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Abstract

Small and medium enterprises (SMEs) in India are suffering from the long-standing
challenges related to asymmetric information, high transaction costs, SMEs’ opacity
and limited access to credit. Blockchain technology, which is still in its infancy in
terms of adoption in India, can facilitate SMEs to counter these challenges. Fuelled
by this motivation, the study aims to investigate the significant barriers to blockchain
adoption in supply chain finance practices by Indian SMEs. Using fuzzy-analytic
hierarchy process, sensitivity analysis, and fuzzy-decision-making trial and evalu-
ation laboratory this paper identifies the blockchain barriers, prioritises them and
examine their cause and effect relationships. The results of the study indicate that
technology barriers are the most influential barriers that impede blockchain adop-
tion. The findings will help the policymakers and practitioners to take suitable meas-
ures to overcome these barriers and fuel the adoption of blockchain in Indian SMEs.

Keywords Blockchain technology - Supply chain finance - SME - Barriers - Fuzzy-
AHP - Fuzzy-DEMATEL - Sensitivity analysis

1 Introduction

Supply chain finance (SCF) is an approach for two or more supply chain partners
and an external service provider to create value by planning, steering, and control-
ling the flow of financial resources on an inter-organizational level [1]. It is located
at the intersection of supply chain management, logistics and finance. SCF emerged
in the literature of supply chain management and gained further interest and rec-
ognition from researchers after the financial turmoil caused by the global financial
crisis of 2008 [2]. Moreover, after COVID-19 hit the global economy, firms started
turning towards SCF solutions to stabilise their net working capital and maintain
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Fig.1 Global SCF volumes 2015-2020 (Source: BCR, 2021 [8])

solvency. The global SCF volumes have shown a significant growth rate in 2020
over 2019 [3]. In this context, Fig. 1 illustrates the increasing global SCF volumes
in the last six years. Supply chain finance plays a pivotal role in expanding the scope
of financing for SMEs and reducing their cost of capital [4, 5]. Although SCF is an
efficient method for lowering the financing cost, supply chain finance solutions are
highly manual and siloed, inducing high overhead cost and lack of visibility [6].
Automation of processes in financial supply chains is imperative for developing the
SCF market because SCF solutions rely on effective and fast processing of the sup-
ply chain data [7].

Blockchain technology can bring new levels of collaboration among the supply
chain actors and accelerate the cash flows through the supply chain [9]. It is a decen-
tralised, shared and cryptographically unaltered ledger that can record and main-
tain the history of digital transactions [10-12]. The blockchain-based system does
not need intermediaries, which reduces the transaction cost and eradicates human-
induced errors, risks, and loss of time [13].

Traditional SCF processes suffer from inefficiencies in the financial settlements
in the supply chain. Although SMEs have digitised their processes to some extent,
the processing of financial transactions remains in traditional paper form in most
organisations, leading to delay in payment, greater days of sales outstanding, and
ultimately raising the demand for working capital [14]. Blockchain technology can
overcome these challenges by providing a tamper-proof history of transactions lead-
ing to increased transparency in financial supply chains [15]. Furthermore, there
may be distortion or falsification of documents, information, or cash in traditional
SCF practices. However, blockchain assures fairness and allows for secure authen-
tication of the transactions. It has great potential to build trust and boost supply
chains’ financing ability, which is conducive to promoting financial development in
SME:s in India [14].

The commercial application projects in this area are already gaining traction.
The technology giant IBM has teamed up with one of the largest logistics service
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providers, Maersk Line, to create a blockchain-based solution to digitise the global,
cross-border supply chains. China-based fintech firms Dianrong and FnConn have
launched the blockchain-based SCF platform to secure funding for SMEs in China
[16]. Moreover, several start-ups have started working in the area of blockchain-
based bills of lading, letters of credit, factoring, and reverse factoring [17].

Blockchain technology has good potential to transform the SCF practices in
SME:s, but its adoption is still in its infancy [18]. Although the use cases of block-
chain-based SCF platforms have increased over the past few years, blockchain tech-
nology faces various barriers in adoption by SMEs. India, similar to developed
nations, looks forward to unleashing the true potential of blockchain technology to
overcome the challenges faced by SMEs. Therefore, an investigation to discover the
current barriers faced by Indian SMEs in blockchain adoption in SCF processes is
required. The barriers to blockchain adoption in supply chain management are well
addressed in the literature [19-23], but none of the studies have focussed on the SCF
related barriers in blockchain adoption. To fill the research gap, this study explores
the following research objectives (RO): RO1: To identify the blockchain adoption
barriers in SCF in SME:s in India; RO2: To prioritise the identified barriers; RO3:
To evaluate the consistency in the ranking of the identified barriers; RO4: To iden-
tify the interrelationships amongst the identified barriers.

Identifying the adoption barriers would help understand the steps for the suc-
cessful adoption of blockchain in SCF processes by SMEs. Such information will
be helpful to the policy-making bodies, supply chain partners, and government to
prepare an appropriate strategy for adopting blockchain in SCF by SMEs. The fol-
lowing section presents a review of literature explaining the relevance of blockchain
technology in SCF processes. The research methodology is explained in Sect. 3.
Section 4 highlights the data analysis by applying the proposed methodology. The
results are portrayed in Sect. 5, while the implications for managers and policymak-
ers are presented in Sect. 6. Finally, Sect. 7 concludes the paper.

2 Literature review
2.1 How does blockchain work?

Blockchain is a decentralised, public database that is shared across a network of
computers [24]. This network makes constant checks to ensure that all the copies
of the database are the same. The records of the transactions are bundled together
into blocks and added to the chain [25]. Blockchain is based on the principles of
decentralisation, cryptography, and consensus mechanism, which ensure trust in
transactions. Blockchain works on a peer-to-peer network in which the transactions
can occur without a central server. The cryptographic algorithms used in blockchain
ensure confidentiality, integrity, non-repudiation and data authentication [26].
Maintaining trust among a large number of anonymous members on the block-
chain is a challenging task due to its open and decentralised architecture. This
is where the consensus algorithm comes into play. A consensus algorithm is a
mechanism through which all the members of a blockchain network validate the
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transactions and ensure its accuracy. In this way, blockchain participants can trust
the unknown peers in a distributed network and maintain the integrity and security
of the data. When new intended transactions are validated and accepted by the net-
work, it is added to a block. A cryptographic algorithm called hashing provides a
unique hash value to each block [17]. These blocks also store the previous block’s
hash values, which ultimately connect the blocks in a specific order. Figure 2 depicts
the steps in a blockchain transaction.

2.2 Supply chain finance: decentralised versus centralised systems

Successful implementation of SCF programs depends on improving software and
technology solutions. The automated processes can speed up the cash flows through-
out the supply chain. The advent of enterprise resource planning (ERP) systems and
the rise of e-invoicing brings a certain level of automation and dematerialisation to
B2B processes, enabling faster and more efficient SCF solutions [28].

At present, most supply chain operations rely heavily on centralised and stand-
alone information management systems, such as ERP systems [20]. These systems
have their own drawbacks. The ERP of each organisation is built upon a single data-
base. When two or more organisations enter a transaction, the assets are transferred
from the individual database of one organisation to another [29]. The buyers and
suppliers deal with each other through four layers of interaction: order processing,
shipping, billing & invoicing, and payment [28]. Figure 3 shows the four supply
chain layers between a buyer and supplier.

Although ERP systems partially integrate different layers of supply chain pro-
cesses into one wide application system, isolated operating units can still exist
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Fig.2 How blockchain transaction works (Source: Charfeddine & Umlai [27])
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Fig. 3 Supply chain layers between buyer and supplier (Source: Hofmann et al. [17])

within the organisation [29]. This leads to manual updates from one system to
another, requiring reconciliation efforts and increasing human errors.

On the other hand, if the organisations use blockchain as the underlying tech-
nology, information can be recorded and broadcast across all the participants
while maintaining a single source of truth [17]. Each participant in the blockchain
network will access this information without depending on any centralised system
[5]. Figure 4 shows the blockchain-based purchase-to-pay process depicting how
blockchain technology transforms all four layers of supply chain processes.

Order Processing Layer Shipping Layer
o Purchase order (PO) is created within the | e Blockchain keeps a track of material flow.
blockchain. o All supply chain members can track the
e Smart contracts will execute the clauses of | product along the supply chain which
PO only if it is valid. == provides  them  assurance  against
e Smart contracts will enable an automatic | counterfeits.

o Smart contracts ensure that the vendors are
paid only once the goods have been shipped
to the customer.

e The title of the sold goods will be
transferred after the contractual agreements
on smart contract are met. [l

Invoicing Layer ¥

three-way-match between PO, invoice and
bill of lading.
o It will result in a faster invoice approval.

