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ABSTRACT

Climate change, environmental degradation, energy insecurity and increasing global energy demand have created an
urgent need to transform the existing energy system. Conventional dependence on coal, petroleum and natural gas
remains a major source of greenhouse gas emissions, air pollution and ecological damage. Renewable energy provides
an important pathway for addressing these challenges because solar, wind, hydropower, biomass and geothermal
resources can generate energy with substantially lower operational carbon emissions than fossil fuels. This research
paper examines the role of renewable energy in reducing carbon emissions and promoting sustainable environmental
development, with particular emphasis on recent global developments and the Indian context. The study adopts a
descriptive and analytical research methodology based primarily on secondary data from international organisations,
government publications and recent research literature. The analysis indicates that renewable energy is becoming
central to the global energy transition. In 2024, renewables accounted for approximately one-third of global electricity
generation, while renewable capacity additions reached a record level of more than 580 GW. India has also achieved
substantial progress, reaching 50% of installed electricity capacity from non-fossil sources in June 2025 and
continuing its policy drive towards 500 GW of non-fossil capacity by 2030. The paper argues that renewable energy
contributes not only to carbon mitigation but also to energy security, technological innovation, employment
generation, rural development, improved air quality and long-term economic resilience. However, intermittency,
energy storage, transmission infrastructure, land-use concerns, financing constraints and supply-chain dependence
remain significant challenges. The study concludes that renewable energy should be integrated with energy efficiency,
storage, smart grids, green hydrogen, sustainable transport and responsible land-use planning to achieve meaningful
sustainable development.

Keywords: Renewable Energy, Carbon Emissions, Climate Change, Sustainable Development, Solar Energy, Wind
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1. INTRODUCTION energy obtained from naturally replenishing resources
such as sunlight, wind, flowing water, biomass and
geothermal heat. Unlike fossil fuels, renewable resources
are not depleted through normal energy use and generally
produce much lower greenhouse-gas emissions during
operation.

Energy is fundamental to economic development,
industrialisation, transportation, agriculture,
communication and modern living. However, the
conventional energy system has historically depended
heavily on fossil fuels. Coal, oil and natural gas have Recent developments demonstrate the speed of this
enabled rapid economic growth, but their extensive use yangition, In 2024, renewable sources accounted for
has also generated significant environmental costs. Fossil-  ,p0ut 329  of global electricity generation. Solar
fuel combustion releases cgrbqn dioxide (COz), rr?ethan'e photovoltaic and wind generation experienced
and ot’her pollutants, contrlbutm'g to global warming, ait - particularly rapid expansion, while renewables and
p'ollutlon, ecosystem degradation and climate-related ), jeqr power together provided around 40% of global
risks. electricity generation. The International Renewable
The transition towards renewable energy has therefore Energy Agency reported that global renewable power

become an important component of international climate capacity increased by approximately 582 GW during
and development policy. Renewable energy refers to
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2024, taking total installed renewable capacity to about
4,443 GW.

Renewable energy is consequently no longer simply an
environmental alternative to fossil fuels. It has become an
important economic and strategic component of national
energy systems. Falling technology costs, improvements
in efficiency, government incentives and increasing
private investment have accelerated deployment.

The Indian context is particularly important. India has a
rapidly growing population, expanding industrial activity
and increasing electricity demand. At the same time, it
faces substantial pressure to reduce emissions while
maintaining economic growth. The country has
committed to achieving 500 GW of non-fossil electricity
capacity by 2030 and reaching net-zero emissions by
2070. By June 2025, India had already achieved 50% of
installed electricity capacity from non-fossil sources,
several years ahead of its original 2030 milestone.

The central argument of this paper is that renewable
energy can contribute to sustainable environmental
development through three interconnected pathways:
reducing carbon-intensive energy production, improving
environmental quality and supporting an economically
resilient low-carbon development model.

3. Literature Review

The literature on renewable energy and environmental
sustainability has expanded considerably as governments,
businesses and researchers have focused on climate
change mitigation and energy transition.

Recent international evidence demonstrates that
renewable energy is becoming a major source of
electricity growth. The International Energy Agency
(IEA) reported that clean energy sources accounted for
more than 80% of the growth in global electricity
generation during 2024. Renewables alone accounted for
almost three-quarters of the overall increase in electricity
generation. Solar PV increased generation by
approximately 480 TWh, while wind generation increased
by around 180 TWh.

This expansion is significant from an emissions
perspective because renewable electricity can displace
electricity generated by coal and natural gas. The IEA has
also observed that global electricity emissions intensity
declined by about 3% in 2024, reflecting the increasing
contribution of renewable and other low-emission energy
sources.

