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Objective: The present study aimed to develop a data-driven decision support system for
identifying, evaluating, and prioritizing green entrepreneurship opportunities in the banking system
by simultaneously considering financial, environmental, and credit risk indicators.

Methods and Materials: This study was conducted using a quantitative and data-driven approach.
The required data were collected from three commercial and development banks and included
financial indicators, green credit records, repayment histories, and environmental indicators such
as carbon dioxide emission reduction, energy efficiency improvement, waste management, and
resource consumption. In the multi-criteria decision-making phase, AHP and TOPSIS methods
were employed for weighting and ranking projects, while Random Forest and XGBoost algorithms
were used to predict project success. Furthermore, a multi-objective mathematical optimization
model based on the NSGA-II algorithm was designed and implemented in Python to
simultaneously optimize profitability, environmental performance, and credit risk.

Findings: The results demonstrated that the proposed decision support system successfully
identified projects with the best balance between profitability and environmental performance.
Projects P3 and P1 achieved the highest rankings and also showed the greatest selection frequency
within the Pareto front generated by the NSGA-II algorithm. Scenario analysis indicated that
increasing the available budget simultaneously improved profitability and environmental
indicators, whereas stricter environmental constraints slightly reduced profit while significantly
enhancing environmental performance. Sensitivity analysis further confirmed the robustness of the
proposed model against moderate variations in input parameters, with substantial changes
occurring only under extreme conditions.

Conclusion: The findings suggest that integrating a data-driven decision support system with
multi-objective mathematical optimization can provide a comprehensive and reliable framework
for green credit evaluation and optimal resource allocation in the banking sector. The proposed
framework enhances decision-making accuracy while maintaining a balance among profitability,
risk reduction, and sustainable development objectives, thereby offering a practical foundation for
the advancement of intelligent green banking and sustainable financial policies.

Keywords: Decision Support System, Green Banking, Green Entrepreneurship, Green Credit
Evaluation, Data Mining, Multi-Objective Optimization, NSGA-II
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EXTENDED ABSTRACT
Introduction

The accelerating pace of environmental degradation, climate change, resource depletion, and
ecological instability has significantly transformed the priorities of economic and financial systems
worldwide. In response to these challenges, sustainable development has emerged as a central paradigm
guiding modern economic policies and institutional strategies. Within this context, the banking sector has
gradually shifted from its traditional role as a passive financial intermediary toward a more proactive
position in directing investments toward environmentally sustainable and socially responsible projects.
Consequently, green entrepreneurship and green banking have become increasingly important
components of sustainable economic transformation. Green entrepreneurship refers to entrepreneurial
activities that generate economic value while simultaneously minimizing environmental harm, enhancing
resource efficiency, and promoting sustainable innovation. However, identifying and evaluating green
entrepreneurial opportunities remain highly complex tasks due to the simultaneous involvement of
financial profitability, environmental sustainability, and credit risk considerations. Traditional banking
evaluation systems, which primarily rely on financial indicators, often fail to capture the multidimensional
value of environmentally sustainable projects. Therefore, there is an increasing demand for intelligent and
data-driven decision-making systems capable of integrating financial and environmental criteria within a
unified analytical framework (Bickley et al., 2025; Canakoglu et al., 2018).

Recent advances in big data analytics, artificial intelligence, machine learning, and Internet of
Things technologies have created unprecedented opportunities for transforming organizational decision-
making processes into more intelligent, adaptive, and data-driven systems. Financial institutions generate
enormous volumes of operational, transactional, and behavioral data on a daily basis, and effective
analysis of these datasets can substantially improve investment evaluation and risk management processes.
Data-driven decision support systems enable banks to process large and complex datasets with higher
speed, precision, and consistency compared to conventional methods. Moreover, integrating
environmental indicators such as carbon emissions, energy efficiency, waste management, and water
conservation into financial evaluation models allows banks to support projects aligned with sustainable
development objectives. Previous studies have demonstrated that big data analytics capability and data-
driven organizational culture significantly improve green innovation, sustainable entrepreneurship, and
competitive advantage within organizations (Al-Khatib, 2022; Liu et al., 2022). Furthermore, the growing
integration of artificial intelligence into sustainable entrepreneurship and green financial systems has
intensified the importance of intelligent analytical frameworks in evaluating business opportunities under
uncertain and dynamic conditions (Grant, 2021; Makhloufi, 2024). Similarly, research has emphasized the
role of data-driven architectures, blockchain, and loT-integrated systems in enhancing sustainable
resource management and intelligent decision-making in Industry 4.0 environments (Lazaroiu et al., 2022;
Rane & Narvel, 2022). Despite these advancements, a substantial gap remains in developing comprehensive
data-driven decision support systems specifically designed for identifying green entrepreneurial
opportunities within the banking sector. Most previous studies have focused either on financial analytics
or environmental sustainability independently, while few studies have attempted to integrate multi-criteria
decision-making, machine learning, and multi-objective optimization into a unified framewaork for green



credit evaluation. Therefore, the present study aimed to develop a comprehensive data-driven decision
support system capable of simultaneously evaluating profitability, environmental performance, and credit
risk in the identification of green entrepreneurship opportunities within the banking system.

Methods and Materials

The present study employed a quantitative and data-driven research design to develop and validate
an intelligent decision support system for green entrepreneurship opportunity identification in the banking
sector. The research process consisted of several sequential stages, including data collection, feature
extraction, development of the decision support system, mathematical modeling, optimization, and
validation analysis.