Payment Layer

o Blockchain based platforms integrate the
invoice and payment layers, achieving safer
and faster systems.

e Buyer and supplier can transact without
any trusted third party with minimal
transaction fees. -

oIt is very beneficial for cross-border
transactions where transaction fees is
significantly high.

o Blockchain and smart contracts can enable
nearly real-time fund transfer without the
need of any custodians or banks.

e Invoices are cryptographically signed by

the buyers and suppliers and tokenised on

blockchain.

o Each invoice is hashed and time-stamped

which helps to avoid fraud and double-
™ financing issues in factoring and invoice

discounting.

o It reduces the risk for the investors and

therefore brings down the cost of financing.

Fig.4 Blockchain-based purchase-to-pay process
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Blockchain enhances the automation of SCF processes by bringing fully digital
and signed documents which leads to faster invoice approval [21, 30]. Early approval
of the invoice will give a longer time interval for financing it. The financing parties
in post-shipment SCF programs, such as factoring, invoice discounting, and reverse
factoring, face the risk of double financing and the legal validity of the invoice [17].
Blockchain-driven solutions can mitigate these risks with the help of a digital signa-
ture on each e-invoice which creates a unique invoice identifier [30]. Zurich-based
start-up ‘Gatechain’ offers blockchain-based factoring and reverse factoring solu-
tions for both domestic and international trade transactions [31]. The compliance
check is performed by string comparison in digital documents based on a smart con-
tract in these solutions. It improves efficiency by bringing down costs [8]

The supply chain partners face two key risks in pre-shipment SCF solutions, such
as inventory finance and purchase order finance. First, the performance risk of the
supplier in fulfilling the purchase order and second, the credit risk of the buyer [17].
Combination and blockchain and IoT solutions can track the physical supply chains
to regulate the risk at each stage of the shipping process [30]. Blockchain provides
immutable and real-time data available to all the supply chain partners. ‘Skuchain’
is a US-based startup that runs a blockchain-based inventory control and finance
program which enhances buyers’ visibility into their inventory and enables the sup-
pliers to acquire the capital at a cheaper cost [31].

2.3 Theoretical foundation

In order to develop a comprehensive understanding of blockchain adoption barri-
ers, it is imperative to develop the theoretical foundation of the barriers discussed in
the study. Previous studies discussing blockchain adoption barriers in supply chains
have lacked theoretical background. While popular theories such as the technology
acceptance model and institutional theory have been used in the literature to explain
the underlying motivations of an organisation to adopt a technology, such theories
do not explain how managers develop knowledge of the new technology, which
eventually shape their actions [32]. There is a paucity of research explaining how
organisations perceive the impact of blockchain on their firms and, ultimately, the
challenges they face. After carefully analysing the theories in the current literature,
we adopted four different theoretical lenses to understand the blockchain phenom-
ena in contemporary financial supply chains and investigate its adoption barriers.
The theoretical foundation for this study is the sensemaking theory, force field the-
ory, resource-based view (RBV), and information processing theory (IPT). Figure 5
illustrates the theoretical framework linking the challenges caused by the barriers
and the theoretical concepts originating from the four theories.

Most of the existing literature on technology adoption emphasises the imple-
mentation phase of the technology adoption process, focusing less on the pre-
adoption phase [33]. Adopting a new technology involves significant financial
investment and requires changes in the existing business operations. When the
disruptive effects of the emerging technology are unpredictable, and its ben-
efits are unclear, sensemaking theory is critical [34]. It helps the firms to make
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Link between barriers and

blockchain adoption.

Barriers Theories
theoretical concepts -
o Pre-adoption challenges related to
blockchain adoption.
e Sensmaking helps the firms to
o Technology barriers make appropriate adoption decisions Sensemaking
« Organisational barriers under unexpected situations, when Theory
the benefits of the emerging
technology are not clear.
o Challenges related to organisational
e Organisational barriers transformation. Force field
o External barriers e Internal and external barriers resist theory
o Knowledge barriers change in the organisation and bars

e Technology barriers
* Financial barriers
e Knowledge barriers

e Challenges related to lack of
technologies, skills and capabilities
of SMEs.

o The inadequate resources of SMEs
obstructs the blockchain adoption in
SCF practices.

Resource based
view

o Technology barriers
e Organisational barriers
o Security barriers

o SCF information helps to reduce the
capital and investment risk of the
firms leading to improved financing
decisions.

¢ SMEs are incompetent in gathering,
processing and acting on the
information.

e The inadequate management of
information risks adversely affects
the integration of financial supply
chains.

Information
processing
theory

Fig.5 Theoretical framework of the study

crucial decisions regarding technology adoption. During the pre-adoption stage
of blockchain adoption, the SMEs have to make huge investments and bring
various organisational changes. Therefore, a sensemaking process can help the
firms make appropriate decisions regarding adopting blockchain technology [32].
When adopting radical innovations such as blockchain technology becomes chal-
lenging for organisations, managerial sensemaking plays a vital role in inducing
the strategic options that organisations can use to shape their future actions [35].
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The lack of adoption of blockchain technology can also be explained with the
help of force field theory [36]. Force field theory is considered as the theoretical
backbone of barrier analysis in supply chain management. Hence, the present study
adopts this theory to address the barriers to blockchain adoption in SCF. According
to Lewin’s theory, organisational transformation and change incorporate three steps:
unfreezing, change, and refreezing. Kouhizadeh et al. [23] argue that firms need to
overcome resistant forces for change. These resisting forces or barriers may stem
from various internal and external sources.

In pursuit of a higher level of traceability and visibility in supply chain finance
transactions, blockchain is a promising technology to drive operational efficiency
and competitive advantage. According to Koh et al. [37] resource-based view (RBV)
conceptualises the resource efficiency of the firms. The RBV theory explains the
skills, capabilities, technology, and processes required to implement blockchain
technology in SMEs to boost their competitive advantage. Analysing blockchain
through the lens of RBV evaluates the required resources that facilitate the imple-
mentation of this technology and helps in understanding the missing capabilities
and skills in the organisations [37, 38]. The SMEs’ inadequate resources and the
employees’ lack of skills make it challenging for the firm to adopt blockchain tech-
nology. RBV provides a theoretical foundation for explaining the dynamic re-adap-
tion of current capabilities of the firms to drive competitive advantage by adopting
blockchain in SCF processes.

Information processing theory (IPT) complements the understanding of the
effects of blockchain on the SCF processes. The SCF information is used to reduce
the firms’ capital and investment risk within the supply chain and improve their
financing decisions. The uncertain environment and inadequate management of
information processing may jeopardise the integration of the financial supply chains
[39]. Information processing theory postulates that firms can alleviate environmen-
tal uncertainty by increasing their competencies in gathering, processing, and acting
on the information collected from the surroundings. Blockchain provides significant
visibility in the supply chain network and ensures data transparency, traceability,
and security. This helps the firms improve their information processing capability,
eventually enabling them to make sound financial decisions and arrange capital at a
lower cost of capital.[40]. The information processing capability of an organisation
is affected significantly by the organisational flexibility. The organisational barriers
and technology barriers restrict the firm from efficiently collecting and processing
information using blockchain technology. Additionally, the security barriers dis-
courage the firms to share commercially sensitive data on blockchain due to fear
of losing control over data and other security concerns. All these factors adversely
affect the information processing capability of the firms, due to which it loses its
competitive advantage in the market.
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3 Methodology

The study applies a hybrid methodology combining fuzzy-AHP, sensitivity analysis,
and fuzzy- DEMATEL. Fuzzy-AHP is used for ranking the barriers and sub-barriers
based on their significance, whereas fuzzy DEMATEL highlights the cause and effect
relationships among them. In order to evaluate the ranks of particular barriers by mak-
ing small changes in their weights, the study employs sensitivity analysis. Sensitivity
analysis is a crucial tool to ensure the validity of a developed model [41]. The AHP
methodology has been extensively used by researchers in different sectors for solving
complex multi-criteria decision-making problems [42—45]. However, AHP is incapable
of dealing with ambiguity, uncertainty, imprecision, and biases of the decision-makers
[44, 46, 47]. To manage these issues and handle the vagueness of the human decision-
making practice, the study uses fuzzy set theory with AHP [47]. Moreover, the AHP
does not determine the contextual relationships between the barriers, which is studied
using fuzzy-DEMATEL [48]. Table 1 shows some studies using the MCDM tech-
niques used in this study that eventually substantiate the rationale of using the fuzzy
AHP, fuzzy DEMATEL and sensitivity analysis in this research. The procedural steps
followed in fuzzy AHP methodology are explained in Sect. 4.1.

