Blockchain technology for circular supply chain management

The traditional sustainable supply chain management (SSCM) concept focuses on
minimizing waste, but not the reuse and refurbishment of raw materials and waste. The concept
of CSCM integrates circular thinking and the essence of CE into SCM (Farooque et al., 2019).
The goal of CSCM is to develop a zero-waste supply chain through all supply chain functions
and within each stakeholder’s realm (from the raw material suppliers to the final consumers)

(Farooque et al., 2019).

2.5.1 Key areas of applying BCT in CSCM

. Data Management Resource Deployment

Sound data management can help all stakeholders to make changes quickly
(Kouhizadeh & Sarkis, 2018). Blockchain can help CSCM by speeding up resource
deployment, reducing waste and enhancing the resilience and flexibility of circular supply
chains (Masi et al., 2017).

. Supplier selection and development

BCT can create platforms and databases by recording all suppliers’ historical
performance data. As a result, customers can quickly identify the most suitable suppliers
(Saberi et al., 2019). In addition, BCT helps customers and suppliers to develop smart
contracts to trace and benchmark supplier performance (Kouhizadeh & Sarkis, 2018).

. Procurement

BCT can track and analyze the life cycle of products, so all CSCM stakeholders can
develop resource efficiency and material supply resilience simultaneously in the
procurement process (Dobrovnik et al., 2018; Witjes & Lozano, 2016).

. Production and operations
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BCT can fully integrate the data of internal production and operations and that of
external supply chain requirements. Therefore, all CSCM stakeholders can precisely align
and audit their production and operations to satisfy the 3R rules of the CE concept
(Kouhizadeh et al., 2019).

. Materials management in the logistics process

BCT makes products and materials highly traceable, minimizing the amount of
products and materials lost through handling in the logistics process. As a result, the lead
time can be shortened and resource efficiency improved in the logistics process (Dobrovnik

etal., 2018).

. Reverse logistics

Characteristics of reverse logistics show close resemblance to recycling, recovering,
and reusing materials, products, and waste. However, traditional reverse logistics suffers
from difficulty in obtaining accurate information regarding the time, location, quality, and
condition of the materials, products, and waste. The root cause is the complicated nature of
the multi-tier supply chain processes (Kouhizadeh et al., 2019). BCT can track all
transactions in a supply chain. Therefore, CSCM stakeholders can easily monitor and
control the entire reverse logistics process to reuse and refurbish wastes and to return
components (Kouhizadeh & Sarkis, 2018).

. Supply chain control

Supply chain stakeholders can obtain better control of the efficiency of inventory,
resource usage, and processes via the traceability and transparency of transactions in
blockchain (Tseng et al., 2018). Moreover, information transparency can also minimize
stakeholders’ opportunistic behavior (Lindstrom et al., 2018). Finally, data sharing in
blockchain can facilitate supply chain collaboration (Saberi et al., 2019).

. Green product management
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Information about green products is difficult to obtain and manage. BCT can be used
to obtain and store data on green products. For example, BCT can monitor gas emissions,
enabling customers to see whether a product is green or not (Rosencrance, 2017).

. Reusing waste across different circular supply chains

BCT can provide a platform to encourage the integration of the CE concept across
different circular supply chains and all relevant stakeholders. For example, when two
companies from different circular supply chains need each other’s waste or used
components, they can make transactions and free exchanges without any middleman. Thus,

BCT can benefit multiple circular supply chains at the same time (Kouhizadeh et al., 2019).

2.5.2 Barriers in applying BCT in CSCM

However, the application of BCT in developing a sustainable supply chain is not without
barriers (Saberi et al., 2019):

1) Intra-organizational barriers, such as resistance to change, lack of resources to apply
BCT, lack of training to use BCT (Govindan & Hasanagic, 2018; Pan et al., 2015;
Sternberg & Baruffaldi, 2018);

2) Inter-organizational barriers, such as conflict of interests, arm’s-length business
relationships, and lack of common interests and mutual trust (Lambert & Enz, 2017);

3) Technical barriers, such as IT, software and hardware equipment issues and lack of
alignment between the systems of different organizations (Abeyratne & Monfared,
2016; Sternberg & Baruffaldi, 2018; Farooque et al., 2020);

4) External barriers, including government regulations and policies, unique industry
standards, etc. (Mangla et al., 2018; Saberi et al., 2019; Farooque et al., 2020)

Of the identified barriers, the technical barriers are the most challenging as BCT combines
different components of the latest information technology (i.e., bitcoin, internet, cloud, etc.)

(Saberi et al., 2019). This study, therefore, identifies some related technical barriers and
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potential solutions in addition to developing the architecture for BCT applications for CSCM
in the fashion industry. It is, therefore, imperative to first understand the challenges of

managing the fast-fashion supply chain from a CE perspective.

3. Sustainability challenges in the fast fashion

This section describes the sustainability challenges in fast fashion to set the stage for the

presentation, in the following section, of a blockchain-enabled CSCM system architecture.

