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Abstract: The combination of financial inclusion, sustainability, and new technology has led to the rise
of climate fintech, a fast-growing field that will have a big impact on developing economies. In India,
where microfinance has historically been crucial for providing credit to underserved rural communities,
the integration of climate fintech offers a transformative opportunity to finance the adoption of
renewable energy and expedite green development. This paper examines the function of digital
microfinance platforms in advancing sustainable energy solutions, including solar home systems, clean
cooking technologies, and electric mobility. Using secondary data from climate finance reports from
the Reserve Bank of India (RBI), NABARD, and the World Bank, as well as case studies of fintech-
driven microfinance projects, the study creates a conceptual framework that connects digital innovation,
credit accessibility, and climate impact.The results show that digital microfinance platforms can lower
transaction costs, improve credit risk assessment with Al-driven scoring, and increase transparency
through blockchain-enabled monitoring. This makes it easier for more people to get green finance. But
there are still problems like regulatory gaps, low digital literacy, and not enough climate-risk
evaluation. The paper adds to the ongoing conversation about how to use digital finance for fair and
low-carbon growth by putting climate fintech in the context of India's larger goals of financial inclusion
and sustainability.
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|. Introduction

The global community today faces two of its most profound and interconnected challenges: the existential threat
of a warming climate and the persistent reality of financial exclusion. In developing economies, particularly in
India, these two issues are inextricably linked. The populations most vulnerable to the impacts of climate
change—such as smallholder farmers and coastal communities— are often the same ones who lack access to
formal financial services. Their livelihoods are deeply dependent on a stable physical environment, and their
limited wealth, often held in physical assets, is highly susceptible to destruction from extreme weather events. For
these communities, climate risks are not distant, abstract threats, but present-day financial risks that directly
impact their ability to secure a livelihood and build a resilient future. Addressing this dual challenge is therefore
a strategic imperative for India's sustainable development, demanding a new financial paradigm that can
effectively channel capital to the grassroots level.
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India’s commitment to a low-carbon growth path is clear, evidenced by its ambitious pledge to achieve net-zero

emissions by 2070. However, this monumental energy transition is a capital-intensive journey. Top-down
estimates place India’s annual climate finance needs between a staggering $160 billion and $288 billion up to
2030. To provide a more granular understanding, a bottom-up assessment by the Centre for Social and Economic
Progress (CSEP) estimates that four key carbon- emitting sectors—power, steel, cement, and road transport—wiill
require a cumulative $467 billion by 2030, which is an annual average of 1.3% of India's GDP. This colossal
financing gap highlights the urgent need to move beyond traditional, top-down funding mechanisms and
mobilize resources to the "last mile" of development.

This is where the microfinance sector, a cornerstone of financial inclusion in India, finds its new purpose. For
decades, microfinance has provided a lifeline to millions of underserved and economically vulnerable
individuals, with Non-Banking Financial Companies (NBFCs) specializing in microfinance (NBFC-MFIs)
leading loan disbursements with a 41% market share. This sector's evolution has been propelled by India’s robust
Public Digital Infrastructure (DPI), particularly the Jan- Dhan, Aadhaar, and Mobile (JAM) trinity and the
Unified Payments Interface (UPI). The Reserve Bank of India’s (RBI) Financial Inclusion (FT) Index, which has
shown a steady increase from 53.9 in March 2021 to 67.0 in March 2025, reflects the deepening reach of formal
financial services into the lives of millions, including a significant rise in digital adoption among rural women.

This paper posits that a transformative opportunity lies at the intersection of these two domains: financial
inclusion and climate action, catalyzed by the rapidly emerging field of climate fintech. Climate fintech is
formally defined as the use of digital technology that catalyzes climate mitigation and adaptation through
financial services. This sector leverages digital tools and platforms to enhance environmental sustainability,
reduce greenhouse gas emissions, and build climate resilience. By addressing the persistent climate finance gap
and the enduring need for financial inclusion, climate

fintech is not merely a technological evolution but a strategic imperative for India's sustainable development.
Literature Review and Research Gap

While the potential of fintech to enhance financial inclusion has been well-documented through numerous
studies , and India’s macro-level climate finance needs have been clearly quantified , a significant gap exists in
the academic literature. The existing body of work largely focuses on a high- level, theoretical discussion of
climate finance or a purely technical analysis of fintech solutions. There is a critical lack of research that provides
a granular, bottom-up analysis of how digital microfinance platforms, in particular, can serve as a direct and
scalable mechanism for channeling capital to the grassroots for renewable energy adoption. The challenge lies in
moving from macroeconomic, top- down climate finance estimates to a granular, bottom-up understanding of how
these resources reach the "last mile.” This study aims to bridge this knowledge gap by providing a comprehensive
analysis of the role of digital microfinance platforms in advancing green development in India, thereby
connecting a national-level imperative to a micro-level, technology-driven solution.

Research Questions and Objectives

This study aims to bridge this knowledge gap by providing a comprehensive analysis of the role of digital
microfinance platforms in advancing green development in India. The research questions guiding this inquiry are
as follows:

1. How do digital microfinance platforms utilize innovative technologies to enhance credit
accessibility for green development projects in underserved communities?

2. What are the practical applications and documented impacts of these platforms in financing renewable
energy solutions like solar, clean cooking, and electric mobility?

3. What are the primary technological, regulatory, and socio-cultural barriers hindering the widespread
adoption of climate fintech in the Indian microfinance sector?

4. What policy and institutional reforms are necessary to create a scalable and resilient ecosystem for
climate fintech in India?

To address these questions, this paper has five key objectives: to explore the conceptual framework of climate
fintech and its relevance to India's development goals; to analyze the specific technological innovations that
facilitate green microfinance; to present and evaluate real-world case studies of digital microfinance platforms
supporting renewable energy adoption; to identify and discuss the key challenges and barriers to the full
realization of climate fintech's potential in India; and to propose targeted policy recommendations for
stakeholders to accelerate the growth of a resilient climate fintech ecosystem.
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I.  Foundational Concepts: Intersecting Finance, Technology, and
Sustainability

This section explores the underlying principles of this research, positing that the world faces a
challenge so demanding and pressing as to lead to the conclusion that climate change and financial
exclusion are neither separate problems, nor reduce-able to separate problems. In the case of India,
the paper proposes that the need to address these double challenges must happen in a strategic and
innovative way -- where Fintech serves as a key conduit to facilitate, channel, and parlay capital
and resources to the last mile. This conceptual framework leads into a granular investigation of
climate-based fintech as it enables green development in India's communities of last mile.

