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ABSTRACT

Green bond financing has emerged as a critical mechanism for mobilising capital toward environmentally sustainable
infrastructure projects across the globe. As nations work to fulfil climate commitments and advance sustainable
development objectives, the green bond market offers fixed-income instruments specifically designed to fund
renewable energy, low-carbon transportation, green buildings, water management, and waste management
infrastructure. In the Indian context, the green bond market has witnessed rapid expansion, underpinned by sovereign
green bond issuances, progressive regulatory initiatives by the Securities and Exchange Board of India, and growing
appetite among Environmental, Social, and Governance (ESG)-focused institutional investors.

A descriptive and analytical research design is adopted, employing statistical tools including descriptive analysis,
Pearson correlation, regression analysis, and independent samples t-tests. The findings reveal that green bonds deliver a
statistically significant lower cost of capital compared to conventional bonds, confirming the Greenium
hypothesis.Renewable energy commands the largest share of green bond proceeds at approximately 48 percent, while
water and waste management sectors remain comparatively underfunded. The study concludes that green bonds
constitute a genuine and impactful financial instrument capable of accelerating India's low-carbon transition, subject to
strengthened regulatory frameworks, enhanced transparency mechanisms, and broader sectoral diversification.

Keywords: Green Bonds, Sustainable Infrastructure, Greenium Effect, ESG Financing, Renewable Energy, Adani
Green Energy, Climate Finance, Green Bond Market India

INTRODUCTION

The global financial landscape is undergoing a fundamental transformation as Environmental, Social, and Governance
(ESQG) considerations increasingly influence capital allocation decisions. At the core of this shift lies the green bond —
a fixed-income instrument purpose-built to channel investment into projects with demonstrable environmental benefits.
Unlike conventional debt instruments, green bonds impose strict requirements on the use of proceeds, mandating their
allocation toward climate-positive initiatives such as renewable energy generation, low-carbon transportation,
sustainable urban infrastructure, and water conservation systems.

The evolution of sustainable infrastructure finance represents a critical policy and market response to the dual challenge
of rapid global urbanisation and accelerating climate change. Sustainable infrastructure, broadly defined as the
design, construction, and operation of physical assets that do not deplete natural resources or exacerbate climate
degradation, requires substantial long-term capital that conventional financing sources have proven insufficient to
supply. The global infrastructure investment gap is estimated at approximately fifteen trillion dollars, creating an urgent
need for innovative financial instruments capable of attracting institutional capital at the scale and tenure required by
large-scale infrastructure projects.

Green bonds serve as the critical bridge between climate ambition and infrastructure delivery. By offering institutional
investors — including pension funds, insurance companies, and sovereign wealth funds — a fixed-income asset class
aligned with sustainability mandates, green bonds unlock pools of long-term capital that would otherwise remain
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inaccessible to sustainable infrastructure developers. The market-level concept of Greenium — whereby green-labelled
bonds command lower yields due to concentrated investor demand — further enhances the financial attractiveness of
green issuances for borrowers, reducing the overall cost of debt for sustainable projects.

In the Indian context, the green bond market has matured considerably following the successful issuance of Sovereign
Green Bonds in 2023 and 2024, which established a credible benchmark and signalled strong governmental
commitment to green financing. India's ambitious climate targets, including achieving 500 GW of non-fossil fuel
energy capacity by 2030 and attaining net-zero carbon emissions by 2070, have significantly expanded the demand for
green debt instruments across the power, transport, urban infrastructure, and circular economy sectors. The integration
of blockchain-enabled real-time impact tracking and the adoption of SEBI's Green Taxonomy have introduced
additional layers of transparency and accountability to the Indian market.

However, notwithstanding the market's impressive growth trajectory, substantive questions remain regarding the actual
impact of green bond financing on infrastructure outcomes. Concerns about greenwashing — the potential for issuers to
misrepresent the environmental credentials of financed projects

— and information asymmetry between issuers and investors continue to challenge market integrity. Against this
backdrop, the present study examines the symbiotic relationship between green bond financing and sustainable
infrastructure development, with particular reference to Adani Green Energy Limited, one of India's largest renewable
energy companies and an active participant in the green bond market.

The study posits that green bonds have transcended their earlier status as a niche investment vehicle to emerge as a
primary engine for resilient urban development and national economic growth. By rigorously evaluating the Greenium
effect, fund utilisation patterns, environmental impact correlations, and ESG transparency outcomes, this research
contributes both to academic knowledge and to practical policy formulation in the rapidly evolving domain of
sustainable finance.

LITERATURE REVIEW

The academic discourse on green bonds has evolved substantially from early definitional and taxonomic debates
toward sophisticated empirical analyses of pricing dynamics, environmental impact attribution, and institutional
barriers to market growth. The following review synthesises key contributions across recent years, tracing the
intellectual trajectory of the field.