3.1 Product economics of fast-fashion products and supply chain

Fast fashion refers to “low-cost clothing collections that mimic current luxury fashion
trends” (Joy et al., 2012, p. 273). Thanks to the JIT (Just-in-time) manufacturing philosophy
and Quick Response strategies, fast fashion only takes weeks to get from the product design
stage to the market (Morgan & Birtwistle, 2009), compared with six-month cycles in the
traditional apparel model (Garbrielli et al., 2013). Because of streamlined operations (Remy &
Swartz, 2016) and reduction in costs by outsourcing manufacturing to lower-wage countries
(Bhardwaj & Fairhurst, 2010), the fast-fashion industry has transited from being product driven
to being market driven (Bhardwaj & Fairhurst, 2010) and has established demand-driven
flexible SCM despite major physical distances across the chain. Consequently, fast fashion has
burst into the apparel market by offering consumers, especially younger generations, a
continually changing assortment of clothing (Garbrielli et al., 2013).

As fast fashion promotes a throwaway culture (Brooks, 2019), it has brought about
changes in consumers’ behavior, such as impulse shopping (Ryu, 2011), the pursuit of
emotional “highs” by constant purchasing, and emotionally addictive searching (Johnson &
Attmann, 2009). Fast-fashion consumption has a certain appeal in combining the wearing and
ownership of clothes (Iran & Geiger, 2018). The attitudes and behavior associated with fast

fashion have created a correlative interaction with the fashion product life cycle. Baker- Brown
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(2017) states that 80% of fashion products turn into “waste” and are thrown away within the
first six months. All this leads to exponentially increasing production. According to Remy and
Swartz (2016), clothing production doubled from 2000 to 2014, and the number of garments
purchased each year by the average consumer increased by 60%, with fast fashion contributing
significantly to the industry’s production. For example, fast fashion accounts for one-fifth of

the total clothing market in the United Kingdom (Morgan & Birtwistle, 2009).

3.2 Environmental problems related to fast-fashion production

Since fast fashion encourages disposability (Joy et al., 2012), leaves a carbon footprint
with each step of the clothing life cycle, generates potential environmental and occupational
hazards (Claudio, 2007), and emits significant amounts of greenhouse gases (Kant, 2011), it
has huge environmental effects (Remy et al., 2016). For example, globally, 20% of industrial
water pollution is caused by the dyeing, bleaching, washing, and treatment of textiles (Kant,
2011). Waste reaches 98 million tons in total per year—including oil to produce synthetic
fibers; fertilizers to grow cotton; and chemicals to produce, dye, and finish fibers and textiles
(Morlet et al., 2017; Turker & Altuntas, 2014). Cotton crops account for a quarter of all the
pesticides used in the United States (Claudio, 2007). Meanwhile, fashion products use an
immense number of accessories and packaging, including labels, tags, and plastic/paper bags
or containers. These resources are wasted quickly, as the product lifetime is very short
(Niinimiki, 2018). In short, fashion is widely considered the second most destructive industry
to the environment, after the oil industry (Moorhouse & Moorhouse, 2017).

More importantly, as fast-fashion manufacturing has been outsourced to low-wage
countries to reduce costs (Bhardwaj & Fairhurst, 2010), related environmental issues have
worsened. Firstly, the price of resources such as clean water, energy, and land is so low that it
is easily ignored or subsidized by the local government (Niinimaiki, 2018). Secondly, most low-

wage countries lack concern for environmental quality (Dunlap, 2012) and have lower
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environmental standards (Muradian & Martinez-Alier, 2001). This plays into the hands of fast-
fashion manufacturing, which uses harmful and toxic chemicals and does not treat waste
properly (Niiniméki, 2018). Finally, as the fast-fashion consumption market is far away from
the manufacturing countries, the harmful environmental impacts at production sites are often

not seen by the public at the consumption sites.

3.3 The social problems related to fast-fashion production

Many fast-fashion companies outsource garment manufacturing to low-wage countries
where most of the employees work in poor conditions. Claudo (2007) reported some examples
in Asia. In Phnom Penh, Cambodia, more than 2,000 young women can only afford to sleep on
the floor of a garment factory that is producing clothes for shops in Europe and North America.
In Dhaka, Bangladesh, child laborers work in textile factories for 10 hours a day to earn US$1
with the threat of corporal punishment hanging over their heads. In a jeans factory in China,
thousands of workers labor around the clock, scrubbing, spraying, and tearing jeans in order to
meet fashionable production demands even though the blue dust from the jeans is a heavy
irritant to the lungs. Akhter (2014) claims that Bangladesh’s garment workers are the most
exploited, with the lowest minimum wage in the world, and that they are deprived of rights
such as unionism and collective bargaining; female workers also often face mental and sexual
harassment and work in dangerous situations. Fast-fashion workers can even face fatal risks
during the manufacturing process. In 2013, at least 1,132 garment workers lost their lives and
more than 2500 were injured from a factory building collapsing in Dhaka, Bangladesh (Taplin,
2014). Low-wage countries generally lack consistent government monitoring of garment
factories for compliance with laws and regulations (Monte, 2000). Altogether, there exists a
serious problem related to social responsibility in the fast-fashion industry in terms of poor
working conditions, long working hours, child labor, exploitative wages, human rights, etc.

