


Green Finance and Export Competitiveness: Evidence from India’s Renewable Energy Sector
Abstract 
In the context of the developing low-carbon global trade climate, this paper explores how green finance affects India's export competitiveness in renewable energy. The study assesses how well green financial mechanisms, policy frameworks, and export performance align during FY 2023–2024 using a Descriptive-Analytical methodology supported by PESTLE analysis and Financial-Flow Mapping. Although India exported USD 4.08 billion worth of renewable products, this amounts for only 0.68% of overall merchandise exports, and barely 16% of national green finance flows are allocated toward export-oriented projects. Green bonds and concessional lending reduce capital costs, improve market access, and promote ESG compliance, as demonstrated by case studies from ReNew Power and Tata Power Solar. This is particularly true for solar photovoltaic goods, which make for the majority of India's renewable exports. The research emphasizes major gaps, including poor coordination between trade and banking institutions, restricted export-linked finance, and growing global carbon-compliance requirements. It finds that extending export-focused green finance, enhancing EXIM Bank’s Green Window, and promoting technology-driven manufacturing are vital to improve India’s position in the global renewable energy value chain.
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Introduction
The global trade landscape is undergoing a fundamental transformation driven by sustainability imperatives, carbon-neutral commitments, and the rapid diffusion of green technologies. This transition signals not only a reconfiguration of production and consumption patterns but also a realignment of financial and trade structures toward low-carbon pathways. As international markets increasingly integrate environmental criteria such as carbon footprints, energy efficiency, and ESG compliance economic competitiveness is being reshaped by the capacity to mobilize sustainable finance and adopt clean technologies (Hossain et al., 2024). For emerging economies like India, this paradigm shift presents a dual challenge: sustaining high economic growth while achieving environmental resilience through innovative financial and policy mechanisms.
India, endowed with vast solar and wind potential, has achieved remarkable progress in renewable energy deployment, positioning itself among the top producers globally. Nevertheless, its participation in renewable energy exports remains relatively limited when compared to its production potential. This disconnect underscores the need to examine the structural and financial factors constraining India’s integration into the global green trade network. India’s renewable energy financing framework has matured through diversified policy interventions and rising investor confidence in sustainable assets (Mohanty,2024). Green finance aimed at aligning financial systems with environmental goals which plays a vital role in bridging the sustainability gap. Instruments such as green bonds, sustainability-linked loans, and ESG-focused funds help drive clean energy transitions by directing investments toward low-carbon projects and infrastructure.
Green Finance products have fostered the expansion of renewable energy infrastructure by improving access to capital and reducing financing risks. Renewable Energy refers to power obtained from naturally replenishing sources that regenerate faster than they are consumed. Examples include solar and wind energy, which are continuously available in nature.These sources are abundant and widely accessible. Producing energy from renewables results in significantly fewer emissions compared to fossil fuels. Shifting away from fossil fuels which contribute the majority of global emissions to renewable energy is essential for mitigating the climate crisis (United Nation,2022). However, despite these achievements, the linkage between green financial flows and renewable energy trade performance remains underexplored (Perwez and Safiuddin,2025). Global spillover effects exist between green finance and renewable energy investment, their implications for export competitiveness particularly in emerging economies are insufficiently studied. The gap is especially relevant for India where green capital mobilization could significantly strengthen its renewable export capacity and global trade positioning (Dogan et al. 2022).
As global trade increasingly aligns with climate-focused policies and sustainable value chains, green finance emerges as a key factor in shaping trade competitiveness. Nations embedding sustainability into their economies gain better access to green markets and climate finance. For India, positioning green finance as a strategic trade tool could strengthen its role in global commerce, underscoring the intersection of trade policy, environmental finance, and sustainability.
The study explores at how green finance tools affect India's competitiveness in the global low-carbon economy and its export performance for renewable energy. It evaluates the political, economic, social, technological, legal, and environmental facets of the green finance-trade relationship using a PESTLE paradigm. Policymakers, investors, and trade organizations can use the findings to improve India's position in the green trading system and sustainable economic diplomacy.
