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ABSTRACT

Green finance has emerged as a vital mechanism for mobilizing capital towards
environmentally sustainable and resilient infrastructure, with green bonds playing a pivotal
role. This study examines the role of green finance and green bonds in sustainable
infrastructure development through a systematic review and policy-oriented assessment. It
explains the concept and scope of green finance and analyses major green bond types—
sovereign, corporate, municipal, and project-based—within the green finance framework.
Drawing on secondary data from global reports, regulatory documents, and recent academic
literature, the study synthesizes evidence on trends, sectoral allocation, and institutional
developments in India’s green bond market. Key challenges such as regulatory gaps,
greenwashing risks, limited investor awareness, and inadequate project pipelines are
identified, and a way forward is suggested through enhanced disclosure norms, policy
incentives, and institutional strengthening. Overall, the paper contributes to the literature by
providing an India-focused synthesis of green finance instruments and their role in
sustainable infrastructure development, with implications for policymakers, regulators, and
market participants.

Keywords: Green Finance, Green Bonds, Sustainable Infrastructure, Greenwashing,
Greenium.

INTRODUCTION

The global infrastructure sector continues to face a substantial and persistent financing gap,
particularly in emerging and developing economies, where the scale of investment required
far exceeds the availability of public and private resources. Rapid urbanization, population
growth, and rising demand for transport, energy, water, and digital infrastructure have further
intensified these funding pressures. At the same time, escalating climate change risks,
environmental degradation, and growing socio-economic inequalities have underscored the
urgent need to align infrastructure development with the United Nations Sustainable
Development Goals (SDGSs). As a result, there is increasing emphasis on infrastructure that is
not only economically viable but also low-carbon, climate-resilient, resource-efficient, and
socially inclusive. However, conventional infrastructure financing models, which often
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prioritize short-term returns and carbon-intensive investments, have proven insufficient to
address these evolving sustainability challenges.

In this context, green finance has emerged as a critical policy and market-driven mechanism
to redirect financial flows toward environmentally sustainable infrastructure development.
Green finance encompasses a broad range of financial instruments, policies, and institutional
arrangements designed to support projects that deliver positive environmental outcomes
while ensuring long-term economic viability. By integrating environmental, social, and
governance (ESG) considerations into investment decisions, green finance helps mitigate
climate-related risks, improve project transparency, and enhance investor confidence. It plays
a vital role in mobilizing long-term capital from both public and private sources, thereby
complementing limited public budgets and reducing the burden on government finances.
Moreover, green finance supports the internalization of environmental externalities,
encouraging investments that contribute to climate mitigation, adaptation, and sustainable
resource management.

Among the various instruments under the green finance framework, green bonds have gained
significant prominence as an effective tool for financing sustainable infrastructure. Green
bonds are debt instruments specifically earmarked to fund projects with clear environmental
benefits, such as renewable energy, clean transportation, energy-efficient buildings,
sustainable water management, and climate-resilient infrastructure. Their structured use of
proceeds, coupled with reporting and disclosure requirements, enhances transparency and
accountability, thereby addressing information asymmetries that often deter investors from
green projects. By providing a credible and standardized channel for sustainable investments,
green bonds help attract a diverse pool of institutional investors, including pension funds,
insurance companies, and sovereign wealth funds, which are well-suited to financing long-
term infrastructure assets.

Furthermore, green bonds play a crucial role in bridging the gap between sustainability
objectives and capital market participation. They enable governments, municipalities,
development finance institutions, and corporations to access capital at competitive costs
while signalling strong environmental commitment. In emerging economies, where
infrastructure needs are acute and fiscal constraints are pronounced, green bonds can
facilitate access to international capital markets and support cross-border investment in
sustainable infrastructure. When complemented by supportive policies, regulatory
frameworks, and credible green taxonomies, green bonds can significantly scale up
investment in sustainable infrastructure and accelerate the transition toward a low-carbon
economy.

