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ABSTRACT 

Green finance has become an important mechanism for aligning capital allocation with clean-energy 

transitions and sustainable development. This structured integrative review synthesizes 84 substantive 

journal articles published between 2002 and 2025, supported by three methodological sources. Literature 

was identified through Scopus, Web of Science, and Google Scholar searches conducted in June–July 2026 

and synthesized narratively across six themes: green-finance instruments and market pricing; cost of capital 

and project finance; policy and risk allocation; financial development and digital finance; directed 

technological change; and sustainable-development outcomes. Of the 84 substantive studies, 44 were 

published from 2020 onward, representing 52.4% of the evidence base. The review finds that green bonds 

can mobilize capital and support investment and innovation, although pricing advantages vary with issuer 

quality, verification, market conditions, and use-of-proceeds credibility. Financing costs are strongly 

associated with renewable-energy deployment, particularly in developing economies where macroeconomic 

and project risks can constrain investment. Stable policy, risk-sharing mechanisms, financial development, 

and digital access are generally associated with improved investment conditions, while carbon pricing and 

renewable-energy support can influence the direction of technological innovation. Evidence on economic 

growth and sustainable-development outcomes remains heterogeneous across countries, institutional 

settings, and empirical methods. Overall, green finance appears most effective when financial additionality 

is linked to measurable environmental performance, technological learning, broader access to capital, and 

credible governance. The review provides an integrated framework linking financial instruments, investment 

conditions, transition outcomes, and sustainable-development effects across diverse national contexts. 

Keywords: green finance; clean energy transition; renewable-energy investment; green bonds; cost of 

capital; sustainable development; climate finance 

INTRODUCTION 

The clean-energy transition is a capital-allocation challenge as well as a technological transformation. 

Renewable technologies require substantial upfront investment, have long asset lives, and depend on 
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financing arrangements that distribute construction, policy, market, and operational risks across investors 

(Steffen, 2018). Financing institutions influence which technologies progress from demonstration to 

deployment because public, private, and mixed financiers differ in mandates, risk tolerance, and investment 

horizons (Mazzucato & Semieniuk, 2018). Financing conditions also evolve with technological maturity and 

investor experience, producing technology-specific changes in required returns (Egli et al., 2018). These 

characteristics make the cost and structure of capital integral to the pace of decarbonization rather than a 

secondary consideration (Calcaterra et al., 2024). In developing economies, high financing costs can 

reinforce carbon-intensive investment pathways even where renewable resources are technically attractive 

(Ameli et al., 2021). 

Green finance seeks to redirect capital through labeled bonds, credit programs, investment standards, risk-

sharing instruments, and policy-linked funding. Cross-country evidence associates green finance with 

greater renewable-energy deployment, although the strength of this relationship varies across financial and 

institutional settings (Alharbi et al., 2023). Evidence from 53 countries similarly links green finance with 

renewable-energy development (Hou et al., 2023), while studies of BRICS economies associate green 

finance with renewable investment and environmental protection (Zeng et al., 2023). Corporate green bonds 

provide a firm-level mechanism by linking borrowed funds to environmental projects and organizational 

commitments (Flammer, 2021). Their contribution to the transition, however, depends on whether proceeds 

finance credible transition activities rather than merely refinance existing assets with limited additional 

environmental value (Maltais & Nykvist, 2020). 

The economics of green finance also encompasses pricing, risk, information, and portfolio choice. 

Differences in green-bond yields may reflect investor preferences for environmental attributes, but the 

associated premium is neither uniform nor persistent (Larcker & Watts, 2020). A systematic review shows 

that the green premium varies with issuer type, certification, currency, maturity, and market design 

(MacAskill et al., 2021). Carbon emissions are also reflected in equity-market pricing, suggesting that 

transition exposure enters investors’ assessments of expected returns (Bolton & Kacperczyk, 2021). 

Equilibrium models of sustainable investing further show how environmental preferences can affect asset 

prices and the cost of capital (Pástor et al., 2021). Divergence in environmental, social, and governance 

ratings complicates this process because inconsistent measurement alters the information available to 

investors (Berg et al., 2022). 

