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ABSTRACT: 

Under Banking, the green banking concept represents a great proactive approach adopted by the 

financial institutions for promoting environmentally friendly practices. The juncture of data science 

and green banking in India provides an opportunity for sustainable development through data-driven 

decision-making. Study explores the usage of data science in green banking initiatives across 

Financial Institutions in India. It stresses how leading banks such as SBI, HDFC, YES Bank, Kotak 

Mahindra, Axis Bank, and ICICI Bank have implemented the data science tools to optimize 

operations, promote green financial products, and act in accordance with Environmental, Social, and 

Governance (ESG) norms. Through real-time case studies and policy insights, the study proposes 

recommendations for further advancing green banking through data analytics. 

Keywords: Data Science, Initiatives, Green Banking, E.S.G., Financial Institutions, Data-driven, 

Decision Making. 

1. INTRODUCTION:  

1.1. Background and Context 

1.1.1. Environmental Challenges and the Financial Sector’s Role 

The 21st century has been marked by escalating environmental crises—rising global 

temperatures, frequent natural disasters, melting ice caps, and declining air and water 

quality. These changes pose significant threats not only to ecosystems but also to 

economies and financial stability. As a response, sustainability has become a critical 

focus across all sectors, including finance. 
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Financial institutions, especially banks, are uniquely positioned to influence 

environmental outcomes. They serve as intermediaries in allocating capital and resources. 

By choosing to finance environmentally sustainable businesses and practices, banks can 

promote green industries, decarbonization, and circular economies. 

1.1.2. Emergence of Green Banking 

Green banking refers to environmentally responsible banking practices aimed at 

promoting sustainable development. It includes: 

 Lending to green sectors (renewable energy, electric vehicles, clean water, etc.) 

 Internal policies like energy efficiency, digitalization, and paperless banking 

 Risk assessment that incorporates climate and ESG criteria 

This shift is driven by regulatory frameworks (e.g., the EU Green Deal, Paris Agreement), 

global sustainability targets (UN SDGs), and evolving customer expectations. 

However, to effectively measure environmental impact and manage green portfolios, 

banks need precise, real-time, and predictive insights, which traditional systems 

struggle to provide. This is where data science becomes indispensable. 

 

1.2. Role Of Data Science In Green Banking 

1.2.1. What is Data Science? 

Data science is the discipline of extracting meaningful insights from large datasets using a 

combination of statistics, machine learning, artificial intelligence (AI), data engineering, 

and domain-specific knowledge. In banking, data science has already been widely used 

for credit scoring, fraud detection, and customer analytics. Now, its application is 

expanding into sustainability and ESG analysis. 

1.2.2. Green Banking Use Cases Powered by Data Science 

Here are specific ways in which data science is enabling green banking: 

a) Environmental Risk Assessment 

 Machine learning models predict climate-related credit risks (e.g., flood risk affecting 

real estate loans). 
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 Geospatial and satellite data help banks assess exposure to environmental hazards. 

b) Carbon Footprint Tracking 

 Transactional data can be analyzed to estimate individual or corporate carbon 

footprints. 

 AI models help calculate the emissions associated with financed activities (Scope 3 

emissions reporting). 

c) Sustainable Investment Analytics 

 Natural Language Processing (NLP) techniques extract ESG signals from annual 

reports, news, and regulatory filings. 

 Sentiment analysis gauges public perception of companies’ environmental 

performance. 

d) Green Product Personalization 

 Banks use clustering algorithms to segment customers and offer customized green 

financial products (e.g., green mortgages or EV loans). 

e) Regulatory Reporting and ESG Compliance 

 Automation of ESG data collection and validation to ensure regulatory adherence. 

 Dashboards built with big data analytics track performance against TCFD, GRI, or 

SASB standards. 

f) Operational Sustainability 

 IoT sensors integrated with data analytics monitor energy consumption in bank 

branches and ATMs. 

 Predictive maintenance reduces energy waste and equipment failure. 

