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1 | INTRODUCTION

Nazlican Gozacan-Chase*®

| Abderahman Rejeb*

Abstract

The transition to a circular supply chain (CSC) is a prerequisite to establish sustain-
ability in the supply chain. Blockchain-based CSC enables stakeholders to effectively
manage their decision-making processes, increase revenue, reduce time and costs
and ensure information synchronisation. Blockchain start-ups play an essential role in
facilitating the transition from a linear to a circular economy while supporting the
development of CSCs. This research aims to explore the role of blockchain entrepre-
neurship in the transition to CSC by evaluating circular blockchain start-ups. This
research contributes to the literature by providing verified roles of blockchain entre-
preneurship in the transition to CSC by evaluating the literature and blockchain start-
ups. Another contribution is that the causal relationships between these roles are
analysed. In this study, an integrated three-step methodology including Systematic
Literature Review (SLR), Qualitative Comparative Analysis (QCA), and Fuzzy
Decision-Making Trial and Evaluation Laboratory (Fuzzy-DEMATEL) methods on the
base of the theory of change is proposed. An SLR is performed to determine the roles
of blockchain entrepreneurship. Then, a QCA is conducted after identifying the roles
for verification by evaluations of use cases of blockchain start-ups. Finally, the causal
relationships between these roles are interpreted by using Fuzzy-DEMATEL. Findings
indicate that blockchain entrepreneurship has 12 fundamental roles in facilitating the
transition from a linear to a circular economy while supporting the development
of CSCs.

KEYWORDS
blockchain entrepreneurship, circular supply chain, Systematic Literature Review, Qualitative
Comparative Analysis, Fuzzy-DEMATEL, theory of change

stakeholder has a unique viewpoint and understanding of what consti-

tutes CE; hence, the term is open to several interpretations. For

Circular economy (CE) concept receives considerable attention both
in academia and industry (Choudhary et al., 2022). Over the last
decade, the CE notion has been established to assist with the issues
of resource depletion and environmental degradation (Geissdoerfer
et al, 2017; Rejeb, Suhaiza, et al., 2022; Stahel, 2016). Each

instance, Kirchherr et al. (2017) propose a comprehensive conceptua-
lisation of the CE by describing it as a sustainable model in which
resources used in manufacturing, distribution, and consumption are
conserved and reused as much as possible, with a focus on reclaiming

materials via recycling. In order to attain entrepreneurial sustainability,
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Zamfir et al. (2017) state that the CE practices at the business level
might involve waste minimisation while maintaining the value of
materials and outputs in the chain. The CE functions at the micro-
(products, firms, customers), meso- (industrial symbiosis), and macro-
levels (government, region, country, and beyond) to achieve economic
growth, environmental quality, and sustainable development
(Grafstrom & Aasma, 2021; Korhonen et al., 2018; Morseletto, 2020).

The incorporation of sustainability-related benefits with CE prac-
tices such as recycling, reuse and a zero-waste ideal has led to the
wide integration of the CE in the supply chain, also called circular sup-
ply chain (CSC) (Montag, 2022). An environmentally sustainable SC
strategy is required encompassing eco-friendly and energy-efficient
operations, technology, and commodities (Gotschol et al., 2014;
Kazancoglu et al., 2020) as CSC has become a strategic variable for
organisations, going beyond environmental aspects (Gonzalez-
Sanchez et al., 2020). CSC has the benefit of rescuing discarded mate-
rials from landfills by recovering their potential and reusing them in
the development of by-products (Genovese et al., 2017; Kazancoglu
et al., 2020). CSC facilitates the transition of a linear supply chain
towards a circular structure (Mangla et al., 2018). Introducing innova-
tive business strategies based on CE principles, CSC presents a great
opportunity for linear supply chains (Asante et al., 2022) to improve
the allocation of resources to encourage environmental manufacturing
as well as consumption (Fehrer & Wieland, 2021). CSC focuses on
material processes in supply chains through accelerating, dematerialis-
ing, eliminating, delaying and shrinking material cycles (Geissdoerfer
et al., 2018).

Innovative solutions to sustainability issues and better Circular
Supply Chain Management (CSCM) via the use of new technologies
are acknowledged (Rejeb, Suhaiza, et al., 2022). The internet of things,
artificial intelligence, blockchain technology, additive manufacturing,
robotics, and so on, are a few examples of new technologies that sup-
port the development of circular business models (Laskurain-Iturbe
et al., 2021; Tiwari et al., 2021). A sustained competitive advantage
can be achieved with the help of these technologies, which include
areas such as business process reengineering, digital information man-
agement and the execution of optimisation strategies (Chakrabarty &
Nandi, 2021; Kazancoglu et al., 2021).

The expansion of entrepreneurship is closely related to strength-
ening the national, societal, and individual economies (Schiavone
et al., 2021). Blockchain entrepreneurship can maintain effective, con-
structed encryption to assist with safely storing and moving data.
Accordingly, blockchain entrepreneurship significantly influences CSC
operations, assets, raw materials, products, and processes because of
its trust, transparency, traceability (Centobelli et al., 2022), reduced
transaction cost, enhanced performance, human rights protection
(Upadhyay et al., 2021), security, reliability, real-time data and smart
contracts (Kayikci, Durak Usar, & Aylak, 2021). To assist this effort,
blockchain is appropriate for identifying, and tracking products and
items throughout the supply chain (Mangla et al., 2022), and ensuring
that they may be reused, remanufactured, and recycled (B6hmecke-
Schwafert et al., 2022). For trustworthy cooperation, blockchain-

based CSC may demand a more restricted, private, and permissioned

blockchain with several and controlled participants (Centobelli
et al., 2022). Additionally, blockchain technology provides participants
with better control over resource utilisation (Tseng et al., 2018); mea-
sures gas emissions and the green condition of products (Wang
et al., 2020); manages reverse supply chains (Dutta et al., 2020); and
minimises waste by delivering highly accessible products (Kayikci
et al., 2022).

While prior research works contributed to an increased under-
standing of blockchain in the CSC context, there is a lack of studies
looking at how technology as an entrepreneurship platform can facili-
tate CSCM in certain sectors. Additionally, there is no research on the
impact of blockchain-based start-ups on managerial decision-making
to further the development and growth of CSC. The motivation of the
study is to bridge this knowledge gap by proposing an integrated
three-step methodology on the base of the theory of change. A Sys-
tematic Literature Review (SLR) is conducted to examine the funda-
mental roles of blockchain entrepreneurship in the CSC. To sharpen
our theoretical focus, a qualitative case analysis technique: Qualitative
Comparative Analysis (QCA) is performed to evaluate these roles from
real-world use cases. The identified roles are validated in six start-ups.
Moreover, a multi-criteria technique, Fuzzy-DEMATEL, is applied to
interpret the causal relationships between these factors in the CSC
transition. The roles are examined based on expert opinion. Research
questions are generated by examining and critiquing the literature
already published. This study mainly examines the following two
research questions to fulfil the research gap:

RQ1. What are the fundamental roles of blockchain

entrepreneurship in the circular supply chain transition?

RQ2. What are the causal interrelationships between
these roles of blockchain entrepreneurship in the circu-

lar supply chain transition?

The paper is structured as follows. After the introduction section,
the paper presents the research background and theory in Section 2.
The research design of the paper, which proposes a three-stage inte-
grated methodology, is given in Section 3. Then, the results of the
study are presented in Section 4. Section 5 gives a discussion of this
study. Finally, Section 6 concludes the study by drawing suggestions
based on the findings and discussing the limitations and future
research directions.

2 | RESEARCH BACKGROUND AND
THEORY

21 | CsC

CSCM represents a new area of sustainability that has been intro-
duced to the supply chain (Du et al., 2010; Nasir et al., 2017). Sustain-
able practices, including reverse logistics (Fleischmann et al., 1997,
Rogers & Tibben-Lembke, 2011; Rubio et al., 2008), green supply
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chain (Beamon, 1999; Min & Kim, 2012; Srivastava, 2007), integration
of CSC collaboration and circularity (Gebhardt et al., 2021), closed-
loop supply chain systems (De Giovanni, 2022; Kumar &
Rahman, 2014; Li, 2013) and industrial symbiosis (de Abreu &
Ceglia, 2018; Domenech et al., 2019; Tseng et al., 2018); responsibil-
ity and liability of manufacturers (Deutz et al., 2017; Du et al., 2020;
Xavier et al., 2021); and development of eco-industrial park (Belaud
et al., 2019; Martin Gémez et al., 2018) are considered. Multiple defi-
nitions of CSCM emerge when the importance of CE is considered in
the supply chain. Conceptually, CSCM is a harmonised forward and
supply chain via the inclusion of value-generating elements from
goods, by-products and usable waste over a longer life cycle that
enhances economic, environmental and social sustainability (Batista
et al., 2019). CSCM seeks to optimise the use of natural resources by
restoring, regenerating and better capturing the values of those
resources (Mangla et al., 2018). MacArthur (2015) further describes
the CE in terms of the supply chain as an industrial system that aims
to restore or regenerate its resources. Improvements in value proposi-
tions, resource consumption, end-of-life approaches, waste genera-
tion rates, social benefits and sustainability are just some of the many
outcomes of incorporating CE into supply chains (Farooque
et al., 2019). The advantages of CSCM motivate scholars and practi-
tioners to re-evaluate their supply chain and consider the adoption of
CE. Since recycling or reusing all undesirable materials in the same
supply chain is usually impractical, a closed-loop system creates con-
siderable waste. As a result, by collaborating with other firms in the
same industry or in other industries, a CSC enables to recover more
value from waste (Romero-Herndndez & Romero, 2018; Tomié &
Schneider, 2018). CSC is meant to systematically replenish and renew
resources in the natural and industrial environment, thereby generat-
ing minimum waste. In this context, CSCM should be explored thor-
oughly in order to discover innovative circular business models and
novel approaches utilising sophisticated quantitative modelling tools
including integrated multi-criteria decision-making methodologies
(Lahane et al., 2020).

2.2 | Blockchain technology

Satoshi Nakamoto (pseudonym) is widely credited as the inventor of
blockchain technology after publishing a paper on the topic in 2008
(Nakamoto, 2008). Satoshi suggested in the paper an open distributed
ledger for the Bitcoin cryptocurrency. Numerous industries outside
the cryptocurrency realm are paying close attention to blockchain
technology (Rejeb et al., 2019). Blockchain has been considered both
a revolutionary and game-changing technology. As a distributed led-
ger technology, blockchain is distinguished by its accessibility, transac-
tional immutability, and resistance to tampering and manipulation
(Treiblmaier, 2018). Three distinct generations of blockchain have
arisen since the introduction of the technology, each with its own set
of use cases and technical characteristics (Kayikci & Subramanian,
2022; Cheng et al., 2021; Xu et al., 2019). Blockchain's original version
was designed with cryptocurrencies in mind, namely, the necessity to
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enable the decentralised, peer-to-peer trading of digital money
between users without the intervention of a trusted third party such
as banks (Nakamoto, 2008). In most cases, anybody may join the Bit-
coin network and transact with other users since the blockchain is
open to the public. To keep track of its expanding list of blocks, each
of which is a single transaction record, blockchain uses encryption
(Gunasekara et al., 2022; Meng et al., 2018; Xu et al., 2021). Block-
chain transactions become permanent after they have been updated
and authenticated by all necessary parties. This makes the technology
a highly trustworthy and secure ledger that can be relied upon to
record transactions in an immutable and accurate manner
(Treiblmaier, 2018). Furthermore, blockchain's peer-to-peer structure
ensures that all network users can see and verify any ledgers' most
recent changes. Another definition for blockchain is an ever-growing,
decentralised, yet shared ledger that is cryptographically secured by
means of digital footprints (Kayikci et al., 2022).