Sustainable development broadens the evaluation of green finance beyond issuance volumes and short-term 

returns. Life-cycle assessment shows that green-bond-financed renewable projects can differ materially in 

environmental performance even when they share the same financing label (Gibon et al., 2020). European 

evidence links green finance with sustainable-development outcomes through financial and institutional 

pathways (Afzal et al., 2022). Reviews of climate-finance policy indicate that capital mobilization depends 

on instrument design, implementation capacity, and the allocation of public and private risk (Bhandary et al., 

2021). Evidence from developing countries further suggests that digital-economy capacity can strengthen 

the relationship between green financing and energy transformation (Nepal et al., 2024), while climate risk 

can alter the strength of the green-finance–energy-transition relationship (Lee et al., 2024). Against this 

background, the present review examines how finance is associated with clean-energy investment, 

innovation, market performance, environmental quality, economic growth, and distributional outcomes, with 

particular attention to recent evidence, cross-country heterogeneity, and the strength of the underlying 

empirical mechanisms. 

METHODOLOGY 

This study employed a structured integrative review with narrative synthesis to examine the relationships 

among green finance, renewable-energy investment, financing costs, financial-market pricing, policy and 

institutional risk, technological innovation, economic growth, environmental outcomes, and sustainable 

development. An integrative approach was considered appropriate because the literature contains 

heterogeneous research designs, including panel-data estimations, event studies, asset-pricing analyses, 
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surveys, real-options models, theoretical and equilibrium models, and life-cycle assessments, for which a 

common statistical effect measure is not consistently available (Lucas et al., 2007).  

Literature Search and Information Sources 

The literature search was conducted during June–July 2026 using Scopus, Web of Science, and Google 

Scholar. Scopus and Web of Science served as the principal bibliographic databases, while Google Scholar 

supplemented the search. Only English-language publications were considered. Search terms covered green 

finance and green bonds, financing costs and project finance, renewable and clean energy, financial and 

digital finance, policy and climate risk, technological innovation, environmental performance, economic 

growth, and sustainable development. The Boolean search strategy combined key concepts as follows: 

("green finance" OR "green bond" OR "climate finance" OR "sustainable finance" OR "financial 

development" OR "digital finance" OR "project finance" OR "cost of capital") AND ("renewable energy" 

OR "clean energy" OR "energy transition" OR "low-carbon transition" OR "green innovation") AND 

(investment OR financing OR deployment OR emissions OR "economic growth" OR "sustainable 

development")*. Search syntax was adapted to each source. The review followed a structured integrative 

evidence-identification approach, and no review protocol was prospectively registered. 

Eligibility Criteria 

Studies were eligible when they were English-language journal articles and examined at least one 

substantive relationship among green finance, renewable-energy investment or consumption, financing 

costs, green-bond pricing, project finance, financial development, digital finance, climate or policy risk, 

technological innovation, environmental performance, economic growth, or sustainable development. 

Studies were retained where their findings contributed directly to at least one of the six analytical themes 

used in the review. Records were excluded when they were duplicates; were not published in English; were 

not substantive journal articles; fell outside the conceptual scope of the review; or did not examine a 

sufficiently direct relationship between the financial, energy-transition, innovation, environmental, or 

sustainable-development variables considered in the review. Studies concerned exclusively with technical or 

engineering characteristics of energy technologies, without an economic, financial, policy, innovation, 

environmental, or development dimension relevant to the review framework, were also excluded. 

Methodological papers used solely to guide the synthesis were retained as supporting references but were 

not counted as substantive studies. 