Out of the economic, environmental, and social problem areas, the first is the biggest, as
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the other two stem from it. Given that the industry production technology and operations
management mode cannot make disruptive change, the more production is carried out, the
more the natural environment will be polluted, and the more the fashion industry workers will

suffer risk and harm.

4. System Architecture of Blockchain-Enabled Circular Supply Chain

Management in Fast Fashion

Blockchain can be adopted in supply chain operations to make transactions safer and
more transparent, traceable, and efficient (Queiroz & Wamba, 2019). With increasing
awareness of the need for sustainability in the fast-fashion industry, more and more producers
and retailers, such as Zara and H&M, have recently invested in sustainable actions (Todeschini
et al., 2017), a trend that is likely to accelerate. As circular economy drives the macro-trend
towards adopting sustainability as a proactive philosophy rather than an afterthought, game-
changing technology like blockchain can be applied to enable fast-fashion circular SCM in pre-

production, production, and post-production stages.

4.1 Application of blockchain to meet the challenges of sustainability in fast fashion

As previously discussed, a major challenge in fast fashion is the overproduction of
products which directly leads to environmental and social challenges. Blockchain technology
can help to mitigate some of these challenges by facilitating sustainable production, fair labor
practices, and extending the lifespan of clothing by reducing, reusing, and recycling the
resources involved.

Firstly, blockchain technology can be applied to reduce overproduction. The fast-fashion
supply chain is linear (design-manufacturing-sale-disposal) (Niiniméki, 2018), causing a
bullwhip effect (Lee et al., 1997). The linear structure means that only two adjacent nodes have

the proximity to partially share information, so information about demand from end-customers
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must be distorted (mainly amplified for buffer consideration) when going up to upstream
suppliers. Thus, the linear system makes for a vast amount of waste from overproduction
(Agrawal et al., 2018) and transit inventory. A traditional solution has been to seek centralized
information on customer demand to reduce the bullwhip effect, but this requires free
communication among supply chain members (Fiala, 2005). However, this is difficult to
achieve in a system fraught with “lacks”, including lack of trust (Cai et al., 2010), lack of shared
vision between supply chain members (Li & Lin, 2006), and lack of complete sharing of
information in multi-tier supply chains (Kembro et al., 2017).

As blockchain technology can enable the creation of a decentralized, trust-free network
to share the asset database peer-to-peer (Yang et al., 2018), it can furnish a supply chain with
security, speed, and scale of data exchange in a distributed manner (Mylrea & Gourisetti, 2017)
among all supply chain actors (Wang et al., 2019), obviating the need to build trust. Thus,
blockchain technology can enable supply chain members to collaboratively — and successfully
— forecast demand (Dujak & Sajter, 2019), minimizing the bullwhip effect in the pre-production
stage. Also, blockchain technology can help to reduce fraud and errors, reduce the time, costs,
and waste of fashion products in the transit process (Treiblmaier, 2018), and remove the need
for double verifications (Wang et al., 2019), all of which, in turn, reduces the inventory amount
of production and related packaging throughout the whole fast-fashion supply chain. Thus, the
waste related to production can be much reduced in the production stage. Furthermore, the
decentralized, trust-free network can share the security, speed, and scale of data including sales,
stock, and transition after production in a distributed manner (Mylrea & Gourisetti, 2017, Wang
et al., 2019, Yang et al., 2018), enabling all supply chain actors to adjust their individual
operations, inventory, delivery, and sales, and reorder schedules accordingly. Consequently,
the whole supply chain can reduce the inventory in the whole channel in the postproduction

stage.
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Secondly, blockchain technology can be applied to meet the environmental and social
responsibility challenge through supplier selection and tracking supplier management. The
evaluation and selection of sustainable suppliers is one of the most important decisions for
achieving sustainable SCM (Ahmadi et al., 2017) in the pre-production stage. Since many fast-
fashion production activities have been outsourced to low-wage countries, it is critical for fast-
fashion companies to find reliable and trustworthy suppliers (Teng & Jaramillo, 2005),
especially those with sustainability certifications. Traditionally, fashion outsourcers each took
their own approach, using a multi-criterion selection system, which may or may not include
environmental, and social sustainability considerations (Govindan et al., 2013; Kahraman et
al., 2003). With regard to environmental protection, the recycle/reuse/reduce option has been
identified as the top criterion for supplier evaluation and selection (Luthra et al., 2017).
Meanwhile, the Social Accountability 8000 (SA8000) standard -certification concerns
child/forced labor, health and safety, freedom of association, discrimination, disciplinary
practices, working hours, remuneration, and management systems (Social Accountability
International, 2014). Suppliers must meet all these basic requirements to achieve certification
(Witkowska, 2016). Consequently, the supplier evaluation and selection process is complex
and time consuming (Benyoucef & Canbolat, 2007), involving a variety of actors, processes
and a plethora of information.

