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ABSTRACT

This study examines how Digital Finance and Technological Innovation can contribute to sustainable business 
practices and social enterprises while addressing the persistent challenge of Non-Performing Assets (NPAs). 
It explores whether digital financial systems can reduce credit risk, improve repayment behavior, and support 
financially vulnerable communities. The paper adopts an analytical approach using secondary data, policy reports, 
and empirical insights from financial inclusion and NPA-related studies. It evaluates digital tools such as mobile 
banking, digital credit scoring, AI-based risk assessment, fintech platforms, and data-driven monitoring systems 
in mitigating loan defaults and strengthening sustainable financial ecosystems. The study finds that digital finance 
enhances transparency, real-time monitoring, and borrower profiling, which significantly reduces information 
asymmetry—a major cause of NPAs. Digital payment systems promote disciplined repayment through automated 
reminders and structured repayment tracking. Social enterprises leveraging FinTech platforms improve access to 
responsible credit and financial literacy, thereby lowering default risk. However, digital exclusion, low financial 
literacy, cyber security threats, and algorithmic bias may create new vulnerabilities if not carefully regulated. 
Strengthening digital infrastructure, improving financial literacy, and implementing ethical AI frameworks are 
essential for reducing NPA risks while promoting inclusive and sustainable growth. The study links digital 
finance, sustainability, and NPA risk management within a unified framework, highlighting how innovation can 
transform credit ecosystems and build resilient, inclusive economies.

Keywords: Digital Finance, Non-Performing Assets, Financial Inclusion, Sustainable Development, Fintech 
Innovation

The global financial system is undergoing structural transformation driven by digital innovation, artificial 
intelligence, big data analytics, and fintech platforms[3][24]. Digital finance has emerged as a powerful 
instrument for expanding financial access, reducing transaction costs, and improving operational efficiency 
in banking systems[9]. Simultaneously, banking sectors across emerging and advanced economies continue 
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to struggle with the persistent challenge of Non-Performing Assets (NPAs), which threaten systemic 
stability and sustainable growth[7][33][38].
NPAs, defined as loans overdue beyond 90 days, weaken bank profitability, erode capital adequacy, and 
restrict credit expansion[41][42]. Empirical research shows that rising NPA ratios are closely linked with 
macroeconomic instability, poor credit appraisal, weak monitoring mechanisms, and procyclical lending 
behavior[33]. In emerging economies such as India, structural inequalities, informal employment patterns, 
and income volatility further intensify default risk[48].
Information asymmetry between lenders and borrowers has long been recognized as a fundamental cause 
of credit market inefficiencies[46][28]. Traditional collateral-based lending models often fail to accurately 
assess borrower capacity in informal sectors, contributing to adverse selection and moral hazard. Digital 
finance, through alternative data analytics and AI-driven credit scoring, offers mechanisms to reduce 
such asymmetries and enhance predictive accuracy[9][23].
This paper argues that digital finance can serve a dual function: promoting financial inclusion while 
mitigating NPA risk. By integrating technology-driven risk assessment, real-time monitoring, and 
structured repayment systems, financial institutions can build sustainable and resilient credit ecosystems.

