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W N e

Abstract: The emerging blockchain technology is believed to be a disruptive innovation in the fields
of both supply chain management and financial management. Yet, little is known on the interaction
of the two domains. In this paper, we conducted a thematic literature review in the novel field of
blockchain and supply chain finance (SCF), which is based on 52 papers published from 2017 to
2021 in academic journals, proceedings and books. Based on thematic analysis, the current status
of this field is concluded and presented in this research, including the challenges in traditional SCF,
factors influencing blockchain adoption in SCFE, blockchain-based SCF solutions, and the blockchain
adoption mechanism and system design in SCF. Furthermore, a conceptual framework of blockchain
adoption in SCF is developed, which combines the emerged themes. Finally, three future research
directions are proposed for further research, including cost optimization of blockchain adoption in
SCF, risk management of blockchain operations in SCF, and blockchain and sustainable SCF. This
research presents a timely and useful summary on existing research and points out the future research
directions on blockchain and SCF.
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1. Introduction

The past 20 years have witnessed an increasing development in the field of supply
chain finance (SCF), which can be seen in the growth of academic research and in the
expansion of the SCF market, especially since the financial crisis of 2008 [1-4]. SCF aims at
integrating financial flows with physical flows and information flows [5]. By implementing
SCF solutions, working capitals of supply chain enterprises can be optimized, and the
problem of liquidity shortage can be improved [3,6]. Taking China as an example, compa-
nies in need of financial services from SCF businesses are mainly small and medium-sized
enterprises (SMEs), and the market demand of SCF for accounts receivable financing is
increasing rapidly [7]. However, the actual loaning of funds is only about one trillion CNY,
because financial institutions are unwilling to provide financial services for SMEs for risk
management concerns [8]. Although the potential market of SCF is huge, how to leverage
the full potential of SCF remains a challenge both in academia and industry.

In this digital age, the whole world has been through the fast development of informa-
tion technology. Blockchain, a disruptive innovation technology proposed by Nakamoto [9],
was first used for Bitcoin transaction as a distributed ledger. Its peer-to-peer network struc-
ture, combined with encryption algorithms and consensus mechanisms, allows for several
outstanding characteristics, including decentralization, traceability, immutability, trans-
parency, and smart contracts [10-12], which have led to widespread interest in many areas.
As argued by Babich and Hilary [13], blockchain enables adding credits to enterprises and
building trust among stakeholders, which facilitates leveraging SCF potential and creating
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shared value [14]. Some researchers have conducted an initial exploration in this newly
emerging field of blockchain and SCF. Hofmann et al. [15] proposed novel conceptual
frameworks to extend SCF practices into a new domain with the support of blockchain
technology. The similar contributions to develop conceptual models can also be found in
other papers [16-19]. In addition to conceptual frameworks, analytical approaches and
case studies have also been employed to explore this field [20-24]. Although this novel
field has been explored to some extent, the relevant research is still limited and scattered.
On the one hand, this field is still lacking awareness and attention in academics; on the
other hand, the boundaries of this research field have not been outlined for shedding light
on future directions [25]. Therefore, we propose two research questions as follows:

(1) What is the existing research on blockchain and SCF?
(2) What are the future research directions for the novel field of blockchain and SCF?

To fill the research gap and better understand the impact of blockchain technology
on the development of SCF, we conducted a thematic analysis to investigate this under-
researched area [26-28]. Papers were selected using keyword-based search, and 52 papers
were identified as datasets on blockchain and SCFE. Furthermore, four emerging themes
from the current research of this novel field are uncovered, which represent a patterned
response within the dataset. Subtle features relevant to these themes are further developed
and analyzed to depict the selected papers in detail [29]. Finally, three topics are determined
for future directions, including cost optimization, risk management, and sustainable SCF.
To the best of our knowledge, this paper is among the first in the research to provide a
literature review using thematic analysis and to determine areas for future research on
blockchain and SCF.

The rest of this paper is organized as follows. The methodology employed to carry out
the literature review is presented in Section 2, and descriptive results are given in Section 3.
Based on collected papers, we provide the findings from thematic analysis in Section 4.
This is followed by future directions for this novel field of blockchain and SCF in Section 5.
The final section presents the conclusion of this paper.

2. Methodology

In order to outline the current research and provide some meaningful insights for fu-
ture research, we first located the relevant articles and then conducted a thematic literature
review for a deeper analysis [29]. The methodology of this work is organized as follows.

2.1. Determining Search Terms and Databases

The existing literatures about SCF mainly focus on both supply chain side and fi-
nancial side [4]. In order to fully cover the current research about SCF and blockchain,
we used the keywords and strings, listed in Figure 1, according to Gelsomino et al. [3]
and Alkhudary et al. [30], which are related to SCF and blockchain, respectively. Aiming
to locate as much relevant literature as possible, the keywords and strings are searched
in three databases, including Web of Science (WoS), Scopus, and EBSCO, which have a
comprehensive coverage on academic research and have been widely adopted in literature
review studies [31].

2.2. Selection and Assessment Procedure

In the data selection and assessment procedure, we followed two steps: data collection,
abstract and content assessment. To include the relevant research sufficiently and exclude
unimportant results, we selected the inclusion and exclusion criteria listed in Table 1. All
the papers that are related to both blockchain and SCF were picked out, with December
2021 as the searching cut off time. We found 174 papers in WoS, 131 papers in Scopus, and
63 papers in EBSCO. After removing all duplicate data, 192 papers remained. Considering
the exclusion criteria, only articles published in English were kept for the accuracy of
understanding. Papers were abandoned if they are not closely related to blockchain and
SCEF, or only emphasize one of the two aspects. This step was conducted by scanning the
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abstracts first, and if 10 items in a row deviated from topics, the paper was excluded [29].
Then, the whole texts were read to further update the data list. Following this method, our
dataset includes major journals on operations management and information science. In
addition to academic journals, conferences and books are also included in this research,
owing to the scarcity of this newly emerging research field [31]. In total, 52 papers were
finally retained for the thematic literature review. The full list of the reviewed papers can
be found in Supplementary Materials (Table S1).

