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The rapid growth of digital banking has significantly transformed banking
operations by enhancing efficiency and supporting sustainability-oriented prac-
tices aligned with the Sustainable Development Goals (SDGs), yet empirical
evidence on its integrated impact remains limited, particularly in emerging mar-
kets. This study aims to examine the effect of digital banking adoption on
operational efficiency and bank sustainability performance, while assessing the
role of efficiency in strengthening sustainable outcomes. A quantitative panel
data approach is applied using multi-year data from 25 commercial banks over
the period of 2018-2023, where digital banking indicators, efficiency measures,
and sustainability performance proxies are analyzed through regression-based
panel data models with appropriate control variables. The empirical findings
reveal that digital banking adoption positively and significantly improves op-
erational efficiency, and higher efficiency levels are associated with enhanced
sustainability performance, indicating that efficiency serves as a key mechanism
linking digital transformation and sustainable banking performance. This study
concludes that digital banking acts as a strategic enabler of sustainable banking
by simultaneously improving operational efficiency and long-term sustainabil-
ity performance, offering important implications for bank managers and policy-
makers in formulating data-driven digital transformation strategies that support
sustainable financial development.
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1. INTRODUCTION

The rapid advancement of digital technologies has significantly transformed the global banking indus-

try. Digital banking enables financial institutions to improve service accessibility, reduce operational costs, and
enhance efficiency through automated processes [1, 2]. In addition, the banking sector is increasingly required
to align its operational strategies with sustainability principles to support long-term environmental, social, and
economic development. This alignment reflects the growing importance of integrating technological innovation
with sustainable practices in modern banking systems.

Digital banking adoption has accelerated particularly in emerging markets, where financial institutions
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are increasingly leveraging technology to improve financial inclusion and operational resilience. The expansion
of mobile banking services, electronic payment systems, and digital lending platforms enables banks to reach
underserved populations while reducing dependency on traditional branch-based services [3]. This transforma-
tion not only enhances service accessibility but also contributes to cost efficiency and resource optimization.

Furthermore, the growing emphasis on sustainability has encouraged banks to integrate Environmen-
tal, Social, and Governance (ESG) considerations into their operational strategies [4]. Digital banking supports
sustainability initiatives by reducing paper consumption, minimizing transportation needs, and enabling re-
mote service delivery. These developments highlight the importance of examining digital banking not only as
a technological innovation but also as a strategic tool for sustainable financial development.
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Figure 1. Digital Banking Contribution to SDGs

The integration of digital banking supports several SDGs, particularly SDG 9 (Industry, Innovation,
and Infrastructure), SDG 12 (Responsible Consumption and Production), and SDG 13 (Climate Action). Dig-
ital banking reduces paper-based transactions, minimizes physical infrastructure requirements, and improves
resource efficiency through technology-driven operations [5]. As illustrated in Figure 1, digital transformation
in banking contributes to sustainable development by promoting innovation, optimizing resource utilization,
and reducing environmental impact.

Despite the growing relevance of digital banking and sustainability, empirical research examining
their interconnected relationship remains limited. Previous studies have primarily focused on financial per-
formance and operational efficiency, while the role of digital banking in enhancing sustainability performance
has received less attention [6]. Therefore, this study investigates how digital banking adoption influences op-
erational efficiency and sustainability performance, providing a comprehensive understanding of sustainable
digital transformation in the banking sector.

2.  RESEARCH METHOD

This study adopts a quantitative research approach to examine the relationship between digital bank-
ing adoption, operational efficiency, and bank sustainability performance. The research design utilizes panel
data collected from commercial banks over multiple observation periods to capture both cross-sectional and
time-series variations [7]. This approach enables a comprehensive analysis of how digital transformation in-
fluences operational efficiency and sustainability outcomes. The research method consists of literature review,
conceptual framework development, data collection, variable measurement, and empirical analysis using panel
regression techniques. By integrating these methodological components, the study ensures systematic exami-
nation of the proposed relationships and enhances the reliability and validity of the empirical findings.
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2.1. Literature Review and Hypothesis Development

