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Abstract. The digitalization of banking services requires a focus on sustainable
development as well as the utilization of new technologies. Understanding and
predicting evolving customer needs and expectations is a vital objective for banks.
This approach enables achieving and sustaining optimal customer satisfaction,
leading to the establishment of customer loyalty It is crucial to examine how
Industry 4.0 affects the transformation of the banking industry. It is necessary to
prioritize finding a balance between competition, innovation, security, and customer
satisfaction to ensure sustainable development. This paper aims to explore the
implementation of Industry 4.0 technologies in the banking system and increase
awareness among researchers and bank managers about these new technologies and
the concept of sustainability. Through an analysis of relevant literature, we hope to
provide valuable insights. In this regard, it presents a framework studying the critical
components for achieving banking 4.0

Index Terms— Bank 4.0, Industry 4.0, Banking digitalization, new technologies,
Sustainable development, Risk management, Performance.

1. INTRODUCTION

Despite the growing importance of digitalization, it is essential. In recent decades,
the advent of Industry 4.0 technologies has greatly enhanced the efficiency of
organizations.[1]. Indeed, technological advances have resulted in massive changes in
how people perform their jobs since the dawn of industrialization [2]. Looking back, it’s
clear that these changes qualify as industrial revolutions. Specifically, the fourth
industrial revolution (Industry 4.0) is gaining traction in various developed nations.
Germany, through a collaborative effort between the public and private sectors, is an
example of a country taking the lead in developing smart factories that merge physical
objects with digital technologies.[3]. As we enter the fourth era of the industrial
revolution, companies across all sectors are attempting to implement digital technology
into their business models [4], which is an attempt to increase efficiency and make
banking faster and easier for customers.

The objective of numerical and artificial intelligence technologies is to enhance
manufacturing efficiency while promoting sustainability.[5]. The use of Internet of
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Things (IoT), cyber-physical systems (CPS), big data analytics, cloud computing and
cognitive computing in manufacturing technology has led to data automation and an
intelligent world. [6]. For this reason, the banking sector should implement its new
technologies to take advantage of their benefits and ensure sustainable development in
the banking sector.

Digitalization offers several benefits, including enhancing customer loyalty,
minimizing human errors, and keeping up with competitors.[7]. As a result, the banking
industry incorporates Industry 4.0 concepts into its operations to better respond to new
needs through new products and strategies on the one hand and to offer higher
productivity by putting innovations into action on the other [8]. In this context, the
banking industry wants to respond to their customer’s needs while also gathering helpful
information for themselves that can be used for innovation [9]. The evolution of
technology has not only transformed banking operations, but also created avenues for
achieving financial stability and long-term success, leading to economic sustainability.
More specifically, technological advances in the 4.0 era have prompted banks to improve
their services, including implementing online banking services. This will simplify
management and operations, benefit customers, increase flexibility, reduce significant
technical errors [10], and develop appropriate environmental strategies to meet
challenges and achieve environmental sustainability [11].

Technological innovation is critical to a company's sustainability development,
and many focus heavily on technology management (TM) to maintain their competitive
edge [12]. Since 1987, the World Commission on Environment and Development
(WCED) has brought attention to the impact of business operations on the environment
and society. This has led to a growing interest in the concept of corporate sustainability,
which has captured the attention of businesses, academia, and policymakers alike.

In contrast, the service sector, particularly the banking industry, which is critical
to a country's economic development, may need more attention in terms of sustainability
[13]. Banks must engage in sustainable development practices to increase their value and
improve their image.

As a result of digitalization, Banking 4.0 is being implemented [14]. Bank 4.0
leverages Industry 4.0 technologies to assign unique numbers to assets, establish digital
identities, offer customized deals to customers, and personalize services. Bank 4.0 offers
a client-centric and service-oriented approach with an open and flexible integration
architecture to enhance the overall experience[15]. The implementation of Bank 4.0 will
give rise to fresh commercial models that depend on factors such as the level of
investment in digital banking services, flexibility, control, access to data sources, and the
ability of technology to minimize the risks associated with digitalization.