Keywords for SCF and
Blockchain

1 l

Keywords for SCF Keywords for Blockchain
“supply chain financ*”, “financial supply blockchain, blockchains, “block chain”,
chain”, “financial value chain”, “working “consortium chain”, “smart contract”,
capital optimization”, “working capital “distributed ledger”, hyperledger,
management”, “VMI”, “supply chain “decentralized consensus”, token™,
AND factoring”, “reverse factoring” “initial coin offerings”, ICO*, crypto*

Figure 1. Keywords for SCF and blockchain. (* at the end of a word will find all terms that use that
stem). (Source: Gelsomino et al. [3], Alkhudary et al. [30]).

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Focusing on only one of two aspects, SCF and
blockchain, or not in the field of
operations management

Focusing on SCF and blockchain simultaneously in
the field of operations management

Published before December 2021 Duplicate results
Published in academic journals, conferences, Written not in English
or books

2.3. Data Analysis

All the selected publications were analyzed using a combination of deductive and
inductive data analysis methods. Initially, each paper was analyzed deductively from de-
scriptive method, focusing on the categorization of papers by year, journal, author, research
methods, and theory. Furthermore, thematic analysis was applied to the analysis of each
paper inductively. Thematic analysis is an effective method to investigate the selected
data comprehensively while requiring researchers to be well organized [26]. Thus, it was
employed to organize the literature and produce themes that emerged in the dataset, which
can be useful for constructing awareness of this novel field in academics [32]. Following the
guidance of Hastig and Sodhi [29], we carried out thematic analysis in six steps: first, famil-
iarizing ourselves with the entire dataset; second, generating initial codes; third, searching
for themes; fourth, reviewing the identified themes; fifth, defining and amending themes;
and sixth, producing the report. Specifically, steps 2, 3, and 4 were conducted iteratively
until all the themes could finally be used to categorize and outline the papers precisely.

3. Descriptive Analysis

The 52 papers located through the thematic literature review were analyzed to identify
the type of publication, publication year, research methodology, and authors. The aim of
this descriptive analysis is to understand the trends and distribution of this novel research
field. In terms of publication type, this research found that 50% of the papers collected are
from academic journals. Conference papers accounted for 46%, and books 4%. This result
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suggests that the research on blockchain and SCF has generated academic interest, but it is
immature and emerging at this stage.

Figure 2 presents the number of published papers by year. Although the result is up
to December 2021, we can still clearly recognize a growing trend in the research field.

Papers published by year
25
20
15
10
5

0
2016 2017 2018 2019 2020 2021

Figure 2. Papers published by year.

The distribution of methodologies employed in these papers is illustrated in Table 2. As
this emerging field is still in the early stage of research, conceptual framework construction
is the most frequent used methodology among these papers. Mathematical analysis,
modeling, and simulation are in the second place. The sum of these methodology categories
is more than 52 because some of papers adopt mixed research methods in their research.

Table 2. Methodology employed in the research.

Methodology Frequency
Conceptual and Framework 28
Analytical and Simulation 16
Case study and survey 12
Literature review 1

To figure out the leading research in this field, we listed the top journals and authors in
Table 3. The table suggests that 10 papers are published in the above ABS 2 rated journals,
which indicate the hot trend of the research topic. As for the theories employed in these
papers, we only found Nash bargaining theory [19,21] and mean-risk theory [21,33], which
shows that existing theories are focusing on decision making, such as revenue sharing and
risk taking. The thin theoretical foundation demonstrates that this novel research field is
still immature and should be enhanced with theory support.

Table 3. Top journals and authors. (4 * is the highest rank according to ABS ranking list).

Journal ABS Ratings Papers
Management Science 4% [10]
European Journal of Operational Research 4 [34]
International Journal of Production Economics 3 [35]
Journal of the Operational Research Society 3 [21]
Annals of Operations Research 3 [19,22]
International Journal of Production Research 3 [24,36]
IEEE Transactions on Engineering Management 3 [34]
Information and Management 3 [37]

4. Thematic Results: Understanding the Key Themes

In order to categorize and reorganize the literature, thematic analysis of the selected
literature was conducted [29]. The thematic analysis allowed us to identify themes and
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develop subthemes. These themes and subthemes are used as coding categories, with
proof quotes and relevant references to support the codes. All of selected literature was
systematically reviewed by the authors, and reasonable deduction to the themes were made
by analyzing the contents of these papers.

After fully reviewing the whole contents of these papers, we broke data down into
four themes, including challenges in the traditional SCF, factors influencing blockchain
adoption in SCF, blockchain-based SCF solutions, and blockchain adoption mechanism and
system design in SCF, which outline the context of blockchain technology for improving
SCF practices. Themes and subthemes are depicted in Figure 3. The following is the
detailed discussion about these themes.

[ Blockchain and SCFJ
[

[ l
[ Challenges in SCF ] [ Adoption factors ]
I

[ [ 1
[Adoption ] [Adoption] [ Combination with ] [ Blockchain ] [ Blockchain-based ]
drivers barriers other technologies features SCF instruments

|
[ Blockchain-based ] [Adoption mechanism]
SCF solutions and system design

Figure 3. Themes and subthemes of blockchain and SCFE.

4.1. Challenges in the Traditional SCF

The first theme that emerges from the thematic analysis is about challenges in the
traditional SCF. Although SCF has experienced its development over 20 years, there are still
many challenges in the traditional SCF that impede its implementation in supply chains
(listed in Supplementary Materials Table S2). The huge potential value of SCF cannot be
fully discovered unless these challenges are identified and dealt with properly.

Stakeholders in SCF have independent objectives of profit maximization regarding
different organizational structures, costs, and risks, which increases the difficulty of co-
ordination and gives rise to the poor performance of the entire supply chain. Moreover,
SCF involves several partners and complicated business processes, but the previous tech-
nologies are not capable of providing transparency to eliminate information asymmetry
problems, leading to failure in the effective integration of information flow, physical flow,
and financial flow [10,38].