Screening and Study Selection 

Duplicate records were identified using DOI, title, author, and bibliographic information and removed 

before analysis. Bibliographic metadata were checked against DOI records, and incorrect DOI–title matches 

were corrected where necessary. DOI verification confirmed bibliographic identity and was not treated as an 

assessment of methodological quality. Screening was not conducted independently by multiple reviewers; 

therefore, no inter-reviewer agreement or disagreement-resolution procedure was applied. Eligibility 

decisions followed the predefined criteria described above. The final substantive corpus comprised 84 

journal articles published between 2002 and 2025, including 44 published from 2020 onward (52.4%). Three 

additional sources which are Lucas et al. (2007), Rodgers et al. (2009), and Campbell et al. (2020) were used 

only for methodological guidance. The manuscript therefore includes 87 references: 84 substantive studies 

and three methodological sources. 

Data Extraction and Thematic Coding 

Each substantive article was coded by financial instrument or condition, capital-allocation mechanism, 

policy or institutional setting, financial outcome, energy or environmental outcome, geographic context, and 

sustainable-development relevance. Each study was assigned to one dominant theme to avoid double 

counting: green-finance instruments and market pricing (22), cost of capital and project finance (12), policy 

and risk allocation (13), financial development and digital finance (12), directed technological change (10), 

http://www.rsisinternational.org/


Page 1725 

www.rsisinternational.org 

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING, 

MANAGEMENT & APPLIED SCIENCE (IJLTEMAS) 

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XV, Issue IX, September 2026 

 

 
 

 

and growth, environmental, and development outcomes (15), totaling 84 studies. A second stage compared 

mechanisms, direction of findings, geographic settings, empirical approaches, and sources of heterogeneity 

across themes, consistent with narrative-synthesis guidance (Rodgers et al., 2009). Because study designs, 

variables, settings, and outcomes differed substantially, statistical pooling was not undertaken. Reporting 

followed relevant SWiM principles for synthesis without meta-analysis (Campbell et al., 2020). Findings 

were interpreted according to methodological strength and consistency, with stronger evidence distinguished 

from limited evidence and weaker observational findings described more cautiously in Table 1. 

Table 1. Thematic distribution, methods and evidence gap in included studies (n = 84) 

Literature cluster n (%) Main 

methods/data 

Core finding Key evidence gap 

Green-finance 

instruments & 

pricing 

22 

(26.2) 

Event studies, 

bond pricing, 

surveys 

Green-bond effects vary 

by issuer, verification 

and market conditions 

Limited evidence on 

additionality and 

verified impact 

Cost of capital & 

project finance 

12 

(14.3) 

WACC models, 

project finance, 

panels 

Financing costs strongly 

shape renewable 

deployment 

Sparse project-level 

evidence in developing 

economies 

Policy design & 

risk allocation 

13 

(15.5) 

Panels, real-

options, policy 

reviews 

Stable policy and risk-

sharing improve 

investment conditions 

Few cross-country 

comparisons of policy 

effectiveness 

Financial 

development & 

digital finance 

12 

(14.3) 

Panel models, 

financial indices 

Financial depth and 

digital access support 

renewable adoption 

Limited causal and 

project-level evidence 

Technological 

change & green 

innovation 

10 

(11.9) 

Patent data, firm 

panels, policy 

analysis 

Policy and finance can 

redirect innovation 

toward clean 

technologies 

Weak links from 

innovation to 

deployment and 

emissions 

Sustainable-

development 

outcomes 

15 

(17.9) 

Panel/time-series 

studies, LCA 

Growth and 

environmental effects 

vary across countries 

and contexts 

Limited distributional 

and SDG-specific 

evidence 

Total 84 (100) — — — 

 

Green-Finance Instruments and Capital Mobilization 

Green bonds are the most developed labeled instrument in the corpus. Event-study evidence indicates that 

shareholders may respond positively to green-bond announcements, consistent with signaling environmental 

commitment or improved access to finance (Tang & Zhang, 2020). Corporate green-bond issuance is 

associated with improved environmental performance and higher green investment, although these 

relationships depend on issuer behavior (Flammer, 2021). Evidence from the European Union suggests that 

green bonds can support climate mitigation when proceeds finance projects with measurable emissions 

benefits (Fatica & Panzica, 2021). Issuer characteristics and third-party verification also help explain 

variation in the green-bond premium by reducing uncertainty about environmental quality (Bachelet et al., 
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2019). Surveys of European asset managers further show that institutional demand reflects investment 

mandates, diversification objectives, client preferences, and beliefs about environmental impact (Sangiorgi 

