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Abstract This study seeks to systematically identify and prioritize the Industry 4.0 technologies that
influence sustainable supply chain finance and assess the individual impacts of these technologies on
the sustainability of supply chains. Industry 4.0 represents a transformative paradigm shift in
manufacturing and service sectors, characterized by the integration of advanced technologies such as
the Internet of Things (loT), artificial intelligence (Al), cloud computing, robotics, and other cutting-
edge innovations into production and service operations. These technological advancements are
associated with significant improvements in productivity, cost efficiency, product and service quality,
speed of production and delivery, and worker safety, among other outcomes. In parallel, sustainable
supply chain finance refers to the strategic deployment of financial resources aimed at supporting
supply chains that adhere to economic, social, and environmental sustainability principles. By
ensuring that both companies and their suppliers comply with sustainability standards, this approach
plays a pivotal role in strengthening and maintaining a resilient and responsible supply chain, thereby
delivering substantial benefits to society and the environment. As global supply chains become
increasingly interconnected and complex, the ability to integrate Industry 4.0 technologies within the
framework of sustainable finance has the potential to reshape not only operational efficiencies but also
contribute to long-term societal welfare and environmental stewardship. This research provides
valuable insights into how these technological innovations can drive sustainability within financial
structures, offering a pathway for future-proofing supply chains in the face of emerging global
challenges. This study is both applied and expert-oriented, focusing on the sub-criteria within the
economic, social, and environmental dimensions of sustainable supply chain finance, in the context of
emerging Industry 4.0 technologies.
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1 Introduction

Sustainable supply chain finance refers to methods in which supply chain finance is
implemented in a way that trade and transactions are carried out sustainably. The goal of these
methods is to promote economic, environmental, and social issues, while also helping to
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reduce any negative impacts on all stakeholders involved in delivering goods and services to
the market [1]. The term ‘“sustainable supply chain finance” was first introduced by a U.S.
organization in 2018.

With industrialization, sustainability has emerged as a critical issue in the global market,
drawing the attention of managers and organizations. Ignoring sustainability issues can lead to
financial losses and damage to reputation in the market. However, the adoption of
sustainability in developing economies is lower [2].

Implementing sustainable supply chain finance can lead to the creation of a sustainable
supply chain and an enhanced image for the company, thus gaining a competitive advantage
[3]. In addition to positive environmental outcomes, sustainable supply chain finance can also
contribute to social sustainability. As suppliers in underdeveloped regions benefit from supply
chain finance programs, they gain more opportunities to access financial and economic
resources [4].

The concept of Industry 4.0 refers to a new digital industrial revolution that enables the
integration of organizational capabilities with sustainable technologies. This integration
creates an agile, flexible, and efficient environment for industries [5]. The application of
Industry 4.0 technologies can enhance the implementation of sustainable supply chain
finance through automation and streamlining of supply chain finance processes, thereby
assisting companies within the supply chain [6,7].

For small and medium-sized enterprises (SMEs) facing financial constraints, optimizing
financial flows in the supply chain can improve their performance and investment potential.
By leveraging Industry 4.0 technologies, which have high potential for improving industrial
supply chain efficiency, these companies can enhance their working capital and
competitiveness, while also improving their performance in sustainable supply chain
finance [1].

Industry 4.0 reduces operational costs, improves quality, increases productivity, and
fosters innovation. However, the adoption of Industry 4.0 technologies in SMEs is limited due
to financial constraints. If a company wants to implement Industry 4.0 technologies related to
sustainable supply chain finance, it may not be able to implement all options due to limited
capital and associated risks. This research, considering all aspects and requirements of the
company, proposes the best technology related to sustainable supply chain finance for SMEs.
The purpose of this study is to identify the most important dimensions of sustainable supply
chain finance and prioritize the Industry 4.0 technologies related to it.

