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Abstract

This study identifies the factors that can enable blockchain technology (BCT) implementa-
tion in the logistics sector and reveals the interdependencies, hierarchical structure, and
causalities between them. This study uses a three-phased research framework to iden-
tify thirteen enablers to BCT adoption in the Logistics Supply Chain (LSC) and analyse
the hierarchical and cause-effect relationships using an integrated Interpretive Structural
Modelling and Decision-Making Trial and Evaluation Laboratory (ISM-DEMATEL) tech-
nique. This study classifies the enablers into three categories: prominent enablers, influ-
encing enablers, and resulting enablers. ‘Real-time connectivity and information flow’
were identified as the most influencing enabler, whereas traceability was found to be the
most prominent and resulting enabler. This study contributes to the literature by identify-
ing the critical BCT enablers and modelling their hierarchical and causal relationships
to address the absence of an appropriate decision-making framework that aids managers
in understanding why and how BCT can be adopted in LSC, especially in an emerging
economy like India. Strategic recommendations on how BCT can help overcome some
select challenges faced by LSC organizations are also presented.

Keywords Blockchain technology - Logistics - ISM-DEMATEL - Logistics Supply
Chain - Technology adoption

1 Introduction

In the present era of frequent disruptions, the rapid growth of e-commerce is a globally
persistent phenomenon. Recent estimates suggest that global e-commerce sales will grow
to as high as 6.5 trillion US dollars by the year 2023 (Statista, 2020). This growth will lead
to a natural rise in the number of shipments, resulting in a rapidly increasing demand for
logistics services to fulfil the delivery requirements. However, prevailing logistics prac-
tices are not economically, environmentally, and socially sustainable (Montreuil, 2011). The
global average transportation cost is about 13% of GDP, which may go as high as 25% for
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some countries (Hofman, 2017), and the resultant transportation emissions account for 14%
of global anthropogenic emissions responsible for global warming (IPCC, 2014). Further-
more, the growth of e-commerce will require an increased number of delivery vehicles,
resulting in increased energy consumption, vehicular emissions, and deterioration of traf-
fic conditions. Additionally, the role of modern-day consumers makes this problem even
more complicated. On the one hand, when acting as online shoppers, the consumers have a
growing expectation for speedy, cost-effective, and personalized deliveries, which warrants
more delivery vehicles on roads. On the other hand, in the role of inhabitants, consumers
expect the logistics practices to be sustainable with reduced carbon footprint and less con-
gested roads. In addition to the aforementioned challenges, the logistics sector is also faced
by increasing pressure from policy-makers and social and environmental organizations to
switch to more sustainable practices.

The problem further complicates when it concerns emerging economies like India. The
logistics sector in India has been a crucial contributor to the country’s national development
as it provides sustenance to more than 22 million people. However, the Indian logistics sec-
tor’s transportation costs account for 14% of the GDP, much more than that of developed
economies like Germany (8%) and the USA (9.5%). The Government of India’s action plan
strives to bring it down to at least 10% by 2022 (Sharma, 2018). The Indian logistics sector
that handles a freight volume of around 1320 billion ton-kilometer with around 7 million
freight vehicles is heavily disintegrated and largely unorganized (Chakraborty et al., 2020).
The Indian logistics industry, almost 90% of which is unorganized, is troubled by factors
such as lack of trust amongst stakeholders, lack of economies of scale, security and infor-
mation sharing risks among channel partners, lack of supply chain visibility, poor real-time
tracking, unnecessary delays in transaction settlement due to excessive paperwork, to name
a few. (Chakraborty et al., 2020; Mitra, 2008).

The past few decades have witnessed the emergence of information technology (IT) that
has laid the foundation for various innovations aimed to achieve sustainable growth across
businesses. In recent years, several initiatives to explore the potential benefits of IT have
been attempted by almost every industry (Matt et al., 2015), and the increased rate of IT
adoption in the Indian logistics sector suggests the recognition of the potential benefits asso-
ciated with the use of emerging disruptive technologies.

Blockchain Technology (BCT), associated initially with cryptocurrencies (Tapscott &
Tapscott, 2017), is one of the disruptive technologies that has already found applications in
finance (Y. Chen & Bellavitis, 2020; Tapscott & Tapscott, 2017), agriculture (Y. Chen et al.,
2020; R. Sharma et al., 2018), public sectors (Warkentin & Orgeron, 2020; Qlnes, 2016),
supply chain management (Tian, 2017; Yadav & Singh, 2020; Jain et al., 2020), and health-
care management (Tanwar et al., 2020; Yue et al., 2016). BCT is anticipated to be a signifi-
cant contributor to the Logistics Supply Chain (LSC) management and may help address
the challenges currently faced by the logistics sector by providing significant improvement
in transparency and verifiability by maintaining a default-free information exchange system
among all the stakeholders. BCT employs a distributed, shared, decentralized database net-
work that facilitates dynamic sharing of records/assets among stakeholders (Saberi et al.,
2018) and reduces the risk of tempering and fraud (Kshetri & Voas, 2018). BCT is promi-
nently recommended for a system that suffers from a lack of trust between the stakeholders
(Kosba et al., 2016), as BCT holds promise in bringing transparency and accountability in
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the operations (Queiroz & Wamba, 2019) and assures cybersecurity (Hasanova et al., 2019;
Kshetri, 2017).

Table 1 lists the past studies exploring BCT implementation in LSCs. We observe that
majority of these studies are conceptual or review studies, and the empirical literature in
LSCs is quite scarce. In Table 1, Ar et al. (2020) and Orji et al. (2019) are two works that
explore the BCT adoption factors. While Orji et al. (2019) adopt the technology- organiza-
tion- environment (TOE) theoretical lens to evaluate the factors that affect BCT implemen-
tation in the Nigerian freight industry, Ar et al. (2020) study BCT feasibility in a Turkish
logistics company. While these studies have enriched the literature in the BCT-LSC domain,
we note the growing need to understand BCT adoption’s enabling factors and analyse the

Table 1 Select studies exploring BCT implementation in Logistics

Author(s)  Study Objective(s) Key Observation(s)

Type
Hackius Survey To seek logistics professionals’ LSC professionals are quite optimistic
and opinions on BCT and its potential for BCT; however, several factors must
Petersen in LSCs. be addressed first to excite the relatively
(2017) conservative logistics industry
Dobrovnik Review To propose a framework that cat- Provided a four-phased transformation
etal. egorizes BCT application potentials framework to identify BCT opportuni-
(2018) and implications ties in the logistics industry.

Perboliet  Use Case Integrate the current BCT literature  Designed and implemented a BCT use

al. (2018)  design to design a strategy for developing  in fresh food delivery to observe BCT
and validating a BCT solution and  can help reduce logistics and optimize
implement it in fresh food delivery  the operations.

Petersen et Conceptual Explore industry expectations con-  Categorized the current BCT applica-

al. (2018)  Study cerning the benefits and challenges  tions that might prove beneficial for
of BCT. supply chains and logistics in the future.
Tijan etal. Review Review the academic literature to BCT can help minimize/eliminate the
(2019) understand the possibility of devel-  problems encountered by the logistics
oping sustainable LSCs using BCT  to achieve sustainability
Orjietal.  Multicrite- Evaluate and rank the factors af- The factors were analyzed using
(2019) ria Decision fecting BCT implementation in the  analytic network process to identify
Making; Nigerian freight industry under the  ‘availability of BCT tools’ and ‘infra-
Case Study TOE theoretical lens structural facility’ as the most affecting

factors in the Nigerian freight industry.
Aretal. Multicrite-  Investigate the feasibility of BCT The framework was applied in the Turk-

(2020) ria Decision implementation and present solu- ish context, and it observed security and
Making; tions and rankings of decision-mak- visibility as important criteria. Trans-
Case Study ing strategies under uncertainty portation and materials handling are
identified as the most feasible logistics
operations.
Kohetal. Position Provide ground for BCT adoption in Key concepts/methods that represent
(2020) paper transport and logistics diverse paradigms in BCT for LSCs

are provided aided with future research
scenarios and directions.

Kummer et Review Identify the most relevant BCT Identified six organizational theories

al. (2020) theories in the LSC context and and developed a future research agenda
formulate research agenda for BCT  supplemented with relevant research
research questions.