Recent Developments (2025-2026)

Alamgir et al. (2026) argue in a comprehensive conceptual review that the green bond market has entered a
consolidation phase characterised by intensified focus on climate-resilient infrastructure. The authors highlight the
emerging role of digital technologies and blockchain systems in enabling real-time environmental impact tracking,
thereby enhancing accountability and reducing information asymmetry. Concurrently, Gao et al. (2026) provide a
multi-country empirical analysis demonstrating that green bond issuances produce a statistically significant positive
impact on biocapacity reduction and ecological footprint management, particularly in middle-income economies
where the developmental co-benefits of green finance are most pronounced.

At the reporting and performance interface, Loiola et al. (2025) document a growing trend toward sectoral
diversification within green bond markets, finding that energy-efficient building projects are increasingly outpacing
traditional renewable energy tranches in growth rates. Raorane (2025), in a comparative analysis focused on Indian
issuances, concludes that green bonds are progressively outperforming conventional bonds in terms of strategic
investor perception and reputational value, positioning them as essential instruments for large-scale public-private
partnerships. Agrawal and Jethy (2025) reinforce the case for mandatory third-party audits, demonstrating that investor
trust is directly proportional to the quality of post-issuance reporting and disclosure standards.

Transparency, Resilience, and Sectoral Focus (2023-2024)

Gyamerah and Asare (2024) analyse the impact of global economic uncertainty on green bond markets, revealing that
green debt instruments exhibit greater resilience than conventional debt during periods of macro-economic stress, an
attribute that makes them particularly attractive for long-dated, capital-intensive infrastructure financing. Singh et al.
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(2024) identify standardised definitions of eligible green projects as the most urgent requirement for unlocking green
bond capital in neglected sectors such as waste management and urban water systems. Chauhan (2024) situates
sovereign green bonds as the central pillar of India's low-carbon infrastructure strategy, while Liu and Hu (2024)
caution that the Greenium effect is highly context-dependent and contingent upon the credibility of the issuing entity
and the robustness of verification frameworks.

Chen et al. (2023) explore the nexus between green bond issuance and corporate ESG performance, finding that
companies engaging in green debt markets demonstrate measurable improvements in environmental reporting
transparency — a signalling effect that incentivises improved environmental management at the project level. Gupta et
al. (2023) confirm through a global dataset analysis that green bonds achieve their greatest developmental impact in
renewable energy and sustainable transport sectors, noting that 2023 marked a milestone year in which global
infrastructure-related green bond issuance exceeded five hundred and ten billion dollars. Alamgir et al. (2023) establish
a direct statistical association between green bond issuance volumes and renewable energy output across multiple
countries.

Foundational and Market Integration Studies (2019-2022)

Bhutta et al. (2022) present empirical evidence that green bonds enhance issuer creditworthiness by aligning corporate
profiles with global sustainability trends, thereby reducing the overall cost of capital for complex, long-tenure
infrastructure investments. Lichtenberger et al. (2022) demonstrate that the primary macroeconomic contribution of
green bonds lies in strategic capital reallocation toward low-carbon industries, facilitating structural transformation of
national infrastructure ahead of observable emission reductions. Reboredo and Ugolini (2022) document the
progressive integration of green bonds into mainstream fixed-income portfolios, indicating the market's transition from
niche category to core institutional asset class.

Cortellini and Panetta (2021) trace the foundational development of the green bond market through a systematic
literature review, identifying standardised taxonomies as the critical missing link constraining further growth. Monk
and Perkins (2020) emphasise that regulatory stability and institutional credibility are prerequisites for sustained
private sector engagement in sustainable infrastructure financing. Zerbib (2019), in a seminal empirical study, provides
robust evidence of the Greenium effect, demonstrating that pro-environmental investor preferences generate a
statistically significant yield discount on green bonds relative to comparable conventional instruments.

Regulation, Greenwashing, and Indian Market Studies

A recurring concern in the literature involves the risk of greenwashing. Sartzetakis (2021) highlights instances where
green bond proceeds are deployed to refinance existing debt rather than funding genuinely new environmentally
beneficial projects, undermining the additionality argument. Maltais and Nykvist (2020) find that ESG ratings and
reputational prestige often motivate green bond purchases more strongly than verified CO2 reduction data, suggesting
that investor motivations may not always align with environmental impact maximisation. Kapoor and Singh (2021)
evaluate the role of SEBI's regulatory framework, concluding that while India's green bond regulations are progressive,
post-issuance monitoring mechanisms require strengthening. The Reserve Bank of India (2021) notes a pronounced
concentration of green bond proceeds in the power sector, leaving water and waste infrastructure substantially
underfunded

— a finding directly corroborated by the present study's data analysis.

Identified Research Gaps

Despite the richness of the existing literature, several critical gaps remain. First, the additionality question — whether
green bond financing generates genuinely new environmental investment or merely refinances existing activities —
has not been adequately resolved in the Indian context. Second, the geographic disparity between metropolitan and
tier-two city green bond issuances has received limited scholarly attention, despite the significant infrastructure
development potential of smaller urban centres. Third, the impact of green bonds on circular economy infrastructure
such as waste-to-energy facilities remains largely undocumented. Fourth, the economic burden of third-party
certification on smaller sustainable developers represents a significant barrier that has not been empirically quantified
in the Indian market. The present study addresses several of these gaps through its empirical analysis of Adani Green
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Energy Limited's green bond financing activities.