Small and medium enterprises (SMEs) have been a main driver to the economic
development. However, SMEs are always faced with the problem of liquidity shortage and
have little access to financial services although they are in need of financial support [15],
owing to their limited size and working capital. On the one hand, financial institutions hold
a conservative financing attitude toward SMEs because of difficulties in risk control [39].
On the other hand, SCF instruments can only radiate throughout a small number of SMEs.
For instance, in reverse factoring, first-tier SME suppliers may obtain loans from banks and
other types of lenders through the endorsement of focal enterprises. However, lower-tier
SME suppliers normally cannot utilize focal enterprises’ credits to apply for loans because
they do not have direct contracts with focal enterprises.

Due to a large number of manual inspections and paper-based transactions, Liu et al. [40]
presented a case of the tobacco industry, which indicates that it difficult to avoid credit prob-
lems caused by human intervention. Manual processes and paper-based documents in SCF
activities remain unobservable to the counterparty side, and therefore, non-transparency
raises the probability of fraudulent risks, including invoice fraud and data tampering. A
well-known financial fraud is double financing, where the enterprise sells the same invoice
to two or more financial institutions [41]. These fraudulent behaviors damage the mutual
trust among stakeholders in SCF, which impedes integrated management and warehouse
supervision [42].

In conventional transactions, the indirect interaction between two principal entities
leads to inefficient operation in SCF businesses and represents a single point of failure
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in terms of centralized systems [43]. In addition, paper-based transactions and a lack of
automation increase the total transaction costs for supply chain partners.

In a nutshell, the challenges mentioned above impede the development of SCF; there-
fore, business processes, roles of different stakeholders, and supervision approach may
need to be adjusted to fully activate the potential of SCE.

4.2. Factors Influencing Blockchain Adoption in SCF

The factors influencing blockchain adoption in SCF come from three perspectives.
On the one hand, benefits brought by blockchain drive supply chain partners to adopt
blockchain technology in SCF practices. On the other hand, there are also some barriers that
impede blockchain adoption, owing to the immaturity of this newly emerged technology.
Moreover, to fully leverage SCF potential, the adoption of blockchain technology in SCF
needs to be combined with other technologies. Therefore, this theme was divided into three
subthemes, drivers, barriers, and combination with other technologies to adopt blockchain
in SCE.

4.2.1. Drivers of Blockchain Adoption

The drivers of the adoption of blockchain technology originates from several attractive
benefits. This theme presents the drivers of blockchain adoption in SCF (with details in
Supplementary Materials Table S3), including cost reduction, business efficiency, trust
building, and easy access to financing.

Blockchain-based SCF solutions contribute to digitizing business processes and reduc-
ing manual intervention, which enables the elimination of paper-based documents. The
cumbersome onboarding processes, such as Know-your-customer (KYC) checks, which
involve the duplication of work among financial institutions, can be eliminated because the
distributed network structure can break information silos [15,16]. The blockchain platform
also enables operation cost reduction based on the analysis of the operational data [20].
These advantages can be leveraged to reduce financing cost in SCE.

Supported by blockchain technology, related entities can accumulate credit data and
construct a multi-trusted supply chain financial network. In such a network, it is possible
for financial institutions to have access to all the resource flows in SCF businesses, which
facilitates the risk control on financing SMEs [15,39]. In addition, lower-tier suppliers, which
have indirect connection with focal enterprises, can also be endorsed by focal enterprises
because the digital invoices issued on chain can be split and transferred to lower-tier
suppliers [19]. Therefore, SMEs, even at the lower tiers, will have easy access to financial
services in blockchain-based solutions.

Every material and product may possess a digital tag to represent the relevant informa-
tion, including location, status, and type [11]. Information flows can be easily acquired and
checked in real time efficiently, and each entity is supervised by all the other stakeholders.
Owing to asymmetric encryption algorithms and hash functions, blockchain ensures that
information recorded on the chain is immutable. This feature can prevent some fraudulent
behaviors, which facilitates trust building among stakeholders and enables leveraging the
highest potential of SCF [44]. Among the various functions of blockchain technology, the
convenient information sharing, automatic transaction execution, and simplification of
manual processes also improves business efficiency in SCF.

4.2.2. Barriers of Blockchain Adoption

Although blockchain technology has many characteristics that are highly suitable
for improving the performance of SCF, there are indeed some barriers which impede
organizations from adopting this disruptive technology. The detailed major barriers of
blockchain adoption are presented in Supplementary Materials Table 54.

Privacy disclosure is one of the core barriers in the adoption of blockchain technology,
as information sharing among the blockchain network gives rise to worries about the
disclosure of trade secrets [45]. In SCF, manufacturers’ financing quotas, order quantities,
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prices, etc., are all business secrets [42]. Enterprises are worried that transparency without
effective data privacy protection mechanism may harm their business advantages [46,47].

Another core barrier that arouses concerns from individuals and organizations is
the fraudulent source data. Although blockchain technology can guarantee that data
recorded on the blockchain cannot be tampered with, how to ensure the authenticity and
validity of source data is still a difficult problem. The 51% attack, data malleability issue,
and cryptography problems result in organizations’ concerns about the cybersecurity of
using blockchain [20,46]. Lack of knowledge and hesitation for new technology impede
collaboration and coordination from intra-organization and inter-organization [48]. Other
barriers exist in the high cost of deploying blockchain technology, the lack of sophisticated
policy system, legal and regulation institutions [15,48]. All of these barriers need to be
coped with properly for further implementation of blockchain technology.

4.2.3. Combination with Other Technologies

Leveraging the full potential of implementing blockchain in SCF cannot be realized
without the combination with other technologies. These technologies can be divided into
two categories, information technology and business system, which play an important role
in intra- and inter-company information sharing [49,50]. Supplementary Materials Table S5
illustrates the details of these technologies.