The importance and necessity of this research is significant as it explores the integration
of Industry 4.0 technologies with sustainable supply chain finance. Given the global economic
and environmental challenges, sustainability in supply chains has become a critical priority
for companies. The adoption of Industry 4.0 technologies can help improve efficiency, reduce
costs, and enhance quality within supply chains, enabling companies to adopt more
sustainable practices. This study is particularly important for small and medium-sized
enterprises (SMEs) that face financial constraints, as it offers solutions based on advanced
technologies to help them improve their performance in sustainability while gaining a
competitive edge. Ultimately, this research can contribute to the development of innovative
financing models and the improvement of economic and social infrastructures, particularly in
developing regions.
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2 Literature review
2.1 The Concept of Sustainability

Sustainability is highly significant in today’s world, and many companies are currently trying
to implement sustainable practices in their operations. These actions are intended to create a
positive image of their brand. Sustainability is based on three pillars: social, environmental,
and economic elements.[8]

2.1.1 Environmental Sustainability

The environment is currently facing many challenges. The increasing population and human
activities have had significant impacts on natural resources. Air, water, and soil pollution,
biodiversity loss, and deforestation are among the issues that need attention. To preserve the
environment and natural resources, it is necessary to use resources sustainably and promote
environmentally friendly practices. Most importantly, international cooperation is crucial to
solving environmental problems [9].

2.1.2 Economic Sustainability

An economy that focuses on providing good living standards, necessary services for people,
and creating job opportunities should be designed with sustainability and long-term economic
development in mind. This is very important because sustainable societies require a balance
between economic growth and the preservation of resources and the environment. Increasing
GDP (national production) without considering harmful effects can lead to problems such as
environmental pollution, social inequality, and depletion of natural resources. Therefore, the
economy must focus on meeting the current needs of humanity while preserving resources for
future generations [10].

2.1.3 Social Sustainability

The emphasis on social sustainability is one of the key concepts in sustainability. This
concept includes various factors such as health, justice, cultural development, and other social
aspects that directly impact individuals’ quality of life. Since a precise definition of social
sustainability and effective actions to support it have not yet reached global consensus,
discussions on this topic continue. For example, this may lead to an improvement in the
quality of life for individuals, even if it results in a decrease in per capita GDP. This concept
is more about the balance between material consumption and resources in relation to needs,
cultural and social development, and ensuring reasonable and fair living conditions, which
may temporarily change. This definition aims to help improve the quality of life [10].

2.2 Sustainable Supply Chain Finance

Since the 1970s, with the growing market demand for various products, many organizations
have turned to risky yet cost-saving production methods; however, these actions jeopardized
the long-term effects on society and the environment. Industrial accidents, including the
Amoco Cadiz oil spill in France, the Bhopal gas disaster in India, the Chernobyl nuclear
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accident in Ukraine, and the Exxon Valdez oil spill in the United States, highlighted the
urgent need to reassess business models and evaluate the economic consequences for society
and the environment. These incidents prompted regulatory authorities, producers, customers,
and society to reconsider economic business models, enhance safety standards, and protect the
environment [11].

Sustainable supply chain finance, as an operational framework, emphasizes that it not
only affects the logistics, information flow, and capital flow of each company within the
supply chain but also influences the performance of other companies through positive
externalities in the economy, environment, and society. This framework creates
environmental, social, and economic benefits in a way that minimizes negative impacts for all
stakeholders [12]

The integration of SSCF represents a fundamental shift in how businesses approach
financing, supply chain management, and sustainability. By leveraging finance for positive
impact, businesses not only enhance their financial performance and mitigate risks but also
generate significant environmental and social benefits that support both current and future
generations. As we move forward on this journey toward greater sustainability, it’s essential
to stay committed to collaboration, innovation, and shared responsibility. Sustainable supply
chain financing is not merely a business necessity, but a moral obligation to create a better
world [7].

Table 1. Sustainable supply chain finance (SSCF) criteria.