4 Data analysis

In order to collect data, academicians and practitioners knowledgeable in blockchain
and supply chains were approached to identify the key barriers, prioritise them and
evaluate their cause and effect relationship. A questionnaire-based survey was con-
ducted amongst 58 supply chain professionals to identify the key barriers and sub-bar-
riers to blockchain adoption in supply chain finance. The experts were asked to rank
the barriers based on their significance on a five-point rating scale in this survey. The
experts were also asked to suggest any new barriers relevant to the study. We shortlisted
22 sub-barriers grouped in 6 categories based on the survey responses. The experts also
added three new barriers to the study. Finally, we got 25 sub-barriers categorised under
six barrier categories, which are given in Table 2.

In the next step, 30 experts in supply chains and blockchains were contacted to
know the priority and the relationships between these barriers and sub-barriers. How-
ever, 15 experts agreed to participate as decision makers in this task. The group size of
experts can affect the results of data analysis in the study. According to Gumus [64],
5-50 experts are considered optimum for such analysis. The demographic profile of the
experts is illustrated in Appendix 1. The methodology adopted in this study is given in
Fig. 6.

4.1 Prioritising barriers to blockchain adoption in supply chain finance: Fuzzy
AHP

Fuzzy AHP is an advanced analytical method developed from the traditional AHP
proposed by Saaty [65]. It is a combination of AHP and the concepts of fuzzy set
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theory. This method employs the fuzzy rating scales to assess the intensity of the
variable in the given attributes [66]. Fuzzy AHP can deal with the imprecision and
subjectivity in the judgments given by the decision-makers. Range assessments are
considered more secure than fixed assessments by the decision-makers [44]. The
computational process of fuzzy AHP followed in this study is explained in the fol-
lowing steps:

Step 1 Identifying the key barriers and sub- barriers to the adoption of blockchain
in SCF: To identify the key barriers, past studies in this area have been reviewed,
and six main barriers and 26 sub-barriers were identified. These barriers were then
put for deliberation of practitioners and academicians to add or eliminate any bar-
rier. Finally, the experts shortlisted 22 sub-barriers and added three new barriers,
giving us 25 sub-barriers classified into six main categories.

Step 2 Employ fuzzy set theory to deal with the imprecision in the experts’ judg-
ments: Fuzzy set theory, proposed by Zadeh [67], helps solve problems of fuzzy
phenomena by overcoming the vagueness of human judgments during decision
making. The study opts for triangular fuzzy numbers (TFNs), which are consid-
ered to be most suitable for evaluating linguistic variables in industrial problems
[44]. The fuzzy set theory assigns different degrees of membership to the objects of
membership function. The degree of membership is represented by numbers ranging
between 0 and 1 known as fuzzy numbers. A triangular fuzzy number A with mem-
bership function pA®: X — [0, 1] can be represented as follows:

x=D/m=D, |<x<m
UAX) =3 u—x)/(u—m), m<x<u
0, otherwise

where 1, m, and u are the lower, medium, and upper values of the fuzzy number A.
The triangular fuzzy number A may be represented as (1, m, u).

Step 3 Build a hierarchical structure of the barriers: In this step, a hierarchical struc-
ture of the problem is presented, comprising three levels. Level 1 indicates the goal of
the given problem; level 2 shows the major barriers to the adoption of blockchain in
SCEF, and level 3 describes the sub-barriers categorised within each main barrier. Fig-
ure 7 presents the hierarchical structure of the barriers.

Step 4 Compute the pairwise comparison matrices for the barriers and sub-barri-
ers: Fuzzy pairwise comparison matrices are prepared based on the judgement of the
experts through the fuzzy linguistic scale provided in Table 3. The experts rated their
preferences on one barrier over the other in the fuzzy-AHP questionnaire. The final
fuzzy pairwise comparison matrix, constructed after converting the linguistic responses
of the experts in to triangular fuzzy numbers can be illustrated as K={a;j],,,, where the
fuzzy entries in the matrices are represented by a;=(pj;, g, Ijj)- These fuzzy numbers
fulfils the following property:

1

Cji

1
i 5
Ji

whereiand j=1,2,3,...n.
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Step 5 Calculate the significance weights of the barriers: In this step, the triangu-
lar fuzzy numbers of the fuzzy pair-wise comparison matrices are processed to cal-
culate the weights of the barriers’ significance to establish their priority. The calcula-
tion requires specific algebraic operations. Therefore, Chang’s extent analysis method
is used to calculate the significance weights of the barriers and sub-barriers [46, 47, 68,
69]. Further, some necessary steps used in the calculation are given as follows:

1
= (4.95.6.22.77 ( , , )
Si=(4.95.6 IX\3759° 951" 2371

S, = (0.13,0.21,0.33)

1
= (4.17.5.22.6.51 ( , , )
Sy = (@.17.522,650 X (3755 39.51° 23.71

S, = (0.11,0.18,0.27)

11
= (3.49,431,5.42 ( , , )
S5 = (349,431,549 % ( 3755° 39.51° 2371

S; = (0.09,0.15,0.23)

1 1 !
S4= (383,478,622 X (3735 55 5 3377 )

S, = (0.10,0.16,0.26)

SS=(4.20,5.08,6.22)><< L1 1 )
37.29°29.51° 2371

S5 =(0.11,0.17,0.26)

1 1 1
= 006.389,5.19 (5 507 5507
Se = (306,389,519 % (3755 3951° 23.71

S, = (0.08,0.13,0.22)

Z,(Cl) = I‘Ilin V(Sl Z Sz, S3, S4, Ss, S6) = mln(l, 1, 1, 1, 1) =1

7(C,) =0.808
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Identification of barriers of blockchain
adoption in SCF from previous studies and

A4 i A4

Prioritisation of Testing the robustness Exploring the cause and
barriers of blockchain of the proposed model effect relationship among
adoption in SCF using through sensitivity the barriers using fuzzy-

fuzzy-AHP analysis DEMATEL
Results
Priority weights of barrier The results of fuzzy- Barriers and sub-barrier
and sub-barriers AHP validated classified in cause and effect
groups
\
Managerial Implications
Implications for policy makers, managers and academia

Fig.6 The proposed research framework

Z(C;) =0.597
Z(Cy) =0.726
Z(Cs) =0.770

7(Cq) =0.521

In order to establish the weight vectors for main barriers, the obtained values are
normalised. The resultant significance weights of the barriers are shown in Table 4.
The order of significance of the main barriers is TB—OB—SB—KB—EB—FB.

The sub-barriers were ranked based on their relative weights and global weights
in the next level. The global weights of the sub-barriers were obtained by multi-
plying the relative weights of each sub-barrier with the preference weights of the
barriers. The global ranking of the barriers to blockchain adoption in supply chain
finance is summarised in Table 5. Additionally, Fig. 8 illustrates the ranking of the
barriers and sub-barriers.
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Prioriti :
Prioritise the barriers to Level 1: Goal
blockehain adoption in
SCF
l Tevel 2:
l 1 l l l l Barriers
Technology Organisational :
£Y ’ s inancial . . V]
Barriers 1 Barriers | Extemal Barriers || ; | security Barriers [ | Knowledge
a Barriers Barriers
Lack of Resistance © Market competition Huge initial capital Data protection Lack of blockchain
|| tcchmologica comvert t new and uncerainty | || investment for L and privacy knowledge
infrastructure in — systems " about using infrastructure and coneerns >
SMEs blockchain energy resources
Lack of scalability Lack of workforce Legal and N Data sceurity Lack of
Ly andspeedof specialised in Lyl regulatory Lack of financial N concerns understanding of
blockchain system Blockchain challenges g resources —  cost,ROland
technology financial losses
Problems in Lack of qualified p— Data integrity Mo oroora—]
Lackof collaboration, [ o] blockchain o md | o] concerns ack of blockehain
N , " d dovelopers b-»| implications around % knowledge
digital assets
in the -
supply chain
Lack of Lack of Ecosystem
of invoicing and Lack of Ly| collaborationwith | | | Audit concerns
™ payment processes information blockchain
in SMEs {—»{ disclosure policy
between supply
k of chain partners
Lack of
,  collaboration for
Lack of creating consortium
blackchain
providers