Blockchain, in essence, is a distributed database, the characteristics of which can only
be used for data stored on the blockchain [42]. Thus, the acquisition of data, especially
the information flow, physical flow, and financial flow, needs the assistance of other tech-
nologies. Combined with IoT, global position system (GPS), and artificial intelligence
(AI) technologies, the blockchain-based platform can automatically monitor the position,
temperature, quality, and quantity of products and materials [45,47]. In addition, Al can be
used to analyze and record data on chain in real time. In this way, the blockchain-based
platform improves data reliability while reducing costs [15].

Moreover, the existing information systems in SCF play an important role in supply
chain activities and financing services, such as enterprise resource planning (ERP) system
and electronic data interchange (EDI), which provide the foundation for blockchain adop-
tion in SCF. The value creation from exploiting blockchain in SCF comes from integrating it
with existing systems rather than replacing or disrupting them entirely, which also helps
to minimize the adoption resistance [51-53]. Therefore, the interfaces between blockchain
and the current systems may need further study in the future [15,54].

4.3. Blockchain-Based SCF Solutions

To improve SCF practices, the challenges inherent in the traditional SCF solutions need
to be dealt with properly, which can be achieved by blockchain technology owing to its
special features. Furthermore, with the support of blockchain technology, the stakeholders
and the related interactions of improved SCF practices have changed compared to the
traditional solutions. Therefore, this theme was divided into two subthemes, blockchain
features and blockchain-based SCF instruments.

4.3.1. Blockchain Features for Dealing with Challenges

This theme focuses on blockchain features and explains why blockchain technology
is suitable for dealing with challenges in traditional SCE. Blockchain is featured with
decentralization, transparency, traceability, immutability, and smart contracts, which can
be applied to address the traditional SCF challenges, details are listed in Table 4.

Owing to the traceability and immutability characteristics of blockchain technology,
all of the data recorded on the blockchain are immutable and able to be traced, including
physical flow, information flow, and financial flow. Moreover, paper-based documents, such
as invoices and warehouse receipts, can also be digitized and recorded on the blockchain.
Thus, these features can deal with fraudulent behaviors in SCF, including invoice fraud,
data tampering, and double financing.
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Table 4. Blockchain features for dealing with challenges.

Features Proof Quotes Supporting References
“The visibility and traceability of these underlying information flows
among SCF partners are necessary for financial businesses.” [20]
Traceability “The physical flow can be extracted from the blockchain-enabled platform [16,19,20,43,45]

Smart contracts

Transparency

Immutability

Decentralization

to provide real-time digital visibility and traceability for actual
logistics process.” [45]
“Smart contracts can be used to identify common contract terms, e.g., due
date, payment terms, and match transactions automatically, which avoids [16,20]
the demand for trusted intermediaries.” [20]
The proposed model is based on a level playing field and leverages the
monitoring advantage of financing services that exists inherently in the [10,16,40,41,43,55]
transaction nature [10].
“In addition, documents and transaction data are immutable once recorded
on the blockchain.” [41]
“On the contrary, we employ IPFS to store these data in a decentralized
and distributed ledger that is publicly and globally accessible through the [19,41,56,57]

[16,18,19,41]

use of IPFS hashes.” [41]

The decentralization feature of blockchain originates from a peer-to-peer distributed
network, and all of involved entities with permission will be able to share and monitor the
information related to invoice, auction, shipping, and payment in a transparent manner [41].
Transparency and decentralization can be leveraged to deal with the lack of trust among
stakeholders, and trusted intermediaries can be eliminated under this structure.

Smart contracts can be used to identify, match, and execute transactions automatically,
which is suitable for simplifying time-consuming and high-cost manual processes in the
complicated SCF businesses.

All of these features in blockchain can be utilized in blockchain-based SCF solutions
to facilitate the integration of resource flows and the coordination of stakeholders in SCF
businesses, further mitigating the challenges in the traditional SCF.

4.3.2. Blockchain-Based SCF Instruments

SCF partners utilize SCF instruments to provide financial services for capital shortage
parties in supply chain, by resource coordination, such as exchanging purchasing orders,
invoices, letter of credit, and relevant information [58]. Many researchers refine the business
model of SCF instruments by transforming partners and interactions among them, which
enables leveraging the highest potential of SCF through blockchain technology. Table 5
illustrates the list of blockchain-based SCF instruments presented in the literature.

The most frequently studied SCF instruments under the environment of blockchain
are factoring and reverse factoring. On the one hand, financing businesses can be identified
and executed automatically without time-consuming and costly manual processes. On
the other hand, digital invoices issued on chain can be split and transferred to lower-tier
suppliers; meanwhile, financial institutions can acquire information flow, physical flow,
financial flow, and business flow easily, which facilitates risk management on lower-tier
suppliers [15,19].

In inventory financing, the management of product warehousing, stocking, and de-
livering, provided by logistics service providers (LSPs) not only demands a large amount
of human and material resources, but also suffers from moral hazard and fraud risk [36].
To overcome these problems, LSPs can cooperate with technology service providers to
combine blockchain platform with other technologies, such as internet of things (IoT),
video streaming media, and machine vision, which enables all the trade information to
be acquired and recorded on chain in real time [15,20]. With the support of blockchain
technology, the inventory financing platform can store related data safely and immutably.

Therefore, in the blockchain-based SCF solutions, banks have access to all the needed
information acquired by LSPs and credit history of SMEs recorded on chain. Thus, banks
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and other financial service providers are more willing to finance SMEs [19,21,34]. Addition-
ally, the automatic supervision on physical flows can be achieved by a blockchain-based
SCF platform, which is more reliable and cost effective.

Table 5. Blockchain-based SCF instruments.