Pourna- Review Reviews current literature to under-  Four knowledge clusters (trust, technol-

der et al. stand BCT adoption in the supply ogy, traceability, and trade) are identi-

(2020) chain, transportation and logistics fied using co-citation analysis.
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hierarchical and/or cause-effect relationships (if any) among them. Moreover, since BCT
is a relatively new technology, especially in the Indian context, there is an absence of an
appropriate decision-making framework that can aid the managers in deciding why and
how to adopt BCT in their LSC. Therefore, it is imperative for the practitioners in LSC to
understand various enablers of BCT and their interactions with each other. Additionally,
we partially address the call by Ar et al. (2020) for future research into the competencies of
BCT that can satisfy the requirements of logistics organizations.

This study is conducted to address three research questions (RQs):

RQI1. What are the enablers to implementing BCT in the logistics sector, especially in an
unorganized setup like India?

RQ?2. What are the interrelationships and the hierarchical levels among these enabling
factors?

RQ3. What are the dependencies and causalities between these enabling factors?

To understand BCT adoption in LSCs, it is essential to understand the overall system
complexities and reveal the interrelationships and influences of various factors (Sushil,
2012). Interpretive Structural Modelling (ISM) has the ability to draw insights from the
indirect and direct interactions among the studied factors and reveal an easy-to-understand
hierarchical structure of the complex system (Bhosale and Kant, 2016). However, ISM does
not account for the strength of the relationships between the factors which becomes a signif-
icant limitation. Therefore, to account for ISM’s weakness for not determining the strength
of interrelationships among variables, we integrate the Decision-Making Trial and Evalu-
ation Laboratory (DEMATEL) methodology in our analysis to provide improved insights
into the variables and their interrelationships. DEMATEL methodology uses a combination
of graphs and matrices to determine the strength of variables’ interrelationships (Shieh et al.,
2010). Therefore, this paper employs the integrated ISM-DEMATEL method to determine
the hierarchical relationships and understand the severity of the interrelationships among
the various factors.

The main contributions of the present study are:

1. We identify the critical BCT enablers and model their hierarchical and causal relation-
ships to address the absence of an appropriate decision-making framework that aids
managers in understanding why and how BCT can be adopted in LSC.

2. This study is a novel attempt that presents evidence from an emerging economy like
India and integrates ISM and DEMATEL methodologies to identify the prominent,
influencing, and resulting enablers that affect BCT adoption in LSCs. This classification
helps prioritize among the enabling factors based on relative importance and formulate
effective implementation strategies.

The remaining paper is organized as follows. The background literature and the identified
enablers to BCT implementation are presented in Sect. 2. Section 3 contains the detailed
research framework adopted for this study. The integrated ISM-DEMATEL methodology is
applied in Sect. 4. The results and discussion are presented in Sect. 5. Finally, Sect. 6 pres-
ents the conclusions, contributions, and limitations.
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2 Literature review
2.1 Blockchain technology and logistics supply chains

BCT created disruptions in the fintech sector, but it holds immense potential to disrupt other
sectors (Wamba & Queiroz, 2020). According to Peck (2017), the majority of the fortune
500 organizations are now researching BCT applications intending to incorporate them into
their products. BCT project prototypes are already underway disrupting the management of
electronic medical records (Y. Chen et al., 2019), land titling (Thakur et al., 2020), agricul-
ture supply chains (Kamble et al., 2020), banking (H. Wang et al., 2019), and manufacturing
(Mandolla et al., 2019). Additionally, studies like Wen et al. (2021) are underway to promote
and increase the possibility of social investments in BCT across different fields. The essence
of BCT is that it provides a novel way to manage data that is immutable (Attaran & Gunas-
ekaran, 2019), non-repudiable (Mytis-Gkometh et al., 2018), and accountable (Kamble et
al., 2020). The BCT is an open ledger peer-to-peer transacting system that is decentralized
(Kotobi & Bilen, 2018), distributed (Muzammal et al., 2019), and operates without the need
of a trusted intermediary for verifying, settling, and securing the transactions (Nofer et al.,
2017). BCT is often seen as a disruption that prepares the technological ecosystem for the
Internet of Things (IoT) and functions as a top layer on the internet that coexists with other
internet technologies (Fernandez-Caramés & Fraga-Lamas, 2018). The primary functional
elements of BCT are game theory, which forms its mathematical foundation, cryptographic
signatures, the main operational framework, and computer science, which is its realization
field (Pilkington, 2016). This paper discusses the potential enablers of BCT in the logistics
sector, which, if realized, can lead to reductions in overall transportation costs along with
enhancement in freight monitoring and control.

The supply chain is defined as the network of materials and information flow, starting
from the initial stage to the stage of final consumption, and at each stage, value is added to
the product or service for serving the customer needs (Beamon, 1999; Esmaeilikia et al.,
2016; Gao et al., 2017). Supply chain management is a complex process that deals with
the creation and distribution of goods. Depending upon the product or service, the supply
chain can have several stakeholders, processes, geographic locations, and means of trans-
port (Fiala, 2005; K. C. Tan, 2001; D. T. Wong & Ngai, 2019). Studies in the past have
highlighted that due to the complexities in the supply chains such as delay of payments
(Protopappa-Sieke & Seifert, 2017), lack of transparency (Saberi et al., 2018), non-respon-
sible sourcing practices (Guo et al., 2016), the procurement of supplies can take several
months thereby reducing the overall efficiency of the supply chains (Vogel & Lasch, 2016).
Due to the complexities involved in the traditional supply chains, much of the research by
practitioners and researchers is concentrated on the introduction of BCT in supply chains as
it can be beneficial for enhancing the efficiency of supply chains, thereby making them more
transparent and sustainable (Kshetri, 2018; Saberi et al., 2018).

BCT is one of the disruptive technologies (other technologies being cyber-physical sys-
tems, loT, artificial intelligence; see Alladi et al., 2019; Ghobakhloo, 2018; Lee et al., 2019;
Olsen and Tomlin, 2020; Xu et al., 2018) which helps in achieving the objectives (process
digitalization and enhanced operational efficiency) of industry 4.0 paradigm. It is antici-
pated that potential blockchain applications in the logistics sector can lead to enhanced
operational efficiency and delivery-related lead-times reductions. Furthermore, the imple-
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mentation of BCT can help realize a real-time LSC as it is critical for LSC organizations
to visualize real-time data of their assets and enhance decision-making capabilities (Helo
& Shamsuzzoha, 2020). Some of the potential benefits LSC organizations can realize by
implementing BCT are real-time dynamic route planning and optimization for transport
fleet (Banerjee, 2018); effective resource planning (A. W. K. Tan et al., 2018); maintain-
ing quality management through analysis of customer feedback and delivery related issues
on-line; maintaining profit analysis for transport fleet, route efficiency planning, and stock-
keeping units; understanding customer order trend and customer behavior over a period of
time; real-time risk management simulation based on previous orders and current status of
deliveries. Overall, the supply chain transactions’ efficiency can be considerably enhanced
from the unique characteristics and architecture of BCT. The primary objective of all sup-

Table 2 A list of selective chal-
lenges faced by organizations in
the logistics sector

Challenge Impact References

The poor state of It makes real-time information (Bealt et al.,
standardization  capturing difficult and reduces ef-  2016; Krit-
and shareability ~ fective resource management, wors- chanchai et

of operational ening already inefficient logistics al., 2018; J.
information processes. Tan et al.,
2019)
Finding indepen- It is often highlighted that finding  (Grant,
dent contractors  independent contractors and sup- 2019;
covering distant  pliers covering distant geographies Ridwan
geographies is complicated and cumbersome, & Noche,
requiring expensive integration 2018)
systems.
Slow data Lack of data transparency and lack  (Fu & Zhu,
movements of availability of real-time datain ~ 2019; Pour-
related to cargo  the LSC leads to higher opera- nader et al.,
and extensive tional costs for activities such as 2020; Tian,
documentation documentation, verification, and 2016)

essential dispatch approvals.
Higher adminis- ~ Studies in the past have highlighted (Frontoni

trative costs that higher administrative costs etal., 2020;
increase the financial constraints on  Solakivi et
the organizations. al., 2018)
Delays in Delays in payments from either (Aljazzar et
payments supplier or LSC organization lead  al., 2018;
(warehouse, to reduced flexibility, increasing the Tijan et al.,
transporter) delivery lead-time, thus drastically 2019)

affecting performance.
Lack of transpar- Many studies have reported that (Baharmand
ency and trust stakeholders’ cargo thefts and & Comes,
dishonest behaviour lead to alack  2019; Khan
of transparency and trust in LSC etal., 2019;

organizations. Pournader et
al., 2020)
Lack of freight It has been reported that improper  (Fossheim
monitoring and  freight monitoring and quality & Andersen,
quality control control activities lead to inadequate 2017; Nuz-
shipment control and product dam-  zolo et al.,
age, resulting in revenue loss for 2016; Orji
LSC organizations. etal., 2019)
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Table 3 List of Enablers to Blockchain technology

