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Abstract: Digitalization and Industry 4.0 are transforming supply chain operations world-
wide. However, traditional supply chain finance (SCF) practices often overlook sustain-
ability. This study explores how SCF, supported by Industry 4.0 technologies, can enhance
supply chain sustainability by integrating the Environmental, Social, and Governance (ESG)
principles. By examining five real-world cases using a qualitative case study approach, we
develop a conceptual framework that captures the roles and interrelationships among key
actors in sustainable supply chain finance (SSCF). This study employed cognitive mapping
to visually synthesize these complex processes. The findings reveal that innovative tech-
nologies, stakeholder engagement, and targeted financial incentives can drive sustainable
improvements across supply chains. The insights from this research offer valuable guidance
for practitioners and policymakers and provide a foundation for future empirical studies.
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1. Introduction
Driven by sustainable development initiatives, companies in different industries are

integrating Environmental, Social, and Governance (ESG) measures into their development
strategies to reduce carbon emissions and improve human rights in the workplace. How-
ever, these companies do not operate independently, as they have close connections with
suppliers in their supply chains. Consequently, developing sustainability in supply chains
is crucial, with financial flows playing a critical role [1].

Supply chain finance (SCF) refers to financing solutions that optimize and balance
working capital along the supply chain. It addresses suppliers’ liquidity challenges, en-
abling them to receive early payments, which is particularly beneficial for small and
medium-sized enterprises (SMEs) [2,3]. Notable SCF solutions include reverse factoring
and dynamic discounting.

Increasing public awareness of sustainability and efforts to combat climate change has
resulted in the growing popularity of environmentally friendly products. This obligates
companies to operate in an eco-friendly manner, with Industry 4.0 (I4.0) offering a potential
solution. Industry 4.0, the fourth industrial revolution, integrates information technology
with production and distribution processes. It facilitates continuous communication and
connection among all value chain members, reducing production time and labor costs
and increasing production quantity and quality [4]. Industry 4.0 is supported by various
technologies, including the Internet of Things, big data analytics, smart robotics, and cloud
computing, contributing to economic, ecological, and social improvements.

The influence of the SDGs, technological advancement, and the COVID-19 pandemic
has compelled global companies to digitalize and improve their supply chain networks to
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achieve sustainability goals. However, there is a lack of research exploring the integration
of sustainable supply chains and supply chain finance, as well as the main characteristics
of sustainable supply chain finance (SCF). This knowledge gap hinders the adoption of
SCF programs and limits the implementation of additional practical recommendations
for companies. Furthermore, the existing studies primarily focus on the general roles of
Industry 4.0 technologies in supply chain sustainability, neglecting the relationship between
supply chain finance and sustainable development. The lack of specific explanations creates
barriers for global companies to adopt SCF programs and hampers entrepreneurs’ ability
to make informed decisions and implement the guidelines [4].

To address this research gap, this study explores how supply chain finance (SCF) solu-
tions can enhance supply chain sustainability with the support of Industry 4.0 technologies.
It focuses on the roles and processes of the actors involved in sustainable supply chain
finance (SCF) and aims to develop a conceptual framework that presents their impact on
sustainability enhancement. This framework serves as a reference for decision-makers,
managers, and policymakers seeking to adopt SCF programs to promote supply chain
efficiency and achieve sustainability goals. Furthermore, this study contributes to academia
by providing a systematic understanding of sustainable supply chain finance for future
studies in this field.

Problem Setting from an Industrial Perspective

Sustainable supply chain management is driven by external pressures from stake-
holders, the government, and customers. For example, NGOs urge companies to address
environmental and social issues in their supply chains [5]. Customer expectations also
influence sales and financial performance, encouraging sustainability practices [6–8]. More-
over, governments prioritize Sustainable Development Goals [9], prompting companies to
extend sustainability efforts throughout their supply chains.

Industry 4.0 (I4.0) technologies have been widely adopted by companies such as Volk-
swagen, Daimler, and BMW in Germany and through initiatives such as ‘Make in India’ and
‘Made in China 2025’ in India and China [10,11]. These digital strategies are transforming
labor-intensive production into knowledge-intensive manufacturing processes. Initially
applied in large retail chains, clothing manufacturers, and consumer goods companies,
supply chain finance (SCF) has boosted innovation, competitive advantage, and financial
performance. Additionally, SCF strengthens long-term relationships by enabling mutual
financial guarantees among supply chain members [1]. I4.0 technologies such as IoT, cloud
computing, and big data analytics further enhance SCF by automating and streamlining
processes [12,13].

Traditional SCF focuses mainly on economic aspects, often neglecting environmental
and social considerations [14]. Sustainable supply chain finance (SSCF) has emerged in
response to growing concerns about resource depletion, climate change, and inequality [15].
However, the literature on SSCF remains limited. Hence, this study explores how SCF
solutions supported by I4.0 can enhance sustainability. The guiding research question
is: “How can Supply Chain Finance supported by Industry 4.0 enhance supply chain
sustainability?” The specific objectives were as follows:

1. To review the literature on supply chain finance, Industry 4.0, and sustainability;
2. To develop a theoretical framework to explain how I4.0-supported SCF enhances

supply chain sustainability;
3. To validate the framework through case studies;
4. To present a framework detailing the roles of actors in SSCF programs and their

implementation processes.
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2. Literature Review
Supply chain finance (SCF) promotes collaboration among supply chain members,

optimizes finance by reducing capital costs, and accelerates cash flows [1]. SCF involves
short-term financial solutions provided by financial institutions, focusing on payables,
receivables, and inventories [16]. The definition of SCF varies and encompasses fixed asset
financing, inventory financing, and accounts’ receivable or payable financing.

SCF consists of five key constructs: actors, instruments, processes and triggers, en-
ablers and inhibitors, and financial benefits [17]. Actors include primary and supportive
members, while instruments facilitate the provision of financial services. Supply chain pro-
cesses and triggers integrate physical and financial supply chains. Enablers and inhibitors
impact SCF implementation, and financial benefits are evident through improved financial
ratios and optimized working capital.

2.1. Supply Chain Finance (SCF) in Industry 4.0

Industry 4.0 technologies improve supply chain performance by enhancing connec-
tivity, visibility, and transparency [18]. Four widely applied Industry 4.0 technologies
in SCF are Artificial Intelligence (AI), blockchain, and things- and internet-oriented tech-
nologies [18]. AI enables data processing, anomaly detection, and automated invoice
handling, thereby improving the efficiency of SCF [19]. With its decentralized and secure
ledger, blockchain technology enhances transaction efficiency, auditing, and risk control in
SCF [20]. In summary, digital platforms and Industry 4.0 technologies have revolutionized
SCF by facilitating direct connections, reducing transaction costs, enhancing visibility, and
improving risk control. The integration of AI and blockchain technology further enhances
the efficiency, security, and transparency of SCF processes.