LITERATURE REVIEW

Ha, Le, and Nguyen (2025) examined the role of fintech in promoting financial inclusion. The study 
found that digital financial technologies such as mobile banking, digital wallets, peer-to-peer lending, 
and artificial intelligence have significantly expanded access to formal financial services, particularly 
for unbanked and underserved populations. They concluded that fintech can contribute to sustainable 
financial inclusion only when supported by effective governance, consumer protection, and responsible 
lending practices, thereby helping reduce future credit defaults and NPA risk[51].
Sant’Anna and Figueiredo (2024) found that fintech reduces transaction costs, enhances access to 
financial services, and promotes economic participation among underserved communities. However, the 
authors cautioned that rapid digital lending without proper credit assessment and regulatory oversight 
may increase financial instability and loan defaults. They recommended stronger regulatory frameworks, 
responsible lending practices, and financial literacy programs to balance innovation with financial stability 
and minimize NPA risk[52].
Cevik (2024) examined the implications of fintech development on financial stability. The study observed 
that digital finance enhances financial inclusion by providing easier access to banking, digital payments, 
and credit services. However, it also highlighted that fintech introduces new risks such as cyberattacks, 
operational failures, algorithmic bias, and excessive digital lending. The author emphasized that while 
technological innovation supports financial inclusion, effective supervision and risk management 
frameworks are necessary to prevent financial distress and the growth of non-performing assets[53].
Yue, Korkmaz, Yin, and Zhou (2022) indicated that digital finance improves access to credit and 
encourages greater participation in formal financial markets. However, easier access to digital credit 
may also encourage excessive borrowing, increasing the likelihood of household financial distress and 
loan defaults. The study suggested that responsible lending policies and borrower financial education 
are essential to ensure that digital finance contributes to sustainable development without increasing 
NPA risk[54].
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KPMG (2019) reported that rapid growth in digital banking, artificial intelligence, blockchain, and 
alternative credit scoring has transformed financial service delivery across the world. The report highlighted 
that fintech innovations improve customer onboarding, expand financial inclusion, and enable faster credit 
decisions using data analytics. At the same time, it emphasized that financial institutions must strengthen 
digital risk management, fraud detection, cybersecurity, and responsible lending mechanisms to avoid 
deterioration in asset quality and rising NPAs.

THEORETICAL FOUNDATIONS

Information Asymmetry Theory
Stiglitz and Weiss[46] demonstrate that imperfect information leads to credit rationing. When lenders cannot 
accurately distinguish between high-risk and low-risk borrowers, they either restrict lending or charge 
higher interest rates, potentially increasing default risk. Digital data analytics reduces this asymmetry 
by incorporating behavioral and transaction-based data[9][15].

Financial Intermediation Theory
Diamond’s delegated monitoring model[20] suggests that banks exist to reduce monitoring costs. However, 
when monitoring weakens, NPA formation rises. Digital dashboards and automated monitoring systems 
enhance continuous supervision and early detection of stress signals[24].

Credit Cycle and Macroeconomic Theory
Macroeconomic downturns significantly increase NPAs through reduced borrower repayment capacity[33]38]. 
Procyclical lending during economic booms often results in asset quality deterioration during recessions[29]. 
Technology-based early warning systems can reduce cyclical overexposure[24].

Sustainable Finance Framework
Sustainable finance integrates financial stability with long-term economic resilience[44]. Reducing NPA 
accumulation contributes directly to sustainable banking ecosystems and inclusive growth[49].

DETERMINANTS OF NON-PERFORMING ASSETS

Macroeconomic Determinants
GDP contraction, unemployment, inflation, and interest rate shocks significantly influence default 
probabilities[33][38]. Empirical evidence confirms that banking crises are frequently preceded by rapid 
credit expansion and asset bubbles[31][35].

Institutional and Governance Factors
Weak regulatory oversight and poor credit underwriting increase NPA accumulation. Studies in Indian 
banking show that inadequate appraisal of large corporate loans contributed significantly to asset 
deterioration post-2012[41].



Kamath

62Print ISSN : 2348-7437 Online ISSN : 2454-9533

Behavioral and Informational Factors
Behavioral biases such as over-optimism and herding behavior influence credit risk underestimation. 
Lack of financial literacy also increases borrower vulnerability and repayment distress[34].

Fig. 1: Showing determinants of Non- Performing Assets

Inclusion-Driven Risk
While financial inclusion expands access, rapid credit deepening without robust analytics can elevate 
default risk[48]. Therefore, inclusion must be technologically supported to avoid NPA escalation.

DIGITAL FINANCE AS A TOOL FOR NPA MITIGATION

AI-Based Credit Scoring
Fintech lenders use machine learning models trained on alternative datasets to predict default probabilities[9]

[15]. These models outperform traditional scoring systems in risk classification accuracy[23].