1.3. Global Banking Initiatives and Data Science Adoption 

1.3.1. Institutional Examples 

 HSBC uses AI to assess ESG risks in its corporate loan books. 

 ING developed the Terra Approach, using climate scenario analysis and sector-

specific pathways to align with the Paris Agreement. 
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 Standard Chartered launched ―SC Ventures,‖ focusing on sustainable fintech 

solutions powered by data analytics. 

 BBVA applies big data to monitor energy consumption across branches and track 

paper reduction efforts. 

1.3.2. Regulatory Push for Data Transparency 

Regulators and policymakers are demanding greater transparency and data-driven 

disclosures. Examples include: 

 EU Taxonomy for sustainable activities, which requires detailed sustainability data. 

 The Task Force on Climate-related Financial Disclosures (TCFD) promotes 

climate-risk reporting, demanding banks to use forward-looking data models. 

Data science enables banks to meet these requirements efficiently and with auditability. 

 

1.4. Challenges In Integrating Data Science For Green Banking 

Despite the potential, several challenges persist: 

 Data Quality and Availability: Environmental data is often unstructured, non-

standardized, and scattered across sources. 

 Lack of Talent: Integrating ESG knowledge with data science requires specialized, 

cross-functional teams. 

 Model Interpretability: Black-box AI models can be hard to justify to regulators or 

auditors. 

 Cybersecurity and Privacy: Handling sensitive ESG and personal data raises ethical 

and regulatory concerns. 

1.5. Research Gap and Significance 

Although the benefits of data science in financial services are well-documented, the 

specific intersection of data science with green banking is still under-explored. Most 

banks are in the early stages of implementing these technologies for environmental 

purposes. 
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This research aims to: 

 Fill the knowledge gap by providing a structured understanding of how data science is 

being applied in green banking. 

 Examine best practices, success factors, and technological frameworks. 

 Recommend data-driven strategies for banks to enhance their contribution to 

environmental sustainability. 

Under banking the Green Banking is an Umbrella term which encompassing sustainable 

banking practices aimed at reducing the environmental impact of banking activities. 

Which it includes digital transactions, green loans, paperless banking, energy-efficient 

data centers, and investments in sustainable projects. In parallel, data science provides 

methodologies and tools for extracting insights from vast datasets. When applied to green 

banking, data science enhances operational efficiency, customer segmentation, fraud 

detection, and sustainability reporting. 

Banking industries in India, the convergences of green banking and data science is 

increasingly relevant as banks aim to meet ESG requirements and align with Sustainable 

Development Goals (SDGs). This study investigates how Indian banks utilize data 

science to support green banking practices and proposes future directions for the 

expansion. 

2. REVIEW OF LITERATURE: 

The integration of data science into green banking practices is an emerging 

interdisciplinary domain that intersects sustainability, financial technology, and data 

analytics. A growing body of research has begun to explore how banking institutions 

leverage data science tools to enhance environmental performance, particularly in 

areas such as green lending, digital transformation, and organizational readiness for 

green information systems. The following section reviews relevant scholarly and 

industry-based literature that collectively lays the foundation for understanding this 

relationship. 

 

1. Green Lending Disclosures and Transparency 

Patel and Desai (2024) conducted a comprehensive study on sustainability reporting 

and green loan disclosure practices among Indian commercial banks. Their research 
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revealed that larger, multinational banks tend to be significantly more transparent in 

disclosing their green finance portfolios, ESG risk exposure, and environmental 

impact metrics. The study attributes this to larger banks having better access to data 

analytics infrastructure and greater regulatory scrutiny due to their systemic 

importance. 

 

A key takeaway is the emerging trend of data-driven reporting, where banks use real-

time dashboards and data visualization tools to report environmental performance. 

Patel and Desai emphasized that automated ESG disclosure systems, underpinned by 

machine learning and natural language processing (NLP), are becoming essential for 

aligning with international frameworks like TCFD and the EU Taxonomy. 

 

This work underscores how data science tools are essential for enhancing 

transparency, standardization, and trust in green lending disclosures, a foundation for 

public accountability and investor confidence. 