Code  BCT Enabler Description References

El Decentralized BCT makes use of an open database that allows  (Arslanian & Fischer,
Database System a decentralized database and ensures that the 2019; K. Biswas & Muth-

data is not stored on a centralized point. ukkumarasamy, 2016; Da-
vidson et al., 2016; Glaser
et al., 2018; Kouhizadeh
& Sarkis, 2018)

E2 Distributed Data- BCT makes use of an open database that facili-  (Crosby et al., 2016; Dorri
base System tates a shared ecosystem, and access to data is et al., 2017; Fanning &

provided to the appropriate stakeholders. Centers, 2016; Muzammal
etal., 2019; Tian, 2017)

E3 Cybersecurity The use of a cryptographic private key helps (Dai et al., 2017; Kshetri,
maintain the data privacy of the network 2017; Mylrea & Gouri-
participants. setti, 2017)

E4 Immutability Once data is written in the blockchain block, (Ateniese et al., 2017; Lin
none of the stakeholders can change or tamper etal., 2017; Zheng et al.,
with the data. 2017)

E5 Transparency Real-time data visibility to the concerned (Chod et al., 2020;
stakeholders and consensus-based transaction Kshetri, 2017; Montecchi
mechanism of BCT helps promote transparency, et al., 2019; Venkatesh et
building trust and reputation. al., 2020)

E6 Verifiability of A distributed and decentralized database system (Galal & Youssef, 2018;

transactions ensures that the blockchain is error-free and Zhang et al., 2018)
helps verify all the transactions in the blockchain
network. BCT provides a trail of transactions and
is non-repudiable.

E7 Enhanced Risk ~ Deploying BCT ensures improved traceability of (Boussard et al., 2019; Fu
Mitigation the underlying assets and thereby enhances the & Zhu, 2019)

risk mitigation capabilities.

E8 Smart Contracts  Electronic contracts between the stakehold- (Kosba et al., 2016; Wata-
ers based on the mutually agreed terms and nabe et al., 2015; X. Xu et
conditions. al., 2016)

E9 Lower Transac-  Deploying blockchains in the business processes (Kamble et al., 2020; Min,

tion Settlement ~ can use data characteristics ingrained in the 2019)
Time transactions, making the flow of transactions

to be time conditional, thereby reducing the

transaction time.

E10 Lower transac- BCT reduces the transaction cost, compared to (Giungato et al., 2017;
tional costs the traditional LSCs, by eliminating some inter- ~ Niranjanamurthy et al.,

mediaries and excessive paperwork. 2019)

Ell Provenance As digital tokens accompany the blockchains, (Kim & Laskowski, 2018;
implementing blockchain in a supply chain will ~ Liang et al., 2017)
help trace the origins of an asset throughout the
supply chain.

E12 Real-time con- BCT assures seamless connectivity among the (Bahga & Madisetti, 2016;
nectivity and stakeholders in the blockchain network. Banerjee, 2018; Mudliar
information flow et al., 2018; Shrestha &

Nam, 2019; Munir et al.,
2019; Sun et al., 2016;
Unal et al., 2019; Weern-
ink et al., 2017)

E13 Traceability BCT has the capability to provide asset (Behnke & Janssen, 2020;

traceability.

Kamble et al., 2020; Tian,
2016)
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ply chain management (SCM) organizations is to achieve process visibility across all SCM
phases, provenance, and asset tracking capabilities (Queiroz et al., 2019; Treiblmaier, 2018).

Table 2 highlights the problems current logistics organizations face owing to obsolete
processes and technologies. Therefore, it can be inferred that there are problems aplenty in
the traditional logistics processes, which the application of BCT can reduce.

2.2 Enablers to the BCT adoption
Based on the review of the literature (see methodological details in Sect. 3), Table 3 high-

lights and provides a brief description of the BCT enablers that drive logistics organizations
to adopt BCT in their LSCs.

Table 4 Barriers and Driv- Category Oppor-  References Barriers Refer-
ers to BCT adoption (TOE tunities / ences
perspective) Drivers
Technological Data (G. Chen et Immaturity of (B.
secu- al., 2018; technology; ~ Biswas
rity; data Iansiti & scalability & Gupta,
integ- Lakhani, issues; slow  2019;
rity; data  2017) throughput;  Kamble
privacy; interoper- etal.,
cost ability issues; 2020;
savings usability; Swan,
technology 2015)
uncertainty;
latency;
energy con-
sumption
Organizational Value- (Iansiti & Lack of tech- (Kamble
chain Lakhani, nical com- etal.,
benefits; 2017; Swan, petence and  2020;
organi-  2015) technology Lemieux,
zational awareness; 2016;
benefits; lack of top Mangla
business management et al.,
model commitment; 2017;
benefits; high imple- Saberi
innova- mentation etal.,
tiveness; costs 2018)
Environmental Im- (Morabito, Government  (Lacity,
proved 2017, policies, 2018;
relation-  Seebacher legal, and Lietal.,
ships & Schiiritz, regulatory 2019;
with sup- 2017) framework Yeoh,
ply chain 2017)
partners;
business
case ex-
amples
and pro-
totypes
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2.3 Barriers and drivers to BCT adoption

Drawing upon the TOE theoretical lens (Bai & Sarkis, 2020; Lai et al., 2018; Tornatzky et
al., 1990; L.-W. Wong et al., 2019) for identification of various barriers and drivers for BCT
adoption in the logistics context, the BCT barriers and opportunities are categorized into
technological (T), organizational (O), and environmental (E) barriers/opportunities. The
former two barriers, i.e. T and O, are endogenous to the technology (BCT) and the organi-
zations, while the latter barrier E is exogenous. The technological barriers related to BCT
implementation include immaturity of the technology, technology scalability, and security-
based risks. Organizational barriers comprise top management commitment, organizational
policies and culture. Environmental barriers include government policies, laws, and regula-
tions. Apart from the barriers, BCT adoption has numerous opportunities if viewed from
the TOE theoretical lens. For example, BCT offers data security, integrity, data privacy, and
cost savings in the technological context. Under the organizational context, factors such
as value-chain benefits, organizational benefits, and business model benefit support BCT
adoption. Finally, in the environmental context, opportunities to improve relationships with
supply chain partners support BCT adoption. Further, Table 4 briefly highlights the TOE
barriers and opportunities to the adoption of BCT.

2.4 Managerial challenges for BCT adoption

With continuous advancements in BCT, various use cases will emerge, and organizations
across all sectors will face complex challenges and dependencies, especially with the lack
of awareness about BCT and its applications. Drawing from the technology acceptance
model (TAM), Rogers (2010) describes three attributes of innovation that play a crucial role
in technology resistance, viz. complexity, compatibility, and trialability. Despite the disrup-
tive potential of BCT, little is known about BCT’s diffusion in various sectors, its impact on
people and processes, and the reasons that motivate its adoption. Nonetheless, before BCT
can be integrated with the existing IT frameworks, there has to be a process that ensures the
interoperability, data protection protocols, and regulatory adherence of the BCT system with
the existing systems. Also, before BCT systems are widely adopted, other issues such as
technology scalability, information integration, data standardization, and regulation of BCT
systems must be introspected and resolved carefully (Iansiti & Lakhani, 2017; Kot, 2019).
Past studies have reported a lack of readiness and technology immaturity for BCT due
to the lack of experience and knowledge of BCT systems from their existing systems (see
Dobrovnik et al., 2018; Verhoeven et al., 2018). It is anticipated that BCT will revolutionize
the traditional logistics processes, as customers will trust the BCT system to verify elec-
tronic transactions and secure their data. However, for their widespread adoption in LSCs,
BCT based systems need to prove their resilience with less (or negligible) downtime (for
ensuring reduced transaction settlement times, ensuring real-time traceability). Technology
scalability in BCT is also a significant hurdle that needs to be overcome as the number
of transactions increases (Crosby et al., 2016). Further, research (see Walsh et al., 2021)
has highlighted that as the nodes in a BCT network increase, the network becomes more
centralized and prone to cyber threats. The continuous dynamism of BCT has made smart
contracts more relevant than ever because of their immutable nature but, they are also one
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of the inhibitors for BCT adoption. Smart contracts become inflexible for certain organiza-
tions as they cannot adapt to uncertain business environments (Gonzalez Rivas et al., 2018).