Aspect Criteria

Economic Trade credit
Cash management

Inventory control
Raw material procurement

Service delivery management policies

Social Stakeholder engagement

Stakeholder empowerment
Stakeholder and customer satisfaction

Stakeholder regulations
Buyer-supplier partnership

Environment  Environmental policy
Reduce, reuse, and recycle of energy and wastewater

Environmental costs

Green technology

2.3 Industry 4.0

The First Industrial Revolution occurred in the mid-18" century, initially in England and later
spread throughout Europe and the world, fueled by the invention of the steam engine. In the
second half of the 19™ century, the Second Industrial Revolution took place, marked by mass
production and the use of chemical and electrical energy. During this revolution, several
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industrial technologies and mechanization methods were invented to increase production and
demand, including assembly lines with automated operations that helped boost productivity.
The invention of the integrated circuit (microchip) was a technological advancement that led
to the Third Industrial Revolution. The use of electronics and information technology to
achieve greater automation in production was the key feature of this revolution, which
emerged in many industrialized countries by the late 20" century [13]

The Fourth Industrial Revolution will lead to full automation and digitalization of
processes, as well as the utilization of electronics and information technology in production
and service delivery within a private environment [14].

Currently, the Fourth Industrial Revolution, known as Industry 4.0, encompasses rapid
and innovative changes that affect the fields of digital manufacturing, network
communications, computers, automation technologies, and many other related areas [15].

Table 2. Industry 4.0 related technologies

Dimension Technologies Definitions

The technology that supports the Internet of Things enables
access to large datasets and processes them to generate new
useful information through various reports [15].

Cloud computing

The era of digital transformation, data analysis has become
more crucial than ever. Data analysis helps organizations
understand this data and turn it into actionable insights.
These insights can be used to improve products and
services, enhance experiences, streamline operations, and
increase profitability [16].

Data analysis

Information

technologies .
big data

Big data is a term for large datasets that are characterized
by their vast size, greater diversity, and complexity for
analyzing and visualizing processes or future outcomes
[17].

Internet of Things

The Internet of Things (1oT) refers to services and data that
enable communication between objects by embedding
intelligence into them, transforming them into smart
objects. These smart objects are not only capable of
collecting information from their environment and
interacting with or controlling the physical world, but they
can also connect to each other via the internet to exchange
data and information [15].

Autonomous Robots

Automated robots can identify problems and autonomously
adjust their tasks to ensure that processes are executed
smoothly, and they are used to replicate human actions in
production [18].

operation control and
Operational automation
technologies

It refers to the process of controlling a system or a process
automatically and without the need for human intervention
[19].

Virtual reality

Virtual reality is an advanced human-computer interface
that simulates a real environment. Individuals can move
within the virtual world. They can view it from different
angles, interact with it, and alter its shape [20].

Augmented Reality

It represents the integration of virtual and real
environments, where objects in the real world are enhanced
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by information or computer-generated objects using various

technologies. It can also be combined with human

capabilities to provide efficient and complementary tools to

assist with production tasks [21].

An emerging and vital technology for digital
digital twin transformation and smart upgrading. By leveraging data

and models, the digital twin can perform monitoring [20].

It is a technology that sends precise signals, allowing the
Tracking systems receiver to calculate and display accurate information about
location, speed, and time to the user [22].

They sell goods and services online, and the advantages of
Online stores these types of stores include variety, convenience, and a
diverse range of brands [23].
Customer related
technologies

A business strategy that focuses on the customer and helps
companies improve and effectively manage relevant
information about their customers. Nowadays, companies
are paying attention to increasing customer value through
the analysis of the customer lifecycle. Tools and
technologies, data mining, and other customer relationship
management techniques provide new opportunities for
businesses to act based on marketing concepts and
prioritize customer requests [24].

CRM software

A digital peer-to-peer exchange system in which
Cryptocurrency cryptography is used to generate and distribute units of
currency [21].

It is a distributed database that maintains a continuously
growing list of records in a fully distributed and tamper-
proof manner using new encryption and authentication
technologies at the network level [18].

Virtual cash or cashless transactions is a technology that
has seen tremendous growth in recent years. Cashless
payments have now become a popular trend in almost
every sector [25].