 

2. Green Information Systems (IS) Adoption 

Singh and Sahu (2020) developed a strategic framework for Green Information 

System (Green IS) adoption in Indian banking institutions. Their study focused on 

factors that influence the successful implementation of environmentally friendly IT 

systems and found that leadership commitment, IT infrastructure, and organizational 

awareness are critical enablers. 

Though primarily conceptual, the framework suggests that data science readiness—

including availability of data professionals, AI adoption, and analytics capabilities—is 

a major determinant of Green IS effectiveness. The study indirectly highlights the 

importance of predictive analytics, carbon tracking systems, and smart data 

warehousing in reducing the ecological footprint of banking IT operations. 

 

Singh and Sahu’s contribution is crucial in positioning data infrastructure and 

organizational data culture as prerequisites for any green digital initiative, providing a 

blueprint for future empirical studies on digital sustainability. 
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3. Digital Transformation and Environmental Sustainability 

Mittal and Mamta (2023) explored the impact of digital transformation on 

environmental sustainability by conducting case studies on Axis Bank and State Bank 

of India (SBI). Their findings demonstrate a strong positive correlation between 

digital adoption (e.g., mobile banking, paperless onboarding, and cloud computing) 

and reduced environmental impact. 

From a data science perspective, the research provides evidence of how automation, 

AI-driven decision-making, and paperless workflow systems reduce resource 

consumption and waste. For instance, digital KYC processes supported by facial 

recognition and OCR (optical character recognition) significantly cut down on paper 

use and physical infrastructure. 

 

This study supports the argument that data science is not only a tool for external green 

finance assessment but also a core driver of internal operational sustainability. It also 

highlights the role of digital transformation as both a data-intensive and eco-friendly 

strategy. 

 

4. Bank-Level Green Data Science Use Cases 

The TechVidvan Research Team (2025) and Data Science School (2025) have 

produced industry-based insights on how Indian banks are operationalizing data 

science for green and sustainable banking. Their reports identify specific applications 

such as: 

 Customer segmentation for green product targeting 

 Risk analytics to assess climate and ESG-related credit risk 

 Carbon footprint estimation from customer transactions 

 AI-enabled fraud detection that reduces unnecessary resource-intensive 

investigations 

 

These works, although non-peer-reviewed, present practical illustrations of real-world 

data science applications. They emphasize how banks are moving beyond 

conventional financial analytics toward environmental impact modeling, sustainability 

scoring algorithms, and geospatial analysis for project finance screening. 
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The studies suggest that data lakes, AI models, and real-time dashboards are 

becoming foundational in sustainable decision-making, marking a shift toward data-

driven environmental governance in banking. 

 

Synthesis and Research Gaps 

The reviewed literature collectively highlights that data science plays a critical role 

across various dimensions of green banking, including: 

 Transparent green lending disclosures (Patel & Desai, 2024) 

 Organizational readiness for Green IS (Singh & Sahu, 2020) 

 Operational sustainability via digital transformation (Mittal & Mamta, 2023) 

 Practical implementations of green analytics (TechVidvan & Data Science 

School, 2025) 

However, several research gaps persist: 

1. Limited empirical quantification of how specific data science techniques (e.g., 

NLP, ML, geospatial analysis) impact sustainability outcomes. 

2. Scarcity of cross-national comparisons, especially between developed and 

emerging markets, on green data science usage in banking. 

3. Lack of integrated models or frameworks that connect data science maturity with 

green performance metrics in financial institutions. 

 

This literature review establishes a foundational understanding of how data science is 

enabling green banking initiatives. It shows a clear evolution in the banking sector—

from policy-oriented green strategies to technology-enabled environmental 

innovation. The review also reveals a strong need for further empirical and theoretical 

exploration into how data science capabilities can be systematically aligned with 

green banking goals, especially in the context of developing economies like India. 