& Schopohl, 2021). Capital mobilization requires more than the issuance of a labeled security. Green bonds 

are more likely to support a low-carbon transition when proceeds are additional, traceable, and aligned with 

the issuer’s transition strategy (Sartzetakis, 2021). Firm-level evidence indicates greater credibility when 

green debt is linked to corporate climate targets rather than treated separately from emissions planning 

(Tuhkanen & Vulturius, 2022). Green-bond issuance is also associated with corporate performance through 

financing, reputational, and innovation channels, although effects vary across firms (Tan et al., 2022). 

Central-bank policy can influence global green-bond issuance through changes in liquidity, yields, and 

broader financing conditions (Mertzanis, 2024). Digital-currency development may also interact with green-

bond markets by affecting settlement, information, and financing channels in a net-zero economy (Xin et al., 

2024). Sustainable-finance frameworks further emphasize credit enhancement, aggregation, and long-term 

institutional investment for renewable-energy projects that lack direct access to bond markets (Taghizadeh-

Hesary & Yoshino, 2020). 

Table 2. Green-finance instruments and their transition mechanisms 

Instrument Capital-allocation 

mechanism 

Economic effect Transition outcome Source 

Corporate green 

bonds 

Ring-fenced 

proceeds and issuer 

signaling 

Broader investor 

demand and possible 

financing advantage 

Investment, innovation 

and environmental-

performance change 

(Flammer, 2021; 

Tan et al., 2022) 

Verified green 

bonds 

External review and 

clearer use-of-

proceeds information 

Lower information 

asymmetry; pricing 

depends on issuer 

quality 

Greater credibility of 

financed 

environmental assets 

(Bachelet et al., 

2019; Maltais & 

Nykvist, 2020) 

Project finance Contractual 

allocation of 

construction, market 

and operating risks 

Asset-specific 

leverage and reduced 

balance-sheet 

pressure 

Deployment of capital-

intensive renewable 

projects 

(Steffen, 2018) 

De-risking and 

climate-finance 

policy 

Guarantees, 

concessional capital 

and policy-risk 

mitigation 

Lower hurdle rates 

where risks are not 

privately manageable 

Mobilization in 

capital-constrained 

markets 

(Schmidt, 2014; 

Bhandary et al., 

2021) 

Digital and 

green credit 

Expanded screening, 

payments and access 

to investment funds 

Lower transaction 

costs and wider 

financing reach 

Energy transformation 

through green 

investment 

(Nepal et al., 

2024; Lin & 

Xie, 2025) 

Climate-risk 

and ESG 

allocation 

Portfolio tilts, 

engagement and risk-

sensitive pricing 

Reallocation from 

carbon exposure 

toward preferred 

assets 

Transition incentives 

with measurement and 

rating uncertainty 

(Giglio et al., 

2021; Pedersen 

et al., 2021) 
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Green-Bond Pricing, Greenium and Market Risk 

Evidence on the greenium is conditional rather than uniform. Comparisons of matched green and 

conventional bonds identify yield differences associated with investors’ pro-environmental preferences 

(Zerbib, 2019). Corporate green-bond issuance may offer a financing advantage, but the magnitude varies 

with currency, credit rating, maturity, and issuer quality (Gianfrate & Peri, 2019). Municipal-bond evidence 

further shows that the value of the green label changes over time, limiting its treatment as a fixed pricing 

attribute (Karpf & Mandel, 2018). Comparisons across green and conventional bonds also reveal 

heterogeneous pricing across market segments (Hachenberg & Schiereck, 2018). In tightly matched 

samples, the absence of a consistent premium suggests that credit risk and bond characteristics explain much 

of the observed yield difference (Larcker & Watts, 2020). A broader review similarly identifies verification, 

liquidity, issuer sector, and sample design as important sources of variation in estimated premiums 

(MacAskill et al., 2021). 