Literature Review
Existing literature highlights the evolving role of green finance in supporting renewable energy growth. 
1. Perwez and Safiuddin (2025) explore the implementation of green financing in India’s renewable energy sector, emphasizing how instruments like green bonds and concessional loans support sustainable energy initiatives. The study identifies barriers such as limited awareness, high costs, and regulatory challenges that restrict the effective use of green finance. It highlights the need for stronger institutional frameworks to boost investments in renewable energy, offering valuable insights into the relationship between green financial mechanisms and sectoral growth.
2. Hanif and Zheng (2025), studied how high-pollution sectors might promote environmental sustainability through the use of green finance methods and renewable energy.Their research shows that firms are incentivized to utilize greener technology when they have better access to green financial instruments such green bonds, concessional loans, and funding connected to sustainability. They find that the usage of renewable energy has a mediating function by reducing carbon intensity and improving overall environmental performance. The authors illustrated that high-emission companies can reduce their environmental impact while maintaining economic output provided green finance is backed by strong regulatory frameworks. Overall, the study verifies the premise that financial incentives paired with renewable energy expenditures might hasten the move toward sustainable industrial practices.
3. Al-Masri and Ibrahim (2025) examines how renewable energy, economic complexity, and green finance all contribute to sustainable development in Asian countries. According to their findings, nations with stronger industrial capacities are in a better position to adopt green financial systems and promote the usage of clean energy. The study also shows that integrated technological and financial frameworks improve environmental results. This contributes to the accumulating evidence that integrated policy and investment initiatives are crucial for long-term sustainability
4. Piao et al. (2025) explore how green finance helps address the obstacles that impede green productivity growth. In accordance to their findings, funding for cleaner processes and eco-friendly technologies might significantly reduce development barriers. The analysis also shows that the positive effects of green finance on productivity are amplified by green transformation within businesses. Thus, the authors concludes that strong green finance legislation, coupled with active organizational reform, are crucial for boosting sustainable production.
5. Zhu et al. (2025) conduct a thorough analysis of how different changes in green finance impact the renewable energy industry. According to their research, new financial incentives including green credit programs, targeted subsidies, and more specific investment laws greatly boost the availability of financing for clean energy projects. likewise they discover that open review processes and stable legislation encourage long-term investor participation, which accelerates project implementation and improves technological acceptance. As a whole, the authors stress that well-structured green funding changes not only promote renewable energy expansion but also strengthen the overall sustainability of the energy system.
6. Khemnar and Pandey (2024) Their study highlights green finance as a key driver of India’s renewable energy expansion, noting that instruments like green bonds, concessional loans, and sustainability-linked investments enhance capital access and lower risks. It also points to the crucial role of supportive policies, institutional frameworks, and international funding. Overall, the research identifies green finance as both an economic catalyst and a strategic tool for advancing India’s environmental and development objectives.
7. Mohanty (2024) analyzes India’s renewable energy financing, emphasizing the role of green bonds, carbon credits, venture capital, and public–private partnerships in scaling sustainable investments. The study highlights that effective policies, fiscal incentives, and risk-mitigation measures are vital to attract investors, while improved financial literacy and institutional support enhance project sustainability. It concludes that structured financing mechanisms are key to accelerating India’s shift toward a low-carbon, energy-secure economy.
8. Dong et al. (2023) examine the interaction between renewable energy investment, green finance, and geopolitical risk in reducing environmental pollution in China. The study finds that increases in green finance and clean energy innovation significantly lower pollution, while geopolitical instability weakens these effects. It concludes that aligning financial investment, technological progress, and geopolitical stability is essential for sustainable development.