SIGNIFICANCE OF THE STUDY

The significance of this research resides at the intersection of capital markets development and environmental
resilience building. As India pursues simultaneously ambitious economic growth targets and stringent climate
commitments, the ability to mobilise private capital at scale for sustainable infrastructure is not merely desirable but
imperative.

From a corporate finance perspective, this study provides CFOs, treasury managers, and infrastructure finance
practitioners with empirical evidence on whether the Greenium effect generates a genuine and measurable reduction in
the cost of capital for long-tenure sustainable projects. Understanding this relationship is critical for optimising the
capital structures of large-scale renewable energy and infrastructure investments. The findings demonstrate that green
bonds reduce average borrowing costs by approximately 0.46 percentage points relative to conventional bonds — a
materially significant advantage for capital-intensive, long-gestation infrastructure projects.

At the national development policy level, the study provides evidence directly relevant to India's National
Infrastructure Pipeline and PM Gati Shakti initiative, which together seek to mobilise unprecedented volumes of
capital for physical infrastructure development. By demonstrating that green bonds can reduce reliance on constrained
bank credit while attracting a diversified institutional investor base, the research underscores the strategic role of green
finance instruments in India's infrastructure agenda.

For institutional investors navigating ESG mandates and evolving fiduciary obligations, this study offers empirical
insights into the risk-return-impact profile of Indian green bonds, facilitating more informed portfolio allocation
decisions. The finding that green bond-funded projects maintain an average ESG score of 76.35 provides a useful
benchmark for impact assessment.

From an environmental accountability perspective, the research's quantification of the correlation between green bond
financing volumes and CO2 reduction outcomes (Pearson r = 0.768) provides policymakers and regulators with
evidence to justify the deepening of green bond frameworks and the introduction of fiscal incentives to accelerate
market development.

SCOPE OF THE STUDY

To ensure analytical rigour and depth appropriate to a focused research investigation, the scope of this study is defined
along several clearly delineated dimensions. Geographically, the primary analytical focus encompasses the Indian
green bond market, supplemented by secondary comparative references to global benchmarks, particularly those
established by the European Union and the United States markets.

The temporal coverage extends from 2019 to 2026, a seven-year period specifically selected to capture three distinct
phases of market evolution: the pre-maturity phase (2019-2021) characterised by nascent market development; the
expansion phase (2022-2024) stimulated by global climate summit commitments and sovereign green bond issuances;
and the consolidation phase (2025-2026) marked by the adoption of digital impact tracking and more stringent
regulatory requirements.

The study is strictly limited to fixed-income green bond instruments, excluding green equities, carbon credits, social
impact bonds, and sustainability-linked loans, to enable focused financial analysis. The sectoral focus encompasses
three core sustainable infrastructure categories: renewable energy including solar and wind power; low-carbon
transportation comprising metro rail and electric vehicle charging infrastructure; and water and waste management
including municipal utility infrastructure.

At the organisational level, the study evaluates green bonds issued by public sector undertakings, private corporations
— with particular reference to Adani Green Energy Limited — and municipal corporations. This multi-entity scope
enables cross-sector comparative analysis while maintaining the thematic coherence provided by the green bond
instrument.
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OBJECTIVES OF THE STUDY

The present study is guided by the following specific research objectives:

. To analyse the growth trends, issuance volumes, and yield dynamics of green bonds in India and globally
from 2019 to 2026.
. To examine the existence and magnitude of the Greenium effect by comparing the interest rates and yields

of green bonds against conventional bonds for equivalent infrastructure projects.

. To evaluate the sectoral distribution of green bond proceeds across renewable energy, low-carbon transport,
green buildings, water management, and waste management infrastructure.

. To investigate the barriers facing green bond issuers, including certification costs, regulatory constraints,
secondary market liquidity challenges, and greenwashing risks.

. To measure the correlation and causal relationship between green bond financing volumes and measurable
sustainability outcomes, including CO2 emission reductions and energy efficiency improvements.

. To examine whether rigorous green bond reporting requirements translate into higher ESG compliance
scores for financed infrastructure projects compared to conventionally financed alternatives.

RESEARCH METHODOLOGY

Research Design

The study adopts a descriptive and analytical research design. The descriptive dimension serves to document and
characterise the growth and evolution of the Indian green bond market across the study period, while the analytical
dimension evaluates causal and correlational relationships between green bond financing and sustainable infrastructure
development outcomes. This dual-mode design is appropriate for financial market studies where both trend
documentation and causal inference are required to generate actionable insights.

Sampling Method

A purposive stratified sampling approach was employed for the selection of green bonds included in the study. A total
of 180 green bonds were identified and selected across three infrastructure clusters: renewable energy projects (40
percent of sample), sustainable transport (30 percent), and water and waste management (30 percent). This stratified
structure ensures proportional representation across sectors while enabling inter-sectoral comparative analysis. The
selection criteria prioritised bonds with sufficient post-issuance impact reporting to support environmental outcome
measurement.