Overall, green finance and green bonds have emerged as indispensable instruments in
addressing the dual challenge of infrastructure financing gaps and sustainability imperatives.
By aligning financial markets with environmental goals, they offer a viable pathway to
mobilize capital, manage climate risks, and promote sustainable infrastructure development,
making them central to contemporary policy discourse and academic research.
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LITERATURE REVIEW
Green Finance

Green finance has increasingly become a central pillar of sustainable development by
embedding environmental considerations into financial decision-making and redirecting
capital toward low-carbon and resource-efficient economic activities. From a conceptual
perspective, it comprises a broad range of instruments, including green bonds, green loans,
climate and carbon finance, insurance products, and green infrastructure bonds, all of which
are designed to mobilize funding for renewable energy, pollution mitigation, and
environmentally sustainable innovation (Farman Ali et al., 2024). Narrative and bibliometric
analyses indicate that green finance research is closely associated with themes such as
sustainability transitions, renewable energy deployment, climate resilience, and the
Sustainable Development Goals, with China, the United States, and the United Kingdom
identified as leading contributors to the scholarly discourse (Chengbo Fu et al., 2023).
Empirical studies further demonstrate that green finance plays a significant role in reducing
environmental pollution, promoting technological innovation, and supporting sustainable
economic growth, particularly through investments in renewable energy and the
implementation of green credit policies (Xiong et al., 2023; Ma et al., 2023). Nevertheless,
the literature also underscores ongoing challenges, including underdeveloped standards, risks
of greenwashing, information asymmetries, and the necessity for coherent and robust
regulatory and policy frameworks to enhance the scalability and effectiveness of green
finance at the global level (Gao et al., 2024).

Green Bonds: An instrument for sustainable financing

Green bonds have become a key instrument within sustainable finance, directing fixed-
income capital toward projects that generate measurable environmental benefits, including
renewable energy, low-carbon transportation, energy efficiency, and climate-resilient
infrastructure (Taghizadeh-Hesary et al., 2021). According to the Green Bond Principles,
these instruments are defined by the exclusive allocation of proceeds to eligible green
projects, appealing to investors who seek to balance financial performance with positive
environmental outcomes (Clarence Tolliver et al., 2019). Since the inaugural issuances by the
World Bank and the European Investment Bank between 2007 and 2009, the global green
bond market has expanded rapidly, with empirical studies documenting significant growth
and diversification across sovereign, corporate, financial, and municipal issuers (Gowa,
2025). This expansion is closely aligned with the financing requirements of the Paris
Agreement and the United Nations Sustainable Development Goals, as green bonds facilitate
the mobilization of long-term, cost-efficient capital for climate mitigation and adaptation,
particularly in sectors such as renewable energy, clean water, and low-carbon transport (M.
Alamgir et al., 2023; U. Bhutta et al., 2022). Empirical evidence further suggests that green
bonds may contribute to a lower cost of capital by enhancing issuers’ perceived
creditworthiness and, in certain markets, generating a modest “greenium,” especially where
strong environmental investor preferences and supportive fiscal incentives exist (Taghizadeh-
Hesary et al., 2021). At the macroeconomic level, cross-country panel analyses indicate that
increased green bond issuance is associated with higher renewable energy output and lower
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per capita carbon emissions, reinforcing their relevance in achieving climate- and energy-
related SDGs (M. Alamgir et al., 2023). Nevertheless, the literature underscores that the
effectiveness of green bonds depends critically on robust standards, transparency, and
regulatory oversight, as challenges related to fragmented taxonomies, greenwashing risks,
verification and reporting costs, and uneven regulatory environments—particularly in
emerging economies—continue to constrain their impact (Yujin Chen et al., 2021). Despite
these limitations, recent reviews consistently identify green bonds as a central pillar of
contemporary sustainable finance frameworks, offering issuers reputational advantages,
access to a wider ESG-oriented investor base, and a scalable mechanism for financing the
transition toward low-carbon and circular economic systems (U. Bhutta et al., 2022; Yiyi
Ning et al., 2022). Green bonds carry risk exposures similar to those associated with
conventional bonds. To attract institutional investment, they must also possess the required
credit ratings. (Gupta, M., 2024).