9. Zheng et al. (2023) explore how green finance helps the expansion of renewable energy in China. Their analysis reveals that specialized financial instruments,such as green credit and green bonds mainly promote investment in clean-energy initiatives. The authors also discover that more green funding accelerates China's low-carbon transition and decreases reliance on traditional energy sources. Concluding, the data indicates the fundamental role of financial adjustments to driving renewable energy growth
10. According to Mavlutova et al. (2023), Green finance has become a key driver of sustainability and renewable energy growth in OECD countries. Since 2018, research and policy interest in green bonds and sustainable investments has risen sharply. The study finds that expanding green bond markets reduces carbon intensity and increases the share of renewables in the energy mix. However, inconsistent regulations, weak verification, and greenwashing risks remain major challenges, underscoring the need for stronger governance and institutional coordination to improve the effectiveness of green finance.
11. Lin et al. (2023) study explores the impact of sustainable finance, geopolitical risks, and economic growth on renewable energy investments in China. They find that sustainable financial instruments boost renewable energy deployment, while geopolitical uncertainties hinder investment. Economic expansion enhances green financing policies effectiveness.
12. Sun and Chen (2022), investigated the impact of green finance on China’s regional energy consumption using provincial panel data and a system GMM model. They find that green finance reduces fossil fuel reliance and promotes renewable energy, especially in central and western regions. The study highlights its role in achieving China’s “dual carbon” goals but notes data limitations and regional gaps, suggesting future research use more detailed, region-specific analyses.
13. Sarangi (2018) highlights key barriers to green energy financing, including limited long-term capital, high investment risks, and weak policy coordination. The study advocates for innovative tools such as green bonds and risk-mitigation funds to attract private investment and concludes that strong regulatory and institutional frameworks are vital to expand sustainable energy finance in India.
Research Gap
Existing research primarily focuses on green finance as a tool for renewable energy deployment, with little attention to its direct impact on export competitiveness. The interaction between sustainable finance and trade policy is rarely examined in an integrated framework. Addressing this gap requires analyzing how financial mechanisms, institutional structures, and policy instruments can collectively strengthen India’s renewable export position in global markets.
Objectives of the Study
I. To analyze the sectoral composition and export performance of India’s renewable energy industry during FY 2023–24. 
II. To evaluate the role of green finance in strengthening India’s renewable energy trade within the emerging world trade order.
III. To assess the impact of green bond financing on the competitiveness of India’s solar photovoltaic exports.
Statement of the Problem
Although India has become a significant producer of renewable energy, its proportion of the world's exports of renewable energy is still small. Although programs like concessional credit and green bonds have broadened the reach of green financing, there is still no connection between them and renewable energy projects that are focused on exports. High finance costs, restricted access to trade-related green capital, and more strict international regulations like carbon border systems and ESG compliance are still major challenges for exporters. India's capacity to efficiently provide green funding to renewable export industries is essential in the rapidly changing sustainable trade scenario, where competitiveness depends on environmental efficiency and involvement in green value chains. To close this gap, a thorough assessment of institutional frameworks, financial flows, and policy initiatives is necessary to improve the performance of renewable exports and reinforce India’s standing in the global low-carbon economy.
Research Methodology
The study employs a descriptive-analytical design based on secondary data from credible sources, including the Climate Policy Initiative (2024), Ministry of Commerce & Industry, EXIM Bank, IEA, WTO, and RBI. Two analytical tools guide the assessment:
· PESTLE Analysis – Evaluates the political, economic, social, technological, legal, and environmental factors shaping India’s renewable export ecosystem.
· Financial Flow Mapping – Traces domestic and international green funds directed toward export-linked renewable projects, identifying the proportion and effectiveness of trade-focused finance.
Data cover FY 2023–24 and include export values, financial flows, and sectoral performance across solar, wind, bioenergy, green hydrogen, and storage technologies. While the approach identifies correlations, causal inference is limited due to data constraints.
Table 1. Export Performance of India’s Renewable Energy Sector (2023–24)
	S.No.
	PRODUCT
	CATEGORY
	EXPORT VALUE (2023-2024)
	INDIA’S SHARE IN TOTAL EXPORT (%)
	KEY EXPORT DESTINATIONS