There are three famous and widely used digital platforms. The first platform offers a
unique white-label program integrated with state-of-the-art technology and deep expertise
to support global SCF programs of any size. This platform is seamlessly combined with
major enterprise resource planning (ERP) systems. In addition, it connects to local and
international liquidity providers, saving companies the opportunity costs of adopting a
new platform and time to reach available funders. Furthermore, this digital platform is fully
functional and can be customized and branded, including privacy notices, email templates,
and web portals. Specifically, buyers communicate with suppliers regarding payment terms
based on industry benchmarks. The invoices are then available for the supplier to finance
via the platform. Since the platform also connects to banks, they can execute financing in
exchange for a discount. Consequently, the supplier can receive payment early as a new
source of working capital. The final step is for the buyer to pay the invoices on the due
date. The entire process can help buyers conserve cash for other purposes, obtain low-cost
and free cash flow, mitigate supply chain risks such as supplier capacity or bankruptcy risk,
and build better relationships with suppliers.

Another widely used SCF digital platform emphasizes the importance of accommo-
dating differences across businesses and their supplier networks. This underscores the
need for flexible, scalable, and customizable solutions that align with companies’ specific
strategic and operational objectives. Such platforms often offer seamless integration with
major enterprise resource planning (ERP) systems and proprietary accounts payable (AP)
systems. They also provide user-friendly interfaces and intuitive supplier onboarding
processes. In addition, these solutions typically include flexible execution models, robust
data protection mechanisms, and access to a broad network of funders. This in turn im-
proves implementation efficiency, mitigates financial and IT risks, and enhances financing
accessibility for suppliers.
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The third digital platform is emphasizes powerful, secure, and easy working capital
solutions with complete control. Similarly to the former two platforms, it provides cus-
tomizable and sustainable solutions through scalable technology, which is easy to integrate
with ERP and enables real-time visibility of liquidity and receivable status. Furthermore,
it has the most extensive global multi-funder network, allowing for market-rate pricing,
broad participation by suppliers, and mitigation of the risk of losing funding.

With the innovation of the SCF business model and the advancement of information
technology, an increasing number of researchers are integrating information technology
with SCF. Ref [21] built a new type of SCF platform using blockchain technology to manage
the supply chain information flow, logistics, and capital flow. Blockchain technology
is characterized by decentralization and non-tamperability, in which the nodes in the
blockchain jointly complete the confirmation of transactions without a third organization.
The application of blockchain technology in SCF significantly reduces the transaction costs
and improves efficiency and its security. Moreover, protecting the privacy of participants is
also important for digital platforms in SCF in terms of trade secrets, such as manufacturers’
financing quotas, order quantities, and prices. However, the blockchain feature that relies
on public verification contradicts privacy protection. Studies have demonstrated how to
combine advanced and specialized blockchain technologies with artificial intelligence to
improve relationships in the supply chain and make funding decisions without disclosing
sensitive trade information.

2.2. Industry 4.0 Technologies Enhance Supply Chain Finance (SCF)

Previous research emphasizes the importance of improving the supply chain’s con-
nectivity, visibility, and transparency to improve performance. A common characteristic
of Industry 4.0 technologies is that they allow for real-time communication and connec-
tion, which meets the requirements of a supply chain. Researchers have identified digital
technologies as being thing-oriented, internet-oriented, and semantics-oriented. First, thing-
oriented technologies mainly refer to technologies that enable monitoring, tracking, and
controlling processes, which can improve product flow in the supply chain. Most current
research and applications focus on the manufacturing sector. Second, internet-oriented
technologies, such as cloud technologies, involve globalized networks and platforms to fa-
cilitate data transmission. These technologies are closely related to enhancing supply chain
finance. Finally, semantics-oriented technologies can host, process, and synthesize data.

Four Industry 4.0 technologies have been widely applied in SCF. The first is Artificial
Intelligence (AI). AI can be applied as hardware or software in a system that simulates
human intelligence using machines. Specific applications of AI in real life include natural
language processing, speech recognition, and machine vision. In supply chain finance, AI
mainly plays a role in data processing. Millions of invoices must be processed across supply
chains. The first practical application of AI was the detection of anomalies in documents
and transactions [19]. Another benefit is the ability to extract data from the documents. AI
can learn to interpret information and present it in a useful way for individuals to refer to
in future activities. Banks have turned to AI for optical character recognition to digitize
documents using continuous machine learning to redefine and reclassify data inputs [19].
From the perspective of buyers and suppliers in supply chain finance, AI streamlines
invoice handling processes. In reality, it is possible to have hundreds or thousands of
suppliers, which generates an even greater number of invoices. Companies can apply
AI-driven parsing technologies to automate the receipt, sorting, and processing of invoices,
which can ultimately shorten the time to approve these invoices and improve the efficiency
of supply chain finance. Furthermore, AI can be applied to the ESG principles. As more
companies demand that their suppliers meet the ESG criteria, AI-driven systems can
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integrate all factors to calculate the best terms based on suppliers’ and industry data to
support the decision-making process [19].

The second is blockchain technology. A blockchain is a decentralized ledger of transac-
tions across a peer-to-peer network, enabling participants to confirm transactions without
a central authority, which largely increases the efficiency and accuracy of the transactions.
It plays an essential role in effectively solving the problem of insufficient data sharing on
supply chain finance platforms. The technical characteristics of blockchain include im-
mutability, decentralization, enhanced security, distributed ledgers, consensus, and faster
settlement, which bring convenience to auditing and supervision as well as risk control
of the supply chain finance business [20]. For example, previous research has identified
blockchain technology applications in warehouse receipt financing and reverse factoring,
which are the two main instruments of supply chain finance [20]. For warehouse receipt
financing, a traditional trading system cannot guarantee the authenticity and validity of
transaction data and warehouse receipts because of the complicated system and the diffi-
culty of personnel coordination. However, with the support of blockchain, the new system
can connect all the parties involved in warehouse receipt financing, record key information,
trigger warehouse auditing, and compare information, solving the problems with the
traditional system. Moreover, in reverse factoring, the transfer of receivable bonds requires
the focal company to be notified to sign multiple confirmations. Blockchain technology
enables automatic cycle management through intelligent contracts that reduce links in the
reverse-factoring mode and improve system efficiency [20].