Cost competitiveness has further strengthened the case for
renewable energy. According to the IEA, onshore wind
and solar PV remained among the most competitive
options for new electricity generation in 2024. This

suggests that environmental objectives and economic
interests are increasingly aligned.

However, the literature also indicates that renewable
energy deployment does not automatically guarantee
sustainable development. Large-scale renewable projects
may create land-use conflicts, biodiversity concerns,
visual impacts and social displacement if planning
processes are inadequate. Solar-panel and battery
manufacturing also requires minerals, energy and
industrial infrastructure. Therefore, a sustainable energy
transition must consider the entire life cycle of renewable
technologies.

Another important issue is intermittency. Solar and wind
generation vary according to weather and time of day.
This creates challenges for grid management, especially
as their share increases. Energy storage, demand response,
transmission expansion and hybrid renewable systems are
consequently becoming essential components of modern
electricity systems.

In India, government data show a rapid increase in
renewable capacity. During financial year 2024-25, India
added 29.52 GW of renewable energy capacity, bringing
total installed renewable capacity to approximately
220.10 GW by March 2025. Solar energy accounted for
the largest component of new capacity, with 23.83 GW
added during the year.

The literature therefore supports a broad conclusion:
renewable energy is essential for decarbonisation, but its
environmental and developmental benefits depend on
appropriate policies, infrastructure, technology, financing
and institutional governance.

4. Renewable Energy and Carbon Emission Reduction
The most direct contribution of renewable energy to
climate mitigation is the substitution of fossil-fuel-based
electricity generation.

Coal-fired power plants are particularly carbon-intensive.
When solar, wind or hydropower replaces coal-generated
electricity, emissions associated with fuel combustion can
be significantly reduced. Renewable energy therefore
addresses emissions at their source rather than attempting
to compensate for emissions after they occur.

The global electricity sector illustrates this transition. In
2024, renewables supplied about one-third of global
electricity, while coal continued to provide approximately
35%. The rapid increase in renewable generation has
limited the need for additional fossil-fuel generation in
many electricity systems.

The IEA estimates that electricity-generation emissions
were approximately 13.8 billion tonnes of CO: in 2024.
Although power-sector emissions still increased slightly
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during that year, the growth was considerably constrained
by the expansion of clean energy.

The importance of renewable energy is even clearer when
considering future electricity demand. The IEA projects
that renewable energy could supply approximately 43%
of global electricity generation by 2030 under its
Renewables 2025 outlook. Renewables are expected to
meet more than 90% of the increase in global electricity
demand during 2025-2030.

This trend indicates that renewable energy can perform a
dual function: meeting increasing energy demand while
limiting the need for additional fossil-fuel generation.

5. CONTRIBUTION
ENERGY SOURCES

OF MAJOR RENEWABLE

5.1 Solar Energy

Solar photovoltaic technology has become one of the
fastest-growing renewable technologies. Its advantages
include modularity, declining costs, scalability and
suitability for both large power plants and distributed
rooftop systems.

Solar power can contribute to sustainable development in
urban as well as rural areas. Rooftop systems allow
households, institutions and businesses to generate
electricity locally, reducing transmission losses and
potentially lowering electricity expenditure.

India has experienced particularly rapid solar growth.
During FY 2024-25, solar capacity increased by 23.83
GW, while cumulative installed solar capacity reached
105.65 GW by March 2025.

5.2 Wind Energy

Wind power is another major source of low-carbon
electricity. Wind turbines generate electricity without
combustion and therefore have very low operational
carbon emissions.

India possesses substantial onshore wind resources,
particularly in states such as Gujarat, Tamil Nadu,
Karnataka, Maharashtra and Rajasthan. Wind-solar
hybrid projects can improve generation profiles by
combining two variable sources.

5.3 Hydropower

Hydropower provides renewable electricity while
offering an important advantage over some variable
renewable sources: reservoir-based projects can provide
dispatchable electricity and grid-balancing services.
However, hydropower projects can affect river
ecosystems, fisheries, forests and local communities.
Sustainable hydropower development therefore requires
careful environmental assessment and appropriate
rehabilitation and compensation mechanisms.

5.4 Biomass and Bioenergy

Biomass can convert agricultural residues, organic waste
and other biological materials into useful energy. In
agricultural economies such as India, biomass energy can
create an additional value stream from agricultural
residues.