Blockchain technology, however, can provide a better option for evaluating and selecting
the right suppliers. A potential supplier must be verified before it is permitted to access the
blockchain. Because of the inherent characteristics of automation (Wang et al., 2019),
blockchains can be programmed to automatically trigger actions (including supplier
certification) once certain conditions are met and can accelerate the flow of data between nodes
(Min, 2019). Consequently, the verification can be conducted, recorded, and accessed quickly

by all blockchain nodes. As a result, a blockchain-based supplier selection process will be
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easier, more efficient and effective to guarantee a good start of CSCM in the pre- production
stage.

Since blockchains can accurately record, trace, and monitor the peer-to-peer transaction
of all assets (Walport, 2016; Weber et al., 2016), the blockchain record and traceability system
can support the three pillars of sustainability (Agrawal et al., 2018) by monitoring and tracing
real-time occurrences in terms of environmental and social responsibilities. For example, it can
audit the quality and safety of the use of chemicals, water, and land during fashion production
(Turker & Altuntas, 2014), besides auditing manufacturing from biological sources and
technical fibers derived from nonrenewable chemical resources (Scaturro, 2008). It can also
detect working conditions and workers’ status by collecting worksite-related data such as light,
humidity, temperature and working hours (Tian, 2017; Venkatesh et al., 2020). These data can
be used to analyze, evaluate/reevaluate, and certify/recertify whether the suppliers have
followed the ethical standards and requirements to treat their employees fairly in the production
stage.

Currently, in the post-production stage, after being worn a few times, or never even sold
in the first place, a vast number of fast-fashion products are treated as waste and thrown away,
although they are still in a reusable condition (Niiniméiki, 2018). Blockchain technology can
facilitate the recycling and reusing of these fashion products in appropriate ways. Since the
blockchain has verified and recorded the information of the fashion product (such as brand,
model, manufacturer, components, processing technology, purchasing date) and even the
consumer, the production and usage history of items can be easily tracked and authenticated.
After washing and sanitizing, these second-hand items can be resold, rented, and donated to
extend their active lifetime. According to Farrant et al. (2010), the purchase of 100 second-
hand garments would save between 60 and 85 new garments being produced, depending on the
place of reuse, exemplifying how blockchain technology application can play a significant role

in CSCM in the fashion industry.
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Furthermore, through blockchain verification and authentication, materials from products
acknowledged to be at the end-of-life can be repurposed for other products. For example, post-
consumer textile waste can be used to make other products such as bow ties, purses and even
polyester hang tags. The blended fabrics can be turned into items such as decorative vases and
bowls, particle boards and other sustainable composites (Lewis et al., 2017). Consequently,
blockchain technology can help with minimizing the amount of textile waste that ends up in
landfills and with saving on the resources used for products and production lines.

Table 3 summarizes the potential blockchain solutions for the sustainability challenges

identified in the fast-fashion industry.
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Table 3. Challenges faced by the fast-fashion industry and their corresponding potential
blockchain solutions

Challenges Potential blockchain solutions
Product economics of a. In the pre-production stage
fast-fashion products and ¢ Enable the creation of a decentralized, trust-free network to share the
supply chain asset database peer-to-peer (Yang et al., 2018);

e Enable supply chain members to collaboratively — and successfully —
forecast demand (Dujak & Sajter, 2019), minimizing the bullwhip effect.

b. In the production stage
e Furnish a supply chain with security, speed, and scale of dataexchange
in a distributed manner (Mylrea and Gourisetti, 2017) among all supply
chain actors (Wang et al., 2019) to reduce the inventory in the whole
channel;

c. In the post-production stage
e Reduce fraud and errors, time, costs, and waste of fashion productsin
the transit process (Treiblmaier, 2018)
e Reduce the inventory amount of production and related packaging
throughout the whole fast fashion supply chain.

Environmental and ¢ Provide a better option for evaluating and selecting the right suppliers.
social problems related e Program to automatically trigger actions (including supplier

to sustainable supplier verification and certification) once certain conditions are met and can
selection in the pre- accelerate the flow of data between nodes (Min, 2019).

production stage e Supplier verification can be conducted, recorded, and accessed quickly

by all blockchain nodes.
e Asaresult, a blockchain-based supplier selection process will be
easier, more efficient, and effective in the pre-production stage.

Environmental and e Blockchain record and traceability system can support the three pillars
social problems related of sustainability (Agrawal et al., 2018) by monitoring and tracing real-time
to suppliers in the occurrences in terms of environmental and social responsibilities.
production stage e Audit the quality and safety of the use of chemicals, water, and land

during fashion production (Turker & Altuntas, 2014), besides auditing

manufacturing from biological sources and technical fibers derived from

nonrenewable chemical resources (Scaturro, 2008).

¢ Detect working conditions and workers’ status by collecting

environmental data such as light, humidity, and temperature (Tian, 2017)

and working hours (Venkatesh et al., 2020).

e  These data can be used to analyze, evaluate, certify, and recertify
whether the suppliers have met the ethical standards and requirements.