Digital banking has been widely recognized as a transformative force in the banking industry, enabling
institutions to enhance service delivery, optimize internal processes, and respond to increasing digital competi-
tion. Prior studies suggest that digital banking adoption improves transaction speed, reduces operational costs,
and increases accessibility through technology-driven platforms [8]. These improvements are closely asso-
ciated with higher operational efficiency, which is considered a key determinant of bank performance in the
digital era. Operational efficiency plays a strategic role in translating technological investments into tangi-
ble performance outcomes. From a sustainability perspective, efficiency improvements contribute to reduced
resource consumption, lower emissions, and minimized reliance on physical infrastructure.

Previous literature indicates that efficient banking operations support sustainable business practices
by aligning economic performance with environmental and social responsibilities [9]. However, empirical evi-
dence that simultaneously links digital banking, operational efficiency, and sustainability performance remains
limited, especially in emerging markets. Recent studies emphasize that digital transformation in banking im-
proves operational agility, enhances risk management capabilities, and supports sustainable governance prac-
tices. Digital banking also contributes to environmental sustainability by minimizing physical documentation
and reducing energy consumption. Based on this literature, digital banking is expected to enhance operational
efficiency, which in turn improves bank sustainability performance.

2.2. Conceptual Framework

This study adopts a conceptual framework that positions digital banking as a key explanatory vari-
able influencing operational efficiency and bank sustainability performance. The adoption of digital banking
technologies enables financial institutions to optimize internal processes, reduce operational costs, and enhance
service accessibility. Operational efficiency is also assumed to act as an intermediate mechanism through which
digital banking contributes to sustainability outcomes [10]. This framework reflects the theoretical perspective
that technological innovation improves internal processes, which subsequently enhances long-term sustainable
performance. By integrating digital solutions into core banking activities, institutions can improve productivity
while simultaneously supporting environmentally and socially responsible practices.

The conceptual framework also considers the dynamic interaction between technological innovation
and sustainability objectives. Digital banking facilitates continuous monitoring of operational performance,
enabling banks to adjust strategies in response to sustainability targets. This interaction strengthens the role of
operational efficiency as a mediating factor in achieving sustainable banking performance [11]. Furthermore,
digital platforms support data-driven decision making, allowing banks to evaluate performance indicators more
effectively and align operational strategies with sustainability goals. The integration of digital technologies
also reduces reliance on physical infrastructure and paper-based processes, contributing to resource efficiency
and environmental sustainability.
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Figure 2. Conceptual Framework of the Study
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Figure 2 presents the conceptual framework of this study, depicting the direct relationship between
digital banking and sustainability performance as well as the indirect relationship mediated by operational ef-
ficiency. The framework illustrates that digital banking improves operational efficiency through automation,
improved coordination, and optimized resource utilization. These efficiency gains subsequently enhance sus-
tainability performance by reducing environmental impact and supporting responsible banking practices [12].
The dashed arrow indicates the mediating role of operational efficiency in linking digital banking adoption and
bank sustainability performance, highlighting the importance of efficiency as a bridge between digital transfor-
mation and sustainable banking outcomes.

2.3. Data and Sample Selection

This study employs a quantitative research design using panel data collected from commercial banks
over a multi-year observation period. The sample consists of banks that have consistently published annual
reports and sustainability-related disclosures, ensuring data availability and comparability across years [13].
Panel data analysis allows the study to capture both cross-sectional and time-series variations, improving the
robustness of the empirical results and providing a more comprehensive understanding of the relationship
between digital banking adoption, operational efficiency, and sustainability performance. By combining data
across multiple periods and institutions, the study minimizes short-term fluctuations and captures long-term
trends in digital transformation within the banking sector. This approach also enhances the generalizability of
the findings by incorporating diverse banking characteristics and operational conditions across the observed
sample.