I.A. The Dual Mandate: Financial Inclusion as a Condition Precedent to Climate Resilience

While climate change and global warming is the number one pressing concern that impacts a global
population's quality of life today—especially with billions aware of the gap in access to financial
services—it compounds the problem for those with their heads so far in the sand that they cannot
operate in global reality. India is a burgeoning economy, positioned on the brink of change, that must
attune its socioeconomic development to comparative international goals. For example, India's
government pronouncements in alignment with national intentions correspond with the net-zero
emissions agreement by 2070. The reversal to a low-carbon economy will take extensive capital
investment. Indeed, top-down approaches project India's climate financing gap to be between $160
billion and $288 billion annually through 2030.1 But this is in capital investment for the country—it
has a national interest to determine which industries produce the most carbon emissions to create a
more effective decree. Thus, a bottom-up approach via industry needs across the most disrupted
networks gives a better picture. CSEP shows that for four of the most significant contributors to
carbon emissions—power, cement, steel, and road transport—$467 billion is needed in climate
financing by 2030, translating to $54 billion per year or 1.3% of India's GDP.1 This is important not
only for economic benefits but also for technological gains. The hard to abate sectors—cement and
steel— are the most difficult to decarbonize. More than 80% of India's climate financing gap will
come from these two sectors.1 These are the "hard to abate" sectors, where the only solution and
substitution are incredibly expensive, carbon capture and storage techniques, which barely amount to
all the necessary financing in the near term, signaling that India will need much more than expected
at a much more rapid pace.

Table 1: Estimated Climate Finance Requirements for India’s Key Sectors (2022-2030)

Sector Estimated Climate Finance Needs (in USD) |Percentage of Total Need
Steel $251 billion ~54%

Cement $141 billion ~30%

Power $47-57 billion ~10-12%

Road Transport|$10-18 billion ~2-4%

Total $467 billion 100%

Data Source: Centre for Social and Economic Progress (CSEP)

While it is evident that there is a huge necessity for funding from the top-down perspective, the real narrative
about this change is with the people who stand on the ground. Herein lies the important role of financial inclusion,
the basis of the development program of India, which is at the core of the pyramid. The microfinance industry has
been the backbone for several decades, in that, it has provided credit facilities or loans to the millions of the
financially underserved and economically vulnerable individuals living in the rural and semi-urban communities
who are generally excluded from the formal banking sector. The sector has been growing in a fantastic way
leaving NBFCs that are heavily relying on microfinance to hold the lions share of the nonbanking financial
institutions that have issued the total volume of microlending as one of the notable outcomes. Much of the
progress being made is not just out of the blue, and it is verified by the Reserve Bank of India (RBI) Financial
Inclusion (FI) Index, which has shown considerable growth from 53.9 in March 2021 to 67.0 in March 2025,
which has been a rise due to both usage and quality of services. The success among women has been
phenomenal, they are now 55 percent of the people who opened accounts under the Pradhan Mantri Jan Dhan

IJRTI2509052 International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

© 2025 IJRTI | Volume 10, Issue 9 September 2025 | ISSN: 2456-3315
Yojana (PMJDY), which speaks volumes about them being at the center of the digital and financial
transformation. Womens involvement in digital transactions went up by 22 percent over just six months which is
a clear indication that these are the points where the digital and financial change is being made.

RBI Financial Inclusion Index: March 2021 - March 2025

Continuours Progress in Bridging the Financial Inclusion Gap in India

67.0
70

60
60

40

Fhindex Value

40

20

March 2021 March 2022 March 2023 March 2024 March 2025

Financial Year

Figure 1. The Rise of India Financial Inclusion Index (FI-Index)

This article talks about the close correlation between the two phenomena, that are climate change and financial
exclusion. It points out that those who suffer the most from climate change are smallholder farmers and coastal
communities, who are at the same time the people with the lowest access to formal financial services. The
environment is what they are depending on for their food and the money they have is usually in the form of assets
that can be ruined by the bad weather events. In these groups, climate risks are not distant future tragedies; they
are present-day financial risks that directly affect their creditworthiness and ability to secure a livelihood.
Consequently, it implies that fintech solutions must not only aim at solving the problem of traditional financial
exclusion but should also be aimed at solving the "new financial inclusion gap" created by extreme weather
events and natural calamities which can keep endowed files that are hit hard by a place going thinner. Hence,
financial access to these people is not just a social cause but a strategic necessity for climate resilience building.
Financial inclusion is just enough to help climate action, making it a very important channel to facilitate green
finance such as loans for drip irrigation, solar panels, and off-grid energy solutions that goes directly to users
who are in need the most

I.B. Conceptualizing Climate Fintech: A New Field at the Forefront of Sustainable
Development

The new area of climate fintech offers the technological infrastructure to help fill this void. Climate fintech is
defined as the intersection of climate change, financial services, and information and communication technology
which fosters climate change mitigation and adaptation. It is part of the greater body of climate change
technologies which is concerned with applying information technology to tackle climate change. The climate
fintech industry has two main objective:

Climate Mitigation: Activities that help avoid, slow, and reduce the greenhouse gas emissions and their sources,
through the financing of a transition to clean energy.

Climate Adaptation: Involves the provision of technology which enables individuals and firms to cope with the
impacts of climate change. This may be in the form of climate-responsive insurance or tax credit for
infrastructure that is built to be resilient to climate change.

A wide range of stakeholders have shaped India's climate fintech ecosystem, which is a complex and cooperative
setting. Governments and regulators, like the National Bank for Agriculture and Rural Development
(NABARD) and the Reserve Bank of India (RBI), are crucial in promoting the sector’s expansion and controlling
related risks by establishing laws and policies. For example, the RBI has proposed a "Climate Risk Information
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System™ to assist financial institutions in evaluating tangible climate risks and has released a "Framework for the
acceptance of green deposits" to direct credit toward green projects. In a similar vein, NABARD uses its balance
sheet as a Direct Access Entity (DAE) for the Green Climate Fund (GCF) to offer financial and technical
assistance for development that is climate resilient, with almost one-third its payments for mitigating and
adapting to climate change.

By utilizing India's strong Digital Public Infrastructure (DPI), including the Unified Payments Interface (UPI)
and the Jan-Dhan, Aadhaar, and Mobile (JAM) trinity, this new ecosystem aims to reduce transaction costs and
reach previously unbanked populations with financial services. The billions of monthly UPI transactions in rural
areas demonstrate the effectiveness of these digital platforms, which have improved financial inclusion and
decreased transaction costs by removing the need for rural families to travel for hours in order to access financial
services. Additionally, by permitting consent-based sharing of validated financial records, the Account
Aggregator (AA) framework is opening up new data streams and enabling lenders to score borrowers without
official credit histories. The scalability of green finance at the global level depends on this digital foundation.

But in the context of rural India, a purely digital model is inadequate. Rather, success depends on a "phygital”
model that blends digital efficiency with in-person, trust-based interaction. This hybrid strategy fosters a sense
of security and trust that is frequently lacking in purely digital interactions while enabling banks and fintechs to
engage with rural populations in an economical way. Operations are being streamlined by Al-driven digital
services like e-KYC and real-time fraud detection, but these technologies are supplemented by human presence
through local agents or micro-branches to offer in-person support and foster trust. This is crucial in areas where
people feel more at ease with informal financial networks than with formal institutions.

Green digital banking, climate risk assessment, and green crowdfunding are just a few of the many solutions that
fall under the umbrella of climate fintech. Based on the particular services they provide, these businesses can be
roughly divided into a number of categories:

Category Description Examples of Products/Services
Green Digital Digital platforms providing Digital accounts for green deposits
Banking sustainable banking services. and green loans.

Platforms that facilitate investments
in environmentally and socially
responsible projects.

