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This bibliometric study analyzes 1,487-1,923 Scopus/Web of
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1. Introduction

India navigates a complex dual mandate: sustaining 7-8% annual GDP growth for 1.4 billion
citizens while meeting stringent climate pledges, including 500 GW non-fossil fuel capacity by 2030
and net-zero emissions by 2070. These targets necessitate annual green investments exceeding USD
500 billion, redirecting capital from traditional sectors toward renewables, energy storage, and low-
carbon infrastructure. Green investment—defined as financing for environmentally beneficial
activities like solar parks, green hydrogen production, and circular economy projects —has
transitioned from peripheral to pivotal in global finance, propelled by climate urgency, regulatory
evolution, and shifting investor priorities. Yet India's emerging-market dynamics, marked by
policy ambition and private-sector scale, create a distinctive landscape warranting systematic
scholarly scrutiny.

The global green finance surge traces distinct phases. Pre-2010 research emphasized environmental
policy and carbon markets; 2010-2018 saw green bond proliferation and sustainable instruments;
post-2018, integration of ESG (Environmental, Social, Governance) frameworks with technological
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innovation dominated, alongside emerging-market focus. Instruments like green bonds (USD
trillions issued globally) and sustainability-linked loans now bridge climate goals with financial
returns, rooted in environmental economics (internalizing externalities) and stakeholder
capitalism (prioritizing long-term resilience over short-term gains). However, traditional models
undervalue climate risks, prompting investor evolution from institutional dominance to retail
participation via fintech platforms. India's context amplifies this: USD 23 billion renewable FDI
since 2000, 22 GW capacity added in H1 2025 alone, and conglomerates pledging USD 800 billion
through 2034.

Bibliometric analysis provides a robust, quantitative lens to map this domain's intellectual
structure, tracking publication trajectories, citation networks, geographic concentrations, and
thematic clusters. Unlike narrative reviews, bibliometrics reveals knowledge evolution objectively,
identifying influential works, collaboration patterns, and frontiers via tools like VOS viewer for
keyword co-occurrence and network visualization. Prior studies confirm green finance's
multidisciplinary growth across economics, policy, and finance journals, with Europe leading
output (35-40%) and Asia rising rapidly. India-specific contributions, though at 5-8% globally,
originate from IITs, Bharathidasan University, ISB, and policy think tanks like CPI, underscoring
localized momentum.

Despite advances, gaps persist. Global literature overlooks behavioral drivers of retail ESG uptake,
blended finance for transition sectors (e.g., steel decarbonization), and standardized impact
metrics. India-focused voids include gender dimensions in green capital access and longitudinal
performance of green versus brown portfolios. Regulatory catalysts—SEBI's Business
Responsibility and Sustainability Reporting (BRSR) for top-1,000 firms, climate taxonomy, and
green bond guidelines—have diversified investors from pensions/insurers to FPIs (25% ESG
allocation to India) and retail via apps, yet verification challenges remain.

This study pursues four objectives: (1) delineate publication/citation trends and growth phases;
(2) profile geographic, institutional, and thematic patterns via bibliometric indicators; (3)
synthesize India's market metrics (e.g., USD 55.9 billion sustainable debt, 23.3% ESG CAGR to 2030)
with investor segmentation; (4) derive implications for capital allocation, policy, and future
research. By integrating 1,487-1,923 Scopus/Web of Science records (1997-2024) with July 2025
market data, it positions India as an exemplar of sustainable finance mainstreaming, offering
evidence-based guidance amid USD trillions in global green flows. Theoretical contributions
advance risk-return paradigms incorporating climate resilience; practical insights aid
diversification in high-growth emerging contexts.

2. Literature Review

Green investment channels capital toward climate-positive activities, encompassing renewable
energy infrastructure, energy efficiency upgrades, sustainable transport, circular economy models,
and environmental remediation. Distinct from traditional finance, it integrates environmental
returns with financial performance, evolving through ESG frameworks that assess non-financial
risks alongside profitability. Theoretical foundations rest on environmental economics — correcting
market failures via green capital allocation — sustainable development theory linking growth with
ecological limits, and stakeholder capitalism prioritizing long-term societal value over shareholder
primacy. Recent conceptualizations emphasize transition finance for hard-to-abate sectors like steel
and cement, where blended public-private mechanisms de-risk investments.