Fig.7 The hierarchy structure of the barriers

4.2 Sensitivity analysis

Sensitivity analysis is an essential tool to check the validity and robustness of
the proposed framework [66, 69]. It helps to analyse the behaviour of a spe-
cific model under different types of working environments [44]. In this study,
technology barriers (TB) receive the highest priority weight among the other
barrier categories. Therefore, it can affect the other barriers. Hence, the weight
of the technology barriers was varied from 0.1 to 0.9 to check its impact on
the other barriers (Table 6). The results show that the maximum change was
observed in the “Organisational barrier (OB)”. The variations in the weight of
technology barriers also influence the ranking of the sub barriers, as shown in
Table 6. In addition, variation in results is also sketched as given in Fig. 9. In
sensitivity analysis, when the weight of TB is 0.1 and 0.2, FB1 and KB1 acquire
the first and second rank, respectively, whereas TB5 holds the last rank. It is vis-
ible from the results that TB1 and TB6 stand at first and second rank during all
the seven trials when the value of TB varies between 0.3 and 0.9. However, the
rank of TB5 remains unchanged during the first eight runs of sensitivity analysis
and stays at the last rank. The sensitivity analysis results confirm that the tech-
nology barriers category is the most important and influences the adoption of
blockchain in SCF the most. Therefore, it needs a greater concentration of the
management.
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Table 3 The fuzzy linguistic

NN Linguistic variables Triangular fuzzy Inverse trian-
scale for prioritisation of . )
barri numbers gular fuzzy
arriers numbers

Equally important (1,1,1) (1,1,1)
Moderately important (1,2,3) (1/3,1/2, 1)
Strongly important (2,3,4) (1/4,1/3, 1/2)
Very strongly important 34,5 (1/5, 1/4, 1/3)
Extremely important (4,5,6) (1/6, 1/5, 1/4)

4.3 Classifying the barriers to blockchain adoption in supply chain finance
into cause and effect groups: Fuzzy-DEMATEL

The DEMATEL technique helps analyse complex cause and effect relationships
among factors in multi-criteria decision-making problems [45, 70]. It is a decision-
making tool based on graph theory proposed at Geneva research Centre [71]. DEM-
ATEL also calculates the strength of relationship among the factors [72] and catego-
rises the factors into cause and effect groups [73, 74]. However, DEMATEL is not
capable enough to deal with the problems of uncertainty and vagueness of data and
biases of human judgment; therefore, the study uses fuzzy-DEMATEL [45, 70, 72].
Following are the steps followed in fuzzy-DEMATEL analysis:

Step 1 Collect inputs from the experts on the effect of one barrier on others: The
responses from the experts are collected through a fuzzy-DEMATEL question-
naire. The experts made pairwise comparisons among the barriers, recorded their
responses using the fuzzy linguistic scale (Table 7), and formed pairwise compari-
son matrices.

Step 2 Develop a direct relationship matrix: Using fuzzy linguistic scales, the
pairwise comparison matrices were converted into initial direct relationship matri-
ces. For each expert, a different direct relationship matrix was drawn. These matrices
were then converted into fuzzy average direct relationship matrix (A) using Eq. (1)

A=(ap== a (D

here n signifies the number of experts. The triangular fuzzy numbers are de-fuzz-
ified into crisp numbers using Eq. (2), which results into fuzzy direct relationship
matrix presented in Table 8.

1
D; = 6(l+4m+u) )

here /, m and u are triangular fuzzy numbers.

Step 3 Develop a normalised initial direct relationship matrix: The initial direct
relationship matrix was normalised through equations Egs. (3) and (4).

The normalised direct relationship matrix
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Table 4 Ranking of main

barriers to blockchain adoption Barriers f;g;l}izance Ranking
in scf practices by SMEs
Technology barrier (TB) 0.2261 1
Organisation barrier (OB) 0.1826 2
Security barrier (SB) 0.1742 3
Knowledge barrier (KB) 0.1643 4
External barriers (EB) 0.1350 5
Financial barrier (FB) 0.1178 6
(N) =k.A 3)
1
k=5 “)

n
max,¢ic, 2 dy

Step 4 Develop the total relationship matrix: After computing the normalised
direct-relation matrix, the total relationship matrix (T) is calculated using Eq. 5.

T=N(UI-N)"! (5)

here I represents the identity matrix.

In the total relationship matrix, the sum of all rows (represented by R) and all
columns (represented by C) has been calculated using Eq. 6 and Eq. 7, respectively.
The values for (R +C) and (R-C) were calculated to classify the barriers into cause
and effect categories, as presented in Table 9. (R+C) values reveal the relative
importance of one barrier over the other barriers. On the other hand, (R-C) values
allow dividing the barriers into cause and effect groups. When the value of (R-C) is
positive, the barrier belongs to the cause group, whereas, if the value is negative, the
barrier belongs to the effect group [75]. The cause and effect relationship between
the barriers and sub-barriers is displayed in Fig. 10 and 11, respectively.

=2 O

1<j<n

= X @)

1<i<n
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Table 5 Relative and global ranking of sub-barriers to blockchain adoption in SCF practices by SMEs

Main barriers Sub-barriers Relative weights Relative Global weights Global ranking
ranking
Technology barriers (TB) TB1 0.3405 1 0.0770 3
TB2 0.1533 3 0.0347 13
TB3 0.0864 4 0.0195 20
TB4 0.0833 5 0.0188 21
TBS 0.0022 6 0.0005 25
TB6 0.3293 2 0.0745
Organisation barriers (OB) OB1 0.2454 1 0.0448 8
OB2 0.2259 2 0.0412 10
OB3 0.2071 3 0.0378 12
OB4 0.181 4 0.0331 15
OB5 0.1506 5 0.0275 17
Security barriers (SB) SB1 0.6263 1 0.1091 1
SB2 0.3104 2 0.0541 6
SB3 0.0634 3 0.0110 23
Knowledge barriers (KB) KBI1 0.5544 1 0.0911 2
KB2 0.3097 2 0.0509 7
KB3 0.1359 3 0.0223 18
External barriers (EB) EB1 0.2824 2 0.0381 11
EB2 0.3268 1 0.0441 9
EB3 0.2287 3 0.0309 16
EB4 0.1622 4 0.0219 19
Financial barriers (FB) FB1 0.5139 1 0.0605 5
FB2 0.2872 2 0.0338 14
FB3 0.1313 3 0.0155 22
FB4 0.0676 4 0.0080 24

5 Results and discussion

The results of fuzzy-AHP reveal that technology barriers (TB) obtain the first
rank, and therefore, occupy the highest priority among all the barriers. This cat-
egory includes the barriers stemming from the limitations of blockchain technol-
ogy. It incorporates the technical capability, difficulty, complexity, and availability
of blockchain technology [76]. There are six sub-barriers in this category. ‘Lack of
technological infrastructure in SMEs’ (TB1) obtains the highest priority. The tech-
nology framework supporting blockchain technology is inadequate and cost-prohib-
itive for SMEs in India [21]. ‘Lack of infrastructure providers’ (TB6) comes second
in this category followed by ‘lack of scalability and speed of blockchain system’
(TB2), ‘lack of interoperability between different blockchains, existing technology
and legacy systems (TB3), ‘lack of automation of invoicing and payment processes
in SMEs (TB4), and ‘lack of standardisation (TB5).
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TB1 —Rank 1
TB6 — Rank 2

TB2 — Rank 3

Rank 1 Technology Barriers (TB) NN

TB3 — Rank 4

TB4 — Rank 5
TBS5 — Rank 6

OBI1 — Rank 1

OB2 — Rank 2

Rank 2 Organisational Barriers (OB)

OB3 — Rank 3

OB4 — Rank 4
OB5 — Rank 5

SB1 —Rank 1

Rank 3 Security Barriers (SB)

SB2 — Rank 2

SB3 — Rank 3

KB1 —Rank 1

Rank 4 Knowledge Barriers (KB)

KB2 — Rank 2

KB3 — Rank 3

EB2 — Rank 1

Rank 5 External Barriers (EB) EBI - Rank 2

EB3 — Rank 3

FB1 - Rank 1

Rank 6 Financial Barriers (FB) FB2 - Rank 2
FB3 —Rank 3

FB4 — Rank 4

Fig. 8 Ranking of barriers and sub-barriers to blockchain adoption in SCF practices by SMEs