Carbon Markets & | Digital platforms for trading and Platforms for carbon accounting
Offsetting tracking carbon credits. and emissions trading.

Embedded credit for renewable
energy, electric mobility, and clean

Sustainable
Investing

ESG-based investing and green
bonds.

Green Lending Fintechs that provide financing for

Platforms climate-friendly projects. COOKSLOVES.
: . Technologies that help financial Al-powered analytics to price

Climate Risk L . . .

institutions evaluate climate-related |climate risks and safeguard assets
Assessment . .

risks. against shocks.
Insurance Innovative insurance products Parametric insurance triggered by
Technologies designed to manage climate risks.  |specific weather events.
E:fsig?err?gy Tools that help users manage and Real-time billing and payment for
Applications optimize resource consumption. distributed energy.

Case Study: Kinetic Green and IIFL Samasta Finance Partnership in Phygital Electric Mobility
Financing

The quick change to sustainable transportation in India is not only delayed by the lack of proper facilities but
also by the limited availability of consumer finance designed for electric two- and three- wheelers. Conservative
traditional lending institutions are still worried about the risks of the decrease in the resale value of EVs, battery
lifespan, and customers&#039; creditworthiness in low-income markets. New technologies take place against
this background pairing IIFL Samasta Finance Ltd. (IIFL Samasta), a leading microfinance institution, and
Kinetic Green Energy and Power Solutions Ltd. (Kinetic Green), a pioneer of affordable electric mobility
solutions, is a unique case of the "phygital" financing model which is designed to ease EV accessibility for the
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poor and the middle class in India.

Partnership Rationale

By focusing on low-cost e-rickshaws and electric two-wheelers, Kinetic Green came to realize that money-
related obstacles worked as critical bottlenecks for spreading the idea of acceptance, especially in the case of
rural and semi-urban entrepreneurs who, as a result, have to take the e- mobility way out to earn their living.
Keeping that in mind, IIFL Samasta wanted to widen its scope of work with financial inclusion by entering the
green mobility market with asset-based loans. This work together was meant to pull down the cash down
payment problems faced by the users, thus, at the same time giving loans a guaranteed amount of safety by
lessening their risk potential through the distribution of end-user funds by Kinetic Green and IIFL
Samasta&#039;s branch finance network.

Implementation of the Phygital Model

They combined the advantages of digital technologies with local community-based financial intermediation to
adopt the phygital concept. Components included:

Digital Loan Origination and Credit Scoring — IIFL Samasta introduced credit scoring Al that utilized histories
of repayments, the use of unconventional data, and mobile transaction patterns to comprehend the profiles of
borrowers with little or no formal credit histories.

Physical Verification and Delivery — Members of the local field staff performed on-the-spot checks, including
home visits and business viability, to verify the computer-generated credit decisions. Without omitting the
accuracy of the context, trust of borrowers is increased.

Embedded Financing at Point of Sale — The installation of financing at the point of sales was also easy at Kinetic
Green dealers where prospective owners could get almost real-time approvals and continue their effortless buying
process.

Digital Repayment Channels — Borrowers were made aware of the convenience in using the UPI, mobile wallets,
and micro-EMI repayment systems which they could utilize in their repayments and gradually gain digital credit
footprints.

Outcomes and Early Impact

The partnership has come a long way to demonstrate tangible imaginable outcomes in both financial and
developmental aspects. Their first trials depicted:

Increased EV Adoption: Kinetic Green&#039;s customer base proved a financing penetration in EVes in semi-
urban clusters that significantly increased, with the adoption rates being up to 30-35% higher compared to non-
financed regions.

Affordability and Livelihood Support: By using flexible micro-EMI structures the drivers and the business
owners could purchase EVs without draining their savings and hence become the supporters of income generation
and at the same time the reducers of fossil fuel dependence.

Portfolio Quality: Even though the team was handling traditionally "high-risk" borrower segments, repayment
rates were achieved and remained even. This is because they implemented the double verification method along
with localised incarnations of field officers of IIFL Samasta.

Digital Financial Inclusion: Borrowers joining in the use of digital repayment systems resulted in the creation of
credit histories which in turn led to easy access to formal financial products such as banks and other financial
institutions.

This example demonstrates how a phygital financing architecture can connect financial inclusion tactics with
clean mobility objectives, thereby filling in structural gaps in India's EV ecosystem. The Kinetic Green-l1FL
Samasta partnership highlights the value of ecosystem partnerships for policymakers and practitioners. These
partnerships involve manufacturers, financiers, and digital platforms working together to develop solutions that
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go beyond conventional banking frameworks. Additionally, it shows how microfinance organizations can expand
into asset-finance models without sacrificing credit discipline, which will spur socioeconomic empowerment and
green development.

I1. Architectural Components: The Evolution of Digital Microfinance

The technological framework supporting India's climate fintech revolution is thoroughly examined in this
section. It analyzes how the nation's strong Public Digital Infrastructure (DPI) serves as the cornerstone for
innovation. After that, the conversation shifts to look at how the microfinance sector is using these digital rails to
drastically alter its operational models. The conversation shifts from the macro-level enablers to the micro-level
applications, showing how blockchain, artificial intelligence, and the "phygital" model are generating new
capabilities for financial inclusion and green finance.

[ILA. The Backbone of Digital Finance: India’s Public Digital Infrastructure

India is leading the world in building a Public Digital Infrastructure (DPI) which, in effect, is a digitally
connected market of unprecedented size and scale. Commonly, this infrastructure is mentioned as the "JAM
trinity"—Jan-Dhan, Aadhaar, and Mobile-that has given the country a unique digital identity (Aadhaar), a bank
account (Jan-Dhan), and mobile connectivity to the people who were not unbanked or underserved and thus over
500 million people.

The RBI’s Financial Inclusion Index that gauges the reach of financial inclusion has increased from 53.9 in March
2021 to 67.0 in March 2025, where all sub-indices: Access, Usage, and Quality have recorded improvement. This
rise is a clear indication of the governments sustained effort to incorporate every citizen in India’s expanding
digital financial infrastructure which has been the main driver of this positive trend.

One of the most important innovative changes in the architecture regarding financial services that the Indian
government has introduced lies in the implementation of a unified payments interface (UPI). Instantly facilitating
peer-to-peer and merchant payments, UPI has opened up the use of digital transactions, which in turn has spread
the usage of financial services to the last mile quite considerably and has gone a long way in overcoming the
barriers of transactional costs that used to exist. In places which are far away from the nearest town or where
there is no bank, UPI is now being used for transactions, and the number of such transactions has gone up to
billions per month. What this means is that people living in villages don’t have to take long trips to the nearest
bank anymore or depend on moneylenders making it easier and cheaper for them to make transactions at the same
time giving financial technology a platform to blossom. Shifts are also highlighted by another fact that digital
transactions preference is taken by 25% Indians annual income under one lakh out of which most of them are
low income group people.