Banks included in the sample are selected based on predefined criteria, such as data completeness,
operational continuity during the study period, and availability of sustainability-related information. This ap-
proach minimizes potential bias arising from missing data and ensures that the observed effects of digital
banking adoption and efficiency are not driven by temporary or exceptional conditions [14]. Additionally, the
selection criteria ensure that only banks with consistent reporting standards are included, improving data relia-
bility and measurement consistency. The use of these criteria strengthens the validity of the empirical analysis
and supports more accurate estimation of the relationships among the variables. Overall, the sample selec-
tion process is designed to ensure representativeness, enhance data quality, and provide a solid foundation for
examining the impact of digital banking on operational efficiency and sustainability performance.

2.4. Variable Measurement

Digital banking is measured using key indicators that reflect both adoption and usage of digital plat-
forms, including online banking services, mobile banking penetration, and the intensity of digital transactions
[15]. Operational efficiency is proxied through commonly used financial ratios in banking studies, such as
the cost-to-income ratio and other efficiency-related metrics that indicate how effectively banks utilize their
resources. Meanwhile, bank sustainability performance is assessed using indicators derived from ESG dis-
closures or sustainability reports, capturing the extent to which banks integrate sustainable practices into their
operations and support long-term value creation beyond financial performance.

Table 1. Measurement of Research Variables

Variable Proxy / Measurement Source

Digital Banking Digital transaction ratio, mobile banking usage  Annual reports
Operational Efficiency Cost-to-income ratio Financial statements
Sustainability Performance ESG disclosure index Sustainability reports

Table 1 presents the measurement of research variables used in this study, including digital bank-
ing, operational efficiency, and bank sustainability performance, along with their respective proxies and data
sources. Digital banking is measured using indicators that reflect the extent of banks’ adoption and utilization
of digital platforms, such as digital transaction intensity and mobile banking usage, which capture the level
of digital transformation in banking operations [16]. Operational efficiency is proxied by the cost-to-income
ratio, a widely used indicator in banking studies that reflects the effectiveness of banks in managing operating
expenses relative to operating income. A lower cost-to-income ratio indicates higher efficiency, suggesting
that banks are better able to optimize resources and control operational costs. Bank sustainability performance
is measured using an ESG disclosure index derived from banks’ sustainability reports and annual disclosures.
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This proxy captures banks’ commitment to ESG practices and reflects their alignment with sustainable develop-
ment objectives. Overall, Table 1 summarizes the operationalization of key variables and ensures consistency,
reliability, and comparability in the empirical analysis [17].

2.5. Control Variables

In addition to the main variables, this study incorporates several control variables to enhance the ro-
bustness and validity of the empirical model. The inclusion of control variables is essential to account for
heterogeneity across banks, particularly in terms of structural and financial characteristics that may indepen-
dently influence both operational efficiency and sustainability performance [18]. Specifically, factors such as
bank size, capital adequacy, liquidity levels, and profitability are considered, as these elements often shape
managerial decisions, risk tolerance, and resource allocation. Larger banks, for instance, may benefit from
economies of scale and more advanced technological infrastructure, while well-capitalized institutions tend to
have greater resilience and capacity to invest in sustainable initiatives. By controlling for these variables, the
study aims to minimize potential omitted variable bias and ensure that the estimated effects of digital banking
adoption are more accurately captured. Consequently, the model is better positioned to isolate the true rela-
tionship between digital transformation and performance outcomes, leading to more reliable and generalizable
findings.

Table 2. Control Variables Used in the Study

Variable Proxy / Measurement Description

Bank Size Log of total assets Controls scale effect

Capital Adequacy Capital Adequacy Ratio (CAR) Measures financial stability
Profitability Return on Assets (ROA) Controls performance level
Liquidity Loan-to-Deposit Ratio (LDR) Measures liquidity condition

Table 2 presents the control variables used in this study, including bank size, capital adequacy, prof-
itability, and liquidity. Bank size is measured using the logarithm of total assets to capture scale-related ef-
ficiency differences among banks. Capital adequacy, represented by the CAR, reflects financial stability and
risk absorption capacity. Profitability is measured using ROA, which indicates the bank’s ability to generate
earnings from its assets. Liquidity is proxied by the LDR, reflecting the bank’s ability to manage funding and
lending activities. The inclusion of these control variables improves the reliability of the empirical model and
strengthens the validity of the analysis [19].