The third is cloud computing. Information asymmetry is the main barrier that hinders
SMEs from obtaining SCF. SMEs intend to commit fraudulent acts after obtaining financing,
and financial providers are unable to obtain business information about SMEs through
open channels. Meanwhile, before providing SCF solutions, financial service providers
cannot accurately evaluate SMEs’ financial and credit status, and it is also difficult for them
to grasp information on fund flows. However, cloud computing can help companies cross
organizational boundaries to improve the efficiency of information sharing, data analysis,
and processing, greatly reducing the negative influence of information asymmetry. From
the perspective of financial service providers, cloud computing platforms can deepen the
effectiveness, timeliness, and relevance of information transmission and provide SMEs
with real-time operation and credit information. From the perspective of SMEs, cloud
computing can reduce the cost of information sharing, improve access to SCF solutions,
and enhance trust among all supply chain finance actors.

The last important technology is big data. Big data technology is defined as a software
utility that can analyze, process, and extract information from complex and large datasets.
ERP systems, IoT, and cloud computing applied in the supply chain can generate a vast
amount of transaction and financial data at large volumes, variety, velocity, veracity, and
value. Previous studies have revealed that big data analytics can forecast market demand,
improve operational processes, and optimize financial flows by integrating SCF. With the
support of big data technology, people can generate critical insights by processing and
analyzing vast amounts of data through advanced analytical techniques and visualization
tools to facilitate data-driven decision-making and, ultimately, improve the efficiency of
supply chain finance.

2.3. Supply Chain Finance and Sustainability
2.3.1. Sustainable Supply Chain Finance Concept Development

The development of the sustainable supply chain finance concept started with [22],
who identified financial resources as the key barrier to supplier sustainability engagement
by conducting a UK dairy supply chain case study. Ref. [23] highlighted the importance
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of financial incentives in promoting supplier engagement in sustainability. Based on the
two barriers stressed by previous research, scholars have started to overcome them. Ref. [24]
stated that suppliers should have greater access to financial resources and advocated us-
ing financial strategies to stimulate them to engage in sustainable activities. Refs. [25,26]
revealed the important role of SCF in providing better access to financial resources for sup-
pliers, especially for those who are in rural areas or developing regions. Financial barriers
have been recognized as the main obstacle that hampers suppliers’ ability to improve their
sustainability performance, especially individual suppliers or SME suppliers, who tend to
suffer from capital shortages, preventing them from complying with sustainable strategies.
Meanwhile, the poor sustainability performance of suppliers can negatively influence the
entire supply chain. Therefore, it is necessary to develop SCF to solve suppliers’ financial
problems and enhance their sustainability.

Researchers then began to focus on specific financing schemes in SCF and related SCF
to sustainability. Some studies have investigated the relationship between trade credit
and carbon emission reduction. They found that trade credit can help establish a carbon-
efficient supply chain, and that carbon emission regulations can tighten the credit period to
reduce carbon emissions. Previous research has mainly focused on SCF assisting suppliers
in achieving economic sustainability by solving working capital shortages, but has failed to
study the environmental and social aspects. Ref. [27] conducted a case study of Alibaba’s
agricultural finance from the perspective of three dimensions: SCF could also help suppliers
be more environmentally sustainable by providing designated purchase credit to farmer
suppliers to encourage them to purchase environmentally friendly materials. Based on
the results of the previous literature, Ref. [15] provided a widely used definition for SSCF:
“SSCF refers to innovative SCF solutions that can either incentivize and reward the sustainable
performance of suppliers and/or retailers, thus facilitating the enablers and mitigating barriers
toward sustainable SCM practice and therefore improve the sustainable performance of the entire
supply chain”. However, this definition does not reveal specific SSCF solutions or their
implementation to achieve sustainability.

2.3.2. SSCF Solutions

Ref. [28] investigated specific SSCF solutions under three preliminary models: the
rewarding, entry barrier, and social models. The rewarding model involves rewarding
suppliers for sustainability performance in SCF solutions. The entry barrier model uses
ESG assessment as an entry barrier to SCF programs. The social model uses SCF solutions
to attain social sustainability.

Under the rewarding model, suppliers are rewarded with lower interest rates or
discounts based on ESG assessment results, which encourages continuous engagement in
sustainable activities. The entry barrier model uses sustainability assessments to determine
suppliers’ access to SCF programs. The social model focuses on offering financial solutions
to SME suppliers to support their growth and promote sustainability.

ESG information providers and validating bodies play a crucial role in facilitating
sustainable supply chain finance (SSCF) by assessing suppliers’ sustainability performance
and certifying both buyers and suppliers for their sustainability practices. This process
compensates for traditional supply chain finance (SCF) participants’ lack of ESG-related
information, leading to improved supply chain sustainability. In addition to the original
participants in the SCF (buyers, suppliers, SCF digital platforms, and financial institutions),
ESG information providers and validating bodies are now integral to the network to facili-
tate SSCF. ESG information providers assess the sustainability performance of suppliers
across key ESG dimensions, such as environmental impact (carbon emissions and waste
management), social factors (labor practices and employee well-being), and governance
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aspects (board diversity and executive compensation). For instance, board diversity among
suppliers can be a critical governance metric [29], while the distribution of earnings across
different employee ranks can highlight social and governance issues within a company [30].
These assessments provide buyers and SCF providers with the necessary ESG-related
data to determine whether suppliers can receive better financial conditions based on their
sustainability performance.

Validating bodies, on the other hand, certify both buyers and suppliers for their com-
mitment to sustainability practices. This certification process ensures that both parties are
aligned with sustainability goals and standards. By providing detailed ESG assessments
and certifications, these entities compensate for the shortcomings of traditional SCF partici-
pants, who often focus solely on financial indicators and lack comprehensive ESG-related
information on suppliers.

As the results of sustainability assessments serve as the basis for accessing SCF pro-
grams, suppliers are incentivized to develop more sustainable strategies. This not only
benefits individual suppliers, but also positively influences the overall sustainability of the
supply chain. For example, suppliers may invest in renewable energy sources to reduce
their carbon footprint, implement fair labor practices to enhance social responsibility, or
improve corporate governance to ensure transparency and accountability. These actions
collectively contribute to creating a more sustainable supply chain ecosystem.

3. Materials and Methods
This study aims to explore how Industry 4.0 technologies enhance the sustainability

of supply chain finance. The research methodology involved a literature review, data
collection, and analysis. Secondary data from official websites, news sources, white papers,
and reports were collected to understand sustainability concepts, Industry 4.0 technologies,
and supply chain finance instruments. Google searches and online databases were used to
identify SSCF cases in the literature. Five cases were selected based on the availability of
detailed information regarding the surgical procedure. Qualitative analysis was conducted
using cognitive mapping, a modeling technique that visually represents the relationships
and processes of SSCF solutions. Cognitive maps were created for each case, and an
aggregate cognitive map was generated to present the overall relationship and processes
involved in SSCF solutions.