 

3. METHODOLOGY: 

To investigate the integration of data science concepts into green banking initiatives, this 

study employed a multi-method qualitative research approach. The methodology was 

designed to triangulate findings through the use of diverse data sources and analytical 

methods, ensuring depth, validity, and contextual relevance. The approach consisted of 
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three key components: document analysis, real-time case studies, and comparative 

analysis. 

 

3.1. Document Analysis 

3.1.1. Purpose 

The first phase of the study involved a systematic analysis of sustainability reports 

from leading Indian banks for the financial year 2022–2023. This method aimed to 

examine the extent of environmental disclosures, ESG data integration, and the use of 

data science tools in reporting and monitoring green initiatives. 

3.1.2. Data Sources 

The following bank sustainability and ESG reports were collected and analyzed: 

 State Bank of India (SBI) Sustainability Report 2022–23 

 HDFC Bank ESG Report 2022–23 

 Axis Bank Sustainability Report 2022–23 

 ICICI Bank ESG Disclosures and Integrated Report 2022–23 

 Kotak Mahindra Bank ESG Report 2022-23 

 Yes Bank ESG Report 2022-23 

 

3.1.3. Analytical Focus 

The analysis focused on: 

 Frequency and specificity of green lending disclosures 

 Use of digital tools for ESG data collection and reporting 

 Carbon emission tracking mechanisms 

 Mention of AI, machine learning, or big data in sustainability strategies 

 Frameworks used (e.g., GRI, TCFD, SASB) 

A content analysis technique was employed to code themes and identify patterns in 

the application of data science across green banking components. 

Method Purpose Data Source 

Document Examine ESG Annual 
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Method Purpose Data Source 

Analysis and 

sustainability 

disclosures 

sustainability 

reports (2022–

23) of 4 major 

banks 

Case Study 

Analysis 

Explore real-

time 

applications of 

data science in 

green banking 

Secondary data: 

white papers, 

industry reports, 

press releases 

Comparative 

Analysis 

Assess variation 

in data science 

usage across 

banks 

Synthesized 

from the first 

two methods 

 

3.2. Case Studies 

3.2.1. Rationale 

The second phase used real-time case study analysis, relying on secondary 

data from industry publications, white papers, regulatory updates, fintech 

reports, and bank-authored press releases. This method provided a contextual 

understanding of how specific banks are deploying data science in support of 

sustainability objectives. 

3.2.2. Case Selection Criteria 

Cases were selected based on: 

 Proven or published data science applications in green banking 

 Public availability of implementation data or impact metrics 

 Relevance to the Indian banking context 

3.2.3. Case Study Themes 

Each case was examined under key thematic lenses: 
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 Customer analytics for green products (e.g., loan segmentation for EVs or 

solar projects) 

 Environmental risk modeling using geospatial and climate data 

 Green operational efficiency (e.g., AI-based energy optimization in 

branches) 

 Digital transformation impact on paper reduction and carbon offsetting 

The case studies enabled a qualitative assessment of technological maturity, 

innovation adoption, and institutional support for data-driven green initiatives. 

 

3.3. Comparative Analysis 

3.3.1. Objective 

To provide a holistic perspective, a comparative analysis was conducted across 

the four selected banks (SBI, HDFC, Axis, ICICI) to: 

 Measure the degree of data science integration in green banking strategies 

 Identify commonalities and divergences in sustainability approaches 

 Highlight data-enabled best practices and innovation gaps 

 

3.3.2. Comparative Criteria 

The analysis used a benchmarking matrix based on the following indicators: 

Criteria Description 

Use of Data Analytics in 

ESG Reporting 

Integration of dashboards, automated 

data pipelines, and reporting 

software 

AI/ML Applications 

Presence of predictive models for 

risk or impact assessment 

Customer-Level 

Sustainability Analytics 

Personalization of green products 

based on customer behavior and 

profiling 

Carbon Footprint Data science tools used to track 
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Criteria Description 

Monitoring Tools emissions from financed activities 

Digital Process 

Transformation 

Extent to which paperless and cloud-

based systems reduce environmental 

impact 

The comparative analysis was qualitative but structured, offering insight into 

the relative performance and strategic focus of each bank. 