Indian fintech market has experienced the instigating DPI. The market, which was worth $44.12 billion in 2015, is
expected to grow up to $95.30 billion in 2030, demonstrating a staggering 16.65% compound annual growth rate
(CAGR). As a part of this, the digital lending segment has turned out to be the main growth pillar of the Indian
fintech ecosystem. By 2030, it is predicted that more than 53% of the total fintech revenue will be contributed by
this segment, which is roughly $133 billion. Lending boom has been achieved by automated underwriting for
faster credit approvals, risk profiling leveraging transaction, and utility data, as well as cost savings from the
automation of onboarding and servicing.
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Table 1: India Fintech Market Outlook by Segment (2025-2030)

Market Projected CAGR

Segment Size Revenue (2025- Key Driver
(2025) (2030) 2030)
Fintech $44.12
Mar ket e $95.30 billion |16.65% Digital Public Infrastructure (DPI)
billion
(Total)
31% . .
. - Al, data integrations, consumer
Lending Tech|- $133 billion 2200214!; behavior shifts

Pavments & Reduced investor interest from 56%
Ba)r/1 kin - - = (2015-2020) to 28% (2021-H1
° 2025) of capital

*Data Source: Mordor Intelligence, Inc42 Fintech Report *

The Account Aggregator (AA) framework is another essential component of this infrastructure. Since its
inception, the AA system has made it possible for lenders to score borrowers without formal credit histories—a
problem that is common in rural India—by enabling consent-based sharing of verified financial records. One
important factor in the growth of digital lending platforms is the ability to pull transaction and utility-bill data,
which reduces default risk and expedites approval times. This framework has the potential to enable data-driven
lending on a never-before-seen scale, as it is anticipated to direct credit flows of almost $300 billion to MSMEs
and retail clients by 2025. In order to provide underprivileged communities with green financial products,
climate fintech platforms are based on these digital public goods.

Figure 1. Projected Growth of India's Digital Lending Market (2025-2030)
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[1.B. The Digital Transformation of the Microfinance Sector and Its New Capabilities

India’s microfinance industry was based on a "feet-on-street" strategy for many years, with field officers
performing all tasks by hand, from loan collection to customer onboarding. Although this model was successful
in fostering trust, it was expensive, time-consuming, and unscalable. This landscape has been drastically altered
by the microfinance sector's digital awakening, which was sparked by demonetization and accelerated by the
COVID-19 pandemic. In order to reach customers more effectively and conveniently, reduce operating
expenses, and speed up service turnaround times, microfinance institutions (MFIs) have embraced digital
platforms. As evidenced by the data below, the outcome is a thriving industry with a wide range of players.
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Table 2: Microfinance Loan Disbursement Distribution (Jul-Sep 2023)

Institution Type Nymber of _Loans Portfolio Outstanding M_arket Share by
Disbursed (in Lakhs) (Rs. Crore) Disbursed Loans (%)

NBFC-MFlIs 83 160,710 41%

Private Banks 77 122,072 38%

Finance Banks) |2 75740 14

Total 205 395,004 -

Data Source: Equifax Microfinance India Report 2022-23

The "phygital" model, which emerged as a result of this digital revolution, is becoming more widely
acknowledged as the secret to long-term financial inclusion in rural India. Low digital literacy, mistrust of
technology, and a deep-rooted preference for cash are often obstacles to a fully digital model. The "phygital”
approach combines the effectiveness of digital platforms with the vital component of face- to-face, trust-based
interaction. Rural clients can feel more at ease embracing new technologies if, for instance, a micro-branch in a
small town employs local agents who offer both in-person and digital services, such as KYC and onboarding.
This hybrid model is essential for fostering trust and guaranteeing that the advantages of financial technology are

actually available, not just a calculated decision.
This transformation is powered by two key technological enablers: Al and blockchain.

Table 3: Technological Enablers in Digital Microfinance

Problem Key Benefits for
el e Addressed £ o (e Green Finance
Machine learning models (e.g., |Extends green credit to
Al-Powered "Thin file" Random Forest, Neural previously excluded
Credit problem; lack of  |Networks) analyze alternative populations, reducing
Scorin formal credit data (mobile phone usage, utility |default risk and
g history. payments, digital footprints) to  |lowering operational
assess creditworthiness. costs for MFlIs.
Lack of A decentralized, immutable Increases trust, lowers
fransparenc ledger provides a tamper-proof |transaction costs,
Blockchain | frau dp and ﬁll h record of transactions and accelerates service
Technolo 0 era’tional c?)sts identities. Smart contracts delivery, and
9y inptraditional automate lending workflows and |simplifies compliance
svstems can be used for carbon and reporting for green
y ' accounting. projects.

Data Source: Various academic and industry reports
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Acrtificial intelligence (Al) credit scoring powered by Al is a green financing tool that changes the face of the
game. The traditional modeling systems for credit assessment base their judgment on past financial records, and
the latter, in most cases, excludes people living in villages that have no financial history. It is known as the "thin
file" problem. Nevertheless, by using unorthodox data sources as mobile usage, payment of utilities, and digital
footprints, Al models can estimate the credit risk of a borrower more accurately and comprehensively, thus
making it easier for money to go to minute renewable energy projects such as solar panels and clean cookstoves.
One of the most consistent achievements of the method is the use of advanced machine learning models--
Random Forests and Deep Neural Networks--which supercharge the capabilities of traditional statistical models
in the handling of complex, unstructured data, and result in higher accuracy and greater inclusivity. This aspect is
very important for green finance as it allows that microfinance institutions (MFIs) can lend money to people with
full confidence who were considered risky borrowers previously and this way many green development paths
will become unlocked.

In the meantime, a different technology - a blockchain - provides a safe and transparent platform for these
transactions. However, microfinance systems that are based on some centralized databases and function with
manual recordkeeping are vulnerable to manipulations of data, fraud, and transaction delays. With its
decentralized and immutable ledger, blockchain provides a mechanism for the most secure and most reliable
record of transactions and of identities. The technology may reduce transaction costs by eliminating one that
wheel- and accelerate service delivery through the utilization of smart contracts that can mechanize the lending
process, including the automatic granting, and repayment of loans while ensuring the tracking of transactions in
the real time and the security of data. This increased transparency does not only foster trust among the
stakeholders but also simplifies compliance and makes regulatory reporting easier— a significant feature in
coordinating and verifying the flow of green funds, as well as in the fight against greenwashing. The use of
distributed ledger technology (DLT) expands beyond simple transactions to providing access to truthful digital
identities for those without paper identification, a very important step in widening financial inclusion in rural
areas and a core element of the DPI. These techs, along with the "phygital” delivery model, are the fundamental
change that are re-shaping the microfinance market and is now positioned as a strong, yet scalable, driver of
green development.

The “Phygital” Model: A Hybrid
Approach for Rural Financial Inclusion

N
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I1l.  Operational and Technical Analysis: Deep Dive into Fintech Applications

Technical and Operational  Analysis: A Comprehensive  Look at Fintech  Uses This
section explores the particular technological mechanisms that are actively facilitating green development at
the grassroots level in India, moving from the conceptual framework to a thorough operational and technical
analysis. It analyzes how cutting-edge developments in blockchain and artificial intelligence (Al) are being
used by digital microfinance platforms to overcome persistent obstacles to financial inclusion, like a lack of
credit history and a lack of transparency. This analysis shows how fintech is not just an enabler but a
fundamental architectural element of a new, sustainable financial ecosystem by offering a data-driven look at
these technologies.