3.1. Data Collection Methods and Sampling

A literature review was conducted to understand the background knowledge of
sustainability concepts, Industry 4.0 technologies and their application, and the basic
concepts and instruments of supply chain finance. Secondary data on providers and start-
ups offering SSCF solutions were collected from several sources, such as material from the
official websites of the companies, news about the launch of SSCF solutions, articles from
white papers, and reports provided by the companies. The screening was conducted based
on Google and dedicated online databases (e.g., Nexis), using keywords to search for related
cases (e.g., “sustainable supply chain finance”; “ESG” AND “supply chain finance”). After
filtering and confirming the companies, a thorough investigation was conducted based on
the available sources. The information was collected in an Excel spreadsheet, including
the company name, website link, news link, SSCF solution, description, actors involved,
and notes. Overall, five of nine cases were screened, including companies that successfully
implemented SSCF solutions or announced their development of SSCF programs and
published relatively detailed information about their implementation, as well as SCF
providers such as financial institutions, fintech companies, and ESG information providers.
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3.2. Data Analysis Method

This study employed cognitive mapping for qualitative analysis to explore the in-
tricate relationships and processes underpinning SSCF solutions. Cognitive mapping is
a modeling technique that integrates ideas, beliefs, values, and attitudes into a visual
representation. This method enables us to capture and display the core concepts and their
interconnections in a single diagram, thus facilitating an accessible and organized overview
of complex phenomena.

The primary advantage of cognitive mapping is its ability to visually consolidate and
clarify the diverse elements and relationships inherent in SSCF processes. This allows
us to present the nuanced interplay between various actors and mechanisms in a clear,
interpretative format. However, we acknowledge that cognitive maps are simplified
representations; by focusing on the most critical information, some peripheral details may
be inevitably omitted.

We acknowledge that geopolitical issues and environmental factors may influence
the implementation of SSCF initiatives in the automotive industry. Our case studies were
conducted during a relatively stable period from March to November 2022, ensuring
that macro-level influences were consistent across the selected cases. However, as these
external factors are likely to affect all instances uniformly, they do not introduce differential
nuances into the cross-case comparison. Our study design intentionally assumes that
such external factors have a similar impact across all cases, allowing us to focus on firm-
specific strategies and the intrinsic dynamics of SSCF implementation. Consequently, the
comparative analysis remains robust because the common external influences do not skew
the observed differences.

In this study, each selected case was analyzed individually through cognitive mapping
based on extensive secondary data. These individual maps were then aggregated into
a comprehensive cognitive map that illustrated the overall relationships and processes
involved in SSCF solutions. This qualitative approach not only provided rich insights into
the subject matter, but also ensured that the complexity of SSCF phenomena was captured
in a visually coherent and meaningful manner.

4. Results
4.1. Company A’s Sustainable Supply Chain Finance Program

To achieve the goal of reducing or avoiding one billion metric tons of GHG from the
global value chain by 2030, Company A encourages its direct ‘tier 1’ suppliers to reduce
GHG emissions with early invoice payments. Four parties participate in Company A’s
sustainable supply chain financing program, and their roles are as follows.

The core of the SSCF program is the focal company, Company A. It believes that
committing to emission reductions and integrating sustainable practices into operations and
sourcing are beneficial to the environment and good for business. These actions can bring
the benefit of competitive advantage, technological innovation, brand loyalty, and increased
employee engagement. In many industries, the company’s supply chain is responsible for
most of the environmental influences, rather than the company itself. Therefore, to establish
a sustainable future and help its suppliers improve their sustainable performance, Company
A announced a supplier-focused emission reduction initiative in April 2017 as an initiative
to inspire suppliers to reduce greenhouse gas (GHG) emissions. The project process starts
with suppliers setting up a Project Gigaton account to manage their participation. Then,
they must set an emissions reduction goal that is specific, measurable, achievable, relevant,
and time-limited. After the first two steps, the participants were required to report their
impact each year and receive recognition for their progress.
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The financial service provider partners with Company A to start an SSCF program
that pegs suppliers’ financing rates to their sustainable performance. Based on measuring
suppliers’ progress, HSBC provides SCF programs where variable pricing is applied to
encourage suppliers to meet sustainability targets. The financing program is supported
by C2FO, an early payment platform that is already Company A’s technology provider.
C2FO offers a seamless and reliable platform and global funding network with world-
class service.

Furthermore, as mentioned above, suppliers must set reasonable emission reduction
goals and disclose their results. However, most suppliers lack professional knowledge of
sustainability or are unable to set scientific goals. To help suppliers get started, Company A
identified six pillars that present opportunities to reduce GHG emissions. The six pillars are
energy, nature, waste, packaging, product use, and transportation. Suppliers can focus on
one or more of these aspects to improve their existing work. Company A also recommends
outside consulted organizations corresponding to the six pillars for suppliers if they need
additional support, including the World Wildlife Fund, Environmental Defense Fund,
The Nature Conservancy, The Sustainability Consortium, CDP, the Sustainable Packaging
Coalition, and Conservation International. In addition, suppliers are required to report
their impact annually, which can also be completed using the Project Gigaton system. The
system shows the specific data points that suppliers are required to report, and Company
A provides an accounting methodology for converting the data information into emissions.
The entire process of Company A’s SSCF program is illustrated in Figure 1.

Figure 1. Company A’s SSCF program.

1. The supplier signs up and sets an emission reduction goal in Company A’s system;
2. Company A recognizes the supplier’s goal, and the supplier initiates its emission

reduction plan;
3. The supplier reports the results annually and has access to the SCF program based

on progress;
4. The supplier can consult the ESG information provider for support in achieving its

goals, implementation, and reporting;
5. The supplier uploads invoices to a digital platform;
6. The focal company approves invoices on a digital platform;
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7. The financial service provider makes early payments to the supplier;
8. The focal company makes the full payment on the due date.

In summary, Company A launched Project Gigaton to inspire its suppliers to reduce
greenhouse gas (GHG) emissions and achieve sustainability goals. The program involves
Company A as the focal company, HSBC as the financial service provider, C2FO as the
early payment platform, and ESG information providers. Suppliers set emission reduction
goals and report their progress annually. HSBC offers SCF programs with variable pricing
based on sustainability targets, and C2FO provides a seamless platform and global funding
network. Company A’s SSCF program follows a rewarding model, where SCF solutions are
used as a reward to incentivize suppliers. The program helps to reduce Scope 3 emissions
for Company A and Scope 1 and 2 emissions for suppliers.