 

3.4. Ethical Considerations and Limitations 

Since the study relied solely on publicly available reports and secondary data, no 

primary data collection or human participation was involved, eliminating privacy 

concerns. However, the study acknowledges certain limitations: 

 Lack of access to proprietary data science tools or models used within the 

banks 

 Potential greenwashing bias in self-reported ESG and sustainability data 

 Limited time scope, as reports covered a single financial year (2022–2023) 

Despite these limitations, the multi-method approach enhances the validity of 

findings through triangulation, offering a well-rounded view of data science 

integration in Indian green banking. 

 

By combining document analysis, case-based inquiry, and comparative 

benchmarking, the study ensures methodological rigor and contextual richness. This 

layered approach facilitates a nuanced understanding of how data science is shaping 

the transition to environmentally responsible banking in India, serving as a 

foundation for deeper policy and strategic analysis in subsequent sections. 

3.5. Research Design Diagram 

Below is a proposed visual representation of the research process: 

                    +---------------------------+ 

                    |    Research Problem      | 
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                    | Data Science in Green  | 

                    | Banking Initiatives       | 

                    +-----------+------------+-- 

                                     | 

        +-------------------+----------------------------+ 

        |                                                                   | 

+------------------------+                        +----------------------------+ 

|  Document Analysis|                        |   Case Study Analysis     | 

|  Sustainability          |                        |  Real-time applications   | 

|  Reports (4 banks)   |                        |  from secondary sources  | 

+-----------------------+                        +------------------------------+ 

        |                                                                   | 

        +-------------------+----------------------------+ 

                                    | 

                  +-----------v-----------------+ 

                  | Comparative Analysis     | 

                  | Benchmarking of DS       | 

                  | Integration across            | 

                  | SBI, HDFC, Axis, ICICI | 

                  +------------------------------+ 

                      | 

                  +-----------v----------+ 

                  | Findings & Insights| 

                  +-----------------------+ 

 

4. CASE STUDIES: 

4.1. Overview 

This chapter presents detailed, real-world case studies of six major Indian banks—

SBI, HDFC Bank, Axis Bank, ICICI Bank, Kotak Mahindra Bank, and Yes Bank—

to explore how data science technologies are applied in advancing green banking 

goals. Drawing from each bank’s 2022–2023 sustainability and ESG disclosures, the 

analysis focuses on how specific data science tools (e.g., AI, ML, NLP, cloud, 

blockchain, big data analytics) support energy efficiency, paperless processes, 
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sustainable finance, and environmental risk management. The goal is to connect 

technical innovation with ecological outcomes in the Indian banking ecosystem. 

 

4.2. State Bank of India (SBI): Data Warehousing, Hadoop & Predictive Analytics 

4.2.1.  Data Science Infrastructure 

 SBI has developed a 170-terabyte enterprise data warehouse, one of the largest in 

India’s banking system. 

 The bank uses Hadoop distributed computing frameworks, integrated with tools 

like SPSS and Python-based ML models for: 

o Credit risk analytics 

o Customer behavior profiling 

o Fraud detection and alert systems 

 

4.2.2.  Green Banking Applications 

 Paperless Transactions: Over 90% of new accounts are processed digitally, 

reducing paper consumption by an estimated 8,000 tons annually. 

 Energy Savings: Real-time fraud detection through ML reduces physical 

investigation processes and branch-level printing. 

 Carbon Tracking: Big data tools allow tracking of Scope 1 and 2 emissions 

across branches. 

 

4.2.3. Strategic Impact 

SBI’s analytics-led model supports the Digital India mission, enabling digital 

inclusion in remote areas while minimizing environmental impact. It also aligns with 

the UN SDG 9 (Industry, Innovation and Infrastructure) and SDG 13 (Climate 

Action). 

 

4.3. HDFC Bank: AI-Enabled Customer Personalization and Green Product 

Targeting 

4.3.1. Data Science Tools 

 HDFC uses an advanced data lake architecture, built on Apache Spark, 

combined with AI-driven recommendation engines. 

