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Abstract: Since the global financial crisis of 2008, research on supply chain finance (SCF) based
on supply chain management (SCM) has increased rapidly. The context of SCF development is
continuously changing, which means that it cannot function in isolation and financial ecology
must be taken into consideration. Previous research has shown that comprehensive SCF studies
incorporating financial ecology are lacking; although it was mentioned, it was at a descriptive level
with fragmented dimensions, limiting the broader understanding of SCE. Therefore, to address this
research gap and reveal future study prospects, we conducted a systematic literature search, focusing
on 132 selected papers published between 2002 and February 2022. The present study provides
insights into the development stages of SCF, and the understanding of ‘Supply Chain” and ‘Finance’
in the context of the financial ecosystem. This study reiterates the necessity of studying SCF from
a financial ecology perspective and contributes to the SCF ecosystem understanding framework,
bridging the theoretical inadequacies in investigating SCF.

Keywords: supply chain finance (SCF); supply chain management (SCM); systematic literature
review; financial ecology /ecosystem

1. Introduction
1.1. Conceptual Background

Supply chain finance (SCF) appears to be a new concept compared to traditional
financing methods, and has become a hot research topic in supply chain (SC) and supply
chain management (SCM) study in recent years [1]. The history of SCF dates back to the
1970s. The majority of early studies on SCF were conducted from the standpoints of trade
credit and inventory. Previous researchers, such as Budin and Eapen [2], noted that net
cash flow occurs through corporate activities throughout the cash planning phase. Factors
such as trade credit and inventory may have an impact on net inflows. Furthermore,
Haley and Higgins [3] highlighted the link between trade credit and inventory policy.
However, Wood [4] stated that, in the early stages, financial research is primarily based on
the economic characteristics of a single company.

However, the idea of SCF was not fully established until the early 2000s. According
to Stemmler [5], a key aspect of SCF is the integration of financial flows into the physical
supply chain (PSC), and SCF can be characterized as a critical component of SCM. Similarly,
Hofmann [6] discovered that SCF exists at the interface of logistics, SCM, and finance. More-
over, two or more parties in an SC jointly produce value (including internal and external
SC players), and the financial resources flow is managed on an inter-organizational level.

Subsequently, the global financial crisis fueled the growth of SCF in 2008. More
than a million companies around the world declared bankruptcy as a consequence of
the broken capital chain caused by the reaction of the enterprises’ financial collapse in
the SC; 13% of organizations in a 2008 survey claimed that the deterioration of their key
suppliers’ financial standing had induced SC disruptions [7]. As a result, it increases
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the urgent demand for solutions and programs to optimize working capital from SC and
drives the emergence of SCF as a collection of solutions, programs, and technologies [8]
that support financial optimization in SC ‘from start to finish’ [9] to address any funding
difficulties that may be encountered by numerous SC actors (SMEs) [10]. Consequently,
this in turn, attracted the attention of many institutions and researchers. The majority of
SCF research in this period has concentrated on optimization [11-13], integration [14], cost
reduction [13,15], and value creation [6,16,17]. A few of the most common definitions of
SCF are summarized here. Camerinelli [12] proposed that SCF benefits the capital flows
optimization and liquidity value modification by offering various products or services to
facilitate the management of physical and information flows by financial institutions in the
SC. Pfohl and Gomm [14] defined SCF as the intracompany optimization of financing by
integrating financing processes with customers, suppliers, and service providers to increase
the value of all participating companies. The Supply Chain Finance Community [11],
a nonprofit organization, also pointed out that SCF covers a range of approaches and
instruments that optimize those extended SC’s transactions, working capital, and costs.
Petr et al. [15] recognized that SCF seems like a fundamental way to solve capital flow
obstruction, thus optimizing capital flow in the SC.

Obviously, it is not difficult to discover that the SCF has entered a rapid development
phase since 2008. To illustrate the development of SCE, we selected six representative and
relatively frequently cited SCF-related studies (see Table 1).

Table 1. Six Selected Representative Literature Reviews with the Main SCF Research Points.

Author, Yr. Paper Title Number of Quotes Main Research Points
Demonstrates the function of financial
Camerinelli 2009 Supply Chain Finance 128 components as a ‘glue’ in the SC from the
PPy perspective of financial flow innovation by banks
and financial institutions.
Proposes an SCF mathematical model with three
Supply Chain Finance: dimensions of the trigger, actor, and levers to
Pfohl and Gomm 2009 Optimising Financial 446 detect the role of financial flows in SC and the
Flows in Supply Chains effects SCM can have on optimizing such flows
in terms of capital cost.
A Review of Trade Credit . .
D. Seifert et al., 2013 Literature: Opportunities 327 Reviews SCF based on the literature of

trade credit.

for Research in Operations

Gelsomino et al., 2016

Supply Chain Finance: a

Identifies the SCF business model from two
196 perspectives: Financial-oriented and Supply

Literature Review i i
ite e Revie Chain-oriented.

X. Xu etal., 2018

Supply Chain Finance: a
Systematic Literature

Bibliometric Analysis

Conducts SCF research from four clusters of ‘the
deteriorating inventory model under trade credit
policy’, ‘the inventory decisions made with trade
284 credit policy’, ‘the interaction between
replenishment decisions and delay payment
strategies” and ‘the roles of financing service in
the supply chain’.

Review and

Jia et al., 2020b

Towards an Integrated

Conceptual Framework of

Supply Chain Finance: an 94
Information Processing

Expands existing SCF business model into four
types of ‘manufacturer-centred model’,
‘bank-centred model’, ‘3PL-centered model” and

. ! ly chain actor-centred model’.
Perspective supply chain actor-centred mode
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1.2. Research Aims and Questions

Previous research has also revealed that, although SCF has been extensively studied
in terms of its operational and financial aspects, such as function, solutions, players, collab-
orations, technologies, regulations, and performance, the research still remains fragmented.
Furthermore, while the six studies in Table 1 provide some inside knowledge of SCF, this is
still at the descriptive level regarding certain specific components of SCFE. In other words,
gaining a deeper understanding of SCF by theoretical explanation is insufficient. This issue,
as stated by Gelsomino et al. [18], X. Xu et al. [19], and C. Bals [20], leads to an imbalance
between SCF theory and practice, which affects SCF research.

Simultaneously, there seem to be few SCF studies involving financial ecology. Shen et al. [1]
mentioned that there are only a few papers focused on how to enhance the SCF model from
the viewpoint of financial ecology. Financial ecology, a theory based on a natural ecosys-
tem, was proposed by a British ecologist named A.G. Tansley [21]. Moore [22] defined a
business ecosystem as co-evolving capabilities around connectivity and innovation with
four evolutionary stages of birth, expansion, leadership, and self-renewal inspired by an
organic ecosystem. Furthermore, Wang and Yang [23] suggested that a financial system
contains group ecological traits such as an internal logical arrangement and development
rule—it has developed an ordered structure in economic activities with distinct structural
and functional properties. This ordered structure could be viewed as financial ecology.
Zhou [24] and Xu [25] investigated the economic ecology from two different perspectives:
a financial environment and a financial system. For the financial environment, Zhou [24],
the previous governor of the People’s Bank of China, said that it typically refers to social
laws and regulations, accounting standards, social credit, enterprise reform, government
enterprise relationships, and bank enterprise relationships, etc. Focusing on the financial
system, Xu [25] stated that financial ecology relates to the dynamic balance formed by the
division of labor and cooperation between financial organizations. Moreover, Mizgier [26],
Wei [27], Pellegrino et al. [28], and Shen et al. [1] all agreed that the developing environment
is constantly changing, and SCF cannot function in isolation, implying that the SCF ecosys-
tem is a complete ecological circle, or a so-called dynamic equilibrium system, influenced
by the participants and the ecological environment.

More and more scholars are becoming aware of financial ecology and trying to incor-
porate it into their studies of SCF. Scholtens [29] pointed out that both finance and ecology
cannot be ignored. Shen et al. [1] believed that regarding SCF as an ecosystem and com-
paring COs (core organizations), financial institutes, and logistics in the SC as parts of an
ecosystem can assist with analyzing relationships among SC actors and creating a broader
vision for research. Namely, adopting the concept of financial ecosystems into SCF may
promote a broader understanding of SC participants, interconnection, and SCF transition
from theory to reality. However, little of the existing research on SCF helps provide a literal
representation of the financial ecosystem. Even the individual articles mentioned, including
the systematic review by C. Bals [20], who based it on the concept of the business ecosystem
put forward by Moore [22] and first introduced it into the SCF sector, the research related
to financial ecology is somewhat limited and descriptive. Aside from the metaphor of the
SC as a financial ecosystem, most studies have approached financial ecology and SCF from
a relatively one-sided perspective such as financial ecology modeling, relationship synergy,
energy flow, environment, or regulation. There is relatively inadequate systematic research
on the financial ecological vision.