Real-Time Monitoring Systems
BigTech and fintech platforms enable continuous loan performance tracking[24]. Early warning signals 
allow proactive restructuring before loans turn non-performing[4][42].

Blockchain and Transparency
Blockchain-based ledgers reduce fraud, improve documentation transparency, and enhance recovery 
mechanisms[16].
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Automated Repayment Systems
Digital repayment reminders and auto-debit systems reduce delinquency rates in microfinance and retail 
lending[1][47].

DIGITAL FINANCE AND FINANCIAL INCLUSION

Digital platforms reduce geographic and documentation barriers[19][49]. Mobile money ecosystems 
have demonstrated poverty-reducing effects by stabilizing consumption[47]. Inclusive banking reduces 
vulnerability-induced default through savings access and insurance integration[2].
However, algorithmic bias and digital divide concerns must be addressed[39].

EMPIRICAL EVIDENCE: GLOBAL AND INDIAN CONTEXT

Empirical studies across advanced and emerging economies confirm that digitalization enhances credit 
allocation efficiency and reduces default volatility[7][24]. Cross-country evidence indicates that banking 
systems integrating digital monitoring tools exhibit lower fluctuations in NPA ratios during macroeconomic 
stress[31]. BigTech and platform-based lending models rely heavily on transactional and behavioral datasets, 
which improve risk segmentation and loan pricing accuracy[24].
In the Indian context, the rapid expansion of credit between 2008 and 2014 contributed to a sharp 
rise in NPAs, particularly in infrastructure and corporate lending segments[41]. Weak project appraisal, 
over-optimistic revenue projections, and inadequate post-disbursement monitoring intensified asset 
deterioration[42][43]. Subsequent regulatory reforms, including strengthened asset quality reviews and 
digital supervisory reporting mechanisms, significantly improved transparency and recognition of stressed 
assets[42].
Recent RBI working group reports emphasize the role of digital lending guidelines in preventing reckless 
credit growth and protecting borrowers from over-indebtedness. Digital public infrastructure—such as 
Aadhaar-based identity systems and UPI-enabled payment tracking—has strengthened traceability and 
improved repayment monitoring, especially in MSME and retail segments[42][49].
Microfinance evidence further shows that mobile repayment channels and SMS-based reminders improve 
repayment discipline and reduce delinquency rates[1][47]. Behavioral nudges integrated within fintech 
applications promote responsible borrowing and structured repayment behavior.
Thus, empirical findings suggest that digital integration strengthens asset quality by improving screening, 
monitoring, and recovery processes.

DIGITAL FINANCE IN MSME AND INFORMAL SECTOR LENDING

MSMEs often face credit rationing due to lack of collateral and limited credit history. Traditional risk 
assessment models inadequately capture informal cash flows, increasing adverse selection risk[46]. 
Fintech lenders address this gap by leveraging GST records, transaction histories, and alternative digital 
footprints[9][15].
Relationship banking theories emphasize monitoring and information continuity[14]. Digital ecosystems 
replicate relationship advantages through real-time data flows, reducing monitoring costs[20][24]. Empirical 
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evidence indicates that alternative data-based lending improves access without proportionately increasing 
default rates when risk analytics are robust[9][15].
However, aggressive digital credit expansion without proper oversight may elevate systemic risk. 
Regulatory frameworks must balance innovation with prudential safeguards.

SOCIAL ENTERPRISES, SUSTAINABILITY, AND RISK GOVERNANCE
Social enterprises integrate financial viability with social impact objectives[44]. Digital crowd-funding and 
peer-to-peer platforms democratize capital access for impact-oriented ventures[37]. Blockchain-enabled 
transparency strengthens accountability in social investment flows[16].
Sustainable finance principles emphasize long-term resilience and risk-adjusted returns[44]. High NPA 
accumulation undermines sustainability by eroding trust and capital buffers[7][33]. Therefore, integrating 
fintech-based risk analytics within social finance ecosystems enhances durability.
Financial literacy plays a crucial role in sustaining repayment behavior[34]. Digital literacy programs 
embedded within fintech applications reduce borrower vulnerability and strategic default[48].