Prior literature (Kamble et al., 2020; Strong et al., 2019; Winkelhaus & Grosse, 2020)
has also reported that the implementation cost of any new technology is often high and
requires host of other activities (such as infrastructure capabilities and other supporting
activities) to be up and ready before the actual technology is implemented. The experts
believe that new technology shall be implemented if it can outweigh the lacunae of existing
technology, which would thereby help in further enhancing the organization’s operational
efficiency (Kamble et al., 2020). New technologies can bring benefits only if the various
risks and shortcomings are overcome.

3 Research methods
3.1 Methodological framework

Figure 1 presents the summarizing snapshot of the research framework employed in this
paper. This study adopts a three-phased methodology. In phase 1, we first identify the rel-
evant knowledge gaps and ascertain the need for the study. The next step is to set the study’s
scope and draw up specific research questions. Once the scope and objectives are estab-
lished, article search criteria are developed to identify relevant literature for review. A lit-
erature review helps provide critical insights for investigating research in emerging fields
and aids in charting directions for future research (Govindan et al., 2015; Junior & Godinho
Filho, 2010).

Process Flow
Article search, screening, and selection Step Identification of knowledge
1 gapsand need for study
(“Blockchain*") AND (“logistics” OR “physical Defining R l "
distribution” OR “shipment” OR “supply chain 2 efining Research Questions
D o Phase and Scope of the study
management” OR “supply chain” OR “forward  jq——| _ Applying ISM-DEMATEL
logistics” OR “reverse logistics” OR “city logistics” ? Y 3 Preparation of Atticle search
OR “portlogistics” «© Criteria and search for relevant
P g ) i literature. Validatifngdi{)ienl:ifie: ffaml)rs \lsing
. . expert feedback and finalizing list [¢——
[ Initial search results: 1511 documents] 4 Attide Screening and Filtring of enablers
Exclusion Criteria Inclusion Criteria lf);lslssve:nbvsei](g;?f‘: Ca:ir;;el?f l
*  Exclusion of book *  Journal article in relevant factors — L
chapters, conference English Language Ir.wesnggtmg c?ntexglal and
proceedings, * Subject : Business {} hierarchical relationships among
magazine articles, management the. . enablers using _ expert
etc. * Relevant to the scope P Validation of identified factors opinion data  (ISM-MICMAC
*  Exclude duplicate of study N based on experts’ opinion Phase2 analysis) —J
articles *  Availability of full- © X . I~
text @ Applying  integrated  ISM- (?
- £ DEMATEL  technique  to Ascertaining the severity of
194 journal articles are identified and the abstracts & 6  understand the dependenci interrelati 8 e amongty the
are thoroughly read t.o ensure.relevance with the hie)’al‘frbical structure, and factors and ‘idemifying the
research questions causalities. cause-effect groups, followed by fe——
The final study sample comprised of 109 articles to @ classification into  prominent,
P .
retrieve the enablers studied in this article N —  and  resulting
7 Synthesise the findings and enablers (DEMATEL analysis)
The extant literature review retrieved 18 BCT ] draw implications of the study
enablers that can help BCT adoption in Logistics b .
supply chains. These factors were vetted by experts in 2 8  Recommend suitable strategies
Phase 2 which lead to the final list of 13 enablers & and r:‘n'ecnon for future
researc

Fig. 1 Snapshot of the research framework
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We consulted previous studies to include relevant keywords in our search. The finalized
query was as follows: (“Blockchain*”) AND (“forward logistics” OR “logistics” OR “phys-
ical distribution” OR “shipment” OR “supply chain management” OR “supply chain” OR
“reverse logistics” OR “city logistics” OR “port logistics”). We searched for the articles in
the Scopus database as it is more exhaustive than the Web-of-Science database (Yong-Hak,
2013) and covers peer-reviewed journals from assorted fields (Fahimnia et al., 2015). The
query was searched in the “title, abstract, keywords”, and it initially yielded 1511 results.

We applied several inclusion and exclusion criteria to finalize the sample of articles that
fit the scope of our study. Only the peer-reviewed journal articles are considered for this
study as they are ‘certified knowledge’ (Ramos-Rodriguez & Ruiz-Navarro, 2004). Addi-
tionally, we only include articles that are published in the English language and are part of
the ‘business management’ subject. Finally, the abstracts of all the articles were analyzed to
create a final portfolio containing 109 articles.

To identify the relevant technological enablers to BCT implementation in LSC, we
reviewed the portfolio of selected studies and compiled eighteen enablers. However, the
studied literature represents various contextual, institutional, and economic settings dissimi-
lar to the Indian context. Therefore, it is imperative that a group of relevant industry experts
must appraise the factors found in the literature and help reveal the hierarchical structures
and cause-effect relationships (if any) among them.

In phase 2, considering the importance of choosing the right respondents, a group com-
prising twelve experts from relevant backgrounds was identified. Appendix A presents the
details of the expert group composition. The selected expert group adheres to the group size
requirements recommended by Robbins & Coulter (2012) and Murry & Hammons (1995).
The experts were initially subjected to semi-structured interviews to discuss the identified
factors. These discussions eliminated few factors and also merged some factors to form
broader factors. As a result, thirteen factors were selected based on this validation exercise
for this study (see Table 3). We then apply the integrated ISM-DEMATEL technique to
analyze the hierarchical structures and cause-effect relationships among the studied factors
based on data retrieved from expert opinion. An indicative questionnaire employed in the
study is presented in Appendix B. In the third phase, we finally synthesize the findings and

Table 5 Select studies on the S.No. ISM-DEMATEL application area Reference
application of ISM-DEMATEL - - . -
methodology 1 Barriers for IoT implementation in the Singh and
manufacturing industry Bhanot (2019)
2 End of life vehicle recycling Zhou et al.
management (2019)
3 Sustainable Agri supply chain selection ~ Chauhan et al.
(2019)
5 Analyzing the challenges in sustainable ~ Gardas et al.
Agri supply chains (2019)
6 Implementation of knowledge manage-  Mousavizade
ment practices and Shakiba-
zad (2019)
7 Analysis of barriers for sustainable Song et al.
online consumption (2020)
8 Integrated solid waste management Tsai et al.
practices (2020)
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draw implications from the obtained results to recommend suitable strategies for implemen-
tation and aid future research.

To address the study’s RQ2 and RQ3, we used the integrated of ISM-DEMATEL decision-
making technique (Kamble et al., 2020) as it is superior to other interpretive and decision
modelling techniques (Mangla et al., 2018). Table 5 lists some recent studies that employed
the ISM-DEMATEL technique. Apart from study’s objectives, the standalone limitations of
ISM and DEMATEL methodologies also motivate to employ this integrated technique. For
example, although ISM helps identify a well-defined hierarchical structure from a complex
problem by identifying relationships among factors based on their driving and dependence
power, it does not account for the strength of these relationships. In comparison, the DEMA-
TEL methodology reveals the severity of these interrelationships by using a combination of
graphs and matrices. Therefore, this integrated method assists in revealing the importance
of identified factors through numerical rankings and well-explained diagrams (ISM-based
hierarchical digraph and causal digraph in DEMATEL).

The subsequent sections describe the stepwise procedure of applying ISM and its inte-
gration with the DEMATEL technique.

3.2 ISM technique

ISM methodology (Warfield, 1974) is an interactive learning process with its roots in rela-
tional mathematics and can transform poorly and unclearly expressed mental models of
complicated systems into well-described, visible models valuable for several purposes
(Sushil, 2012). ISM’s fundamental objective is to prepare a hierarchical structural model
comprising multiple levels by decomposing the complicated system into smaller subsys-
tems based on the experts’ subject knowledge (Rana et al., 2019). The ISM structural model
helps in analyzing the dependencies and inter-relationships among the various factors.