4.2. Company B Bank, Ltd.’s Sustainable Supply Chain Finance Program

Company B Bank, Ltd. is a leading global bank with a primary customer base in Japan.
It launched Japan’s first SSCF program on 9 May 2022, aiming to support clients’ working
capital needs and sustainability goals. The program offers SCF solutions as an incentive for
medium-sized and small-sized suppliers to adhere to environmental and social guidelines.
Consequently, suppliers are encouraged to achieve CO2 emission reduction goals and
improve their sustainability performance throughout the entire supply chain.

Company B Bank applies suppliers’ ratings of their sustainability performance to eval-
uate whether they meet the sustainability guidelines. A French professional sustainability
rating agency, EcoVadis, provided the rating service. Company B Bank, Ltd. will provide
the supplier with financing on a supply chain platform operated and managed by itself if
the supplier meets these guidelines.

EcoVadis is the leading ESG information provider in this program. It evaluates sup-
pliers’ sustainability performance to decide interest rates and annually reviews their per-
formance. EcoVadis categorizes suppliers into five levels based on its evaluation methods:
platinum, gold, silver, bronze, and no medal. Its evaluation methods are as follows:

1. Certification-based assessment;
2. Industry type, country, and size;
3. Multilateral evaluations (NGOs, trade unions, international organizations, local gov-

ernments, and third-party organizations, etc.);
4. Using technology;
5. Evaluation by corporate social responsibility (CSR) experts;
6. Traceability and transparency;
7. Based on the seven principles of continuous improvement efforts.

Its assessment model measures seven management indicators, such as policies, en-
dorsements, measures, certifications, coverage, reporting, and 360◦ watch findings (the
output of applying stakeholder inputs to the rating process), across 21 sustainability criteria
in four themes: environment, labor and human rights, ethics, and sustainable procurement
(Table 1). The assessment process starts with an online questionnaire customized to the sup-
plier’s industry, country of operations, and size. The assessment considers the supplier’s
documentation, third-party inputs such as labels and certifications, and an AI-powered
engine that monitors external news, watchlists, and databases. Experts from EcoVadis then
analyze this information. The results were published in a scorecard, benchmarks, and in
detailed feedback on the strengths and improvement areas of each of the four themes.
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Table 1. EcoVadis sustainability criteria.

Environment Labor and
Human Rights Ethics Sustainable

Procurement

Energy consumption
and GHGs

Employee health
and safety Corruption

Supplier
environmental

practices

Water Working conditions Anticompetitive
practices

Supplier social
practices

Biodiversity Social dialog
Responsible
information
management

Local and accidental
pollution

Career management
and training

Materials, chemicals,
and waste

Child labor, forced
labor, and human

trafficking

Product use
Diversity,

discrimination,
and harassment

Customer health
and safety

External stakeholder
human rights

Environmental
services and

advocacy

The entire process of Company B Bank, Ltd.’s SSCF program is illustrated in Figure 2.

Figure 2. Company B Bank’s SSCF program.

1. The buyer and supplier form a sales contract;
2. The supplier delivers the goods and the buyer issues an invoice;
3. The supplier uploads the invoices to the digital platform and applies for early payment;
4. The buyer approves the invoices on a digital platform;
5. The financial service provider makes the supplier’s early payment;
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6. The buyer completes the full payment by the due date;
7. The ESG information provider evaluates the supplier’s sustainability performance,

and the supplier discloses its classification (five levels).

In contrast to Company A’s SSCF program, Company B Bank, Ltd. plays a core role in
the program. It not only develops its supply chain platform, which increases the security
of the transaction, but also introduces a professional sustainability rating agency to assess
suppliers. The program process also complies with the reward model. However, in this
case, the financial service provider applies SCF solutions to reward suppliers who have
made progress in sustainability performance. In addition, the role of the ESG information
provider, in this case, is different from that of Company A. The ESG information providers
mainly provide additional consulting in Company A’s case, and Company A states that it
is not necessary to find a consulting company if Company A has provided comprehensive
guidance and a system.

4.3. Company C’s Sustainable Supply Chain Finance Program

Company C is a leading SCF SaaS provider operating in East Asia. It also ranks first in
terms of market share among supply chain finance technology solution providers in China.
Company C focuses on applying artificial intelligence, blockchain, cloud technology, and
big data to SCF to improve financial market efficiency. First, artificial intelligence-driven
optical character recognition (OCR) and natural language processing (NLP) technologies
can recognize text in scanned documents and images and understand human language as
it is spoken and written. These technologies automate manual processes and reduce the
risks associated with operations. Second, blockchain technology improves the transparency
and security of assets and information, increasing trust among multiple institutions. Third,
cloud technology greatly improves data storage flexibility and reduces the burden on data
storage because the SaaS model enables customers to access the platform via the internet
instead of by installing the software. Finally, big data allows for the automatic verification
of entity identity, assets, related party transactions, and false trades.

Furthermore, Company C helps the supply chain achieve sustainability through two
main methods. The first method involves reducing carbon emissions by reducing energy
and resource consumption in transactions. The specific implementation includes digital and
paperless SCF processes. On the one hand, digital SCF solutions enable the participants to
complete SCF activities online, including conducting due diligence, opening bank accounts,
collecting assets, and signing contracts. Thus, it achieves emission reduction goals by
reducing the offline transportation of relevant personnel. On the other hand, Company C’s
ABS cloud (a blockchain-driven intelligent platform for securitization issue management
services and post-issuance management services) enables participants to complete their
transactions via user interfaces without printing, delivering, or storing large amounts of
documents, which saves a significant amount of paper and consequently reduces carbon
emissions. Furthermore, these two methods avoid the need for delivery and on-site queuing,
as well as in-person contact throughout the process, which ensured the authenticity of
the due diligence process and transaction security and enabled SMEs to receive financing
safely and timely during the COVID-19 pandemic.

The second method links sustainability performance to green finance. For example,
Company C has developed an AMS cloud (a cloud-based supply chain asset processing
platform) with a green-label function. This function can identify and label projects or
enterprises that meet green environmental requirements. Consequently, investors or finan-
cial institutions can easily determine which projects fall within the scope of green finance
or sustainable development. Meanwhile, Company C has also developed a proprietary
green SSCF data platform. It is a green data information-sharing platform that identifies
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customers, measures emissions, and tracks footprints to integrate carbon footprint and
carbon emission reduction with green financial products, which greatly helps banks to
improve green credit efficiency, reduce risks, and standardize supervision. The whole
process of Company C’s SSCF program is illustrated in Figure 3.

Figure 3. Company C’s SSCF program.

1. The buyer and the supplier form a sale contract;
2. The supplier delivers the goods and the buyer issues the invoices;
3. The supplier uploads the invoices to the digital platform and applies for early payment.

