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Abstract 

India’s digital payment ecosystem has experienced unprecedented growth over the last decade, 

driven by innovations such as the Unified Payments Interface (UPI), mobile wallets, and digital 

public infrastructure (DPI). While rapid adoption has enabled convenience and economic 

participation, sustainability and inclusivity remain central challenges for future resilience. This 

paper investigates smart payment models in India through the lens of environmental 

sustainability, financial inclusion, accessibility, and economic equity. Using data comparisons, 

adoption statistics, and case studies of inclusive digital finance, the research highlights factors 

that make smart payment systems scalable, sustainable, and equitable across diverse socio-

economic strata. 

1. Introduction 

Smart payments refer to digital mechanisms enabling electronic financial transactions through 

mobile applications, QR codes, biometric systems, and centralized platforms like UPI. These 

systems have drastically reduced dependence on cash and expanded access to formal financial 

services in both urban and rural India. Growth in digital payments has been remarkable — digital 

modes accounted for 99.8% of total transaction volume and 97.7% of value in the first half of 

2025, reflecting almost universal adoption when compared to traditional methods. (India 

business Trade) 

However, sustainability in digital financial ecosystems addresses not only environmental 

footprint but also long-term accessibility for marginalized populations, including women, 

migrants, the elderly, and those without smart phones or bank accounts. Additionally, sustainable 

models must mitigate cyber security risks, ensure data privacy, and promote financial literacy to 

bridge persistent gaps in adoption. 

2. Frameworks for Sustainable and Inclusive Smart Payments 

A sustainable and inclusive payment model integrates three core components: 

1. Environmental Sustainability – Minimizing ecological footprint of payment 

infrastructure and promoting low-resource usage. 
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2. Financial Inclusion – Ensuring equitable access for all socio-economic groups. 

3. User Accessibility – Accessibility features (biometric authentication, assisted services 

for non-smart phone users). 

Digital public infrastructure (DPI) has been recognized as a critical driver for sustainable 

inclusion, leveraging platforms such as Aadhaar, UPI, and account aggregators that support 

scalable access to digital financial services. (Springer Link) 

3. Adoption and Inclusion Metrics 

To evaluate inclusivity, the following metrics are essential: 

Table 1. Key Sustainability and Inclusion Indicators for Smart Payments in India 

Indicator Urban 

(%) 

Rural 

(%) 

Explanation 

Smartphone Ownership 84.9 41.7 Basis for app-based payments 

Bank Account Penetration 94.2 78.9 Financial inclusion level 

UPI Adoption Preference 

(Rural/Semi-urban) 

38 38 Preference for digital transactions among 

under-served populations (EY) 

Interest in Financial Literacy 55 — Desire for learning digital finance (EY) 

Digital Wallet Use Without 

Bank Account 

~10 ~3.9 Differential access among women 

(Women's World Banking) 

This table shows clear disparities in device ownership and financial inclusion, which influence 

how sustainable and inclusive smart payments can be. High bank account penetration even in 

rural areas indicates a foundation for digital financial integration, yet low smart phone usage 

restrains adoption of app-based interfaces. Moreover, the rural preference for UPI demonstrates 

both potential and existing limitations in digital finance adoption. (EY) 

4. Sustainability Considerations in Smart Payment Systems 

4.1 Environmental Sustainability 

Digital payment systems like UPI reduce reliance on paper receipts, printed cards, and physical 

cash cycles (printing, transportation), contributing to lower carbon emissions. Research on UPI’s 

environmental impact suggests that digitization indirectly promotes sustainability by reducing 

http://www.irjmsi.com/
https://www.ey.com/en_in/newsroom/2024/12/upi-most-preferred-payment-mode-for-38-percent-indians-in-rural-and-semi-urban-areas-96-percent-demonstrate-strong-inclination-to-save-and-invest-ey-and-cii-report?utm_source=chatgpt.com
https://www.ey.com/en_in/newsroom/2024/12/upi-most-preferred-payment-mode-for-38-percent-indians-in-rural-and-semi-urban-areas-96-percent-demonstrate-strong-inclination-to-save-and-invest-ey-and-cii-report?utm_source=chatgpt.com
https://www.womensworldbanking.org/insights/erupee-could-enhance-digital-payment-adoption-in-india-deepening-womens-financial-inclusion/?utm_source=chatgpt.com
https://www.ey.com/en_in/newsroom/2024/12/upi-most-preferred-payment-mode-for-38-percent-indians-in-rural-and-semi-urban-areas-96-percent-demonstrate-strong-inclination-to-save-and-invest-ey-and-cii-report?utm_source=chatgpt.com


IRJMSI        Vol 13 Issue 2  [Year 2026]      ISSN 2582-5445 (online)   

 