Cryptocurrency mining is used to insert new blocks in the block-
chain, and it works by having miners solve a mathematical problem
using complex calculations until a certain value is reached. In the
blockchain, miners race to be the first to add new blocks to the dis-
tributed ledger by solving a complex computational task. Those
involved are then rewarded for their efforts with cryptocurrency.
Every single block in the blockchain should have a proof-of-work,
which is checked and certified by the rest of the network. This
ensures the whole chain's security and resistance to tampering
(Kayiker & Subramanian, 2022; Kayikci et al., 2022). Blockchain is built
to limit the total supply of cryptocurrency. Therefore, the system
relies on simultaneous cooperation and rivalry among network users
(Chiu & Koeppl, 2019; Li et al., 2019).

Smart contracts are part of the second generation of blockchain
technology (Yu et al., 2019). They allow the parties to predetermine
the terms of the agreement and the conditions under which it will be
executed. Eliminating the need for a neutral third party, which is cru-
cial to the current escrow system, this automated system proves that
contracts can be formed using just computer codes. Since the intro-
duction of smart contracts has the potential to minimise transaction
costs, risks and expedite payment processes (Chaudhuri et al., 2021),
the second generation of blockchain fundamentally disrupts the cur-
rent understanding of supply chains (Swan, 2015). This development
paves the way for introducing the third generation of blockchain
when the social aspects of the technology are stressed. Manufactur-
ing, tourism, healthcare, transportation, logistics, and supply chain
management all benefit from the innovations made possible by block-
chain (Rejeb, Rejeb, et al., 2021; Treiblmaier, 2018). The core features
of blockchain, such as encryption, distributed storage, robust security,
peer-to-peer transactions, and the prospect of efficient and safe auto-
mation, are what make this generation of technology appealing to
many different sectors, including CSCs (Centobelli et al., 2022; Huang
et al., 2022; Paul et al., 2022; Wang et al., 2020).

Based on the explained concept, similar studies are reviewed.
Blockchain for business strategies as a management tool for CSC can
enhance the environment, sustainability in supply chains by generat-

ing awareness among a diverse multidisciplinary area. Research into
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blockchain's potential applications in CSC has seen a rise in attention
from academia. For example, in order to develop a conceptual frame-
work to investigate the connection between blockchain, CE, and total
productive maintenance, Samadhiya et al. (2023) used structural equa-
tion modelling. The natural resource-based view theory was utilised
as the foundation for the research. By implementing AHP-DEMATEL,
Chaouni Benabdellah et al. (2023) researched the interdependencies
and causal linkages between the main barriers to the adoption of
blockchain in viable circular digital supply chains. Moreover, Huang
et al. (2022) intend to establish a framework that explains the major
stages of blockchain-based CSCM and assesses critical success factors
of the technology in CSCM. By applying the Analytical Hierarchy Pro-
cess and DEMATEL, the findings demonstrate the criticality of techni-
cal capability, technological maturity, and technological feasibility in
CSCM. Finally, Kayikci et al. (2022) examine the critical success fac-
tors associated with deploying blockchain-enabled CSCs and identify
network collaboration as the best factor and the shared CE toolbox as
the worst factor. To describe the complexity of the network infra-
structure for the B2B tea sector, Paul et al. (2022) focused on an
RFID-integrated blockchain-driven CSC model. Moreover, by concen-
trating on the function that blockchain interacts with in circular block-
chain platforms, Centobelli et al. (2022) propose the integrated Triple
Retry framework for developing circular blockchain systems to link
traceability, trust, and transparency with the three CSC reverse opera-
tions, including recycling, redistribution, and remanufacturing. The
findings point to the value of blockchain as a technological tool for
tightening the regulation of waste stream and product return manage-
ment processes. Wang et al. (2020) initiate the development of a sys-
tem architecture for blockchain-enabled CSCM in the fast-fashion
sector. Esmaeilian et al. (2020) provide an overview of Industry 4.0
and blockchain technology for improving CSCM implementation. As
the literature is reviewed, to the best of our knowledge, there is no
study providing verified roles of blockchain entrepreneurship in the
transition to CSC by evaluating the literature and blockchain start-ups
with a three-step methodology including SLR, QCA and Fuzzy-
DEMATEL methods on the base of the Theory of Change. The study's
most important takeaways are its status as a ground-breaking analysis
of blockchain entrepreneurship roles in CSC. The findings are investi-
gated and used to advance the state of the art in blockchain and
entrepreneurship towards the goal of developing CSC at the level of
the practitioner. Therefore, this research contributes to the extant lit-
erature in numerous important ways: Firstly, the impact of blockchain
entrepreneurship on CSC is investigated. Secondly, fundamental roles
of blockchain entrepreneurship are identified from the literature and
empirically validated by experts. Thirdly, fundamental roles are recog-
nised, and their inter-relationships are assessed. Lastly, recommenda-

tions and implications from a practitioner's standpoint are highlighted.

2.3 | Theory of change

The concept of the theory of change first appeared in the late 1980s
and early 1990s (Connell & Kubisch, 1998), in improvising evaluation

theory and practices associated with the field of community actions
(Khanna et al., 2022). The theory of change is an essential roadmap
with a comprehensive description and illustration of how and why the
desired change is expected to happen in a particular context
(Annie, 2004). It is focused on mapping and learning what a pro-
gramme or change initiative does and how these lead to desired goals
being achieved (Brest, 2010). It does this by first identifying the
desired long-term goals and then working back from these to identify
all the conditions that must be in place and how these relate to one
another causally for the goals to occur (Mackenzie & Blamey, 2005).
Theory of change is a systematic and collective study approach to the
relevance of the CE and describes its linkages between inputs, activi-
ties, outputs, outcomes, and impacts (Khanna et al., 2022) on short-
term and long-term goals (Weiss, 1995). These are all mapped
(Annie, 2004; Khanna et al., 2022). There are two approaches under
the theory of change which are the Multi-Level Perspective (MLP)
approach and the disruptive innovation approach. In this matter, two
theoretical approaches are considered, which are the MLP approach
and the disruptive innovation approach (Mouffak, 2021).

2.3.1 | MLP approach

The MLP approach helps to understand how innovations in a society
succeed and, therefore, how the different socio-technical systems
gradually change (Mouffak, 2021). The MLP posits that transitions
come about through interaction processes within and among three
analytical levels: niches, socio-technical regimes, and a socio-technical
landscape (El Bilali, 2019). According to the MLP method, the first
layer of the socio-technical system is the general landscape, also
referred to as the macro-level, which refers to the external surround-
ings that impact all participants (Geels, 2019). It is made up of patterns
and modifications that normally happen slowly, across decades. The
patchwork of regimes is the second layer of the socio-technical sys-
tem, often defined as the meso-level (Genus & Coles, 2008). These
are predicated on the sustained performance of all the operations and
mechanisms that comprise a socio-technical system (Geels, 2019).
The third layer of the socio-technical system, also referred to as the
micro-level, is niches. It comprises alternative ideas or technology,
which are often created in controlled creative areas. The niche players
want to gradually incorporate their innovations into the present
regime (Genus & Coles, 2008). However, niches are vital for society as
pillars for modernisation and system updates. As a result, if a niche
succeeds in expanding its market, increasing demand, and receiving
greater assistance, it not only modifies the regime but also impacts
the landscape (Mouffak, 2021).

2.3.2 | Disruptive innovation approach
According to Christensen Institute (2016), disruptive innovation is the
process by which a product or service initially posits itself in basic

forms at the bottom of a sector, generally through being lower in price
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and greater abundance, and afterward steadily rises, eventually displa-
cing incumbent rivals. According to the approach, once the concept of
disruption is extended to industry, everything that emerges and suc-
ceeds in such a marketplace may be considered disruptive
(Larson, 2016). Furthermore, disruption can take two forms: low-end
disruption that emphasises the high-sales customers and innovative
disruption that emphasises the underserved buyers (Larson, 2016).
Blockchain is the most recent disruptive innovation that has piqued
the interest of researchers (Frizzo-Barker et al., 2019). Blockchain
technology has been predicted by the sector and academic world as a
disruptive technology that can perform a fundamental role (Rane &
Narvel, 2021). Swan (2015) categorises blockchain into three forms:
Blockchain 1.0 for currency; Blockchain 2.0 for contracts; and Block-
chain 3.0 for non-financial purposes (Frizzo-Barker et al., 2019). The
exploration of these roles for blockchain entrepreneurship for the

CSC transition is covered in the next sections.

3 | RESEARCH DESIGN

An integrated three-step methodology including SLR, QCA and Fuzzy-
DEMATEL is proposed to explore and examine the role of blockchain
entrepreneurship in the transition to CSC. The three-step methodol-
ogy is performed on the base of the theory of change. The fundamen-
tal roles of blockchain entrepreneurship in the CSC transition are
defined by conducting an SLR that is explained in depth in Section 3.1.
In the meantime, blockchain use cases are selected. Also, the selected
use cases are analysed by employing QCA explained in Section 3.2 by
verifying the determined roles to answer RQ1, and lastly, in
Section 3.3, the causal relationships among the roles of blockchain
entrepreneurship in the shift to a CSC are interpreted by Fuzzy-
DEMATEL to respond RQ2.

An overview of the research paper is demonstrated briefly in
Figure 1. The following sections explain the process of the methodol-
ogies and the results of the research that are demonstrated above in
detail.

31 | SLR

A rigorous review of the domain literature through an SLR was imple-
mented to obtain the blockchain entrepreneurship roles in the CSC.
An SLR was conducted to answer formulated research questions that
use systematic and reproducible methods to identify, select and criti-
cally appraise all relevant research (Thomé et al., 2016). Firstly, a sys-
tematic search using the following search string based on the search
keywords in multiple databases seen in Table 1 was established for
the search of the state-of-the-art review.