Instruments

Supporting

Proof Quotes References

Factoring/Reverse factoring

Letter of credit

Purchasing order financing
Inventory financing

Warehouse receipt
pledge financing

Pre-Shipment financing

Vendor managed inventory

“In factoring business, the identification and execution of transactions
between participating entities can be realized by state transitions in smart
contracts.” [38]

“Automatic cycle management through smart contracts can simplify the
business process of accounts receivable factoring and improve
efficiency.” [42]

“The issue and execution of a digital letter of credit can be facilitated by
blockchain and smart contract.” [38]

“There is one layer that manages data flows in our platform, specifically,
it integrates purchasing order details from several systems.” [20]
“Compared with other auto electronic commercial platforms, our

platform is suitable for enterprises to obtain funds by inventory [16,20,59]
financing.” [20]
“Therefore, we use blockchain in the supply chain financial service
platform to redesign the business process of the warehouse receipt [42,59]
pledge financing.” [42]
“Pre-Shipment financing is to provide working capital, for an exporter
before it delivers goods to the buyers. The funds are used for sourcing, [59]
production, and warehousing.” [59]
Blockchain technology provide vendors with information obtained from
both upstream and downstream along supply chain, which facilitates [17,57,60,61]
their replenishment decisions [60].

[16,19,20,38,41,42,59]

[38]

[20,59]

Some other instruments, which have been refined by blockchain, are also involved
in the literature, including letter of credit, purchasing order financing, warehouse receipt
pledge financing, pre-shipment financing, and vendor managed inventory (VMI). However,
there are still many SCF instruments that have not been explored based on blockchain,
including fixed asset-based financing, leasing, raw material financing, dynamic discounting,
invoice discounting, etc. [1,2].

4.4. Blockchain Adoption Mechanism and System Design in SCE

This theme focuses on the mechanisms and systems proposed in the context of
blockchain and SCFE, which are listed in Table 6. As an innovation, blockchain technology
needs further development in the mechanisms and relevant systems, which enables it to be
more suitable for applications in practice. To be specific, these mechanisms and systems
benefit SCF from three aspects: cost reduction, efficiency improvement and trust building,
and risk management.

Table 6. Mechanism and system design.

Mechanism and
System Design

Proof Quotes Supporting References

Privacy protection
mechanism

“Privacy disclosure is also a major problem in SCF, where
manufacturers’ financing quotas, order quantities, prices, etc., are all
business secrets.” [42]

“The blockchain technology enables transaction data to be credible and
transparent, however, it also increases the risk of disclosing enterprise
business privacy.” [46]

“Enterprises are worried that transparency without effective data privacy
protection mechanism may harm their business advantages.” [47]

[22,39,42,46,47]
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Table 6. Cont.

Mechanism and
System Design

Proof Quotes Supporting References

Blockchain verification system

Credit analysis system

Multi-agent system

“An open-source blockchain protocol, b_verify, was designed to
deal with technological and cost problems in supply chain.” [34]
“In this work, two different types of credit scoring system have
been developed, which can be utilized for obtaining loans and [18,56,63]
maintaining the credit orders of clients, respectively.” [63]
“A blockchain-enabled logistics finance execution platform
(BCcLFEP) to build a trusted business environment with the [45]
consideration of real-life constrains from multiple parties.” [45]
Owing to new emerging financial fraud behaviors, potential risks

[34]

Financial fraud detection system and frauds inn SCF need to be detected more intelligently and [64]

Blockchain-based InterPlanetary

file system

Blockchain-based
information hub

Fractional calculus system

timely [64].
The data related to invoice financing is stored on the IPFS and the
corresponding IPFS hash is stored into a smart contract in order to [41,65]
ensure integrity, traceability, and authenticity of the invoice [41].
The research developed a blockchain-based information hub
supporting vendor managed inventory (VMI), implementing [57]
information sharing and counteracting the bullwhip effect [57].
“The blockchain-supported SCF can be related to the system of

fractional calculus equations.” [62] [62]

In order to verify the effectiveness of blockchain technology in improving SCF perfor-
mances, Chod et al. [10] designed an novel software system, called b_verify, to leverage
the infrastructure advantages of public blockchain. The blockchain verification system
can provide the integrated data flows at low cost, which enables it more efficiently than
traditional monitoring mechanisms. In addition, Li et al. [45] designed a multi-agent sys-
tem to build a trusted business environment with the consideration of real-life constrains
from multiple parties. The proposed conceptual framework is able to organize key system
components and microservices, which could simplify and facilitate the development of
similar systems to SCF and cross-border logistics settlement enabled by blockchain. A hy-
brid finite state machine-based smart contract (HFSM-SC) was designed and incorporated
into coordinate diversified resources, business processes, and business decisions, which
allowed for autonomous life-cycle management in logistics finance. Moreover, Chen and
Wang [62] focused on the application of fractional calculus system in the blockchain-based
supply chain financial system. By establishing a three-dimensional SCF fractional calculus
game model, this research explored the characteristics and chaos behaviors and verified
the feasibility of the system.

To make better use of blockchain benefits, researchers have designed systems that
allow stakeholders to share information more effectively by building trust among them.
The traditional invoice financing suffers from risks of willful default and fraudulent behav-
ior by buyers. Additionally, risk insurance is economically unfeasible, owing to the lack
of significant countermeasures aiming at reducing the fraud opportunity. The proposed
blockchain-based InterPlanetary File System (IPFS) by Guerar et al. [41] allows for mitigat-
ing these risks by adding transporter entity and reputation profile. The former provides
shipping information while the latter presents invoice status, paid or unpaid by buyers on
the due date without disclosing confidential data. This mechanism enables trust building
among stakeholders by allowing investors selecting trustworthy counterparts. Similarly,
Guggenberger et al. [57] developed a blockchain-based information hub to support VML
The prototype is based on Hyperledger Fabric, providing the integrated use of private
data, encrypted data transmission, while fulfilling the stated IT security requirements. The
system benefits VMI from information sharing and mitigation of the bullwhip effect.