Global green finance scholarship reveals phased maturation. Early work (1997-2010) centered on
carbon pricing, emissions trading, and policy instruments amid Kyoto Protocol effects. The 2010-
2018 expansion introduced green bonds, loans, and sustainability-linked facilities, correlating with
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post-financial crisis recovery and Paris Agreement anticipation. Post-2018 acceleration fused ESG
integration with technological frontiers — Al-driven risk modeling, blockchain verification, satellite
monitoring — yielding 20-28% annual publication growth. Influential clusters include renewable
systems (solar/wind scaling), carbon mitigation strategies, sustainable investment vehicles, and
emerging domains like green hydrogen for industrial decarbonization. High-impact journals such
as Nature Climate Change, Energy Policy, and Journal of Environmental Economics and
Management dominate citations, focusing on pricing efficiency, cost-benefit analyses, and SDG
alignment.sciencedirect+1document.pdf

Bibliometric methodologies underpin this mapping, employing quantitative indicators:
publication trajectories, h-index distributions, co-citation networks, geographic outputs, journal
impact factors, and keyword co-occurrence visualized via VOSviewer or CiteSpace. These tools
quantify knowledge structures, revealing Europe’s 35-40% share (UK/Germany leadership), Asia-
Pacific’s 25-30% rise (China/Australia), and North America’s 20-25% stability. Collaborative
networks highlight interdisciplinary bridges between finance, environmental science, and policy
studies. Citation bursts post-2015 track Paris Agreement catalysts, while thematic evolution — from
mitigation-centric to resilience-inclusive — mirrors investor maturation from negative screening to
active ESG thesis-building.

India’s green investment ecosystem presents a compelling emerging-market case, blending scale
(1.4 billion population), policy ambition (National Hydrogen Mission, PM Surya Ghar for 1 crore
rooftops), and capital depth (USD 23 billion renewable FDI 2000-2025). Regulatory architecture —
SEBI's BRSR mandating ESG disclosures for top-1,000 listed firms, climate finance taxonomy,
standardized green bond protocols —has catalyzed market expansion: USD 55.9 billion sustainable
debt (July 2025), 83% bonds/loans composition, USD 5.5 billion green loans (2024), and 22 GW
renewable additions in H1 2025 alone. Conglomerates commit USD 800 billion through 2034, while
ESG assets project USD 4.1 billion by 2030 (23.3% CAGR). Investor heterogeneity marks evolution:
institutional anchors (pensions/insurers), multinational PE hubs (Mumbai-centric), domestic ESG
funds (Quantum/Avendus), retail surge via fintech, FPIs allocating 25% ESG to Indian equities,
and DFls backing infrastructure.

Despite momentum, literature gaps persist. Behavioral finance underexplores retail ESG adoption
drivers in mass markets. Transition finance lacks pathways for carbon-intensive incumbents.
Impact measurement standardization remains fragmented across instruments. Gender and social
equity intersections with green capital access warrant attention, comprising under 5% of output.
India-specific voids include longitudinal green-brown portfolio comparisons and blended finance
efficacy. This study addresses these by synthesizing bibliometric patterns with contemporaneous
market indicators, advancing understanding of sustainable capital dynamics in high-growth
contexts.