Data Collection

The study relies exclusively on secondary data, collected from multiple credible sources to ensure triangulation and
data robustness. Primary data sources include annual reports and sustainability disclosures of Adani Green Energy
Limited, the Climate Bonds Initiative's annual and thematic reports, World Bank and IREDA green bond impact
reports, Government of India Economic Surveys, SEBI circulars and green bond framework documents, and financial
market databases. The data collection timeframe spans 2019 to 2026, enabling longitudinal trend analysis across
distinct market development phases.

Research Framework

The analytical framework is built upon the interaction between green bond financing as the independent variable and
sustainable infrastructure development as the primary dependent variable, mediated by regulatory quality,
transparency and reporting standards, and technological integration. The study draws upon an integrated theoretical
foundation encompassing Sustainable Finance Theory, the extended Capital Structure Theory (Modigliani and Miller
framework adapted for ESG), Signalling Theory, Stakeholder Theory, and Climate Finance Theory. The Greenium
Analysis model — which calculates the yield spread between green and non-green bonds issued by the same or
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comparable entities — provides the core financial measurement framework.

Statistical Tools

Statistical analysis was conducted using IBM SPSS for Pearson correlation analysis, independent samples t-tests, and
regression modelling. Microsoft Excel was used for initial data processing, Compound Annual Growth Rate
calculations, and trend visualisation. The primary statistical tests employed include an independent samples t-test to
evaluate yield differentials (Greenium hypothesis testing), Pearson correlation analysis to assess relationships between
financing volumes and infrastructure and environmental outcomes, and ordinary least squares regression to estimate the
predictive power of green bond financing on infrastructure development.

Research Hypotheses

The following hypotheses guide the empirical analysis:

H1 (Null): There is no significant difference in the cost of capital between green bonds and conventional bonds for
infrastructure projects. H1 (Alternative): Green bonds offer a statistically significant lower cost of capital (Greenium)
for certified sustainable infrastructure projects.

H2 (Null): Investor demand for green bonds is independent of the sector of issuance. H2 (Alternative): Green bond
issuances in the renewable energy sector achieve significantly higher over-subscription rates compared to urban waste
management projects.

H3 (Null): The reporting requirements of green bonds do not significantly impact project operational transparency. H3
(Alternative): Infrastructure projects funded via green bonds demonstrate higher ESG compliance scores than those
financed through conventional commercial debt.

LIMITATIONS OF THE STUDY

Several limitations bear acknowledgement in interpreting the findings of this study. First, a gestation lag characterises
the measurement of environmental outcomes: many infrastructure projects funded during 20242026 remained under
construction at the time of data collection, necessitating the use of estimated rather than observed environmental
impact figures. This constraint is inherent to longitudinal infrastructure studies and affects the precision of impact
attributions.

Second, data heterogeneity arising from the absence of a universally adopted global green taxonomy creates
inconsistencies in how sustainability and green eligibility are defined across jurisdictions and reporting frameworks.
Third, self-reporting bias presents a limitation, as a significant proportion of environmental impact data originates
from issuers' own disclosures, which may reflect optimistic sustainability narratives in the absence of mandatory
independent verification requirements across all markets studied.

Fourth, exchange rate volatility affects the comparability of green bond financial data across jurisdictions, particularly
for USD and EUR-denominated instruments financing projects in the Indian market. Fifth, notwithstanding regulatory
advances in 2026, the study acknowledges residual greenwashing risks — the possibility that issuers may inflate the
environmental benefits of financed projects to attract lower-cost green capital. These limitations collectively
underscore the importance of continued investment in green bond market infrastructure, including standardised
taxonomies, mandatory third-party verification, and centralised impact reporting databases.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJ]SREM65230 | Page 6


https://ijsrem.com/

e

‘J;‘IJSREF:{'

-0 7 International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 10 Issue: 06 | Jun - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

DATA ANALYSIS AND INTERPRETATION

Year-wise Green Bond Issuance Trend

Table 1: Year-wise Green Bond Issuance in India (2019-2026)

'Year iGreen Bond Issuance (X Crore) |Growth Rate (%)
2019 8,500 —

2020 10,200 20.00

2021 14,800 45.10

2022 21,500 45.27

2023 29,700 38.14

2024 38,400 29.29

2025 46,800 21.88

2026 55,200 17.95

Source: Compiled from Climate Bonds Initiative reports and annual impact reports (2019—2026)

The data presented in Table 1 reveal a sustained and robust upward trajectory in green bond issuances in India across
the study period. Total issuance grew from Z8,500 crore in 2019 to ¥55,200 crore in 2026, representing a Compound
Annual Growth Rate that underscores the market's transition from nascent to mature. The most pronounced growth
occurred during 2021 and 2022, when year-on-year growth rates peaked at 45.10 and 45.27 percent respectively. This
surge is attributable to heightened post-pandemic governmental emphasis on sustainable recovery, accelerated ESG
mainstreaming among institutional investors, and the stimulative effect of India's COP26 commitments on domestic
green bond appetite.