Environmental and ¢ Blockchain technology can verify, record, track, and authenticate the
social problems related production and usage history of the fashion product. Products can be resold,
to fast fashion in the rented, and donated to extend lifetime after washing, sanitizing, and
post-production stage quality/brand auditing.

e Through blockchain verification and authentication, materials from
acknowledged to be at the end-of-life can be reused and remanufactured into
other products, thus maximizing the utilization of fast-fashion products and
minimizing landfill waste amounts.

4.2 Overall architecture of blockchain-enabled CSCM

In order to utilize BCT for CSCM, a system architecture is developed in Figure 1. The
overall architecture was validated by two experts in BCT and SCM. A copy of this architecture

and its descriptions were sent to them and their feedback was considered in order to validate
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and improve it. The experts play different roles in BCT adoption. One is a BCT service provider
who has won multiple contracts to develop blockchain-based systems for businesses. The other
is a senior researcher in blockchain application in supply chains and logistics and has published
several relevant research papers in reputable academic journals. They both approved the
general validity of the architecture. They also provided some constructive feedback at the
request of the lead researcher. Based on their feedback, some revisions were made to improve

the initial draft of the architecture.
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Figure 1. System architecture of blockchain-enabled CSCM

As shown in Figure 1, the overall system architecture comprises four technical layers: the
perception, blockchain network, application, and user layers. A generic fast-fashion product

life cycle is presented at the bottom and the whole product life cycle is divided into sourcing,
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production, distribution, marketing/sales, and usage. In contrast to a linear supply chain, in
which the end-of-life products go to a landfill, reverse logistics is integral in a circular supply
chain to bring end-of-life products back to upstream supply-chain actors for reuse and value

recovery.

At the perception layer are the input sources of the proposed platform architecture. These
are used to collect data throughout all of the product life cycle stages. At the pre-production
stage, data needs to be collected on demand, forecasting, inventory, logistics, and suppliers’
evaluation and selection. Data on working conditions, production processes, and environmental
impacts needs to be collected in the production stage. At the post-production stage, data should
include distribution, marketing, and usage processes. This data collection process is mainly
achieved using IoT technologies. Various smart sensors and IoT devices, such as QR codes,
RFID tags and readers, sensors, and GPS, are used to enable the deployment of IoT
technologies. These smart sensors and [oT devices make up the perception network that collects
data automatically (Atzori et al., 2010) from each of the product life cycle stages in a way that
is easy to deploy and flexible to configure. For example, in the production stage, machine
operators can tap their staff cards on a reader deployed on the machines to activate the
manufacturing process. The machines then start to process components and smart sensors (like
temperature sensors and electricity meters, recording the correspondence between temperature
and electricity consumption) to collect data, which will be uploaded to the IoT gateways, where

the data will be pre-processed.

An IoT gateway is an intermediate between the wireless sensor networks and traditional
communication networks or the Internet (Zhu et al., 2010). Traditionally, as the connection
between physical machinery and upper layers, an IoT gateway transforms the protocol to go
from perception to the network layer, as well as from one type of perception network to another.
A gateway is used to transfer the collected data to the local and/or cloud databases and deliver

the feedback to the programmable logic controller (PLC). In this paper, [oT gateways mainly
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control data transmissions and corresponding mechanisms that decide what types of data can
be transmitted and when. These operations consist of data pre-processing, which includes data
definition, toolkit configuration, coordination and execution, and data analytics. After the
operations through the gateways, the data and information from the perception layer will be

transmitted to the blockchain network layer.

The blockchain network layer is responsible for processing and recording the data
generated from activities in all of the product life cycle stages (all the data is transmitted from
IoT gateways). A blockchain-based system provides four key services to integrate data and add
value to activities, namely (1) data processing, (2) data analytics, (3) traceability and visibility,
and (4) data capture and query services. In the data processing service, data cleansing,
classifying, sorting, and calculating will be conducted. For example, energy consumption can
be calculated and evaluated when all the data on resources is available. Data analytics is used
to extract what is useful and important from the processed data for decision making. This
service is realized by various mathematical models, machine learning algorithms, and data
mining technologies, which can be helpful for discovering meaningful patterns (Li et al., 2018).
Traceability and visibility services allow users to visually trace product life cycle information.
The processed and analyzed data can be presented in statistical graphics and tables, helping
users to understand the product life cycle intuitively. The data capture and query service gives
users easy access to data and information that they want. For example, consumers can obtain
information on the certification or manufacturing process of a product. In most simple
scenarios, data collected from the perception layer will be transmitted to the blockchain
network layer and, after it is processed (the data processing service), the final hash data will be
generated, along with the difficulties. All the hash values can be queried through the data
capture and query service. Finally, the hash values and original object data (i.e., the data from

the perception layer) will be broadcast to the blockchain network. Once they are approved by
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the consensus algorithm, the hash values will be stored in the blockchain network, and the

original object data will be stored in the cloud storage environment servers.

The application layer, as its name suggests, provides five key applications for users,
namely agile product design, product life-cycle real-time monitoring and management, product
recycling and after-sales service management, sustainability assessment management, and
materials reuse management. These applications run throughout the whole life cycle of fast-

fashion products.

Agile product design ensures that the products keep up with those of the fashion trends
(Cachon, 2011) which are beneficial for both manufacturers and customers. In a blockchain-
based system, agile product design can be achieved through integrated information sharing

throughout the whole product life cycle.

