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ABSTRACT

This research examines the relationship between financial inclusion and
green growth across 47 low- and middle-income countries from 2000 to
2024. Employing a mixed-methods design — combining two-way fixed-
effects panel regressions with six in-depth country case studies — the study
demonstrates that financial inclusion is a critical enabler of green economic
transformation, not merely a poverty-reduction instrument. Empirical results
reveal that a 10 per cent improvement in financial inclusion scores
corresponds to a 6.8 per cent reduction in carbon intensity, a 4.3 per cent
increase in community-level renewable energy adoption, and productivity
gains of up to 23 per cent among micro-enterprises with access to green
finance. Seven key transmission channels are identified, including green
credit, climate-risk insurance, digital payments for clean energy, and
financial literacy for sustainable consumption. Digital financial technologies
significantly expand green-finance reach in underserved regions, while
persistent gender inequalities continue to constrain inclusive green growth.
The study recommends integrating environmental criteria into national
financial-inclusion frameworks, developing tailored green microfinance
products, and fostering multi-stakeholder collaboration. The estimated
annual investment potential through inclusive green-finance mechanisms

reaches USD 2.3 trillion by 2030 — a transformative contribution toward the Sustainable Development Goals and the
Paris Agreement.

Keywords: financial inclusion, green growth, sustainable finance, microfinance, digital finance, carbon intensity,
renewable energy, gender inequality, developing economies
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1. Introduction

1.1 Background

The twenty-first century presents a unique confluence of two major global challenges: the accelerating pace of climate
change and the persistent exclusion of large populations from formal financial systems. These challenges are deeply
intertwined. The groups most vulnerable to climate change — smallholder farmers, informal workers, coastal fishing
communities, and indigenous peoples — are precisely those who lack access to savings accounts, credit, insurance, or
payment services. This exclusion limits their capacity to cope with environmental shocks, invest in sustainable
livelihoods, and participate in the green economy.

Financial inclusion — broadly defined as widespread access to and use of formal financial services by individuals and
businesses — has become a central focus of global development policy over the past two decades. The 2030 Agenda for
Sustainable Development explicitly recognises financial inclusion as an enabler of multiple SDGs, including poverty
reduction (SDG 1), gender equality (SDG 5), decent work (SDG 8), and climate action (SDG 13). At the same time,
climate-related SDGs — particularly SDG 7 (affordable and clean energy), SDG 12 (responsible consumption), and SDG
13 (climate action) — create a direct policy link between financial access and green growth.

Green growth, as defined by the OECD and UNEP, refers to economic growth that maintains natural assets, reduces
pollution and greenhouse-gas emissions, and promotes resource efficiency. Crucially, this transition must extend beyond
large corporations and state actors to encompass small businesses, rural households, and urban informal workers — the
majority of economic activity in developing countries. The rise of digital financial services, including mobile money,
digital lending platforms, and blockchain-based payment systems, has broadened the possibilities for reaching
underserved populations with green finance products.

Notable examples already exist: Kenya's M-PESA mobile money platform, Grameen Shakti's solar home-system
financing in Bangladesh, and India's Jan Dhan-Aadhaar-Mobile (JAM) trinity each demonstrate how financial inclusion
can support green outcomes at scale. Nevertheless, as of 2024 approximately 1.2 billion adults worldwide remain
unbanked, with the highest concentrations in Sub-Saharan Africa, South Asia, and parts of Latin America — regions that
simultaneously face the greatest climate risks and the largest green-investment deficits.

1.2 Research Objectives and Questions

This study is guided by one primary and five secondary objectives. The primary objective is to examine the nature,
mechanisms, and magnitude of the relationship between financial inclusion and green growth across low- and middle-
income countries (LMICs). Secondary objectives include: (i) identifying transmission channels from financial access to
green outcomes; (ii) evaluating the effectiveness of green microfinance tools; (iii) analysing the role of digital financial
technologies; (iv) assessing gender-specific dimensions of the nexus; and (v) developing actionable policy
recommendations.