The most relevant papers for evaluation in this research were
determined after a detailed assessment and review of the existing lit-
erature. Furthermore, pertinent documents were discovered by a full
examination of the Scopus and Web of Science databases. The pri-

mary purpose was to include the search keywords or strings in the
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sections including titles, abstracts, and keywords. In the databases,
the first search results yielded 516 and 483 documents, correspond-
ingly. The retrieved publications were analysed under the criteria for
inclusion, confirming that they were English-speaking as well as peer-
reviewed to gather high-quality and validated information (Alnajem
et al., 2020). Publications were further scrutinised to identify duplica-
tion, and the resulting 83 articles were evaluated separately consider-
ing relevance. A number of 72 papers completed the preliminary
assessment and were comprehensively reviewed. Papers that did not
correspond with the objective of the research were eliminated, and
47 papers were accepted following the diagonal examination. Follow-
ing a comprehensive document review, 50 journal articles were eligi-
ble for analysis and maintained for the ultimate assessment. To avoid
biases in the identification of blockchain roles, two reviewers from
academia have participated in the deep analysis of publications as well
as the coding phase (Thomé et al., 2016) to enhance the reliability and
validity of the assessment. Twelve blockchain roles were discovered
and collected following a comprehensive SLR. As an outcome of this
SLR, the 12 blockchain roles discovered are detailed in depth in
Section 4.2.

32 | QCA

QCA is a systematic case-based method for analysing data to explain
what roles lead to specific outcomes. In this research, the focus is on
blockchain roles that lead to a circular process, so, it is necessary to
use a methodology with which it is possible to ‘establish causal rela-
tionships through systematic comparisons’ (Intrac, 2017). The process
of conducting a QCA follows formal steps explained below that are
replicable:

Step 1 - Develop a theory: The theory of change is explained including
the MLP Approach and Disruptive Innovation Approach in
Section 2.2.

Step 2 - Identify blockchain start-ups to analyse: In this research,
blockchain start-ups are analysed for comparison to verify
the blockchain roles. These blockchain start-ups are men-
tioned in Section 4.1. in detail as a part of the QCA process.

Step 3 - Define the set of blockchain roles: In this step of the QCA pro-
cess, it is important to define a set of blockchain roles in
which their presence or absence can result in a particular
start-up. An SLR is employed to provide an in-depth and criti-
cal summary of existing research to define the roles. The SLR
process and blockchain roles identified are explained in
Section 4.2.

Step 4 - Calibration process: In simplified terms, undertaking QCA
involves (i) devising rules for operationalising different forms
of data into values of O or 1 (crisp-set QCA); (i) creating a
‘truth table’ revealing how different combinations of ante-
cedent condition sets (analogous to variables) overlap with
outcome sets; and (jii) using Boolean algebra to reduce multi-

ple configurations of conditions that appear from truth tables
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- 1. Introduction
Purpose of the research

Exploring the role of blockchain entrepreneurship in the transition to CSC by evaluating circular blockchain

start-ups.

Research questions

RQ1. What are the fundamental roles of blockchain entrepreneurship in the CSC transition?

RQ2. What are the causal relationships between these roles of blockchain entrepreneurship in the CSC

transition?
\

v

- 2. Theory of Change

Multi-Level Perspective Approach: understand
how the innovations in a society succeed and
gradually change within and among three analytical
levels: niches, socio-technical regimes and a socio-
technical landscape

Disruptive Innovation Approach: This approach
explains how new companies” products become
mainstream with their innovative solutions.

3. Methodology/Research Design

a0

1. Set the search strings i | 1. Develop the theory:
2. Define databases i | Theory of Change

(e )

1. Prepare the survey

2. Set expert committee and
send survey

3. Obtain data

3. Monitor title, abstract 2. Identify blockchain start-
4. Analyse ups to analyse.
inclusion/exclusion criteria 3. Define the set of roles. 4. Construct fuzzy scale

5. Diagonal reading 4. Calibration process 5. Generate the initial direct
6. Study full paper 5. Analyse the dataset | relation matrix

7. The extraction of the data 6. Interpret the findings: 6. Principal diagonal

8. Finalise the definitions of identify the verified 7. Normalize direct relation
blockchain roles. blockchain roles matrix

8. Total relation matrix

9. Influential relation map
(IRM) to demonstrate causal

Qlationshjps between the roh)

NS /

/ Fuzzy-DEMATEL \ .

4. Results

The results of the methods are explained.

v

p 5. Discussion

Contribution of the research and implications are discussed.

v

- 6. Conclusion

Limitations and future research suggestions are mentioned.

to trigger outcomes down to their instrumental parts, to form

FIGURE 1
paper.

Overview of the research

Step 6 - Interpret the findings: The ultimate step involves arguing

more parsimonious solutions.

Step 5 - Analyse the dataset: After all cases are scored for each condi-

tion, the process of identifying which conditions are neces-
sary, which are sufficient, and which must be absent for an
outcome to emerge is performed. When different conditions
lead to the same outcome, it is said that this particular out-
come has multiple sufficient conditions. When using the cs-
QCA, this process is also known as Boolean minimisation, and
it consists of detecting irrelevant conditions to make simpler
the reason an outcome emerges. An irrelevant condition is
one that has no effect on an outcome whether it appears or

not. This step is usually done with software.

whether the results obtained from performing the previous
steps make sense. For this, the findings will be used to explain
each individual case and argue whether these make sense for
all cases. Additionally, it is necessary to judge whether these
findings concord with the theory of change established in Step
1. In case the findings do not make sense, the whole process
should be re-analysed to identify what is the cause of these
results. This can range from analysing whether the study cases
are consistent with each other, whether the established condi-
tions make sense, whether the scoring process is done cor-
rectly and whether there was an error during Step 5. Hence,

this makes the QCA an iterative process (Intrac, 2017).
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TABLE 1  Search string with search keywords

Search keywords Search string

TITLE-ABS-KEY {(‘blockchain’ OR
‘block-chain’ OR ‘block chain’)
AND (‘supply chain’ OR ‘circular
supply chain’) AND (‘circular
economy’ OR ‘circularity’ OR
‘closed-loop’” OR ‘reverse logistics
OR ‘circular business model*” OR
‘industrial symbiosis’ OR ‘cradle’)
AND (‘entrepreneur® OR ‘start-
up’ OR ‘startup’ OR ‘new venture’
OR ‘new enterprise’ OR ‘new
business’ OR ‘new compan*’ OR
‘small business*” OR ‘small
venture’ OR ‘small compan* OR
‘small and medium enterpris*’)}.
Limit to: Doctype (article and
review)

‘blockchain technology’,
‘circular supply chain’,
‘blockchain
entrepreneurship’

5

3.3 | Fuzzy-DEMATEL

This section explains the method to analyse the causal relationship
between the blockchain roles that are identified and verified in the
prior steps. In order to conduct this analysis, Fuzzy-DEMATEL is
selected as the methodology. Decision-makers are likely to give evalu-
ations based on their past expertise, knowledge and observations;
correspondingly, they often express their estimates in equivocal lin-
guistic terms. The fuzzy set theory assists researchers in dealing with
the vagueness of human thoughts and language in decision-making
(Lin & Wu, 2008) because the outcome of the decision-making pro-
cess is substantially affected by the subjective judgement that is
vague and indecisive (Wu & Lee, 2007).

3.3.1 | DEMATEL

DEMATEL is a detailed approach for gathering group understanding
in an attempt to develop and analyse a structural model and depict
sub-systems including complex causal relationships using a causal dia-
gram (Wu & Lee, 2007). The DEMATEL approach can improve com-
prehension of a given situation, or a group of interrelated problems,
and encourage the discovery of relevant alternatives through a hierar-
chy. The following is an updated version of the DEMATEL terminol-
ogy and stages acquired from Fontela and Gabus (1976) and Wu and
Lee (2007),

Step 1 Creating the initial direct relation matrix Z: A pairwise compari-
son scale is required to compute the first direct relation
matrix. For this reason, the interaction between any two fac-
tors must be examined by asking participants to identify the
direct relationship utilising an integer scale divided into four

categories as follows: ‘No influence (0)’, ‘Low influence (1),
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‘Medium influence (2)’, ‘High influence (3) and ‘Very high
influence (4)’.

Step 2 The initial direct relation matrix Z: It is a [nxn] matrix generated
using pairwise comparisons as seen in Equation 2. Participants
evaluated the criteria in terms of effects and directions, with
zj representing the decision-maker's opinions and defined as
the extent to which criterion D; impacts criterion D; as seen in
Equation 1. The received data were entered into a matrix with

all primary diagonal members equal to zero.

zij:%z'kzlzg, ii=1,2,.0n. (1)
Dy Dy . Dy
D, 0 z12 .. z1n
.
"1z Zi2 ... O

Step 3 Normalised direct-relation matrix X: Equation 3 is used to calcu-
late and establish the normalised direct-relation matrix X:

xZ

s
n n
= Z;:1zif’2i:1z‘f :

All the components in the matrix X adhere to O <xij<1,0< Xn

j=1xij < 1,and at least one i such that nj = 1 zij < s.

Step 4 Calculation of the total relation matrix T: which can be defined

as seen in Equation 4:

T=X+X2 X+ +X"=X(1-X)1,
whenh — oo,

4)

where ‘I’ is represented by an identity matrix.

Step 5 Generating the influential relation map (IRM): The sums of the
rows and columns are calculated independently in this phase
and labelled as D and R within the total relation matrix as seen

in Equation 5:

R=[rlpa=|> 1 til .
ilnx1 [ZJ—l ‘LTA (5)

C= [Ci]lxn = [ZLJ‘"] 1xn’
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where D and R represent the total of rows and columns,

correspondingly.

Step 6 Establishment of the causal diagram: By mapping the datasets
and adding or deleting the C from R (R+C, R-C), a causal dia-
gram may be created. The formula (R + C) defines the horizon-
tal axis and is referred to as ‘Relation’. On the other hand, the
formula (R — C) indicates the vertical axis and is referred to as

‘Influence’.

3.3.2. Fuzzy logic

Decision-makers are prone to make assessments depending on
their prior expertise, knowledge and judgements; as a result, they fre-
guently convey their estimations in ambiguous linguistic terms. As a
result, these linguistic variables must be translated into fuzzy num-
bers, and triangular fuzzy numbers are used for this purpose as in
Table 2. A triangular fuzzy number is represented by three triangles
(I,m,r) and a membership. The idea of fuzzy relations, the concept of
extension and possibility distributions are all central to fuzzy set the-
ory (Yager & Filev, 1994).

The membership function is described as seen in Equation 6:

Converting Fuzzy Data into Crisp Scores (CFCS) is a defuzzifica-
tion approach that relies on the ability to calculate the maximum and
lowest of a fuzzy integer range. The overall score may then be com-
puted as a weighted average using the membership function
(Opricovic & Tzeng, 2003). Let Aj= <I3m,']r,’]> mean the degree to
which criterioni influences criterion j according to fuzzy question-
naires n(n=1,2,3...p). The CFCS technique consists of five steps,

which are as follows:

1. Normalisation:

TABLE 2 The relationship between linguistic terminology and
linguistic values

Normal values Linguistic terms Linguistic values

4 Very high influence (VH) (0.75,1.0,1.0)
3 High influence (H) (0.5,0.75, 1.0)
2 Low influence (L) (0.25, 0.5, 0.75)
1 Very low influence (VL) (0, 0.25, 0.5)

0 No influence (No) (0, 0, 0.25)

KAYIKCI ET AL
= (1 — min ) /amex
xmg = (mfj - minls) JApex
(7)

min

k _ [,k s 1k max,
Xry = (r,-j - mml,-]-)/A

max:maxr:; —minl;

where4, ..