Green bonds also interact with conventional assets and macroeconomic shocks. Their co-movement with 

equity, energy, and fixed-income markets influences whether they provide diversification benefits or 

transmit price shocks (Reboredo, 2018). Connectedness estimates show that spillovers vary over time and 

across financial markets (Reboredo & Ugolini, 2020). Volatility analysis indicates that the green-bond 

market has a distinct risk structure rather than functioning as a risk-free environmental asset (Pham, 2016). 

Oil-price shocks can affect green-bond performance through inflation, energy-substitution, and investor-risk 

channels (Azhgaliyeva et al., 2022). During the COVID-19 disruption, changing correlations among climate 

bonds, stocks, gold, and oil altered the relative usefulness of these assets as hedges (Dutta et al., 2021). 

Time-varying relationships between green and conventional bond benchmarks also reflect broader 

macroeconomic conditions (Broadstock & Cheng, 2019). 

Cost of Capital, Project Finance and Investment Deployment 

Renewable-energy deployment is highly sensitive to financing costs because much of the lifetime cost is 

committed before electricity is generated. Developing and transition economies with deeper financial 

systems tend to record stronger renewable-energy investment, linking financial intermediation with project 

realization (Brunnschweiler, 2010). Project finance isolates project cash flows and allocates risk 

contractually, making it particularly relevant for capital-intensive renewable assets (Steffen, 2018). The 

weighted average cost of capital can materially affect the levelized cost of solar power and may reverse 

apparent resource advantages across locations (Ondraczek et al., 2015). Electricity-sector modeling reaches 

a similar conclusion, showing that capital costs influence which low-carbon technologies enter economically 

efficient decarbonization pathways (Hirth & Steckel, 2016). De-risking mechanisms can also lower required 

returns by transferring or mitigating policy and market risks that private investors may be unable to absorb 

efficiently (Schmidt, 2014). Financing risk varies across technologies, countries, and project stages. Investor 

experience and technological learning can reduce financing costs over time, although the pace differs 

between solar and wind projects (Egli et al., 2018). Historical analysis shows that perceived renewable-

energy investment risk changes with policy design, market maturity, and macroeconomic conditions (Egli, 

2020). Financing institutions may also shape technological direction because different investors support 

different scales and stages of innovation (Mazzucato & Semieniuk, 2018). Cross-country modeling suggests 

that high capital costs can create a climate-investment trap in developing economies by raising renewable-

energy costs and sustaining fossil-fuel investment (Ameli et al., 2021). Global scenarios likewise indicate 

that reducing the cost of capital could accelerate energy-transition investment in developing countries 

(Calcaterra et al., 2024). Overall, green finance is most likely to support deployment when it reduces a 

binding financing constraint rather than simply relabeling existing capital. 

Policy Design, Institutions and Risk Allocation 

Public policy shapes renewable-energy investment through revenue certainty, market access, permitting, and 

policy durability. Panel evidence across OECD countries links policy design and institutional conditions 

with renewable-energy investment (Polzin et al., 2015). Venture-capital investors tend to favor instruments 
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that match the technological and commercial risks of cleantech development (Bürer & Wüstenhagen, 2009). 

Strategic investment frameworks describe renewable-energy decisions as an interaction among policy, 

market structure, firm resources, and managerial interpretation (Wüstenhagen & Menichetti, 2012). 

Behavioral evidence further indicates that managers’ perceptions of risk and opportunity influence 

investment decisions even when financial indicators are similar (Masini & Menichetti, 2012). In the United 

States, uncertainty surrounding the production tax credit was associated with delays in wind investment, 

illustrating the importance of policy stability (Barradale, 2010). 

Support instruments also differ in how they allocate risk. Real-options analysis shows that feed-in tariffs, 

certificates, and other support schemes alter the timing and value of investment under uncertainty 

(Boomsma et al., 2012). Mean-variance analysis likewise finds that tariff and premium systems generate 

different revenue-risk profiles for renewable-energy investors (Kitzing, 2014). Uncertain climate policy can 

raise hurdle rates because firms retain the option to delay irreversible investment (Blyth et al., 2007). 