Thus, to address research gaps, this paper attempts to construct a more comprehen-
sive SCF-related systematic literature review based on a financial ecological vision to
explore the SCF development lineage, terminology, current research, and implementation,
including some potential future research agendas, and further carry out an SCF ecosystem
understanding framework as well as make the potential contributions to fill the theoretical
inadequacies in SCF study. In addition, for carrying out a more thorough study, this paper
regards financial ecology as an economic ecosystem, as mentioned by Xu [25], Mizgier [26],
Wei [27], Pellegrino et al. [28], and Shen et al. [1]. Our two research questions are as fol-
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lows: Question 1: How many stages of SCF development have been experienced? And
Question 2: How are the terms ‘Supply Chain’ and ‘Finance’ understood in the context of
financial ecology?

1.3. Paper Layout

After the introduction, Section 2 covers the methodology. This part introduces the
method of a systematic literature review with detailed guidance on the process. Following
this, in Section 3, a detailed literature collection and evaluation with data extraction is
conducted with 132 selected journal papers collected from 2002 to 2022 (February) for
further research. Subsequently, Section 4 comprises the data integration and analysis
(conceptual development descriptive and content analysis) around two research questions
posed earlier. Following this Section 5 present the discussion, Section 6 the future research,
and Section 7 draws the conclusions.

2. Methodology
2.1. Systematic Literature Review

The main methodology adopted in this paper is a systematic literature review with a
concept description and content analysis. The systematic literature review is different from
a traditional literature review. Methodology experts [30,31] have classified the literature
review into narrative and systematic. The narrative literature review can also be grouped
into a descriptive literature review and a critical descriptive literature review. Some
scholars [32] pointed out that the above two types of narrative literature reviews are
traditional styles, while the remaining one is the newly systematic literature review.

The systematic literature review should be open-minded, transparent, explicit, com-
prehensive, auditable, and reproducible [33-36]. It is not simply a collection or summary
of other papers; it should have reasons and detailed methods to show how the research
topic is chosen and how the study’s aim is transferred throughout the author’s research. A
‘systematic review’ is a kind of qualitative method [36] of searching and selecting all rele-
vant literature thoroughly using an electronic database, with standardized and structured
technology to evaluate the chosen literature quality carefully.

2.2. Systematic Literature Review Conducting Procedure

For conducting the systematic literature review, different scholars suggest various
methodologies with different specific steps. Denyer and Tranfield [35] divided the system-
atic literature review method into the following steps: ‘questions formulation’, ‘locating
studies’, ‘study selection and evaluation’, ‘analysis and synthesis’, and ‘reporting’. Other
researchers [32] designed systematic literature review procedures (see Table 2) in six steps:
(1) Make a research plan; (2) Search for literature review; (3) Literature evaluation; (4) Data
extraction; (5) Data integration and discussion; and (6) Summary of a write-up. Both pro-
cesses mentioned above contain the critical links of a systematic literature review. However,
the approach mentioned by Jesson et al. [32] seems more feasible and precise. It integrates
the whole technology of research problems and strategies in the ‘plan’ stage, separating the
literature evaluation and data synthesis (e.g., extraction, integration, analysis, and discus-
sion) into two independent implementation steps and forming the link to review-written.
In this paper, the primary process on conducting a systematic literature review would
follow the methods that Jesson et al. [32] mentioned. Meanwhile, the flexible, transparent,
systematic method of content analysis [36] would also be integrated based on different
research questions to analytically study the contents [37] with conceptual development
description analysis [38] for carrying out a clearer data synthesis.
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Table 2. Systematic Literature Review Steps Suggested by Jesson et al. [32].

Steps Goal Main Task

Determine the research purpose, state the research questions, and introduce

Step 1 Make a research plan the research steps.

Find the most valuable literature for the research problems, and edit the
retrieval process into the document. The contents include the names of the
Step 2 Search for literature review databases used (two or more), the date of retrieval, the starting and ending
years of literature, the terms or keywords used, the languages, and the
number of articles retrieved.

The primary purpose of the retrieved literature quality evaluation is to set
Step 3 Literature evaluation criteria to include or exclude the literature and ensure the validity and
reliability of the data.

Various data extraction forms, such as ‘document basic information data
Step 4 Data extraction extraction sheet” and ‘literature connotation data extraction sheet’, are
developed on Excel and other software to reduce human errors and biases.

The differences and connections between the data are found according to the
data extraction list, and appropriate analysis methods (e.g., description
analysis, content analysis) are further used to explore the data’s knowledge
and answer different research questions.

Step 5 Data integration and discussion

Summarize a write-up, including an introduction, research background,
Step 6 Summary of a write-up study methodology, data extraction process, data integration results,
discussion, and conclusion.

3. Literature Collection, Evaluation and Data Extraction

This paper’s comprehensive systematic literature review flow combining the six
processes identified by Jesson et al. [32] is presented in Figure 1 below. In this paper’s
context, step 1 of making a research plan based on research questions from the perspective
of financial ecology has been mentioned in Section 1.2, and is, therefore, not discussed
further in this section. In addition, to better fit the logical structural line of this paper,
among the other five steps, step 2 to 4 are integrated into Section 3 of literature collection,
extraction, and data extraction. Step 5 is divided into Section 4 with the data integration
and analysis, and Section 5 with the discussion. Finally, step 6 of the write-up summary
can be mirrored in the overall writing of this article.

3.1. Literature Review Search

Following the definition of SCF proposed by Gelsomino et al. [18], X. Xu et al. [19],
and Jia et al. [39], the understanding of SCF is from the two aspects of ‘Supply Chain” and
‘Finance’. The SCF probably exists at the intersection part of ‘Supply Chain” and ‘Finance’.
Thus, the keywords used in the search should be related to the two factors mentioned above.
In general, the keywords under ‘Supply Chain’ refers to ‘Supply Chain Management/SCM’,
‘Supply Chain Coordination/SCC’, ‘Logistics’, ‘Procurement’, ‘Manufacturing’, ‘Inventory’,
and so on. While for the ‘Finance’ part, the keywords involve ‘Financing’, ‘Finance Solu-
tions’, “Working Capital’, ‘Capital Flow’, ‘Cash Flow’, ‘Cash Conversion Cycle’, ‘Capital
Constraint’, ‘Delay /Delayed Payment’, ‘Advance/Advanced Payment’, ‘Inventory Pledge’,
and ‘Factoring/Reverse Factoring’, etc. Although the combination of both parts” keywords
presents a variety of textual expressions, such as ‘Supply Chain Financ*’, ‘Financ* Supply
Chain’, “Capital Supply Chain’, and so on, this paper still regards ‘Supply Chain Finance’
as the most central keyword to reach the heart of the research topic.

Databases searched in this paper were ‘Web of Science (WoS)’, ‘Scopus’ and ‘Google
Scholar’. “WoS’ is the world’s most trusted and publisher-independent citation database.
‘Scopus’ is a literature database that includes more than 5000 publishers in science, tech-
nology, medicine, and social science. ‘Google Scholar’ is the world’s leading source for
scientific, technical, medical, and social science research. When putting the most represen-
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tative keyword of ‘Supply Chain Finance’ on the search box of each literature database of
‘WoS’, ‘Scopus’ and ‘Google Scholar’, the search data on 13 February 2022, showed that
from 2002 to 2022, the related English language research papers and materials in “WoS’
were around 4608; in ‘Scopus’ were nearly 48,521; in ‘Google Scholar” were approximately
722,000. However, when ‘Supply Chain Finance” was used as the controlled continuous
fixed vocabulary keyword for directly pinpointing the article’s major themes [32], the
search results were changed. “WoS” had 505, ‘Scopus’ had 2076, and ‘Google Scholar’ had
7700. The documents retrieved here include articles, conference papers, book chapters,
reviews, books, etc.

1. Make a research plan based on the — Driven by the research questions,
research questions RQI1 and RQ2.
Define the keywords related ‘
to SCF, and use database of
'WoS', 'Scopus’ and 'Google [P 2. Scoping the literatue review Inclusion Criteria: involving
Scholar' with time limitation financing behaviour based on SC
0f2002-2022 (February). ‘ and focus on the perspective of SCF
and financial ecology.
A Exclusion Criteria: only refer to SC
3. Search and evaluate the review — o financial behaviour aspect

without considering economic
ecology, and vice versa; or single
organisation's behaviouur without
interaction with other SC actors.

Does the research meet inclusion criteria?

4. Extracting valid data from searched
results

The conceputal development
S. Integrate data and mapping, link, — description or content analysis
analyse and answer the researh questions would be combined according to the
different research questions.

6. Conclusion / Make a summary of a
write-up

Figure 1. Flow Chart of the Systematic Literature Review.