	1. 
	Solar Photovoltaic Modules and Cells
	Renewable Equipment
	₹21,000 Cr (USD 2.5 Bn)
	0.42%
	USA, UAE, Netherlands, Singapore

	2. 
	Wind Turbine Components (Blades, Turbines & Gearboxes)
	Renewable Machinery
	₹6,500 Cr (USD 780 Mn)
	0.13%
	Brazil, UK, South Africa, Vietnam

	3. 
	Bio-Fuel Ethanol Based Products
	Renewable Fuel
	₹3,200 Cr (USD 385 Mn)
	0.06%
	Indonesia, Japan, Sri Lanka, UAE

	4. 
	Green Hydrogen & Electrolyzer Technology
	Emerging Clean Energy
	₹8200 Cr (USD 95 Mn)
	0.02%
	Germany, Japan, South Korea

	5. 
	Battery Storage System & Power Converters
	Energy Storage
	₹1,400 Cr (USD 170 Mn)
	0.03%
	USA, Australia, France

	6. 
	Solar Inverters & Controllers
	Electrical Equipment
	₹1,000 Cr (USD 120 Mn)
	0.02%
	UAE, Kenya, Bangladesh

	7. 
	Renewable Project Consultancy & Engineering Services
	Services Export
	₹900 Cr (USD 108 Mn)
	0.02%
	Africa, ASEAN, Middle East


Source-Compiled by the researcher

In 2023–24, India exported ₹34,900 crore (USD 4.08 billion) worth of renewable energy products, accounting for only 0.68% of total exports. Solar PV dominates, with major shipments to the U.S., UAE, and the Netherlands, while wind, biofuels, and hydrogen exports remain limited but developing. New areas like engineering services and battery storage are also emerging. Expanding green finance and export-focused incentives will be essential to boost India’s renewable energy trade competitiveness.
[bookmark: _Hlk215220473]Case Study: India’s Solar PV Exports to the U.S. under Green Bond Financing
India's solar photovoltaic (PV) industry has quickly transitioned from relying on imports to being a significant exporter worldwide, with exports rising by more than 23 times between FY 2022 and FY 2024 to reach USD 2.5 billion. Nearly 35% of these shipments go to the United States, which reflects India's expanding role in international solar supply chains. Green bond financing, which allowed businesses like ReNew Power, Tata Power Solar, and Adani Green Energy to increase manufacturing capacity and modernize production for export markets, has been a major factor in this rise. Access to affordable, climate-aligned funding improved pricing competitiveness and ESG compliance by lowering financing costs by as much as 100 basis points. Overall, green finance has been crucial in enhancing India’s solar export capabilities by combining sustainable funding with technical innovation & market expansion.
 [image: ]
Fig 1. Indian PV Exports’ Annual Trend, Destination Region/Country Share except the US
Source- Ministry of Commerce and Industry, JMK Research

Impact and Insights
The integration of green bond financing has yielded multiple benefits. According to RBI (2024), improved access to affordable green financing has reduced solar export financing costs by 80–100 basis points compared to conventional loans, enhanced India’s ESG credibility among sustainability-conscious U.S. consumers, and expanded solar export capacity from 10 GW in 2020 to over 18 GW by 2024 by positioning India as a competitive player in the global solar value chain.
[bookmark: _Hlk215220491]Assessing the Impact of Green Bond Financing on the Competitiveness of India’s Solar Photovoltaic Exports 
ReNEW & TATA Power Solar showcases how technological advancement and sustainable practices, when supported by green finance, can enhance export competitiveness. Its high-efficiency solar manufacturing facilities and projects like the 431 MW DC Solar Project in Neemuch, Madhya Pradesh, reflect India’s growing expertise in large-scale renewable deployment. The use of bifacial modules, single-axis trackers, and innovative solutions such as marble-dust reflection and Conduit-on-Wire cabling signifies a shift toward global production standards. When integrated with green bonds and concessional financing, these innovations enable cost-effective scaling while meeting ESG and compliance standards of key markets like the U.S. and EU. Tata Power Solar’s commitment to environmental and governance principles further demonstrates how ESG integration strengthens export eligibility in carbon-conscious trade systems. Overall, projects like Neemuch highlight the synergy between green finance and technological innovation in elevating India’s solar manufacturing to a globally competitive level.
Tata Power Solar and ReNew Power demonstrate India's approach to export competitiveness through advanced technology and sustainable finance. They demonstrate how indigenous innovation and environmental compliance can elevate product quality, while ReNew Power's green bonds support expansion and scale.
Summary Insight
With exports growing by about 23 times between FY 2022 and FY 2024, India's solar PV sector has quickly transitioned from reliance on imports to being a significant exporter. This increase is being driven by important businesses including Waaree, Adani, Vikram Solar, Grew Energy, and ReNew Power. India has to expand to Europe, Africa, and Latin America, improve backward integration, and bolster its market position in the United States in order to maintain growth. This development highlights how important green finance is to boosting trade competitiveness through innovation, coordinated policy, and diverse market tactics.
Findings: 

PESTLE Analysis of India’s Renewable Energy Export Ecosystem
Political, economic, social, technological, legal, and environmental aspects affecting India's trade in renewable energy are assessed using the PESTLE framework.