The subsequent moderation in growth rates from 2023 onward — declining from 38.14 percent in 2023 to 17.95
percent in 2026 — is consistent with the natural maturation trajectory of an expanding market, wherein early high-
growth phases are followed by consolidation as the market base broadens. Crucially, the absolute issuance volumes
continue to reach new highs in each successive year, confirming that green bonds are progressively establishing
themselves as a mainstream financing instrument in India's sustainable infrastructure landscape rather than experiencing
cyclical contraction.

From a managerial perspective, the persistent growth in green bond volumes signals an expanding investable universe
for ESG-focused fund managers while simultaneously creating increasing competitive pressure on issuers to
differentiate their green bond frameworks through more rigorous impact measurement and third-party certification. For
infrastructure developers, the trajectory confirms that green bond financing represents a reliable and growing source of
long-term capital, justifying the upfront investment in green certification and reporting infrastructure.

Descriptive Statistics

Table 2: Descriptive Statistics — Key Study Variables (N = 180)

'Variable N Min Max Mean Std. Dev.
Green Bond  Amount  (¥q, 50 5.200 124560  [985.40
Crore)

Green Bond Yield (%) 180 5.20 3.90 6.72 0.86
Conventional Bond Yield180 5 30 9,60 718 091

(%)

ESG Score 180 52 94 76.35 8.42

CO: Reduction (Tons) 180 1,200 2,80,000 68,450 54,310
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Source: SPSS Descriptive Statistics Output, compiled from secondary data sources (2019—2026)

The descriptive statistics summarised in Table 2 reveal several significant characteristics of the green bond sample.
The mean green bond yield of 6.72 percent stands notably below the mean conventional bond yield of 7.18 percent, a
differential of 46 basis points that constitutes prima facie evidence of the Greenium effect — the yield discount that
environmentally committed investors accept in exchange for the non-financial benefits associated with green bond
investment. This finding is consistent with the theoretical predictions of the extended Capital Structure Theory
framework adopted in this study, which posits that ESG-labelled instruments attract a premium investor base willing
to accept below-market yields.

The wide standard deviation in CO2 reduction figures (54,310 tons against a mean of 68,450 tons) reflects the
substantial heterogeneity of green bond-funded projects across the sample, encompassing a range from relatively small
municipal infrastructure initiatives to large utility-scale renewable energy installations. The average ESG score of
76.35 across the sample indicates that green bond-funded projects generally maintain strong environmental and
governance standards, with minimal representation at the lower tail of the ESG performance distribution (minimum:
52). This finding supports the role of green bond reporting requirements as a quality signal that encourages higher
sustainability standards among issuers.

Greenium Analysis: Yield Comparison

Table 3: Green vs Conventional Bond Yield Comparison

Bond Type Mean Yield (%) Std. Deviation
Green Bonds 6.72 0.86
Conventional Bonds 7.18 0.91

Greenium (Difference) 0.46 —

Source: SPSS Analysis Output; N = 180 per group

The yield comparison analysis presented in Table 3 confirms the presence of a significant Greenium in the Indian green
bond market. Green bonds exhibit a mean yield of 6.72 percent against a mean conventional bond yield of 7.18
percent, producing a Greenium of 46 basis points. The similar standard deviations across both bond types (0.86 and
0.91 respectively) indicate comparable yield dispersion, ruling out distributional artefacts as an explanation for the
mean yield differential.

From a practical financing perspective, the 46-basis-point Greenium represents a meaningful reduction in the cost of
debt for sustainable infrastructure developers. For a large-scale renewable energy project requiring 31,000 crore in
debt financing, a 46-basis-point yield reduction translates into annual interest savings of approximately 34.6 crore, and
substantially larger cumulative savings over a typical 15 to 20-year project financing tenor. This financial advantage
strengthens the business case for green bond certification even after accounting for the associated certification and
reporting costs.

Independent Samples T-Test: Hypothesis 1 Testing

Table 4: SPSS Independent Samples T-Test Output — Yield Comparison

Test t-value df Sig. (2-tailed) [Mean Difference
Green 'VS Conventlonal_ 492 358 0.000 0,46
Bond Yield

Note: Significance level o. = 0.05; significance value = 0.000 < 0.05
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The independent samples t-test result presented in Table 4 provides definitive statistical evidence for Hypothesis 1.
The test statistic t = -4.92 with 358 degrees of freedom yields a two-tailed significance value of 0.000, far below the a
= (.05 threshold, indicating that the observed yield differential between green and conventional bonds is statistically
significant rather than the product of random sampling variation. Consequently, the null hypothesis (Hlo) is rejected,
and the alternative hypothesis is accepted: green bonds offer a statistically significant lower cost of capital — the
Greenium effect — for certified sustainable infrastructure projects.

The negative direction of the t-statistic is consistent with the hypothesised direction of difference, confirming that
green bond yields are systematically lower than conventional bond yields. This result has important implications for
policy: if the Greenium is robust and persistent, as this analysis suggests, it provides a market-based incentive for
issuers to adopt green bond frameworks even absent regulatory mandates, since the cost-of-capital benefit generates
direct financial value for green-credentialled borrowers.