3.2. Literature Evaluation

The trend graph (Figure 2) below is obtained from the ‘Scopus’ database, demon-
strating that the phrase ‘Supply Chain Finance’ initially appeared as an inherent term in
2006. The number of papers published with the fixed continuous keywords ‘Supply Chain
Finance” has increased from 4 in 2006 to 726 in 2021 and 170 at the current (13 February
2022). A growing pattern of research publications involving SCF also can be found in “WoS’
and ‘Google Scholar’.
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Figure 2. Continuous fixed-term ‘Supply Chain Finance’ related research from 2006 to 2022 (February)
in Scopus.

Considering the subject area, as Figure 3 shows, the most fixed-terminology ‘Sup-
ply Chain Finance’ study area from ‘Scopus’ refers to the business, management and
accounting (20.3%), following computer science (17.3%), engineering (16.3%), and decision
sciences (12.5%).

Documents by Subject Area
1.5%, Materials Science

5.9%, Other

3.4%, Em:rgy,,‘ 20.3%, Business, Management and

. Accounting

4.3%, Environmental Science

5.7%, Economics, Econometrics and
Finance

6.3%, Social Sciences
-17.3%, Computer Science

6.4%, Mathematies

12.5%, Decision Sclences &
o -_16.3%, Engineering
Figure 3. ‘Supply Chain Finance’ related documents by subject area from Scopus.
Similarly, data referring to the inherent words of ‘Supply Chain Finance” from ‘WoS’
(Figure 4) illustrates that 153 papers come from the management category, 136 research

papers are related to the operations-research-management-science category, followed by
89 papers based on the engineering-industrial category.
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89 61
ENGINEERING INDUSTRIAL ECONOMICS

64
BUSINESS )

136
OPERATIONS RESEARCH COMPUTER SCIENCE

MANAGEMENT SCIENCE INTERDISCIPLINE
61 APPLICATIONS

COMPUTER SCIENCE

INFORMATION SYSTEMS

Figure 4. ‘Supply Chain Finance’ related articles divided by subject area from WoS.

3.3. Data Extraction

Prior to the data (literature) extraction, the scope of the literature with inclusion and
exclusion criteria needs to be clarified. In this research, the inclusion criteria relate to
SC-based financial behavior and emphasize both aspects of SCF and financial ecology. In
contrast, the exclusion criteria imply that the resource corresponds to only one SC or finan-
cial behavior aspect without considering economic ecology, and vice versa. Furthermore,
when the financing behavior is involved only in one single organization without concerning
the interaction between SC actors and finance is also excluded.

Therefore, for narrowing the research topic based on both aspects of SCF and financial
ecology/ecosystem, the search conditions are set to ‘Supply Chain Finance” and ‘Financ*
Ecology/Ecosystem’, or ‘Supply Chain Finance” and ‘Economic Ecology/Ecosystem’, or
‘Supply Chain Finance’ and ‘Business Ecology /Ecosystem’. Here the ‘Supply Chain Finance’
is a continuous fixed term that is limited to appearing in title, abstract, keyword and textual
content. After searching, there was a total of 153 research articles written in English
for reviewing in ‘Scopus’, 19 in “WoS’, and 440 in ‘Google Scholar” between 2002 and
2022 (February). After deleting duplicate and invalid articles, 529 pieces in the three
databases described above were preserved, involving an extensive range of information
(e.g., electronic database, print source, and grey literature review) as Jesson et al. [32]
suggested for documenting source types when conducting a systematic literature review.
Figure 5 depicts the source types for these 529 articles. The majority (297 papers, 56.14%) are
journal papers, followed by conference papers (57 papers, 10.78%), book sections (45 book
sections, 8.51%), theses (31 pieces, 5.86%), books (29 books, 5.48%), reports (22 pieces,
4.16%), and the remaining parts of 7.94% are other documents (generic, 6.81%; working
papers 2.27%).

TYPES OF SOURCE

Book, 5.48%

Book Section,
8.51%

B Working Paper
‘Working Paper,

0, .
227 i, SHG% ™ Thesis

= Journal

¥ Report
Conference
Proceedings, B Generic
10.78%
m Conference
Proceedings
o o,

Generic, 6.81% mBook Section

mBook

Journal, 56.14%

Figure 5. Article type involving both SCF and Financial ecology/ecosystem.
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Simultaneously, to ensure the quality of the article selection, this paper according to
the theory from Jesson et al. [32], limits the source type to electronic databases (e.g., journal
papers) and refers to the AJG2018 ranking list of journals. AJG is the Academic Journal
Quality Guide, published by the Association of Business Schools (ABS). Of the 297 selected
journal papers, 132 were found to be published in 58 of the AJG2018 journal lists (4 articles
in 2 journals marked with 4*; 12 articles in 4 journals marked with 4; 62 articles in 20 journals
marked with 3; 32 articles in 17 journals marked with 2; 22 articles in 15 journals marked

with 1), accounting for 44.44% of the papers in the selected journals (see Table 3).

Table 3. The number of journals and articles involving both the perspectives of SCF and financial

ecology/ecosystem included in the AJG2018 published between 2002 and 2022 (February).

Source of Journal

AJG2018

Number of Articles

International Journal of Production Economics
International Journal of Production Research
IEEE Transactions on Engineering Management
Industrial Management & Data Systems
Annals of Operations Research
International Journal of Operations and Production Management
Journal of Purchasing and Supply Management
Technological Forecasting and Social Change
International Journal of Logistics Research and Applications
Production and Operations Management
Business Strategy and the Environment
Industrial Marketing Management
Journal of Business and Industrial Marketing
Supply Chain Management: An International Journal
Computers & Industrial Engineering
Enterprise Information Systems
Expert Systems with Application
International Journal of Management
Journal of Business Research
Journal of Entrepreneurship
Journal of Theoretical and Applied Electronic Commerce Research
Management Science
Organization Science
The TQM Journal
Transportation Research Part E: Logistics and Transportation Review
Asia Pacific Business Review
Computational Economics
Economic Systems
Information & Management
Information Processing and Management
Information Resources Management Journal
Information Systems Management
Intelligent Systems in Accounting, Finance and Management
International Journal of Business and Systems Research
International Journal of Contemporary Hospitality Management
International Journal of Finance and Economics
International Journal of Forecasting
International Journal of Industrial Engineering & Production Research
International Journal of Innovation, Creativity and Change
International Journal of Services and Operations Management
International Journal of Technology Intelligence and Planning
International Review of Financial Analysis
International Transactions in Operational Research
Journal of Business Logistics
Journal of Development Studies

== W WWRNNNWONWWERFR, WORNERE WONWWW

NS
* %

WINNR WOR RPN RFRFWWWRPRNEFEFNONEFREDNDWR-

10

[og)

PR R R R R R R RERRRERRRERRPRRRRPRRNDNNNNNNDNNNNNNNNNNNNNOOOQOWERE OO NN
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Table 3. Cont.

Source of Journal AJG2018 Number of Articles
Journal of Industrial and Business Economics 1 1
Journal of Knowledge Management 2 1
Journal of Macromarketing 2 1
Journal of Organizational and End User Computing 1 1
Journal of Product Innovation Management 4 1
Journal of Rural Studies 3 1
Journal of Sustainable Finance & Investment 1 1
Journal of the Association for Information Systems 2 1
Electronic Commerce Research and Applications 2 1
Management Decision 2 1
Production Planning and Control 3 1
Research in International Business and Finance 2 1
Review of Finance 4 1

Note: According to the rating definition of AJG 2018, 4* means journal of distinction in the field, 4 means top
journals in the field, 3 means excellent journals in the field, 2 means acceptable standard journals in the field, and
1 means modest standard journals in the field.

Furthermore, after reviewing the abstracts and introductions of 132 articles collected
by journals included in AJG2018, it discovers that in existing research papers, the methods
of ‘Model Simulation’, ‘Literature Review’, ‘Conceptual Framework’, ‘Case Study’, ‘Inves-
tigation Research’, and ‘Empirical Analysis” appear to be very popular. However, many
articles also use a hybrid approach combining quantitative and qualitative methods, such
as theory-oriented procedures with field investigation (see Table 4).

Table 4. Details of analyzed articles by methodology.

Methodology Numbers Percentage
Mixed 14 10.61%
Case Study 14 10.61%
Conceptual Framework 6 4.55%
Model Simulation 23 17.41%
Literature Review 35 26.52%
Investigation research 16 12.12%
Empirical Analysis 24 18.18%

4. Data Integration and Analysis

This section focuses on the information and data integration from the journal articles
selected above to map, link, and find the corresponding answers by conceptual develop-
ment description or content analysis based on two different research questions.

4.1. Conceptual Development Analysis

This part of the conceptual development analysis is centered on the first research
question, “How many stages of SCF development have been experienced?”. After re-
viewing the filtered literature mentioned above through reading the abstract, keywords,
and introduction with the description analysis (mirrored into the process of the related
literature collection in Section 3), the following is clear: SCF is a new financial concept with
a growing development trend based on the theory of the SC for effective integration of
SC and finance [1]. It has many new characteristics and goes beyond traditional SCM and
financial supply chain management (FSCM).