The digital platform identifies customers, measures emissions, tracks footprints, and
informs financial institutions of the results. By applying advanced technologies,
the platform completes asset collection, consolidation, review, financing registration,
contract transfer, and financing;

4. The buyer approves the invoices on the digital platform;
5. The financial service provider makes the supplier’s early payment;
6. The buyer completes the full payment on the due date.

Unlike the former two cases, this case demonstrates how a digital platform improves
the SSCF process and the role of I4.0 technologies in SSCF. Company C not only directly
reduces carbon emissions through digital and paperless platforms, but also records the
sustainability data of suppliers for financial institutions so that banks can determine which
suppliers can obtain financing solutions. This process complies with the entry barrier
model, which states that the suppliers’ sustainability performance determines whether
they have access to SCF solutions.

4.4. Company D Corp.’s Sustainable Supply Chain Finance Program

Company D Corp. is a global fashion group with multiple well-known clothing brands.
It cooperates with HSBC Bank to propose its SSCF program, which is tied to environmental
and social objectives based on suppliers’ sustainability ratings.

This SSCF program plays a core role in the forward fashion strategy that Company D
uses to transform how clothes are made and used and take actions to move its business and
the fashion industry toward a more innovative and responsible future because of limited
resources and non-negotiable human rights. The strategy includes three main goals. The
first is to reduce negative impacts to zero, which means that Company D Corp.’s products
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and operations generate zero waste, zero carbon emissions, and zero hazardous chemicals.
Its second target is to ensure that 100% of its products and packaging are ethically and
sustainably sourced and that 100% of its suppliers respect human rights and are good
employers. The final target is to improve the lives of over 1 million people across its value
chain. This mainly refers to helping women develop professional and life skills across
the supply chain, expanding unconscious bias training, and achieving gender parity in
leadership roles. To achieve these goals, Company D requires efforts from its suppliers
to improve environmental and social performance, including providing a healthy and
safe working environment, compensation, and benefits, as well as avoiding employment
issues such as forced labor, child labor, and harassment and abuse. Therefore, financing is
pivotal in empowering its suppliers to invest in their businesses and labor to contribute to
Company D’s major environmental and social targets.

Suppliers’ performance is measured against Company D’s human rights and envi-
ronmental supply chain standards using industry-aligned tools. Specific measurement
methods include the Social Labor Convergence Program (SLCP), which measures a facility’s
working conditions, and the Sustainable Apparel Coalition (SAC)’s Higg Facility Environ-
mental Module (Higg FEM), an assessment tool that standardizes how facilities measure
and evaluate their environmental performance. Based on these trusted standards and its
established expertise in SSCF programs, HSBC provides cheaper funding to suppliers and
drives progress toward environmental targets and social elements. The entire process of
Company D’s SSCF program is illustrated in Figure 4.

Figure 4. Company D’s SSCF program.

1. The focal company and supplier form a sales contract;
2. The supplier delivers the goods and the focal company issues invoices;
3. The focal company measures the suppliers’ performance based on the SLCP and Higg

FEM to decide on sustainability ratings;
4. The supplier uploads the invoices to the digital platform and applies for early payment;
5. The buyer approves the invoices on the digital platform;
6. The financial service provider makes the supplier’s early payment;
7. The buyer completes the full payment on the due date.

Most current sustainable supply chain finance programs focus on suppliers’ environ-
mental performance and assess their emission reductions. However, solving the environ-
mental aspect alone cannot achieve sustainability and may even harm the other two aspects
of sustainability. Company D’s case demonstrates how to tie the SSCF program to both
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environmental and social objectives by applying two standards as assessment tools to
evaluate suppliers based on both aspects, including the SLCP and Higg FEM.

4.5. Company E’s Sustainable Supply Chain Finance Program

Company E, a German company, specializes in chemical products, including deter-
gents and cleaners, cosmetics and skin care products, adhesives, and sealants. Its main
brands include Schwarzkopf, Loctite, COMBAT, and SYOSS. Company E has set a goal to
become climate-positive by 2040 and created a positive impact on communities. Similarly
to all focal companies, Company E cannot achieve its goals alone. Therefore, it is essential
to establish common environmental and social standards across the supply chain and
finance to incentivize suppliers. The SSCF program has two key aims. First, it aims to
incentivize environmental and social improvements. Second, it plans to enhance supply
chain resilience by providing suppliers with better liquidity access.

Company E then collaborates with Citi Bank to provide a sustainable SCF structure.
Based on its successful SCF program, Company E intends to convert it into an enhanced
program to attract more suppliers who share Company E’s sustainability commitment.
Suppliers with strong or improving sustainability performance have access to financing at
preferential rates. Suppliers’ performance is assessed in the areas of management, environ-
ment, health and safety, labor and human rights, and issues of ethical corporate governance,
according to 21 criteria linked to the United Nations Sustainable Development Goals. Mean-
while, the measurements vary according to the suppliers’ geography, industry, and scale.
Company E and Citi Bank work closely to ensure timely data transmission, such as the
suppliers’ sustainability scores. Therefore, suppliers can obtain automated financing at the
appropriate rate. Meanwhile, Citi Bank supports Company E with supplier communication,
onboarding digital suppliers, and pricing schemes to attract more suppliers.

The SSCF program has benefited both the focal company and its suppliers. From the
perspective of the focal company, Company E’s strategy and implementation secure its
reputation as a sustainability-led company. It also encourages closer relationships with
suppliers by providing cost-effective financing and automating supplier communication.
From the perspective of suppliers, the program boosts supply chain resilience, which was
significant during COVID-19. Early payment and preferential financing enable suppliers to
resist and quickly recover from disruptions. In addition, the effective investment brought
by this program improves sustainability performance across the entire supply chain. The
entire process of Company E’s SSCF program is illustrated in Figure 5.

Figure 5. Company E’s SSCF program.
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1. Providers of sustainability assessments evaluate the supplier’s performance;
2. The provider then sends the sustainability score to the focal company;
3. The focal company sends the supplier assessment results to the financial service

institution;
4. The focal company and the supplier form a sale contract. The supplier delivers the

goods and the focal company issues the invoices;
5. The supplier uploads the invoices to the digital platform of the financial service

institution and applies for early payment;
6. The focal company approves the invoices on the digital platform;
7. The financial service provider makes the supplier’s early payment;
8. The buyer completes the full payment on the due date.

4.6. Sustainable Supply Chain Finance Program Participants

Based on the analysis of the cases, Table 2 summarizes the cross-comparison among the
companies. In addition, the actors of the SSCF program can be divided into four categories:
facilitators, ESG information providers, financial institutions, and practitioners. Facilita-
tors formulate frameworks and policies and promote the relevant information disclosure
standards. Evaluation service providers refer to institutions that establish and develop
ESG rating systems and provide assessment services. Financial institutions mainly refer to
commercial banks that provide supply chain finance instruments to accelerate companies’
liquidity. Finally, practitioners develop business activities based on sustainability concepts.