REGULATORY AND POLICY IMPLICATIONS

Prudential Regulation of Digital Lending
Regulatory sandboxes allow innovation while maintaining financial stability Supervisory technology 
(SupTech) enhances oversight of digital credit platforms.

AI Governance and Algorithmic Accountability
AI-driven credit scoring must adhere to fairness, transparency, and accountability principles[39]. Without 
safeguards, algorithmic discrimination may deepen financial exclusion[39].

Strengthening Digital Infrastructure
Robust cybersecurity and data governance frameworks are essential to prevent fraud and systemic 
vulnerabilities. Secure digital infrastructure improves consumer trust and financial stability[49].

Counter-Cyclical Credit Monitoring
Loan loss provisioning frameworks must incorporate macroprudential considerations. Digital early 
warning systems can mitigate procyclical lending patterns[29][31].

INTEGRATED MODEL: DIGITAL RISK-INTEGRATED INCLUSION 
FRAMEWORK (DRIIF)

This study proposes a Digital Risk-Integrated Inclusion Framework (DRIIF):

�� Digital Financial Inclusion

�� Data Generation & Alternative Credit Profiles

�� AI-Based Risk Analytics
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�� Real-Time Monitoring & Early Warning Systems

�� Reduced Information Asymmetry

�� Lower NPA Formation

�� Sustainable Financial Ecosystem

This framework integrates Schumpeterian innovation theory[45], delegated monitoring[20], and sustainable 
finance principles[44]. By closing the loop between inclusion and risk governance, digital finance contributes 
to long-term financial resilience.

CHALLENGES AND STRUCTURAL LIMITATIONS

Despite its promise, digital finance presents structural risks:

�� Cybersecurity threats and data breaches

�� Over-reliance on automated scoring systems[39]

�� Behavioral over-indebtedness due to instant credit access

�� Digital divide excluding rural populations[49]

Moreover, macroeconomic shocks can still elevate NPAs despite technological improvements[33][38]. 
Therefore, digital tools must complement—not replace—sound credit culture and prudent regulation[36].

CONCLUSION

Digital finance represents a transformative force in modern financial intermediation. By leveraging 
artificial intelligence, big data analytics, and digital monitoring mechanisms, financial institutions can 
significantly reduce information asymmetry and improve asset quality[9][24]. Empirical evidence from global 
and Indian contexts demonstrates that technology-driven credit systems enhance screening accuracy, 
reduce delinquency rates, and strengthen recovery processes[41][42][47].
However, financial inclusion must be supported by robust risk governance frameworks to prevent over-
indebtedness and systemic instability[48]. Sustainable futures depend not merely on credit expansion but 
on responsible, technology-enabled credit ecosystems that minimize NPA accumulation while promoting 
inclusive growth[44].
Thus, digital finance, when aligned with prudent regulation, ethical AI, and financial literacy, serves as a 
dual lever—expanding access and safeguarding financial stability. This integrated approach offers a viable 
pathway toward resilient and sustainable financial systems in emerging and advanced economies alike.

GENERATIVE AI DECLARATION

The author(s) confirm that there was no use of artificial intelligence (AI)-assisted technology for assisting 
in the writing or editing of the manuscript, and no images were manipulated using AI. The authors 
developed and verified all scientific content, data analysis, interpretation of results, and conclusions. The 



Kamath

66Print ISSN : 2348-7437 Online ISSN : 2454-9533

authors take full responsibility for the accuracy, integrity, and originality of the work presented, and no 
AI tool was listed as an author.