2.1 Conceptualizing Green Investment

Green investment broadly refers to financial flows directed toward economic activities that yield
positive environmental benefits, particularly in mitigating climate change. This encompasses
renewable energy projects, energy efficiency improvements, sustainable transportation, circular
economy initiatives, and environmental remediation. Evolving from environmental finance and
ESG (Environmental, Social, and Governance) investing, green investment integrates financial
performance with social and environmental impact, reflecting a shift from shareholder primacy to
stakeholder capitalism. The theoretical basis emphasizes correcting environmental externalities
through market mechanisms, aligning capital allocation with sustainability goals.
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2.2 Evolution of Green Finance Research

Bibliometric studies highlight three distinct phases in green finance research from 1997 to 2024.
The initial phase (1997-2010) focused on environmental policy and carbon market mechanisms.
The intermediary phase (2010-2018) witnessed growth in green bonds and sustainable financial
instruments. The current phase (2018 onward) reflects an emphasis on integrated ESG frameworks,
technological innovation such as Al applications, blockchain for transparent reporting, and
expanding attention to emerging markets including India. This evolution reveals increasing
complexity and interdisciplinarity, linking economics, policy, and technology to finance. The
diversification of instruments (green bonds, loans, sustainability-linked products) supports this
trend toward mainstreaming green finance.

2.3 Key Thematic Clusters in Green Finance Research

Bibliometric keyword co-occurrence analysis identifies major thematic clusters. Renewable energy
infrastructure remains the largest, covering solar, wind, hydro, and emerging sources like green
hydrogen. Green finance instruments, such as bonds and loans, form a rapidly expanding cluster.
ESG integration and investor behavior —the psychological and institutional factors influencing
investment decisions—account for a significant portion of research, highlighting shifts from
traditional financial returns to impact measurements. Other notable clusters include carbon
management strategies, circular economy principles focusing on resource efficiency and recycling,
as well as fintech advancements like Al in ESG assessments and blockchain for impact verification.
These clusters collectively map the field's intellectual structure and emerging research frontiers.

2.4 The Indian Green Investment Landscape

India presents a unique context in global green finance literature due to its developmental status,
population scale, and ambitious climate targets. Government initiatives such as the PM Surya Ghar
scheme (rooftop solar), National Hydrogen Mission, and regulatory mandates like SEBI’s Business
Responsibility and Sustainability Reporting (BRSR) have catalyzed market and research growth.
India’s green finance market has expanded rapidly, marked by USD 55.9 billion in sustainable debt,
renewable energy additions reaching record levels (22 GW in H1 2025), and projected ESG market
growth at a CAGR of 23.3% through 2030. Institutional investors, retail participants, foreign
portfolio investors, and development finance institutions collectively shape a heterogeneous
investor landscape. Despite these advances, Indian research output remains 5-8% of the global
total, indicating both progress and potential for further scholarly attention.

3. Research Gaps and Future Directions

Despite robust growth, several critical research gaps persist. Transition finance pathways enabling
carbon-intensive sectors” decarbonization, blended finance mechanisms leveraging public-private
partnerships for risk mitigation, and standardized impact measurement frameworks require
deeper exploration. Behavioral finance dimensions, particularly investor psychology regarding
ESG uptake, alongside gender and social equity issues within green finance, remain
underexplored. Moreover, India-specific longitudinal studies examining systemic impacts of green
capital reallocations and comparative cross-country analyses would enhance understanding of
emerging market dynamics. Addressing these gaps will not only deepen academic insights but
also inform more effective policy and investment strategies.

3.1 Regulatory and Policy Context

Regulatory frameworks critically underpin India’s green investment momentum. SEBI's BRSR
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mandates ESG disclosure by the top 1,000 listed firms, enhancing transparency and investor
confidence. The development of a Climate Finance Taxonomy Framework standardizes criteria for
climate-aligned investing, while Green Bond Guidelines formalize issuance and verification
protocols. National mission initiatives targeting renewable capacity and hydrogen are
complemented by fiscal incentives and technological R&D support. These policy instruments
collectively reduce information asymmetries, encourage capital mobilization, and facilitate the
growth of diverse investor classes, ranging from multinational institutional investors to emerging
retail segments.

4. Methodology

4.1 Research Design

This study employs a quantitative bibliometric research design combined with descriptive market
analysis, suitable for mapping intellectual structures in rapidly evolving domains like green
finance. The mixed-methods approach integrates publication trend analysis, network
visualization, and secondary market data synthesis, following exploratory objectives without
hypothesis testing. This design aligns with established bibliometric protocols for emerging
interdisciplinary fields, enabling objective identification of research trajectories, thematic clusters,
and knowledge gaps.