Facilitators, though not directly participating in the SSCF program, play a role in im-
proving ESG disclosure standards, policies and regulations, and rating systems. Facilitators
include intergovernmental or non-governmental international organizations, governments,
and regulators. First, intergovernmental organizations are mainly responsible for estab-
lishing and improving new ESG regulations. They set the path for ESG development
and advocate for governments and regulators to collaborate with international NGOs to
support ESG development. Specific facilitators include international organizations with
global leadership, such as the United Nations (UN), Principles for Responsible Investment
(PRI), and the Organisation for Economic Co-operation and Development (OECD). Second,
government and regulatory bodies, including government departments and public authori-
ties, are responsible for developing ESG-related policies and regulations and supporting
and monitoring global and national ESG development goals. Third, non-governmental
international organizations are responsible for developing and publishing ESG disclo-
sure standards, improving the ESG disclosure system, and promoting the development
of ESG disclosure. They consist of industry associations and industry self-regulatory and
advocacy organizations, such as the Chartered Financial Analyst (CFA) Institute, Task
Force on Climate-related Financial Disclosures (TCFD), and other international disclosure
framework standards organizations.

According to these cases, ESG information providers have two main roles in SSCF
programs. The first is as a consultant to provide ESG information for other participants to
apply ESG knowledge in evaluating or improving companies’ sustainability performance.
For example, in Company A’s case, ESG information providers assist suppliers in setting
science-based emission reduction goals and guide them to develop sustainable working
activities. The second role is to evaluate and rate suppliers’ sustainability performance.
First, rating agencies pre-develop rating systems according to the standards or guide-
lines published by international organizations. They then collect information and data
through companies’ CSR reports, public channels, or questionnaires. Finally, the rating
agencies give scores and ratings, and some agencies also provide additional evaluations for
specific subjects.
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Table 2. Cross-comparison of companies.

Aspect Company A Company B Company C Company D Company E

Driving Actor

The focal
company drives
the program and
partners with a
bank and digital

platform

Financial
institution leads
program with
external ESG

evaluation
(EcoVadis)

Digital platform
provider

emphasizes I4.0
technologies

Focal company
partners with a

bank to integrate
both

environmental
and social
standards

Focal company
collaborates with a

bank for
sustainability-

linked financing

Model Type

Rewarding
model—

suppliers are
rewarded for

achieving
sustainability

targets

Rewarding
model—

suppliers receive
preferential

financing based
on sustainability

ratings

Entry barrier
model—access to

financing
determined by

digital evaluation
of sustainability

performance

Rewarding
model—

suppliers are
rewarded with
lower financing
costs based on
environmental

and social
criteria

Rewarding
model—

sustainability
performance

drives preferential
financing

Technological
Integration

Utilizes early
payment

platform (e.g.,
C2FO) for

process
automation and
data reporting

Leverages a
dedicated supply

chain platform
integrated with

EcoVadis for
real-time ESG

evaluations

Emphasizes
Industry 4.0

technologies (IoT,
blockchain, cloud,
and big data) to

automate
processes and
reduce paper

usage

Integrates
sustainability

standards (SLCP
and Higg FEM)

with digital
platforms to

assess supplier
performance

Uses digital
onboarding and

automated
sustainability

scoring aligned
with global

sustainability
frameworks

(e.g., UN SDGs)

Sustainability
Evaluation

Suppliers set
emission

reduction goals
and report
progress
annually

External agency
(EcoVadis)

assesses supplier
sustainability

across multiple
criteria

Technology-
driven metrics
track emissions

and support
paperless SCF

processes

Evaluates both
environmental

and social
performance

using established
assessment tools

Assesses suppliers
on management,
environmental,

health, and social
criteria tailored to

industry and
geography

Incentive
Mechanism

Lower financing
rates and early

payments tied to
reported

sustainability
improvements

Preferential
financing rates
awarded based
on ESG ratings

Access to
financing is

granted to those
meeting digital

green criteria and
emission reduction

targets

Cheaper funding
is provided for

suppliers
meeting

comprehensive
environmental

and social
standards

Preferential
financing

provided as
suppliers improve

sustainability
performance,

enhancing supply
chain resilience

Financial institutions are responsible for providing SCF solutions to suppliers who
meet sustainability requirements. Financial institutions can participate in SSCF programs
in two main ways. The first is commercial banks that work with focal companies and
provide SCF solutions based on the ratings of suppliers reported by the focal companies.
The second is commercial banks cooperating with ESG rating agencies and providing SCF
solutions to suppliers who meet the guidelines.

As for practitioners, an increasing number of companies are recognizing that high-
quality ESG development can help them improve their performance in both business and
finance and create greater value for the company. Therefore, companies inherently driven
by profits have begun to pursue better ESG performance. Furthermore, there are several
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benefits for companies in developing ESG from the stakeholders’ perspective. First, they
can obtain preferential treatment from the government. Companies that perform well in
the ESG criteria are more likely to build good relationships with the government and win
relatively better preferential policy treatment for business development. Therefore, to gain
more opportunities, companies tend to continuously promote ESG development. Second,
from the perspective of customers, developing ESG performance can improve customer
satisfaction with the company. Companies that develop ESG performance communicate
good governance and responsibility for the environment and society to customers. This
impression helps companies to establish a good reputation for their products or services,
thus increasing customer trust and satisfaction, which is beneficial for companies’ long-
term growth. Third, from the employees’ perspective, an increasing number of employees
who apply for jobs consider a company’s ESG performance. Companies seeking ESG
development are generally better at recruiting talent and ensuring team stability, and have
higher levels of employee satisfaction. Finally, from the public’s perspective, developing
ESG performance enhances the corporate reputation and positive social influence, further
improving the enterprise’s core competitiveness. For instance, Companies A and D Corp.
are the focal companies that initiate SSCF programs because they intend to improve their
competitive advantage, technological innovation, brand loyalty, and employee engagement.

Sustainable Supply Chain Finance Program Process

Four cases followed the rewarding model, where suppliers were evaluated and granted
SCF solutions based on their sustainability performance. One case aligns with the entry
barrier model, where only suppliers meeting certain criteria can access SCF solutions.

The SSCF programs process is summarized in Figure 6. Suppliers typically start by
setting ESG goals and initiating sustainability-related activities. This involves considering
factors such as the current business situation and stakeholders’ expectations. Suppliers
may seek assistance from ESG information providers to set goals or obtain guidance
for implementation. Once signed up for the SSCF program, suppliers undergo annual
evaluations by rating agencies, and the assessment results determine their eligibility for
financing discounts or access to SCF solutions. Rating information flows efficiently among
the main actors through digital platforms enabled by advanced technologies.