 Predictive models assess customer propensity for adopting green products 

such as: 



          GBS IMPACT   Volume 11, Issue - 02, July - December 2025, ISSN: 2454- 8545 

129 
 

o EV loans 

o Rooftop solar financing 

o Energy-efficient home upgrades 

 

4.3.2. Green Banking Integration 

 AI segmentation identifies high-potential customers for green loan offerings, 

leading to a 23% increase in green financial product uptake. 

 Digital platforms allow for paperless onboarding, mobile banking, and real-

time eco-financial dashboards. 

 

4.3.3. Strategic Benefits 

HDFC’s analytics support has improved operational sustainability through reduced 

branch visits, lower logistics, and promotion of green financial behavior. The bank’s 

model aligns with SDG 7 (Affordable and Clean Energy) and SDG 12 (Responsible 

Consumption and Production). 

 

4.4. Yes Bank: RFM Analytics for Green Customer Engagement 

4.4.1. Technology Usage 

 Yes Bank has implemented RFM (Recency-Frequency-Monetary) modeling 

using Python and SQL-based systems to segment customers by debit card 

usage behavior. 

 A/B testing and predictive targeting algorithms optimize green product 

campaigns. 

 

4.4.2. Sustainability Outcomes 

 44% increase in customer response in eco-product segments (e.g., green credit 

cards, carbon offset donations). 

 Reduction of 40% in printed promotional materials due to targeted digital 

outreach. 

 Encouragement of digital wallets and UPI, which reduce ATM energy 

consumption and paper receipts. 

 

4.4.3. Strategic Relevance 
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Yes Bank’s case demonstrates how behavioral analytics can be aligned with 

environmental outcomes. By optimizing communication through digital means, 

the bank supports SDG 11 (Sustainable Cities and Communities) and SDG 13 

(Climate Action). 

 

4.5. Kotak Mahindra Bank: NLP for Sustainable Feedback and Process Automation 

4.5.1. NLP-Driven Feedback Loop 

 Kotak uses Natural Language Processing (NLP) to analyze: 

o Customer service chats 

o Email queries 

o Call center transcripts 

 Sentiment analysis models are trained using NLTK and spaCy to derive real-

time satisfaction metrics. 

4.5.2. Environmental Impacts 

 Reduces the need for manual documentation and paper-based feedback forms. 

 Automation of response processes lowers branch traffic and energy-intensive 

face-to-face interactions. 

 Facilitates real-time service improvement, reducing complaints and improving 

digital adoption. 

4.5.3. Sustainability Strategy 

The NLP initiative reduces Kotak’s operational footprint and enhances digital 

sustainability. It supports SDG 9 (Innovation) and contributes to a more agile, 

customer-responsive, and paperless ecosystem. 

 

4.6. Axis Bank: Cloud Migration for Scalable Green Analytics 

4.6.1. Cloud Technology 

 Axis Bank migrated its core analytics platforms to Microsoft Azure Cloud, 

enabling: 

o Elastic computing 

o Serverless workflows 

o AI/ML deployment at scale 

 

4.6.2. Green Outcomes 
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 Decommissioning of on-premise servers led to a 25% drop in data center 

power usage. 

 Cloud architecture reduced carbon emissions linked to computing 

infrastructure. 

 Scalable ESG reporting and automated tracking of branch-level energy 

consumption. 

 

4.6.3. Strategic Contribution 

Cloud adoption enables green IT transformation while maintaining service agility. 

The initiative supports SDG 12 (Responsible Consumption) and aligns with India’s 

Net-Zero 2070 carbon goals. 

 

4.7. ICICI Bank: Blockchain for Sustainable Remittances 

4.7.1.  Blockchain Deployment 

 ICICI uses blockchain in partnership with Ripple and SWIFT for: 

o Cross-border remittances 

o Trade finance transactions 

 The blockchain network processes transactions within seconds, reducing the 

need for third-party verifications. 

4.7.2. Environmental Benefits 

 Minimal paperwork and postage: Blockchain digitizes all transaction layers. 