REFERENCES

1.	 Aker, J.C. and Mbiti, I.M. 2010. Mobile phones and economic development in Africa. Journal of Economic 
Perspectives, 24(3): 207–232.

2.	 Allen, F., Demirgüç-Kunt, A., Klapper, L. and Peria, M.S.M. 2016. The foundations of financial inclusion. 
Journal of Financial Intermediation, 27: 1–30.

3.	 Arner, D.W., Barberis, J. and Buckley, R.P. 2016. The evolution of fintech. Northwestern Journal of 
International Law & Business, 37(1): 127–170.

4.	 Balgova, M., Plekhanov, A. and Skrzypińska, M. 2017. Reducing non-performing loans. IMF Working 
Paper.

5.	 Basel Committee on Banking Supervision. 2017. Sound practices: Implications of fintech developments 
for banks. BIS.

6.	 Bazarbash, M. 2019. FinTech in financial inclusion. IMF Working Paper 19/109.

7.	 Beck, R., Jakubik, P. and Piloiu, A. 2015. Non-performing loans and systemic risk. Journal of Banking 
& Finance, 59: 161–176.

8.	 Beck, T., Demirgüç-Kunt, A. and Levine, R. 2007. Finance, inequality and poverty. Journal of Economic 
Growth, 12(1): 27–49.

9.	 Berg, T., Burg, V., Gombović, A. and Puri, M. 2020. On the rise of fintech credit scoring. Journal of 
Finance, 75(6): 3153–3188.

10.	 Besley, T. and Coate, S. 1995. Group lending and repayment incentives. Journal of Development 
Economics, 46(1): 1–18.

11.	 Bikker, J.A. and Metzemakers, P.A.J. 2005. Bank provisioning behaviour and procyclicality. Journal of 
International Financial Markets, Institutions and Money, 15(2): 141–157.

12.	 BIS. 2018. Sound practices: Implications of fintech developments. Bank for International Settlements.

13.	 Bofondi, M. and Ropele, T. 2011. Macroeconomic determinants of bad loans. Questioni di Economia 
e Finanza.

14.	 Boot, A.W.A. and Thakor, A.V. 2000. Can relationship banking survive competition? Journal of Finance, 
55(2): 679–713.

15.	 Brown, M., Guin, B. and Morkoetter, S. 2019. FinTech credit. Review of Financial Studies, 33(5): 
1875–1914.

16.	 Casino, F., Dasaklis, T.K. and Patsakis, C. 2019. Blockchain in finance. IEEE Access, 7: 173–198.

17.	 Claessens, S., Frost, J., Turner, G. and Zhu, F. 2018. FinTech credit markets. BIS Quarterly Review.



Digital Finance, Financial Inclusion, and NPA Risk: Leveraging Technological...

67Print ISSN : 2348-7437 Online ISSN : 2454-9533

18.	 Davis, F.D. 1989. Perceived usefulness and TAM. MIS Quarterly, 13(3): 319–340.

19.	 Demirgüç-Kunt, A., Klapper, L., Singer, D., Ansar, S. and Hess, J. 2018. The Global Findex Database 
2017. World Bank.

20.	 Diamond, D.W. 1984. Financial intermediation and delegated monitoring. Review of Economic Studies, 
51(3): 393–414.

21.	 Diamond, D.W. and Rajan, R. 2001. Liquidity risk and banking crises. Journal of Political Economy, 
109(2): 287–327.

22.	 ECB. 2017. Resolving non-performing loans in Europe. European Central Bank.

23.	 Fuster, A. et al. 2019. Predictably unequal? Journal of Finance, 74(4): 1857–1913.

24.	 Frost, J., Gambacorta, L., Huang, Y., Shin, H.S. and Zbinden, P. 2019. BigTech and financial intermediation. 
BIS Working Papers.