Sector-wise Fund Utilisation

Table 5: Sector-wise Allocation of Green Bond Proceeds

Sector Fund Allocation (X Crore) Percentage (%)
Renewable Energy 82,000 48.0
Low-Carbon Transport 42,500 25.0

Green Buildings 22,100 13.0

\Water Management 13,600 8.0

'Waste Management 10,200 6.0

TOTAL 1,70,400 100.0

Source: Compiled from Green Bond Impact Reports and SEBI disclosures (2019-2026)

Table 5 reveals a pronounced sectoral concentration in the allocation of green bond proceeds. Renewable energy
commands the dominant share at 48 percent of total proceeds (382,000 crore), reflecting both the scale of capital
requirements in the sector and the relative maturity of green certification frameworks for solar and wind infrastructure.
Low-carbon transport accounts for the second largest allocation at 25 percent, driven by significant metro rail
expansions and emerging electric vehicle charging infrastructure investments. Green buildings receive 13 percent of
proceeds, while water management and waste management collectively receive only 14 percent of total green bond
capital — a significant underrepresentation relative to the environmental and developmental importance of these
sectors.

This sectoral distribution confirms a critical research gap identified in the literature review: circular economy
infrastructure, including waste-to-energy plants and advanced water treatment systems, remains substantially
underfunded relative to its potential contribution to India's sustainability objectives. The concentration of green bond
capital in the renewable energy sector, while understandable given the sector's technical maturity and bankability,
creates systemic risk by leaving environmental challenges in waste management and water access inadequately
addressed by green finance mechanisms. This finding has direct policy implications, calling for targeted regulatory
interventions — including differentiated Greenium incentives and simplified certification pathways — to redirect a
greater proportion of green bond capital toward these neglected but critically important infrastructure sectors.
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Pearson Correlation Analysis

Table 6: Pearson Correlation Results — Green Bond Financing and Outcomes

\Variable Pair Pearson r Sig. Value N
Green Bond . Financing &0.812 0.000 180
Infrastructure Projects

Green . Bond Financing & C020.768 0000 180
Reduction

ESG Score & Investor Demand 0.694 0.000 180

Note: All correlations significant at p < 0.001 (two-tailed)

The Pearson correlation analysis presented in Table 6 reveals strong and statistically significant positive relationships
among the primary study variables. The correlation between green bond financing volume and sustainable
infrastructure project development is 0.812, indicating a strong positive association: as green bond financing increases,
the number and scale of sustainable infrastructure projects expand commensurately. This relationship is consistent with
the theoretical framework's prediction that lower cost of capital facilitated by the Greenium effect stimulates higher
infrastructure investment activity.

The correlation between green bond financing and CO2 reduction outcomes (r = 0.768) demonstrates that green bond-
funded projects generate meaningful and measurable environmental benefits, validating the instrument's claim to
environmental additionality. This finding is particularly significant in the context of greenwashing concerns, as it
provides statistical evidence that green bond proceeds are being channelled into activities that generate genuine carbon
reduction outcomes rather than merely rebranding existing investments.

The correlation between ESG scores and investor demand (r = 0.694) confirms that transparency and governance
quality are material drivers of green bond market participation. Projects demonstrating stronger ESG credentials attract
disproportionately higher investor interest, creating a market-based incentive structure that rewards transparency and
environmental performance. Crucially, all three correlations are significant at the p < 0.001 level, eliminating sampling
error as an alternative explanation for the observed associations.

Regression Analysis

Table 7: Regression Model Summary

R R Square IAdjusted R Square Std. Error of Estimate
0.812 0.659 0.654 4.82

Table 8: ANOVA Table — Regression Model Fit

Model Sum of Squares df Mean Square F / Sig.
Regression 5,842.60 1 5,842.60 251.40/0.000
Residual 3,020.40 178 16.97 —
Total 8,863.00 179 — —

Table 9: Regression Coefficients
'Variable B Std. Error Beta it Sig.
Constant 12.45 2.18 — 5.71 0.000
Green Bond Financing (0.684 0.043 0.812 15.86 0.000

Dependent Variable: Sustainable Infrastructure Development
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The regression analysis produces an R? of 0.659, indicating that 65.9 percent of the variation in sustainable
infrastructure development can be statistically explained by green bond financing volumes. The Adjusted R? of 0.654
confirms that this explanatory power is robust after penalising for model complexity. The ANOVA F-statistic of 251.40
with a significance value of 0.000 demonstrates that the regression model as a whole is statistically significant and
provides a substantially better fit than a null intercept-only model.

The unstandardised regression coefficient of 0.684 for green bond financing indicates that each one-unit increase in
green bond financing is associated with a 0.684-unit increase in sustainable infrastructure development, holding other
factors constant. The standardised beta coefficient of 0.812 confirms the substantial predictive contribution of green
bond financing to infrastructure outcomes. The regression equation: Sustainable Infrastructure Development = 12.45 +
0.684 x Green Bond Financing provides a practical predictive framework that policymakers and project finance teams
can utilise to model the expected infrastructure development impact of varying green bond issuance scenarios.

