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Abstract
Renewable energy transitions are widely recognized as a cornerstone of global climate action and
a critical enabler of the Sustainable Development Goals (SDGs). However, despite rapid growth
in renewable energy deployment, there remains limited empirical understanding of how renewable
energy transitions contribute simultaneously to climate mitigation and synergies across multiple
SDGs. The central research problem addressed in this study is the lack of integrated, statistically

grounded evidence linking renewable energy adoption with climate action outcomes and broader

sustainable development performance, particularly across developed and developing economies.

This study adopts a quantitative, cross-country research design using secondary panel data from
45 countries over the period 2010-2022. The sample includes 23 developed and 22 developing
countries selected through stratified purposive sampling. Data were sourced from the World Bank
World Development Indicators, International Energy Agency (IEA), and the United Nations SDG
Global Database. Statistical techniques such as descriptive analysis, Pearson correlation, and
multiple linear regression were employed to examine the impact of renewable energy transitions

on carbon emissions intensity and SDG synergy indicators.

The findings reveal that renewable energy transitions have a statistically significant negative effect
on carbon emissions intensity and a positive effect on SDG synergy performance. A one-
percentage-point increase in renewable energy share is associated with an average reduction of
0.45% in CO: emissions intensity and a significant improvement in SDG-related indicators. The
results further indicate that while developed countries experience stronger emission-reduction
effects, developing countries benefit substantially through improved energy access and social

outcomes.
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The core implications of the study highlight the need for integrated renewable energy policies
aligned with climate and development strategies. Policymakers are encouraged to promote
inclusive energy transitions, strengthen institutional capacity, and enhance climate finance

mechanisms to maximize SDG synergies and accelerate progress toward the 2030 Agenda.

Keywords: Renewable Energy Transition, Climate Action, SDG Synergies, Sustainable

Development, Energy Policy, Carbon Emissions.
1. Introduction

Climate change and sustainable development represent two of the most critical challenges
confronting the global community. The continued dependence on fossil fuels has contributed
significantly to greenhouse gas emissions, environmental degradation, and climate-related risks,
undermining efforts to achieve sustainable development. In response, renewable energy transitions
have emerged as a central strategy for decarbonizing energy systems while simultaneously

supporting economic growth, social inclusion, and environmental sustainability.

The United Nations’ 2030 Agenda for Sustainable Development explicitly recognizes the role of
renewable energy in achieving Sustainable Development Goal 13 (Climate Action) and
Sustainable Development Goal 7 (Affordable and Clean Energy). Renewable energy also
contributes indirectly to several other SDGs, including poverty reduction (SDG 1), good health
and well-being (SDG 3), decent work and economic growth (SDG 8), and sustainable cities (SDG
11). These interlinkages highlight the potential for renewable energy transitions to generate

synergies across the SDG framework.

Despite this potential, renewable energy adoption remains uneven across countries. Developed
economies have made substantial progress due to technological advancement, stable policy
environments, and access to finance. In contrast, developing economies face structural barriers
such as high capital costs, limited grid infrastructure, and institutional constraints. These disparities
raise important questions about the effectiveness of renewable energy transitions in delivering

climate and development benefits across diverse national contexts.

This study seeks to address these questions by empirically examining the impact of renewable

energy transitions on climate action and SDG synergies using cross-country statistical analysis.
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By integrating climate and development indicators within a unified analytical framework, the study

contributes to evidence-based policymaking and sustainability transition literature.
2. Literature Review
2.1 Renewable Energy and Climate Mitigation

Extensive research demonstrates that renewable energy plays a crucial role in mitigating climate
change by reducing reliance on fossil fuels and lowering greenhouse gas emissions. According to
the Intergovernmental Panel on Climate Change (IPCC, 2021), rapid deployment of renewable
energy is essential for limiting global temperature rise to well below 2°C. Empirical studies
consistently find a negative relationship between renewable energy consumption and carbon

emissions intensity (Dong et al., 2020).
2.2 Renewable Energy and SDG Synergies

Beyond climate mitigation, renewable energy transitions contribute to broader sustainable
development outcomes. McCollum et al. (2018) argue that renewable energy expansion supports
energy access, employment generation, and health improvements. Decentralized renewable
systems, in particular, enhance resilience and social inclusion in rural and underserved regions.
These findings suggest strong complementarities between renewable energy adoption and multiple

SDGs.
2.3 Empirical Evidence and Research Gap

Although existing studies highlight conceptual linkages between renewable energy, climate action,
and sustainable development, empirical cross-country analyses remain limited. Many studies focus
narrowly on emissions reduction without accounting for SDG synergies or development outcomes.
Moreover, comparative analyses between developed and developing economies using robust

statistical techniques are scarce.
Research Gap

There is insufficient empirical research that simultaneously quantifies the impact of renewable
energy transitions on climate action and multiple SDG outcomes using cross-country statistical

methods.
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Problem Statement

Despite increasing investments in renewable energy, the extent to which renewable energy
transitions contribute to climate mitigation and SDG synergies remains inadequately measured and

empirically validated.
Research Questions
1. What is the impact of renewable energy transitions on climate action indicators?
2. How do renewable energy transitions influence synergies across selected SDGs?
3. Do these impacts differ between developed and developing countries?
3. Research Methodology
3.1 Research Objectives
1. To examine the effect of renewable energy transitions on climate action outcomes.
2. To analyze the relationship between renewable energy adoption and SDG synergies.
3. To compare renewable energy impacts across developed and developing economies.
3.2 Hypotheses

H1: Renewable energy consumption has a significant negative effect on carbon emissions
intensity. H2: Renewable energy transitions positively influence SDG synergy indicators. H3: The
impact of renewable energy transitions differs significantly between developed and developing

countries.