Reviews of climate-finance policy indicate that implementation quality and public risk allocation influence 

whether financial instruments mobilize private capital (Bhandary et al., 2021). Green-bond policies may also 

support green innovation and environmental improvements when issuance incentives are aligned with local 

transition objectives (Lee et al., 2023). Climate risk further conditions the relationship between green 

finance and energy transition, making institutional resilience an important component of transition policy 

(Lee et al., 2024). 

Financial Development, Digital Finance and Renewable-Energy Adoption 

Financial development can support renewable-energy investment by expanding credit supply, improving risk 

diversification, strengthening payment capacity, and increasing access to long-term capital. Cross-country 

panel evidence identifies a positive relationship between financial development and renewable-energy 

consumption (Anton & Afloarei Nucu, 2020). Earlier research on emerging economies similarly links 

financial development with energy demand, suggesting that environmental outcomes depend on which 

technologies receive additional finance (Sadorsky, 2010). Financial capital may support a shift toward 

renewable energy or reinforce coal use, depending on relative costs and institutional incentives (Best, 2017). 

Global multidimensional analysis further shows that banking systems, capital markets, and other 

components of financial development have distinct relationships with renewable-energy use (Sun et al., 

2023). Evidence from Ghana also identifies domestic financial capacity as an important condition for 

renewable-energy consumption (Prempeh, 2023). 

Recent studies extend this analysis to digital access, financial stability, and economic openness. In BRICS 

economies, the relationship between financial development, technological innovation, and renewable-energy 

use varies with economic openness and financial stability (Athari, 2024). Evidence from developing 

countries suggests that the digital economy can strengthen the contribution of green finance to energy 

transformation by improving information flows and transaction capacity (Nepal et al., 2024). Chinese 

evidence identifies green investment as a channel through which digital finance supports energy transition 

(Lin & Xie, 2025). At the global level, however, substantial cross-country heterogeneity remains in the 

relationship between green finance and renewable-energy deployment (Alharbi et al., 2023). Multi-country 

evidence also indicates that institutional and income differences condition these relationships (Hou et al., 

2023). Digital finance is therefore most relevant where it reduces screening and transaction costs without 

weakening project appraisal or environmental verification. 

Innovation, Carbon Pricing and Technological Change 

Environmental prices and policy signals can influence the direction of technological change. Higher energy 

prices are associated with greater energy-saving innovation because they increase the expected returns to 

efficiency technologies (Popp, 2002). Patent-based evidence shows that renewable-energy policies affect 

innovation differently across technologies, with responsiveness varying by technological maturity 

(Johnstone et al., 2010). International evidence also shows that climate-mitigation technologies diffuse 

unevenly across countries, highlighting the importance of technology-transfer capacity (Dechezleprêtre et 
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al., 2011). The European Union Emissions Trading System was associated with increased low-carbon 

patenting among regulated firms, providing evidence of a directed innovation response to carbon pricing 

(Calel & Dechezleprêtre, 2016). Evidence from the automotive sector similarly indicates that fuel prices and 

carbon-related policies influence whether firms innovate in cleaner or conventional technologies, while prior 

knowledge contributes to path dependence (Aghion et al., 2016). 

Finance can reinforce these innovation incentives by affecting access to risk-bearing capital. Firm-level 

patent evidence shows that fossil-fuel and renewable-energy knowledge bases respond differently to energy 

prices and policy incentives (Noailly & Smeets, 2015). Green-bond policies may also support green 

innovation when financed activities are linked to research, infrastructure, and environmental improvement 

(Lee et al., 2023). Chinese evidence associates green finance with renewable-energy technology innovation 

(Shi & Shi, 2025).  

Climate risk can further strengthen or weaken the relationship between green finance and energy transition, 

altering innovation incentives across exposed economies (Lee et al., 2024). Digital finance and green bonds 

may also evolve together by reducing transaction frictions and broadening the funding base for net-zero 

technologies (Xin et al., 2024). Evidence of an innovation effect is strongest when financial interventions are 

accompanied by measurable changes in patents, deployment, emissions performance, or technological 

learning. 