Organisational barriers come second in the priority list and play a critical role in
the adoption of blockchain technology. This category identifies the barriers stem-
ming from the internal activities of organisations and supply chain partners’ rela-
tionships. On an inter-organisation level, its challenging to manage the relationships
between supply chain partners when adopting innovative technologies [20]. This
category has five specific barriers. ‘Resistance to convert to new systems ‘(OB1)
occupies the highest priority. When organisations transform to new systems, it may
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Fig. 9 Results of sensitivity analysis for sub-barriers to blockchain adoption in SCF practices by SMEs

Table 7 The fuzzy linguistic

: Linguistic variable Preference Corresponding
scale for measuring the . lar f
infl f one barrier on other score triangular fuzzy
influence o numbers

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

Low influence (LI) 1 (0, 0.25, 0.50)

Medium influence (MI) 2 (0.25, 0.50, 0.75)

High influence (HI) 3 (0.50, 0.75, 1.0)
4

Very high influence (VHI) (0.75, 1.0, 1.0)

change organisational culture that leads to resistance from the employees [77]. ‘Lack
of workforce specialised in Blockchain technology’ (OB2) holds the second rank in
the priority list followed by ‘problems in collaboration, communication and coor-
dination in the supply chain (OB3)’, lack of information disclosure policy between
supply chain partners (OB4) and ‘lack of collaboration for creating consortium
blockchain (OBS).

Security barriers (SB) occupy third place in the priority list. In terms of security
and scalability, blockchain is still considered an immature technology [63]. There-
fore it faces numerous security barriers. ‘Data protection and privacy concerns’
(SB1) hold the highest priority. ‘Data security concerns’ (SB2) comes next to SB1.
Finally, ‘Data integrity concerns’ (SB3) comes last in the list. Knowledge barriers
acquire the fourth importance level. Limited knowledge and technical expertise of
using blockchain technology act as a barrier in adopting this technology into sup-
ply chain finance. Both technical and non-technical employees must be knowledge-
able in implementing blockchain projects [78]. There are three specific barriers in
this category. "Lack of blockchain knowledge’ (KB1) got the highest priority among
them. Based on the priority rank ‘lack of understanding of cost, ROI, and financial
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Table 8 Direct relationship TB OB EB KB SB FB

matrix of main barrier

categories TB 004 05 1 075 075 075
OB 0.5 0.04 0.75 0.75 1 4
EB 0.5 0.75 0.04 0.5 0.5 1
KB 0.75 0.75 4 0.04 0.5 0.5
SB 0.75 0.75 0.75 0.75 0.04 0.75
FB 4 4 0.75 0.5 0.75 0.04

losses’ (KB2) comes second and ‘blockchain configuration decision’ (KB3) comes
last in the priority list.

External barriers occupy fifth rank. This barrier category presents the challenges
stemming from external stakeholders, institutions, industries, and governments. In
this category, ‘Legal and regulatory challenges’ (EB2) hold the highest priority.
‘Market competition and uncertainty about using blockchain’ (EB1) are ranked next
to EB2 followed by ‘lack of qualified blockchain developers’ (EB3). Financial bar-
riers hold the last place on the priority list and play a crucial role in adopting block-
chain technology. It suggests that implementing blockchain technology is very costly
for SMEs, and a lack of funds impedes its adoption. There are four specific barriers
in this category. Among them, ‘Huge initial capital investment for infrastructure and
energy resources’ (FB1) got the highest priority. ‘Lack of financial resources’ (FB2)
comes next in this category followed by ‘Complex tax implications around digital
assets’ (FB3) and ‘Audit concerns’ (FB4).

DEMATEL traces the cause and effect relationships between the barriers. Table 9
shows the classification of barriers and sub-barriers into cause and effect groups
based on R—C values. The barriers in the cause group are usually independent
and drive the effect group barriers [21]. According to the fuzzy-DEMATEL anal-
ysis four barriers (‘organisational barriers’, ‘knowledge barriers’, ‘security barri-
ers’, and ‘financial barriers’) belongs to cause group, and must be worked upon for
accelerating blockchain adoption in SCF by SMEs. The cause group barriers are
the independent barriers having direct effect on the system. The effect group bar-
riers comprise of ‘technology barriers’ and ‘external barriers’. R+ C values reveal
the importance of each barrier. Financial barriers receive the highest R+ C value,
which indicates that it is a highly influential barrier. The adoption of this technology
requires huge investment which is expensive for organisations and their supply chain
partners [20].

6 Implications for managers and policy makers
Blockchain has the potential to transform the functioning of SMEs. The technology

can overcome SMEs’ long-standing constraints in accessing credit. However, block-
chain is in the nascent stage; its adoption rate in SMEs is meagre. The study results
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Table9 The cause and effect analysis among barriers and sub-barriers to blockchain adoption in SCF
practices by SMEs

Barrier R+C R-C Barrier’s attribute Sub-barrier R+C R-C Sub-

barrier’s
attribute
TB 2.57 -0.74 Effect TB1 25.81 0.14 Cause
TB2 26.34 -0.39 Effect
TB3 26.05 —1.38 Effect
TB4 23.57 -1.14 Effect
TBS 22.01 —0.85 Effect
TB6 24.47 0.39 Cause
OB 3.68 0.24 Cause OB1 23.26 -0.29 Effect
OB2 23.73 1.09 Cause
OB3 26.32 -0.98 Effect
OB4 24.45 1.67 Cause
OB5 26.32 —-1.10 Effect
EB 242 —0.68 Effect EB1 23.09 —-0.99 Effect
EB2 22.42 1.23 Cause
EB3 23.06 2.50 Cause
EB4 23.75 0.65 Cause
KB 2.20 0.57 Cause KB1 23.89 1.89 Cause
KB2 25.28 0.65 Cause
KB3 24.62 -1.28 Effect
SB 1.84 0.04 Cause SB1 23.89 -0.29 Effect
SB2 23.61 —1.58 Effect
SB3 24.51 0.49 Cause
FB 4.14 0.58 Cause FB1 23.74 0.38 Cause
FB2 21.75 1.68 Cause
FB3 22.71 —-0.61 Effect
FB4 24.12 -1.89 Effect

reveal that technology and organisational barriers are the most significant barriers
of blockchain adoption in SMEs’ SCF practices. Moreover, the findings of the study
are in line with the two government reports on blockchain by NITI ayog (the policy
think tank of the government of India) and by the ministry of electronics and infor-
mation technology. Additionally, the survey conducted on blockchain by Deloitte in
the year 2020 also confirms the study’s findings. Blockchain is one of the top five
strategic priorities for the majority of the survey respondents. Globally, there was a
substantial jump in blockchain production in 2020 [55]. The findings of this study
have noteworthy implications for managers and policymakers:
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Fig. 10 Cause and effect relationship between the barriers to blockchain adoption in SCF practices by
SMEs
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Fig. 11 The cause and effect relationship between sub-barriers to blockchain adoption in SCF practices
by SMEs

6.1 Implications for managers
6.1.1 Creating awareness of barriers
This paper presents the key barriers to blockchain adoption by Indian SMEs in SCF.

Managers can use the knowledge of key barriers in developing a strategy to over-
come the barriers and eventually adopt blockchain in SCF practices.
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6.1.2 Focus on the high priority barriers

The fuzzy-AHP prioritises the barriers that help the managers to target the most crit-
ical barriers. Technology barriers got the highest weightage implying that SMEs’
managers should focus the most on improving the technology infrastructure of their
firms.

6.1.3 Target the cause group barriers

The DEMATEL-based tagging of the barriers into cause and effect groups helps the
managers to control the cause group barriers to mitigate their effect for the success-
ful implementation of blockchain technology.

6.2 Implications for policymakers
6.2.1 Development of nation-wide blockchain infrastructure

In India, a national-level blockchain framework can facilitate in scaling the block-
chain applications and introduce shared infrastructure for the organizations [53].
Therefore, policymakers should focus on developing infrastructure spread across
multiple zones in the country, helping in hosting blockchain platforms. Such an
indigenous blockchain platform can reduce the cost of blockchain adoption for
SME:s and accelerate its adoption.

6.2.2 Promoting research and development

The government needs to promote research and development in blockchain, along
with skilling workforce and students [79]. Funding support should be extended by
the government to facilitate premier R & D and academic institutions in the country
to initiate research activities in the core research areas of blockchain, like interoper-
ability, scalability, data security, and privacy.