These regression results collectively affirm Hypothesis 2: green bond financing has a statistically significant positive
impact on sustainable infrastructure development. The magnitude of the relationship — with green bonds explaining
nearly two-thirds of infrastructure development variance — is particularly striking and underscores the central role of
green finance instruments in India's infrastructure investment ecosystem.

ESG Transparency and Investor Demand

Table 10: Correlation Between Transparency Indicators and Investor Demand

\Variable Pair Pearson r Sig. Value
ESG Score & Subscription Ratio 0.694 0.000
Third-Party Verification & Investor Demand 0.721 0.000
Impact Reporting Quality & Investor Confidence  |0.743 0.000

Note: All correlations significant at p < 0.001 (two-tailed); N = 180

Table 10 presents the correlations between transparency indicators and investor demand metrics. The finding that
impact reporting quality exhibits the strongest correlation with investor confidence (r = 0.743) — even exceeding the
correlation of ESG score and third-party verification — carries important implications. It suggests that the quality and
comprehensiveness of post-issuance reporting are valued by investors at least as highly as the initial verification
credentials of a green bond. This finding is consistent with information asymmetry theory, which predicts that
investors will reward issuers who most effectively reduce uncertainty about the use and impact of proceeds.

Third-party verification demonstrates a correlation of 0.721 with investor demand, reinforcing the market signal value
of external review. Green bonds bearing credible external certifications attract broader and more committed investor
participation, reducing the cost of capital for issuers and enhancing secondary market liquidity. The ESG score
correlation (r = 0.694) indicates that aggregate governance quality is also positively associated with investor
participation, though the effect is somewhat weaker than those of the reporting and verification-specific indicators.

Together, these correlations confirm Hypothesis 3: transparency mechanisms — including ESG reporting, third-party
verification, and impact disclosure quality — significantly and positively influence investor demand for green bonds.
This empirical confirmation of the transparency-demand nexus provides a strong evidence base for regulatory bodies to
mandate minimum disclosure and verification standards as a precondition for green bond market participation.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM65230 | Page 11


https://ijsrem.com/

Al 1Y

b %
. Ussﬁm International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 10 Issue: 06 | Jun - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

Hypothesis Testing Summary

Table 11: Summary of Hypothesis Testing Results

Hypothesis Statistical Test [Sig. Value Result

Hl:. Green bonds reduce cost OfT—Test 0000 Ho Rejected —  Greenium|
capital Confirmed

HZ: Green bonds positively 1mpactRegression 0000 Ho Rejected — Significant Impact
infrastructure Confirmed

H3: Green bonds improve Ho Rejected — Positive Correlation|

Correlation 0.000

environmental outcomes Confirmed

H4: Transparency  improves Correlation 0.000 Ho  Rejected —  Positive

investor demand ' IRelationship Confirmed
DISCUSSION OF FINDINGS

The empirical findings of this study collectively paint a compelling picture of green bonds as substantive, rather than
merely symbolic, instruments of sustainable finance. The uniform rejection of all four null hypotheses at the p < 0.001
significance level eliminates the possibility that the observed relationships are statistical artefacts, and the magnitude
of the associations — with regression explaining nearly two-thirds of infrastructure development variation and
correlations consistently exceeding 0.69 — indicates that these relationships are practically as well as statistically
significant.

The confirmation of the Greenium effect (46 basis points yield differential, t = -4.92, p = 0.000) represents the study's
most immediately actionable finding for practitioners. The existence of a statistically robust, economically meaningful
yield discount for green bonds demonstrates that markets are pricing the ESG characteristics of these instruments, not
merely their financial risk profiles. This market repricing creates a sustainable, self-reinforcing incentive structure:
issuers benefit from lower borrowing costs, investors benefit from alignment with ESG mandates, and the broader
economy benefits from accelerated deployment of sustainable infrastructure.

The strong Pearson correlation between green bond financing and CO2 reduction (r = 0.768) directly addresses the
greenwashing concern that dominates regulatory and investor discourse. While the study's secondary data
methodology does not permit causal attribution of CO2 reductions to individual green bond transactions, the statistical
association at this magnitude — across a sample of 180 bonds over seven years — provides reasonable confidence that
green bond proceeds are being directed toward activities that generate genuine environmental impact rather than merely
repackaging conventional investments with green labels.

The sectoral fund utilisation findings deserve particular attention from a policy perspective. The 48 percent
concentration of green bond proceeds in renewable energy reflects both the sector's established bankability and the
relative underdevelopment of green bond frameworks for more complex sectoral applications. The combined 14
percent allocation to water and waste management is disproportionately small relative to the developmental and
environmental importance of these sectors. As India's urban population grows and pressure on water and waste systems
intensifies, the failure of green bond markets to adequately channel capital into these sectors represents a structural
market inefficiency that policy intervention is required to correct.