Research into Bank 4.0 is still in its early stages and is only available in specific
bibliographic databases. Additionally, the banking industry currently lacks a sufficient
amount of academic research to establish a comprehensive framework for the successful
and sustainable integration of Bank 4.0, resulting in improved performance. The purpose
of this article is to address gaps in previous research by creating a thorough conceptual
framework for the implementation of Industry 4.0 in the banking industry. The goal of
this research is to provide clarity on sustainable banking innovation in relation to
environmental, social, and economic concerns. It aims to give readers a different
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perspective on banking 4.0 and to show how various technologies affect bank
performance and how the use of new technology is assisting the bank in achieving
sustainable development

The structure of this article is as follows: Section 2 presents the methodology
chosen for the study. Section 3 presents the Implementation of Industry 4.0 in the
banking sector with sustainable development. Section 4 presents a discussion. Finally,
section 5 offers the conclusion.

2. METHODOLOGY

Analysing literature helps authors evaluate and identify relevant content in their field,
contributing to the development of theories and concepts.[16]. The associated
publications are still in the works because the Bank 4.0 domain has only been around for
a few years. In order to find relevant information on Bank 4.0, new technology, and
sustainability, we thoroughly reviewed academic and industrial articles, examining their
titles, abstracts, and manuscripts through both traditional and online library systems. We
focused on identifying specific keywords for our research. In order to search for relevant
publications in the widest range of intelligent productions, we used the following
databases:

(1) Scopus (www.scopus.com),

(2) Elsevier (www.sciencedirect.com),

(3) Web Of Science (www.webofscience.com)
(4) Springer (https://www.springer.com/gp)
(5) Google Scholar

The database searches primarily utilized keywords and terms to describe and identify the
utilization of technologies in the banking industry for sustainable development. The
following table displays the authors' chosen keywords.

I reviewed the literature using various research sources, such as articles from credible
scientific journals and indexed conference proceedings. To begin the investigation
process, I first located relevant information sources. The research covered literature from
1998 to 2023. Table 1 summarizes the method used.

Tablel: Methodology Summary

The type of analysis Qualitative
Period 1998-2023
Keywords Bank 4.0, the banking industry and

digitalization, bankingintelligence, bank and
Industry 4.0, Sustainability, Sustainable
Development bank and (artificial
intelligence OR Blockchain OR Cloud OR
Internet of Things OR BigData)

Number of articles 103
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3. Discussion

In particular, technological advancements in the 4.0 era have led banks to upgrade
their services, including deploying online banking services. This will simplify
administration and operations, add customer value, boost flexibility, and decrease major
technical faults. The focus on sustainable development has led to numerous advancements
in the banking industry. There have been improvements in customer relations, with a
greater emphasis on the values it represents. Additionally, the industry has expanded its
offerings and integrated new technologies.

Rebai, Azaiez, and Saidane [17] noted that sustainable banking is a dependable
system considering financial and non-financial issues. According to their statement,
sustainable banking involves implementing commercial practices that prioritize social,
environmental, and ethical considerations, ultimately contributing to a stable and well-
rounded financial system. The activities of banks have been transformed by innovations and
technological advancements, which have also opened up opportunities for them to achieve
greater financial stability and competitiveness.[18].

In the banking sector, key Industry 4.0 technologies include Artificial Intelligence,
Big Data, Blockchain, Cloud, and the Internet of Things (10T).[16]. The implementation of
these technologies not only aids in managing customer relationships but also enhances
cyber security, facilitates fraud detection, and optimizes decision-making processes[10]
while respecting the sustainable development of the banking system[11].

Artificial intelligence (Al) is causing a dramatic change in the banking industry. For
Al, banking is more than simply physical branches; it is an entirely new universe of modern
banking. Modern banks' provision of new banking services aids their growth, expansion,
and respect for the environment by reducing environmental pollution, resource
consumption, and ecological footprints[11]. The use of technology in banking facilitates
the penetration of banking services and enhances profitability. It enables low-value
transactions and helps attract more clients, leading to further expansion of the banking
industry. Additionally, technology reduces loan losses, enhances payment-processing
security, automates compliance tasks, and improves client targeting, all of which can
contribute to the financial performance and sustainability of banks. Al is a critical tool for
detecting fraud and preventing risk. The relationship between perceived usefulness and
intention to embrace Al in banking services plays a substantial mediating function [19]. It is
also clear that the use of artificial intelligence to help achieve business and sustainability
objectives contributes to significant gains, both economically and in terms of resource
efficiency.