Data were collected from three commercial and development banks that had provided financial
support for green entrepreneurial projects during the previous five years. The dataset included both
financial and environmental indicators associated with green investment projects. Financial variables
consisted of implementation costs, expected profitability, repayment records, and credit risk levels.
Environmental variables included carbon dioxide emission reduction, energy efficiency improvement,
water conservation, and waste management performance. To ensure comparability across variables, all
data were normalized prior to analysis.

The first stage involved feature extraction and construction of composite indicators, including the
“green opportunity index” and the “sustainability risk score.” Subsequently, a multi-layered decision
support system was developed. In the multi-criteria decision-making layer, the Analytic Hierarchy Process
(AHP) was used to determine the relative importance of evaluation criteria, while the TOPSIS method
was applied to rank green entrepreneurial projects. In the machine learning layer, Random Forest and
XGBoost algorithms were implemented in Python to predict the probability of project success or failure
based on historical and environmental data.

The outputs generated by the decision support system were subsequently integrated into a multi-
objective mathematical optimization model. The optimization model was formulated as a mixed-integer
programming problem with three simultaneous objective functions: maximizing profitability, maximizing
environmental improvement, and minimizing credit risk. To solve the multi-objective optimization
problem, the NSGA-II evolutionary algorithm was employed to generate Pareto-optimal solutions
representing different trade-offs among the three objectives.

The model implementation was performed in Python using DEAP libraries for evolutionary
optimization and Pandas and NumPy libraries for data processing and analysis. Validation procedures
included cross-validation and bootstrapping methods to assess the reliability and stability of the proposed
framework. Performance indicators such as prediction accuracy, system reliability, response time, and
environmental evaluation effectiveness were also assessed to evaluate the efficiency of the developed
system.

Findings

The results demonstrated that the proposed data-driven decision support system successfully
identified and prioritized green entrepreneurial projects with high levels of accuracy and consistency.
Based on the AHP-TOPSIS evaluation process, projects P3 and P1 obtained the highest final rankings due
to their balanced performance across profitability, environmental sustainability, and acceptable credit risk
levels. These projects demonstrated superior environmental performance, particularly in terms of carbon
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emission reduction and energy efficiency improvement, while simultaneously maintaining strong
financial returns.

The machine learning models showed satisfactory predictive performance in identifying successful
and high-potential green projects. Random Forest and XGBoost algorithms effectively detected nonlinear
relationships between financial and environmental variables and significantly improved prediction
accuracy compared to traditional evaluation approaches. The integration of machine learning into the
decision support system enhanced the adaptability and intelligence of the framework under uncertain
decision-making conditions.

The NSGA-II optimization model generated a diverse set of Pareto-optimal solutions representing
different combinations of profitability, environmental performance, and risk levels. The Pareto front
analysis revealed a trade-off relationship between profitability and credit risk, indicating that projects with
higher profitability generally involved higher levels of financial risk. Similarly, another Pareto front
illustrated the relationship between profitability and environmental performance, demonstrating that some
projects with moderate profits achieved significantly stronger environmental outcomes.

Scenario analysis revealed that budget expansion increased both total profitability and
environmental performance indicators, although higher budget allocation also led to increased aggregate
risk. In contrast, stricter environmental constraints resulted in the selection of projects with superior
ecological performance, while slightly reducing overall profitability. Sensitivity analysis further
demonstrated that the proposed model remained stable under moderate changes in key parameters such as
budget levels, environmental thresholds, and risk constraints. Significant variations in project selection
occurred only under extreme parameter changes, confirming the robustness and reliability of the proposed
framework for practical banking applications.

Discussion and Conclusion

The findings of the present study demonstrated that integrating data-driven decision support
systems with machine learning and multi-objective optimization can substantially improve the
identification and evaluation of green entrepreneurship opportunities in the banking sector. The proposed
framework successfully addressed one of the major limitations of traditional credit evaluation systems by
simultaneously incorporating financial, environmental, and risk-related indicators into the decision-
making process. This multidimensional approach enabled banks to evaluate green entrepreneurial projects
not only in terms of short-term profitability but also according to their long-term sustainability
contributions.

The successful performance of the Random Forest and XGBoost algorithms highlighted the
significant role of artificial intelligence and big data analytics in enhancing banking decision-making
processes. The ability of machine learning algorithms to identify complex nonlinear relationships among
variables improved prediction accuracy and reduced uncertainty in evaluating green investment
opportunities. Furthermore, the NSGA-II optimization model effectively generated balanced and flexible
solutions for decision-makers by considering conflicting objectives simultaneously. This capability is
particularly important in sustainable banking environments, where financial profitability, environmental
responsibility, and risk management often compete with one another.

The scenario and sensitivity analyses further confirmed the practical applicability of the proposed
framework under varying economic and environmental conditions. The model demonstrated the capacity



to maintain stability and provide reliable solutions even when budget constraints, environmental
standards, or risk thresholds changed. Such flexibility is essential for modern banking systems operating
in dynamic and uncertain environments characterized by evolving sustainability regulations and market
volatility.

Overall, the present study contributes to the growing literature on sustainable entrepreneurship,
green banking, and intelligent decision support systems by proposing an integrated and practical
framework that combines big data analytics, machine learning, multi-criteria decision-making, and
evolutionary optimization. The findings suggest that data-driven green credit evaluation systems can
significantly improve sustainable resource allocation, enhance environmental responsibility, and
strengthen the strategic role of banks in supporting sustainable economic development. The proposed
framework may therefore serve as an effective foundation for the future development of intelligent green
banking systems and sustainable financial policies.
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