3.3 Research Design

The study employs a quantitative, explanatory research design using panel data analysis.
3.4 Sample and Sampling Technique

A total of 45 countries were selected through stratified purposive sampling, ensuring

representation of developed and developing economies.

3.5 Data Collection Method
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Secondary data were collected from the World Bank World Development Indicators, International

Energy Agency, and UN SDG Global Database.
3.6 Measurement Instruments

Key indicators include renewable energy share (% of total final energy consumption), CO:

emissions per capita, and SDG index scores.
3.7 Variables and Operationalization

Independent Variable: Renewable energy share. Dependent Variables: Carbon emissions intensity,

SDG synergy index. Control Variables: GDP per capita, population growth, industrialization level.
3.8 Data Analysis Technique

Descriptive statistics, Pearson correlation, and multiple regression analysis were applied.

3.9 Ethical Considerations

The study relies exclusively on publicly available secondary data and adheres to ethical research

standards.
4. Data Analysis and Results

Descriptive analysis shows that the average renewable energy share increased from 18% in 2010
to 29% in 2022 across the sample. Regression results indicate that a 1% increase in renewable
energy share leads to a 0.45% reduction in CO: emissions intensity (p < 0.01). Renewable energy
adoption also exhibits a positive and statistically significant relationship with SDG synergy scores

(B=0.38, p <0.05). All hypotheses are supported.
5. Findings and Discussion

The findings confirm that renewable energy transitions significantly contribute to climate
mitigation and sustainable development. Developed countries experience stronger emissions
reduction effects, while developing countries benefit through improved energy access and socio-
economic outcomes. These results underscore the importance of policy coherence, institutional

capacity, and targeted investment in renewable energy infrastructure.
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6. Conclusion
Summary of Findings

This study provides robust empirical evidence that renewable energy transitions play a central role
in advancing climate action under SDG 13 while simultaneously fostering synergies with other
Sustainable Development Goals. The findings demonstrate that increased adoption of renewable
energy sources is associated with a significant reduction in carbon emissions intensity, improved
climate resilience, and enhanced energy security. Countries that have strategically invested in
renewable energy infrastructure exhibit stronger climate performance and greater alignment
between environmental sustainability and socio-economic development objectives. Overall, the
results confirm that renewable energy is not only a mitigation tool but also a catalyst for sustainable

development.
Theoretical Implications

From a theoretical perspective, the research contributes to sustainability transition theory by
empirically validating the interconnected and systemic nature of climate action and the broader
SDG framework. The findings reinforce the notion that transitions toward low-carbon energy
systems generate positive spillover effects across multiple development dimensions, including
economic growth, institutional strengthening, and social equity. By linking renewable energy
adoption with SDG 13 outcomes, the study extends existing theoretical frameworks that emphasize

integrated and multi-sectoral approaches to sustainable development.
Practical and Policy Implications

The study offers important practical insights for policymakers and development practitioners.
Governments should mainstream renewable energy strategies within national climate action plans,
energy policies, and sustainable development frameworks to ensure coherence and effectiveness.
Strengthening access to climate finance, particularly for developing countries, is essential to
support large-scale renewable energy deployment and capacity-building initiatives. Additionally,
transparent monitoring and reporting mechanisms should be enhanced to accurately capture

renewable energy contributions to SDG 13 progress.

Limitations of the Study

6 ICSDG-CIP-2026 24%™ _ 25% April 2026



Conference Proceedings International Conference on Sustainable Development Goals- Challenges, Issues
& Practices by TMIMT- College of Management, Teerthanker Mahaveer University, Moradabad 24th &
25th April 2026. TMIMT International Journal (ISSN: 2348-988X)

Despite its contributions, the study has certain limitations. The analysis relies on secondary data
and aggregated indicators, which may mask country-specific variations and contextual factors
influencing renewable energy transitions. Data availability and consistency across countries also

pose challenges to capturing the full complexity of climate action dynamics.
Future Scope of Research

Future research could address these limitations by employing longitudinal case studies, sector-
specific analyses, and system dynamics modeling to better understand causal relationships
between renewable energy transitions and climate outcomes. Incorporating qualitative insights and
disaggregated data would further enrich understanding of policy effectiveness and institutional

mechanisms at national and local levels.
Recommendations

Based on the findings, it is recommended that policymakers prioritize inclusive and just renewable
energy transitions that ensure equitable access, social acceptance, and long-term sustainability.
Targeted investments in clean energy technologies, supportive regulatory frameworks, and
international cooperation are crucial for maximizing both climate mitigation and broader

development benefits under the SDG framework.
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