Sustainable Development Outcomes and Distributional Implications 

The relationship between renewable energy and economic growth varies across country groups, time 

periods, and empirical methods. OECD panel evidence identifies long-run associations between renewable-

energy consumption and economic growth (Apergis & Payne, 2010). European evidence reports a neutrality 

result under a different specification, illustrating the sensitivity of findings to methodological choices 

(Menegaki, 2011). A broader panel study suggests that renewable-energy consumption can contribute to 

economic growth, although substantial country heterogeneity remains (Inglesi-Lotz, 2016).  

Evidence from major renewable-energy-consuming countries also links renewable use with growth, with 

effects differing across national contexts (Bhattacharya et al., 2016). European Union research that separates 

fossil energy, renewable energy, emissions, and output further shows that growth and decarbonization 

cannot be represented by a single relationship (Bölük & Mert, 2014). 

Country-level studies reinforce the context-dependent nature of these outcomes. Evidence from Brazil 

identifies distinct relationships among renewable energy, nonrenewable energy, and economic growth (Pao 

& Fu, 2013), while Turkish evidence reports an asymmetric renewable-energy and growth relationship that 

differs from several panel-based findings (Ocal & Aslan, 2013). Research on emerging economies also links 

income growth with renewable-energy demand, suggesting that development can expand clean-energy 

markets where institutional conditions support substitution (Sadorsky, 2009).  

European findings, however, question whether renewable-energy deployment automatically promotes 

growth, underscoring the need to distinguish investment costs from longer-term productivity effects 

(Marques & Fuinhas, 2012). Green bonds are also associated with higher clean-energy investment and 

improved environmental quality when financing reaches emissions-reducing projects (Shah et al., 2024).  

Evidence from BRICS economies similarly links green finance with renewable-energy investment and 

environmental protection (Zeng et al., 2023). European evidence further presents green finance as a potential 

sustainable-development mechanism, although outcomes depend on financial inclusion and institutional 

capacity (Afzal et al., 2022). Thus, the evidence suggests that sustainable-development outcomes depend not 

only on the availability of green finance but also on the institutional and financial conditions through which 

capital is allocated. Table 3 summarizes the main enabling conditions identified across the literature, their 

economic mechanisms, clean-energy outcomes, and links to relevant Sustainable Development Goals. 
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Table 3. Enabling conditions linking green finance with sustainable development 

Enabling 

condition 

Economic 

mechanism 

Clean-energy 

outcome 

SDG relevance Source 

Predictable 

policy 

Reduces revenue 

uncertainty and 

the option value 

of delay 

Earlier renewable 

investment 

Affordable and 

clean energy; 

climate action 

(Polzin et al., 

2015; Barradale, 

2010) 

Lower cost of 

capital 

Reduces 

levelized cost 

and expands 

bankable project 

pipelines 

Faster 

deployment in 

developing 

economies 

Clean energy; 

infrastructure; 

reduced 

inequalities 

(Ameli et al., 

2021; Calcaterra 

et al., 2024) 

Credible 

standards and 

verification 

Improves 

information 

quality and limits 

mislabeling 

Capital reaches 

projects with 

clearer 

environmental 

attributes 

Production 

responsible for 

climate action 

(Bachelet et al., 

2019; Gibon et 

al., 2020) 

Financial depth 

and digital access 

Expands credit, 

payments, risk 

sharing and 

investor reach 

Higher 

renewable 

consumption and 

investment 

Clean energy; 

industry and 

innovation 

(Sun et al., 2023; 

Lin & Xie, 2025) 

Innovation 

capability 

Transform policy 

and finance into 

patents, learning 

and deployment 

Lower 

technology cost 

and improved 

transition 

capacity 

Industry and 

innovation; 

climate action 

(Shi & Shi, 2025; 

Calel & 

Dechezleprêtre, 

2016) 