Properly managed biomass can contribute to waste
reduction and rural income generation. However,
unsustainable biomass harvesting can cause deforestation,
soil degradation and competing land-use pressures.
Sustainable sourcing is therefore essential.

6. RENEWABLE ENERGY AND SUSTAINABLE
ENVIRONMENTAL DEVELOPMENT

Sustainable development extends beyond carbon
reduction. It requires environmental protection, economic
opportunity and social well-being.

6.1 Reduction in Air Pollution

Fossil-fuel combustion releases particulate matter,
sulphur dioxide, nitrogen oxides and other pollutants.
Replacing coal and oil with renewable electricity can
reduce these emissions, improving air quality and public
environmental health.

This is especially important in rapidly growing cities and
industrial regions where air pollution creates substantial
economic and social costs.

6.2 Energy Security

Renewable resources reduce dependence on imported
fossil fuels. Countries that import large quantities of oil,
gas or coal can improve energy security by developing
domestic solar, wind, hydropower and biomass resources.
For India, this dimension is strategically important
because increasing electricity demand and fossil-fuel
imports can expose the economy to international
commodity-price fluctuations.

6.3 Employment Generation

The renewable energy sector creates employment across
manufacturing, engineering, construction, installation,
operations, maintenance, finance and research.

The development of domestic manufacturing capacity can
also generate industrial opportunities. India has
increasingly linked renewable energy expansion with
domestic manufacturing and the broader objective of
energy self-reliance.

6.4 Rural Development

Distributed renewable energy can provide electricity to
remote communities and agricultural areas. Solar pumps,
mini-grids and rooftop systems can support irrigation,
food processing, cold storage, small businesses and rural
enterprises.

Consequently, renewable energy can act as an instrument
of rural economic transformation rather than simply an
electricity-generation technology.
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6.5 Sustainable Industrial Development

Renewable electricity is also important for decarbonising
industries. Green hydrogen, produced using renewable
electricity, has potential applications in steel, fertilisers,
chemicals, shipping and other difficult-to-electrify
sectors.

India's National Green Hydrogen Mission is intended to
develop India as a major producer and user of green
hydrogen, linking renewable electricity development with
industrial decarbonisation.

7. GLOBAL TRENDS IN RENEWABLE ENERGY
DEVELOPMENT

The scale of recent renewable deployment is historically
significant. IRENA reported that renewables accounted
for more than 90% of global power-capacity expansion in
2024. Total installed renewable power capacity reached
approximately 4,443 GW at the end of the year.

Solar PV was the principal contributor to this expansion.
In 2024, solar accounted for approximately 452 GW of
new renewable capacity, or about 78% of total renewable
additions. Wind contributed approximately 114 GW.
These trends demonstrate that the renewable-energy
transition is increasingly driven by both environmental
policy and economic competitiveness.

Nevertheless, the current rate of deployment remains
below what is required for the internationally discussed
goal of tripling global renewable capacity by 2030.
IRENA has indicated that annual renewable additions
would need to accelerate substantially to remain aligned
with that objective.

Therefore, the challenge is no longer whether renewable
technologies can be deployed at scale. The central
question is whether governments, markets and institutions
can expand them rapidly enough while maintaining
system reliability and environmental integrity.

7. RENEWABLE ENERGY DEVELOPMENT IN
INDIA

India represents an important case because the country
must simultaneously pursue economic development,
energy access and climate mitigation.

India's renewable-energy capacity increased significantly
during FY 2024-25. According to the Ministry of New
and Renewable Energy, total installed renewable energy
capacity reached 220.10 GW by March 2025, following
an annual addition of 29.52 GW.

The country's progress accelerated further during 2025.
Government data indicate that India achieved 50% of
cumulative installed electricity capacity from non-fossil
sources in June 2025, five years ahead of its original NDC
milestone. By 31 December 2025, total installed

electricity capacity had reached 513.73 GW, with 266.79
GW from non-fossil sources.

By March 2026, India's installed renewable-energy
capacity had reached approximately 274.68 GW,
including solar, wind, bioenergy, small hydro and large
hydro. Total non-fossil capacity reached 283.46 GW.
These figures demonstrate that renewable energy is
becoming structurally important within India's electricity
system.

The country's 500 GW non-fossil capacity target for 2030
is supported by several policy mechanisms, including
renewable-energy procurement, competitive bidding,
transmission development, green-energy corridors,
storage initiatives and support for emerging technologies.
However, India still faces the challenge of reducing the
carbon intensity of electricity generation because coal
remains a major component of the power system. The IEA
reported that coal supplied nearly three-quarters of India's
electricity in 2024, despite the country's rapid growth in
renewable capacity.