Financial Blockchain
technologies

Electronic wallet

2.4 Industry 4.0 and sustainable supply chain finance

Improving the efficiency and performance of small and medium-sized enterprises (SMES) is
crucial due to their central role in strengthening a country’s economy. For SMEs, capital
constraints act as a barrier to their growth; however, by optimizing financial flows within the
supply chain, the performance and investment potential of these companies can be enhanced.
Industry 4.0 technologies, including the Internet of Things (loT), cloud computing, big data,
and data analytics, can play a significant role in this regard. By utilizing Industry 4.0
technologies for sustainable supply chain finance, SMEs can increase their working capital
and competitiveness [1]. Due to continuous global growth and changes, companies are
increasingly considering sustainable mechanisms and innovation as key tools for gaining
competitive advantage and economic development. Digital manufacturing systems are among
the tools that help companies create more sustainable and economically efficient processes
while promoting innovation. These changes not only improve the performance of companies
but also create optimal conditions for advancing global economic development goals [25].
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Ernesto Mastrocinque and Colleagues, in a 2022 paper titled “Industry 4.0 enabling
sustainable supply chain development in the renewable energy sector: A multi-criteria
intelligent approach,” [26] conducted a comprehensive study on identifying the key criteria
influencing social, economic, and environmental sustainability in the photovoltaic energy
supply chain and examined the potential impact of Industry 4.0 on sustainability. Experts’
opinions were used to identify the impact of Industry 4.0 technologies on the three pillars of
sustainability for each stage of the supply chain. Ultimately, a new sustainability index, the
4.0 Sustainability Index, was formulated to calculate the overall sustainability of the
photovoltaic energy supply chain across seven countries. The results demonstrate the
application and usefulness of the proposed holistic model in assisting policymakers,
stakeholders, and users in making informed decisions for the development of sustainable
renewable energy supply chains, considering the impact of Industry 4.0 and digital
technologies.

MH Naseem and J Yang, in a 2021 paper titled “Role of industry 4.0 in supply chains
sustainability: A systematic literature review,” [27] state that Industry 4.0 has a significant
impact on the sustainability of supply chain networks and further explain that various Industry
4.0 technologies contribute to the sustainability of supply chains in business. They propose a
framework that identifies the impact of Industry 4.0 technologies on the supply chain. The
review articles were collected from Google Scholar and ScienceDirect, and this paper also
expands the existing knowledge in current fields.

Manavalan and Jayakrishna K., in a 2019 paper titled “A review of Internet of Things
(IoT) embedded sustainable supply chain for industry 4.0 requirements” [28] state that supply
chain organizations today operate in a dynamic and complex market. Sustainable supply
chains are critical to responding to rapid changes and customer needs. The reviews show that
manufacturing companies must increase the speed of their transformations and focus on
sustainability, using technologies such as the Internet of Things (loT) to achieve
organizational goals. The paper investigates various aspects of supply chain management,
enterprise resource management, loT, and Industry 4.0, and explores the potential
opportunities for an loT-embedded sustainable supply chain in the Industry 4.0
transformation. In this study, various factors affecting sustainable supply chains are analyzed,
and a framework is proposed to assess the readiness of supply chain organizations from
multiple perspectives to respond to the Fourth Industrial Revolution. This conceptual model
framework is formulated from five key perspectives in supply chain management: business,
technology, sustainable development, collaboration, and strategy management. This research
provides criteria that can be used to assess companies’ readiness for Industry 4.0
transformation, which, in turn, can improve performance and sustainability in the supply
chain.

3 Methods

The Best-Worst Method (BWM) is a multi-criteria decision-making technique in which
pairwise comparisons are made to allocate weights to criteria. The two main models of BWM
are the nonlinear MinMax model and the linear model. The linear model, due to its need for
unique weights and its ability to minimize discrepancies, has been selected for this study
[29,30]. In this research, this method is employed, and the results are ultimately calculated
using GAMS software, which is based on the Best-Worst Method.
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The experts in this study consist of 10 individuals, including 2 academic specialists, 1
CEO, 2 experts, and 5 middle managers. Five of the experts hold PhD degrees, while the other
five hold Master’s degrees. The work experience of 4 individuals ranges from 11 to 15 years,
and 6 individuals have more than 15 years of experience. In order to identify certain factors,
related literature have been used. Initially, a questionnaire was conducted with the experts,
and the factors were determined. Then, the BWM method was applied to evaluate and
prioritize the indicators. After the analysis, the BWM questionnaire was used.