INTEGRATED RESEARCH JOURNAL OF MANAGEMENT, SCIENCE AND INNOVATION ( IRJMSI) Page 63  

www.irjmsi.com 

material waste and travel-related emissions associated with cash handling and brick-and-mortar 

banking visits. (Zenodo) 

Table 2. Environmental Benefits of Digital Payments 

Indicator Cash-Based 

System 

Digital System Impact 

Paper/Card Waste (kg/year) High Low Reduced waste 

Transportation Emissions 

(tCO₂/year) 

Moderate Low Reduced carbon 

footprint 

Energy Consumption (per 

transaction) 

Moderate Low to 

moderate 

Depends on data 

centers 

The above comparison highlights environmental advantages of digitizing financial transactions. 

Although digital infrastructure consumes electricity, optimized data centers and renewable 

energy sourcing can further reduce environmental impacts. (The ASPD) 

4.2 Inclusive Access: Case Studies and Evidence 

India’s payments ecosystem has set examples of inclusive design. For instance: 

 Biometric Payment Devices: Proxgy’s ThumbPay integrates Aadhaar with UPI, allowing 

transactions via thumbprint authentication eliminating reliance on smart phones or cards 

promoting inclusion for populations with limited device access. (The Times of India) 

 State-Level Digital Wallets: Telangana’s T Wallet reached 16 lakh users and over 4 crore 

transactions, leveraging assisted services at over 4,500 MeeSeva centers and 11,000 fair 

price shops, increasing access in rural and remote communities. (The Times of India) 

 Women Empowerment Initiatives: Programs like PayNearby’s Digital Nari train rural 

women as digital payment agents, expanding both financial inclusion and income 

opportunities. (The Times of India) 

5. Government Schemes Driving Inclusion and Sustainability 

Several government initiatives form the backbone of sustainable and inclusive smart payment 

models in India: 

 Digital India enhances connectivity and digital literacy. 

 Pradhan Mantri Jan Dhan Yojana (PMJDY) expands basic financial services to unbanked 

populations. 
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 Unified Payments Interface (UPI) offers a low-cost, interoperable payment platform. 

Studies indicate that these programs have significantly increased account ownership, digital 

payment awareness, and rural engagement in digital finance, although gaps remain in literacy 

and cybersecurity preparedness. (JIER) 

Table 3. Government Contributions to Smart Payment Inclusion 

Initiative Primary Aim Outcome 

Digital India Connectivity & digital growth Increased Internet access 

PMJDY Financial inclusion High account ownership 

UPI Adoption Payments interoperability Broad usage across demographics 

The synergy of policy, infrastructure, and technology has facilitated an inclusive ecosystem, yet 

targeted literacy and security awareness programs remain crucial. 

6. Challenges and Limitations 

6.1 Infrastructure and Connectivity 

Limited network availability in rural regions continues to hinder equitable access to node-based 

smart payments. Moreover, intermittent electricity and low-bandwidth areas impact the 

reliability of digital transactions. 

6.2 Digital Literacy and Trust Barriers 

While adoption has expanded rapidly, segments of the population especially older adults and 

economically disadvantaged women exhibit hesitancy due to insufficient digital skills and 

concerns about security. Efforts to provide localized literacy programs and community-based 

support are essential. (Women's World Banking) 

6.3 Data Privacy and Security Risks 

Digitization presents vulnerabilities if robust cyber security measures are not sustained. 

Governments and payment systems need to implement strong encryption, fraud detection 

systems, and user education to minimize risks. 
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7. Opportunities for Future Growth 

7.1 CBDC Integration 

The eRupee (Central Bank Digital Currency) has potential to deepen digital payment adoption by 

providing a secure, interoperable currency model that may address current gaps in accessibility 

and trust, particularly for populations that are hesitant or underserved. (Women's World 

Banking) 

7.2 Biometrics and Offline Payments 

Technologies like Aadhaar-linked biometric authentication and USSD based payments can drive 

deeper inclusion among users without smart phones or internet access. 

7.3 Sustainable Data Centers 

Investment in renewable energy-powered data infrastructure for payment systems can further 

align smart financial ecosystems with environmental sustainability goals. (The ASPD) 

 

8. Conclusion 

India’s journey toward sustainable and inclusive smart payment models reflects significant 

successes in digital adoption, financial inclusion, and innovation. Platforms like UPI have 

become central to inclusive financial participation, while government initiatives, biometric 

devices, and tailored community programs increase access for underrepresented populations. 

However, to ensure long-term sustainability, India must continue enhancing digital literacy, 

expand infrastructure into underserved areas, ensure robust security protections, and adopt 

environmentally efficient solutions. Integrating these elements within a coherent national 

strategy will solidify India’s position as a global leader in inclusive digital finance. 
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