While ISM has been successfully applied to model structural variables across various
domains, the technique primarily depends on the subjective judgment of the concerned
experts and carries an inherent potential for experts’ personal biases affecting the results
(Mangla et al., 2018). According to R. Sharma et al., (2021), the steps of implementing ISM
are as follows (the detailed application of ISM is presented in Sect. 4):

Step 1 Review the literature and consult domain experts to identify the factors directly or
indirectly influencing the system.

Step 2 Seek expert opinion for establishing contextual relationships among the validated
variables leads to developing a structural self-interaction matrix (SSIM), consisting of sym-

bols allocated for the interrelationships.

Step 3 Transform the SSIM into the initial reachability matrix (IRM) by assigning binary
elements (0 and 1) for each relationship as per the conversion rules.

Step 4 The IRM is evaluated for the rule of transitivity. If the transitivity rule is violated, the
SSIM is inspected and adjusted, which leads to a final reachability matrix (FRM).
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Step 5 The FRM is processed for extracting the associated structural levels and drawing a
digraph. The transitive relationships are removed from the digraph, and the contextual rela-
tionships from the IRM are established again. Finally, the variable nodes are interchanged
with the statements to transform the digraph into a finalized model.

3.3 Integration of DEMATEL methodology with ISM

In ISM, while the contextual relationships among the variables are represented using binary
numbers (1, if a relationship exists and 0 for no relationship), it does not account for the
strength of the interrelationships among these variables. According to Bhosale and Kant
(2016), the strength of interrelationships can vary between low, moderate, and strong. Con-
sidering the limitation of ISM and to provide improved insights about variables’ interrela-
tionships, we have integrated the DEMATEL methodology into our analysis. DEMATEL
methodology reveals the relationship strength using a combination of graphs and matrices
(Shieh et al., 2010).

DEMATEL (Gabus and Fontela, 1972) identifies the interrelationships among the vari-
ables and resolves cause-effect relationships to analyze complex problems (Kumar and
Dixit, 2018). DEMATEL'’s resultant output is a graphical representation of factors’ inter-
relationships, also known as an influence relations map. Similar to Sharma et al. (2021),
the DEMATEL methodology is applied on the IRM obtained from ISM using the following
procedure:

3.3.1 Calculating the initial average direct influence matrix

First, the experts score the existing relationships in the IRM (which was developed using
ISM). The IRM’s diagonal elements are reset to zero, and the experts are requested to evalu-
ate the relationships denoted by 1 in the IRM. All existing relationships are evaluated by
allotting 0, 1, 2, or 3 (where, 0 = “no influence”, 1 = “low influence”, 2 = “moderate influ-
ence”, and 3 = “high influence”). In the case of n number of experts, we get n initial relation
matrices. The average direct influence matrix A is developed by aggregating responses from
all n experts as follows:
A=1MmY) [xﬁ] ; Where [xyk] is matrix computed for each expert £. (1)

3.3.2 Normalizing average direct relation matrix

Matrix A is then normalized to prepare the normalized direct-relation matrix (X) as follows:

1

X = A X Z;whereZ = n
m/a$1gi§n2j:1aij (2)

3.3.3 Computing the total relation matrix

Next, we compute the total relation matrix (T) as follows:
T = X (I — X)~" where Iis identity matrix (3).
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3.3.4 Preparing the digraph and causal influence

3.3.4.1 Computing the sum of rows (r;) and columns (d;) For every row (i) and column (j)
in matrix T, the sum is calculated as:

n
T = E /I‘Z]VZ
J=1

4)

dj =Y TVj
i—1 Q)

3.3.4.2 Computing the prominence (P;) and the net effect (E;) The prominence (P,) and the
net effect (E;) is computed by:

Ei =T; — dJVL = j (7)

The P; values signify the prominence (i.e., influence, visibility, and importance) of the vari-
able in the studied system. For factors having E>0, they are called the influencing or the net
cause factors, which are considered to be the foundation for other factors. The factors with
E <0 are called the resulting or net effect factors (Bai and Sarkis, 2013). The P, and E; values
of each factor are then plotted on a two-dimensional axis (Tzeng et al., 2007).

3.3.4.3 The digraph The final step is to prepare the digraph. A threshold value (o) is estab-
lished to filter the negligible effects (Liou et al., 2007). If 7};2a, then factor i is said to be a
causal factor for factor j, and a directed arrow is included in the digraph.

4 Application of integrated ISM-DEMATEL to analyze BCT enablers in
Logistics

4.1 ApplyingISM

4.1.1 Establishing contextual relationships

As discussed in previous sections, thirteen enablers were finalized from literature review
and expert validation. We used a “helps to achieve” type of relationship structure, which
means that one enabler helps to achieve” another enabler.

4.1.2 SSIM development

The experts used to validate the BCT enablers were consulted to develop the contextual
relationships among the BCT enablers (see data collection matrix in Appendix B). These

experts were asked to define contextual relationships among the enablers by assigning one
of the symbols (—,«, X, O) as follows:
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If E;helps to achieve E;, assign —; if Ehelps to achieve E,, assign «<; if Eand Eare inter-
related and help to achieve each other, assign X; and assign O, if there is no relationship
among Eand E.

Table 6 presents the SSIM.

4.1.3 IRM development

The symbols assigned in the SSIM developed in the previous step are now converted into
binary elements (1 and 0) to prepare the IRM presented in Table 7, as per the following
transformation rules:

o [fcell (i, j) in SSIM is assigned “—”, the cell (i, j) in the IRM will have a value of ‘1’
and cell (j, i) will have ‘0’.

o [fcell (i, j) in SSIM is assigned “—", the cell (i, j) in the IRM will have a value of ‘0’
and cell (j, i) will have ‘I’.

o [fcell (i, j) in SSIM is assigned “X”, the cell (i, j) in the IRM will have a value of ‘1’ and
cell (j, i) will have ‘1.

o [fcell (i, j) in SSIM is assigned “O”, the cells (i, j) and (j, i) in the IRM will have ‘0.

4.1.4 FRM development

The IRM is then inspected for transitivity to establish the partition levels, i.e., for variables
K, L, and M, if K impacts L and L impacts M; then K also impacts M. Tables 8 and 9 present
the FRM and the involved iterations in establishing partition levels. The detailed iterations
on partition levels can be found in Appendix C. The ISM hierarchical structure presented in
Fig. 2 is drawn based on these partition levels.

4.1.5 ISM-MICMAC analysis

The dependence and driving powers of each enabler are computed in Table 8. The enablers
are classified into four quadrants based on their driving and dependence powers (see Fig. 3).

o Autonomous enablers: These BCT enablers have weak dependence and driving power
and are considered relatively less significant to the studied system. Our results do not
find any autonomous enablers, and all the enablers were found to be significant for BCT
adoption in the LSC.

o Dependent enablers: These BCT enablers, shown in the upper half of the ISM model,
have weak driving power but strong dependence power and are considered to have
minimal influence on other factors. Six enablers, namely traceability (E13), immutabil-
ity (E4), verifiability of transactions (E6), provenance (E11), enhanced risk mitigation
(E7), and transparency (ES), are classified in this category.

e Linkage enablers: These factors are said to be unstable factors due to their strong driv-
ing and dependence power, and change in these factors is considered to have a high
effect on the overall system. We do not have any factors in linkage enablers category.
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o Driving enablers: These factor, shown in bottom of the ISM model, have weak depen-
dence power but strong driving power. This study has seven enablers, namely cyber-
security (E3), lower transactional cost (E10), lower transaction settlement time (E9),
smart contracts (E8), real-time connectivity and information flow (E12), decentralized
database system (E1), and distributed database system (E2), classified in this category.

4.2 Applying DEMATEL
4.2.1 Average direct influence matrix

As discussed in Sect. 3.3.1, we used DEMATEL technique to have improved understanding
about interrelationships among the BCT enablers. We seek inputs from the expert group
to evaluate the interrelationships among the factors by providing integer values ranging
between 0 and 3, where 0 signifies “no influence”, and 1, 2, and 3 signify “low influence”,
“moderate influence”, and “high influence”, respectively. Table 10 shows the average direct
influence matrix (A) calculated using Eq. (1).