In the Best-Worst Method, two questionnaires were developed: one focusing on Industry
4.0 and the other on sustainable supply chain finance. The first questionnaire contained 5
questions, and the second also included 5 questions. Each question had three parts. In the first
part, the experts were asked to select the best (most important) and worst (least important)
criteria. In the second part, the experts were asked to perform a relative preference
comparison between the best criterion and the other criteria on a scale of 1 to 9. In the third
part, they were asked to perform a relative preference comparison between the other criteria
and the worst criterion on the same 1 to 9 scale.

BWM (Best Worst Method) consists of five main steps:

Step 1: Defining a Set of Criteria:

In this step, a set of criteria {C;, Cs, ..., C, } is defined, which will be used by the decision-
maker to make decisions regarding the best option. For example, when choosing a house from
several options, a set of criteria may include {location (C,), price (C,), size (C5), style (C4)}.

Step 2: Identifying the Best (Most Important or Desired) and Worst (Least Important or
Undesirable) Criteria:

In this step, the decision-maker must identify the best and worst criteria in general terms.
Comparisons between criteria have not yet been made at this stage. For example, a decision-
maker might choose location (C;) as the best criterion and style (C,) as the worst criterion
when buying a house.

Step 3: Determining Preferences of the Best Criterion Over Other Criteria:

The decision-maker should determine the preferences of the criteria in relation to the best
criterion. A selection of 1 means that the criterion in question is equally important as the most
important criterion, while a selection of 9 indicates that the most important criterion is much
more significant and valuable than the criterion in question, which holds relatively little value.
This results in the vector AB (pairwise comparisons of the best criterion relative to the
others).

Ap = (ap1,apa, -, Apn)

In this vector, agp = 1, since this value represents the preference of the best criterion
relative to itself. The previous example includes the priority of location (C;) over the other
four criteria.

Step 4: Determining Preferences of Criteria Over the Worst Option:

The decision-maker should determine the preferences of all criteria relative to the worst
criterion using a scale from 1 to 9. A selection of 1 indicates equal importance, and a selection
of 9 indicates that the respective criterion is much more important than the worst criterion,
which is of minimal importance. This results in the vector AW (pairwise comparisons of
criteria relative to the worst criterion).

Ay = (aw, Qo) ) Q)
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In this vector, ayy, = 1, since this value represents the preference of the worst criterion
relative to itself. The previous example includes the preferences of all criteria relative to style.

Step 5: Finding the Optimal Weights:

In this step, the optimal weights (W', W5, ..., W, )are determined. As previously
mentioned, two different models for BWM are proposed: first, it can lead to multiple optimal
solutions, and second, the goal is to find unique weights. The linear model for this research
uses unique weights. A set of optimal weights for the linear model is where the maximum
absolute difference for the set {|Wp — ag;W;|, |W; — a;, W, |}is minimized. The sum of the

weights is equal to one, and none of the weights can be negative, resulting in the following
equation to find the optimal solution.

Min max{|W; — ag;Wj|, |W; — a, Wiy |}
s.t. Zi'th =1
W; =0, forallj.

This problem can be solved by transforming it into a linear programming problem with
the following equation.

Min &t
s.t. Wy —agW;| < &, forallj
|W; — ajuWy| < - forallj

Xiwji=1

Solving this linear programming problem results in a unique solution where the optimal
weights are (W, W, ..., W,")and &-represents one of the comparisons made in this model.
The value of g indicates the reliability of the results based on how well the comparisons align.
A value close to zero indicates a high consistency and reliability. Complete consistency is
achieved when:

agj * ajy = agyforallj.