[1.LA. Enhancing Creditworthiness: The Application of Al and Alternative Data for Green Loans

The "thin file" problem, a systemic issue that has plagued the microfinance industry for decades, is the
exclusion of millions of people from formal credit markets in rural and semi-urban areas because they lack
traditional credit history, collateral, and verifiable financial records. This problem is especially severe in the
field of green finance, where small businesses and individuals are unable to invest in climate-resilient assets
such as electric cars, clean cookstoves, and solar home systems due to a lack of funding. An innovative
solution to this issue is the emergence of Al-powered credit scoring, which uses cutting-edge data sources
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and analytical models to provide a more accurate and inclusive evaluation of creditworthiness.
Nearly all historical financial information, including a borrower's credit repayment history, current loan
balances, and credit utilization ratio, is used in traditional credit scoring. People who work mostly in the
informal economy are systematically disadvantaged by this approach, which keeps them stuck in a cycle of
having little access to financing. Conversely, Al models use machine learning algorithms, such as Random
Forest, Gradient Boosting, and Neural Networks, to examine a variety of "alternative™ or non-traditional data
sources. These resources open up new avenues for credit evaluation by offering a comprehensive picture of
a borrower's stability and financial behavior.
Important alternative data points consist of:

Digital Footprints: Financial behavior can be deduced from mobile phone usage data, such as call logs,
network activity, and data consumption.

Transaction Histories: Examining UPI and digital wallet transactions can provide insight into a borrower's
financial discipline by exposing spending and repayment trends.

Utility Payments: A reliable sign of financial stability is the regular payment of utility bills, such as those for
water or electricity.

Behavioral Data: An individual's financial discipline and risk-taking inclination can be inferred from
behavioral data from smartphone applications and psychometric tests.

Studies have repeatedly shown that Al models that use these alternative datasets outperform conventional
statistical models in terms of performance metrics. They provide improved inclusivity, scalability, and
accuracy, which is especially advantageous for marginalized groups like small business owners and rural
women. Artificial intelligence (Al) models can identify subtle risk signals that human analysts might
overlook by analyzing complex, unstructured data. This reduces operational costs and default risks for MFls.
Because it makes it possible to confidently extend credit to fund new and emerging green technologies—
which may have a limited track record in terms of effectiveness and reliability—this improved risk visibility
is crucial for green finance.

Table 1: Comparative Analysis of Traditional vs. Al-Driven Credit Scoring

.. Traditional Credit |Al-Driven Credit Research Relevance to Green
Criterion . . .
Scoring Scoring Finance
Historical credit Alternatlve data:_ . Enables assessment of
: mobile usage, utility b thout f I
Data Sources reports, income payments, digital U i)
statements, L . credit histories, crucial for last-
footprints, social . X
collateral. . mile green projects.
media.
Machine Learning Al models consistently show

Statistical models
Methodology |(e.g., Logistic
Regression).

(ML) algorithms (e.g., |higher accuracy for "thin file"
Random Forest, Neural |consumers, making green loans
Networks). a viable option for MFIs.

Promotes financial
inclusion by providing

Excludes a large
portion of the

Directs capital to climate-
vulnerable populations, helping

el underbanked a pathway_ D EEEE 10 them invest in climate-resilient
. those outside the formal
population. assets.
system.
Potential for Requires strong regulatory
. Bias based on algorithmic bias (caste, | frameworks and transparent
Ethical S . ’ :
Concerns existing financial |gender, geography) and | algorithms to ensure fair and
history. data privacy equitable access to green
violations. finance for all communities.

Despite its immense potential, the application of Al in credit scoring is not without its challenges. Significant
data privacy issues are brought up by the use of large datasets, and if algorithms are not properly managed,
there is a chance that new types of bias will be introduced. To guarantee that Al-driven systems are applied
sensibly and equitably, research emphasizes the necessity of robust regulatory frameworks, open algorithms,
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and moral underpinnings.

Al-Driven Green Loan
Application Process
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» Social media activity

Figure 1. The Al-Driven Green Loan Application Process
Case Study: Mufin Green Finance and Data-Driven Digital Credit Underwriting for Green Loans

The supply of money for green mobility and the wind power sector in India runs into a persistent problem -
traditional credit rating models most of the time shut out a big chunk of low-income people and self-
employed individuals without official proof of income or universal credit histories. Keen on this systemic
void, Mufin Green Finance Ltd, a Non-Banking Financial Company (NBFC) devoted only to sustainable
assets, has already led the method of utilizing digital, data-driven credit underwriting to create inclusive
green loan products.

Institutional Context and Rationale

One of the first NBFCs solely dedicated to green financing in India has been Mufin Green Finance since its
establishment with the aim of making the move to sustainable transportation quicker. Besides electric two-
wheelers, three-wheelers, charging infrastructure, and renewable energy solutions, it has also financed other
green technologies. Two necessities have been the sources of motivations for its revolutionary underwriting
methodology:

Make the greatest use of low-income consumers and small business owners who do not have access to
banking facilities and are dependent on electric vehicles (EVs) for their livelihoods.

Use non-traditional data sources and digital footprints to forecast repayment behavior more accurately than
standard income statements, loan portfolios should therefore be made less risky.

Implementation of Digital, Data-Driven Underwriting

Mufin has adopted a technologically supported underwriting process that integrates digital ecosystems, 10T
data, and behavioral analytics. The fundamentals are:

Alternative Data Credit Scoring — Mufin does not just use CIBIL or traditional bank statements as is usually
the case but also mobile payment histories, utility bill records, and psychometric profiling.

Telematics and 10T Integration — Mufin accesses telematics data such as vehicle usage, mileage, and GPS
tracking to monitor performance for financed EVs, thus, the information gap between lending institution and
borrower is minimized.

Al-Enhanced Risk Models — The machine learning algorithms compare and contrast repayment origination
on different borrower groups to update their risk classifications and to keep improving the approval’s
correctness.

Completely Mobile Loan Origination — Loan applications, approvals, as well as disbursements are done by
the mobile-first platforms which guarantee the time efficiency, the process&#039;s transparency, and small
amounts of paperwork.

Dynamic Repayment Structures — Repayment calendars reflect tailored loan amount to borrower’s income
cycle, mostly for gig job workers and small fleet owners.
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Outcomes and Impact

Mufin green finance started with a digital approach and it exposed multiple great outcomes such as:

Increased Access to Credit: Mufin offers green loan products that have made it possible for thousands of
people to take out their first loans if they have no prior records of access to formal loans.

Risk Mitigation: The default of loans has not become a problem, and the reasons for this can be found in
asset real-time monitoring and predictive risk analytics.

Cost Efficiency: The use of digital technology has significantly cut the operational costs. This has given
Mufin the possibility to offer attractive interest rates while simultaneously increasing the reach of their
programs.

Alignment of Sustainability: The portfolio of Mufin is directly responsible for extensive lowering of carbon
emissions and consequently aiding India in fulfilling its clean energy transition targets. The reason for that is
the financing of electric vehicles and the construction of the charging network.