Considering the risk management in SCF, Chakraborty et al. [63] developed a credit
analysis mechanism, which integrates multiple stakeholders in the blockchain platform,
including banks, insurance companies, card agencies, retailers, and manufacturers. Ar-
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tificial intelligence (AI) was deployed into the framework to facilitate credit scoring of
individuals by analyzing financial details of customer and transaction statements, which
improved the efficiency and reliability of predicting the eligibility of individuals [63]. A
dynamic adaption and automated evaluation about credit ratings would take place if
buyers default intently or suppliers do not deliver goods in time. In addition, in order to
detect the fraudulent behaviors in SCF businesses, Zhou et al. [64] proposed a financial
fraud detection system, which combined the big data mining with a convolutional neural
network. The proposed system enhances financial fraud detection with high precision and
reduces losses from fraudulent behaviors in SCF. Additionally, the information disclosure
problem resulted from blockchain itself needs to be overcome for the involvement of more
enterprises. Therefore, privacy protection mechanisms are developed to protect trade
secrets without affecting information sharing [42,46].

The analysis of this theme also reflects that the development of blockchain and SCF
needs the collaboration of multiple disciplines, such as business/management, accounting
and finance, computer science, and big data analysis. However, there is a shortage on
such talents and these talents need cross discipline training, which requires adjustments in
current higher education.

5. The Conceptual Framework of Blockchain Adoption in SCF

The analysis about the literature in the field of blockchain and SCF indicates that
the current research in this field can be divided into four themes and seven sub-themes.
These themes reflect researchers” main focuses on this field, including (1) What bene-
fits can blockchain bring to SCF? (2) What are the barriers when adopting blockchain?
(3) Which solutions in the traditional SCF can be benefited from blockchain technology?
(4) Why can blockchain technology disrupt the traditional SCF solutions? (5) How can
blockchain technology benefit traditional SCF solutions? (6) Who are willing to participate
in blockchain-based SCF solutions? These research focuses can also reflect a topic that both
academics and the industry are concerned about, the adoption of blockchain in SCFE.

To provide a holistic view of blockchain adoption in SCF, we developed a conceptual
framework, as shown in Figure 4. The conceptual framework consists of five dimensions:
blockchain features, adoption drivers of blockchain in SCF, adoption barriers of blockchain
in SCEF, application areas in SCF, and major stakeholders involved in blockchain-based
SCF solutions. The framework refers to the framework of blockchain applications in the
maritime industry developed by Pu and Lam [66] and Moon and Ngai [67], but there are
several differences. The traditional SCF is faced with many challenges which hinders its
development, such as deployment cost operation cost [68], and sustainability issues [69].
The special features of blockchain enables challenges in SCF to be overcome, which drives
the adoption of blockchain in SCF. However, adoption drivers are also accompanied
by adoption barriers. Therefore, we employ adoption drivers and adoption barriers to
substitute commercial benefits and allocation challenges from the original framework,
respectively. In order to explain blockchain applications in SCF more clearly, we incorporate
three aspects into application areas, adoption mechanisms and systems, blockchain-based
instruments, and combination with other technologies, which are three sub-themes that
emerged from the previous analysis. Specifically, mechanisms and systems are designed
to overcome adoption barriers of blockchain. Other technologies not only help SCF to
overcome adoption barriers of blockchain, but also are beneficial to improve blockchain-
based SCF instruments. With the five dimensions, the conceptual framework answers the
fundamental questions of what, why, how, and who in terms of blockchain adoption in SCE.
Based on this framework, we further propose three future directions from ample future
research opportunities in the next section.
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Figure 4. The conceptual framework of blockchain adoption in SCFE.

6. Future Directions

Three main gaps are uncovered from this novel research field. Thus, recommendations
for future research are provided based on these gaps.

6.1. Cost Optimization of Blockchain Adoption in SCF

The characteristics of blockchain are suitable for coping with the pain points in the
traditional SCF, and a list of benefits have been identified from the current literature.
However, the topic of cost optimization about deploying blockchain in SCF mainly exists
in the analysis of the conceptual framework, explaining why blockchain benefits the
cost reduction in SCF [16,20,38,40,59]. A deeper exploration of this topic for theoretical
and practical insights is limited in these papers. Therefore, much more research could be
conducted to further investigate the topic of cost optimization related to blockchain-enabled
SCF, and the research gap is illustrated using information processing theory (IPT) [4,70].

Based on the IPT, organizations are regarded as information processing systems, which
possess capabilities of collecting, processing, and acting on information [48], to deal with
uncertainties from the environment [71]. The information processing capability should
be fitted with information processing requirements; otherwise, any direction of mismatch
will lead to inefficiencies [72]. For instance, if information processing requirements cannot
be handled by the capacity sufficiently, it will be difficult to integrate information flows,
physical flows, and financial flows and to coordinate organizations in SCF [72]. In contrast,
too much information processing capacity gives rise to redundancy and unnecessary
costs [71].

In SCF, task characteristics, task environment, and task interdependence related uncer-
tainties increase stakeholders’ information processing requirements [4]. Accordingly, the
information processing capacity of stakeholders in SCF needs to be improved. As a disrup-
tive innovation technology derived by the combination of Internet and computer science,
blockchain technology supports a peer-to-peer network which enables a closer connection
among involved entities in SCFE. In addition, blockchain-based SCF solutions cannot be
achieved without combination with other technologies, for the reason that blockchain can
only be used for recording and storing data safely rather than generating data [73]. For
example, in blockchain-based inventory financing, all the business processes occur among
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involved parties, including planning, purchasing, shipment, and payment, which need
to be recorded on the blockchain platform [74]. In terms of warehouse supervision, IoT
technologies, GPS, video streaming media, and other technologies need to be deployed
to obtain the real-time data of mortgages. Owing to the more highly connected organiza-
tional structure and a wider use of information technologies in blockchain-based inventory
financing, compared to the traditional inventory financing, the information processing
capacity of stakeholders increases accordingly [4]. However, the transformation in SCF
based on blockchain technology leads to several cost-related problems, which deserve to
be explored.