Role of Green Finance in Sustainable Infrastructure Development

Green finance has increasingly been recognized as a pivotal instrument for mobilizing capital
toward sustainable infrastructure, thereby aligning infrastructure investment with climate
objectives and the broader Sustainable Development Goals (SDGs). Recent systematic and
bibliometric studies indicate that financing sustainable infrastructure has become a core focus
within the green finance literature, with growing scholarly attention to the capacity of
instruments such as green bonds, green credit, green infrastructure bonds, and climate finance
to bridge infrastructure financing gaps while mitigating adverse environmental externalities
(Chengbo Fu et al., 2023). By directing financial resources toward renewable energy systems,
energy-efficient transportation networks, and sustainable water and waste management
infrastructure, green finance contributes to low-carbon economic development, climate
resilience, and social inclusivity (Inese Mavlutova et al., 2023). Among these instruments,
green bonds are widely identified as a critical mechanism for funding environmentally
sustainable and circular economy—oriented infrastructure projects, as they enhance issuers’
environmental, social, and governance (ESG) performance and may reduce financing costs
when supported by robust taxonomies, disclosure requirements, and certification standards
(B. Kumar et al., 2023). At a systemic level, the effectiveness of green finance frameworks is
underpinned by supportive regulatory measures, including fiscal incentives, carbon pricing
mechanisms, tax benefits, and public—private partnership arrangements, which collectively
help to de-risk large-scale infrastructure investments and crowd in private capital (Joel
Adetokunbo et al., 2025; A. Boumaiza, 2024). Nevertheless, the expansion and impact of
green finance in infrastructure development remain constrained by persistent challenges such
as fragmented definitions and taxonomies, deficiencies in data availability and disclosure,
risks of greenwashing, underdeveloped project pipelines, and limited green finance
awareness, particularly in developing and emerging economies (Neeti Misra et al., 2024;
Jiayin Meng et al., 2024).

Overall, the literature highlights the growing relevance of green finance and green bonds but
reveals uneven evidence on their effectiveness, particularly in emerging economies.
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RESEARCH GAP

A review of existing literature indicates that while green finance and green bonds have been
widely examined in global contexts, three key gaps remain. First, empirical and review-based
studies focusing specifically on the role of green finance in financing sustainable
infrastructure in emerging economies, particularly India, are relatively limited and
fragmented. Second, existing studies often examine green finance instruments in isolation,
with insufficient synthesis linking green bond typologies, regulatory frameworks, and
infrastructure sectoral allocation within a unified analytical framework. Third, there is a lack
of policy-oriented assessments that integrate market trends, institutional challenges, and
regulatory developments to evaluate the effectiveness of green finance in translating capital
mobilization into tangible infrastructure outcomes. This study seeks to address these gaps by
providing a systematic, India-focused synthesis of green finance instruments, market
developments, and policy challenges related to sustainable infrastructure development.

RESEARCH METHODOLOGY

This study adopts a qualitative and descriptive analytical research design based entirely on
secondary data. A systematic review approach is used to examine the evolution, scope, and
role of green finance particularly green bonds in mobilizing capital for sustainable
infrastructure development in India. Secondary data were collected from multiple credible
sources including peer-reviewed journal articles indexed in Scopus, Web of Science, and
Google Scholar. Relevant information has also been taken from available reports and
databases published by international organizations such as the Climate Bonds Initiative,
World Bank, OECD, and UN agencies.

The collected literature and data were systematically screened and categorized based on
thematic relevance to green finance instruments, green bond typologies, infrastructure
sectoral allocation, regulatory frameworks, and implementation challenges. A thematic
content analysis was employed to synthesize findings and identify recurring patterns, trends,
and gaps in existing studies. Particular emphasis was placed on evidence related to emerging
economies, with India as the focal context.

While the study does not involve primary data collection or econometric modelling, it
contributes analytically by integrating dispersed evidence, identifying structural constraints,
and developing a conceptual framework that explains the linkages between green finance
instruments and sustainable infrastructure outcomes. This approach enables a comprehensive
understanding of policy effectiveness and market dynamics while highlighting areas for
future empirical research.