Stragetic Implementation

The Mufin case demonstrates the transformative potential of data-driven digital underwriting in expanding the
boundaries of green finance. By substituting collateral-heavy models with information-rich digital scoring,
Mufin has shown how green loans can be made viable, scalable, and inclusive. The approach is replicable across
emerging markets, particularly where financial exclusion intersects with the urgent need for low-carbon
development. From a policy perspective, this underscores the role of specialized NBFCs as innovation hubs,
bridging the gap between mainstream banking conservatism and the capital-intensive demands of the green
economy.

[11.B.  Assuring Integrity and Efficiency: The Use of Blockchain for Transparency and
Transaction Monitoring

Blockchain technology offers the infrastructure required for efficiency, transparency, and trust in the digital
microfinance ecosystem, while artificial intelligence tackles the problem of creditworthiness. Because they
rely on centralized databases and manual record-keeping, traditional microfinance systems are frequently
hampered by a lack of transparency, fraud vulnerability, and high operating costs. Blockchain provides a
revolutionary solution to these systemic problems with its decentralized and unchangeable ledger.
Fundamentally, blockchain is a Distributed Ledger Technology (DLT) that generates an unchangeable record
of every transaction that is accessible to all network users with permission. This speeds up service delivery
from days to minutes and drastically reduces transaction costs by doing away with the need for middlemen.
This has a particularly significant effect on microfinance since it makes safe peer-to-peer lending and
microlending opportunities possible, which lowers barriers and democratizes access to capital.

Smart contracts, which are self-executing contracts with the terms of the agreement directly written into
code, are a crucial use case for blockchain technology. These agreements have the ability to automate
lending processes, such as the automatic release of funds upon fulfillment of a predetermined condition and
the automatic loan repayment according to a predetermined timetable. To manage and verify the flow of
green funds and fight greenwashing—the practice of making inflated claims about the environmental benefits
of a project—automation and real-time tracking of transactions guarantee data integrity and facilitate
regulatory reporting.

Additionally, extending financial services to people without official identification—a major obstacle in rural
areas—requires blockchain's capacity to generate verifiable digital identities. This advantage is not merely
theoretical; it has real-world uses in emissions trading and carbon accounting. A transparent market for
carbon assets and the ability to track and validate carbon credits using blockchain technology can help
communities involved in sustainable practices like reforestation and regenerative agriculture generate new
sources of income.
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Table 2: Key Applications of Blockchain in Green Microfinance

Application How Blockchain .
Area Problem Solved Provides the Solution Impact on Green Finance
Lack of trust in Provides a decentralized, | Builds trust among all
Transparency |financial institutions immutable, and tamper- | stakeholders, from
& TruF;t y opadue transactions " |proof ledger for all borrowers to investors, and
Pag . ' |transactions, visible to | reduces the risk of
and fraud risks. - ;
all participants. greenwashing.
: . Removes intermediaries, | Lowers the cost of
High operational L : .
. . automates processes delivering green financial
Operational  |costs and transaction | . .
Efficienc delavs due to with smart contracts, and | products, making them
y gelays due enables real-time more affordable for low-
intermediaries. . . .
transaction tracking. income borrowers.
Creates a verifiable
Lack of formal digital identity on the Broadens the pool of
Credit & identity documents, |blockchain, which can | eligible borrowers for
Identity preventing financial |be used to access green loans, particularly in
access. financial services remote and rural areas.
without traditional IDs.
Facilitates the issuance, |Creates new revenue
Lack of a transparent |tracking, and trading of |streams for communities
Carbon o . . .
Management and verifiable system |carbon credits on a and incentivizes
g for carbon credits.  |secure, transparent sustainable practices,
platform. directly linking financial
Application How Blockchain .
Area Problem Solved Provides the Solution Impact on Green Finance
incentives to climate
action.

Data Source: Various academic and industry reports
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Figure 2. Blockchain-Enabled Green Loan Ecosystems

Case Study: Conceptual Blockchain-Enabled Microfinance Model for Transparency and Efficiency
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Context and Rationale

Microfinance institutions (MFIs) have traditionally been at the forefront of promoting financial inclusion,
especially among unbanked populations in rural and semi-urban India. Nevertheless, the industry is still
plagued with inefficiencies that are inherent in the system, such as high operational costs, less than
transparent loan disbursement procedures, repayment fraud, and difficulties in monitoring the end-use of
credit. To fill these voids, the blockchain is one technology that can help in establishing transparency, trust,
and efficiency all along the microfinance value chain.

This case study conceptualizes a Blockchain-Enabled Microfinance Model (BEMM), specifying the
architecture, technical features, and the resulting benefits for the stakeholders.

Model Architecture

The BEMM is a permissioned blockchain ecosystem in which all the actors (borrowers, MFIs, regulators and
financial intermediaries) co-ordinate through a common ledger.

Table 1: Key Actors and Roles in the Blockchain-Enabled Microfinance Model

Actor

Role in the Model

Borrowers
(individuals/SHGS)

Apply for microloans; repayment records immutably stored on
blockchain.

Microfinance Institutions

Onboard borrowers, initiate smart contracts for loan
disbursement and repayment.

Regulators (RBI,
NABARD)

Monitor transactions in real-time, ensuring compliance and
reducing fraud.

Lenders/Investors

Provide liquidity; access verified borrower credit histories on
blockchain.

Technology Providers

Maintain blockchain infrastructure, digital wallets, and mobile
interfaces.

Technical Features of the Blockchain Model

1. Smart Contracts for Loan Management
o Loan agreements are encoded as smart contracts.
o Disbursement is triggered automatically upon meeting eligibility criteria.
o Repayments are scheduled, tracked, and enforced digitally.
2. Immutable Credit Histories
o Each repayment (on-time, delayed, or default) is recorded on-chain.
o Borrowers gradually build verifiable, tamper-proof credit histories.
3. Tokenized Micro-Repayments
o Repayments can be made in small tokenized units through mobile wallets.
o Enables low-income borrowers to align repayments with irregular cash flows.
4. End-Use Verification through Blockchain + loT

o Disbursed funds can be restricted for specific purposes (e.g., EV purchase, solar panels).

o loT integration ensures real-time usage verification (e.g., EV GPS usage data).

5. Auditability and Cost Efficiency
o Regulators and investors gain real-time access to anonymized borrower-level data.
o Reduces administrative overhead, fraud, and redundant verification costs.
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Process Flow Illustration

Table 2: Stepwise Flow of Blockchain-Enabled Microfinance

Step Process Stage Blockchain Functionality

1 |Borrower applies via mobile app |Digital identity verified and logged on blockchain

2  ||Credit assessment Alternative data scored; smart contract generated

3 ||Loan approval and disbursement |Automatic release of funds via smart contract

4 ||Loan utilization Usage tracked (optionally loT-enabled)

5 ||Repayment collection Tokenized installments logged immutably
Step Process Stage Blockchain Functionality

6 ||Monitoring and reporting Regulators and investors access real-time data

Expected Outcomes

Transparency: Immutable transaction records reduce fraud and enhance borrower—lender trust.
Operational Efficiency: Smart contracts automate disbursement and collections, reducing overheads.
Financial Inclusion: Borrowers without prior credit histories can build reputational collateral.