4.2.2 Normalized average direct-relation matrix

Table 11 presents the normalized initial direct-relation matrix (X) obtained using Eq. (2).
4.2.3 Computing the Total relation matrix

Table 12 shows the total relation matrix (T) obtained using Eq. (3).

4.2.4 Digraph and causal influence

4.2.4.1 Calculating the sum of rows (r;) and columns (d;) As explained in Sect. 3.3.4.,
Table 13 shows the values of sum for all rows (r;) and columns (d;) computed by Eqgs. 4 and
5, respectively. The (r;) values signify the total indirect and direct effect of factor i on other
factors. Whereas (d;) values signify the total indirect and direct effect on factor j from other
factors.

4.2.4.2 Computing overall prominence (Pi) and the net effect (Ei) Table 13 also presents
the prominence (P;) and net effect (E;) values of each BCT enablers computed by Eqgs. (6)
and (7), and classifies the factors into cause and effect groups based on their (E;) values (If
E; is negative: effect; If £, is positive: cause).

4.2.4.3 Causal digraph Figure 4 presents the causal digraph obtained from the DEMATEL
method that shows effects surpassing the threshold value. Following Shieh et al. (2010),
the mean of the matrix T was used to determine the threshold value (a.=0.0556) and filter
negligible relationships. In Fig. 4, the arrows are drawn from the cause enablers to the effect
enablers.
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5 Results and discussion

This study is conducted using a three-phased research framework. First, enablers to BCT
adoption in the Indian logistics sector are retrieved from academic literature and validated
by experts from industry and academia. Then, using the ISM digraph and MICMAC analy-
ses, we identified the hierarchical structure and the individual nature of the identified factors.
MICMAC analysis suggests seven driving enablers and six dependent enablers. Further, the
DEMATEL technique was applied to understand the interrelationships among the factors.
Overall, three components are analyzed to understand the findings of this research: promi-
nent enablers, influencing enablers, and resulting enablers. The classification and ranking of
these enablers are presented in Table 14.

5.1 Prominent enablers

The prominent enablers are those that score high on the prominence score (P;), which indi-
cates that these enablers have a high correlation with other enablers. Our findings suggest
that traceability is the most crucial enabler for BCT in the LSC, with P= 1.983. Since the
Indian logistics sector is largely unorganized and is troubled by poor supply chain visibility
and poor real-time tracking (Chakraborty et al., 2020; Mitra, 2008), the traceability enabler
is the most attractive feature of BCT that will be considered when adopting BCT in the LSC.
The adoption of BCT in the LSC will enhance the visibility and traceability of operations,
which is considered challenging to achieve in a disintegrated traditional LSC. With the
customers’ increased expectations on real-time tracking of their products along with speedy
delivery, the pressure on the LSCs to enhance supply chain traceability has increased mani-
fold. Earlier studies suggest that BCT can integrate supply chains seamlessly, thus providing
increased visibility, traceability, and transparency (Nakasumi, 2017; J. Wang & Yue, 2017;
L. Xuetal., 2017).

5.2 Influencing enablers

Based on the highest net effect (E;) values, the three most crucial influencing enablers that
have critical effects on other enablers are identified as ‘real-time connectivity and informa-
tion flow’ (E12), ‘decentralized database system’ (E1), and ‘distributed database system’
(E2), respectively. These enablers can be understood as the enablers, which shall help in the
achievement of other enablers.

The BCT feature ‘real-time connectivity and information flow’ (E12) is the most influen-
tial enabler of BCT adoption in LSC. The achievement of other enablers such as transpar-
ency (ES), traceability (E13), verifiability of transactions (E6), lower transaction settlement
lead time (E9), among others, is significantly dependent upon the real-time connectivity
amongst the involved stakeholders, which results in seamless information flow and enhances
LSC visibility.

Decentralized and distributed database system (E1 and E2) are also identified as cru-
cial influencing enablers of BCT adoption in LSC. While decentralization of the database
ensures that the information is not stored in a single centralized position, the distribution of
information ledgers amongst the participants ensures that all the participants have a copy
of relevant transactions from the shared system. Thus, decentralization and distribution of
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Table9 Level partition Iteration En-  Reach- Antecedent Set Inter- Level
lterations abler ability sec-

. Set tion
Note- El: Decentralized Set
Database System; E2:
Distributed Database 1 E13 13 1,2,3,4,5,6,7,8,9,10,11,12,13 13 1
System; E3: Cybersecurity; 2 E4 46,11 1,2,3,4,5,6,7,8,9,10,11,12 4.6.11 1I
E4: Immutability; E5: 3 ES 5,7 1,2,3,5,8,9,10,12 5,7 1
Transparency; E6: Verifiability 3 E7 7 1,2,3,5,7,8,9,10,12 7 111
of transactions; E7: Enhanced
Risk Mitigation: ES: Smart 4 E3 39,10 1,2,3,8,9,10,12 39,10 IV
Contracts; E9: Lower 4 E9 3,9,10 1,2,3,8,9,10,12 39,10 IV
Transaction Settlement Time; 4 E10 39,10 1,2,3,8,9,10,12 3,9,10 1V
E10: Lower Transactional 5 E8 8 1,2,8,12 8 \
COS'[S; El1: Provenance; 6 El 1,2’12 1,2,12 1,2,12 VI
E12: Real-time connectivity
and information flow; EI13: 6 E2 1.2,12 1,212 1,2,12 VI
Traceability 6 E12 1,2,12 1,2,12 1,2,12 VI
Fig.2 ISM Digraph
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Fig.3 MICMAC analysis.
(Note- E1: Decentralized Da- £2—q E1

tabase System; E2: Distributed 12 E12

Database System; E3: Cyber-

security; E4: Immutability; ES: 10 e E10 -
Transparency; E6: Verifiability of Driving Enablers E9 - Linkage Enablers
transactions; E7: Enhanced Risk
Mitigation; E8: Smart Contracts;
E9: Lower Transaction Settle-

ment Time;) £6
2 Autonomous Enablers Dependent Enablers

Driving Power

° E7 E11
® E4

©® E13

Depgndence Po&/er

database ensure the protection of transactions against centralized attacks and accidents, and
the trust among the stakeholders is enhanced.

5.3 Resulting enablers

The resulting enablers are those enablers that are highly influenced by other enablers. These
enablers are primarily dependent on the achievement of other enablers, i.e., the organiza-
tions should focus on the influencing enablers first, and then the resulting enablers can also
be mainly achieved as a by-product of achievement of the influencing barriers. These factors
have a net effect (£;) value of less than zero. Based on the E; values, the top five resulting
enablers are ‘traceability’ (E13), ‘immutability’ (E4), ‘provenance’ (E11), ‘verifiability of
transactions’ (E6), and ‘enhanced risk mitigation’ (E7). While traceability, immutability,
verifiability are essential enablers of BCT adoption, it is essential to recognize that these
factors are primarily dependent on influencing variables such as distributed and decentral-
ized database system, real-time connectivity and flow of information, cybersecurity, among
others.

5.4 Appraisal of findings and BCT-based remedial strategies for LSC challenges

This study observes that traceability (E13) is the most sought-after enabler in the LSC’s
context; however, it is the top resulting (dependent) factor among the studied factors. The
results of our study are in line with the findings of Kamble et al. (2020), who revealed trace-
ability as the key driving factor for BCT adoption. Our findings also resonate with the obser-
vations of Ar et al. (2020), who identify visibility and security as the most essential criteria
in a Turkish LSC context. Finally, these findings find support from Hastig & Sodhi (2020),
who advocate traceability governance as an essential factor of BCT adoption.

In this appraisal, we also revisit the LSC challenges that we highlighted earlier in Table 2
and attempt to formulate BCT enabled remedies for the identified challenges (a summary
is presented in Table 15). We observe that BCT is expected to improve the data capture
and standardization throughout the LSC operations. Data generated from production to the
consumption stage can be documented and recorded via a timestamp (equivalent to a trans-
action), and thereby, a permanent digital identity of the product is created. BCT effectively
supports tracking and tracing of every asset along the nodes in the LSCs, and hence the pay-
ment invoices, orders, certificates, copyrights, warranty claims, and receipts can be effec-
tively tracked. Information sharing on a real-time basis about various distribution processes
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can be effectively achieved between the stakeholders. Further, BCT implementation can
effectively reduce documentation loss, delivery delays, and other similar errors. Moreover,
BCT implementation will lead to supply chain visibility throughout the LSC processes and
improve inventory management practices. The real-time information sharing feature also
helps in effective vehicle routing by optimizing the traffic data and thereby improve sustain-
ability in LSC operations by reducing the carbon footprint. BCT also facilitates informa-
tion integration and collaboration among the stakeholders in the LSCs, thereby increasing
trust and cooperation. Real-time information flow also improves freight monitoring and
enhances quality control.