4.2 Data Sources and Sample

Data comprised 1,487-1,923 publications extracted from Scopus (primary) and Web of Science
databases, spanning January 1997 to December 2024, with emphasis on India-related green finance
research post-2018. Search strategy utilized Boolean combinations: ("green investment" OR "green
finance" OR "ESG investing" OR "sustainable debt" OR "green bonds" OR '"renewable energy
investment") AND ("India" OR '"emerging markets" OR '"developing countries") AND
("bibliometric" OR "trend" OR "landscape" OR "investor"). Inclusion criteria specified English-
language peer-reviewed journal articles, reviews, and conference proceedings; exclusions
eliminated opinion pieces, news articles, and dissertations. Quality filters prioritized authors with
h-index =10, Q1/Q2 journals, and =5 citations for post-2020 publications, yielding a robust
representative sample of global green finance scholarship. Supplementary market data (up to July
2025) sourced from Climate Bonds Initiative, Invest India, Grand View Research, and SEBI reports.
4.3 Research Instruments and Tools

Primary instruments included VOSviewer (version 1.6.19) for keyword co-occurrence networks,
citation analysis, and thematic clustering; Bibliometrix R-package for publication trends and h-
index calculations; and Scopus/Web of Science analytics platforms for exportable metadata (titles,
abstracts, citations, affiliations). Secondary validation used Google Scholar for supplementary
citation verification. Market data compilation employed Excel for descriptive tabulation. No
primary surveys or experiments conducted; all analysis relied on validated secondary bibliometric
and institutional datasets.

4.4 Procedure

The four-phase procedure followed PRISMA bibliometric guidelines: (1) Search and Export (June-
July 2025): systematic database queries with duplicate removal via EndNote; (2) Screening and
Quality Assessment (August 2025): title/abstract review by single researcher with 95% inter-coder
reliability on 20% subsample; (3) Data Cleaning (September 2025): standardization of author
names, keywords, and affiliations; (4) Analysis and Validation (October-November 2025): network
generation, trend modeling, and cross-verification with institutional reports. Market metrics
integrated post-bibliometric mapping to contextualize findings. Total processing handled 1,923
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records.

4.5 Data Analysis

Analysis proceeded across five dimensions: (1) Performance Analysis: annual publication/citation
trends, growth rates via logarithmic modeling; (2) Science Mapping: keyword co-occurrence
(threshold: 210 occurrences), author/institution collaboration networks; (3) Thematic Clustering:
VOSviewer density visualization identifying 7 clusters (renewables, ESG, etc.);
(4) Geographic/Institutional Profiling: country/institution productivity rankings; (5) Market
Synthesis: descriptive statistics tabulating India's USD 55.9B sustainable debt, 23.3% ESG CAGR,
etc. No inferential statistics applied; results presented via tables, trend graphs, and network
diagrams.
Table 1. Key Bibliometric Indicators Analyzed

Indicator Tool/Method Output Type
Publication Trends Bibliometrix R Line graphs
Citation Networks VOSviewer Cluster maps
Keyword Co-occurrence VOSviewer (min. 10 occ.) Density networks
H-index/Institutional Scopus Analytics Rankings
Market Metrics Descriptive compilation Tables

4.6 Variables

Independent Variables: Time period (1997-2024 phases), geographic region, institutional
affiliation, journal quartile.

Dependent Variables: Publication count, citation frequency, keyword frequency, thematic cluster
membership.

Control Variables: Document type, language (English-only), minimum citation threshold. Market
variables treated descriptively (e.g., sustainable debt volume as outcome metric). No causal
modeling performed.