6.2.3 Building confidence in SMEs

SME:s need to be convinced of the advantages of blockchain technology, and the
resistance to adopt this technology should be eliminated. SMEs and their supply
chain partners are sceptical about the use of blockchain platforms due to the issues
related to privacy, security, interoperability, and automation of invoices. Therefore,
the blockchain developer community should resolve these issues to facilitate the
user experience which will eventually fuel the adoption rate of blockchain in SME:s.
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7 Conclusion and limitations

Blockchain technology has the potential to help SMEs overcome long-standing
challenges by reducing transaction costs and information asymmetry and facilitat-
ing trade and access to credit. SMEs in India face numerous barriers to adopting
blockchain technology in SCF practices. Therefore, the study investigates the promi-
nent barriers to adopting blockchain technology in SCF in Indian SMEs. Through
extensive literature search and the opinion of the domain experts from academia and
industry, 25 sub-barriers were identified under six main barriers. As a methodologi-
cal contribution, the study employs an integrated approach of Fuzzy-AHP, Sensitiv-
ity analysis, and Fuzzy DEMATEL. Fuzzy AHP illustrates the significance of the
barriers; sensitivity analysis validates the developed model, and fuzzy-DEMATEL
examines the cause and effect relationship between the identified barriers.

Findings of this research reveal that technology barriers have the highest priority,
followed by organisational barriers and security barriers. This brings light to the fact
that SCF and blockchain practitioners should work on these barriers on a priority
basis so that the adoption of blockchain technology can be accelerated to enhance
the efficiency of SMEs. Moreover, SMEs should reshape their organisational cul-
ture to facilitate the blockchain adoption. Additionally, by implementing the fuzzy-
DEMATEL methodology, four barriers have been categorised into cause groups:
organisational barriers, knowledge barriers, security barriers, and financial barriers.
At the same time, technology barriers and external barriers have been identified as
the effect group barriers. The categorisation of these barriers would aid the manag-
ers of SMEs to control the barriers in the cause group and reshaping them to imple-
ment blockchain technology in SCF practices successfully. In the end, the developed
model is tested for its robustness by implementing sensitivity analysis.

The novelty of the research is twofold; first and foremost, this is the first study
investigating the blockchain adoption barriers in SCF practices in the Indian context.
The second aspect lies in the integrated research methodology used in the study. The
three methods complement each other and comprehensively analyse the identified
barriers.

The present study bears some limitations, which open the prospects for future
research. First, the study has been conducted concerning SMEs in India. The
research implications may vary to a certain extent in the context of SMEs in devel-
oped nations. Therefore, future researchers may investigate the barriers faced by
SMEs of developed nations and compare the results with this study. Second, it is a
qualitative study based on experts’ opinions. The researchers may undertake empiri-
cal research and validate this research in the future. Third, although the study identi-
fies the most comprehensive set of barriers, in the future, additional barriers may
appear, and some of the existing barriers may also become obsolete with rapidly
changing technology. Therefore, future researchers have an opportunity to identify
new barriers that affect the adoption of blockchain by Indian SMEs in SCF.
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Appendix 1

Demographic profile of the respondents.

Expert designation Education Experience  Service sector
(in years)
Regional head (Eastern Hemisphere) =~ M.Sc(Hon) & MBA 38 Oil & gas
Senior manager M. Tech 16 Food supply chain
Warehousing planning manager M. Tech 8 Warehousing
Manager PhD 15 Manufacturing
Project manager M. Tech 4 Oil & gas
Maintenance engineer BE MECH 6 Pharmaceutical
Associate professor DSc 23 Academics
Assistant professor PhD 5.5 Academics
Senior manager MBA 11 Consulting
Engineer B.Tech 8 Manufacturing
Junior manager B.Tech 8 Manufacturing
Senior manager M.Sc 10 Supply chain management
Assistant professor PhD 16 Supply chain management
Assistant professor PhD 8 Education
Senior manager M.Tech 10 Manufacturing

Funding Open Access funding enabled and organized by CAUL and its Member Institutions.
Declarations

Conflict of interest On behalf of all authors, the corresponding author states that there is no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licen
ses/by/4.0/.

References

1. Hofmann, E. (2005). Supply chain finance: Some conceptual insights. Logistik Management: Inno-
vative Logistikkonzepte., 16, 203-214.

2. Chakuu, S., Masi, D., & Godsell, J. (2019). Exploring the relationship between mechanisms, actors
and instruments in supply chain finance: A systematic literature review. International Journal of
Production Economics, 216, 35-53.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Barriers to blockchain adoption for supply chain finance:... 337

10.

11.

13.

15.

16.

20.

21.

22.

23.

24.

25.

26.

BCR, World supply chain finance report (2021). Retrieved Oct 12, 2021 from https://bcrpub.com/
system/files/WSCF21.pdf, 2021.

Wauttke, D. A., Blome, C., & Henke, M. (2013). Focusing the financial flow of supply chains: An
empirical investigation of financial supply chain management. International Journal of Production
Economics, 145(2), 773-789.

Du, M., Chen, Q., Xiao, J., Yang, H., & Ma, X. (2020). Supply chain finance innovation using
blockchain. IEEE Transactions on Engineering Management, 67(4), 1045-1058.

Demica, (2019). Supply chain finance technology solutions. Retrieved Oct 15, 2021 from https:/
www.demica.com/wp-content/uploads/2020/01/2019-SCF-AR-Demica-002.pdf, 2019.

Camerinelli, E., Bryant, C. (2014). Supply chain finance: EBA European market guide version 2.0.
Retrieved Nov 1, 2021 from https://www.abe-eba.eu/downloads/knowledge-and-research/1406_
EBA_Supply_Chain_ Finance_European_Market_Guide_Second_edition.pdf.

Charfeddine, L., & Umlai, M. (2021). Blockchain-based supply chain financing solutions for Qatar.
White paper, 2(1), 1-20.

Asante, M., Epiphaniou, G., Maple, C., Al-Khateeb, H., Bottarelli, M., & Ghafoor, K. Z. (2021).
Distributed ledger technologies in supply chain security management: A Comprehensive survey.
IEEE Transactions on Engineering Management. https://doi.org/10.1109/TEM.2021.3053655

Choi, T. M. (2020). Financing product development projects in the blockchain era: Initial coin offer-
ings versus traditional bank loans. IEEE Transactions on Engineering Management. https://doi.org/
10.1109/TEM.2020.3032426

Nakamoto, S., Bitcoin: A peer-to-peer electronic cash system. Dece. Bus. Rev. (2008).

Miiligmann, B., von der Gracht, H., & Hartmann, E. (2020). Blockchain technology in logistics
and supply chain management—a bibliometric literature review from 2016 to January 2020. /[EEE
Transactions on Engineering Management, 67(4), 1007.

Menon, S., & Jain, K. (2021). Blockchain Technology for transparency in agri-food supply chain:
Use cases, limitations, and future directions. IEEE Transactions on Engineering Management.
https://doi.org/10.1109/TEM.2021.3110903

More, D., & Basu, P. (2013). Challenges of supply chain finance: A detailed study and a hierarchical
model based on the experiences of an Indian firm. Business Process Management, 19(4), 624—647.
Bal, M., & Pawlicka, K. (2021). Supply chain finance and challenges of modern supply chains. Log-
Forum, 17(1), 71-82.

Finbarr, B. (2021). Chineses companies claim blockchain SCF first. Gtreview.com. Retrieved Dec 3,
2021 from https://www.gtreview.com/news/asia/chinese-companies-claim-blockchain-first-in-sup-
ply-chain-finance/2021.

Hofmann, E., Strewe, U. M., & Bosia, N. (2018). Concept—where are the opportunities of block-
chain-driven supply chain finance? Supply chain finance and blockchain technology: The case of
reverse securitisation (1st ed.). Springer International Publishing.

Saberi, S., Kouhizadeh, M., & Sarkis, J. (2018). Blockchain technology: A panacea or pariah for
resources conservation and recycling? Resources, Conservation and Recycling, 130, 80-81.
Kamilaris, A., Fonts, A., & Prenafeta-Boldo, F. X. (2019). The rise of blockchain technology in
agriculture and food supply chains. Trends in Food Science & Technology, 91, 640-652.

Saberi, S., Kouhizadeh, M., Sarkis, J., & Shen, L. (2019). Blockchain technology and its relation-
ships to sustainable supply chain management. International Journal of Production Research, 57,
2117-2135.