2. Determine the normalised values for the left (Is) and right (rs):

Kk kK
xIsU_xmij (1+me—xlij),

k k k k (8)
Xrsi = Xrj (1 +xrj 7xm,<j>.
3. Calculate the overall normalised crisp value:
xf»} = [xls;j- (1 - xlsf}) +xrsﬁ}xrsﬂ / {1 - xlsg + xrsﬂ . 9
4. Compute crisp values:
.k
zﬁ = minl; +xf§ . (10)
5. Integrate crisp values:
xlpp z 11
Ufa(zij+z,-j+--»+,.j)‘ (11)

This section explained the process of the methodologies to iden-
tify and analyse the blockchain roles for circular blockchain start-ups.
Following section presents the results of the blockchain roles and

analysis step by step as provided in Figure 1.

4 | RESULTS

To answer the research questions defined at the beginning of the
paper, SLR is performed to identify the roles of blockchain as
explained in Section 3.1. Twelve blockchain roles were discovered
and collected following a comprehensive SLR. As the second step,
QCA is conducted after identifying the roles for verification by evalua-
tions use cases of start-ups. Finally, the causal relationships between
the roles are analysed by using Fuzzy-DEMATEL. The detail of the

procedure is explained in this section.
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4.1 | Role definition

This section enumerates the main roles of blockchain entrepreneur-
ship in the shift to a CSC as the results of SLR with a perspective of
theory of change. To provide the answer for RQ1, the total numbers
of roles belonging to blockchain entrepreneurship for the shift to a
CSC are 12, which are as follows: Supporting CE practices (eco-
design, recycling, green logistics) (R1), Supporting the development of
industrial symbiosis (R2), Supporting waste management (R3),
Strengthening collaboration and coordination (R4), Providing end-
to-end traceability (R5), Alleviating financial problems (R6), Supporting
product deletion strategies (R7), Strengthening the competitive
advantage of CE business models (R8), Information and knowledge
sharing (R9), Supporting clean energy products (R10), Supporting trad-
ing activities (R11) and Improving process efficiency (R12). The roles

are explained as follows:

o Supporting CE practices (eco-design, recycling, green logistics)
(R1): The adoption of a more sustainable business model by start-
ups and small and medium enterprises (SMEs) can improve the inte-
gration of CE activities, and blockchain technology can play a part
in this transition (Pizzi et al., 2021). Increasing resource efficiency
and closing or slowing the material loop thanks to blockchain are all
ways in which the technology can support CE practices (Huang
et al., 2022; Kouhizadeh et al., 2019). As the development of sus-
tainable product designs requires environmental knowledge and
skills (Kouhizadeh et al., 2019), there is a potential for blockchain to
manage organisational capabilities and monitor business perfor-
mance, particularly for information and products flowing across the
CSC (Centobelli et al., 2022). Energy efficiency can be achieved by
the use of blockchain in the continuous and precise monitoring of
product manufacturing and consumption data. Through its capacity
to track products and materials back to their sources, blockchain
can provide data to assess product energy consumption, discover
any energy issues and allow for more informed and efficient prod-
uct design decisions (Kouhizadeh et al., 2019). Furthermore, block-
chain provides better recycling performance in the CSC context
(Chidepatil et al., 2021; Khadke et al., 2021). Tokenised digital sav-
ings enabled by blockchain can be developed to trace and track
recycled materials and secure payments for recyclers without the
need to invest in a separate security system (Chaudhuri
et al., 2022). Finally, organisations can leverage blockchain to make
the best possible choices and implement the best possible solution
in the pursuit of green logistics and the achievement of sustainable
operations (Khan, Godil, et al., 2021). SMEs may benefit from the
technology since it encourages the implementation of green infor-
mation systems and the improvement of economic, operational and
environmental performance (Khan, Godil, et al., 2021). Green logis-
tics initiatives based on blockchain also help bolster a company's
reputation, save costs, conserve resources and increase profit mar-
gins (Tan et al., 2020).

o Supporting the development of industrial symbiosis (R2): Block-
chain enables the effective establishment and operation of trusted
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production networks (Kayikci et al., 2022; Lohmer & Lasch, 2020).
As a result, collaboration may become a more competing and preva-
lent paradigm. Previous studies particularly found a link between
CE and digitalisation in the development of new technological tools
to promote the establishment of industrial symbiosis among enter-
prises interested in incorporating sustainable practices into their
business models (Pizzi et al., 2021).

Supporting waste management (R3): Blockchain-based platforms
are highly recommended for use in the CSC, particularly by SMEs
involved in waste management for firms belonging to complex
industries (Centobelli et al., 2022). Blockchain also facilitates haz-
ardous waste monitoring by apportioning accountability across all
parties involved (Varriale et al., 2020). Specifically, smart contracts
can simplify waste exchanges by automatically carrying out opera-
tions according to criteria such as waste condition, quantity, and
volume (Ajwani-Ramchandani et al., 2021; Kouhizadeh et al., 2019).
In addition, tracking devices and sensors can pinpoint the location
of waste and record the information on the blockchain (Kouhizadeh
et al.,, 2019). As a result, this will considerably enhance environmen-
tal safety, increase social responsibility and reduce fraud (Mercuri
etal., 2021).

Strengthening collaboration and coordination (R4): Blockchain has
emerged as a generally acknowledged transformative technology
owing to its many advantages, including ease of collaboration and
coordination for organisations (Rejeb, Keogh, et al., 2021). As such,
blockchain can support several CSC processes by collecting and
sharing information across all links in the supply chain while foster-
ing socio-environmental sustainability (Nandi et al., 2020). The use
of blockchain can strengthen inter/intra-relationships among CSC
stakeholders and provide access to the necessary information to
promote creativity, knowledge sharing and entrepreneurial innova-
tion (Adel & Younis, 2021). Prause and Boevsky (2019) note that
blockchain, in conjunction with smart contract solutions, can stimu-
late entrepreneurial collaborations in logistics and CSC networks,
even across international boundaries. As a result, SMEs can benefit
from forming partnerships and exchanging know-how to compete
successfully in the marketplace (Varriale et al., 2021).

Providing end-to-end traceability (R5): In a CSC, blockchain can be
used to monitor the flow of circular products from their initial
source of raw materials to the final customer (Kumar Bhardwaj
et al., 2021). Cost, quality, date, location, certification and other rel-
evant data can be recorded and stored in blockchain for efficient
management of the distributed CSC network (Ghode et al., 2021).
As a result, organisations can capitalise on the acquired information
to determine that components and products have less value for cir-
cularity purposes (Kouhizadeh et al., 2019). Customers can also ver-
ify the authenticity and the sustainability of raw materials and the
legitimacy of all transactions along CSC processes with the support
of blockchain (Kayikci et al., 2022). Consequently, CSC partners can
reduce costs related to conventional tracking approaches, reduce
fraud (Mohit et al., 2021) and develop product biographies via infor-
mation synchronisation and the coordination of the CSC networks
(Narayan & Tidstrém, 2020).
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o Alleviating financial problems (Ré6): Financing a sustainable and CE
is an important area where digital technologies promise to bring
value, especially for SMEs and new ventures that have greater trou-
ble gaining access to capital than larger enterprises (Pizzi
et al., 2021). In this regard, the emergence of blockchain technology
has the potential to solve several problems that have plagued tradi-
tional credit management systems (Ashley & Johnson, 2018). The
technology not only eliminates various transaction fees often
involved with financing start-ups but also provides investors and
start-up founders more control over the development and financing
process of businesses (Ahluwalia et al., 2020). For example, tokeni-
sation of the underlying project or product can be implemented
using blockchain technology, and the general public can buy these
tokens via crowdfunding campaigns (Stemler, 2013). As a result,
blockchain has the potential to reduce capital costs while simulta-
neously increasing the scale and speed with which investors are
matched with investment opportunities (Pizzi et al., 2021). The
blockchain-enabled financing system can lead to more decentralised
and effective entrepreneurial financing processes (Ahluwalia
et al.,, 2020).

Supporting product deletion strategies (R7): Taking an existing
product off the market is known as product deletion, and it can be
implemented either at the product or product variety level
(Kouhizadeh et al., 2019). With its ability to record and verify infor-
mation about products and services, blockchain technology can aid
in the deletion management of unwanted products (Zhu
et al., 2021; Zhu & Kouhizadeh, 2019). A product's quality and recy-
clability, as well as its location and present stage in the product life
cycle, are all aspects that can be reliably collected and stored in
blockchain ledgers. Thus, this allows organisations to track prod-
ucts, examine their durability and performance and pinpoint any
weak spots. By allowing for the tracking of products and raw mate-
rials back to their source and the circulation of energy consumption
measurements, blockchain can also facilitate the detection of
energy issues and the implementation of efficient product deletion
policies (Centobelli et al., 2022). Energy-intensive and inefficient
products can be deleted to benefit the CSC and advance the CE
agenda (Kouhizadeh et al., 2019). Appropriately taxing products
with low energy performance is another way for policymakers to
benefit from blockchain, thereby internalising the external costs of
energy use and emissions (Kouhizadeh et al., 2019).

Strengthening the competitive advantage of circular economy
business models (R8): Blockchain paves the way for the emergence
of new markets while providing market players with the opportu-
nity to reduce the auditing costs of transaction information
(Catalini & Gans, 2020). CSC participants on the network can check
the status of any transaction with a simple query, thanks to the
blockchain's mix of incentives and cryptography (Narayan &
Tidstrom, 2020). Moreover, SMEs can use blockchain to strengthen
their circular business models and gain a competitive advantage.
According to Philipp et al. (2019), the distributed and decentralised
nature of blockchain has the potential to increase the competitive-

ness and efficiency of SMEs by improving their access to

information, decreasing their exposure to risks and lowering the
number and cost of intermediaries. As a result, the removal and
reduction of information intermediaries are particularly beneficial
for small and entrepreneurial players, thereby increasing their pro-
cess efficiency and competitiveness (Adel & Younis, 2021; Philipp
et al,, 2019).

Information and knowledge sharing (R9): Peer-to-peer business
operations can be facilitated by blockchain technology, which, in
comparison to traditional technologies, can deliver more symmetri-
cal information to CSC partners (Rejeb, Keogh, et al., 2021). With
blockchain technology, all CSC participants can rely on a trusted
unified repository of authoritative data that can be utilised to facili-
tate the seamless exchange of verified information in real-time, ulti-
mately leading to improved communication, cooperation and
transparency (Centobelli et al., 2022; Kouhizadeh et al., 2019;
Wang et al., 2020). In the medium and long term, blockchain per-
forms a vital role in eliminating perishable and mismanaged prod-
ucts from accessing buyers (Kayikci, Durak Usar, & Aylak, 2021).
Moreover, the pooling of resources and insights on a blockchain
enables organisations to better align their values, beliefs and prac-
tices with CE efforts (Kayikci et al., 2022). Ghode et al. (2021) high-
light that organisations can develop a multi-echelon CSC system
with blockchain, which helps coordinate information and overcome
the bullwhip effect. The transparency of blockchain contributes to
the enhancement of CSC activities by providing organisations with
critical knowledge regarding product life cycles. Similarly, the trans-
parency and security features of blockchain make it a promising
solution for the long-term viability of SMEs as the technology auto-
mates business operations and optimises returns. Overall, block-
chain provides a means to better oversee information sharing and
prevent human rights abuses in CSC, including child labour, inhu-
mane working conditions, extortion and corruption (Varriale
et al., 2020).