In addition to client segmentation, the studies demonstrate the extensive usage of
big data in banks. Interest has centered on fraud detection, developing viable business
models, predicting insolvency, and various other topics. Instead, banks that are digitizing
should leverage big data to provide valuable goods to their consumers, manage potential
risks, detect fraudulent activities, and establish efficient business operations [20]. In order
to improve strategic management and enhance customer satisfaction, it is crucial for the
banking sector to delve into new big data analytical tools, such as Data Mining (DM)
techniques, which enable the extraction of valuable insights from vast amounts of data.
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[21]. The utilization of Big Data in the banking industry enhances their capacity to address
customer needs promptly and boosts interactivity across all operations. This result in
improved efficiency, reduced costs, minimized CO2 emissions, and lowered energy
consumption... All this helps to make banking more sustainable [22].

Blockchain technology improves bank efficiency through interbank reconciliation,
boosts competitiveness and performance as part of an ambidextrous strategy, and advances
information processing while lowering operational risks [23]. The utilization of Blockchain
technology has the potential to enhance the worldwide financial infrastructure, facilitating
sustainable growth through the implementation of more effective systems than those
currently in place. Indeed, many institutions are already focused on Blockchain technology
to support economic growth and expedite the development of green technologies [24].

The banking industry is ready to embrace the advancements of the Internet of Things
and the shift towards intelligent work environments, replacing traditional bank branches.
The initial results affirm the efficacy of using IOT for enhancing physical security measures
in banks[25]. The time and workload of those involved have been reduced, operating
expenses have decreased, information quality has improved, and the overall efficacy of the
protection system against criminal attacks has improved [20]. The result is higher-quality,
real-time data for processing and decision-making, to scale up [26]. Intelligent technology
supports environmental sustainability through knowledge and automation, optimizing the
use of natural resources, reducing waste, and using renewable energies such as wind and
solar power [27].

The Cloud is an IT service delivery model that offers customers the possibility of
faster deployment, greater flexibility, and flexibility to respond rapidly to new requirements
[28] to integrate research and improve the performance, accuracy, efficiency, security, and
high availability of their IT infrastructure [29].

The global digitization transition is altering all areas of the economy[30]. Banks are
under pressure to respond to these changes as well. Branchless banking is an online
banking service [31]. Branchless banking offers a range of benefits related to social,
economic, and environmental sustainability. Through branchless banking, customers can
easily access information about their accounts, make fund transfers, and pay bills, among
other convenient services.[32]. By minimizing paperwork and physical labor, significant
savings can be achieved in terms of money, energy, fuel, stationery, transportation, space,
and other resources that are typically necessary for establishing and maintaining a physical
infrastructure.[33], [34]. Additionally, it facilitates the growth of emerging markets while
reducing operational, administrative, and labor expenses, all of which promote social,
economic, and environmental sustainability.[35]. According to the findings, Internet
banking is the most effective technology, in-house research and development is the optimal
method for acquisition, and in-house operation is the most suitable operating method for
promoting social sustainability.[36]. Table 2 presents technologies used in Bank 4.0.

Table 2 presents key enabling technologies for Bank 4.0

Reference Avrtificial Big Blockchain | Cloud | Internet of
Intelligence Data Thing
Dicuonzo [37] X X X X
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Khanboubi X
and Al [38]

Konigstorfer X
and
Thalmann[39]

Rana and Ji X
[29]

Ramalingam X
and
Venkatesan[26]

Hassani and Al X X
[21]

Ammirato and X
Al [20]

Asadi and X
Al[28]

Zambon and X
Al [40]

Ammirato and X
Al[25]

Rahman and X
Al [19]

Nobanneans al X X
[41]

Cocco and Al X
[42]