Climate-risk 

governance 

Prices transition 

exposure and 

align portfolios 

with risk appetite 

More disciplined 

capital allocation 

Climate action; 

strong 

institutions 

(Krueger et al., 

2020; Bolton & 

Kacperczyk, 

2023) 

 

DISCUSSION 

The reviewed evidence supports a financing chain that begins with instrument design and extends to 

measurable development outcomes. Corporate green bonds are associated with changes in investment and 

environmental performance when proceeds are linked to identifiable projects (Flammer, 2021). Life-cycle 

assessment nevertheless shows that financed assets can differ substantially in resource use and emissions 

performance (Gibon et al., 2020). Alignment between corporate climate targets and green debt can 

strengthen the credibility of transition claims (Tuhkanen & Vulturius, 2022). Pricing studies find no 

universal greenium, indicating that lower borrowing costs are an empirical outcome rather than an inherent 

feature of the green label (MacAskill et al., 2021). Divergence in ESG ratings adds further measurement 

uncertainty because investors may classify the same issuer differently (Berg et al., 2022). Green finance is 
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therefore most additional when it changes the quantity, cost, timing, or environmental quality of capital 

directed toward clean-energy activities. 

The cost of capital emerges as a major cross-theme mechanism. High required returns increase renewable-

electricity costs even where resource conditions are favorable (Ondraczek et al., 2015). In developing 

economies, macroeconomic and project risks can create a climate-investment trap by making clean-energy 

assets more expensive to finance (Ameli et al., 2021). Lower capital costs can support greater transition 

investment, although broad subsidies may create fiscal costs without addressing the underlying sources of 

risk (Calcaterra et al., 2024). Policy stability also matters because uncertainty can increase the value of 

delaying irreversible investment (Blyth et al., 2007). Climate-finance policy is therefore most effective when 

supported by credible implementation and appropriate public-private risk allocation (Bhandary et al., 2021). 

Evaluation should trace how instruments such as guarantees, green-credit rules, and bond standards affect 

financing constraints and whether these changes are followed by measurable deployment and emissions 

outcomes. 

Recent literature increasingly emphasizes climate-risk pricing, digital infrastructure, and transition 

credibility. Institutional investors generally treat climate risk as financially material, although practices vary 

across organizations (Krueger et al., 2020). Carbon tail risk can increase demand for protection against 

severe transition-related outcomes (Ilhan et al., 2021), while global equity evidence indicates that carbon-

transition risk is reflected in asset prices across markets (Bolton & Kacperczyk, 2023). Responsible-

investment models further show how environmental preferences can be incorporated into portfolio decisions 

alongside expected return and risk (Pedersen et al., 2021). Evidence on green returns also suggests that 

realized performance may reflect changing environmental preferences rather than persistent abnormal 

returns (Pástor et al., 2022). Future climate-finance research would benefit from clearer counterfactuals, 

more consistent transition metrics, project-level emissions data, and greater attention to who receives capital 

and who bears transition costs (Giglio et al., 2021). 

CONCLUSION 

Green finance can support clean-energy transitions when it reduces binding financing constraints, allocates 

risk to actors able to manage it, and links capital to verified environmental performance. Green bonds, 

project finance, credit programs, digital platforms, central-bank measures, and carbon policies operate 

through different mechanisms and should not be assessed by issuance or investment volumes alone. More 

informative evaluation follows the pathway from financial instruments to financing costs, project 

deployment, technological learning, emissions reduction, economic performance, and distributional 

outcomes. Stable institutions and credible standards are important for limiting policy uncertainty, 

greenwashing, and fragmented disclosure. Developing economies require particular attention because high 

financing costs can prevent strong renewable-resource potential from translating into affordable investment. 

A sustainable-development perspective also requires consideration of access to finance, local capabilities, 

employment, environmental quality, and exposure to transition costs. Overall, the evidence suggests that 

green finance contributes most effectively to sustainable development when financial additionality, 

environmental integrity, technological capability, and accountable governance are considered together 

within a coherent transition strategy. 
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