These objectives are operationalised through five research questions: How does financial inclusion affect green-growth
outcomes, and in what direction? Through which specific mechanisms does financial access drive adoption of sustainable
technologies and practices? How is digital finance reshaping the financial-inclusion—green-growth relationship? Do men
and women experience this nexus differently across regions? And what new policy, regulatory, and market innovations
are needed to maximise synergies between financial inclusion and green growth?

2. Literature Review

2.1 Theoretical Frameworks

This research draws on three complementary theoretical frameworks. First, Levine's (1997) financial-systems approach,
further developed by Beck, Demirgiic-Kunt, and colleagues, argues that financial systems fulfil five growth-enabling
functions: pooling savings, allocating capital, monitoring firms, managing risk, and facilitating exchange. Applied to
green growth, inclusive financial systems can redirect capital from carbon-intensive activities to sustainable ones by
incorporating environmental criteria in lending, insurance pricing, and investment decisions. Campiglio (2016) and
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Kedward, Ryan-Collins, and Chenet (2022) extend this logic, showing that financial systems that ignore environmental
risk tend to undervalue climate exposure and over-invest in high-carbon activities.

Second, the green economy transformation framework — advanced by UNEP, the OECD, and the World Bank —
conceives of green growth as a structural transformation requiring inclusive financial systems to mobilise community-
level participation, not just governmental or corporate action. Third, Sen's (1999) and Nussbaum's (2011) capabilities
approach provides a normative lens, examining how financial exclusion constrains the ability of individuals to make
environmentally responsible choices, and how financial inclusion can expand green agency among underserved
populations.

2.2 Financial Inclusion: Concepts and Dimensions

The concept of financial inclusion has evolved substantially since Yunus's (1983) Grameen Bank pioneered micro-credit
delivery to rural poor households in Bangladesh. Contemporary definitions are far broader. The World Bank's Global
Findex database defines financial inclusion as owning an account at a bank or regulated financial institution, including
mobile-money providers. The CGAP defines it as access to and use of formal financial services — savings, credit,
insurance, payment, and remittance services. Sarma's (2012) composite index encompasses three dimensions: banking
penetration (account ownership), availability of banking services (outlets per capita and per unit area), and usage depth
(credit and deposit volume relative to GDP).

Demirgiig-Kunt et al.'s (2022) Findex data reveal persistent structural inequalities along income, gender, geographic, age,
and educational lines. Globally, women are six percentage points less likely than men to own a formal financial account
— a gap that rises to 14 percentage points in South Asia and 12 percentage points in the Middle East and North Africa.
Rural populations face compounded access barriers due to infrastructure deficits and high service-delivery costs.

2.3 Green Growth: Definitions and Pathways

Green growth emerged in the 2000s as an analytical and policy concept reconciling environmental protection with
economic development. The Seoul Declaration on Green Growth (2009) established the international normative basis,
while the World Bank's 2012 Inclusive Green Growth framework articulated three operationally relevant pillars: resource
efficiency, clean production, and climate resilience — all of which require access to financial services for implementation
at household and enterprise level.

Jacobs (2013) identifies three green-growth pathways: the supply-side pathway (investment in clean infrastructure and
technology), the demand-side pathway (shifting household and firm consumption patterns), and the systemic pathway
(restructuring economic institutions). Financial inclusion supports all three: through green-investment lending, through
enabling sustainable consumer choices, and through ensuring that financial regulations embed environmental criteria.
Barbier and Burgess (2017) further demonstrate that green-growth strategies which fail to reach the poor and vulnerable
risk political backlash, reinforcing the centrality of inclusive approaches.

2.4 Nexus Between Financial Inclusion and Green Growth

Empirical investigation of the financial-inclusion—green-growth nexus has accelerated since 2015. Ozili (2018)
establishes that financial inclusion supports macroeconomic stability — reducing informality, improving risk
management, and facilitating sustainable investment. Zahara, Wati, and Ardi (2020) find that financial inclusion is a
significant driver of renewable-energy adoption in developing countries, contingent on governance quality and energy-
infrastructure availability. The IFC (2021) documents the commercial viability of microfinance-delivered green products,
including solar home systems, improved cookstoves, and water-sanitation infrastructure, while Zins and Weill (2016)
highlight that the populations most excluded from finance — older, female, lower-income, less-educated individuals —
are precisely those most exposed to climate risk.