Oztiirk, C., & Yildizbasi, A. (2020). Barriers to implementation of blockchain into supply chain
management using an integrated multi-criteria decision-making method: A numerical example. Soft
Computing, 24(19), 14771-14789.

Yadav, V. S., Singh, A. R., Raut, R. D., & Govindarajan, U. H. (2020). Blockchain technology adop-
tion barriers in the Indian agricultural supply chain: An integrated approach. Resources, Conserva-
tion and Recycling, 161, 104877.

Kouhizadeh, M., Saberi, S., & Sarkis, J. (2021). Blockchain technology and the sustainable supply
chain: Theoretically exploring adoption barriers. International Journal of Production Economics,
231(2021), 107831.

Karayazi, F., & Bereketli, I. (2020). Criteria Weighting for blockchain software selection using
fuzzy AHP. In: International Conference on Intelligent and Fuzzy Systems (pp. 608—615). Springer.
Xie, W., & Li, Y. (2021). Risk analysis of supply chain finance under blockchain technology-based
on AHP-FCM model. In: E3S Web of Conferences (Vol. 275, pp. 01025). EDP Sciences.

Swan, M. (2015). Blockchain: Blueprint for a new economy (1st ed.). O’Reilly.

@ Springer


https://bcrpub.com/system/files/WSCF21.pdf
https://bcrpub.com/system/files/WSCF21.pdf
https://www.demica.com/wp-content/uploads/2020/01/2019-SCF-AR-Demica-002.pdf
https://www.demica.com/wp-content/uploads/2020/01/2019-SCF-AR-Demica-002.pdf
https://www.abe-eba.eu/downloads/knowledge-and-research/1406_EBA_Supply_Chain_
https://www.abe-eba.eu/downloads/knowledge-and-research/1406_EBA_Supply_Chain_
https://doi.org/10.1109/TEM.2021.3053655
https://doi.org/10.1109/TEM.2020.3032426
https://doi.org/10.1109/TEM.2020.3032426
https://doi.org/10.1109/TEM.2021.3110903
https://www.gtreview.com/news/asia/chinese-companies-claim-blockchain-first-in-supply-chain-finance/2021
https://www.gtreview.com/news/asia/chinese-companies-claim-blockchain-first-in-supply-chain-finance/2021

338

J.Kauretal.

217.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

44.

45.

46.

47.

48.

49.

50.

5.

Charfeddine, L., & Umlai, M. (2021). Blockchain-based Supply Chain Financing Solutions for
Qatar.

Magal, S., & Word, J. (2012). Integrated business processes with ERP systems (1st ed.). Wiley.
Rothlin, M. (2010). Management of data quality in enterprise resource planning systems (aufl).
Josef Eul Verlag Gmbh.

Gonczol, P., Katsikouli, P., Herskind, L., & Dragoni, N. (2020). Blockchain implementations and
use cases for supply chains—A survey. IEEE Access, 8, 11856-21187.

Patel, D., Ganne, E. Blockchain & DLT in trade: A reality check, Nov. 1, (2021). Retrieved Sept 8,
2021 from https://www.wto.org/english/res_e/booksp_e/blockchainrev19_e.pdf.

Wang, Y., Singgih, M., Wang, J., & Rit, M. (2019). Making sense of blockchain technology: How
will it transform supply chains? International Journal of Production Economics, 211, 221-236.
Chong, A. Y. L., Liu, M. J,, Luo, J., & Keng-Boon, O. (2015). Predicting RFID adoption in health-
care supply chain from the perspectives of users. International Journal of Production Economics,
159, 66-75.

Weick, K. E., Sutcliffe, K. M., & Obstfeld, D. (2005). Organizing and the process of sensemaking.
Organization Science, 16(4), 409-421.

Moller, K. (2010). Sense-making and agenda construction in emerging business networks: How to
direct radical innovation. Industrial Marketing Management, 39(3), 361-371.

Fawcett, S. E., Magnan, G. M., & Fawcett, A. M. (2010). Mitigating resisting forces to achieve the
collaboration-enabled supply chain. Benchmarking, 17(2), 269-293.

Koh, S. C. L., Morris, J., Ebrahimi, S. M., & Obayi, R. (2016). Integrated resource efficiency:
Measurement and management. International Journal of Operations & Production Management,
36(11), 1576-1600.

Barney, J. (1991). Firm resources and sustained competitive advantage. Journal of Management
Studies, 17(1), 99-120.

Jia, F., Blome, C., Sun, H., Yang, Y., & Zhi, B. (2020). Towards an integrated conceptual frame-
work of supply chain finance: An information processing perspective. International Journal of
Production Economics, 219, 18-30.

Martinez, V., Zhao, M., Blujdea, C., Han, X., Neely, A., & Albores, P. (2019). Blockchain-driven
customer order management. International Journal of Operations & Production Management,
39(6/7/8), 993-1022.

Nazam, M., Xu, J., Tao, Z., Ahmad, J., & Hashim, M. (2015). A fuzzy AHP-TOPSIS framework
for the risk assessment of green supply chain implementation in the textile industry. Interna-
tional Journal of Supply and Operations Management, 2(1), 548-568.

Ozdemir, S., & Sahin, G. (2018). Multi-criteria decision-making in the location selection for a
solar PV power plant using AHP. Measurement, 129, 218-226.

Biiyiikozkan, G., Karabulut, Y., & Arsenyan, J. (2017). RFID service provider selection: An inte-
grated fuzzy MCDM approach. Measurement, 112, 88-98.

Chen, J. K. (2012). The assessment of vision re-creation indices for the automotive industry in
Taiwan: A hybrid fuzzy model approach. Measurement, 45(5), 909-917.

Nagariya, R., Kumar, D., & Kumar, I. (2021). Enablers to implement sustainable practices in
the service only supply chain: A case of an Indian hospital. Business Process Management, 27,
1463-1495.

Chang, D. Y. (1996). Applications of the extent analysis method on fuzzy AHP. European Jour-
nal of Operational Research, 95(3), 649-655.

Chan, F. T., Kumar, N., Tiwari, M. K., Lau, H. C., & Choy, K. (2008). Global supplier selection:
A fuzzy-AHP approach. International Journal of Production Research, 46(14), 3825-3857.
Thakur, V., & Mangla, S. K. (2019). Change management for sustainability: Evaluating the role
of human, operational and technological factors in leading Indian firms in home appliances sec-
tor. Journal of Cleaner Production, 213, 847-862.

Hossain, M.K., & Thakur, V. (2020). Benchmarking health-care supply chain by implementing
Industry 4.0: a fuzzy-AHP-DEMATEL approach. Benchmarking.

Dhingra, T., Sengar, A., & Sajith, S. (2022). A fuzzy analytic hierarchy process-based analy-
sis for prioritization of barriers to offshore wind energy. Journal of Cleaner Production, 345,
131111.

Huang, L., Zhen, L., Wang, J., & Zhang, X. (2022). Blockchain implementation for circular sup-
ply chain management: Evaluating critical success factors. Industrial Marketing Management,
102, 451-464.

@ Springer


https://www.wto.org/english/res_e/booksp_e/blockchainrev19_e.pdf

Barriers to blockchain adoption for supply chain finance:... 339

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.
68.

69.

70.

71.

72.

73.

74.

Saroha, M., Garg, D., & Luthra, S. (2021). Identification and analysis of circular supply chain
management practices for sustainability: A fuzzy-DEMATEL approach. International Journal of
Productivity and Performance.

Ministry of electronics and information technology (MEITY), National strategy on blockchain.
Retrieved Dec 15, 2021 from https://www.meity.gov.in/writereaddata/files/National _BCT_Strat
egy.pdf,2021.

Yli-Huumo, J., Ko, D., Choi, S., Park, S., & Smolander, K. (2016). Where is current research on
blockchain technology? A systematic review. PLoS ONE, 11(10), e0163477.

NITI Ayog, Blockchain: the Indian strategy—Towards enabling ease of business, ease of living,
and ease of governance. Retrieved July 18, 2021 from http://14.139.58.147:8080/jspui/bitstream/
123456789/1760/1/Blockchain_The_India_Strategy_Part_I.pdf, (2020).

Deloitte. Breaking blockchain open: Deloitte’s global blockchain survey. Retrieved Aug 12, 2021
from  https://www2.deloitte.com/content/dam/Deloitte/us/Documents/financial-services/us-fsi-
2018-global-blockchain-survey-report.pdf, (2018).

Kamble, S. S., Gunasekaran, A., & Sharma, R. (2020). Modeling the blockchain enabled trace-
ability in agriculture supply chain. Journal of Information Management, 52, 101967.