2.6. Empirical Model and Data Analysis

To examine the relationships between digital banking adoption, operational efficiency, and sustain-
ability performance, this study employs panel data regression techniques that combine both cross-sectional and
time-series observations. This approach is particularly suitable as it enables a more comprehensive analysis of
variations across banks as well as changes over time, thereby improving the depth and accuracy of the empirical
investigation [20]. The estimation process utilizes either fixed-effects or random-effects models, selected based
on diagnostic procedures such as the Hausman test to ensure the most appropriate model specification. By
applying these techniques, the study effectively controls for unobserved heterogeneity and bank-specific char-
acteristics that could otherwise bias the estimation results. Furthermore, panel data analysis enhances statistical
efficiency, reduces multicollinearity issues, and provides more reliable coefficient estimates, strengthening the
overall validity of the findings.

The empirical model is designed to capture both the direct and indirect effects of digital banking on
sustainability performance, with operational efficiency positioned as a mediating variable. This framework
allows the study to assess not only whether digital banking improves sustainability outcomes, but also how
such improvements occur through enhanced efficiency. In addition, a set of control variables is incorporated to
account for differences in financial conditions, such as bank size, capital structure, and profitability, which may
influence performance outcomes [21]. To ensure the robustness and consistency of the results, additional tests
are conducted, including alternative model specifications and sensitivity analyses. The findings derived from
this empirical approach provide strong evidence on the role of digital banking in driving efficiency gains and
supporting sustainable banking practices, offering a comprehensive understanding of how digital transforma-
tion contributes to long-term performance and resilience in the banking sector.
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3.  FINDINGS

This study identifies several key findings derived from the empirical analysis of digital banking adop-
tion, operational efficiency, and bank sustainability performance, providing a more comprehensive understand-
ing of how digital transformation reshapes the banking sector [22]. The results demonstrate that digital banking
plays a significant role in enhancing operational efficiency by streamlining processes, optimizing resource uti-
lization, and reducing operational costs through automation and integrated digital systems. At the same time,
the findings reveal that digital banking contributes meaningfully to sustainability performance by supporting
environmentally responsible practices, such as minimizing paper usage, lowering energy consumption, and pro-
moting more transparent and accountable governance mechanisms. Each finding reflects a distinct dimension
of the relationship between digital adoption and banking performance, highlighting not only efficiency gains
but also the strategic alignment of digital transformation with sustainability objectives, particularly those asso-
ciated with the SDGs. Furthermore, the analysis emphasizes that the impact of digital banking extends beyond
internal operational improvements to broader sustainability outcomes, as it enables banks to reduce physical
resource dependency, enhance service accessibility, and strengthen stakeholder trust through improved trans-
parency. Collectively, these findings suggest that digital banking should not be viewed merely as a technological
advancement for efficiency enhancement, but rather as a critical driver of sustainable banking transformation
that supports long-term value creation and resilience within an increasingly digital and sustainability-oriented
economic landscape [23].

( Operatic - Sustainability

Digital Banking = Improves~ Operational Efficiency * Enhances Sustainability

Performance
Mediating Effect
[ S| f
| ¥ |
£
- Cost Faster Automation
~°# Management Processes OO'
s - &\
«i o
Environmental Impact  Faster Processes ESG Practices Social Inclusion

Figure 3. Impact of Digital Banking on Efficiency and Sustainability Performance

Figure 3 illustrates the impact of digital banking adoption on operational efficiency and sustainability
performance. The diagram shows that digital banking improves operational efficiency through cost manage-
ment, faster processes, and automation. Improved operational efficiency subsequently enhances sustainability
performance, including environmental impact reduction, ESG practices, and social inclusion. The figure also
highlights the mediating role of operational efficiency in linking digital banking and sustainable banking out-
comes [24].

3.1. Operational Efficiency Enhancement

The findings indicate that digital banking adoption plays a vital role in enhancing operational effi-
ciency in the banking sector. Digital platforms streamline internal processes, reduce manual intervention, and
improve transaction speed, allowing banks to optimize resource utilization and lower operational costs. These
efficiency gains reflect the ability of digital banking systems to automate routine activities and improve coor-
dination across banking operations [25]. Moreover, improved operational efficiency enables banks to respond
more effectively to competitive pressures and changing customer demands.