At the traditional level, SCM aims to comprehensively manage all aspects of the entire
SC (e.g., suppliers, manufacturers, and distributors) to meet the customers’ needs. More-
over, it works through each link in the SC, including purchasing, material management,
manufacturing, distribution, and marketing, to reduce costs and maximize profits for all
supply members while improving cooperation among SC partners in terms of goods, infor-
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mation, and capital flows [40-43]. Furthermore, R. W. Seifert and D. Seifert [44] considered
traditional SCM as “physical supply chain management’, also known as PSCM.

To distinguish PSCM, the concept of FSCM emerges. The FSCM seems more specific
than the PSCM for managing the capital/financial flow in the SC. Generally, FSCM occurs
along with significant economic events and money-related activities when a company
purchases products from another SC participant [45]. Through FSCM and financial opti-
mization, the cash flow throughout the SC may become more visible, assisting organizations
in reducing working capital, saving costs, increasing credits, and obtaining more investment
opportunities. Upon reflection, the viewpoints of Popa [46], Wei [27], and Caniato et al. [47]
were that FSCM aims to unify the finance, information, and material flows, balancing the
financial allocation and eventually achieving the competitive advantage of the entire chain.
In addition, Cronie and Sales [48] pointed out that a well-designed FSCM necessitates
efficient internal processes and effective collaboration among SC partners. Furthermore,
Kristofik et al. [49] also stated that FSCM considers optimizing an enterprise’s working
capital from both inside and outside. As a result, pursuing a better internal financial process
and locating efficient external capital situations appear to be fatal drivers to stimulate SC
financial optimization, further carrying out the specialized SCF concept.

One key feature of the SCF is that some financial institutions treat the Cos, the upstream
and downstream partners in the SC, as a whole. The Cos rely on the real and effective
industrial chain to create its ‘guarantee’ to help solve the financial difficulties and barriers
of its upstream and downstream partners, especially for those small and medium-sized
collaborators (SMEs). As a consequence, the overall SC’s operational efficiency improves.
The essence of SCF is to integrate the four flows of ‘business/commodity’, ‘logistics’,
‘capital’, and ‘information’ from the foundation of a CO, offering better financial support
and service for the entire SC [1,50]. Despite the SCF’s short history, most previous studies
demonstrated that the SCF’s development goes through three stages of SCF: 1.0, 2.0, and
3.0 (see Figure 0).

( Stage 1: SCF 1.0 ) [ Stage 2: SCF 2.0 ) ( Stage 3: SCF 3.0 )

'N + N'" mode, with the
development of IT and the
Internet, the traditional
'1+N' Mode has been
expanded to the 'N+N'
Mode with the integration
of commodity flow,
logistics, captial flow and
information flow to a
platform and form Big
Data.

'1+N' Mode, the '1' SCF 2.0 appears to be the
represents the core online version of SCF 1.0

organisation in supply 5 by 4 flows combination B
chain, and the "N' refers to mode of 'Commodity flow
the upstream and + Logistics flow + Capital

downstream partners. flow + Information flow'.

Figure 6. SCF Development Stages.

e SCF 1.0: Traditional ‘1 + N’ Mode

The traditional ‘1 + N” mode seems to be the initial stage of the SCF; it is called SCF
1.0. Most scholars [1,50-53] believed that the CO plays a significant role in SC. Meanwhile,
the upstream /downstream players, and financial institutions, are also important SC com-
ponents. Banks and banking systems are primarily referred to as financial institutions in
this phase [1,27,42,50]. According to the credit support from the CO of ‘1" in the SC and
through the control of the four flows of ‘business’, ‘logistics’, ‘capital’, and ‘information’,
the financing credit support for ‘N’ of the upstream and downstream partners (particularly
for SMEs) is completed (see Figure 7).
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Business Flow
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Capitfl Flow Logistics
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Figure 7. SCF 1.0: Traditional ‘1 + N” Mode.

e SCF 2.0: 4 Flows Combination Mode

In this stage, the Internet seems critical for promoting SCF development. Along with
the widespread use of the Internet and intelligent devices, traditional offline SC businesses
have started moving online. H. Chen [50] and Shen et al. [1] pointed out that the data of Cos
should be connected online so that banks can obtain all kinds of factual trade information,
which relates to warehousing, payment, and other accurate business of the upstream and
downstream enterprises in the industry chain. The main features of this stage are that
the four flows of ‘business’, ‘capital’, ‘logistics’, and ‘information’ begin to be combined,
and the version of SCF 2.0 is formulated [1,50,53]. Furthermore, traditional commercial
banks play an essential role in the financial market. Other organizations, such as financial
leasing institutions, factoring companies, and securities firms, also proceed with providing
capital services (Figure 8). Except for above, the COs, suppliers (upstream), distributors
(downstream), logistics companies, and financial institutions are all linked by the Internet
during the process of obtaining financial support and capital assistance in the SCF 2.0
stage [1]. SCF 2.0, compared to SCF 1.0, emphasizes the ability of digital technology and
the Internet to eliminate information asymmetry [27].

Banks + Other Financial Orgnizations

v

Capital Flow + Business Flow

Information
Logistics + Flow

+
v

Internet

Downstream
Partners

Core
Orgnization

Upstream
Partners

Figure 8. SCF 2.0: 4 Flows Combination Mode.
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e SCF 3.0: Platform ‘N + N’ Mode

The 4th industrial revolution and the maturity of Information technology (IT) promote
the further development of SCF 3.0. In particular, this stage indicates that financial market
centralization is moving towards decentralization. With the popularity of smart terminals,
traditional financial institutions such as banks have lost their central position, and SCF-
related business have started to present on Internet platforms [1,50]. The network offers
a third-party information service platform and introduces more capital providers [42,50].
Wei [27] and C. Y. Lin [43] pointed out that the financial organizations are not only limited
to banks, but also extend to small loan companies and even individual investors (e.g., P2P).
In other words, the financial market structure is decentralized, in line with the law of IT
development itself. Meanwhile, the SMEs’ orders, waybills, receipts, and financing are
gathered on the platform. Furthermore, ‘business, logistics, capital and information flows’
are unified to form the Big Data [1,27,50]. As a result, the previous ‘1 + N” mode centered
on the COs has been expanded into the ‘N + N” mode, which focuses on SMEs’ transactions
and finally forms the SCF 3.0 of platform mode (see Figure 9).

Information Flow Information Flow

Business Flow Business Flow

Upstream
Partners

| Downstream
Partners

Upsiream |
Partners

| Downstream
Partners

Capigal Flow Logistics

Logistics

Figure 9. SCF 3.0: Platform ‘N + N’ Mode.

4.2. Content Analysis

This part focuses on finding the answer to the second research question, “How are
the terms ‘Supply Chain’ and ‘Finance” understood in the context of financial ecology?”.
Early scholars [18] generally divided SCF into two levels of ‘Supply Chain-oriented” and
‘Financial-oriented’. The ‘Supply Chain-oriented” mainly means the financing objects or
actors that arise around the main body of the SC [14,54]. The ‘Finance-oriented’ refers to
the financial solutions, tools, technology (Fintech), activities, and relationship maintenance
on the SC’s “platform” for financing [12,45]. When the terms ‘Supply Chain” and ‘Finance’
are placed within financial ecology scenarios, the financial ecosystem model proposed
by Wei [27] and Shen et al. [1] with the three plates of ‘Financial ecological stakeholders’,
‘Financial ecological supply chain platform’, and ‘Financial eco-environment’ is incorpo-
rated for better understanding. Here, the term ‘Financial ecological stakeholders’ is about
the financial entities/actors, and the ‘Financial ecological supply chain platform” involves
the financial solutions, instruments, technology, and collaborative relationships provided
by the platform based on the Internet, and the ‘Financial eco-environment’ relates to the
macro political, economic, cultural, and industrial environment in which SCF is rooted.
In addition, to explicitly answer this question, the content analysis is introduced based
on a thorough review of 132 selected papers. Before beginning the content analysis, a
coding system was established to record the paper’s information such as the topic, authors,
research directions, and definitions relating to SCF. Following an extensive reading, the
understanding of ‘Supply Chain” and ‘Finance’ is synthesized and reclassified into eight
sub-SCF dimensions under three sub-areas of the financial ecosystem, with a summary of
the corresponding article number counts and related proof quotes (see Table 5).
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Table 5. An overview of the sub-SCF dimensions and key coding terms from the financial ecosystem perspective.