Investor Confidence: Transparent, real-time data attracts impact investors and green finance
capital.

o Scalability: Mobile-first, blockchain-based systems lower per-loan costs, making small-ticket lending
viable.

Strategic Consequences

The BEMM serves as an example of how blockchain technology can advance from theoretical promise to
real-world implementation in inclusive green finance. The model reduces costs and risks while improving
accountability in MFIs by automating procedures and decentralizing trust. More importantly, it provides
borrowers with digitally portable, verifiable credit identities, enabling upward mobility within the broader
financial system.

Adoption of such blockchain-enabled models could, from a policy perspective, support India's Digital Public
Infrastructure (DPI) programs, such as Aadhaar and UPI, in order to build a strong ecosystem that would
jointly promote financial inclusion and green development.

IV. Future Trajectories: Fostering a Robust and Equitable Ecosystem

Climate fintech is a powerful and revolutionary tool for tackling India's twin problems of financial exclusion and
climate change, as the preceding sections have shown. But there are some major obstacles in the way of creating
an ecosystem that is completely scalable and resilient. The systemic obstacles that climate fintech must
overcome to reach its full potential are examined in this section in a forward-looking manner. It identifies three
obstacles that are preventing widespread adoption at the moment: technological, sociocultural, and regulatory.
After that, it offers a concise and doable roadmap along with a number of policy suggestions influenced by
stakeholders to promote a healthy and just ecosystem for green development.

IV.A. Evaluating Risk and Navigating Policy: The Gaps in Governance and Climate Risk
Assessment

Even with the advancements in the use of digital technology, regulatory uncertainty, a persistent gap in digital
literacy, and the early incorporation of climate risk into financial models remain three major and interrelated
obstacles to India's climate fintech scene.
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Regulatory Gaps and the Challenge of Greenwashing. A major obstacle to the development of green financing is
the absence of a uniform, national standard regulatory framework. India does not have a universally accepted
green taxonomy&#039; for the classification of environmentally friendly investments, and this generates
confusion and uncertainty in financial institutions and investors. Although the Reserve Bank of India (RBI) has
introduced a "Framework for the acceptance of green

deposits" and a list of eligible green activities as a temporary measure, the comprehensive official taxonomy is
still awaited. Due to this uncertainty, traditional banks as well as Non-Banking Financial Companies (NBFCs)
are having a hard time deciding which are the projects that qualify for green financing. Moreover, the lack of
clear rules also provides more opportunities for "greenwashing," a practice where companies fiddle with or even
fabricate environmental initiative reports to gain publicity. The RBI has made efforts to overcome the problem
by, for example, issuing by way of regulation the mandatory disclosure requirements for green bonds.
Nonetheless, the problem continues to be a source of worry, hence the call for tougher third-party controls on the
veracity of sustainability assertions. It is also worth mentioning that among the regulatory issues is the lack of a
national framework for carbon trading, and as a result transparent and credible carbon market is at a standstill.
The absence of a regulated market prevents financial institutions from using carbon credits for green finance, thus
obstructing the creation of new income streams for the last-mile communities.

The Digital Literacy Divide. India has a Public Digital Infrastructure (DPI) which has been a great success in terms
of financial inclusion at the base level. Yet, a big digital literacy divide still exists, mainly in the rural areas. The
Internet and Mobile Association of India (IAMAI) states that the rural internet penetration rate is about 31%,
which is almost half that of urban areas, where it is 67%. The disparity is more significant if we compare rural
women to men since they have fewer digital devices and the knowledge to use them. Without the skills required
individuals might be reluctant or even fail to use fintech platforms in the right way, which goes against the very
idea of financial inclusion. Besides technology adoption’s psychological and behavioral aspects, like the
preference for cash over digital transactions, and the absence of trust in digital systems, as informants of the
Technology Acceptance Model (TAM) and the Technology Readiness Index (TRI) put it, make this problem
even more cumbersome.

The Nascent State of Climate Risk Assessment. Traditional financial models could not handle the disaster of
climate change that has been going on for years, although it still poses a major risk to the financial system. The
dangers associated with the climate issue are now implemented by the scientists as being of two kinds: physical
risks (e.g., an extreme weather catastrophe such as floods or droughts) and transition risks (e.g., carbon-neutrality
policy). Such perils would result in a "new financial inclusion gap,” as the natural disasters could cause
"endowed files" to go "thinner" by repeatedly damaging a location and its economy. The RBI has recognised the
immediacy of this matter and has proposed a "Climate Risk Information System" to become the data bank of local
climate scenarios and emissions, thus enabling banks and NBFCs access the extent of the local physical threat.
There, however, still is a huge gap in turning the complicated climate data into the financial metrics. This task
calls for the integration of new data and factors like the borrower&#039;s carbon footprint, fossil fuel
dependency, and the climate hazard exposure to credit risk framework and business model. If this integration is
absent, financial institutions will find it very hard to price green investments accurately and will, therefore, be
hesitant to allocate funds to projects that have unpredictable climate impacts.

Table 1: The Triad of Barriers to Climate Fintech Adoption

Barrier Root Cause Example of Impact

Lack of a national green
Regulatory taxonomy and a clear

Ambiguity for financial institutions on what
constitutes a ""green™ project, hindering

Gaps fran_wework for carbon capital flow and promoting greenwashing.

trading.

Low internet penetration, Undermines the effectiveness of digital
Digital lack of digital tools, and financial services, as users may be unable or
Literacy socio-cultural barriers in unwilling to adopt new technologies,

rural India. especially women.

Creates a "new financial inclusion gap" for
communities and businesses most vulnerable
to climate change, limiting their access to
credit.

Traditional financial models
do not account for physical
and transition climate risks.

Climate Risk
Assessment
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The Interconnected Challenges
of Climate Fintech

Regulatory

Digital Literacy

Gaps Divide
(lack of green (limited access
taxonomy) to finance)

Scaling
Green
Finance
to the

Climate Risk
Assessment
(difficulty
measuring risks)

IV.B. A Stakeholder-Driven Approach: Recommendations for a Scalable Ecosystem

This paper, using the analysis of the mentioned barriers, outlines a practical stakeholder-driven roadmap that
would not only be the main course but also drive the growth of a robust climate fintech ecosystem in India.

For Policymakers and Regulators: RBI and other regulatory authorities will always find the best path through the
doubting market by providing clear, concrete, and actionable advice. In addition to this, they can also:

Completing a Green Taxonomy and Carbon Market Structure by steps of a Green Taxonomy: To convert the
idea of &#039;green&#039; investments into reality, just defining and implementing a green taxonomy is the
most basic step. At the same time, a national regulatory framework for carbon

exchange must be born to give criteria for the transparency and reliability of carbon credits, which gives rise to
new financial resources for the local communities and private enterprises.

Allowing Innovative Regulatory Practices: Regulators should not stop being power brokers under new methods,
but rather take on new roles especially as fintech supporters, through ever more inventive ways of promoting, for
example, the credit line extension. They could authorise such companies to have virtually no restrictions such as
"no-action" letters (NALs) for operating intriguing technologies in the live test environment present under
controlled conditions.