Hughes, L., Dwivedi, Y. K., Misra, S. K., Rana, N. P, Raghavan, V., & Akella, V. (2019). Block-
chain research, practice and policy: Applications, benefits, limitations, emerging research themes
and research agenda. International Journal of Information Management, 49, 114-129.

Deloitte Global blockchain survey: From promise to reality. Retrieved July 15, 2021 from https://
www?2.deloitte.com/content/dam/insights/articles/US144337_Blockchain-survey/DI_Blockchain-
survey.pdf. (2020).

World economic forum, Redesigning trust: Blockchain deployement toolkit. Retrieved July 21, 2021
from  https://widgets.weforum.org/blockchain-toolkit/pdf/WEF_Redesigning_Trust_Blockchain_
Deployment%20Toolkit.pdf, 2020.

Biswas, B., & Gupta, R. (2019). Analysis of barriers to implement blockchain in industry and ser-
vice sectors. Computers & Industrial Engineering, 136, 225-241.

Thakur, V., Doja, M. N., Dwivedi, Y. K., Ahmad, T., & Khadanga, G. (2020). Land records on
blockchain for implementation of land titling in India. International Journal of Information Man-
agement, 52, 101940.

Chen, Y. (2018). Blockchain tokens and the potential democratization of entrepreneurship and inno-
vation. Business Horizons, 61(4), 567-575.

Gumus, A. T. (2019). Evaluation of hazardous waste transportation firms by using a two step fuzzy-
AHP and TOPSIS methodology. Expert Systems with Applications, 36(2), 4067-4074.

Saaty, T. L. (1980). The Analytic Hierarchy Process (1st ed.). McGraw-Hill.

Nazam, M., Hashim, M., Baig, S. A., Abrar, M., & Shabbir, R. (2020). Modeling the key barriers
of knowledge management adoption in sustainable supply chain. Journal of Enterprise Information
Management, 33(5), 1077-1109.

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3), 338-353.

Mangla, S. K., Govindan, K., & Luthra, S. (2017). Prioritizing the barriers to achieve sustainable
consumption and production trends in supply chains using fuzzy analytical hierarchy process. Jour-
nal of Cleaner Production, 151, 509-525.

Lu, H., Mangla, S. K., Hernandez, J. E., Elgueta, S., Zhao, G., Liu, S., & Hunter, L. (2021). Key
operational and institutional factors for improving food safety: A case study from Chile. Production
Planning & Control, 32(14), 1248-1264.

Sangari, M. S., Razmi, J., & Zolfaghari, S. (2015). Developing a practical evaluation framework for
identifying critical factors to achieve supply chain agility. Measurement, 62, 205-214.

Ortiz, M. A., Combita, J. P,, Hoz, A. L. A. D. L., Felice, F. D., & Petrillo, A. (2016). An integrated
approach of AHP-DEMATEL methods applied for the selection of allied hospitals in outpatient ser-
vice. International Journal of Medical Engineering and Informatics, 8(2), 87-107.

Zhou, F., Wang, X., Lim, M. K., He, Y., & Li, L. (2018). Sustainable recycling partner selection
using fuzzy DEMATEL-AEW-FVIKOR: A case study in small-and-medium enterprises (SMEs).
Journal of Cleaner Production, 196, 489-504.

Wu, W. W. (2012). Segmenting critical factors for successful knowledge management implementa-
tion using the fuzzy DEMATEL method. Applied Soft Computing, 12(1), 527-535.

Mangla, S. K., Govindan, K., & Luthra, S. (2016). Critical success factors for reverse logistics in
Indian industries: A structural model. Journal of Cleaner Production, 129, 608—621.

@ Springer


https://www.meity.gov.in/writereaddata/files/National_BCT_Strategy.pdf,2021.
https://www.meity.gov.in/writereaddata/files/National_BCT_Strategy.pdf,2021.
http://14.139.58.147:8080/jspui/bitstream/123456789/1760/1/Blockchain_The_India_Strategy_Part_I.pdf
http://14.139.58.147:8080/jspui/bitstream/123456789/1760/1/Blockchain_The_India_Strategy_Part_I.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/financial-services/us-fsi-2018-global-blockchain-survey-report.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/financial-services/us-fsi-2018-global-blockchain-survey-report.pdf
https://www2.deloitte.com/content/dam/insights/articles/US144337_Blockchain-survey/DI_Blockchain-survey.pdf
https://www2.deloitte.com/content/dam/insights/articles/US144337_Blockchain-survey/DI_Blockchain-survey.pdf
https://www2.deloitte.com/content/dam/insights/articles/US144337_Blockchain-survey/DI_Blockchain-survey.pdf
https://widgets.weforum.org/blockchain-toolkit/pdf/WEF_Redesigning_Trust_Blockchain_Deployment%20Toolkit.pdf
https://widgets.weforum.org/blockchain-toolkit/pdf/WEF_Redesigning_Trust_Blockchain_Deployment%20Toolkit.pdf

340

J.Kauretal.

75.

76.
71.

78.

79.

Thakur, V., & Ramesh, A. (2017). Healthcare waste disposal strategy selection using grey-AHP
approach. Benchmarking., 24(3), 735-749.

Rogers, E. (1995). M, Diffusion of innovations (5th ed.). Free press.

Jharkharia, S., & Shankar, R. (2005). IT-enablement of supply chains: Understanding the barriers.
Journal of Enterprise Information Management, 18(1), 11-27.

Mougayar, W. (2016). The business blockchain: Promise, practice, and application of the next Inter-
net technology. Wiley.

NITI Ayog, Blockchain: the Indian strategy—Towards enabling ease of business, ease of living, and
ease of governance. Retrieved July 20, 2021 from http://14.139.58.147:8080/jspui/bitstream/12345
6789/1760/1/Blockchain_The_India_Strategy_Part_I.pdf, (2020).

Authors and Affiliations

Jaspreet Kaur' - Satish Kumar'?® . Balkrishna E. Narkhede® - Marina Dabi¢*® -
Ajay Pal Singh Rathore® - Rohit Joshi’

Jaspreet Kaur
2019RBM9076 @mnit.ac.in

Marina Dabi¢
mdabic @efzg.hr

Ajay Pal Singh Rathore
apsr100@yahoo.co.in

Rohit Joshi

rj@iimshillong.ac.in

Department of Management Studies, Malaviya National Institute of Technology, Jaipur,
Rajasthan 302017, India

Faculty of Business, Swinburne University of Technology Sarawak, Kuching, Malaysia

Department of Operations and Supply Chain Management, National Institute of Industrial
Engineering (NITIE), Vihar Lake, Powai, Mumbai, Maharashtra 400087, India

Faculty of Economics and Business, University of Zagreb, Zagreb, Croatia
Nottingham Trent University, Nottingham, UK

Department of Mechanical Engineering, Malaviya National Institute of Technology, Jaipur,
Rajasthan, India

Operations and Quantitative Techniques Area, Indian Institute of Management Shillong,
Mayurbhanj Complex, Nongthymmai, Shillong 793 014, India

@ Springer


http://14.139.58.147:8080/jspui/bitstream/123456789/1760/1/Blockchain_The_India_Strategy_Part_I.pdf
http://14.139.58.147:8080/jspui/bitstream/123456789/1760/1/Blockchain_The_India_Strategy_Part_I.pdf
http://orcid.org/0000-0001-5200-1476

	Barriers to blockchain adoption for supply chain finance: the case of Indian SMEs
	Abstract
	1 Introduction
	2 Literature review
	2.1 How does blockchain work?
	2.2 Supply chain finance: decentralised versus centralised systems
	2.3 Theoretical foundation

	3 Methodology
	4 Data analysis
	4.1 Prioritising barriers to blockchain adoption in supply chain finance: Fuzzy AHP
	4.2 Sensitivity analysis
	4.3 Classifying the barriers to blockchain adoption in supply chain finance into cause and effect groups: Fuzzy-DEMATEL

	5 Results and discussion
	6 Implications for managers and policy makers
	6.1 Implications for managers
	6.1.1 Creating awareness of barriers
	6.1.2 Focus on the high priority barriers
	6.1.3 Target the cause group barriers

	6.2 Implications for policymakers
	6.2.1 Development of nation-wide blockchain infrastructure
	6.2.2 Promoting research and development
	6.2.3 Building confidence in SMEs


	7 Conclusion and limitations
	Appendix 1
	References