Figure 6. Process of SSCF programs.
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After suppliers are recognized as eligible for financing solutions, they can apply
for early payments via a digital platform and upload the relevant documentation. The
subsequent SCF process may vary depending on the specific financial instruments used.

5. Discussion
How Can Sustainability Be Achieved?

SSCF programs contribute to supply chain sustainability in three key ways (Figure 7).
First, they directly reduce carbon emissions by eliminating paper-based documents and
offline SCF activities, leveraging digital platforms supported by advanced technologies.
This digital transformation not only enhances operational efficiency, but also minimizes the
environmental impact associated with traditional documentation processes [29].

Figure 7. SSCF programs’ contribution to supply chain sustainability.

Second, suppliers are incentivized to improve their sustainability performance through
SCF solutions. Buyers often collaborate with financial institutions to provide early payment
incentives to suppliers who meet the ESG guidelines. This not only motivates suppliers to
engage in ESG measures, but also helps them to achieve lower financing rates. In a world
where anti-ESG sentiment may be rising, as documented by [31], these incentives become
even more critical. They ensure that suppliers remain committed to sustainability, despite
potential external pressures. By aligning financial incentives with ESG performance, SSCF
programs help suppliers to navigate the complex interplay between stakeholder demands
for ESG and potential anti-ESG trends, ultimately fostering a more resilient and sustainable
supply chain.

Third, SCF solutions play a crucial role in enhancing sustainability. By bridging the
payment gap between buyers and suppliers, SCF allows suppliers to access funds earlier
and improves liquidity. These funds can be invested in advanced technologies such as AI,
machine learning, IoT, and blockchain, which accelerate suppliers’ sustainability efforts.
As suppliers improve their ESG performance, they receive better ratings from ESG rating
agencies, resulting in access to cheaper financing [30]. This virtuous circle benefits both
suppliers and focal companies, leading to lower costs, improved reputation, brand loyalty,
and reduced risk.

During periods of elevated inflation, such as the 2021–2022 inflationary episode docu-
mented by [32], sustainable supply chain financing faces unique challenges. The inflation
during this period was driven by a combination of supply-side constraints and demand-
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side pressures. These conditions not only increase the cost of financing, but also reduce the
availability of credit, as banks tend to cut back on lending during high inflation periods [33].
This reduction in credit availability can undermine the efforts to finance sustainable sup-
ply chains, which often require significant upfront investment. However, the value of
achieving sustainable supply chain solutions is marginally higher during such periods,
as sustainable practices can help mitigate long-term risks and improve resilience against
future disruptions. Therefore, while financing sustainable supply chains may be more
challenging during high inflation, the potential benefits make it a worthwhile pursuit.

6. Conclusions
6.1. Theoretical Contributions

This study contributes to the existing literature by providing a structured under-
standing of SSCF programs, including the roles of various actors. This study explores the
relationship between Industry 4.0 technologies, supply chain finance, and sustainability. It
presents sustainability concepts, Industry 4.0 technologies, and common SCF instruments
to form a theoretical framework. Case studies and analyses of secondary data validate
and improve the framework, highlighting actors’ involvement and the detailed process
of SSCF programs. This study emphasizes a rewarding model, where SCF solutions in-
centivize suppliers to contribute to ESG measures and foster continuous improvement in
sustainability performance.

6.2. Managerial Contributions

From a managerial perspective, this study offers practical guidelines for implementing
SSCF programs. It raises awareness of sustainability, describes how SSCF works, and
outlines the benefits to companies. Managers can use the research findings to understand
the actors involved and the SSCF program process. Additionally, they can explore new
collaborations based on the existing frameworks.

6.3. Limitations and Future Research

This study has limitations that suggest avenues for future research. Notably, the
qualitative nature of this study, which relies on five in-depth case studies, provides rich
contextual insights into SSCF implementation. However, this approach has inherent
limitations in terms of its internal and external validity. The internal validity was affected
by the potential subjectivity of the cognitive mapping process. Although this technique
captures the core relationships and processes, some nuances may be omitted. Moreover,
this study, based on qualitative case studies, offers valuable insights into Sustainable Supply
Chain Finance (SSCF), but has limitations. The findings may not be generalizable beyond
the selected companies, and the specific context and qualitative nature of the research
constrain internal and external validity. Additionally, focusing on successful cases may
have introduced selection bias. Future research could address these limitations through
large-scale quantitative studies or mixed methods approaches. One key limitation of
this study is its reliance on qualitative analysis. Although qualitative methods offer a
rich, contextualized understanding of the complex and nuanced phenomena within SSCF,
they may lack the empirical rigor and scalability that quantitative methods can provide.
Future research could benefit from integrating quantitative validation or statistical testing to
further validate the findings and generalize the conceptual framework of this study. Second,
this study focuses on developing suppliers’ sustainability and exploring the structure of
SSCF programs, but the impact on the entire supply chain should be further studied.
Future research should examine downstream suppliers’ SSCF programs and their effects
on supply chain sustainability. Third, this study analyzes tier 1 SSCF programs between
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buyers and direct suppliers. Future research should investigate SSCF programs involving
deep-tier suppliers and their impact on the supply chain. Future research should explicitly
consider the impact of evolving ESG policies, particularly in light of the growing influence
of anti-ESG sentiments and regulations [31]. Researchers are encouraged to incorporate
the policy environment as a key variable and examine how different regulatory contexts
(pro-ESG vs. anti-ESG) influence ESG adoption, implementation, and outcomes. Scenario
analyses can help to assess the robustness of findings under varying policy conditions,
while cross-country comparative studies can highlight regional differences and identify best
practices. Additionally, longitudinal research can track the evolution of ESG practices over
time, providing insights into their long-term sustainability and resilience to policy changes.
It is also important to consider the role of ESG investors, as their demand for transparency
and long-term sustainability has been shown to influence corporate behavior [34]. Finally,
future studies should investigate the interplay between stakeholder demand for ESG
and regulatory pressures, as well as the direct and indirect effects of anti-ESG policies
on corporate behavior, investor sentiment, and market dynamics. By addressing these
aspects, researchers can offer more comprehensive and contextually relevant insights into
the role of ESG measures in corporate strategies and sustainability. In short, our findings
are intended to provide a deep understanding of the dynamics involved in SSCF solutions
within the selected cases, rather than statistically generalizable conclusions. This study
offers a valuable conceptual foundation, and we encourage future research to employ
complementary quantitative approaches to further explore these relationships.
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