Product life-cycle real-time monitoring and management play important roles in collecting
data and information for decision making. For example, in sourcing activities, data and
information on suppliers will be recorded and managed to ensure that the latter are qualified. In
production activities, the manufacturing environment and processes, in addition to the working
conditions, can be monitored in real time to ensure the quality of products, to verify the
qualification of manufacturers, and to ensure cleaner production with the aim of improving
overall economic efficiency while simultaneously reducing risks and damage to the
environment and people involved (Farooque et al., 2019). In distribution activities, inventory
information is monitored in real time as a basis for inventory warnings, replenishment, and
control. Moreover, real-time inventory and logistics information can be used to dynamically
forecast customer demand. In marketing/sales activities, product sales information is recorded
as a basis for promptly developing and adjusting marketing strategies. In usage activities,
recycling information can be recorded to calculate the rate of recycling and to improve recycling

strategies.
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Product recycling and after-sales service management are responsible for the recycling,
reuse, lease, and disposal of products. Suitable recycling, reuse, and lease can not only control
the wastage of potentially useful materials but also reduce the consumption of raw materials.
In a blockchain-based system, manufacturers can easily identify which materials can be reused
and which are to be disposed. Moreover, this application can provide reference information for

environmental concerns, given that recycling and disposal are closely related to these.

Sustainability assessment management is extremely important for a circular supply chain.
It involves assessing elements and factors related to the environment, economy, and society.
Enterprises are assessed not only on their business qualifications, but also with regard to their
responsibilities for sustainability, based on the data collected from the whole product life cycle.
Sustainability assessment can be used for management of energy-saving, ecosystem quality,
and waste. For example, the energy consumption can be recorded, analyzed, and evaluated, and
energy conversion and recycling can be calculated throughout the product life cycle. All the
data on consumption and output emissions can be readily shared and integrated to evaluate the
environmental performance of a product life cycle -- the very essence of ecosystem quality
management. Based on a blockchain system, reliable sources of data allow people to evaluate
the environmental impacts of waste emissions from a product life cycle perspective (Erses Yay,
2015). The analyzed results are also helpful in making decisions and strategic plans for

managing waste (Khoo, 2019).

Materials reuse management is indispensable in a circular fast-fashion supply chain. This
practice largely refers to arranging for textile materials from old clothing to be reused. Clothing
contains a wide variety of fabrics, such as cotton, linen, nylon, wool, silk, leather, chemical
fiber, and their blends. Different fabric materials should be classified for recycling, reuse, or
disposal in a suitable way. For example, some fabrics are suitable for recycling and

reprocessing, either into other clothing materials or the materials of other products (like daily
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necessities), while other fabrics may be more suitable for industrial use. All these

classifications and identifications can be achieved through materials reuse management.

The user layer mainly consists of the parties involved in the circular supply chain:
suppliers, manufacturers, logistics enterprises, retailers, and consumers. In a blockchain
system, the first four parties can share information in real time to collaborate on decisions
ranging from new product designs, inventory optimization, through to marketing strategies.
They can also choose qualified partners and evaluate whether the environmental impacts of
their supply chains and manufacturing processes follow global or national standards. Some
manufacturers have self-established logistics systems and sales channels, making them retailers
as well as logistics companies. They can connect directly both with suppliers upstream and
customers downstream, which is much more beneficial for a circular supply chain because they
can share information more effectively and respond more quickly to the market. As for
consumers, they can make purchasing decisions by inquiring, through various applications,
about product information, such as product certification and related environmental protection

information. They can also make the best of the products they buy for reuse, lease, or recycling.

4.3 Technical solution of blockchain-enabled CSCM

At the fast-fashion product life cycle level, the way in which data/information flows
through and connects the stages has been presented in a UML sequence diagram (Figure 2).
There are three stages: pre-production, production, and post-production. Each stage involves
different types of product-related activities, applications, or services, including demand
forecast, product research and development, manufacturing process control, and product
recycling. Besides these, each activity can be described with a product and enterprise
information. For example, for product R & D, there is product information such as design

instructions, 2D design drawings, and models. For supplier qualification certification, there is
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information like enterprise product output and enterprise reputation. All of the information is
stored in corresponding databases. In a simple scenario, we introduce the production process
in a circular supply chain to clarify the mechanism of how to integrate blockchain-based CSCM

with existing applications.
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Figure 2. The data flow in circular supply chain

From a supply chain perspective, every stakeholder is involved in the circular supply
chain. As shown in Figure 3, a circular supply chain generally involves five roles, namely
supplier, manufacturer, distributor, retailer, and consumer. They are linked through logistics
activities. The solid line represents the forward logistics process of the products, while the
dashed line represents the reverse logistics process, such as product recycling and recall. In
contrast to the traditional supply chain, the circular supply chain includes reverse logistics,
which is responsible for the recycling and recall of the product for reuse. The reverse logistics
is the reverse process of forward logistics. In order to ensure the integrity and the traceability
of fast-fashion products in the whole life cycle, stakeholders would upload the relevant data
that is shown in the figure to the blockchain network. It not only improves the traceability of
the product in the life cycle, but also provides a transparent and credible recycling environment

for the product in its further usage. Therefore, it maximizes the utilization of fast-
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fashion products and reduces the waste of resources. The adoption of blockchain technology
enables the fast-fashion circular supply chain to be more sustainable and accelerates the

development of a circular economy.
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Figure 3. Stakeholders of the circular supply chain