 Reduction in energy use from consolidated processing nodes, compared to 

traditional data center loads. 

 Reduced error rates and re-processing, saving energy and employee hours. 

4.7.3. Strategic Sustainability 

By improving speed and transparency while lowering the ecological cost of financial 

transactions, ICICI supports SDG 8 (Decent Work and Economic Growth) and SDG 

13 (Climate Action). 
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4.8. Summary Table: Bank-Wise Data Science Strategies for Green Outcomes 

Bank Technology 

Used 

Data Science 

Purpose 

Green 

Outcome 

SBI Hadoop, 

SPSS 

Predictive 

analytics, 

fraud, 

paperless ops 

Paper 

reduction, 

energy savings 

HDFC 

Bank 

AI, Big 

Data 

Personalized 

green finance 

targeting 

Reduced 

branch visits, 

digital-first 

operations 

Yes Bank RFM 

Analytics 

Sustainable 

customer 

segmentation 

Reduced paper 

marketing, 

increased 

digital product 

adoption 

Kotak 

Mahindra 

Bank 

NLP 

(NLTK, 

spaCy) 

Sentiment 

analysis, 

automation 

Lower manual 

feedback, 

improved e-

service 

engagement 

Axis Bank Azure 

Cloud, ML 

pipelines 

Scalable ESG 

analytics 

Data center 

energy 

reduction, 

optimized 

compute 

ICICI 

Bank 

Blockchain Sustainable 

remittance 

processing 

Reduced 

paperwork, 

low-energy 

secure 

transactions 
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4.9. Cross-Case Insights and Patterns 

Several patterns emerged across the case studies: 

 Cloud and AI technologies are central to scaling green operations. 

 Customer-centric data analytics (e.g., RFM, segmentation) support eco-friendly 

behavior change. 

 Operational digitization (NLP, blockchain, Hadoop) minimizes physical 

processes, directly lowering carbon footprints. 

 Banks are increasingly aligning data science innovations with SDGs, making 

green banking measurable, targeted, and scalable. 

 

The six case studies clearly demonstrate that Indian banks are not only digitizing for 

efficiency but are also using data science as a strategic enabler of green outcomes. By 

integrating technologies like cloud, AI, and blockchain into ESG and sustainability 

frameworks, these institutions are pioneering a data-driven transition to responsible 

banking. This aligns with both global climate commitments and India’s broader 

sustainability roadmap. 

 

5. ANALYSIS AND DISCUSSION 

5.1. Summary of Findings 

The study finds that Indian banks have begun strategically integrating data science into 

their green banking operations, with varying levels of depth and maturity: 

 

1. Enhanced Operational Efficiency through Data Warehousing and Analytics 

Banks like SBI and HDFC Bank have invested in large-scale data warehousing and 

analytics infrastructure using platforms such as Hadoop and Apache Spark, enabling 

fraud detection, paperless operations, and customer profiling (Mittal & Mamta, 2023; 

Data Science School, 2025). 

 

2. Customer-Centric Green Finance Using AI and Segmentation 

HDFC and Yes Bank use AI-driven personalization and RFM modeling to promote green 

financial products and target eco-conscious customers. These approaches have led to 

higher adoption rates for green products while cutting down physical resource use (Tech 

Vidvan Team, 2025). 
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3. Automation and NLP for Sustainable Feedback 

Kotak Mahindra Bank employs NLP tools like NLTK and spaCy to analyze feedback 

data, leading to real-time service improvements and reduced paper-based processing 

(Data Science School, 2025). 

 

4. Cloud and Blockchain Adoption for Sustainability 

Axis Bank’s migration to Azure Cloud has reduced data center emissions, while ICICI 

Bank’s use of blockchain for remittances has cut paperwork and energy costs (Mittal & 

Mamta, 2023). 

 

5.2. Thematic Discussion 

 Data Science as a Driver of Green Transformation 

The application of machine learning, AI, NLP, and cloud computing in green 

banking reflects an evolution from compliance-driven ESG practices to strategic 

green innovation (Patel & Desai, 2024; Singh & Sahu, 2020). 