Sub-Areas of

Selected Representative

Financial Ecosystem Key SCF Dimensions Key Coding Terms Article Counts References Proof Quotes (Exemplary)
Core Organizations (COs);
Upstream; Downstream;
Financial Institutions; “SCF actors include primary actors
Banking Sectors; Customers; Randall and Farris [55]; Hong [56]; (buyers and suppliers )pﬂn d suy ortive
Financial ecological Supply (1) Financing Actor Third-Party Logistics 70 C. Huang et al. [57]; C. Bals [20]; S. EZ tors (bankf P non-bank ﬁns ”Z cial
stakeholders Chain-oriented: ancing Acto Providers (3PLs); Small and Li and Chen [58]; X. Chen et al. [59]; institutions. lo ,is tics service providers
Medium Enterprises (SMEs); C.-Y. Lin [43]; Jia et al. [39] : 08 L, p
— . and platform providers” [57].
Suppliers; Manufacturers;
Wholesalers/Distributors;
Retailers; Customer
“SCF optimizes financial flows at an
. V.Vorl.qng Capital Hofmann [6]; Wuttke et al. [17,60]; znterjorgqnlzatzonul level throzlgh
Optimization/Management; R solutions implemented by financial
. . Camerinelli [12]; Lamoureux and Lo .
. . . Financial Performance; . institutions or third-party technology and
(2) Financial Solution . . 69 Evans [45]; Gelsomino et al. [18]; . . . .
Financial h . service providers with the ultimate goal of
. . Caniato et al. [47]; S. Li and R . .
Product/Service/Solution; aligning financial flows with product and
. . . . Chen [58]; L. Chen et al. [61] > . e
Financial Business Innovation information flows within the supply
chain” [58].
Trade Credit; Asset-based Palia and Sopranzetti [62];
. . . Hofmann [6]; Berger and Udell [63]; " .
Financing; Pre-Shipment S . A SCF arrangements are not limited to
. . . Camerinelli [12]; Sugirin [64]; )
Financing; Purchasing Order ) . accounts receivable or accounts payable
. ) ) Gomm [54]; R. W. Seifert and D. . . . .
Financing (Buyer-driven); . . financing solutions but also include other
. . . . g . Seifert [44]; Basu and Nair [65]; . S .
Financial ecological . . . . in-Transit Financing; forms of network financing, including
; Finance-oriented: (3) Financial Instruments 35 Popa [46]; More and Basu [66]; . &7 T
supply chain platform Inventory Pledge; Wattke, et al. [60]; Ji and factoring and reverse factoring, inventory
Post-Shipment Financing; uttke, cra ;ra and warehouse financing, dynamic
. Gunasekaran [67]; X. Xu et al. [19]; . . .
Reverse Factoring; Accounts . discounting, leasing and other
. ) C. Bals [20]; Ali et al. [68]; L. . B
Receivable; Accounts Payable; . . instruments” [69].
Dynamic Discounting Chen et al. [61]; X. Chen et al. [51];
yn C. Huang et al. [57]
“The digital technology (e.g., Blockchain)
Fellenz et al. [52]; Lamoureux and  promotes the development of supply chain
.. . . . Evans [45]; Omran et al. [13]; finance from three aspects: the realization
Digital Finance; Financial Comb ) . C. Bal . : .
Technology (Fintech); Internet omber et al. [70]; C. Bals [20]; of information symmetry among
(4) Technology ’ 61 Palmie et al. [71]; Z. Liu [72]; participating parties, the realization of

of Things (IoT); Blockchain;
Big Data

Cui [73]; Zhang-Zhang et al. [74];
Ning and Yuan [75]; L.
Chen et al. [61]

core enterprise credit transfer, the
realization of supply chain financial
process visibility, risk controllability, and
full-service coverage” [72].
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Table 5. Cont.

Sub-Areas of
Financial Ecosystem

Key SCF Dimensions

Key Coding Terms

Selected Representative

Article Counts References

Proof Quotes (Exemplary)

Financial ecological

(5) Platform

Finance-oriented:

Information Processing;
Operational and Financial
Decisions; Information
Asymmetry; Credit
Management; Risk
management; Flows

More and Basu [66]; Omran et al.
[13]; Wei [27]; De Reuver et al. [76],
Shen et al. [1]; Duetal. [77]; M.

“An SCF platform has positive effects on
optimizing the coordination of flows of

. . . ) funds, materials, and information and can
62 ]I;; E: :i' [[Zé;]]’ ‘ﬁvagha;lde?g [[76911]/ . promote all SCF actors’ ability of resource
ng a’n d Yuan [75].' ! acquisition, sharing, and

. ! integration” [75].
supply chain platform Integration Q. Huang et al. [80];
Camaria Mt and AmmanedySCT I e iy i
. Dynamic Network; [81]; Graca and Camarinha-Matos P 8 s
(6) Supply Chain Collaborative 26 [82]; X. Liu et al. [83]; C. Bals [20]; context of supply chain management,
Collaboration (SCC) . . . S s . {1 ! which emphasizes the intersection of
Operation/Relationships Shi and Mena [84]; H. logisti . .
) ogistics, supply chain collaboration, and
Song et al. [85]; Olan et al. [86] . W
finance” [85].
“In financial regulation, by constructing
Laws; Financial Regulations; Acharya [87]; Milne [88]; financial networks, one can discover the
(7) Regulations Financial Stability; Policy; 2 Kupiec [89]; Abedifar et al. [90]; H. structural nature of the network of
Ei al & Economic Development; Zhang et al. [91]; G. Wang et al. [92];  financial institutions, impose balanced
nancia

eco-environment

Industrial Culture

X. Liand Zhou [93]; Chao et al. [69]  management, and intervene and block the

network spread of risks” [57].

(8) Sustainable Supply Chain Finance (SSCF)

Life-Cycle; Value Innovation;
Competitive Advantage;
Social /Economic Aspects

Tseng et al. [94]; Tseng et al. [95]; C.
21 Huang et al. [57]; Jia et al. [96]; X.
Chen et al. [51]; Olan et al. [86]

“Both economic and social aspects are the
two most crucial aspects within
sustainable supply chain finance” [94].
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e  Financial ecological stakeholders (Supply Chain-oriented)

@) Financing Actor

The financing actors are the most crucial component in ‘Supply Chain-oriented” financ-
ing adoption, which reflect as ‘Financial ecological stakeholders’ in the financial ecology
perspective. Randall and Farris [55], Hong [56], S. Li and Chen [58], C.-Y. Lin [43], and
C. Huang et al. [57] believed that the actors for SCF adoption refer to both main actors
(e.g., upstream suppliers, COs, and downstream buyers) and supportive actors (e.g., banks,
financial institutions, logistics service providers and technology providers, and SMEs, etc.).
Similarly, X. Chen et al. [59] and Jia et al. [39] began with the COs in SC and clarified the
SCF participants before outlining the SCF business model. X. Chen et al. [59] pointed out
that except for traditional financial institutions, the four types of COs that adopt SCF relate
to: (1) Third Party Logistics (3PLs), (2) B2C/C2C and B2B E-commerce platforms, (3) manu-
facturers with strong bargaining power and favorable credit, and (4) professional software
providers. Jia et al. [39], based on the dominant financing services and products’ player,
regarded SCF business actors and models as ‘manufacturer-centered’, ‘bank-centered’,
‘3PL-business” and ‘supply-chain-players-centered’.

e  Financial ecological supply chain platform (Finance-oriented)

2 Financial Solution

Many early studies [17,18,60] viewed SCF as a set of solutions aiming at SC-wide
working capital optimization, which enables the alignment of the financial flow with in-
formation and product flows along with the SC and benefits in cash flow management,
performance improvement, and financing cost reduction for all parties involved. Further-
more, Hofmann [6], Camerinelli [12], Lamoureux and Evans [45], S. Li and Chen [58], and
Shi and Mena [84] emphasized that SCF is a practical approach carried out by financial
institutions or third-party technology and service providers for resolving financial crises
at an inter-organizational level. Based on cooperation among SC participants, the SCF
adoption may more easily form new loan opportunities for ‘weak’” actors in the SC with
lower debt costs [18]. Furthermore, Randall and Farris [55] stated that the SCF solution
could improve trust, commitment, and profitability throughout the SC. Except for the
above, Olan et al. [86] proposed that the SCF might provide advantages in sharing working
models in the SC through managing inter-organizational financial flows.

3) Financial Instruments

Financial instruments are important means of putting the goals of financial solutions
into action. Hofmann [6], Camerinelli [12], More and Basu [66], and Wuttke et al. [60] gen-
erally perceived that the SCF is made available through a variety of financial instruments
with liquidity value modification to carry out the working capital optimal management. De-
pending on the stage in which the SC activity takes place, SCF financial instruments can be
divided into three categories: pre-shipment financing (e.g., purchasing order financing) [12],
in-transit financing (e.g., inventory and warehouse financing) [6,67], and post-shipment
financing (e.g., factoring and reverse factoring) [6,44,46,60,66]. However, other scholars
believed that the SCF implementation should not be limited to the aforementioned fi-
nancial tools, but also should include items such as a letter of credit [12,64], accounts
receivable [18,62], accounts payable [64], dynamic discounting [18,65], leasing [6,63], fixed
assets financing [54,68], and network financing [51]. All the above execution tools optimize
the working capital by increasing liquidity, resulting in win-win situations for buyers and
suppliers [13,46].