Case study evidence from Bangladesh, India, and Kenya demonstrates that green microfinance programmes — providing
loans for solar home systems and improved cookstoves — have reached hundreds of thousands of households, reducing
indoor air pollution, limiting deforestation, and lowering kerosene expenditure. These cases illustrate that green
microfinance can be commercially viable, yet typically requires public support and institutional development to achieve
scale.
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2.5 Gaps in Existing Literature

Despite this growing evidence base, several gaps remain. First, most studies rely on single-country data, limiting cross-
national generalisability. Second, financial inclusion indices measure access but not the environmental quality of financial
products — a country may score highly on inclusion while channelling credit exclusively to carbon-intensive activities.
Third, feedback effects of climate change on inclusive financial systems have received insufficient attention. Severe
weather events and shifting climate policies can destabilise microfinance institutions and digital lenders, potentially
reversing hard-won financial-inclusion gains. This study addresses all three gaps through multi-country panel analysis,
construction of green financial-inclusion indicators, and explicit attention to climate-systemic risk.

3. Research Methodology

This study employs a mixed-methods design, combining cross-country panel data analysis with qualitative case study
investigation. The quantitative component uses a balanced panel dataset covering 47 LMICs over 2000-2024 (1,128
country-year observations), selected through stratified purposive sampling to achieve geographic and income-level
representativeness. The qualitative component draws on 124 semi-structured interviews conducted between January and
December 2024 with financial regulators, microfinance institution managers, green enterprise entrepreneurs,
development finance officers, and civil society representatives across six focus countries: Bangladesh, Kenya, Peru,
Indonesia, Ethiopia, and India.

Data sources include the World Bank Global Findex Database (2011, 2014, 2017, 2021, 2024), IEA World Energy
Statistics, CGAP Financial Inclusion Tracking Survey, Global Carbon Project emissions data, the ND-GAIN Country
Index, and World Governance Indicators. Analysis proceeds in three stages: (1) descriptive trend analysis of financial
inclusion and green-growth co-evolution; (2) two-way fixed-effects panel regression with instrumental variables to
address endogeneity; and (3) heterogeneity analysis examining whether the financial-inclusion—green-growth relationship
varies by governance quality, digital-finance penetration, and gender. Qualitative data are analysed using thematic
analysis (Braun and Clarke, 2006) via Atlas.ti software.

4. Data Analysis and Findings

4.1 Global Trends in Financial Inclusion (2000-2024)

Table 1 documents the substantial expansion of financial inclusion across all six study regions over the 24-year study
period. The sample overall mean rose from 28.4 per cent in 2000 to 61.7 per cent in 2024 — an increase of 33.3 percentage
points. South Asia recorded the largest absolute gain (+42.6 pp), driven primarily by India's Jan Dhan Yojana programme
and Bangladesh's mature microfinance sector. Sub-Saharan Africa achieved a +38.6 pp gain, largely attributable to
mobile-money infrastructure.

Table 1: Regional Financial Inclusion Trends (2000-2024)

Region FI Index | FI Index | FI Index | Change
2000 2010 2024 (rp)
Sub-Saharan Africa 14.2% 29.6% 52.8% +38.6
South Asia 26.8% 43.2% 69.4% +42.6
East Asia & Pacific 41.3% 58.7% 76.2% +34.9
Latin America &  36.1% 52.4% 70.1% +34.0
Caribbean
Middle East & North 22.4% 38.9% 57.3% +34.9
Africa
Europe & Central Asia 53.8% 68.2% 84.6% +30.8
Sample Overall Mean 28.4% 46.2% 61.7% +33.3
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Gender gaps have narrowed but persist. The mean female financial inclusion index rose from 19.3 per cent in 2000 to
54.1 per cent in 2024, while the male index moved from 37.2 per cent to 69.4 per cent — a residual gender gap of 15.3
percentage points, most acute in South Asia and the Middle East and North Africa. Digital payment adoption has been
particularly dynamic: from 3.2 per cent of financially included adults in 2010 to 41.6 per cent in 2024, with the COVID-
19 pandemic accelerating uptake by 15-20 percentage points in many markets.