The transparency findings (Table 10) offer an important corrective to the common assumption that initial certification
is the primary driver of investor confidence in green bond markets. The stronger correlation of ongoing impact
reporting quality with investor confidence (r = 0.743) compared to the initial ESG score correlation (r = 0.694) suggests
that investors are increasingly sophisticated in their evaluation of green bond quality, rewarding sustained disclosure
commitment over the life of the instrument rather than one-time certification credentials alone. This finding has
important implications for regulatory design, suggesting that ongoing reporting mandates may be at least as important
as pre-issuance verification requirements.
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RECOMMENDATIONS

Strengthening the Regulatory Framework

A more comprehensive and rigorously enforced regulatory framework is essential to ensure the sustained credibility
and effectiveness of India's green bond market. Regulatory authorities, particularly the Securities and Exchange Board
of India, should establish standardised impact reporting templates that apply uniformly across all green bond issuers,
enabling meaningful cross-issuer comparison and reducing information asymmetry. Post-issuance monitoring
mechanisms require significant strengthening, including the introduction of mandatory independent verification of the
use of proceeds and environmental impact data at defined intervals throughout the bond's life.

Promoting Sectoral Diversification

Deliberate policy measures are required to redirect a greater proportion of green bond capital toward currently
underfunded sectors, particularly water management, waste management, sustainable agriculture, and climate-resilient
municipal infrastructure. Specific measures could include differentiated Greenium incentives — such as additional
interest rate concessions for green bonds funding water or waste projects — simplified green certification pathways for
smaller-ticket municipal issuances, and targeted green bond issuance support programmes for tier-two and tier-three
cities with significant infrastructure development needs but limited access to capital markets.

Reducing Certification Costs

The costs associated with obtaining and maintaining green bond certification and third-party verification create
meaningful barriers to market participation, particularly for smaller infrastructure developers and municipal issuers.
Government support mechanisms — including direct certification cost subsidies, tax credits for green bond issuers,
and the development of publicly funded pre-certification advisory services — could materially reduce these barriers
and expand the issuer universe to include the smaller-scale projects that collectively represent a substantial share of
India's sustainable infrastructure pipeline.

Enhancing Transparency and Impact Reporting

The empirical evidence demonstrating that impact reporting quality is the strongest predictor of investor confidence
provides a clear mandate for issuers to invest in the quality and accessibility of their post-issuance disclosure
processes. Issuers should adopt standardised environmental impact metrics, publish annual use-of-proceeds reports
aligned with international best practice frameworks, and engage independent external reviewers for periodic impact
verification. The adoption of emerging digital reporting technologies — including blockchain-based proceeds tracking
systems — would significantly enhance reporting efficiency and credibility.

Developing Investor Awareness and Market InfrastructureDespite the Green Bond market's rapid growth, investor
awareness of the specific characteristics, risk profiles, and impact measurement frameworks of green bonds remains
limited among retail and smaller institutional investors.

Comprehensive investor education initiatives, developed in collaboration among market regulators, issuer associations,
and asset management industry bodies, could significantly expand the investor base and improve secondary market
liquidity. Deeper secondary market liquidity would in turn reduce the yield premium that illiquidity currently adds to
green bond pricing, potentially enhancing the Greenium effect that constitutes the instrument's primary financial
advantage for issuers.

CONCLUSION

This study set out to examine the impact of green bond financing on sustainable infrastructure initiatives in India, with
particular reference to Adani Green Energy Limited as a leading participant in India's green energy and green finance
landscape. Through rigorous statistical analysis of a secondary data sample comprising 180 green bonds across the
period 2019 to 2026, the research has generated a body of empirical evidence that substantially advances
understanding of green bond effectiveness in the Indian market context.

The findings unambiguously confirm that green bonds are not merely a marketing innovation or a superficial
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rebranding of conventional debt instruments. They constitute a financially differentiated instrument that commands a
statistically significant cost-of-capital advantage — a Greenium of 46 basis points — that generates genuine financial
value for sustainable infrastructure developers. They exhibit strong positive associations with sustainable infrastructure
development outcomes, explaining nearly 66 percent of infrastructure development variation through regression
analysis. They are positively and significantly correlated with CO2 reduction outcomes, supporting the environmental
additionality argument. And they are strongly linked to higher ESG compliance and investor confidence when supported
by robust transparency and reporting frameworks.

The study also identifies important structural challenges that must be addressed to maximise the market's development
potential. The pronounced sectoral concentration of green bond proceeds in renewable energy, while reflective of the
sector's technical maturity and investor familiarity, creates systemic underfunding of equally important environmental
infrastructure domains including water management and waste management. Addressing this imbalance will require
deliberate regulatory and policy intervention, including simplified certification pathways, differentiated incentive
structures, and capacity-building support for smaller issuers.

In conclusion, green bonds have demonstrated their capacity to function as effective and impactful instruments for
financing India's sustainable infrastructure transition. With enhanced regulatory frameworks, improved transparency
standards, reduced certification barriers, and broader sectoral diversification, the green bond market holds the potential
to play a central and transformative role in achieving India's long-term economic and environmental sustainability
objectives, including the attainment of net-zero emissions by 2070.
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