(4)  Technology

With the development of the Internet and digital technology, the incorporation of

digitalization and financial services has cultivated a new term of financial technology

(Fintech) in the 21st century. It has colloquially resulted in significant growth in new
business models and creative changes in the finance sector. It has also been identified as
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a critical driver of financial development, inclusion, social stability, and integrity [74]. In
the current era, Fintech, referring to all types of technological innovations, has expanded
to any sector related to finance [70,71]. Fellenz et al. [52] treated SCF as a model to
integrate the physical and service aspects with distribution, information and capital flow,
aligning them in the whole SC from the Fintech side. IoT, Big Data, and blockchain being
applied to financial sectors are typical examples of Fintech. Taking blockchain as one of
the most common ways in Fintech to solve the problems of information asymmetry and
financing risks brought by complex relationships among SC actors when adopting SCF
practice, Lamoureux and Evans [45] and Cui [73] believed that blockchain could increase
the SCF funding efficiency with the risk mitigation and real-time visibility rising. Similarly,
Omran et al. [13] and Z. Liu [72] realized that blockchain promotes SCF development in
three ways: the realization of information symmetry among participating parties, the
realization of core enterprise credit transfer, and the realization of the SCF-process visibility,
risk controllability, and full service coverage.

(5) Platform

The platform-based sharing economy has emerged alongside the rise of digital tech-
nology. Meanwhile, the sharing economy has permeated financial services, and the SCF
business model has evolved to a ‘digital platform-based model’ [77,78]. Similarly, after
Shen et al. [1] and Wan and Qie [79] introduced the concept of ‘platform” into SCF, using
platforms could bring numerous benefits, including the enhancement of the ability to
collect and combine data, information, finance, logistics, and business flows, resulting
in precise capital assistance. De Reuver et al. [76], in particular, stated that adopting the
SCF platform at the intra-organizational level may provide a more convenient approach
to business processing and value delivery; while Ning and Yuan [75] pointed out that an
SCF platform at the organizational level can promote the ability of all SCF actors to acquire,
share, and integrate resources. Additionally, Wei [27] and Shen et al. [1] integrated the
“financial ecosystem” and further materialized the platform at the Internet-based operational
level, perceiving it has a practical function in information processing, operation, service
platform, and risk management. Furthermore, Q. Huang et al. [80] also emphasized that
the information-processing mechanisms on the SCF platform might ultimately improve
the SMEs’ financial performance. However, with a more complex relationship and opera-
tional mechanism being implemented in the SC platform, SCF also has the disadvantage of
various inefficiencies, such as information asymmetry and financing risks [13,66].

6) Supply Chain Collaboration (SCC)

The dimensions of SCC have received much attention in the literature. C. Bals [20],
based on Kraljic [97], further stated that the power of both the purchasing company and
supply market should always be considered because collaboration works best in balanced
relationships. Considering the SCF field, X. Liu et al. [83] regarded the SCF as a collabo-
rative entity made up of three participants (debtors, banks, and loan service providers),
and the successful implementation of the SCF was dependent on improved cooperation
and collaboration in the same language among partners. Scholars [20,85] believed that
the SCC and network represent the new integrative innovation in SCF processes for SC
partnerships working towards improving and building a beneficial pool of products, and
resources and services allocation. Besides, Olan et al. [86] recently emphasized that the
SCC considers the relationships among SC partners in defining the overall structure for a
sustainable supply network, stressing the significant integration of new structures with
existing interconnections. In addition, Camarinha-Matos and Afsarmanesh [81] blended
the financial ecosystem concept into understanding a collaborative network. Based on this
viewpoint, Graca and Camarinha-Matos [82] further put forward the idea of a Collabora-
tive Business Ecosystem (CBE) from the perspectives of sustainable development, actor
collaboration, and performance improvement.
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e Financial eco-environment
7) Regulations

Financial regulation is the foundation of financial stability [69]. Acharya [87] and
Milne [88] suggested that financial stability is a significant assurance for the national
economy’s healthy and orderly development and long-term social benefits, reflecting that
financial operation provides continuous resource allocation optimization. Risk monitoring
and regulation of financial services, financial institutions, capital flows, credit systems, and
financial security are the main factors affecting financial stability [89,90]. In terms of the SCF
supervision, H. Zhang et al. [91] summarized the credit risk of the “point to line” form in the
multiparty participating regulation and assumed that it should take somewhat of a three
aspects control: contract evaluation, multi-side interconnection of warehouse supervision,
and continuity delivery. G. Wang et al. [92] and Chao et al. [69] contended that building
financial networks is advantageous for achieving network structuredness of financial
institutions, implementing balanced management, and intervening and interrupting the
risks spread of networks in financial regulation. However, with the SCF’s continuous
innovation, there are still many problems and challenges in technology, law, and financial
systems, such as increasing network security risks, a lack of supporting legal policies, and
the impact on the current financial system for financial regulation [93].

®) Sustainable Supply Chain Finance (SSCF)

SSCE as a newly derived definition based on the original SCF, addresses the challenges
posed by the 2008 economic downturn and the post-COVID-19 pandemic by holistically
linking financial institutions and traders with SC players [86]. Previous studies advocated
that SSCF can provide financial benefits and environmental and social value contribu-
tions [96]. In particular, it helps the sharing of collaborative resources, the forming of
financing models, and the establishment of government grants and the achievement of
sustainable development for each SC sector, thereby improving whole-SC sustainabil-
ity [51,57,94]. As a suggestion for effectively promoting SSCE, Tseng et al. [94] emphasized
that the financial and social aspects are the two most important aspects of carrying out
SSCE. However, Tseng et al. [95] changed perspective in their later study and mentioned
that SC players who desire to implement SSCF should pay more attention to collaboration
on value innovations, strategic competitive advantages, and financial aspects while not
disregarding the other attributes to improve performance.

5. Discussion
5.1. Answering the Research Questions

To answer research question 1, “How many stages of SCF development have been
experienced?”, a related conceptual development review is conducted based on selected
resources. SCF evolved by successfully integrating finance into SC [1]. It has a variety of
novel traits and transcends conventional PSCM and FSCM. To enhance an organization’s
working capital, SCF is carried out based on the definition of FSCM, which focuses on the
combination of the four flows of business/commodity, logistics, capital, and information.
Even in its short history, SCF has gone through three stages: SCF 1.0, 2.0, and 3.0. Consider-
ing research question 2, “How are the terms ‘Supply Chain” and ‘Finance’ understood in the
context of financial ecology?”, the understanding of ‘Supply Chain” and ‘Finance” would
be reclassified into eight subdimensions (Financing Actor, Financial Solution, Financial
Instruments, Technology, Platform, SCC, Regulations, and SSCF) under three financial
ecology perspectives of the financial ecosystem model [1,27]. ‘Supply Chain-oriented” links
to ‘Financial ecological stakeholders’” and is mainly demonstrated by the fact that SCF
players are financial entities or actors all based around the SC. ‘Financial-oriented’ relates
to detailed financial solutions, instruments, platforms, and SCC, primarily gathering at the
‘Financial ecological supply chain platform’. In addition, the ‘Financial eco-environment’
means the reasonable regulations and sustainable political, economic, cultural, and in-
dustrial context needed to underpin the healthy operation of the whole SC ecosystem.
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Based on content analysis for the above eight redefined subdimensions, it is clear that the
SCF and financial ecology concepts should not be separated, and SCF cannot operate in
isolation. The industry’s whole SC could be treated as a certain ecosystem to some extent,
and the understanding of ‘Supply Chain’ and ‘Finance’ should involve a holistic view of
the SC ecosystem.

5.2. Comparison with the Previous Literature

Considering the combination of the financial ecology/ecosystem and the SCEF, C.
Bals’ [20] research can be seen as a benchmark in the field. C. Bals [20] first conducted
systematic SCF ecosystem research in the eight areas: SCC, organization, financial, tech-
nology, market and regulation, product, stakeholder perspective, and life cycle. However,
when compared to the current SCF research, as revealed by the six representative studies in
Section 1, some discrepancies regarding the study of SCF were detected.

Camerinelli [12] researched SCF via a literature review and likened it to a ‘glue
used to improve liquidity values, with working capital optimization through ‘end-to-
end’ operational, financial flow alignment. SCC, organization, finances, product, and
stakeholder perspectives [20] are considered in this study, but three other dimensions,
technology, market and regulation, and life cycle, are not included.