Supporting clean energy products (R10): The increasing demand
for blockchain solutions has prompted innovation in green and
renewable energies (Ashley & Johnson, 2018). The efficiency of
energy markets can be further improved by the use of cryptocur-
rencies and the trustworthiness of information provided by block-
chain technology (Kouhizadeh et al., 2019). CSC stakeholders and
governmental authorities can use blockchain to analyse data from
the energy markets and monitor their compliance with environmen-
tal targets (Manea et al., 2021). The accurate data given on block-
chain ledgers can also improve the ability to track and evaluate
materials and products' energy consumption in real-time
(Kouhizadeh et al., 2019).

Supporting trading activities (R11): Blockchain's ability to eliminate
middlemen paves the way for whole new ways of trading and
exchanging products and services (Lohmer & Lasch, 2020). Accord-
ing to Benstead et al. (2022), blockchain has the potential to reduce
transactions influenced by the unpredictability of business partners'
behaviour. The authors advocate the utility of blockchain to lessen
the financial burden of verifying identities, collecting data and

assessing possible trading partners. Moreover, trading costs related
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to monitoring suppliers can be significantly reduced, and dispute
resolution can be made easier with blockchain because the technol-
ogy provides real-time, transparent and verifiable information flows
between trading parties (Rejeb, Rejeb, et al., 2021). Katsikouli et al.
(2020) show that Danish SMEs can gain from deploying blockchain
systems due to their ability to promote authenticity and fair trade.
As a result, the implementation of blockchain in CSC can drastically

streamline even the most complicated trading settings.

o

Improving process efficiency (R12): Implementing blockchain tech-
nology is a powerful tool for enforcing the necessary process rede-
signs in the CSC to ensure the integrity of digital data and propel
digital transformation (Hackius & Petersen, 2020). Rather than rely-
ing on a single authority to oversee multiple transactions, block-
chain technology allows for decentralised CSC activities (Kayikci
et al., 2020). Blockchain, as proposed by Bai and Sarkis (2020), sat-
isfies the necessary conditions for allowing efficient CSC integra-
tion. Positive economic outcomes can be achieved through the
strategic implementation of blockchain technology in CSC by
enabling cost-efficient and faster transactions (Rejeb, Rejeb,
et al., 2021), minimising bureaucracy, paperwork and risks of human
mistake (Srivastava et al., 2019); facilitating accurate record keep-
ing; and strengthening customer confidence (Benstead et al., 2022).
In conclusion, the CSC can accomplish data synchronisation and
reduce the resources needed to check the process status with the
deployment of blockchain, which accelerates disintermediation and
process automation via the use of smart contracts (Philipp
et al., 2019).

4.2 | Circular blockchain start-ups

In this section, the circular blockchain start-ups are selected in the con-
cept of QCA and analysed in terms of their roles to transition to CSC.
As the steps are explained in Section 3.2, the first step was to develop
a theory. In this context, theory of change is considered in terms of
MLP approach and disruptive innovation approach that is explained in
detail in Section 2.2. Second step of QCA is to identify the start-ups.
Since cases are frequently built around a particular conclusion or theory
of concern, case selection is purposeful based on theory rather than
random (Regan, 2017). Thus, the cases are chosen purposively to dem-
onstrate a specific ‘result’ of relevance based on the research question.
As the third step, the set of blockchain roles is defined as presented in
Section 4.1. In this section, it is aimed to explain the verification of the
blockchain roles identified by previously explained SLR.

A total of 34 blockchain start-ups with support of CE practices
were initially detected by extensive internet search. Six circular block-
chain start-ups out of them were selected and analysed to prove
these roles. In this context, they are selected based on the relevance
to assess the roles of blockchain in the identified case studies in terms
of a CSC transition. The information about these companies was col-
lected from various sources, as seen in Table 3. For the calibration
process, which corresponds to the fourth step of QCA, crisp-set QCA
is preferred to validate the blockchain roles by analysing the
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documentation related to the start-ups. The six experts were selected
based on their expertise in various fields related to CSC and block-
chain technology. The panel includes two university professors, two
CSC experts and two blockchain experts. To ensure the validity of the
data collected from these experts, rigorous validation was conducted.
This process involved a pilot study where the experts were asked to
review and validate the roles identified and the questionnaire. In addi-
tion, the experts were provided with detailed instructions on how to
complete the questionnaire and were given the opportunity to ask
questions or seek clarification. Once the evaluation process was com-
pleted, the selected start-ups were analysed by applying QCA, and
their relationship to the 12 identified fundamental roles of blockchain
entrepreneurship in the CSC transition was discussed and verified by
expert consensus. The experts provided valuable insights into the
roles played by blockchain start-ups in the CSC transition, and their
feedback was used to refine and improve the analysis. The results of
QCA are demonstrated in Table 4. In the end, all identified roles
retrieved from SLR were accepted for this study. Below, the concept
of each start-up and their relationship to the identified roles are

explained in more detail.

421 | BanQu: Traceable, transparent, and
auditable supply chains

BanQu was founded in Minneapolis, Minnesota in 2015. BanQu's digi-
tal automated supply chain tracing and transaction interfaces leverage
blockchain technology to track recycled waste along the value chain.
Thus, BanQu advocates the CE to guarantee transparent as well as
unbiased supply chains (BanQu, 2021). As supporters of circularity,
both groups have joined forces to financially strengthen recycling col-
lectors while also ensuring optimal recyclable wastes value chain. Ban-
Qu's programme offers both socioeconomic and environmental
advantages by ensuring that all transactions in a value chain are docu-
mented on a blockchain (Marchant, 2021). As a result of QCA, the
start-up verifies R1, R3, R5, R6, and R9.

422 |
chain

ChemcChain: Track chemicals along the value

ChemChain is a blockchain platform established in Rotterdam,
Netherlands in 2019. It is intended for implementation by the chemical
industry to convey information about chemicals in goods from chemical
makers to consumers, recyclers, and waste operators throughout the
value chain by enabling CE models (ChemChain, 2020). As there is a
high market need for product transparency throughout their life cycle
to meet present legislative requirements and growing CE concerns, the
EU-funded ChemChain project helps the industry by developing a
dependable and widely acknowledged open-source blockchain infra-
structure for storing, exchanging, building and tracking chemical-related
data along the value chain (Cordis, 2020). QCA of ChemChain verified
R1, R2, R3,R5,R7, R8, and R9.
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TABLE 4 QCA analysis of the start-ups
The roles of blockchain entrepreneurship in CSC transition
Start-ups R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12
BanQu 1 0 1 0 1 1 0 0 1 0 0 0
ChemChain 1 1 1 0 1 0 1 1 1 0 0 0
Circularise 1 1 1 1 1 1 0 0 0 1 0 0
EverlLedger 1 0 0 0 0 0 1 1 1 0 1 1
MonoChain 1 1 1 1 0 0 1 1 1 1 0 1
RemediChain 1 1 1 0 1 1 1 1 1 0 0 0
Verification of roles v v v v v v v v v v v v
4.2.3 | Circularise: End-to-end supply chain 42,5 | MonoChain: Leaders in re-sale and
traceability sustainable fashion

Circularise was founded in Den Haag, South Holland in 2016. Circu-
larise is a blockchain-based transparency system that provides defini-
tive verification for manufacturers' CE, sustainability and recycling
activities at each stage of the value chain (Circularise, 2022). Circular-
ise provides value chain transparency without requiring datasets or
supply chain partners to be disclosed. The platform tracks material
properties of items that cannot be distinguished by dismantling the
product, such as whether and in what percentage recycled materials
were used (Circularise, 2022). The technology employs a virtual cur-
rency and a chemical tracer to provide supply chain transparency and
material certification (Circularise, 2022). Circularise was approved into
the Alliance to End Plastic Waste's accelerator programme as a conse-
quence of the cooperation. Because petrochemicals account for 12%
of total oil consumption, the start-up also promotes clean energy solu-
tions (Ledgerlnsights, 2022). As a result, the roles verified are R1, R2,
R3, R4, R5, R4, and R10.

424 | Everledger: Digital transparency

Everledger was founded in Clerkenwell, London in 2015. For manu-
facturers and retailers, the Everledger Platform helps with demand
development, sustainability and safety. The Everledger platform
enables the insurance sector to work more efficiently and improves
the service by providing more reliable information (EverLedger, 2021).
The aim of the start-up is to provide better openness and assurance in
markets where visibility is most important in such sectors as from dia-
monds to fine wines. Buyers and sellers of any product in a variety of
sectors can currently deal with trust and provide better customer ser-
vice to the final consumers with the enterprise-grade blockchain plat-
form. Both automotive and battery manufacturers may use the
Everledger platform (Toto, 2021) to trace and confirm downstream
battery re-use, repurposing, as well as recycling activities
(EverLedger, 2021). As a result of QCA, the start-up verifies R1, R7,
R8, R9, R11, and R12.

Businesses must adapt in order to transition to CE efficiently, and there
is a need for new and disruptive business models and technology to
facilitate the transition (MonoChain, 2019). MonoChain, a London-
based start-up, is working to reduce textile waste by using a
blockchain-powered system that offers product authenticity after the
sale (TextileToday, 2020). MonoChain's unique blockchain technology
is capable of combining primary and secondary markets, promoting
reuse and extending product life cycles, with the goal of drastically
changing customer and production behaviour (MonoChain, 2019). The
start-up verifies the roles that are R1, R2, R3, R5, R7, R8, R9, R10, and
R12.

4.2.6 | RemediChain: Donate unused medication

RemediChain is a technological start-up based in Memphis, Tennessee
that was founded in 2018 (Briones, 2020). RemediChain aims to lever-
age blockchain to reclaim abandoned, high-value pharmaceuticals from
patients and distribute them to economically disadvantaged patients
who would not be able to pay for medications on a routine basis
(Brignac, 2021). RemediChain is a platform that encourages individuals
to donate and dispose of excess medicine (Brignac, 2021). The block-
chain serves as a ‘single source of truth’ for excess medicine, guarantee-
ing that provided drugs are assigned to individuals in need and outdated
medicines are appropriately discarded (Briones, 2020). Thus, the roles
verified as the result of QCA are R1, R2, R3, R5, R6, R7, R8, and R9.