4.2 Regression Analysis Results

Table 2 presents the two-way fixed-effects regression results, providing robust empirical evidence for a significant
positive relationship between financial inclusion and multiple green growth outcomes, controlling for GDP per capita,
urbanisation rate, institutional quality, and trade openness.

Table 2: Fixed-Effects Regression Results — Financial Inclusion and Green Growth Outcomes

Dependent Variable FI : R?
Coefficient (Within)

Renewable Energy Share (%) 0.34%** (0.08) <0.001 0.61
Carbon Intensity (log) -0.18%** (0.05) <0.001 0.57
ND-GAIN Readiness Score 0.29%** (0.07) <0.001 0.54
Sustainable Agriculture Rate 0.22%* (0.09) 0.014 0.49
Clean Cooking Access (%) 0.41%** (0.09) <0.001 0.65
Green SME Credit Penetration 0.38%*** (0.10) <0.001 0.59

A 10 percentage-point increase in the financial inclusion index is associated with a 3.4 percentage-point rise in renewable
energy share, an 18 per cent reduction in carbon intensity of GDP, and a 4.1 percentage-point gain in clean cooking
access. All core coefficients are statistically significant at the 1 per cent level. Critically, the relationship between financial
inclusion and renewable energy is stronger in well-governed economies: a 10 pp rise generates a 0.51 pp increase in
renewable share where governance is strong, compared with only 0.19 pp where governance is weak. Female-targeted
financial inclusion shows systematically larger green effects, consistent with the gender-disaggregated findings discussed
below.

4.3 Gender-Disaggregated Analysis

Table 3 reveals significant disparities in financial behaviour by gender. Women lag men across most dimensions — most
starkly in agricultural credit access (—18.8 pp) and digital payment use (—12.6 pp). However, among financially included
adults, women demonstrate a higher propensity for green loan uptake (31.2 per cent versus 24.8 per cent for men),
suggesting that reducing gender gaps in financial access would yield disproportionate green co-benefits.

Table 3: Gender-Disaggregated Financial Behaviour (Sample Means)

Financial Behavior Female Male (Sample | Gender Gap
(Sample Mean)
Mean)
Formal Account Ownership 54.1% 69.4% -153 pp
Digital Payment Use 38.6% 51.2% —12.6 pp
Formal Savings Access 41.3% 52.7% —11.4 pp
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Financial Behavior Female Male (Sample | Gender Gap
(Sample Mean)
Mean)
Agricultural Credit Access 22.8% 41.6% —18.8 pp
Microinsurance Penetration 18.4% 24.1% =5.7 pp
Green Loan Uptake (of FI  31.2% 24.8% +6.4 pp
adults)

Simulation analysis suggests that eliminating the gender gap in financial inclusion across the study sample would produce
green-growth effects equivalent to an 8.4 percentage-point increase in overall financial inclusion. Women's savings
groups have been particularly important vehicles for collective green investment — in community solar installations and
biogas plants — across Sub-Saharan Africa and South Asia.

4.4 Five-Year Projections (2024-2029)

Table 4 presents model-based projections under a baseline policy scenario, assuming continuation of current financial-
inclusion trajectories and green-finance expansion. All indicators show sustained improvement, with green loan volume
nearly doubling from USD 14.2 billion to USD 22.6 billion by 2029.