Calculation of the consistency rate
Using the obtained £-the consistency rate is calculated. It is evident that a larger €-value

indicates a higher consistency rate. Since agy, € {\,V, ‘*} and ag; * a;y = agy the
maximum value of £-can be determined.

3.1 Analysis of Criteria

After the conducted analyses, 4 main criteria and 15 sub-criteria were identified for Industry
4.0, and 3 main criteria and 14 sub-criteria were identified for sustainable supply chain
finance (Table 3 and Table 4).
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Table 3. 14.0 related criteria and sub-criteria

Aspect Criteria

] ] Cryptocurrency
Financial

technologies Blockchain

Electronic wallet
Tracking systems
Online stores

CRM software
Autonomous Robots

Customer related
technologies

Operation control and automation
Operational

technologies Virtual reality

Augmented Reality

digital twin

Cloud computing
Information Data analysis
technologies big data

Internet of Things

Table 4. Sustainable supply chain financing related criteria and sub-criteria

Aspect Criteria

Trade credit

Cash management
Economic Inventory control

Raw material procurement

Service delivery management policies

[ Downloaded from ijorlu.liau.ac.ir on 2026-01-30 ]

Stakeholder engagement
Stakeholder empowerment

Social Stakeholder and customer satisfaction
Stakeholder regulations

Buyer-supplier partnership

Environmental policy
) Reduce, reuse, and recycle of energy and wastewater
Environment .
Environmental costs

Green technology

[ DOI: 10.71885/ijorlu-2024-1-680 ]

3.2 Findings from Industry 4.0 Analysis

All the criteria and sub criteria for Industry 4.0 were examined and weighted using the BWM
method. criteria include Financial technologies, Customer related technologies, Information
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technologies and Operational technologies. sub criteria of Financial technologies include
Cryptocurrency, Blockchain, Electronic wallet and sub criteria of Customer related
technologies include Tracking systems Online stores, CRM software and sub criteria of
Operational technologies include Autonomous Robots Operation control and automation,
Virtual reality, Augmented Reality, digital twin and sub criteria of Information technologies
include Cloud computing Data analysis big data Internet of Things.

The final rankings of these criteria are presented in Table [5]. Based on the obtained
weights, Operation control and automation (0.1288), Internet of Things (loT) (0.1201),
and Data Analytics (0.1190) ranked first to third, respectively. The comparison between them
is shown in Figure [1].

Table 5. 14.0 criteria ranking

Dimensions Weights Sub-criteria Weight Global weight Global
rank

Cloud computing 0.2089 0.083 5

Information 0.4005 Data analysis 0.2970 0.1190 3

technologies Internet of Things 0.2999 0.1201 2
big data 0.1939 0.0777 6
Autonomous Robots 0.1822 0.0545 8
Operation ~ control  and

Operatior]al 0.2004 automation 0.4301 0.1288 1

technologies Virtual reality 0.1447 0.0433 10
Augmented Reality 0.1210 0.362 14
digital twin 0.1217 0.00364 13
Tracking systems 0.1734 0.0273 15

Customer related

technologies 0.1576 Online stores 0.2679 0.0422 11
CRM Software 0.5585 0.0880 4
. . Cryptocurrency 0.2601 0.0730 12
Financial 01423 .
technologies ‘ Blockchzfun 0.4257 0.0605 7
Electronic wallet 0.3141 0.0447 9

Electronic wallet
Blockchain
CryptoCurrenty
CRM software
Online stores
Tracking systems
digital twin
Augmented Reality
Virtual reality
Operation control
Autonomous RODOIS  e—
big data

Internet of Things
Data analysis
Cloud computing

0.02 0.04 0.06 0.08 0.1 0.12 0.14

Fig.1 Criteria and sub criteria ranking related to 14.0
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In this stage, the main criteria were compared using the GAMS software, and based on the
results, Information technologies, Operational technologies, and Customer related
technologies ranked first to third, respectively. In the next stage, all the sub-criteria were
compared, and based on the results, Operation control and automation, Internet of Things, and
Data analysis achieved ranks one to three, respectively. Based on the results, with Operation
control and automation ranking first, it can be concluded that reducing human errors,
increasing productivity, and responding better to changes and innovations are of high
importance for the company. To achieve these goals, they can use automatic control and
process automation.