25.	 Ghosh, A. 2015. Banking instability and NPLs. Economic Modelling, 45: 268–280.

26.	 Gorton, G. and Winton, A. 2003. Financial intermediation. Handbook of the Economics of Finance.

27.	 IMF. 2020. Global Financial Stability Report.

28.	 Jaffee, D. and Russell, T. 1976. Imperfect information and credit rationing. Quarterly Journal of 
Economics, 90(4): 651–666.

29.	 Jiménez, G. and Saurina, J. 2006. Credit cycles. Journal of Banking & Finance, 30(5): 1429–1451.

30.	 Klein, N. 2013. NPLs in CESEE. IMF Working Paper.

31.	 Laeven, L. and Valencia, F. 2018. Systemic banking crises revisited. IMF Working Paper.

32.	 Levine, R. 2005. Finance and growth. Handbook of Economic Growth.

33.	 Louzis, D.P., Vouldis, A.T. and Metaxas, V.L. 2012. Macroeconomic determinants of NPLs. Journal of 
Banking & Finance, 36(4): 1012–1027.

34.	 Lusardi, A. and Mitchell, O. 2014. Financial literacy. Journal of Economic Literature, 52(1): 5–44.

35.	 Mian, A. and Sufi, A. 2009. Credit supply and housing crisis. Quarterly Journal of Economics, 124(4): 
1449–1496.

36.	 Mishkin, F.S. 2016. The economics of money, banking and financial markets. Pearson.

37.	 Morse, A. 2015. Peer-to-peer lending. Journal of Economic Perspectives, 29(2): 141–158.

38.	 Nkusu, M. 2011. NPLs and macrofinancial linkages. IMF Working Paper.

39.	 O’Neil, C. 2016. Weapons of math destruction. Crown.

40.	 Ozili, P.K. 2018. Impact of digital finance. Borsa Istanbul Review, 18(4): 329–340.



Kamath

68Print ISSN : 2348-7437 Online ISSN : 2454-9533

41.	 Rajan, R.G. and Dhal, S.C. 2003. Non-performing loans and terms of credit of public sector banks in 
India: An empirical assessment. Reserve Bank of India Occasional Papers, 24(3): 81–121.

42.	 Reserve Bank of India. 2023. Report on trend and progress of banking in India 2022–23. RBI.

43.	 Reserve Bank of India. 2022. Financial stability report. RBI.

44.	 Schoenmaker, D. and Schramade, W. 2019. Principles of sustainable finance. Oxford University Press.

45.	 Schumpeter, J.A. 1934. The theory of economic development. Harvard University Press.

46.	 Stiglitz, J.E. and Weiss, A. 1981. Credit rationing in markets with imperfect information. American 
Economic Review, 71(3): 393–410.

47.	 Suri, T. and Jack, W. 2016. The long-run poverty and gender impacts of mobile money. Science, 354(6317): 
1288–1292.

48.	 Swamy, V. 2018. Financial inclusion and non-performing loans: Evidence from India. Journal of Emerging 
Market Finance, 17(2): 159–180.

49.	 World Bank. 2022. World development report 2022: Finance for an equitable recovery. World Bank.

50.	 World Bank. 2021. Financial consumer protection and fintech. World Bank Policy Note.

51.	 Ha, D.T.T., Le, P. and Nguyen, D.K. 2025. Financial inclusion and fintech: A state-of-the-art systematic 
literature review. Financial Innovation, 11(1).

52.	 Sant’Anna, D.A.L.M. and Figueiredo, P.N. 2024. Fintech innovation: Is it beneficial or detrimental to 
financial inclusion and financial stability? A systematic literature review and research directions. Emerging 
Markets Review, 60: 101140.

53.	 Cevik, S. 2024. The dark side of the moon? Fintech and financial stability. International Review of 
Economics, 71: 421–433.

54.	 Yue, P., Korkmaz, A.G., Yin, Z. and Zhou, H. 2022. The rise of digital finance: Financial inclusion or 
debt trap.

55.	 KPMG. 2019. Pulse of Fintech: Biannual Global Analysis of Investment in Fintech.