Moreover, Pfohl and Gomm [14] examined the financial role in SCF and first proposed
a mathematical model of SCF. According to their model, SCF has been proven to optimize
cash flows while lowering costs. Perspectives on the SCC, organization, finances, and prod-
ucts have been clearly stated, while four other topics (technology, market and regulation,
stakeholder, and life cycle) that C. Bals has summarized do not involve to [20].

D. Seifert et al. [98] began with six primary supply-side motives and three major
demand-side motives to identify the importance of trade credit among action factors of
order quantity, credit term, and settlement period decisions. Although this study is related
to the financial, SCC, and stakeholder dimensions that C. Bals [20] proposed, with an
emphasis on an organization’s internal and external operation management, it does not
precisely define the enterprise types (e.g., COs/SMEs) and the specific role an enterprise
plays in the SCF.

Subsequently, Gelsomino et al. [18] systematic research redefined SCF from the ‘Supply
Chain-oriented” and ‘Finance-oriented’ perspectives. It touched on the six factors of prod-
ucts, stakeholders, SCC, organization, finances, and technology mentioned by C. Bals [20].
Gelsomino et al. [18] study could be regarded as a systematic reference model in the SCF
research field. However, probably due to the lack of a life-cycle perspective and a detailed
strategy for carrying out SCF performance measuring, there is still room to expand SCF
research from a market and regulation perspective in the future.

X. Xu et al. [19] study classified SCF into four research clusters: the deteriorating
inventory model under credit policy, the inventory decisions made with trade credit policy,
the interaction between replenishment decisions and delay payment strategies, and the roles
of financing service in the supply chain. These are reflected in the three SCF dimensions
mentioned by C. Bals [20]: finances, organization, and SCC. Even though X. Xu et al. [19]
raised awareness of value creation for the entire SC by improving financial services, theirs
still does not form a comprehensive financial systematic view.

Jia et al. [39] conducted a literature review to delve deeper into four SCF business
models: a manufacturer-centered model, a bank-centered model, a 3PL-centered model,
and an SC coordinator-oriented model. Jia et al. [39] identified business modes varying
by enterprise type in the SC and emphasized the uncertainty in the dynamic environment
that SCF faced. Building on the SCF-related research work of C. Bals [20], their work
addressed five dimensions: financial, technological, organizational, stakeholder, and SCC.
Jia et al. [39] contended that information processing in SCF might assist with minimizing
the unpredictability caused by a dynamic environment. However, the processing is not
informative enough to offer a specific SCF pattern, particularly from the perspective of the
entire financial SC system.

’
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The SCF with eight subdimensions and four stages [22] of financial ecological devel-
opment was explored in C. Bals’ [20] article. This research served as a forerunner for the
development of an SCF ecosystem and contributed to the managerial implications of the
presented framework from the viewpoint of various stakeholders.

5.3. Differences Identified in the Research

However, C. Bals [20] does not define the stages of SCF development, nor does it
explain the understanding of ‘Supply Chain” and ‘Finance’ from a financial ecology perspec-
tive. Therefore, in our paper, we reinforce these two features, while also complementing the
SCF-related study. We treat the whole SC itself as the ecosystem, and believe the SCF exists
across the entire SC. Meanwhile, we also agree that multiple stakeholders (supplier, buyer,
government, financial institutions, and other solution providers) can be integrated into
the SC ecosystem [61], forming a compendium of SC elements and entities that influence
products, information, and capital flows via regulations, technology, monitoring, etc. [99].
Furthermore, we find that, although the previous literature has established the fundamen-
tal logic of SCEF, there are still many externally unpredictable factors (e.g., technological
developments, changes in the international economic situation or the business growth
cycle), and new elements and actors are constantly emerging. This emphasizes the need to
study SCF from the viewpoint of financial ecology, as concluded in the above systematic
literature analysis. Following this, three factors that are necessities for the study of SCF
from a financial ecological perspective are reiterated based on the above SCF conceptual
development and content analysis, which includes:

(1) The Physical Similarity of the Natural Ecosystem

At the start of this paper, we mention that financial ecology is borrowed from the theory
of natural ecology. The ecosystem is a biological concept that refers to a unified whole
in a specific natural space. In these conditions, organisms and the environment interact
with and constrain each other in a relatively stable dynamic equilibrium. The ecosystem’s
scope can be large or small [21]. Wei [27], C. S. Lin and Lin [42], and Shen et al. [1] also
noted that the natural ecosystem is a part of bionics. Organisms and the environment are
closely related to particular development laws. The same applies to financial ecology to
some extent. More explicitly, financial institutions and actors are indispensable elements
that interact in the financial ecosystem [27,100]. Thus, no matter the natural or financial
ecosystem, each element helps and competes with each other. As a result, to better promote
balance and cooperation, it is crucial to study SCF at the financial ecosystem level based on
the similarity in terms of the physical principles of a natural ecosystem.

(2) SCF Environment Dynamicity

When considering ‘Supply Chain’ and ‘Finance” under the financial ecosystem model [1,27]
with the three aspects of ‘Financial ecological stakeholders’, ‘Financial ecological supply
chain platform’, and ‘Financial eco-environment’, the dynamic environment SCF is rooted
in is constantly changing. To some extent, the dynamic environment can be seen as a driver
promoting SCF development because it forces the SCF practitioner to change, upgrade, and
adapt to the environment. Wei [27], C. S. Lin and Lin [42], and C. -Y. Lin [43] realized that
ever-changing internal and external surroundings might impact many COs in the industry
chain. With significant IT development and rapid change in the digital environment,
globalization and competition have become two features of the modern economy [42].
Implementing SCM, FSCM, and SCF (1.0, 2.0, 3.0) enables the four streams of business,
information, logistics, and capital to be united to varying degrees to improve international
competitiveness. As a result, capital is optimized, competitiveness is increased, and costs
are reduced. Furthermore, F. Chen et al. [101], Guillen et al. [41], and C. S. Lin and Lin [42]
discovered that treating the entire business chain as an ecosystem by implementing SCM,
FSCM, or SCF may result in fewer uncertainties from both inside and outside its industry
chain. In addition, it also has a positive effect, assisting all the SC members to cooperate
with all the flows of materials/commodities, information, and finances, and bringing about
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SC performance enhancement [1,102]. SCF research should thus consider the dynamic
circumstances of industry/business and view the entire chain as an indivisible ecosystem.

(3) Supply Network Complexity

SCF goes through three stages: 1.0, 2.0, and 3.0. Although the primary function of SCF
is to achieve competitiveness by combining four flows (business, information, logistics,
and capital), the definition and dimension of an SC network vary across SCF development
stages, limiting the SCF function and the four flow-integration degrees to some extent.
Initially, SCF 1.0, the supply network is identified by the COs’ position with regard to its
upstream and downstream partners. In SCF 2.0, the SC network is not restricted to the
traditional offline model; its network expands to an online mechanism. Subsequently, in
SCF 3.0, based on the self-contained features of decentralization and disintermediation,
the SC network starts to emerge in online platform formats, and the occurrence of ‘N’
sub-supply chains adds significantly to a supply network’s complexity [1,27,50]. At this
SCF platform stage, Shen et al. [1], Bals et al. [103], and C. Bals [20] agreed with the
financial ecology theory proposed by Mizgier [26] and suggested that “supply chain
financial ecology should [be a] cross-industry, cross-region, cross-platform ecosphere [1].”
In addition, Bascompte et al. [104] noted that platform-centric SC networks contain many
disparate nodes and links that should not be allowed to exist in isolation while forming the
modularity of the overall network, but rather should strengthen the correlation between
the elements. Therefore, considering these dispersed and complex nodes and links in SC
networks, sometimes referred to as ecosystem elements, conducting SCF research from
the standpoint of the SC ecological network complexity may provide valuable insights for
financial sector study [105].

5.4. Research Contribution: Towards a Framework of Further SCF Ecosystem Understanding

The first difference in our research is that it expands on the SCF ecosystem introduced
by C. Bals’ [20] initial systematic review by exploring SCF development stages and in-
corporating the understanding of two dimensions of ‘Supply Chain’ and ‘Finance’ into a
financial ecosystem model [1,27] with three aspects. A second difference in our research
is the reaffirmation of the necessity of an ecosystem based on the above analysis process,
which summarizes three factors for an SCF study to consider: the physical similarity of the
natural ecosystem, SCF environment dynamicity, and supply network complexity. Based
on the research gaps identified, a framework for further understanding the SCF ecosystem
is developed in this paper (Figure 10).