4.3 | Causal relationships

To provide the answer for RQ2, this section analyses the causal rela-
tionships between these roles of blockchain entrepreneurship in the
CSC transition. An expert committee is formed of five specialists
based on their established knowledge and degree of experience as

Kayikci, Kazancoglu, et al. (2021) suggested. All experts are blockchain
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entrepreneurs. They have expertise in both blockchain technology
and circular applications in different supply chains. They have an aver-
age of 10 years of work experience and hold master's degrees. The
Fuzzy-DEMATEL approach was used to cope with the ambiguity and
indecisiveness of humanistic ideas of the participants' opinions. The
fuzzy linguistic scale was employed to translate the acquired fuzzy
data into linguistic values following getting survey answers from spec-
ified experts, as seen in Table 2. Firstly, during constructing the initial
relationship matrix, the arithmetic means of the experts' evaluations
and the areas they regarded acceptable were acquired as seen in
Table 5.

Later, the total relation matrix was developed by multiplying the
degrees of C and R values in Table 6. The causal diagram is estab-
lished following completing all of the Fuzzy-DEMATEL phases, as
shown in Figure 2. Table 7 displays prominence and relation axis for

the causal diagram. The cause criteria can be determined as R5

TABLE 5 Initial direct relation matrix
R1 R2 R3 R4 R5 R6
R1 0.00 0.55 0.64 0.87 0.78 0.31
R2 0.64 0.00 0.64 0.59 0.69 0.30
R3 0.59 0.69 0.00 0.73 0.64 0.69
R4 0.83 0.78 0.59 0.00 0.69 0.50
R5 0.73 0.64 0.83 0.78 0.00 0.50
R6 0.59 0.59 0.31 0.64 0.21 0.00
R7 0.35 0.24 0.49 0.14 0.19 0.03
R8 0.78 0.69 0.59 0.87 0.64 0.50
R9 0.87 0.78 0.73 0.87 0.83 0.69
R10 0.59 0.64 0.45 0.69 0.50 0.05
R11 0.64 0.64 0.41 0.69 0.55 0.64
R12 0.83 0.73 0.69 0.83 0.92 0.50
TABLE 6 Total relation matrix
R1 R2 R3 R4 R5
R1 0.32 0.36 0.35 0.42 0.38
R2 0.35 0.26 0.32 0.36 0.34
R3 0.34 0.34 0.24 0.37 0.32
R4 0.42 0.39 0.35 0.34 0.38
R5 0.43 0.40 0.39 0.44 0.31
R6 0.29 0.28 0.23 0.30 0.23
R7 0.20 0.18 0.20 0.18 0.17
R8 0.40 0.37 0.34 0.42 0.36
R9 0.46 0.43 0.40 0.47 0.42
R10 0.31 0.30 0.27 0.33 0.28
R11 0.31 0.30 0.26 0.32 0.28
R12 0.43 0.40 0.37 0.44 0.41

Ré6

0.25
0.22
0.26
0.27
0.29
0.15
0.11
0.26
0.32
0.17
0.23
0.28
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(Providing end-to-end traceability), R6 (Alleviating financial problems),
R8 (Strengthening the competitive advantage of circular economy
business models), R9 (Information and knowledge sharing), R10
(Supporting clean energy products) and R12 (Improving process effi-
ciency). Furthermore, the effect criteria are R1 (Supporting CE prac-
tices), R2 (Supporting the development of industrial symbiosis), R3
(Supporting waste management), R4 (Strengthening collaboration and
coordination), R7 (Supporting product deletion strategies) and R11
(Supporting trading activities).

Considering the causal diagram, (R + C) and (R — C) values are
discussed further. For (R + C), the cause group, R9 (Information and
knowledge sharing) has the highest level with 8.69. Then, R4
(Strengthening collaboration and coordination) is the second role with
8.51. R1 (Supporting CE practices) comes next with 8.26. As the
fourth, R5 (Providing end-to-end traceability) is 8.22. Moreover, for
(R — C), the highest value is 0.78 for R12 (Improving process

R7 R8 R9 R10 R11 R12 Total
0.59 0.69 0.83 045 045 0.69 6.85
0.45 0.50 0.73 0.35 0.64 0.55 6.09
0.45 0.50 0.50 0.31 041 0.50 6.01
0.50 0.64 0.78 0.59 0.55 0.69 7.13
041 0.87 0.78 0.50 0.64 0.83 7.51
0.27 0.59 0.50 0.21 0.59 0.31 4.82
0.00 0.35 0.45 0.35 0.43 0.39 341
0.50 0.00 0.69 0.45 0.50 0.55 6.76
0.64 0.83 0.00 0.64 0.50 0.69 8.07
0.50 0.31 0.59 0.00 0.40 0.50 5.23
0.27 041 0.45 0.21 0.00 0.26 5.15
0.64 0.50 0.83 0.45 0.50 0.00 7.41
MAX 8.07

R7 R8 R9 R10 R11 R12

0.30 0.35 0.40 0.25 0.29 0.34

0.25 0.30 0.35 0.22 0.29 0.29

0.25 0.29 0.32 0.21 0.26 0.28

0.29 0.35 0.40 0.27 0.31 0.35

0.29 0.39 0.42 0.28 0.33 0.38

0.19 0.26 0.27 0.17 0.24 0.22

0.12 0.18 0.21 0.14 0.17 0.18

0.28 0.26 0.38 0.25 0.29 0.32

0.33 0.40 0.35 0.30 0.33 0.38

0.23 0.24 0.30 0.16 0.23 0.26

0.20 0.25 0.28 0.18 0.18 0.23

0.32 0.35 0.42 0.27 0.31 0.28
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1.0 FIGURE 2 The causal diagram.
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axis for the causal diagram
C 4.3 4.0 3.7 4.4 39 28 3.1 3.6 41 2.7 3.2 3.5
R 4.0 3.6 3.5 4.1 43 28 2.0 39 46 3.1 3.0 4.3
R +C 8.3 7.6 7.2 8.5 82 56 5.1 75 87 5.8 6.3 7.8
R-¢cC -03 -04 -02 -03 05 00 -10 03 05 0.4 -0.2 0.8
E E E E C C E C C C E C

efficiency). Next, R9 (Information and knowledge sharing) is the sec-
ond highest value with 0.48. The third role is R5 (Providing end-
to-end traceability) with 0.47. Also, R10 (Supporting clean energy
products) is the next role with 0.39.

As Table 7 demonstrates, the degree of influence impact (R), R9
(Information and knowledge sharing) has the highest level with 4.6.
Thus, R9 is the most influencing criterion, among others. Moreover,
the degree of influential impact C displays the criterion that has an
effect on other causal factors. R4 (Strengthening collaboration and
coordination) has the highest value of C with 4.4. R1 (Supporting CE
practices) is the next role with 4.3.

5 | DISCUSSION

Blockchain start-ups perform a critical position in facilitating the alter-
ation from a linear to CE and in fostering the growth of CSCs. The
purpose of this paper is to evaluate circular blockchain start-ups to
investigate the role of blockchain entrepreneurship in the transforma-
tion to CSC. This study contributes to the literature by reviewing the
literature and start-ups to provide confirmed roles of blockchain
entrepreneurship in the adaptation to CSC. A further contribution is
the examination of the causal interconnections among the roles.
According to the results, blockchain provides 12 roles in enabling the
shift from linear to CE while also boosting the growth of CSCs.
Despite the range of new technologies linked with CSC (Chari
et al., 2022; Di Maria et al., 2022; Kayikci, Kazancoglu, et al., 2021;
Khan, Razzaq, et al, 2021;Yu et al., 2022), blockchain is gaining

prominence due to its capacity for efficient information sharing, prac-
ticality and unique attributes such as immutability, security, traceabil-
ity, transparency and integration of smart contracts in CSC operations
(Kouhizadeh et al., 2021, 2020; Rejeb et al., 2019). To fully exploit
blockchain's potential in CSC, it is crucial to identify and evaluate the
roles of the technology to pave the way for a successful implementa-
tion roadmap. However, no prior work has examined the role of block-
chain entrepreneurship in developing CSC and establishing a
technological foundation that enhances CSC sustainability and
performance.

Based on the results, ‘information and knowledge sharing’
(Kouhizadeh et al, 2022; Shojaei et al, 2021; Narayan &
Tidstrom, 2020; Kouhizadeh & Sarkis, 2018) is the most influencing
role, among others. Information sharing is regarded as a critical facili-
tator in the effort to develop CSCs and advance the CE agenda (Fang
et al., 2021; Kamal et al., 2022; Khan & Abonyi, 2022) since CE stake-
holders need access to sufficient data about the products and the
activities of other parties to keep materials and products in circulation.
Blockchain technology can play a critical role in facilitating informa-
tion and knowledge-sharing processes (Rejeb, Keogh, et al., 2021).

Blockchain provides a secure and transparent platform for sharing
data and information among stakeholders, thereby promoting more
informed decision-making and enhancing collaboration and coordina-
tion within CSC (Chaouni Benabdellah et al, 2023; Elghaish
et al., 2023). By leveraging blockchain's capabilities, stakeholders can
share information about best practices, innovations, and successes,
thereby promoting learning and identifying opportunities to improve

their own practices (Rejeb, Keogh, et al., 2021). With the support of
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the technology, stakeholders can work together to optimise resource
utilisation, reduce waste and achieve the overarching goals of the
CE. For example, manufacturers can use feedback on how customers
use their products to improve features such as longevity and recycling
rates (Kouhizadeh et al., 2020). Providers of maintenance services, for
instance, can improve the quality of their work by learning more about
the wear and tear of the products they serve. Moreover, with knowl-
edge about product composition and disassembly methods, recyclers
and remanufacturers can better and more precisely target materials
for recycling and products for remanufacturing. Consistent with Bai
and Sarkis (2020), blockchain plays a critical role in fostering sustain-
ability, which benefits organisations through increased information
sharing and transparency and improves CSC collaboration. Carbon
footprints in CSC activities can be greatly reduced with the support of
blockchain's ability to ensure accurate and real-time exchange of
information. By pooling resources and sharing information via block-
chain, firms can better combat concerns of product counterfeiting and
fraud and strengthen the confidence of their customers. With the
increased information sharing and transparency provided by block-
chain, firms can also determine which of their waste streams can be
converted into a useful by-product or whose environmental impact
can be mitigated (Rose & Stegemann, 2018; Yadav et al., 2020).

The information-sharing capability of blockchain can enable organi-
sations to create customised products and develop new features that
optimise product performance. Rejeb, Suhaiza, et al. (2022) argue that
firms can exchange data and information about their products and pro-
cesses, including their raw materials, components and manufacturing
methods. This enables firms to collaborate with other entities in the
CSC, including customers, suppliers and other business partners, to
develop products that meet specific needs and requirements. By
exchanging this information, Kayikci et al. (2022) state that firms can
identify opportunities to optimise their product designs, reduce waste
and enhance the circularity of their products. For example, a firm pro-
ducing electronic products can leverage blockchain to share information
about the materials used in the manufacturing products, including the
source of raw materials and their environmental impacts. By sharing this
information with suppliers and other business partners in the CSC, the
firm can identify opportunities to use more sustainable and circular
materials in their products, such as recycled metals or plastics. As a
result, this can aid firms in improving product circularity and reducing
environmental impacts (Saberi et al., 2019). Furthermore, information
sharing via blockchain can contribute to sustainable product usage and
performance. As such, the technology enables firms to collaborate to
identify new opportunities regarding product functionality and durabil-
ity. The information shared on blockchain can inspire CSC stakeholders
to develop new features, such as predictive maintenance or energy-
saving modes (Mastos et al., 2021; Zheng et al., 2021), that maximise
the performance and longevity of products.