First, we have little knowledge about whether the improved information processing
capability fits the information processing requirements of stakeholders in blockchain-
enabled SCF businesses. Excess information processing capability needs to be optimized
because it leads to redundancy and unnecessary costs, which is a waste of resources. Second,
although blockchain-based SCF solutions enable reduction in human costs, transaction costs,
and supervision costs [15,16], it needs additional deployment and operation costs compared
to traditional SCF solutions [48]. The performance advancement in SCF and additional
costs brought by blockchain should be weighed against each other by decision makers to
achieve an optimal solution. Choi [21,33] performed an initial attempt to analyze the cost of
using blockchain technology in SCF, and the research assumed that using blockchain only
needs a unit operational cost in every transaction. Further research can be conducted with
a more specific analysis, considering deployment costs, operational costs, and even service
fees from technology service providers. Third, not only the business process of SCF is
transformed by blockchain technology, but also shareholders and stakeholders are different
in blockchain-based SCF solutions. The inclusion of additional partners in the blockchain
network, such as insurance companies, needs resource orchestration from both the intra-
organization and inter-organization [75]. The balance between costs and profits of resource
orchestration requires further exploration to support decision making by organizations.
Fourth, the transparency feature of blockchain mitigates the cost of information sharing in
the supply chain [16], while giving rise to the increase in the difficulty of maintaining secure
supply chain information networks [48]. Xu et al. [53] proved that blockchain features can
preserve security and increase transparency at the same time based on the findings from
text mining of Twitter data and multiple cases analysis of blockchain applications. The
proposition needs further demonstration by analytical models, and further explorations
could be conducted on how these benefits impact supply chain pricing, ordering, and
financing strategies. Last, blockchain-based SCF solutions with different stakeholders
may lead to novel pricing strategies in contract management, and therefore, the design
of an automated pricing mechanism among stakeholders in SCF will be a promising
topic for future research by utilizing the inherent characteristic of blockchain and smart
contracts [19,21,22].

6.2. Risk Management of Blockchain Operations in SCF

Financial activities are usually accompanied by risks, and risk management is a
fundamental method in coping with risk issues in SCF [55]. As the foundation of SCF
is supply chain, supply chain financial risks have a close relationship with supply chain
risks. Supply chain risks can be divided into two types: disruption risk and operational
risk [76]. Among them, disruption risk refers to the risks resulted from bankruptcies,
disasters, and terrorist attacks. In 2020, as the COVID-19 pandemic posed serious threats
to more than 200 countries, many governments had to pause their economies, leading
to a wide range of supply chain disruptions. Obviously, SCF providers also suffered
from huge losses. However, black swan events such as the COVID-19 pandemic cannot
be predicted precisely by humans, and supply chain disruptions also cannot be avoided
totally. Therefore, researchers suggested that supply chain management should focus on
the improvement of supply chain resilience [77]. The concept refers to the adaptive ability
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of the supply chain to respond to disruptions and recover to continuous operation levels
by maintaining control over the structure and functions of the supply chain [78].

Theoretically, blockchain technology can facilitate financial institutions, such as banks,
to manage risks of financing with small scale, limited working capital, and low cred-
its. On the one hand, credits can be delivered to SMEs from focal enterprises along the
supply chain [15,16]. On the other hand, the authenticity of transactions can be verified,
and fraudulent financing behaviors, such as double financing, can be avoided through
a blockchain-based SCF platform [15,16,38,44]. Therefore, a large number of lower-tier
suppliers and retailers can be financed by SCF providers. However, most of the current
research about risk management of SCF providers by blockchain is mainly at the stage of
conceptual framework construction, which lacks correspondence to reality. Future research
can conduct specific case analyses or relevant empirical studies to verify the efficacy of
the suggested framework and derive additional practical implications and guidelines [19].
Moreover, analytics, modeling, and simulation approaches may be suitable for measuring
the reliability of the proposed conceptual framework from both qualitative and quantitative
perspectives [16].

In terms of blockchain technology, not only the benefits, but also the negative im-
pacts of adopting blockchain technology in SCF should be investigated to avoid possible
problems in practice [19]. For instance, the use of cryptocurrency increases the security of
transactions. However, the government regulations and rules about the use of cryptocur-
rency are still imperfect, which leads to many legal and regulatory matters. Some countries
forbid the transactions using cryptocurrency because it is used for money laundering and
may also pose a threat to domestic currency. These practical factors need to be considered
and improved in the future. In addition, Bitcoin is not the only type of cryptocurrency, and
therefore, it may be interesting to explore whether a portfolio of cryptocurrencies can be
employed to mitigate transaction risk [33].

Another advantage of blockchain technology is information sharing because the peer-
to-peer network of blockchain enables connecting individual organizations as information
silos. However, this feature may also impede organizations from adopting blockchain
technology due to concern about privacy disclosure. Some works in the literature have
proposed privacy protection mechanisms to maintain the confidentiality of business secrets,
which still need further research [39,46,54]. Business secrets and data privacy need to
be analyzed specifically under different supply chain financial business scenarios, which
enables the performance improvement of privacy protection mechanism [46]. Privacy
protection from the knowledge discovery perspective can be explored in the configurations
of blockchain-based SCF solutions. By incorporating internet of things and Al, smart
contracts can become smarter in privacy protection [54].

6.3. Blockchain and Sustainable SCF

With the development of economy, more and more countries and people are beginning
to pay attention to sustainability, focusing not only on the economy, but also on the
environment and society. As the impacts of greenhouse gases and climate change are among
the main challenges of sustainable development faced by the whole society, sustainability
dimensions have been considered in other fields of academics and industry. A novel concept
closely related to SCF was proposed by Bancilhon et al. [79], which is sustainable supply
chain finance (SSCF). SSCF is defined as SCF activities that support transactions in supply
chain, in a manner that minimizes negative influences and creates environmental, social,
and economic benefits for all stakeholders involved in bringing products and services to
the market [79].

The reasons for exploring SSCF comes from two aspects: on the one hand, enterprises
in supply chain are in high demand for sustainable development to seize potential oppor-
tunities in the future [69]; on the other hand, the mature conditions in digital SCF enable
suppliers’ capability of engaging in sustainability by removing financial barriers [79,80].
However, previous research mainly focused on the impact of SCF on the economic ef-
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fects of supply chain, ignoring its influence on environmental improvements and social
responsibility [81]. Supply chain traceability is an essential element both in improving
SCF performance and in achieving sustainability, which refers to the ability to identify and
trace product information, including history, distribution, location, and application. The
characteristics of blockchain are suitable for enterprises to meet these requirements, and
many problems in this new area deserve further exploration.