Given the similarity of the physical characteristics of natural ecosystems, a logical
framework for understanding SCF based on financial ecosystems is extended. Two per-
spectives, ‘Financial ecological stakeholders’, including ‘Financial Actors’, and a ‘Financial
ecological supply chain platform” with five subdimensions (Financial Solutions, Instru-
ments, Technology, Platform, and SCC), mirror the core understanding of ‘Supply Chain’
and ‘Finance’ in a financial ecology context. The remaining perspective, ‘Financial eco-
environment’ [1,27], has two sub-aspects (Regulations and SSCF), which reflect the fact
that a successful financial eco-environment can underpin the smooth operation of SCE.
However, the surroundings that the SCF is rooted in are changeable, so it cannot be guaran-
teed that SCF will operate in a favorable financial environment. Therefore, it is important
to take environmental dynamicity into account through regulations and SSCF to reach
sustainable financial development and further facilitate SCF evolution. In addition, we
cannot ignore the increasing complexity of supply networks, along with the upgrading
of the SCF development stages, which in turn affect the construction of a sustainable SCF
development environment. We propose that the industry’s whole SC itself could be treated
as an ecosystem, and the comprehension of SCF and financial ecology should not be sep-
arated. SCF cannot operate in isolation; it should constantly be modified to account for
the changing environments and complex supply networks brought about by the different
development stages.
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Figure 10. SCF Ecosystem Understanding Framework.

6. Future Research

After a comprehensive review of previous SCF-related literature, research gaps are
identified in Section 5. Based on the above study, we make five research suggestions for
the future.

Our first research suggestion is based on SCF 4.0, namely, focusing on the predictability
of the SCF development stage. In the future, there will undoubtedly be an SCF 4.0 stage, and
this will most likely dominate the future research agenda. Following H. Chen’s [50] forecast,
SCF 4.0 lies in improving business integration and the combination of the four online flows
of logistics, information, business, and capital. More specifically, enhancing the ability of
business combinations requires COs in SC to gather adequate information of customers and
carry out real-time online integration. This process is based on financial technology /Fintech
(e.g., Big Data and blockchain) to generate dynamic operation information, enabling active
real-time management of loan enterprises with financial risk reduction in the SC [1,47].
Moreover, organizations would operate SCF to optimize enterprise resource allocation,
reduce operating costs, and lower financial risk by merging the four online flows of logis-
tics, information, business, and capital in SCF 4.0. Here, ‘four flows in one’ is the premise.
Moreover, for achieving an enterprise’s long-term development strategies, introducing
the Internet and mobile technology to integrate the four flows is inevitable [1,13,50,53,56].
As a result, in addition to strengthening existing investments, SCF as one of the enter-
prise development tools, with the introduction of advanced financial-related IT and cloud
computing, is required [13,50]. In the future, emphasis should be placed on creating a big
platform for the SC and financial ecosystem, combining industry and finance by increasing
technological investment and management. The new direction concentrates on accurately
integrating the offline data of the four flows with online, performing cloud processing,
taking advantage of burgeoning scientific technologies (e.g., mobile Internet, IoT and Big
Data), and exerting digitalization and automation [103] influences on the SCF platform.
The SC will no longer be a one-way flow; instead, it will stress multiparty cooperation
within the entire financial ecosystem.

The second research suggestion relates to SCF standardization establishment. The
early part of this paper explores SCF development stages 1.0, 2.0, and 3.0, based on
previous research. Many scholars [18-20,39,103] have noted that the relationship between
SCF theories and practice appears to be unbalanced. There seem to be no standards to
distinguish SCF development levels from performance. When considering the context of the
financial ecosystem, C. Bals [20] discovered that the SCF development stages are currently
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between ‘expansion’ and ‘leadership’. However, SCF adoption and further development
on a global level will be difficult due to a lack of criteria and standardization to regulate the
relationship between enterprises and partners. Thus, future research on SCF should focus
more on standardization building to change this situation.

Our third research suggestion for SCF in the future relates to regional balance. The
research in this paper is not limited to a specific region or country. It is not hard to see
that the reference articles and data collected in the methodology section were mainly
from countries with a high level of SCF research maturity, such as the United Kingdom,
Germany, Italy, and China. However, this paper treats the whole industry in which an
organization is rooted as an ecosystem; it should extend beyond geographical boundaries.
As C. Bals [20] stated, taking time and geographical region into account may help us
understand SCF success elements better and serve as a stepping stone to developing a
standard SCF definition.

Our fourth suggestion for future SCF research is to take the dynamic environment
and the effects of COVID-19 into account. SCF environmental dynamicity is one important
consideration. The study of SCF always needs to adapt to the changing environment.
At the beginning of 2020, COVID-19 spread around the world. D. Zhang et al. [106]
pointed out that the global epidemic has created an unprecedented level of risk, resulting in
significant global economic losses within a short period. Susan et al. [107] also recognized
the need for a new business model, primarily focused on long-term crisis management
mechanisms, which may protect the SC from economic crises. Namely, how SC leaders plan
for sustainable medium- to long-term SC strategies in a continuously changing environment
and promote SCF ecosystem innovation during and after an epidemic is another future
research direction.

Our fifth suggestion for SCF research in the future is regarding the research method-
ology. Table 4 shows that most existing research methods for SCF study are based on
qualitative, theoretical discussion, not adequately involving quantitative scientific data
analysis. This phenomenon was also highlighted by Gelsomino et al. [18]: although empir-
ical data-based assessments of individual SCF solutions (e.g., factoring and trade credit)
have been discovered in the literature, there is still a paucity of scientific examinations
addressing SCF from a more holistic perspective (e.g., state of the art/adoption level of
the various SCF solutions). Even though some empirical studies are valuable for validat-
ing current models and assumptions [14], the data for assessing the diffusion of the SCF
technique and applications remain ambiguous and do not entirely meet the research need.
Thus, adopting more comprehensive quantitative empirical methodologies would be a
suggestion for future SCF research.

7. Conclusions

To sum up, SCF is a new financial concept for offering an optimized financial product
and service in the SC ecosystem, along with the development of IT. Although the history
of SCF is not long, a significant number of previous studies have been conducted from
various perspectives. However, as proposed by Gelsomino et al. [18], X. Xu et al. [19], C.
Bals [20], and Bals et al. [103], the theory behind SCF is limited, resulting in an imbalance
between the SCF hypotheses and their practice. Moreover, there seems to be little previous
study involving financial ecology; even though it was mentioned, it was at a rather one-
sided, descriptive level, with fragmented research dimensions, restricting the deeper
understanding of SCF.

Therefore, to address this gap, this study, based on 132 selected journal articles, con-
ducts a systematic literature review from the perspective of financial ecology driven by two
research questions of (1) “how many stages of SCF development have been experienced?”
and (2) “how are the terms ‘Supply Chain” and ‘Finance’ understood in the context of finan-
cial ecology?”. After surveying the SCF conceptual development and content analysis, we
find that SCF development has gone through three stages: SCF 1.0, 2.0, and 3.0. Meanwhile,
in the context of financial ecology, we understand ‘Supply Chain” and ‘Finance’ through
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eight SCF subdimensions within three financial ecology perspectives based on the financial
ecosystem model [1,27] and view the entire SC as an ecosystem.

We compare with previous SCF research, but given the inadequate knowledge of
ecosystem-based SCF study initially proposed by C. Bals [20], we reiterate the necessity
of studying it from a financial ecological perspective with three factors of the physical
similarity of the natural ecosystem, SCF environmental dynamicity, and supply network
complexity. Based on the research differences identified, a framework for the further
understanding of SCF ecosystems is also contributed by this paper, with suggestions
for five future research directions: (1) SCF 4.0 predictability; (2) SCF standardization;
(3) regional balance; (4) dynamic environmental and COVID-19 impacts; and (5) empirical
research methodology. The authors feel this SCF review provides theoretical contributions
to the field.

However, there are also two shortcomings in this paper. Because SCF is a new research
field, there appears to be no authoritative definition. According to Gelsomino et al. [18],
SCF may be studied from both ‘Supply Chain-oriented” and ‘Finance-oriented” angles,
which leads to numerous literal variants, such as ‘Supply Chain Financ*’, ‘Financ* Sup-
ply Chain’, and ‘Capital Supply Chain’. However, in this paper, we mainly focus on the
keyword SCF as a fixed term meaning, ‘Supply Chain Finance’. Similarly, another study
dimension, ‘Financial Ecology’, relates to ‘Financ* Ecology/Ecosystem’, ‘Economic Ecol-
ogy/Ecosystem’, and ‘Business Ecology/Ecosystem’, etc. Although this paper attempts
to select all journal sources that considered ‘Supply Chain Finance’ from a financial ecol-
ogy perspective, we cannot guarantee that there were no omissions or deviations in the
literature resources consulted due to the various keywords possible. Furthermore, even
though we searched three relatively comprehensive databases (‘Wos’, ‘Scopus’, and ‘Google
Scholar’), we cannot guarantee that we have considered all articles related to SCF and
financial ecology/ecosystem. As a result, the retrieved literature may impact the quality
and scope of this study.
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