The smart contracts feature of BCTs help in facilitating payments to the suppliers and
contractors in the LSCs. These are like contractual agreements, and the legal provisions
are formalized in programmable codes. The contracts are executed without needing a third
party. Smart contracts reduce the transaction settlement times, reduce costs, and speed up
payment cycles. The smart contracts act as innovative solutions in payment systems and
improve the existing lacunae in the payments and settlements in LSCs and improve the
business process efficiency.

BCT applications ensure data security and transparency. BCT utilizes decentralized
architecture based on distributed computing and avoids centralized architecture, which is
considered a bottleneck. Another exciting feature of BCT is that it guarantees data reliability
without information being tampered with because of distributed consensus mechanism. It
also features privacy protection (to protect stakeholder privacy) and openness (transparency
in transactions for audits).

5.5 Implications for research and practice

This study presents several implications for managers, researchers, and policymakers. Stud-
ies investigating BCT adoption in LSCs are relatively scarce, and past research (see, e.g.,
Tob-Ogu et al., 2018) suggests that the LSC sector continues to be plagued by technology
adoption challenges and lack of awareness of BCT adoption factors. Therefore, knowing
the adoption enablers and their interrelationships informed in this study can help manag-
ers achieve higher success in adopting BCT in their LSCs. On the one hand, identifying
the driving and dependent enablers using the ISM methodology will help the managers
cope with the challenges of implementing BCT in LSC. On the other hand, the DEMATEL
technique, by classifying the enablers into prominent, influencing, and resulting enablers,
has helped identify the severity of cause and effect relationships among these enablers. This
classification of enabling factors will help the managers focus on the influencing (cause)
enablers to ensure quicker implementation of BCT in LSCs. The results of this study rec-
ommend that the managers are needed to give more attention to the identified influencing
(cause) enablers (E12, E1, E2, E8, E9, E3, and E10) before the resulting (effect) enablers
(E13, E4, E11, E6, E7, and E5). The P, and E; values indicate that the real-time connectivity
and information flow (E12) and a decentralized, distributed, and cryptographically secured
database system (E1, E2, and E3) are the crucial enablers to BCT adoption in LSC. These
influencing enablers can help LSCs in achieving lower transactional costs (E10) and the
reduction in associated transaction settlement lead times (E9) aided by the smart contracts
(ES8), which will ultimately lead to the development of a blockchain environment which
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possesses immutability (E4), facilitates verifiability of transactions and provenance (E6 and
E11), enhances risk mitigation (E7), provides transparency and traceability (E5 and E13).

The results of this study indicate the promising potential of BCT adoption in the Indian
logistics sector as it may help in resolving (or minimizing) several issues faced by the cur-
rently unorganized sector. For example, BCT can simplify the operational processes by
facilitating real-time track and trace of the assets, thereby helping bottleneck identification
and reduction. Furthermore, Indian LSCs can efficiently utilize the smart contracts that will
help automate the contract fulfilment based on criteria set by the stakeholders (Meyer et
al., 2019) and help minimize payment delays resulting in improved operational efficiency.

The study findings highlight that the domain experts put primary focus on ensuring trans-
parency and traceability in the LSC operations. The strong inclination towards developing
a transparent system is reasonably expected as transparency is considered to be one of the
most important (but challenging to achieve) characteristics of LSCs (or supply chains, in
general) (Tijan et al., 2019). Furthermore, since BCT facilitates secured tracking of all types
of transactions (including money, data, information, among others), it can minimize delay
times, human errors, and overall operational costs in the LSC (Tijan et al., 2019).

For the BCT community, the study opens up new avenues of BCT applications in LSC
organizations. Despite using the current technologies, most operations-related information
remains restricted within the respective departments, which act as silos, but with the adop-
tion and implementation of BCT, there will be real-time visibility throughout the processes.
The interoperability of BCT with other existing technological platforms will enhance audit-
ability and traceability that further improves operational efficiency in LSC organizations.
BCT holds numerous potentials for Operations Management (OM) discipline. Combining
BCT with the existing disruptive technologies in OM will give rise to new business models
such as disintermediation and pave the way for secured data sharing via a decentralized
platform. Implementation of BCT will lead to improved collaboration in networks through
enhanced trust among stakeholders. The transparency and traceability feature of BCT will
improve the real-time data processing capabilities as well.

6 Conclusions
6.1 Summary

At present, the BCT is in the infancy stage and is currently faced with numerous techno-
logical, organizational, and environmental challenges that BCT needs to address to ensure
widespread adoption and acceptance. Additionally, in an economy like India that is in the
process of developing critical technological infrastructure development required for the
implementation of technologies like BCT, the BCT’s need for colossal computing prowess
and high bandwidth internet connection becomes another significant challenge for its wide-
spread adoption. However, BCT has exceptional possibilities of addressing the operational
challenges faced by the logistics sector if its enablers are reinforced with supportive futur-
istic strategies and policies.

We formulated three RQs to be addressed in this study. We address our first RQ by
identifying and validating a list of 13 enablers that affect the BCT adoption in LSCs in
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Table 13 Prominence and Net
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cause-effect nence re d] effect
ri+d;
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go:e]; El: S ?ecemrahgd E2 1455828 0.123635 1.579463 1.332193 C
atabase ystem; :

Distributed Database E3 0835062 0471275 1306336  0.363787 C
System; E3: Cybersccurity; [E4 0265415 1422211 1.687626 -1.1568 E
E4:  Immutability;  E5: ES5 0423834 0.682261 1.106095 -0.25843 E
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Fig. 4 Prominence causal diagram
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Table 14 Classification and
ranking of enablers

Table 15 Summary of BCT
based remedies for Select LSC
challenges

Classification

Ranking

Prominent enablers

Influencing enablers

Resulting enablers

E13 >E4
>E12>
El >E2
>E6

E12>El
>E2 >ES8
>E9>E3
>EI0

EI3>E4
>Ell>
E6 >E7
>ES

Note- El: Decentralized Database System; E2: Distributed Database
System; E3: Cybersecurity; E4: Immutability; ES: Transparency;
E6: Verifiability of transactions; E7: Enhanced Risk Mitigation; ES:
Smart Contracts; E9: Lower Transaction Settlement Time; E10: Lower
Transactional Costs; Ell: Provenance; E12: Real-time connectivity
and information flow; E13: Traceability

LSC Challenge

BCT enabled remedy

The poor state of standardiza-
tion and shareability of real-
time information worsens the
Operational efficiency
Finding independent contrac-
tors covering distant geog-
raphies is cumbersome and
expensive

Slow data movements related to
cargo and extensive docu-
mentation affects operational
effectiveness

Higher administrative costs due
to obsolete technologies

Undue delays in payments lead
to flexibility reduction and
increased delivery lead times.

Lack of transparency and trust
among stakeholders

Inadequate freight monitor-
ing and quality control lead to
issues such as product damage
or thefts

BCT enables real-time information
sharing, which improves supply
chain visibility and operational
efficiency

A decentralized and distributed
database makes information sharing
and integration possible across
geographies

Real-time information exchange
effectively reduces delivery delays,
loss of documentation, and other
similar errors, thereby enhancing
operational effectiveness

BCT is interoperable with other
existing technologies, thereby mini-
mizing administrative costs.

Smart contracts reduce transaction
settlement time and costs and help
speed up the payment cycle, thereby
reducing delivery lead times.
Real-time traceability and transpar-
ency helps in improving trust and
cooperation among the stakeholders
Real-time asset traceability and in-
formation exchange improve freight
monitoring and quality control.

an emerging economy context. We address our RQ2 and RQ3 by applying the integrated
ISM-DEMATEL technique. Specifically, ISM modelling was implemented to identify the
underlying contextual interrelationships and to develop a hierarchical structure. Finally, the
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cause-effect relationships among the identified factors were analysed using the DEMATEL
technique.