3.3 Findings from Sustainable Supply Chain Finance

All the criteria and sub-criteria of sustainable supply chain finance were examined and
weighted using the BWM method. criteria include Economic, Social and Environment. Sub
criteria of Economic include Trade credit, Cash management, Inventory control Raw material
procurement and Service delivery management policies. sub criteria of Social include
Stakeholder engagement, Stakeholder empowerment, Stakeholder and customer satisfaction,
Stakeholder regulations and Buyer-supplier partnership and sub criteria of Environment
include Environmental policy, Reduce, reuse, and recycle of energy and wastewater,
Environmental costs and Green technology.

All of these criteria were ranked in the final ranking, as shown in Table . Based on the
obtained weights, Trade credit (0.1335), Stakeholder engagement (0.1180), and Stakeholder
and customer satisfaction (0.1178) were ranked first to third, respectively, and the comparison
between them is shown in Figure 2.

Table 6. Sustainable supply chain financing and 14.0 criteria Ranking

Main criteria weights Sub-criteria Weights  Global Global
weight  rank

Trade credit 0.298 0.1335 1
Cash management 0.263 0.1178 4

Economic 0448 |nventory control 0.139 0.0622 6
Raw material procurement 0.232 0.1039 5
Service delivery management policies 0.066 0.0296 12
Stakeholder engagement 0.0296 0.1180 2
Stakeholder empowerment 0.140 0.0559

Social 0.399 Stakeholder and customer satisfaction 0.295 0.1178
Stakeholder regulations 0.154 0.0614
Buyer-supplier partnership 0.066 0.0263 13
Environmental policy 0.319 0.0482 10

Environment 0.151 \s{vzg;(\:,\e;étr:ruse, and recycle of energy and 0.358 0.054 9
Environmental costs 0.118 0.0178 14
Green technology 0.203 0.031 11
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Green technology s
Environmental costs
Reduce, reuse, and recycle of energy and. . —
Environmental poliCy

Buyer-supplier partnership  w=
Stakeholder regulations  c————
Stakeholder and customer satisfaction
Stakeholder empowerment
Stakeholder engagement
Service delivery management policies
Raw material procurement
Inventory Control  —
Cash management
Trade credit

0.02 0.07 0.12

Fig 2 Sub-criteria global ranking related to sustainable supply chain financing

In this stage, the main criteria were compared using the GAMS software, and based on
the results, Economic, Social and Environment ranked first to third, respectively. In the next
stage, all the sub-criteria were compared, and based on the results, Trade credit, Stakeholder
engagement and Stakeholder and customer satisfaction achieved ranks one to three,
respectively. Based on the results, in this study, three key factors that significantly impact
organizational success were identified: trade credit, stakeholder engagement, and stakeholder
and customer satisfaction. Trade credit was highlighted for its role in facilitating cash flow
and improving financial relationships, stakeholder engagement for its importance in
maintaining effective and continuous communication with various groups, and stakeholder
and customer satisfaction for its direct impact on loyalty and long-term success. These factors
are crucial in driving sustainable growth and optimizing organizational performance.

3.4 Findings Based on the BWM Method

Research Question 1: What are the most important dimensions of sustainable supply chain
finance?

In the first stage, based on the obtained analyses, the economic, social,
and environmental criteria were ranked. In the second stage, the economic sub-criteria were
examined, and Trade credit first, followed by Cash management, raw material
procurement, Inventory control, and Service delivery management policies ranks. In the third
stage, all criteria were compared and ranked. In this comparison, Trade credit ranked
first, Stakeholder engagement ranked second, and Stakeholder and customer satisfaction
ranked third.

Research Question 2: How is the prioritization of Industry 4.0 technologies related to
sustainable supply chain finance?