	Factor
	Key Elements Impacting Renewable Export Competitiveness

	Political
	Government renewable energy policies, EXIM Bank green credit support, trade agreements, bilateral climate partnerships

	Economic
	Cost of capital, exchange rate volatility, global demand for renewable equipment, subsidies & tax incentives

	Social
	Workforce skills in green tech, public awareness of sustainability, social acceptance of renewable projects

	Technological
	Innovation in solar, wind, and storage technologies, R&D funding, technology transfer, energy efficiency improvements

	Legal
	ESG regulations, carbon border adjustment mechanisms, export compliance rules, intellectual property rights

	Environmental
	Climate commitments (Paris Agreement), carbon footprint standards, sustainable supply chain requirements, renewable resource availability


Table 2- PESTLE Analysis Matrix of India’s Renewable Energy Export Ecosystem
Source- Compiled by the Researcher

This matrix illustrates that India’s renewable energy exports are influenced not just by finance but also by regulatory, technological, and social factors. Green finance can strategically address economic, technological, and legal bottlenecks.
Table 3. PESTLE-Based Evaluation of Green Finance for Renewable Energy Export Competitiveness
	Factor
	Key Elements Affecting Export Competitiveness
	Implications for Green Finance and Trade

	Political
	PLI Scheme, National Green Hydrogen Mission, EXIM Bank Green Window, G20 and COP commitments
	Strong policy intent; greater coordination needed between trade and finance institutions

	Economic
	0.68% export share, 16% of green finance for exports, concessional loans lowering costs
	Expanding green bonds and incentives can enhance cost efficiency and market reach

	Social
	Skilled workforce in solar and wind sectors, ESG awareness, sustainability branding
	Promotes inclusive growth and strengthens India’s image as a green exporter

	Technological
	Advances in bifacial solar panels, wind gearboxes, hydrogen electrolyzers
	Green finance supports technology upgrades and ESG-compliant production for export markets

	Legal
	RBI’s Sustainable Finance Framework (2024), WTO & OECD carbon compliance, EU CBAM
	Ensures exporters meet low-carbon trade standards and certification norms

	Environmental
	500 GW renewable target by 2030, CO₂ reduction through large solar projects
	Green finance funds decarbonization and strengthens environmental credibility


Source-Compiled by the Researcher
Financial Flow Mapping of Green Finance for Renewable Energy Exports (2023–24) 

Financial flows toward export-related renewable projects are mapped from both domestic and foreign sources. According to the findings, export-oriented renewable projects received only about 16% of the total green funding raised in India during FY 2023–2024. Most of the money goes toward infrastructure in the country. India's competitiveness in exporting renewable energy can be significantly increased by extending EXIM Bank's Green Window and tying trade finance and concessional loans together.                                
Fig 2. Flow Mapping of Green Finance in case of Renewable Energy Exports (2023–24) 
Source: Compiled by the Researcher