4. BANK 4.0 IN THE CONTEXT OF SUSTAINABLE
DEVELOPMENT

Understanding banking 4.0 can be challenging due to its complexity, which
includes various activity streams, elements, properties, and actors. To address this, we
have created a conceptual framework that provides a better understanding of banking 4.0
within the context of sustainable development. Our framework, developed through a
thorough literature review, examines the relationships between the different parties
involved in 4.0 banking. We focused on defining critical themes and assessing the
current state of banking 4.0 concerning economic, social, and environmental
sustainability. The content provided is aimed towards researchers and practitioners
seeking to incorporate essential themes and concepts related to Banking 4.0 and
sustainability. We considered various factors during the development process to ensure
that our framework is reliable and useful.

https://doi.org/10.1051/e3sconf/202341201081
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Figurel: Bank4.0 Development Framework

(1) Digitalisation

(2) Technologies

(3) Performance

(4) Risk management

(5) Sustainability development

4.1 Digitalisation

The global transformation associated with digitalization is transforming all sectors
of theeconomy[30]. Banks are also under pressure to adapt to these changes [43]. The
implementation of point-of-sale information technology fosters competition and
enhances the accessibility and attractiveness of banking services to the public. [44]. In
order to stay competitive, traditional banks must integrate digital elements into their
management and operational systems.[45]. Technological progress willimpact how banks
operate internally [46]. This entails cost-cutting measures and new organizational
structures, approaches, and goals [47]. Furthermore, the digitalization of services and
products allows for new responses to bank and consumer needs and the identification of
new commercial opportunities [48]. Technological advancementshave made a significant
contribution to the improvement of banking capacities and theprovision of more services
of higher quality through the introduction of new mechanisms [49].

An instance of this is the digitization of financial services which adds a unique
aspect to service provision and permits varied options for customers, ultimately leading
to improved satisfaction.[50].

4.2 New Technologies

https://doi.org/10.1051/e3sconf/202341201081
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The financial services sector should embrace digitalization as an opportunity to
enhance their banking services using new technological solutions. This will ensure the
protection and satisfaction of the interests of banks, their customers, and the government
on a global scale. Digitalization leads to implementing what is known as Bank4.0 [14].

The Bank 4.0 (Banking 4.0) standard acknowledges the use of Industry 4.0
technologies to automate assets, create digital identities, and provide special offers [6],
and personalized services and products. As a result, one of the mechanisms banks use to
gaina competitive advantage is technological innovation: quality management and control
[51]. The banking sector is implementing fourth industrial revolution (industry 4.0)
technologies:

» Artificial intelligence Al refers to a collection of methods that enable people to
replicate their actions on previously analyzed technological systems without the
need for additional inputs.[23]. The IA has transformed the banking industry by
breaking the historical ties that have kept the sector together for so long, and it
now forms an axis where past and present capabilities combine in unprecedented
ways [52].

» Big Data refers to the vast amount of data generated and collected during
commercial transactions and other events [53]. To determine their credit scores,
banks rely on historical client data and current factors that are not directly related
to solvability [54].

» Blockchain is a digital system that allows transactions to be recorded on a large
distributed book [55]. It is decentralized because it is not governed by any
authority or agency [56]. It is regarded as a "trust-building machine™ [57]. The
blockchain assists banks in implementing optimal information-processing
mechanisms [58].

» Cloud is a model of information technology service delivery in which computer
services are made available to clients on demand via a public network, regardless
of the device or location [59]. It enables better client relationship management
(CRM) and provides an unlimited infrastructure for data storage and execution
[60].

» The Internet of Things is a global network of connected objects that rely on
various technologies such as sensors, communications, networks, and
information processing. It refers to both the process of connecting physical
objects to the Internet and the network that connects these objects [38]. It
functions as a cyber-security tool or a mobile point-of-sale system, encrypting
your payment information in complete security. Automatic banking machines
(GAB) are one of the most critical devices on the Internet of Things. This allows
for real-time trading and displays account sales on the screen without human
interaction [61].

