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ABSTRACT 

Climate change is one of the most pressing global challenges of the twenty-first century, driven primarily by 

the emission of greenhouse gases from fossil fuel combustion. Rising global temperatures, extreme weather 

events, melting glaciers, and sea-level rise threaten ecosystems, economies, and human well-being. In 

response, renewable energy has emerged as a key strategy for mitigating climate change by reducing carbon 

emissions and promoting sustainable development. This paper examines the role of renewable energy in 

climate change mitigation by analyzing its potential to reduce greenhouse gas emissions, enhance energy 

security, support economic growth, and facilitate a transition toward a low-carbon economy. The study 

explores major renewable energy sources, including solar, wind, hydro, biomass, and geothermal energy, and 

evaluates their effectiveness, challenges, and future prospects. The paper concludes that renewable energy is 

essential for achieving global climate goals and ensuring long-term environmental sustainability. 
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1. INRODUCTION 

Climate change has become a defining issue of the modern era, affecting natural systems and human societies 

worldwide. Scientific evidence confirms that the primary cause of climate change is the increase in greenhouse 

gas emissions, particularly carbon dioxide (CO₂), methane (CH₄), and nitrous oxide (N₂O), resulting from 

human activities such as fossil fuel combustion, deforestation, and industrial processes. The energy sector alone 

accounts for a significant proportion of global greenhouse gas emissions, making it a critical focus area for 

climate change mitigation efforts. 

Renewable energy offers a viable and sustainable alternative to fossil fuels. Unlike coal, oil, and natural gas, 

renewable energy sources are naturally replenished and produce little to no greenhouse gas emissions during 

operation. The rapid advancement of renewable energy technologies, declining costs, and increasing policy 

support have positioned renewable energy as a cornerstone of global climate mitigation strategies. 

This paper aims to analyze the role of renewable energy in mitigating climate change by examining its 

environmental, economic, and social benefits. It also discusses the challenges associated with renewable energy 

adoption and explores future prospects for large-scale implementation. 

2.CLIMATE CHANGE AND THE NEED FOR MITIGATION 

Climate change mitigation refers to efforts aimed at reducing or preventing the emission of greenhouse gases to 

limit the extent of global warming. According to climate scientists, limiting global temperature rise to well 

below 2°C above pre-industrial levels is essential to avoid catastrophic climate impacts. Achieving this goal 

requires a significant reduction in fossil fuel use and a transition to cleaner energy systems. 

The consequences of climate change are already evident in the form of increased frequency of heatwaves, 

droughts, floods, and storms. These impacts disproportionately affect vulnerable populations, particularly in 

developing countries. Therefore, mitigation strategies must be inclusive, sustainable, and capable of supporting 

long-term development goals. 

Renewable energy plays a central role in mitigation by addressing the root cause of climate change—excessive 

greenhouse gas emissions from energy production. By replacing fossil fuels with clean energy sources, 

renewable energy helps decarbonize the energy sector and reduce overall emissions 

3.OVERVIEW OF RENEWABLE ENERGY SOURCES SIMULATION- 

Renewable energy encompasses a variety of energy sources that are naturally replenished. The major renewable 

energy sources include solar, wind, hydropower, biomass, and geothermal energy. 

3.1 Solar Energy 

Solar energy harnesses energy from the sun using photovoltaic (PV) panels or solar thermal systems. It is one of 
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the fastest-growing renewable energy sources due to its abundance and decreasing installation costs. Solar 

power produces no direct emissions and can be deployed at both small and large scales, making it suitable for 

urban and rural applications. 

3.2 Wind Energy 
Wind energy converts kinetic energy from wind into electricity using wind turbines. It is a mature and cost-

effective renewable energy technology, particularly in regions with strong wind resources. Wind power 

significantly reduces carbon emissions and requires minimal water usage compared to conventional power 

plants. 

3.3 Hydropower 
Hydropower generates electricity by utilizing the flow of water through dams or run-of-river systems. It is one 

of the oldest and most reliable renewable energy sources. While hydropower produces low emissions, large-

scale projects may have environmental and social impacts, such as habitat disruption and displacement of 

communities. 

3.4 Biomass Energy 
Biomass energy is derived from organic materials such as agricultural residues, wood, and animal waste. When 

managed sustainably, biomass can be a carbon-neutral energy source. However, unsustainable biomass use can 

contribute to deforestation and air pollution. 

3.5 Geothermal Energy 
Geothermal energy utilizes heat from the Earth’s interior to generate electricity or provide direct heating. It is a 

reliable and continuous energy source with low emissions, although its availability is geographically limited. 

4.RENEWABLE ENERGY AND GREENHOUSE GAS EMISSION REDUCTION 

The primary contribution of renewable energy to climate change mitigation lies in its ability to reduce 

greenhouse gas emissions. Fossil fuel-based power plants emit large quantities of CO₂ during electricity 

generation. In contrast, renewable energy systems generate electricity with minimal or zero emissions. 

Life-cycle assessments show that renewable energy technologies emit significantly fewer greenhouse gases 

compared to fossil fuels, even when considering manufacturing, installation, and maintenance. Large-scale 

adoption of renewable energy can substantially reduce global carbon emissions and slow the pace of climate 

change. 

Moreover, renewable energy supports the electrification of other sectors, such as transportation and heating, 

further amplifying emission reductions. Electric vehicles powered by renewable electricity, for example, offer a 

cleaner alternative to internal combustion engines. 

5.ROLE OF RENEWABLE ENERGY IN SUSTAINABLE DEVELOPMENT 

Renewable energy aligns closely with the principles of sustainable development, which seek to balance 

environmental protection, economic growth, and social equity. Access to clean and affordable energy is 

essential for achieving sustainable development goals, particularly in developing countries. 

Decentralized renewable energy systems, such as solar home systems and mini-grids, provide electricity to 

remote and underserved communities. This access supports education, healthcare, and economic activities, 

reducing poverty and inequality. 

Furthermore, renewable energy promotes environmental sustainability by conserving natural resources and 

reducing ecosystem degradation associated with fossil fuel extraction. 

6.CONCLUSIONS 

Renewable energy plays a vital role in climate change mitigation by reducing greenhouse gas emissions, 

enhancing energy security, and supporting sustainable development. Solar, wind, hydropower, biomass, and 

geothermal energy offer viable alternatives to fossil fuels and contribute to a low-carbon future. 

While challenges remain, strategic policy interventions, technological advancements, and international 

cooperation can accelerate the transition to renewable energy. Addressing climate change requires urgent and 

collective action, and renewable energy stands as a key solution in mitigating its impacts and ensuring a 

sustainable future for generations to come. 
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