Raising Climate Risk Integration Requirements: Definitely, the RBI will need to come up with a step- by-step
instruction guide for both banks and Non-Banking Financial Companies (NBFCs), leading them to put physical
and transition climate risks deeply into their risk management frameworks. So, there is a need for newly created
data points and variables, transforming the complicated climate data into financial risk that can then be integrated
into credit-rating evaluation tools and business models.

For Financial Institutions and Fintech Providers: Financial institutions, especially MFIs and the fintech sector,
are held responsible for taking on new business paradigms and technologies that are capable of circumventing
these sort of obstacles.

Adopting a "Phygital” Model: Studies have clearly indicated that a completely digital approach is not sufficient
for rural areas of India. A financial institution should implement a "phygital™ strategy which brings together the
cost-effectiveness of digital platforms and the vital aspect of face-to-face communication that is based on trust.
The combined approach of trust building and ensuring that the last-mile communities really enjoy the good
provided by digital services is quite indispensable.

Going Green with Technical Lending: Financial institutions need to find ways and be knowledgeable enough to
take the risk off the table when financing projects that implement new green technologies with which little or no
reliability and effectiveness records exist.

Producing Focused and User-Friendly Solutions: Fintechs are supposed to concentrate on the production of
financial solutions that are not only within the users&#039; financial means but also are user-friendly and
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culturally appropriate. This is inclusive of easy-to-use, regionally lingual, and the low- bandwidth-friendly nature

For a comprehensive ecosystem: The achievement of this shift majorly depends on the collaboration and new

partnerships.

Transforming Data and Analytics to Support Green Finance: Digital financial technology and data providers
have to join forces to create advanced Al-powered climate data analytics that not only help financial institutions
understand and analyze climate risks but also design suitable products and protect assets from climate shocks.

Building Public-Private Partnerships: The government should provide the necessary subsidies and tax incentives
to derisk green investments so that the private sector, in turn, will come forward with more capital. Programmes
like NABARD&#039;s Climate Strategy 2030, which is centered around the acceleration of green lending and
playing the role of a market-maker, can be the model for such collaborations.

Table 2: Roadmap for a Scalable and Resilient Climate Fintech Ecosystem

Stakeholder | Key Recommendations Example of Actionable Step
Binalize a.natlona.l green RBI to release a final framework for
taxonomy; Establish a carbon . : . . L
. . disclosing climate-related financial risks
Regulators  |trading framework; Mandate o .
. . L .. |for regulated entities, expanding on the
climate risk integration in financial .
draft released in February 2024.
models.
Adopt a "phygital” model; Develop | A microfinance institution partners with
Financial in-house expertise for green tech |a fintech to use satellite data and
Institutions |appraisal; Partner with fintechs for |weather forecasts to offer parametric
new data analytics. insurance to smallholder farmers.
Build user-friendly, low-bandwidth | A fintech designs a digital wallet that
solutions; Ensure ethical Al and  |allows users in rural areas to pay for
Technology q - Devel I . I f
Providers ata governance; Develop solar energy in small, frequent
specialized climate analytics installments using a pay-as-you-go
tools. model.
Provide subsidies and incentives Th(&_ ST launches a joint
; ) initiative with a development bank to
Government 8l GE VSIS SEinC fund the creation of green business
DT DIPLHG [l i i eNvile) incubators in rural argeas to support
Foster public-private partnerships. | . - PR
climate-resilient entrepreneurship.
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V. Conclusion

This study has examined how climate fintech can use its power to bridge the two necessary things, social
inclusion, and green projects in India. The research shows that India can use a very strategical approach
supported by technology not only as a means to reach its ambitious environmental targets but also to ensure that
sustainable development infiltrates down to the grassroots level. This paper has come a long way from laying
down the basic framework to conducting the detailed operational research and has shown how digitally enabled
microfinance models are becoming one of the most effective and scalable ways of taking money to the “last
mile".

The research was conceptualizing the giant climate finance shortfall, pointing out that all of India&#039;s
requirements for getting to zero emissions would cost hundreds of billions of dollars, with most of the money
going to the "hard to abate™ areas such as steel and cement. This problem is exacerbated by the fact that the
groups that are most exposed to the dangers of climate change—small-scale farmers and the poor—are also
those that are largely left out of the formal financial services. The document announced that, therefore, financial
inclusion is a step that goes hand in hand with climate resilience, since it opens a channel for green finance to be
easily deployed to those in need, thus tackling the "new financial inclusion gap" caused by extreme weather
events.

The following chapters have allowed an in-depth examination of the architectural and the functioning sides of the
new ecosystem. From the analysis of Public Digital Infrastructure (DPI) in India, it turned out to be very strong
where the JAM trinity and the Unified Payments Interface (UPI) had come up with the digital rails needed for
inclusive finance on a large scale. As shown by the research, the pure digital model, although being efficient is
still not adequate for the rural context; it is where the "phygital™ approach, which combines the digital tools with
human-led and trust-based engagement, comes into play as the key to sustained adoption.

Moreover, this article also offered a very detailed review of the technological enablers contributing to the
change. One of the changes described was the adoption of Al credit scoring that is solving the "thin file"
problem by adapting alternative data sources which include the use of mobile phones as well as digital
footprints for the evaluation of creditworthiness. With this novelty, the lenders will be able to grant loans to the
people inhabitants before not included in the financial services, such as electric cars and devices for clean
cooking. Simultaneously, the researchers recognized the revolutionary nature of other technology such as
blockchain, which is accounting for the issue of trust and transparency. The qualities of decentralization and
being unalterable, along with smart contracts, are helping the attainment of genuine financial transactions, make
it easier to comply with the regulations set, and fight greenwashing, which is a big problem in the expanding
green finance market.

Although climate fintech has the capability to revolutionize the future, the journey towards an ecosystem that is
resilient and can be fully scaled up is still characterized by several major obstacles. The research has unveiled the
three most important barriers that

have been holding back the ecosystem: the absence of a standardized national green taxonomy, a digital literacy
gap that is hard to close in rural and remote areas, and the lack of maturity of climate risk integration into
traditional financial models. The final message of the paper was a stakeholder-driven roadmap, with regulators,
financial institutions, and technology providers given actionable steps to work on.

In brief, climate fintech is not a cure-all, but a logical and potent instrument for decent and carbon-efficient
growth. Future interventions will only be successful if their strategic approach recognizes that the problems are
interconnected and involves the commitment of a hybrid model, which marries technical innovation with the
human-centric design and the trust-building initiatives. The upcoming research may focus on longitudinal
studies to evaluate the long-term sustainability of fintech-funded green projects and might delve more deeply
into an empirical analysis that is concerned with the impact of policy changes on the scalability of these
initiatives. Moreover, there is a need for further exploration of the ethical issues surrounding Al-powered credit
scoring industry, bias mitigation, and data privacy so that the goal of financial inclusion will not become an
obstacle to new forms of exclusion inadvertently. The paper is one of the many voices in the debate on how to
make digital finance fairer and more sustainable by using climate fintech as a tool to achieve India’s larger goals
of financial inclusion and climate action.
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