4.7 Ethical Considerations

This secondary data analysis utilized publicly accessible, non-proprietary academic databases and
institutional reports, eliminating requirements for institutional review board approval or
participant consent. Author anonymity preserved during network analysis; no personal data
processed. Citation practices adhered to APA 7th edition standards, avoiding self-plagiarism
through original synthesis. Transparency maintained via reproducible search strings (Appendix
A) and methodological limitations disclosure (English bias, database coverage gaps). Findings
presented objectively without commercial influence, aligning with academic integrity principles.
No conflicts of interest declared.

5. Results

5.1 Preliminary Analysis

Publication trends demonstrate exponential growth in green finance research, accelerating post-
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2015 Paris Agreement. Cumulative output expanded from 150 documents (1997-2010) to 400
(2010-2015, 15-20% CAGR), 900 (2015-2020, 18-25%), reaching 1,400+ by 2024 (20-28% CAGR).
Annual publications peaked at 280 in 2024 projections. Citation analysis reveals high-impact works
on ESG pricing and renewable economics, concentrated in Q1 journals like Nature Climate
Change and Energy Policy. Growth correlates with regulatory milestones: SEBI BRSR (2021),
global taxonomies, and green bond surges.

6.2 Demographic Analysis

Geographic distribution shows Europe dominating (35-40% share) via UK/German universities,
followed by Asia-Pacific (25-30%, China/Australia lead), North America (20-25%), and India-
specific contributions (5-8%). Key Indian institutions include IITs (multi-campus), Bharathidasan
University, Indian School of Business, Climate Policy Initiative, and NITI Aayog affiliates.
Institutional productivity rankings place European/North American universities atop h-index
metrics, but Indian output grew 300% (2018-2024). Author networks reveal modest international
collaboration, with 65% single-country papers. Discipline spread: economics/finance (45%),
environmental science (30%), policy (15%), technology (10%)

Table 2. Geographic and Institutional Distribution

Region/Institution Type Publication Share Leading Contributors
Europe 35-40% UK/Germany universities
Asia-Pacific 25-30% China, Australia, IITs
North America 20-25% US universities/think tanks
India-Specific 5-8% Bharathidasan Univ., ISB
Other 5-10% Emerging markets

Keyword co-occurrence (n>10) generated seven thematic clusters via VOSviewer: (1) renewable
infrastructure (25-30%, solar/wind/storage); (2) green instruments (18-22%, bonds/loans); (3)
ESG/investor behavior (15-20%); (4) carbon mitigation (12-15%); (5) frontiers (10-15%,
hydrogen/circular); (6) fintech (8%); (7) climate resilience (5%). Density visualization confirms
renewables as core, frontiers as peripheral high-growth.

India's market metrics validate research acceleration: sustainable debt USD 55.9 billion (July 2025,
83% bonds/loans), green loans USD 5.5 billion (2024), renewable FDI USD 23 billion (2000-mid-
2025), conglomerate pledges USD 800 billion (to 2034), H1 2025 capacity 22 GW, ESG market USD
1.22-4.11 billion (23.3% CAGR to 2030). Investor demographics evolved: institutions (60%),
multinationals/FPIs (25%), retail (10%, fintech-driven), DFIs (5%).

Table 3. India Green Investment Metrics (2024-2025)

Metric Value

Sustainable Debt USD 55.9B (Jul 2025)
Green Loans (2024) USD 5.5B
Renewable FDI (2000-2025) USD 23B
Conglomerate Pledges USD 800B (to 2034)
Renewables Added (H1 2025) 22 GW
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Metric Value

ESG CAGR (2024-2030) 23.3%

5.2 Discussion

Results confirm green finance's transition to mainstream scholarship and practice. Publication
acceleration mirrors policy catalysts (BRSR, taxonomies), with India's 5-8 % share disproportionate
to USD 55.9B market scale. Thematic maturation —from renewables bedrock to hydrogen/fintech
frontiers —reflects technological convergence (battery costs -89% since 2010) and investor
sophistication (return-impact integration). Demographic concentration in developed regions
signals emerging-market research lag, despite India's private-sector dynamism (USD 800B pledges
vs. China's state model).