 

 Digital Maturity Enables Greater Sustainability 

Larger banks (e.g., SBI, HDFC) are more transparent and advanced in data-driven 

sustainability reporting than smaller ones—a finding consistent with Patel and 

Desai (2024). 

 

 Behavioral Analytics for Environmental Impact 

Customer segmentation and behavioral targeting by Yes Bank show that data 

science can shape eco-conscious financial behavior, reducing reliance on 

traditional marketing (Tech Vidvan Team, 2025). 

 

 Operational Sustainability and Internal Green KPIs 

As shown by Axis Bank and Kotak, internal transformation—paperless 

onboarding, cloud-based computing, digital feedback—is a major area where data 

science directly supports green goals (Mittal & Mamta, 2023; Singh & Sahu, 

2020). 
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5.3. Challenges Identified 

 Legacy IT systems, especially in public banks (Laljibhai Radadiya, 2023) 

 Lack of standardized green loan disclosures (Patel & Desai, 2024) 

 Data quality and availability issues, especially for Scope 3 emissions 

 Limited regulatory enforcement, as RBI supports green banking but does not 

mandate it (Green Banking in India, 2024; IIETA) 

 

The application of data science in green banking across Indian banks shows a common 

trend of enhancing operational efficiency, customer personalization, and compliance 

reporting. The comparative matrix below summarizes key contributions: 

 

Theme Data Science Role Sustainability Impact 

Operational 

efficiency 

Data warehousing and 

cloud analytics reduce 

energy and paper waste. 

Lowered carbon and material 

footprint across banking 

operations. 

Product 

innovation 

ML and RFM tools 

segment audiences for 

green loan offering. 

Increases adoption of ecological 

financial products. 

Stakeholder 

communication 

NLP and chatbots 

automate customer 

queries. 

Cuts down on physical 

infrastructure needs. 

Governance & 

reporting 

Structured green loan 

data enhances 

transparency. 

Supports ESG compliance and 

investor confidence 

(journals.sagepub.com). 

Despite progress, challenges persist: data quality, integration of legacy systems, and 

need for policy support—especially from RBI, which currently supports rather than 

mandates green lending  

(propulsiontechjournal.com+2iieta.org+2journals.sagepub.com+2) 

 

 

 

https://journals.sagepub.com/doi/full/10.1177/09711023241311350?utm_source=chatgpt.com
https://www.iieta.org/journals/ijsdp/paper/10.18280/ijsdp.200401?utm_source=chatgpt.com
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Bank-wise: 

Bank Data Science Tool Green Banking Impact 

SBI Hadoop, SPSS Paperless operations, fraud detection 

HDFC Data warehouse Green product targeting 

Yes Bank RFM Analysis Digital engagement, reduced paper 

marketing 

Kotak 

Mahindra 

NLP Digital feedback management 

Axis Bank Cloud analytics Energy-efficient data processing 

ICICI Bank Blockchain Paperless, faster remittances 

Despite progress, challenges include: - Legacy IT systems in public banks. - Lack of 

standardized green loan disclosure. - Need for more granular data. - Limited regulatory 

enforcement of green banking norms. 

6. CONCLUSION AND RECOMMENDATIONS 

Data science plays a pivotal role in advancing green banking by enabling evidence-based 

decisions, reducing environmental impact, and supporting innovation. Indian banks have 

shown varying levels of success in integrating data science into green initiatives.  

Recommendations: 

To build on these successes, the following recommendations are made: 

1. Expand Data Infrastructure: Public sector banks should invest in modern data 

architectures. 

2. Develop Predictive Green Models: Use machine learning to forecast environmental 

benefits of banking products. 

3. Standardize ESG Reporting: Regulatory bodies like RBI should mandate 

standardized sustainability disclosures. 
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4. Promote Digital Literacy: Train staff and customers in digital and green banking 

practices. 

Incentivize Green Innovation: Offer tax breaks or interest subsidies for banks 

implementing green data science initiatives. 
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