This illustrates an important distinction between capacity
transition and generation transition. Installing
renewable capacity does not immediately eliminate fossil-
fuel generation. Storage, transmission, demand
management and flexible generation are necessary for
renewable capacity to produce deeper reductions in actual
emissions.

8. CHALLENGES IN RENEWABLE ENERGY
ADOPTION

Despite its benefits, renewable energy faces several
challenges.

8.1 Intermittency

Solar and wind generation vary with weather and time.
Large-scale deployment therefore requires energy
storage, grid flexibility and forecasting systems.

8.2 Energy Storage

Battery storage can shift electricity from periods of high
renewable generation to periods of high demand.
Pumped-storage  hydropower and other storage
technologies can complement batteries.

8.3 Transmission Infrastructure

Renewable resources are not always located near demand
centres. New transmission networks are therefore
essential to transfer electricity efficiently.

8.4 Land and Biodiversity

Large renewable projects can require significant land.
Poorly planned development may conflict with
agriculture, forests, wildlife habitats and community
interests.

8.5 Financing
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Although renewable costs have declined, large projects
still require substantial upfront capital. Financing
conditions can be especially challenging in developing
economies.

8.6 Supply-Chain Dependence

Solar modules, batteries, inverters, rare minerals and other
components involve complex global supply chains.
Building domestic manufacturing capacity is therefore
important for long-term energy security.

8.7 Waste Management

Solar panels, wind-turbine components and batteries
eventually reach the end of their useful lives. Recycling
and circular-economy systems must develop alongside
deployment.

9. FINDINGS

The analysis produces several important findings.

First, renewable energy has become a major driver of
global electricity expansion. Record renewable capacity
additions demonstrate that the transition is no longer a
marginal phenomenon.

Second, renewable energy contributes directly to carbon-
emission reduction by displacing fossil-fuel electricity
generation. The increasing renewable share has helped
reduce the carbon intensity of global electricity.

Third, solar and wind are currently the principal engines
of renewable expansion because of technological
improvements, declining costs and scalability.

Fourth, renewable energy supports sustainable
development beyond climate mitigation. It can improve
air quality, strengthen energy security, create employment
and support rural economic development.

Fifth, India has made substantial progress in renewable
capacity and has already achieved 50% non-fossil
installed electricity capacity, demonstrating significant
policy and investment momentum.

Sixth, installed capacity alone is not sufficient to achieve
deep decarbonisation. India's continued dependence on
coal-fired electricity demonstrates the importance of
storage, transmission, demand management and grid
flexibility.

Seventh, renewable-energy policy must move from a
narrow focus on capacity addition towards a broader focus
on system integration, environmental sustainability and
lifecycle management.

10. CONCLUSION

Renewable energy represents one of the most important
pathways for addressing the interconnected challenges of
climate change, environmental degradation and energy
insecurity. The evidence examined in this paper
demonstrates that renewable technologies have moved

rapidly from alternative energy sources to mainstream
components of modern electricity systems.

Global renewable capacity reached approximately 4,443
GW at the end of 2024, while renewable sources supplied
about one-third of global electricity generation. The
continued expansion of solar and wind is particularly
significant because these technologies can be deployed
rapidly and at different scales.

The environmental contribution of renewable energy
extends beyond reducing CO: emissions. Renewable
deployment can improve air quality, reduce dependence
on imported fuels, strengthen energy security, support
technological innovation and generate new economic
opportunities.

India's experience demonstrates the potential of
renewable energy to support both environmental and
developmental objectives. The country achieved 50% of
installed electricity capacity from non-fossil sources in
June 2025 and is pursuing 500 GW of non-fossil capacity
by 2030. However, the continued importance of coal in
electricity generation shows that the next stage of the
transition must focus on actual generation displacement
rather than capacity additions alone.

The future of sustainable energy therefore depends on an
integrated approach. Renewable generation must be
combined with energy storage, transmission expansion,
smart grids, energy efficiency, green hydrogen, electric
mobility and circular-economy practices. Equally
important, renewable projects must be developed in ways
that protect biodiversity and respect local communities.
Ultimately, renewable energy should not be viewed
merely as a mechanism for replacing fossil fuels. It should
be wunderstood as a foundation for a broader
transformation of energy, industry, transport and society.
When supported by appropriate institutions, technology
and inclusive policies, renewable energy can help create
an economy that is cleaner, more resilient, energy-secure
and environmentally sustainable.
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