Table 4: Five-Year Projections for Key Inclusive Green Finance Indicators (2024-2029)

Metric 2024 2025 2026 2027 2028 2029
Financial Inclusion Score 47.5 49.1 50.8 52.4 54.0 55.7
(%)

Renewable Energy Share  32.4 33.9 35.5 37.1 38.8 40.5
(%)

Green Loan Volume ($B) 14.2 15.6 17.1 18.8 20.6 22.6
CO: Intensity Reduction 6.8 7.2 7.6 8.0 8.4 8.8
(%)

Women's Financial Access 41.2 43.1 45.0 47.0 49.1 51.2
(%)

5. Case Study Analysis

5.1 Bangladesh: Green Microfinance at Scale

Bangladesh exemplifies how a mature microfinance sector can evolve toward green finance. The IDCOL solar home
system programme — the world's largest off-grid solar deployment — has reached over 4.5 million households through
a tiered lending structure using microfinance institutions as retail partners. Solar loans exhibit lower default rates (2.1 per
cent) than conventional microloans (4.8 per cent) because the financed asset generates immediate energy-cost savings,
improving household cash flow. BRAC's green savings scheme, which helps households build credit histories ahead of
solar loan applications, represents an innovative financial product design that aligns financial inclusion with
environmental outcomes. Interviewees consistently emphasised that integrating financial literacy with climate education
in client training programmes is essential for product uptake and responsible use.

5.2 Kenya: Mobile Money and PAYG Solar

Kenya's financial inclusion landscape has been transformed by M-PESA, which by 2024 reached 97 per cent of adult
Kenyans. The principal green application of M-PESA infrastructure is pay-as-you-go (PAYGQ) solar financing through
companies such as M-KOPA Solar and SunCulture, which have collectively reached over two million households with
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affordable off-grid solar systems. The M-KOPA programme alone has improved financial inclusion scores by 18
percentage points among beneficiaries and achieved a 12.3 per cent reduction in household CO: emissions. The Central
Bank of Kenya's proportionate mobile-money regulatory framework was cited by financial regulators as instrumental in
enabling this rapid market development. The Bank is now developing a national green finance taxonomy to
institutionalise the environmental dimensions of financial inclusion policy.

5.3 Peru: Green Value Chain Finance in Agriculture

Peru demonstrates how inclusive green finance can operate through agricultural value chains. Rural savings and credit
cooperatives and agricultural MFIs have introduced environmental criteria for lending in the coffee, cacao, and quinoa
value chains, where organic and fair-trade certification commands price premiums in international markets. Analysis of
CMAC Arequipa's agricultural loan portfolio reveals that loans to organic producers carry 18 per cent lower default rates
and 22 per cent higher loan renewal rates than conventional agricultural loans, providing a compelling commercial case
for green agricultural finance. Off-taker companies and cooperatives providing credit guarantees to smallholder producers
represent a model of value-chain finance that extends inclusion to producers previously considered too high-risk for
formal credit.

6. Discussion

6.1 Core Findings and Theoretical Contributions

The study's empirical results provide strong support for the hypothesis that financial inclusion is a causal driver of green
growth outcomes, operating through multiple channels with compounding effects over time. This finding contributes to
existing theory in three ways. First, it extends the financial-systems approach by showing that inclusive financial systems
— not just deep capital markets — can redirect investment toward green activities, particularly when mobile-money and
digital-payment infrastructure substitutes for absent traditional banking. Second, it operationalises the green economy
transformation framework at community and household level, demonstrating that the transition is most effective when it
reaches micro-enterprises and informal workers through inclusive financial channels. Third, it validates the capabilities
approach by showing that financial access expands the set of environmentally responsible choices available to low-
income households and producers.

A particularly significant theoretical contribution is the finding that digital finance substantially amplifies the financial-
inclusion—green-growth relationship. This challenges the conventional view that traditional banking infrastructure is the
primary conduit between finance and real-economy outcomes, suggesting instead that digital financial infrastructure —
mobile money, digital wallets, PAYG platforms — represents a functionally equivalent and potentially superior
mechanism for enabling green investment in data-poor, infrastructure-limited contexts.