6.2 Contributions of the study
The critical contributions of the present study are as follows.

e This study identifies the critical BCT factors that enable BCT implementation in the
context of the Indian logistics sector and addresses the absence of an appropriate deci-
sion-making framework that aids managers in understanding why and how BCT can be
adopted in LSC.

e This study is a novel attempt that presents evidence from an emerging economy like
India and integrates ISM and DEMATEL methodologies to model and analyse the
underlying hierarchical structure and interrelationships among the BCT enablers.

e The study’s derived framework and the classification of the enablers into the prominent,
influencing, and resulting enablers are expected to aid the practitioners in prioritizing
the enabling factors based on relative importance and formulate effective implementa-
tion strategies.

6.3 Limitations and the directions for future research

The present study identifies 13 enabling factors for the implementation of BCT in LSC.
The enablers are obtained by reviewing the existing literature, followed by validation from
the industry and academia experts related to logistics and technology. However, the study
is in the context of the Indian logistics sector, and the experts chosen for this study are
from India, where BCT is in its incubation stage. Therefore, the possibility of missing some
enablers that may have been relevant in the context of other economies cannot be ignored
entirely. Therefore, we recommend future studies to carry out similar studies in other econo-
mies, preferably the countries structurally different from India, to validate and refine the
present study’s findings and to search and include new enablers, which could influence the
BCT adoption.

Lastly, since the integrated ISM-DEMATEL methodology used for this research is based
on subjective judgment and individual evaluations of the subject matter experts, the find-
ings of this study, despite taking significant care, cannot be assured of being completely
free from personal biases. Therefore, we recommend further validating the relationships
established in this study by using other MCDM techniques and comparing the findings with
our study’s findings. An empirical research design based on survey methodology could also
be another way to validate the present study’s findings.
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7 Appendices

7.1 Appendix A: Details of respondents’ profiles

This section contains the relevant details of the respondents who participated as experts in
the present study. The information about their area of expertise, work experience, and edu-
cational qualifications are as follows:

7.1.1 Educational Qualification of the Respondents

The educational qualification of the respondents was a crucial aspect of the accomplishment
of the objectives of this study. The respondents’ profile breakup is shown in Fig. 5.

%

Fig.5 The breakup of respondents based on their educational qualification

7.1.2 Work Experience

The work experience of the experts can be an indication of their level of expertise on the
subject. Figure 6 presents information about the work experience of the panel of experts
chosen for this study. It can be inferred from Fig. 6 that nearly 67% of the respondents have
10+ years of rich experience in the supply chain domain.
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Fig. 6 Work experience of the respondents chosen for the study

7.1.3 Background of Respondents

The background of the respondents is essential for accessing the correct information on sup-
ply chain performance. Figure 7, which presents the distribution of respondents based on
their backgrounds, indicates that the expert panel comprises respondents from relevant and
diverse backgrounds that shall result in the comprehensiveness of the analysis.

“ Senior executive

from startups

experimenting in
urban logistics

® Middle-level
Managers of
Logistics
Companies

Fig. 7 Background of the experts chosen for this study

7.2 Appendix B: Questionnaire for data collection

The experts were initially subjected to discussions guided by the following indicative

checklist.

1. What is your take on the impact of modern ICTs in LSCs?

2. Do you perceive that BCT can play a significant role in the transformation of LSCs
towards sustainability? If yes, how?

3. Potential issues and challenges that may impede the uptake of ICTs in the LSCs?
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— Along with qualitative opinions on the potential of BCT adoption in LSC, the initial
list of enablers identified from academic literature was vetted by experts to retrieve the list
of finalized factors modelled in this study.

After that, following the methodological steps presented in Sect. 3, expert opinions were
sought on individual matrices for applying the integrated ISM-DEMATEL technique.

E El E2 E4 E5 E6 E7 E8 E9 E10 Ell E12 E13
El
E2
E3
E4
E5
E6
E7
E8
E9
E10
Ell
E12
El13
7.3 Appendix C: Detailed iterations of ISM partition levels
Iteration Enabler Reachability Set Antecedent Set Inter-  Level
section
Set
1 El 1,2,3,4,5,6,7,8,9,10,11,12,13 1,2,12 1,2,12
E2 1,2,3,4,5,6,7,8,9,10,11,12,13 1,2,12 1,2,12
E3 3,4,5,6,7,9,10,11,13 1,2,3,8,9,10,12  3,9,10
E4 4,6,11,13 1,2,3,4,5,6,7,8,9,10,11,12  4.6.11
ES5 4,5,6,7,11,13 1,2,3,5,8,9,10,12 5
E6 4,6,11,13 1,2,3,4,5,6,7,8,9,10,11,12  4,6,11
E7 4,6,7,11,13 1,2,3,5,7,8,9,10,12 7
ES8 3,4,5,6,7,8,9,10,11,13 1,2,8,12 8
E9 3,4,5,6,7,9,10,11,13 1,2,3,8,9,10,12 39,10
E10 3,4,5,6,7,9,10,11,13 1,2,3,8,9,10,12 39,10
Ell 4,6,11,13 12,3,4,5,6,7,8,9,10,11,12  4,6,11
E12 1,2,3,4,5,6,7,8,9,10,11,12,13 1,2,12  1,2,12
E13 13 1,2,3,4,5,6,7,8,9,10,11,12,13 13 I
2 El 1,2,3,4,5,6,7,8,9,10,11,12 1,2,12 1,2,12
E2 1,2,3,4,5,6,7,8,9,10,11,12 12,12 12,12
E3 3,4,5,6,7,9,10,11 1,2,3,8,9,10,12 39,10
E4 4,6,11 1,2,3,4,5,6,7,8,9,10,11,12  4.6.11 1I
ES 4,5,6,7,11 1,2,3,5,89,10,12 5
E6 4,6,11 1,2,3,4,5,6,7,8,9,10,11,12  4,6,11 1I
E7 4,6,7,11 1,2,3,5,7,8,9,10,12 7
E8 3,4,5,6,7,8,9,10,11 1,2,8,12 8
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Iteration Enabler Reachability Set Antecedent Set Inter-  Level
section
Set

E9 3,4,5,6,7,9,10,11 1,2,3,8,9,10,12 39,10
E10 3,4,5,6,7,9,10,11 1,2,3,8,9,10,12 39,10
Ell 4,6,11 1,2,3,4,5,6,7,8,9,10,11,12 46,11 1I
E12 1,2,3,4,5,6,7,8,9,10,11,12 1,2,12 1,2,12

3 El 1,2,3,5,7,8,9,10,12 12,12 12,12
E2 1,2,3,5,7,8,9,10,12 1,2,12  1,2,12
E3 3,5,7,9,10 1,2,3,8,9,10,12 39,10
ES 5,7 1,2,3,5,8,9,10,12 5,7 I
E7 7 1,2,3,5,7,8,9,10,12 7 I
E8 3,5,7,8,9,10, 1,2,8,12 8
E9 3,5,7,9,10 1,2,3,8,9,10,12 39,10
E10 3,5,7,9,10 1,2,3,8,9,10,12  3,9,10
EI2 1,2,3,5,7,8,9,10,12 12,12 12,12

4 El 1,2,3,8,9,10,12 1,2,12 1,2,12
E2 1,2,3,8,9,10,12 1,2,12 1,2,12
E3 3,9,10 1,2,3,8,9,10,12 39,10 1V
E8 3,8,9,10, 1,2,8,12 8
E9 3,9,10 1,2,38,9,10,12 39,10 IV
E10 3,9,10 1,2,3,8,9,10,12 39,10 IV
EI2 1,2,3,8,9,10,12 12,12 12,12

5 El 1,2,8,12 1,2,12  1,2,12
E2 1,2,8,12 1,2,12 1,2,12
E8 8 1,2,8,12 8 v
EI2 1,2,8,12 12,12 12,12

6 El 1,2,12 1,2,12  1,2,12 VI
E2 1,2,12 1,2,12  1,2,12 VI
E12 1,2,12 1,2,12 12,12 VI

Note- El: Decentralized Database System; E2: Distributed Database System; E3: Cybersecurity; E4:
Immutability; ES: Transparency; E6: Verifiability of transactions; E7: Enhanced Risk Mitigation; E8: Smart
Contracts; E9: Lower Transaction Settlement Time; E10: Lower Transactional Costs; E11: Provenance;
E12: Real-time connectivity and information flow; E13: Traceability. (Source: Prepared by authors)
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