Moreover, ‘strengthening collaboration and coordination’ is the
most causal role (Kayikci et al., 2022; Nandi et al., 2021; Pakseresht
et al., 2022). It has been suggested by prior research (e.g., Mishra &
Tyagi, 2019) that collaboration is essential for creating CSCs to reduce,
postpone and close the loops of resources and materials in the
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ecosystem. CSCs need different forms of collaboration and coordination
mechanisms than traditional supply chains. Therefore, firms should inno-
vate and invest in innovative technologies, including blockchain, to
improve the efficacy of their current information systems, streamline
information-sharing processes and facilitate the integration of CE prac-
tices in the CSC. Blockchain's ability to serve as a hub for all CSC-related
parties to collaborate and communicate efficiently and openly. Block-
chain improves CSC stakeholder participation and supply chain monitor-
ing (Kouhizadeh et al., 2021). Various CSC players can contribute to
data collection, validation, and use of product life cycle information in
blockchain (Bockel et al., 2021). In addition, the technology encourages
more actors of the CSC to participate in circularity initiatives, which can
help reduce or even remove potential implementation barriers to the
CSC (Rejeb, Zailani, et al., 2022). Each participant in the CSC has faith in
the honesty and integrity of the other participants. As a result of this
trust and confidence, the CSC can boost its responsiveness in terms of
networking. The distributed nature of blockchain pushes the CSC
towards a higher degree of openness, which enhances transparency,
reduces information distortion and increases transactional velocity
(Kayikci et al., 2022). The operations associated with the ‘closing of the
loop’ can include a number of firms and possibly cross-sector partner-
ships. For CE practices to be implemented efficiently and effectively in
the CSC, blockchain consortia can improve communication, coordination
and standardisation. Incorporating blockchain into the CSC can improve
resource management by encouraging creative closed-loop systems, bol-
stering resource control and promoting cooperation among business
stakeholders. Thus, blockchain's transparency can facilitate fruitful orga-
nisational cooperation as the technology has the potential to reduce
inefficiencies within CSC networks, efficiently arrange the loops of pro-
duction and consumption, and eventually ‘supporting CE practices’
(i.e., the third causal role) (Kouhizadeh et al., 2022).

In CSCs, the aim is to maximise resource efficiency by extending
the life cycle of products through reuse, refurbishment or recycling.
To achieve this goal, it is crucial to track the movement of materials
and products through the entire supply chain. Blockchain technology
can enable end-to-end CSC traceability by creating a tamper-proof
record of all transactions and movements of products and materials
(Kayikci et al., 2022). According to Kouhizadeh et al. (2020), this
record includes all relevant information regarding the product's his-
tory, including its origin, ownership, condition, and location. Access to
this information enables firms to ensure that products are reused or
recycled according to CE principles rather than disposed of after a sin-
gle use. Thus, this can lead to a reduction in waste and more sustain-
able use of resources. Moreover, increased end-to-end CSC
traceability can support firms in devising effective product recovery
strategies, such as reuse, recycling, and remanufacturing (Centobelli
et al., 2022; Huang et al., 2022). With blockchain, tracking the entire
lifecycle of materials and products can clarify the social and environ-
mental conditions that may pose risks to health, safety, and the envi-
ronment. The technology allows for easy tracking of the state of each
material, product, or component in the CSC, making it possible to pro-
actively plan for product reusability. Additionally, previous studies

demonstrate that companies can capitalise on blockchain to monitor
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greenhouse gas emissions and establish arrangements for recognising
environmental impacts (Upadhyay et al., 2021). For example, block-
chain can be combined with other technologies, such as the Internet
of Things (loT), to collect and store data on emissions in a decentra-
lised and immutable ledger. This enables greater transparency and
accuracy in measuring emissions in CSC and facilitates the develop-
ment of carbon credit or other incentives for reducing emissions
(Kouhizadeh & Sarkis, 2018).

Blockchain can also be used to identify CSC areas for improve-
ment and implement more sustainable practices. For instance, the
technology can be used to track the use of renewable energy sources,
which fosters environmental sustainability and helps firms meet their
sustainability goals while also building trust and accountability with
CSC stakeholders. Finally, the potential of blockchain for improved
traceability can also be leveraged to mitigate the risks associated with
human rights and child labour in manufacturing and supply chain oper-
ations. When integrated with other advanced technologies and sensor
devices, analytical science methods, supply chain surveillance, and sur-
prise supplier audits, blockchain can significantly contribute to the ris-
ing trend of environmental, social, and governance measures, thereby
promoting sustainable CSC practices across industries.

As we look further at the results, it was determined that the roles
of R1, R2, R3, R4, R7, and R11 were affected roles. When the results
are examined, the effect roles with the highest values are R3 and R11.
When these roles are focused, results are provided for the CSC transac-
tion in the short term. In terms of Supporting waste management (R3),
blockchain-based systems are strongly advised for adoption in the CSC,
notably by SMEs responsible for waste management for enterprises in
complicated sectors (Centobelli et al., 2022). Blockchain, therefore,
improves toxic disposal tracking easier by dispersing credibility through-
out all entities engaged (Varriale et al., 2020). Moreover, the next effect
role is Supporting trading activities (R11). On the other hand, Katsikouli
et al. (2020) show that the capacity of blockchain technology to encour-
age integrity and fair trade can benefit Danish SMEs. As a result, the
adoption of blockchain in CSC may greatly simplify even the most com-
plex trading scenarios. Furthermore, effect roles are immediately chan-
ged by other roles, and they are easier to attain since they produce
more obvious short-term consequences than causal roles. In addition, it
was concluded that the causing roles were R5, R6, R7, R8, R9, R10, and
R12. When these results are examined, it is noteworthy that Improving
process efficiency (R12) is the most causing role. Blockchain, as pre-
sented by Bai and Sarkis (2020), meets the requirements for effective
CSC transformation. Positive economic effects may be obtained by
strategically implementing blockchain technology in CSC by allowing
cost-effective and smoother operations (Rejeb, Rejeb, et al., 2021),
reducing complexity, paperwork, and the danger of human error
(Srivastava et al., 2019), enabling proper record keeping and increasing
consumer trust (Benstead et al., 2022).

5.1 | Theoretical contributions

This study is based on theory of change. Within the scope of this the-
ory, the roles of blockchain entrepreneurship for the CSC transition
process are discussed. MLP and disruptive innovation approaches are
considered in the content of this theory. The MLP approach assists in
understanding how innovations in a society thrive and, as a result, how
diverse socio-technical systems develop over time. Disruptive innova-
tion is the process through which a product or service first positions
itself at the bottom of a sector, typically by being cheaper in price and
more abundant, and then progressively climbs, finally replacing estab-
lished competitors. Both approaches help to better understand the
roles of blockchain entrepreneurship's CSC transition process.

This study represents one of the pioneering attempts to examine
the role of blockchain entrepreneurship in supply chain management,
with a specific focus on the CSC. Blockchain technology and CSC are
both burgeoning fields that have significant implications for both aca-
demia and industry (Huang et al., 2022; Kayikci et al, 2022;
Kouhizadeh et al., 2020). The current study has successfully inte-
grated these two concepts, yielding valuable insights. Blockchain tech-
nology offers unique and incomparable advantages, including efficient
information sharing, strong collaboration and coordination, end-
to-end CSC traceability, and process efficiency. While previous
research examining the relationship between blockchain technology
and the CSC has primarily focused on the potential of adopting block-
chain technology to improve CSCM and the CE proposing different
frameworks or methods for achieving this goal (Centobelli et al., 2022;
Gong et al., 2022; Huang et al., 2022), there is still a need for further
exploring and evaluating the roles of blockchain entrepreneurship in
the transition to CSCs. From the theoretical perspective, the use of
Fuzzy-DEMATEL represents a novel approach that offers a more
accurate and rigorous way of identifying the critical roles of block-
chain entrepreneurship in CSCs. By using this approach, this study is
able to identify not only the individual roles but also the interdepen-
dencies and relative importance of each role. This helps to provide a
more comprehensive understanding of the roles of blockchain that
accelerate the transition to CSCs. The findings of the study can be
used as a valuable guide for practitioners in ensuring the successful
implementation of blockchain in CSCs. By identifying the most critical
roles, stakeholders can direct their efforts and resources toward sus-
taining the most important roles, which can increase the likelihood of
success. For example, firms looking to adopt blockchain in their CSCs
can focus on developing information-sharing protocols, fostering col-
laboration with key stakeholders and implementing end-to-end trace-
ability measures. This involves identifying the types of information to
share across the CSC, as well as the frequency and methods of shar-
ing. Saberi et al. (2019) highlight that CSC stakeholders need to iden-
tify key information requirements and develop clear guidelines for
sharing information. As a result, it is crucial to implement standardised
data formats and communication protocols to ensure consistency and

interoperability across the CSC (Kayikci & Subramanian, 2022).
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5.2 | Practical implications

The present study has implications for practitioners and managers.
Although research on blockchain adoption in the CSC context is lim-
ited, prior studies indicate that digital technologies are crucial for
achieving the transition to CSCs by facilitating resource conservation,
loop closure and new business opportunities (Gong et al., 2022;
Huang et al., 2022; Kayikci et al., 2022). Gaining insights into 12 fun-
damental roles of blockchain entrepreneurship in fostering the devel-
opment of CSCs with the base of SLR, theory of change and start-up
examples can be valuable for managers seeking to implement
blockchain-based strategies effectively. Examples of start-ups drawn
from different industries offer a wider range of results for organisa-
tions, supply chain professionals and managers. In addition, since the
research is theory-based, it has a solid foundation for managers.
Moreover, identifying the causal interrelationships between these
roles of blockchain entrepreneurship in the CSC transition and validat-
ing them through case study analysis and expert opinions can help
practitioners comprehend the essential drivers for promoting CSCs
and addressing sustainability challenges. Overall, the study findings
suggest that CSC stakeholders can leverage blockchain technology to
increase CSC integration, enhance transparency and traceability and
enable the development of closed-loop systems. The integration of
different stakeholders is a crucial factor for the success of CSCs.
Blockchain technology can enable the seamless integration of CSC
stakeholders by providing a shared and immutable ledger that can be
accessed by all parties. This can enable better communication and col-
laboration, which are essential for the effective functioning of CSCs
(Kayikci et al., 2022). Moreover, the transparency and traceability of
supply chains are crucial for ensuring the origin and authenticity of
products (Kouhizadeh et al., 2021; Rejeb et al., 2019). Blockchain can
enhance transparency by providing a tamper-proof and auditable
record of all transactions. By accessing the data stored on blockchain
concerning the raw materials and methods used in the manufacturing
process, end customers can improve their purchasing decisions with
better information. The transparency of blockchain can also provide
an opportunity for firms to evaluate and compare the state of their
CSC. Therefore, firms can use blockchain to design a circular business
model that includes self-regulation, increased transparency and better
governance, which can mitigate risks associated with various sensitive
social issues in supply chains, such as child labour, worker exploitation
and environmental issues (Upadhyay et al., 2021).