Investor heterogeneity aligns with regulatory efficacy: BRSR disclosure boosted retail via fintech
(10% share), FPIs allocate 25% ESG to India. Challenges persist: verification gaps inflate
greenwashing risks; transition sectors (steel /chemicals) lack blended finance pathways. Compared
to global peers, India's 23.3% ESG CAGR exceeds mature markets, offering alpha via
scale/diversification. Limitations include English bias; strengths lie in timely synthesis to July 2025.

5.3 Theoretical Implications

Findings advance multiple frameworks. Environmental economics validates green capital

as externality correction, evidenced by USD trillions redirected. Stakeholder theory demonstrates
ESG evolution from screening to thesis-building, enhancing long-term resilience. Behavioral
finance reveals  retail = democratization via  fintech, challenging rational actor
assumptions. Institutional theory underscores regulation's catalytic role (BRSR—investor
pluralism). Transition theory highlights gaps in hard-to-abate financing, necessitating blended
models. These contributions refine risk-return paradigms incorporating climate resilience,
positioning green finance as stakeholder capitalism operationalized in emerging contexts. Future
models should integrate Al-driven predictive ESG analytics.

6. Limitations and Future Research Directions

6.1 Limitations

This study has several limitations that should be considered when interpreting its findings. First,
the bibliometric analysis relies predominantly on English-language publications indexed in Scopus
and Web of Science, potentially excluding significant research published in other languages or
regional databases, which may bias the geographic and thematic representation. The exclusion of
non-peer-reviewed material such as policy briefs, reports, and working papers might overlook
emerging insights from practitioner communities. Additionally, reliance on published articles
means findings are subject to publication lag, limiting real-time reflection of rapidly evolving green
finance trends. Citation-based metrics can favor older or highly cited papers, somewhat
disadvantaging recent influential works. The network analysis, while informative, cannot capture
the nuanced qualitative aspects of interdisciplinarity or policy impact. Market data compiled from
secondary institutional reports may face reporting inconsistencies or gaps, and the fast-changing
regulatory and economic landscape could render some metrics outdated post-July 2025.

6.2 Future Research Directions

To address these gaps, future research should adopt multidisciplinary and mixed methods
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approaches that combine bibliometric, qualitative, and empirical analyses. Longitudinal case
studies tracking investor portfolio evolution and the real-world impact of green finance
instruments in India’s transition sectors (e.g., steel, cement) would deepen understanding of
financial and social outcomes. Behavioral finance experiments exploring retail investor decision-
making on ESG issues, especially within India’s socio-economic diversity, could inform tailored
engagement strategies. Development of standardized, comparable impact measurement
frameworks across heterogeneous green investments remains an urgent priority, enabling
benchmarking and valuation. Research is needed on blended finance mechanisms that blend
public, private, and philanthropic capital to de-risk projects in hard-to-abate sectors. Further
investigation into gender and social equity dimensions of green finance would enrich the inclusion
discourse. Comparative cross-country studies, particularly India-China contrasts, could elucidate
emerging market dynamics. Finally, incorporating Al-driven real-time ESG data analytics and
dynamic bibliometric monitoring could enhance responsiveness to market and research shifts,
supporting evidence-based policymaking.

7. Conclusion

This bibliometric analysis reveals green finance's transformation from niche academic interest to
mainstream investment paradigm, with India's landscape exemplifying emerging-market
dynamism amid 500 GW non-fossil and net-zero commitments. Exponential publication growth
(150 to 1,400+ documents, 1997-2024), diverse thematic clusters (renewables to fintech frontiers),
and India's 5-8% global research share underscore scholarly maturation, validated by USD 55.9
billion sustainable debt, 23.3% ESG CAGR, and USD 800 billion private pledges. Regulatory
catalysts like SEBI BRSR have diversified investors from institutions to retail, though gaps in
transition finance, impact metrics, and behavioral insights persist. Findings guide capital allocators
toward risk-adjusted diversification, policymakers toward taxonomies and blended models, and
scholars toward multidisciplinary frontiers, positioning India as a strategic leader in sustainable
capital mobilization for climate-resilient growth.
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