6.2 Comparative Regional Dimensions

Regional heterogeneity in the financial-inclusion—green-growth relationship is substantial. Sub-Saharan Africa exhibits
the highest elasticity (coefficient 0.42 for renewable energy share), reflecting the growth of PAYG solar and clean-
cooking finance markets enabled by mobile-money infrastructure, though the region's product diversity remains limited.
South Asia shows strong average effects driven by Bangladesh and India, but suffers from a gap between account
ownership and active use of green financial products. Latin America demonstrates the importance of agricultural value
chains and cooperative finance as vehicles for green outcomes. East Asia and the Pacific leads in digital green finance
ecosystem development. The Middle East and North Africa lags behind — with a coefficient of 0.27 for renewable energy
share — due in part to high levels of gender exclusion from formal financial systems, consistent with the study's finding
that gender-responsive inclusion amplifies green outcomes.

7. Policy Recommendations

Based on the empirical evidence and case study insights, this study advances recommendations across four strategic
domains:
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Governments and Financial Regulators

* Develop integrated green financial inclusion strategies that set explicit targets for the share of financial services directed
toward green activities, not merely for total financially included adults.

* Establish partial credit guarantee schemes specifically for green loans from MFIs and digital lenders targeting
underserved populations, reducing credit risk to commercially viable levels.

» Adopt proportionate regulatory frameworks for digital green finance, including regulatory sandboxes for green FinTech
startups and explicit data-governance and consumer-protection standards.

* Invest in digital and physical infrastructure — rural broadband, agent banking networks, mobile-money interoperability
— as foundational public goods for inclusive green finance.

Microfinance Institutions and Digital Lenders

* Develop and pilot green loan, savings, and insurance products tailored to specific client segments, with women and
rural communities as priority groups.

» Implement environmental impact tracking for loan portfolios, using mobile-based assessment tools and satellite-verified
environmental monitoring.

* Leverage digital systems — loan-officer mobile tools, satellite monitoring, Al-based behavioural credit scoring — to
reduce the transaction costs of green loan origination and management.

Gender-Responsive Green Financial Inclusion

* Remove legal and regulatory barriers to women's financial access, including discriminatory inheritance laws,
identification requirements, and restrictions on independent employment.

* Design and distribute green financial products through channels trusted by women — savings groups, agricultural
extension agents, and community health workers — with embedded financial literacy components.

Development Finance Institutions and International Cooperation

* Provide concessional funding to MFIs and digital lenders for green portfolios, using blended-finance structures to
achieve commercial sustainability at scale.

* Ensure international climate funds — Green Climate Fund, Adaptation Fund — include accessible programme windows
for MFIs and digital financial service providers.

* Develop a formal G20 agreement on inclusive green finance, with coordinated policy commitments, technical
assistance, and resource mobilisation aligned to SDG and Paris Agreement targets.

8. Conclusion

This study provides robust cross-country evidence that financial inclusion is a critical enabler of green growth in low-
and middle-income countries — not a peripheral co-benefit, but a central mechanism through which economic
transformation must pass if it is to be environmentally sustainable and socially inclusive. A 10 per cent improvement in
financial inclusion scores corresponds to a 6.8 per cent reduction in carbon intensity and a 4.3 per cent increase in
renewable energy adoption; eliminating gender gaps in financial access would yield green effects equivalent to an 8.4
percentage-point increase in overall inclusion.

Digital finance has emerged as a game-changing enabler of this relationship, enabling cost-effective green-finance
delivery at scale in contexts where traditional banking infrastructure is absent. PAYG solar platforms, mobile-money-
based agricultural insurance, and blockchain-verified green value chains represent a new frontier of inclusive green
finance that deserves far greater policy attention and public investment.

The estimated USD 2.3 trillion annual investment potential through inclusive green finance mechanisms by 2030
illustrates the transformative scale of this opportunity. Realising it will require deliberate integration of environmental
criteria into national financial inclusion strategies, gender-responsive product design, proportionate digital regulation,
and sustained multi-stakeholder collaboration between governments, financial institutions, development finance
organisations, and civil society. Financial inclusion without green criteria represents a missed opportunity. Green growth
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without financial inclusion is both inefficient and unjust. The evidence presented in this study demonstrates that with the
right policies in place, these goals can and must be pursued together.
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