By leveraging digital banking technologies, banks can achieve higher productivity and operational
flexibility, which strengthens their overall performance and supports sustainable operational practices. The
improvement in operational efficiency also leads to better cost management and enhanced service scalability
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[26]. Digital banking platforms allow banks to process a higher volume of transactions without significantly
increasing operational expenses. This scalability supports sustainable growth by enabling banks to expand
services while maintaining resource efficiency.

Table 3. Summary of Empirical Findings

Relationship Effect Interpretation

Digital Banking — Operational Efficiency  Positive Improves cost efficiency and
automation

Operational Efficiency — Sustainability Positive Enhances ESG outcomes

Performance

Digital Banking — Sustainability Perfor- Positive Reduces environmental

mance footprint

Mediating Role of Operational Efficiency  Significant Strengthens  sustainability
impact

Table 3 summarizes the empirical findings regarding the relationships among digital banking adop-
tion, operational efficiency, and sustainability performance. The results indicate that digital banking positively
influences operational efficiency, which subsequently enhances sustainability performance. In addition, digi-
tal banking also exerts a direct positive effect on sustainability outcomes. The mediating role of operational
efficiency further strengthens the relationship between digital banking and sustainable banking performance.

3.2. Sustainability Performance Improvement

The results further reveal that operational efficiency contributes significantly to improved bank sus-
tainability performance. Efficient banking operations are associated with reduced energy consumption, lower
paper usage, and decreased reliance on physical infrastructure. These outcomes support environmentally re-
sponsible practices and reinforce banks’ commitment to sustainability objectives [27]. In addition, sustainabil-
ity performance is strengthened through enhanced transparency and accountability enabled by digital systems.
Digital banking facilitates more accurate monitoring and reporting of sustainability-related activities, enabling
banks to align operational performance with environmental and social responsibilities. This finding highlights
the importance of efficiency as a foundation for achieving sustainable banking outcomes.

Furthermore, digital banking supports social sustainability by improving financial accessibility and
customer engagement. Online platforms enable customers to access banking services regardless of geographic
limitations, promoting inclusive financial participation. This inclusive approach strengthens the social dimen-
sion of sustainability in the banking sector. In addition, improved operational efficiency allows banks to allocate
resources more effectively toward sustainability initiatives, including digital documentation, remote services,
and environmentally friendly operational practices. These findings demonstrate that operational efficiency
achieved through digital transformation contributes not only to environmental improvements but also to broader
social and governance outcomes [28].

3.3. Direct Impact of Digital Banking on Sustainability

Beyond efficiency improvements, the findings show that digital banking exerts a direct positive in-
fluence on bank sustainability performance. The adoption of digital channels reduces the need for physical
branches and paper-based transactions, thereby lowering the environmental footprint of banking activities [29].
Digital banking also supports data-driven sustainability initiatives by enabling better tracking and evaluation
of sustainability performance indicators. This direct relationship suggests that digital banking adoption itself
represents a strategic approach to sustainable banking. By integrating digital technologies into core operations,
banks can simultaneously improve service delivery and advance sustainability goals.

Moreover, digital banking enhances data transparency, allowing banks to monitor environmental and
social indicators more effectively. This transparency improves accountability and strengthens sustainability
reporting practices, contributing to long-term stakeholder trust. The use of digital platforms also facilitates
collaboration with stakeholders and improves communication regarding sustainability initiatives [30]. As a
result, digital banking adoption becomes not only a tool for operational efficiency but also a key driver of
sustainable banking practices. These findings indicate that digital transformation directly supports long-term
organizational resilience and strengthens the sustainability orientation of banking institutions.
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3.4. Efficiency as a Mediating Mechanism

The findings indicate that operational efficiency serves as an important mechanism linking digital
banking and bank sustainability performance. Digital banking enhances efficiency, which in turn strength-
ens sustainability outcomes, demonstrating the indirect pathway through which digital transformation supports
sustainable banking practices. This mediating role highlights the strategic importance of efficiency in translat-
ing technological investments into long-term sustainability benefits. Banks that improve operational efficiency
through digital adoption are better positioned to implement sustainability initiatives and optimize resource
utilization [31].