4.3 Performance



E3S Web of Conferences 412, 01081 (2023) https://doi.org/10.1051/e3sconf/202341201081
ICIES’11 2023

Finally, based on the findings of this study [62], it can be inferred that introducing new
and innovative products has a significant impact on the overall success of a business.
banks. The study revealed a slight but positive connection between product innovation
and the performance of commercial banks.[45], commercial bank management should
focus more on improving various products and services. More specifically, Internet
financing improves the performance of commercial banks in three ways:

» Profitability Researchers have found that Bank 4.0 has significantly boosted the
profitability of banks. This can be attributed to the fact that the number of digital
banking service users has increased in comparison to the total number of users,
resulting in higher profits for the banking industry.[63]. Digitalization has
significantly transformed the banking industry, enhancing the productivity and
efficiency of both employees and agencies. As technology has advanced,
automated processes have reduced manual labor and errors. The model analysis
for evaluating digital banking performance obtained from digital banks shows
that the more users of remote banking services there are, the higher the bank's
ROA [45].

» Costs Using digitization as a strategic tool can significantly reduce the cost of
banking transactions. Banks have incurred significant infrastructure and training
costs to provide digital banking services, but these costs are typically amortized
over a short period [63]. Internet banking services have evolved into a strategic
resource for achieving efficiency gains, operational control, and cost savings.

» Efficiency Since the introduction of digitalization, the overall efficiency of the
banking sector has improved. Employee productivity can be increased through
training and feedback, and they can easily adapt to a constantly changing
technology [63]. The ability to use financial technology to create strategic value
is a critical differentiator between banks [64].

4.4 Risk management

As we move forward, the field of risk management stands to gain significantly from
advancements in technology, including big data, machine learning, artificial intelligence,
cloud computing, and enhanced analytical tools.[1]. These technologies enable risk
management functions to make more decisions that are informed. This also contributes to
data infrastructure development, allowing organizations to spend more time analysing
data rather than managing it [65]. Furthermore, as banks increase online transactionswith
new technologies, piracy and virus infection risk must be avoided and managed [66].

Aside from various financial risks, there are also non-banking risks. Technique
risk is a component. This includes cybersecurity risks [66], risks associated with
noncompliance with data protection regulations, and risks associated with existing
systems. Banks have detailed plans to manage financial risks but are only sometimes
aware of technical risks. Whenattempting to mitigate technological risks, banks may face
several challenges.
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4.5 Sustainability development

There are inconsistencies in the measurement and study of sustainability due to
the various interpretations of the concept. Sustainable banking encompasses the delivery
of financial products and services that address the needs of people safeguard the
environment, and yield profits [71].

As an illustration, certain researchers have characterized sustainability as the
expansion of a company, commendable economic efficiency, and sustained profitability
in the long run.[67]. According to recent scholars, sustainability encompasses economic,
social, and environmental aspects. Let us explore each aspect further. [68]. This paper
focuses on attaining a sustainable Bank 4.0 by acknowledging sustainable development
as an approach that encompasses the economic, environmental, and social dimensions of
business growth, commonly referred to as the three pillars of sustainability.[69],[70]. To
have a Bank 4.0 it is necessary to respect these three notions.

» Social sustainability Social sustainability is concerned with promoting human
well-being and optimizing development potential by fulfilling human needs.[71].
It is important for businesses to address social inequalities and enhance the well-
being of their employees, local communities, suppliers, customers, and the
government, in order to foster positive relationships among these
stakeholders.[68].In the banking industry, this means expanding employment
possibilities, community-based spending, charitable giving, and collaborations and
engagements with the community [27]. Sustainability in the workplace is
beneficial for organizations as it helps to retain employees and improve their
reputation and performance. It also reduces workplace hazards and ensures the
safety of employees.[72]. Ensuring the health and safety of employees is a crucial
aspect of promoting workplace sustainability. By prioritizing the well-being of
workers, companies can enhance their operational efficiency and overall
productivity.[73].

» Environmental sustainability It is important for banks, as well as other
institutions, to take into account environmental concerns when making decisions
that will have long-term impacts.[74]. They must create and implement
appropriate environmental strategies to solve these problems and achieve
environmental sustainability[11]. As a responsible business, it is essential to
prioritize environmental sustainability by reducing the negative impact of our
activities on the natural environment, including land, air, and water. This requires
us to adopt eco-friendly practices such as minimizing pollution, conserving
resources, and reducing our ecological footprint.[75]. Financial institutions can
take steps to mitigate the harmful impact of their offerings on the environment.
This can include eliminating the use of polluting packaging and implementing
robust recycling programs that encourage the reuse of waste materials Energy
consumption is a significant factor in the depletion of fossil resources and
contributes to global warming and pollution. Therefore, it is essential to reduce the
use of nonrenewable energy and shift towards renewable energy sources like solar,
wind, tidal, and biomass. Such a shift can positively influence companies'
environmental performance. [27].