According to the graph, just 16% of India's financing for renewable energy projects is allocated to exports, whereas 84% is allocated to local initiatives. Solar photovoltaics account for 60% of export funding, with biofuels, green hydrogen, storage, and services coming in second (22%), and wind energy coming in last (18%). This reflects India's expanding but still modest concentration on international renewable trade.
Challenges and Way Forward
Despite progress, constraints remain. Exporters face tariff and non-tariff barriers, logistical costs, and limited access to export-linked green credit lines from Indian financial institutions. Strengthening EXIM Bank’s Green Window and developing export-oriented green bond funds can bridge these financing gaps. Collaborative arrangements between Indian and U.S. clean energy financiers could further scale sustainable trade flows.
Discussion
According to this study, India's export market for renewable energy is rising, however its overall share of the country's commerce exports is still small at 0.68%. This shows that despite the sector's promise, its presence in global green value chains is still far below what it could be. A considerable concentration is apparent in the export profile: solar photovoltaic (PV) modules and cells dominate the export basket, accounting for about 60% of the total renewable energy exports for FY 2023–24. Rapid capacity development, increased production efficiency, and the expanding use of funding mechanisms that are in line with sustainability are all linked to this leadership role.
The analysis demonstrates that green bond investment plays a vital function in building India's solar PV export business. By securing fairly priced, environmentally focused capital, enterprises such as Adani Solar, ReNew Power, Waaree Energies, and Tata Power Solar have earned a market advantage. The large fall in funding expenses, which reaches 80 to 100 basis points, has supplied the required resources for exporters. This cash has been used to modernize production facilities, fulfill stringent efficiency standards, and conform to the ESG criteria of important markets including the EU and the U.S. This finding strongly supports the perspective that sustainable financial practices are actively driving export success, rather than passively facilitating domestic renewable energy expansion.
However, the financial flow mapping demonstrates an intricate imbalance. Only about 16% of all green funds are allocated to export-linked renewable projects, despite rising climate-aligned investment in India. The uneven distribution suggests that India's green financing system still prioritizes domestic generation and infrastructure. The export scale-up potential is hampered by a lack of export-specific loan improvements, a lack of trade-focused funding, and the underutilization of tools like EXIM Bank's Green Window.
The PESTLE research also reveals that a larger range of policy, regulatory, and technological issues affect export performance in addition to financial resources. Policy coherence is a recurring theme: while production has increased as a result of industrial policies like the PLI Scheme, the National Green Hydrogen Mission, and manufacturing incentives for renewable equipment, they are not fully integrated with the country's export strategy or green financing channels. Economic concerns, such as cost of capital, currency changes, and demand cycles in target nations, also effect India’s competitiveness. India's export readiness is being immediately improved by technical investments in high-efficiency PV modules, bifacial cells, wind components, electrolyzers, and energy storage technologies; yet, continuous financial support is needed for further scaling.
Environmental and societal variables can affect competitiveness. Global consumer options are being redefined by the growing focus on ESG compliance, sustainable production methods, and low-carbon manufacturing paths. Early adherence to these standards through green bonds, certification programs, and cleaner production helps Indian exporters become more visible and well-known in global markets.
In summary, the findings underline a clear but underleveraged relationship between green finance and renewable export performance. India's export competitiveness can only greatly grow if climate finance systems, trade incentives, and regulatory frameworks function more cohesively, notwithstanding the sector's robust manufacturing capacity and technological skills. To become a prominent player in the expanding low-carbon global economy, India will need to boost export-oriented green financing, eliminate capital obstacles, and improve adherence to international sustainability norms.


Conclusion
Green Finance has emerged as a key driver in transforming India’s renewable energy potential into a competitive advantage within the global low-carbon trade system. Although India has mobilized significant climate-related funding, only a limited share is directed toward export-linked renewable projects, restricting its broader participation in the international value chain. Solar photovoltaics continue to dominate the sector, supported by instruments such as green bonds and concessional credit, which lower capital costs, enhance technological capacity, and improve ESG compliance. To strengthen global competitiveness, India must align financial innovation with trade and industrial strategies, ensuring that green capital effectively supports export growth. Expanding EXIM Bank’s Green Window, diversifying green bond markets, and advancing backward integration across renewable manufacturing will be critical steps. Through coherent financial, technological, and policy coordination, India can enhance its renewable export capabilities and establish itself as a major force in the decarbonized global economy.
Policy Recommendations
1. Establish a dedicated Green Export Fund under EXIM Bank for concessional credit and guarantees.
2. Integrate RBI’s green taxonomy with DGFT export incentives.
3. Partner with multilateral funds like the Green Climate Fund for export-linked projects.
4. Develop national carbon audit and ESG certification support for exporters.
5. Expand green bond markets dedicated to renewable exports.
6. Launch digital finance platforms for transparent project tracking.
7. Build exporter capacity through training and access to sustainable finance tools.
Study Limitations and Future Research
The Descriptive-Analytical methodology in this investigation, which relies on case studies and secondary data, restricts its capacity to prove causation. While case studies of Tata Power Solar and ReNew Power provide insights that are not generally applicable, reliance on datasets from DGCI&S, RBI, and EXIM Bank limits the ability to accurately analyze the direct impact of green finance on exports. Although it lacks quantitative confirmation, the PESTLE framework identifies macro linkages. The results indicate a relationship but do not establish a causal relationship between green funding and renewable export competitiveness. To more accurately measure and evaluate the long-term impacts of sustainable financing on export performance and diversification, future research should make use of panel data and econometric techniques, compare with other rising economies, and create a Green financing-Trade Competitiveness Index.
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