OBJECTIVES OF THE STUDY
a) To explain the concept and scope of green finance and green bonds.

b) To analyse the various types of green bonds available under the green finance
framework.

c) To highlight the recent trends and developments in green finance in emerging India.
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d) To identify the key challenges and suggest a way forward for the effective
development of green finance in India.

e) To examine the role of green finance and green bonds in mobilizing funds for
sustainable infrastructure development.

CONCEPTUAL FRAMEWORK
Concept of Green Finance

Green finance refers to the integration of environmental sustainability considerations into
financial systems to facilitate the allocation of capital toward projects and activities that
deliver positive environmental outcomes while supporting long-term economic growth. Its
scope extends across public and private financial markets, encompassing policies,
institutions, and instruments designed to promote low-carbon, resource-efficient, and climate-
resilient development. Key instruments within the green finance framework include green
bonds and green loans, which earmark proceeds for eligible environmentally beneficial
projects; blended finance structures that leverage public and philanthropic capital to de-risk
private investment; and sustainability-linked instruments, where financial terms are tied to the
achievement of predefined environmental or sustainability performance targets.

Green Bonds

Green bonds are debt instruments structured in a manner similar to conventional bonds but
are specifically intended to finance projects that generate clear environmental benefits,
supported by stronger disclosure and governance frameworks. The issuance process involves
issuers, underwriters, and investors, along with additional requirements such as identifying
eligible green projects, defining environmental objectives, and ensuring ongoing post-
issuance reporting. A key characteristic of green bonds is the use-of-proceeds principle,
which mandates that the funds raised are allocated exclusively to environmentally sustainable
activities such as renewable energy, sustainable transportation, and climate-resilient
infrastructure. To strengthen credibility and transparency, internationally recognized
standards such as the ICMA Green Bond Principles and the Climate Bonds Initiative
guidelines outline criteria for project selection, disclosure, reporting, and external
verification, thereby minimizing greenwashing risks and enhancing investor confidence.

Types of Green Bonds
Use-of-Proceeds Green Bonds

These are the most common type, where funds raised are earmarked exclusively for eligible
green projects. The bond is backed by the issuer’s full balance sheet, similar to conventional
bonds.

Green Revenue Bonds

Repayment is linked to specific revenue streams generated by green projects, such as tolls,
fees, or taxes, rather than the issuer’s general creditworthiness.
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Green Project Bonds

These bonds are issued to finance a specific green project, and investors are exposed to the
project’s risks and returns. The bond is typically secured by the assets or cash flows of the
project.

Green Securitized Bonds

These involve the securitization of green assets, such as renewable energy loans or energy-
efficient mortgages, and are backed by a pool of underlying green assets.

Sovereign Green Bonds

Issued by national governments to finance environmentally sustainable public projects,
including climate-resilient infrastructure and renewable energy initiatives.

Municipal or Sub-sovereign Green Bonds

Issued by local governments, municipalities, or public sector entities to fund green urban
infrastructure, public transport, and sustainable water management projects.

Sustainability-Linked Bonds (SLBs)

Although not strictly use-of-proceeds bonds, these link financial characteristics such as
interest rates to the issuer’s achievement of predefined sustainability or climate performance
targets.

Sustainable Infrastructure Development

Sustainable infrastructure development represents a holistic approach that balances economic
viability, environmental sustainability, and social inclusiveness to support long-term
development objectives. Economically, it promotes efficient resource use, productivity
enhancement, and long-term cost savings. Environmentally, it focuses on reducing carbon
emissions, conserving natural resources, and enhancing climate resilience. Socially,
sustainable infrastructure improves access to essential services, promotes equity, and
enhances overall well-being. This approach spans critical sectors such as energy, transport,
water and sanitation, and urban development, where investments in renewable energy, low-
carbon transport systems, sustainable water management, and inclusive urban infrastructure
contribute to resilient cities, improved livelihoods, and the achievement of sustainable
development goals.

