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Abstract - India, as a rapidly developing economy, faces
growing energy demands fuelled by its expanding population,
industrial growth, and urbanization. To satisfy this demand
sustainably and address climate concerns, the nation has
made renewable energy development a top priority. By 2023,
India’s renewable energy capacity has surpassed 125 GW,
primarily driven by advancements in solar and wind power.
Supportive government policies, reduced technology costs, and
international partnerships have propelled this growth.
However, challenges such as grid integration, financing, and
policy inconsistencies continue to pose hurdles. This paper
examines India’s renewable energy landscape, focusing on
solar, wind, biomass, and hydropower progress, and
identifying key factors like governmental incentives,
technology improvements, and climate obligations.
Additionally, it explores future opportunities, including
offshore wind, green hydrogen, and energy storage solutions,
and assesses the obstacles that may affect scaling up
renewable projects. In conclusion, the paper argues that while
India is on a positive path to achieve its renewable energy
targets, success will depend on strategic investments in
innovative technologies. With consistent efforts, India is well-
positioned to emerge as a global leader in clean energy,
bolstering both national energy security and international
climate initiatives.
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1.INTRODUCTION

India, one of the fastest-growing economies globally, faces
rising energy demands driven by its expanding population,
rapid industrialization, and urban growth. In response, the
nation has prioritized transitioning to renewable energy
sources to strengthen energy security, lessen reliance on
fossil fuels, and address global climate challenges. With a
renewable energy capacity surpassing 125 GW as of 2023,
India has made significant progress, especially in solar and
wind energy sectors. Key initiatives, such as the National
Solar Mission and the International Solar Alliance (ISA),
reflect India’s commitment to establishing itself as a leader
in renewable energy (International Solar Alliance [ISA],
2021).

However, India’s renewable energy expansion also
encounters notable challenges. Effective integration of
renewables into an aging grid infrastructure, obtaining
financing for large-scale projects, and overcoming regulatory
inconsistencies are substantial barriers to growth (Ghosh &
Shukla, 2022). Furthermore, issues related to land
acquisition and environmental impact complicate the
deployment of renewable energy projects, particularly in
densely populated areas (Kumar & Roy, 2022).

This paper examines the current landscape of renewable
energy in India, with a focus on solar, wind, biomass, and
hydropower. It analyses key growth drivers, including
government policy support, cost reductions in technology,
international collaborations, and climate commitments.
Additionally, the study addresses the obstacles facing the
sector and explores the potential of emerging technologies
like offshore wind, green hydrogen, and energy storage. A
resilient and sustainable energy future will require India to
strategically invest in these technologies, positioning the
country to achieve its renewable energy objectives and
contribute significantly to global climate action.

2.CURRENT SITUATION OF RENEWABLE ENERGY IN
INDIA

2.1 Solar Energy

Solar energy has become the leading contributor to India’s
renewable energy capacity. By 2023, India’s installed solar
capacity had reached over 64 GW, propelled by the National
Solar Mission, which aims to achieve 100 GW of solar capacity
by 2024 (MNRE, 2023). India boasts some of the world’s
lowest solar tariffs, enabled by competitive bidding processes
and declining technology costs (Bridge to India, 2023).
Landmark projects, such as the Bhadla Solar Park in
Rajasthan with an installed capacity exceeding 2.2 GW,
exemplify India’s success in solar energy development (Garg
& Singh, 2022).

2.2 Wind Energy
Wind energy stands as India’s second-largest renewable

energy source, with an installed capacity of 42 GW (MNRE,
2023). Key states such as Tamil Nadu and Gujarat have been
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instrumental in advancing this sector, leveraging their
advantageous wind speeds. India has set an ambitious goal to
increase wind energy capacity to 60 GW by 2024 (Gupta &
Kumar, 2023).While offshore wind energy is still in the
research and planning phases, it holds substantial potential
and is anticipated to play an important role in achieving
India’s renewable energy objectives (Sengupta, 2021).
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2.3 Biomass Energy

Biomass energy plays a crucial role, particularly in rural areas
of India, where agricultural waste is effectively utilized for
power generation. India's biomass capacity is approximately
10 GW (Singh, 2022), supported by numerous small-scale
projects that employ waste-to-energy technologies. Bagasse-
based cogeneration in sugar mills also represents a
significant biomass application, contributing to the country's
renewable energy mix (Ghosh & Shukla, 2022).