In SCF, the physical flows in supply chain may be disrupted if the financial flows
are not managed suitably. For instance, enterprises are not able to sustain the operational
performance of the whole supply chain if they only focus on reducing the cash conversion
cycle by extending payment terms for suppliers, as this strategy will exacerbate suppliers’
liquidity shortage [82]. Zhan et al. [83] demonstrated that reverse factoring is more efficient
in promoting sustainability performance, compared to the advanced payment strategy.
With the support of blockchain, the integration of physical flows, information flows, and
financial flows will be enhanced owing to blockchain characteristics, which enable improv-
ing the performance of the whole supply chain and further achieving the sustainability
objectives. The business models of blockchain-based SCF have been explored in the current
literature [15,19,20,38,41]. However, we still have little knowledge about the business
models of blockchain-based SCF when considering the requirements of sustainability.

Zhou et al. [84] conducted a cased-based research study of Alibaba Group’s implemen-
tation in agriculture SCF and found that SCF was no longer limited in optimizing working
capitals of capital constrained partners by integrating financial flows with information and
physical flows, but also could be utilized to facilitate supply chain enterprises to improve
sustainable development. In the Alibaba Group’s innovative SSCF project, the funded
enterprises contributed to the improvement in the environmental and food-safety problems,
owing to the use of standardized fertilizers and pesticides [85]. The success of this project
is inseparable from the supervision for fertilizers and pesticides and the traceability of
agricultural products, which can be further improved by blockchain technology.

Another case of SSCF can be found in Nestle, which selected the “creating shared
value” principle as its sustainability strategy. Dairy farmers supply fresh milk for Nestle,
but they are generally lacking in capital. To deal with this problem, Nestle collaborated
with governmental and financial institutions to provide farmers with funds [75]. However,
few papers have explored the relationship between sustainability and SCF, specifically, the
employment of sustainability requirements in SCF and how SCF improves sustainability
performance [81]. Yadav and Singh [85] figured out six major causes, which promote the
integration of blockchain with supply chain to achieve sustainability goals. However,
the drivers for promoting the integration of blockchain technology with SSCF are still
uninvestigated. In addition, many organizations are willing to employ blockchain to
facilitate product life-cycle transparency and to trace the carbon footprint of supply chains
accurately [29], whereas the adoption of blockchain in facilitating sustainable supply chain
management is impeded by four categories of barriers, including inter-organizational,
intra-organizational, technical, and external barriers [48]. To overcome adoption barriers
and facilitate sustainable management, synergistic mechanisms may need to be explored
in the coordination and collaboration of supply chain partners and their stakeholders for
different business purposes and overall sustainability goals [86].

Moreover, the inherent smart contracts in blockchain technology can be used to design
social contracts for sustainability, which benefits the sustainable development in SCF [25].
Blockchain technology allows for transactions in SCF without centralized institutions and
intermediaries, eliminating paper-based documents. The improvement exists in efficiency
increase and cost saving, which will attract a large number of people to use. However, this
gives rise to another problem in sustainability, as the consensus mechanism of blockchain
is an important cause for huge waste of resources, particularly electricity [86]. While
blockchain technology is introduced to leverage sustainability practices, the operation in
blockchain also leads to serious environmental burdens. Therefore, more efficient protocols
in blockchain need to be developed to mitigate energy consumption [87].
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7. Conclusions

In this paper, 52 research papers on the topic of blockchain and SCE, published between
2017 and December 2021, were examined. The stream of literature was analyzed by
two methods, descriptive analysis and thematic analysis.

The current status of this field emerged from the descriptive results. The year 2017
saw the initial research contribution to this area, indicating that this research field is still
in its infancy. The majority of the identified literature are the proceeding papers. With
10 papers in ABS 2 above journals, the existing research suggest that the research on SCF
have attracted high quality journals. However, only two theories about revenue sharing
and risk taking were used in this novel field, indicating the demand yet immaturity of
this field.

Using thematic analysis, we categorized the identified papers into four themes, in-
cluding challenges in the traditional SCF, factors of blockchain adoption in SCF, blockchain-
based SCF solutions, and adoption mechanism and system design. The research field on
blockchain and SCF is an emerging area, and therefore, it has huge potential for further
study. First, as the deployment of blockchain technology is combined with other tech-
nologies, and the business processes of SCF are changed, cost optimization problems in
blockchain-based SCF solutions need further exploration. Second, research on the risk man-
agement of blockchain-based SCF solutions is weak, such as the use of cryptocurrency and
privacy disclosure. Third, considering the sustainability objectives of economy, social, and
environment, blockchain technology can be further explored to improve the performance
of the SSCFE.

In terms of the research methods, both qualitative and quantitative research method-
ologies need to be applied to form the rigorous knowledge of this emergent research
stream [32]. The case study and other field-based research can help us understand the
detailed and complex mechanisms and business models, whilst quantitative methods,
such as analytical modeling and simulation experiment, can shed theoretic lights on
counter-intuitive findings related to the interactions of multiple parties. The current
theoretical application in blockchain and SCF are weak; more theories such as innovation
adoption/diffusion [88], network theory [89], and information processing theory [4] can
be applied.

This research also provides practical implications. We propose a conceptual framework
on the implementation of blockchain technology in SCF. The framework could provide prac-
titioners with a tool to support the decision-making process. In particular, our framework
answers the fundamental questions of what, why, how, and who in terms of block-chain
adoption in SCF. In addition, the content analysis on existing research could provide prac-
titioners with a screenshot of the existing research on SCE. The proposed three research
directions could provoke practitioners’ attentions during the implementation process.

While considerable effort was invested to ensure the full coverage of papers in this
novel field, it is possible that some relevant literature may have been omitted unintention-
ally. However, we believe that this study represents the current status of this novel field
during the specific time frame, and we hope that the pointed future research directions can
provide a useful reference to the research community.
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