Conceptual Framework Linking Institutional and Policy Foundations, Green Bonds,
and Sustainable Infrastructure Development

Published By: National Press Associates Page I8
& Copyright @ Authors



National Research Journal of Ranking and Finance Management ISSN: 2349-6762

Volume No: 13, Issue No: 1, Year: 2026 (January-June) Peer Reviewed & Refereed Journal (IF: 7.96)
PP: 12-25 Journal Website www.nrjbfm.in

Institutional & Policy Framework (Regulations, Standards, Taxonomy,
Government Support, Disclosure Norms)

| !

Green Finance Ecosystem (Green Finance Policies, ESG Frameworks,
Multilateral Support, Financial Institutions)

]

Green Bonds (Issuance Volume, Certification, Cost of Capital, Investor
Demand)

L

Infrastructure Financing Channels (Renewable Energy, Transport, Water,
Urban & Social Infrastructure

Sustainable Infrastructure Development (Environmental Sustainability,
Economic Resilience, Social Inclusion)

||

Market Challenges & Risks (Greenwashing, Lack of Standardization, High
Issuance Costs, Information Asymmetry)

The framework highlights the dynamic interaction between policy support, financial
instruments, and infrastructure outcomes, underscoring the importance of robust institutional
structures for the effective realization of sustainability objectives through green finance.

Sector-wise Distribution of Green Bond Issuances for Sustainable Infrastructure
Development (2016-2025)
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The figure presents a sector-wise and time-based depiction of green bond issuances directed
toward sustainable infrastructure development over the period 2016-2025. It conceptually
demonstrates the evolving allocation of green finance across key infrastructure sectors,
including renewable energy (solar, wind, and hybrid solar-wind), low-carbon projects,
transport, water, and waste management.

The distribution pattern shows that most green bond financing has been directed toward
renewable energy sectors, especially solar and wind. This indicates that these sectors are
more developed, receive stronger policy support, and are more attractive to investors. The
dominance of renewable energy projects suggests that green bonds have mainly been used to
fund projects with easily measurable environmental benefits and relatively lower investment
risk.

CHALLENGES FOR UTILIZING GREEN FINANCE FOR INFRASTRUCTURE
1. Limited Investor Awareness

Empirical studies examining both retail and institutional investors reveal substantial
conceptual ambiguity regarding the environmental objectives of green bonds, limited
awareness and understanding of green finance instruments, and persistent trust deficits. These
challenges are largely driven by concerns over greenwashing and inadequate transparency in
impact measurement and reporting (Ms. Shilpi Pandey et al., 2025).

2. Regulatory Uncertainty

Global studies on green finance show that unclear, frequently changing, and poorly
coordinated policies create major challenges. These policy issues increase costs, make project
evaluation more difficult, and discourage both domestic and international investors from
committing long-term funds to green projects (Augusta Heavens Ikevuje et al., 2024).

3. Access to Affordable Capital

Restricted access to affordable financing continues to represent a major barrier to the
effective use of green finance for infrastructure development. Substantial upfront capital
requirements, combined with perceived technological and policy uncertainties and uncertain
or modest returns, increase financing costs and discourage participation by private lenders
and investors, particularly in developing economies (Hesary et al., 2020; N. Ameli et al.,
2021). Furthermore, underdeveloped capital markets, limited risk-sharing mechanisms, and
the lack of customized green financial instruments reduce project bankability, thereby
constraining the scale and pace of green infrastructure investment (Lavitt et al., 2024).

4. Standardization and Certification

Gaps in standardization and fragmented certification frameworks pose significant obstacles to
the deployment of green finance for infrastructure. Divergent definitions, taxonomies, and
measurement criteria across jurisdictions generate uncertainty, increase transaction and
compliance costs, and make cross-border investment and risk evaluation more complex
(Nedopil et al., 2021). In addition, weak or inconsistent certification and labeling systems
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amplify the risk of greenwashing, eroding investor trust and ultimately impeding the flow of
finance toward sustainable infrastructure projects (Bo Chen et al., 2025).