4.3.1 Data on and off the blockchain

In a blockchain system, a block is created when a product supply plan is generated. A
block consists of a header and body. In the proposed blockchain-enabled circular supply chain
management architecture, the block header contains information like a hash of the previous
block, a time stamp, and version. Since the block body is of limited size, only some simple
structure information is stored in it. For example, in the pre-production stage, the product name,
simple product data, supplier name, product sales and demand information, product reuse
information, and linkage to other data sources are stored in a block. Also, smart contracts with
rules for sharing information among different supply participants are carried in the block.
Simultaneously, other data and information, such as the product R & D files, supplier
qualification certification, and product demand forecast model are stored in product-related and

supplier-related cloud databases. In the production stage, the block includes
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linkages to the cloud database. With regard to supplier linkage, it contains access to
manufacturing process data, cleaner production management data, and data that is monitored
in real-time. In terms of product linkage, access to product certifications, such as quality
certification, are included. In the post-production stage, the recycling product linkage is stored
in blocks. Again, this linkage is used to access data, in this case data on product recycling,
sales/leasing, reuse, recall, and so on, all of which can ensure the sustainability of the circular

supply chain.

4.3.2 Access to the data

Different participants in the supply chain have different authorizations and permissions in
the blockchain-based CSCM platform. Suppliers need to be accredited with qualification
certifications by uploading basic information about themselves if they want to take part in the
production activities through the platform and access the relevant data. During the production
stage, manufacturers need to upload real-time data on the manufacturing process to the cloud
database. Data on their products may be uploaded later, in the production and post-production
stage. Logistics enterprises provide logistics and reverse logistics service for the whole supply
chain. They can access some information, for example, about inventory, when authorized by
retailers. Retailers are mainly responsible for selling, so they can share the product sales
information with their upstream firms and cooperative partners. Manufacturers with self-
established logistics systems and sales channels can benefit more from a blockchain-based
system because they can share their information in a more secure and efficient way. Consumers
can access the certification information on products and suppliers to check the product quality
and condition and to trace some product information. They can also be given some product-
related environmental protection information. All the information is encrypted and cannot be
accessed without permission. For example, users can get data and information only through

linkages that give them access to large design files in the cloud
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databases through the predefined application programming interface (API). It is also by
permission that they access certain information, such as supplier certifications, information on
working conditions, and product recycling data in order to evaluate the reliability of others and
their sustainability qualifications. Notably, participants cannot tamper with data or information,
either in the blockchain or in the cloud database. This is because both are linked by the hash
value, and any changes will lead to an incompatibility in the proposed platform. In this way,
an environment of collaborative decision-making and information sharing will be created in a
blockchain-based CSCM platform, and it will provide opportunities for the stakeholders in a

fast-fashion circular supply chain to respond to the market quickly.

5. Discussion

This research explores how BCT can enable CSCM in fast fashion. We identify three
main issues relevant to CSCM in fast fashion in terms of economic, environmental, and social
responsibility. We further develop a system architecture to apply BCT in CSCM in fast fashion
to deal with these issues in pre-production, production, and post-production stages. Overall,
our research provides valuable guidance for deploying BCT to improve circular fast-fashion

supply chain management.
5.1 Theoretical implications

Our research is one of the first to explore the application of blockchain in CSCM, and
extends the research into the fast-fashion industry. Both BCT and the circular economy are
emerging hot topics with profound implications for both academia and industry (Kouhizadeh
et al., 2019). This paper has made a valuable attempt to integrate these two topics in order to
gain significant insights. BCT has incomparable and distinctive advantages such as
disintermediation, transparency with pseudonymity, security, and automation (Wang et al.,

2019). It can integrate with IoT and cloud technology (Sharma et al.,
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2017) and has been applied in a variety of areas, such as financial transactions, healthcare,
logistics, and supply chains (Wang et al., 2019). Although some papers have studied the
relationship between blockchain and the circular economy (Kouhizadeh et al., 2019), most of
them have focused on the anti-counterfeiting and traceability aspects of blockchain technology.
Certainly, there have been some operable applications and platforms based on blockchain

technology in the fast-fashion industry.