This study employs an MCDM approach to prioritise the roles of
blockchain entrepreneurship in CSCs. This methodological approach
offers a means for organisations, supply chain professionals and man-
agers in various industrial contexts to assess the roles of blockchain in
supporting CSC operations. Managers and practitioners now have the
means to evaluate and gain an understanding of how to transition to
CSC through blockchain technology. At a fundamental level, the
MCDM approach creates a structured environment for decision-
making, which is particularly valuable when dealing with complex and
multifaceted problems involving multiple criteria. By leveraging

MCDM, practitioners can systematically analyse and prioritise the
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differing roles of blockchain, aligning them more closely with organisa-
tional goals and industry-specific requirements. Similarly, managers
and practitioners are now equipped to evaluate and understand the
transitioning dynamics to CSCs through the lens of blockchain tech-
nology. However, the applicability of MCDM extends beyond mere
comprehension. It also assists in creating a strategic roadmap for
blockchain integration within the CSC framework. By dissecting each
role into understandable and actionable segments, this study guides
the strategic planning and operational execution phases, paving the
way for smoother technology adoption and more effective transitions.
Moreover, the study's findings empower managers to assess the
trade-offs between various blockchain roles critically. Given that
resources are often limited, understanding these trade-offs can help
decision-makers prioritise investments, whether in technological infra-
structure, skill development or process redesigning.

It is important to note that the roles of blockchain entrepreneur-
ship in CSC may undergo changes and developments over time. As
such, there is a need to evaluate the issue of blockchain entrepreneur-
ship roles for CSC transition in cause-effect categorisation for man-
agers. At this stage, it is a time-saving feature to know which roles
effect and which roles cause. Prioritising the most critical roles
through ranking allows managers to focus on a few key areas and allo-
cate their resources and investments accordingly. Additionally, ranking
the roles provides justification for the selection and implementation
of blockchain technology in CSCs. With the 12 fundamental roles
defined in this study, this study can be seen as a framework for man-
agers. As a result of the categorisation of the roles defined in this
study within the scope of DEMATEL, we can see that the cause group
(Providing end-to-end traceability, Alleviating financial problems,
Strengthening the competitive advantage of CE business models,
Information and knowledge sharing, Supporting clean energy prod-
ucts, Improving process efficiency) has effects on the effect group
(Supporting CE practices, Supporting the development of industrial
symbiosis, Supporting waste management, Strengthening collabora-
tion and coordination, Supporting product deletion strategies, Sup-
porting trading activities). Given the numerous benefits brought by
blockchain in the CSC context, managers should conduct a thorough
analysis of their circular processes and identify areas where the tech-
nology can provide the most value. Furthermore, there is a need for
collaboration with other stakeholders in the CSC to jointly implement
blockchain technology. This can help increase the effectiveness of the
technology by promoting a transparent, shared platform for informa-
tion sharing and collaboration. When implementing blockchain in CSC,
managers should prioritise data security and privacy. For example, this
can be achieved by selecting a suitable blockchain platform that aligns
with the security requirement of the firm, as well as employing proper
data encryption and access controls to protect sensitive information
and streamline resource-sharing processes (Rejeb, Keogh,
et al.,, 2021). The embrace of blockchain entrepreneurship in CSC
necessitates the development of new capabilities and working mecha-
nisms. Thus, managers should invest in training and education for their
employees to make sure that the workforce has the proper skills and

knowledge to operate blockchain effectively in CSC operations.
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Finally, firms should regularly evaluate the performance of their
blockchain-enabled CSC operations and adjust their strategies accord-
ingly. For example, this can be done by identifying and overcoming
any issues or inefficiencies that may arise, as well as continually
exploring new ways to optimise CSC processes using blockchain
technology.

5.3 | Policy implications

Based on the results of this research, the policy implications are as fol-
lows. Policymakers can draw on the findings to design policies and
regulations that support the adoption of blockchain in the develop-
ment of CSCs. For example, policies can be implemented to encourage
information sharing and collaboration between CSC stakeholders
(Kayikci et al., 2022). Regulations can also be put in place to support
the development of blockchain start-ups and offer funding for
research and development in the CSC area. Policies can include fund-
ing schemes, tax incentives (Khan, Ponce, et al., 2021) and regulatory
sandboxes, among others. These policies can help to create a favour-
able environment for blockchain start-ups to thrive and grow, which
can, in turn, accelerate the adoption of blockchain in CSCs. For exam-
ple, funding schemes can provide financial support to blockchain
start-ups to develop and test their solutions in real-world settings.
Consequently, this can help to overcome some of the barriers to entry
that start-ups and SMEs often encounter, such as prohibitive develop-
ment costs and constrained budgets. Moreover, tax incentives can be
used to support the development of blockchain-enabled CSC systems
by reducing the financial burden of regulatory compliance and other
costs. In this regard, tax credits can be offered for investments in
blockchain technologies or for the development of blockchain solu-
tions that promote circularity in supply chains (Kouhizadeh
et al.,, 2020). As supporting information sharing and collaboration con-
stitute one of the essential roles of blockchain entrepreneurship in
CSCs, policymakers and governments may be interested in devising
policies that promote information sharing and collaboration among
CSC stakeholders, such as mandating the use of common data formats
and standards, encouraging and rewarding the sharing of information
and allocating funds for collaborative research and development initia-
tive in the CSC domain. Finally, policymakers have the opportunity to
launch regulations that demand complete traceability within the CSC.
This can lead to increased product transparency and accountability.
These regulations can include mandating the adoption of blockchain
to track and authenticate the origin and flow of products across the
CSC. The development of certification programmes that recognise
firms that use blockchain to support CSC operations can also create
equal opportunities for adopters of blockchain and provide consumers
with a way to identify CSC actors committed to transparency, circular-
ity and sustainability (Rejeb, Zailani, et al., 2022).

6 | CONCLUSION

Stakeholders may use blockchain-based CSC to better administer
business decision-making activities, improve income, decrease time
and expenses and assure knowledge integration. Blockchain start-ups
perform a significant function in easing the shift from a linear to a CE
and in fostering the growth of CSCs. The focus of this paper is to eval-
uate circular blockchain start-ups to investigate the role of blockchain
entrepreneurship in the shift to CSC. The scientific value added of this
research paper is threefold which are: firstly, the impact of blockchain
entrepreneurship on CSC is investigated; secondly, fundamental roles
of blockchain entrepreneurship are identified from the literature and
empirically validated by experts; finally, fundamental roles are recog-
nised, and their inter-relationships are assessed. To determine the
roles of blockchain, a comprehensive literature study is conducted.
After determining the roles for validation via assessments of start-up
use case scenarios, the second phase is to undertake QCA. Ultimately,
Fuzzy-DEMATEL is employed to examine the causal linkages between
the roles. According to the findings, blockchain plays 12 roles in eas-
ing the shift from a linear to a CE while accelerating the development
of CSCs. According to the findings, ‘information and knowledge shar-
ing’ is the most influential function among the others. Furthermore,
‘strengthening collaboration and coordination’ is the most causative
role. The next causal function is ‘supporting CE practices’. This study
has covered the roles of blockchain quite extensively.

Although the current study carries notable insights, several inher-
ent constraints warrant mention. First, the principal methodological
approach, namely, QCA and Fuzzy-DEMATEL, significantly empha-
sises expert perspectives and discretionary evaluations. Such a heavy
reliance on subjective viewpoints could potentially imbue the analysis
with undue biases and constrictions, thereby engendering doubts
about the methodological rigour of the research. Furthermore, the
sample size and representativeness of the consulted experts, which
may be circumscribed, can jeopardise the extrapolation of the results
to a larger demographic and potentially narrow the global relevance
and applicability of the study's results. Despite the innovative amal-
gamation of QCA and Fuzzy-DEMATEL, this research may not fully
encapsulate the dynamism and intricacies of the CSC environment.
This milieu involves a plethora of diverse stakeholders and an expan-
sive array of determinants, all of which hold the potential to shape the
success trajectory of blockchain entrepreneurship. Therefore, the
employed methodologies may prove insufficient in capturing the vast
complexity of this context. Moreover, the applications of these
methods may be found wanting in their ability to enable a profound
understanding of the specific mechanisms and processes that under-
pin how blockchain technology can expedite the transition to CSCs.
As a result, this raises the necessity for integrating additional methods
and investigative strategies to ensure a more nuanced comprehension
of blockchain technology's role in CSCs. The lack of a more holistic
understanding might inadvertently limit the potential for innovation
and systemic change towards more sustainable business practices.
Finally, the dynamic nature of CSCs and blockchain technology sug-
gests that a cross-sectional perspective may fail to capture essential
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temporal variations and the evolution of the connection between
these concepts. Consequently, the interpretations of the study's find-
ings should be approached with prudence, given the potential con-
straints imposed by the chosen methodological framework.

In further research, more start-ups can be considered. Methodo-
logically, the hierarchical cause-effect relationship between roles can
be examined by applying total interpretive structural modelling. This
could help to provide a more nuanced understanding of how these
roles interact and influence each other, which can inform more tar-
geted interventions to support the adoption of blockchain technology
in CSCs. Moreover, the transition process can be analysed by includ-
ing CE models. Future researchers can apply other methods, such as
system dynamics modelling and social network analysis, to further
investigate the dynamics of blockchain entrepreneurship in CSCs.
Given that the focus is on the roles of blockchain in the transition to
CSCs without considering the broader context of sustainability and
environmental issues, future studies can expand the scope of the anal-
ysis to consider other sustainability-related factors and examine their
interrelationships with the roles studied in this work. In addition,
researchers can carry out a comparative analysis of different
blockchain-based solutions in circular solutions to determine the most
efficient and effective approach to implementing these solutions. This
can involve exploring case studies of successful implementations, as
well as conducting controlled experiments to test the different
approaches and identify best practices. The potential ethical and
social implications of blockchain adoption in CSCs, such as power
dynamics, data ownership and privacy issues, can be examined. In this
regard, researchers can conduct surveys or focus groups with CSC
stakeholders to understand their perspectives and concerns, as well as
create frameworks for ethical and responsible decision-making in the
deployment of blockchain. This study overlooks the potential syner-
gies between blockchain technology and other cutting-edge technolo-
gies, such as big data analytics, artificial intelligence and additive
manufacturing, in accelerating the transition towards CSCs. Thus,
future studies can develop integrated systems that leverage the
strengths of these different technologies to provide more transparent,
efficient and sustainable supply chain solutions. Finally, it is recom-
mended that researchers perform longitudinal studies to evaluate the
long-term effect of blockchain-based solutions on CSCs, including fac-
tors such as cost-effectiveness, adoption rates and environmental
impact. For instance, this can involve assessing the implementation
and outcomes of blockchain systems over time and carrying out regu-
lar evaluations to discover areas for improvement and optimisation.
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