» Economic sustainability focuses on the enduring economic impact,
achievements, and endurance of businesses, prioritizing long-term economic
prosperity over immediate financial gains. When borrowers fail to repay their
loans as agreed, it can harm a bank's financial performance and sustainability.
Banks have a significant impact on sustainability as they can either facilitate or

10



E3S Web of Conferences 412, 01081 (2023) https://doi.org/10.1051/e3sconf/202341201081
ICIES’11 2023

hinder it. The sustainability of banks is closely tied to the sustainability of the
businesses they lend to [76]. The economic viability of banks is crucial for their
survival and long-term success. [77]. Banks are also driven by economic
sustainability to enhance their financial performance.[78], enhancing shareholder
trust by raising earnings per share [77]. Economic sustainability, in addition to
business sustainability, is concerned with macroeconomic growth and
development. . In addition, economic sustainability encompasses various factors
such as setting minimum wages, promoting job creation, investing in research and
development, implementing internal control measures, and establishing a sound
governing structure for corporations.

5. Conclusion

As new technologies continue to emerge, they bring with them fresh ideas that
challenge our established ways of thinking. The digitization of financial services requires
more than just the adoption of new technologies; it calls for a fundamentally different
mindset from all players involved. With the rapid pace of change, it is safe to say that the
future of banking will look vastly different before long. Artificial intelligence is set to
revolutionize the industry by automating numerous processes, enhancing
communication, and elevating the quality of banking services.

The ability of banks to quickly adapt to new data processing methods and utilize
technology will play a crucial role in determining future changes at the organizational
level. Proper regulation of the financial framework, in addition to numerical processes, is
essential for eliminating or mitigating risks.

This paper holds significant importance both in theory and in practice. Firstly, it
lays a strong groundwork for the subject of Bank4.0 in today's digital world. Secondly, it
can serve as a valuable resource for researchers who want to gain a comprehensive
understanding of the Bank 4.0 and sustainable development framework. We have
successfully developed a conceptual framework for implementing Bank4.0, which will
serve as a useful guide for future projects. This study is unique in its focus on Bank4.0,
its technologies, and sustainable development, and adds to the existing literature on Bank
4.0.

Professionals in the banking industry, including specialists and managers, are
encountering new trends, techniques, and methods derived from Industry 4.0. As a result,
they may require assistance in implementing Bank4.0 while considering sustainable
development, as well as clarification on which technologies to use for their banking
activities. Additionally, they may need guidance in assessing the impact of each
technology on the banking sector. To address these concerns, our research team has
developed a framework, as depicted in Figure 1, to aid practitioners and managers in
implementing Bank4.0 and identifying potential risks.

In the computer industry, the security environment brings about both challenges
and opportunities for finding solutions to problems. It is important to consider the needs
of all banking service users, including new clients and individuals from different age
groups. As digitization continues to shape the banking industry, banks need to adjust
their business models to meet market demands for economic sustainability, long-term

11
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contributions, performance, and survival. Adapting to future changes will depend on
their ability to quickly learn and adopt new ways of processing large amounts of data.

In the digital economy, it is crucial to safeguard the customers and their data
while ensuring fairness among companies that operate in similar fields. It is vital to
apply the same rules to all market participants. Achieving this balance requires
considering factors such as competition, innovation, security, sustainability, and
customer protection. The banking sector's transition into Industry 4.0 should not
compromise security in the pursuit of competition and innovation.

When it comes to developing technologies for Bank 4.0, the most significant
research limitations are related to the required technology and infrastructure. As such,
researchers should prioritize identifying and addressing the following elements: (1) the
legal and regulatory implications of emerging technologies in the banking sector, (2) the
industry factors that influence entry into banking 4.0, (3) the impact of new technologies
on the bank's sustainable development, and (4) empirical research into the relationship

https://doi.org/10.1051/e3sconf/202341201081

between 4.0 banking, performance, and financial risk management.
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