A research note” from TCBL in the European Union provided good examples. Martine
Jarlgaard produced the first garments with smart labels based on Provenance, a supply chain
service platform based on blockchain technology, to achieve full process traceability of her
products. Her consumers can access information such as time stamps and location mapping from
raw material to finished product. Babyghost teamed with VeChain, a blockchain platform that
provides enterprises with blockchain as a service, to put unique IDs on the blockchain for anti-
counterfeiting and the traceability of products. Brandzledger is a blockchain-based offering of
cloud services tailor-made for supply chain processes. It maps out each stage of supply chains to
monitor the origins and movements of separate or whole components of a product for anti-
counterfeiting and traceability. Current blockchain use cases in the fast-fashion industry rarely
focus on circularity of the supply chains. Indeed, there is scant research extending BCT to circular
supply chain management (CSCM) in any specific industry. Given that fast fashion has caused
increasing sustainability problems, such as sweatshops and the depletion of resources (Park &
Kim, 2016), this paper explores how BCT can enable CSCM in the industry by overcoming three
main types of sustainability challenges. This exploration contributes to the literature of these
related disciplines.

Furthermore, this paper builds a system architecture for how blockchain can enable
CSCM. Moreover, the paper analyzes the sustainability challenges in three stages (i.e., pre-
production, production, and post-production of fast fashion) and clarifies the mechanism of
integrating blockchain-based CSCM with existing applications to overcome the challenges

associated with these stages. The framework proposes a blockchain platform for collaborative

* Pautasso, E., Ferro, E., and Osella, M. (18th July 2019). Blockchain in the fast industry: opportunities and
challenges https://issuu.com/tcbl/docs/blockchain_in_the fashion industry

32




forecasting and planning, a blockchain-based supplier certification system, and a transparent
and real-time supplier monitoring and tracing mechanism. More importantly, it suggests post-

production subsystems to resell, rent, reuse, and recycle fashion products to achieve CSCM.
5.2 Managerial implications

Our research offers several valuable insights to fast-fashion practitioners and suggests
how to use BCT for CSCM in fast fashion. Firstly, all stakeholders need to give serious
consideration to sustainability problems in the fast-fashion industry, including the vast amount
of resources wasted, pollution caused by chemicals, and harm to the workers and communities.
Since all the sustainability problems are related to the overproduction and shortened life cycle
of fashion products, all stakeholders, including fast-fashion companies, designers, retailers, and
manufacturers, can make full use of the proposed system architecture. For the system to work,
however, they need to share demand information, to monitor and trace the inventory in the
supply chain channels, and to collaborate on forecasting, planning, and supplementing. Thus,
collaboration can efficiently and effectively reduce the inventory in the production sites and
transition processes, which will benefit the whole supply chain.

Secondly, the proposed framework provides a transparent platform for selecting,
auditing, and evaluating potential suppliers based on whether they meet the sustainability
requirements. By auditing the historical data, the blockchain-based framework can be used to
efficiently select the right suppliers: those who are following the SA8000 standard and other
codes of conduct. By monitoring and validating how suppliers perform in relation to
environmental and social responsibility in real time, the system can perfect and make efficient
the supplier certification system. This can support the institutional role of some governments
of emerging economies in better fulfilling environmental and social responsibilities so as to

apply international standards such as SA8000.

33



Finally, in the blockchain-enabled fast-fashion CSCM system, post-production
blockchain subsystems can be built to sell/resell, reuse, rent, and recycle fast-fashion products
according to their condition and quality after strict sanitizing and cleaning treatment processes.
Products in nearly new condition can be resold, rented, and reused (which includes being
donated to charity communities) in different markets. Some products can be recycled for further

treatment. The goal is to extend the life cycle and to make full use of fast-fashion products.
6. Conclusions

The emerging BCT has great potential to be used for supply chain traceability and
transparency. There are barriers to be overcome in a quest for a transition to a circular economy
in which the reuse of materials is managed over multiple life cycles across a variety of spatially
dispersed supply chain stakeholders. This study proposes a blockchain-based system
architecture for operationalizing circular supply chain management in the fast-fashion sector,
which is notorious in regard to environmental sustainability.

This study makes several original contributions. Firstly, to the best of our knowledge, it
is the first piece of research to deal with the application of blockchain in the fast-fashion
industry for transitioning to a circular economy. There is a great need to make fast fashion more
sustainable. Therefore, this topic is significant and warrants further studies. Secondly, the
blockchain-based system architecture that is developed in this research is a pioneering work,
addressing the unique reuse/recycling challenges in fast fashion. Fast-fashion supply chains
often involve many stakeholders across the globe, and their management demands great agility,
transparency, and accuracy. The proposed blockchain-based system can manage the
sustainability challenges in the fast-fashion supply chains to achieve a zero-waste circular
economy. Two experts in BCT and SCM validated the proposed system architecture. Lastly

but
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not least, managerial implications are discussed for implementing blockchain-based systems to
manage and improve supply chain circularity.

This study has its limitations. The nature of the research is conceptual, given that the
research on blockchain for the circular economy is still at a nascent stage. Although the validity
of the proposed system architecture was endorsed by two BCT and supply chain experts, the
researchers need to further develop the system for a small-scale pilot before applying it to a
large-scale fast-fashion supply chain. Because a blockchain-based system requires data input
from multiple stakeholders, and needs to involve a consortium of organizations, its
implementation is often complicated. Future studies need to investigate implementation issues
in incentives, barriers, and drivers. Finally, this research is limited to the fast-fashion sector.

Future research may expand the scope to consider the application of BCT in other sectors.
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