5. Lack of Data and Transparency

The deployment of green finance in infrastructure development is significantly hindered by
limited data availability and insufficient transparency, which intensify information
asymmetries and heighten perceived investment risk. Systematic reviews indicate that,
despite the growing emphasis on sustainability and environmental reporting, existing
disclosure practices remain fragmented and are often characterized by a lack of consistency,
comparability, and independent assurance, thereby weakening the credibility and
effectiveness of green financial instruments (Chen Liu et al., 2023; Chopra et al., 2024).
Moreover, inadequate and non-standardized environmental data, together with persistent
disclosure gaps, constrain investors’ ability to accurately evaluate project-level environmental
impacts and climate-related risks, ultimately discouraging the allocation of long-term capital
to infrastructure assets with extended lifecycles (Troeger et al., 2021; Ameli et al., 2019).

6. Limited Financial Instruments

Green finance for infrastructure continues to face constraints due to the limited availability
and early-stage development of financial instruments, fragmented markets, and a shortage of
viable, bankable projects. The lack of innovation beyond green bonds, green credit, and
dedicated funds reduces effective risk-sharing mechanisms, discourages private sector
participation, and hampers investment in circular and sustainable infrastructure—particularly
in developing economies where capital markets and policy support remain weak (Saeedi et
al., 2024; Khan et al., 2022).

7. Insufficient Public-Private Partnerships

Limited public—private partnerships continue to restrict green infrastructure financing as a
result of weak institutional capacity, ambiguous risk-sharing arrangements, and inadequate
regulatory and policy frameworks. These challenges are more pronounced in developing
countries, where governance deficiencies, high perceived investment risks, limited expertise
in PPP structuring, and fragmented climate policies discourage private sector participation
and hinder the large-scale deployment of sustainable infrastructure projects (Owojori et al.,
2025; Olaf M. Merk et al., 2012)

8. Investor Risk Aversion

The literature highlights investor risk aversion as a major barrier to green finance for
infrastructure, as uncertainty over long-term returns and perceived project risks deter capital
allocation (Zerbib, 2019). Studies show risk-averse behaviour, compounded by weak credit
enhancements and policy ambiguity, limits investment in sustainable infrastructure projects
(Tang & Zhang, 2018).
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POLICY RECOMMENDATIONS
1. Strengthen and harmonize green taxonomies and standards:

Policymakers should develop clear, consistent, and internationally aligned green taxonomies
and disclosure standards to reduce ambiguity, prevent greenwashing, and enhance investor
confidence in green finance and green bond markets.

2. Enhance transparency and impact reporting:

Mandatory, standardized, and independently verified environmental impact reporting should
be introduced to improve comparability and credibility of green bonds and other green
finance instruments, enabling investors to better assess climate and sustainability outcomes.

3. De-risk green infrastructure investments:

Governments and development finance institutions should expand the use of credit
enhancements, guarantees, blended finance, and viability gap funding to lower perceived
risks and attract private capital into large-scale sustainable infrastructure projects.

4. Deepen domestic green capital markets:

Measures such as tax incentives, preferential risk-weighting, and support for green bond
issuances by sub-sovereigns and corporates can help broaden issuer and investor
participation, particularly in emerging economies.

5. Strengthen institutional capacity and policy coordination:

Capacity building for regulators, financial institutions, and project developers, along with
better coordination across climate, infrastructure, and financial policies, is essential to ensure
the effective deployment of green finance for sustainable infrastructure development.

CONCLUSION

This study examined the concept, scope, and types of green finance and green bonds and
systematically assessed their role in mobilizing funds for sustainable infrastructure
development in India. The findings indicate that while green bonds have become the
dominant green finance instrument due to regulatory support and growing investor demand,
their measurable impact on infrastructure outcomes remains uneven and concentrated in a
few sectors. Recent trends reflect gradual market expansion; however, limited project
pipelines, weak risk-sharing mechanisms, shallow capital markets, and concerns related to
impact verification and greenwashing continue to constrain effectiveness. The synthesized
evidence from existing studies underscores a significant gap between capital mobilization and
demonstrable sustainability outcomes, particularly in the context of emerging economies.
Strengthening disclosure standards, developing robust impact-assessment frameworks,
enhancing institutional capacity, and improving policy coordination are therefore critical for
scaling green finance and ensuring its genuine contribution to sustainable infrastructure
development in India.
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