This question was addressed in three stages:

First, the overall weights of the criteria were determined and ranked. Second, the weights
of the sub-criteria were analysed, and the sub-criteria within each category were prioritized.
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Third, the overall weights of all sub-criteria were compared and ranked. In the first stage, the
results from the BWM method showed that information technology was the most important
criterion, followed by operational technologies, customer related technologies, and financial
technologies in subsequent ranks. In the second stage, the sub-criteria of information
technologies were ranked. Internet of Things (lIoT) emerged as the most important factor,
followed by data analytics, cloud computing, and big data in subsequent positions. In the third
stage, all criteria were compared and ranked. In this comparison, operation control and
automation, Internet of Things (loT), and data analytics ranked first, second, and third,
respectively.

4 Managerial Implications

Based on the identification of the most important criteria and sub-criteria, the following
practical recommendations are presented.

Automated Control and Process Automation:

Automated control and process automation significantly reduce costs and improve efficiency. These
systems enhance the speed and accuracy of processes, reduce the risk of human errors, and help ensure
the accuracy of information. Other advantages of this approach include reducing production,
maintenance, and raw material costs, which contribute to the profitability and commercial credibility
of companies. Automation also boosts productivity and reduces delivery times, leading to increased
cash flow and customer satisfaction. By optimizing processes and making efficient use of resources,
these systems help conserve natural resources and reduce environmental pollution. Additionally, they
create new jobs and improve working conditions for employees. In general, automated control and
process automation not only improve product quality but also strengthen positive relationships with
suppliers and stakeholders.

Internet of Things (l1oT):

The Internet of Things (IoT) helps companies improve their products and services by collecting
data, which leads to increased quality, reduced costs, enhanced productivity, and shorter delivery
times. This technology enables more precise monitoring and control of production and distribution
processes, reducing resource waste and improving supply chain efficiency. Moreover, the use of
sensors and smart devices lowers production and distribution costs while providing more accurate
information to consumers, improving their experience and reducing costs.

Big Data:

Big Data helps improve algorithms and predictive models, optimizing production planning,
distribution, and inventory management within the supply chain. By analysing production,
warehousing, and transportation processes, Big Data enhances supply chain efficiency and reduces
resource waste, contributing to environmental preservation. Additionally, by analysing customer data,
companies can identify behavioural patterns and improve their services and products. This process
supports data-driven decision-making, identifies new opportunities, reduces risks, and strengthens
communication with stakeholders. Ultimately, Big Data can increase transparency and trust between
stakeholders and the organization.

5 Conclusion

This research aimed to identify and prioritize Industry 4.0 technologies in relation to
sustainable supply chain finance and assess their impact on its key dimensions. Through a
literature review and the application of the Best-Worst Method (BWM), we developed two
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questionnaires to gather data on Industry 4.0 technologies and sustainable supply chain
finance criteria. Data were analysed using GAMS software to determine the weight and rank
of each criterion and sub-criterion. The results highlight automated control and process
automation, the Internet of Things (10T), and data analytics as the most impactful Industry 4.0
technologies for sustainable supply chain finance. Commercial credibility, stakeholder
participation, and customer satisfaction emerged as the key factors for successful
implementation of sustainable supply chain finance. These technologies enhance efficiency,
profitability, and transparency within supply chains, enabling better decision-making,
resource optimization, and improved customer experiences. This study contributes to the
theoretical understanding of how Industry 4.0 technologies intersect with sustainability
practices in supply chain finance. Future research could explore specific industry applications
and the long-term effects of these technologies on supply chain resilience and sustainability.
The main limitation of this research lies in its focus on a specific set of technologies and
industries, suggesting the need for broader studies across various sectors.

Future research direction

* In this research, all technologies of Industry 4.0 were examined. One of the technologies
from Industry 4.0 can be selected and its impact on sustainable supply chain financing can be
studied in detail.

* This research was conducted in Gilan province. It could be carried out in larger and more
industrial cities such as Tehran, Isfahan, and Mashhad.

» Evaluation of sustainable financing methods in the supply chain with an emphasis on
sustainable supply chain financing.
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