Overall, the combined direct and indirect effects confirm that digital banking adoption contributes
to sustainable banking performance through multiple channels. These findings emphasize that banks seek-
ing to achieve sustainability objectives should prioritize digital strategies that enhance operational efficiency
while supporting responsible and environmentally conscious business practices [32]. Furthermore, operational
efficiency not only improves financial performance but also reinforces sustainable operational practices by
reducing resource consumption and improving process optimization. Banks that successfully integrate digi-
tal technologies into operational processes are more likely to achieve balanced economic, environmental, and
social outcomes, thereby strengthening the long-term sustainability of the banking sector [33].

4. MANAGERIAL IMPLICATION

The findings of this study provide important managerial implications for banking executives in de-
signing and implementing effective digital transformation strategies. The positive relationship between digital
banking and operational efficiency suggests that investments in digital technologies should be positioned as
strategic priorities rather than merely technical enhancements. Bank managers need to ensure that digital
banking initiatives are fully integrated into core operational processes to maximize efficiency gains, reduce
operational costs, and improve service delivery. This integration allows banks to achieve higher productivity
and responsiveness in an increasingly competitive and technology-driven financial environment.

Furthermore, the significant role of operational efficiency in enhancing sustainability performance
highlights that efficiency should not be viewed solely as a financial objective, but also as a key driver of
sustainable practices. Managers are encouraged to align efficiency improvements with environmental and
social goals, such as reducing paper usage, minimizing reliance on physical infrastructure, and optimizing
energy consumption through digital platforms. By doing so, banks can simultaneously achieve cost efficiency
and contribute to broader sustainability objectives, particularly those aligned with ESG principles and SDGs.

In addition, the direct and indirect effects of digital banking on sustainability performance indicate
that digital transformation can serve as a comprehensive strategy for long-term organizational resilience. Bank
executives should invest in digital capability development, including employee training, data analytics, and
system integration, to fully leverage the benefits of digitalization. Collaboration with technology providers and
regulators is also essential to ensure secure, scalable, and sustainable digital banking ecosystems. Ultimately,
a well-executed digital strategy will not only enhance operational efficiency but also strengthen banks’ ability
to achieve sustainable growth and maintain competitive advantage in the evolving financial landscape.

5. CONCLUSION

This study examines the relationship between digital banking, operational efficiency, and sustainabil-
ity performance in the banking sector. The results demonstrate that digital banking adoption has a significant
positive effect on operational efficiency, which in turn enhances sustainability performance. In addition to this
indirect effect, digital banking also directly contributes to sustainability outcomes, indicating that digital trans-
formation plays a dual role in improving both internal efficiency and external performance. These findings
confirm that digital banking is a critical enabler of modern banking practices that support both economic and
sustainable objectives.

Moreover, the study highlights the important mediating role of operational efficiency in linking dig-
ital banking and sustainability performance. This suggests that efficiency acts as a key mechanism through
which technological investments are translated into meaningful sustainability outcomes. Banks that success-
fully leverage digital technologies to optimize their operations are better positioned to reduce environmental im-
pact, improve resource utilization, and enhance transparency and governance practices. Therefore, operational
efficiency should be considered a strategic bridge that connects digital innovation with long-term sustainability
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performance.

Despite its contributions, this study acknowledges certain limitations that open avenues for future
research. Future studies may expand the model by incorporating additional variables such as artificial intelli-
gence, big data analytics, or digital risk management to better capture the complexity of digital transformation
in banking. Additionally, applying alternative methodologies such as structural equation modeling or conduct-
ing cross-country comparisons could provide deeper insights into the generalizability of the findings. Overall,
this study emphasizes that integrating digital banking with operational efficiency is essential for achieving sus-
tainable banking performance and long-term resilience in an increasingly digital and sustainability-oriented
financial environment.
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