2.4 Hydropower

India has long championed hydropower, which makes up
around 12% of the country’s overall energy mix. While large
hydropower installations are typically categorized separately,
small hydropower projects (SHPs) add roughly 5 GW to
India’s renewable energy capacity (Wadhwa, 2023).
Hydropower remains essential for maintaining grid stability,
though environmental concerns and the displacement of local
communities have presented challenges to further expansion
(Kumar & Patel, 2021).
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Chart -4: Yearly Solar and Wind Capacity Additions (GW)

3. KEY DRIVERS OF RENEWABLE ENERGY GROWTH
IN INDIA

India's renewable energy sector has expanded significantly
due to several pivotal factors. Government policies, declining
technology costs, international collaboration, and climate
change commitments have collectively fuelled this growth,
positioning India as a leading force in clean energy.
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3.1 Government Policies and Initiatives

The Indian government has implemented a range of policies
to supportrenewable energy expansion, focusing on creating
arobust regulatory and financial ecosystem. Initiatives such
as the National Solar Mission, the National Offshore Wind
Policy, and the Green Energy Corridor have been
instrumental in encouraging sector growth (MNRE, 2023).
These initiatives are designed and managed by the Ministry
of New and Renewable Energy (MNRE), which plays a central
role in framing renewable energy policies, offering financial
incentives, and facilitating regulatory support (Bhushan &
Banerjee, 2020). Additionally, Renewable Purchase
Obligations (RPOs) mandate that power distribution
companies acquire a minimum percentage of their power
from renewable sources, directly driving demand and
fostering a stronger renewable energy market across the
country (Centre for Policy Research [CPR], 2021).

3.2 Declining Technology Costs

A significant driver of renewable energy growth in India has
been the consistent decrease in technology costs, especially
for solar photovoltaic (PV) systems. The cost of solar energy
has dropped to record lows, often making it more economical
than traditional fossil fuels like coal (Garg & Singh, 2022).
This has allowed solar power to become one of the most
competitive energy sources in the country. Technological
advancements in both solar PV panel efficiency and wind
turbine design have further lowered operational costs while
boosting generation capacity, enhancing the commercial
viability of renewable energy investments and drawing more
stakeholders into the sector (Ernst & Young [EY], 2021).

3.3 International Cooperation

India’s proactive role in renewable energy development has
also been supported by extensive international collaboration.
The nation co-founded the International Solar Alliance (ISA)
in 2015 to promote solar energy on a global scale, aligning
efforts with other countries to share technology, knowledge,
and financial resources (ISA, 2021). Collaborations with
countries such as Germany, France, and Japan have facilitated
crucial technology transfers, provided financial support, and
enhanced knowledge-sharing, accelerating India's transition
to cleaner energy sources and supporting the broader global
renewable energy agenda (India's Ministry of External
Affairs, 2022).

3.4 Climate Change Commitments

India’s commitments to mitigating climate change also
strongly influence its renewable energy trajectory. Under the
Paris Agreement, India has pledged to reduce its carbon
intensity by 33-35% by 2030, underscoring renewable
energy as essential to this goal (LSE Grantham Research
Institute, 2022). The government aims to generate 50% of
electricity from non-fossil fuel sources by 2030, in alignment

with India's Nationally Determined Contributions (NDCs)
that emphasize a transition to cleaner energy (Ghosh &
Shukla, 2022). This commitment to climate action reinforces
India’s dedication to a sustainable energy future, establishing
renewable energy as a cornerstone in the nation’s energy
strategy.

4. CHALLENGES IN THE RENEWABLE ENERGY
SECTOR

India's renewable energy sector, despite rapid growth, faces
several critical challenges that must be addressed to ensure
sustainable progress. Key issues include grid integration,
financing, land and environmental concerns, and policy
inconsistencies.

4.1 Grid Integration

A major obstacle to scaling renewable energy in India is the
challenge of grid integration. The variable nature of solar and
wind power—due to their dependence on weather
conditions—leads to intermittent power generation, causing
fluctuations in energy supply. India’s current grid
infrastructure, which is outdated and lacks the flexibility
required to handle these fluctuations, often results in
inefficiencies and risks of grid instability or blackouts
(Central Electricity Authority [CEA], 2022). Upgrading the
grid to allow a higher share of renewable energy is essential,
including implementing advanced grid management systems
and energy storage solutions to balance supply and demand
effectively (Sharma, 2022).

4.2 Financing and Investment

Financing remains a significant hurdle in India’s renewable
energy sector. Although the cost of renewable technologies
has decreased, funding large-scale projects still requires
substantial capital investment. Smaller developers, in
particular, struggle to secure affordable financing due to
limited access to credit and high-interest rates (Aggarwal,
2022). Furthermore, policy uncertainties, especially at the
state level, discourage investors, as delays in approvals,
inconsistent tariffs, and changing regulatory conditions can
impact profitability. Building investor confidence through
consistent policy frameworks and financial incentives will be
crucial for attracting the necessary capital for renewable
energy expansion (The World Bank, 2022).

4.3 Land and Environmental Issues

Land acquisition for renewable energy projects poses a
complex challenge in India, where large solar and wind farms
require vast tracts of land. In a densely populated country,
securing land is often contentious, with multiple competing
uses and significant regulatory hurdles. Additionally, the
environmental impact of these projects raises concerns about
deforestation, biodiversity loss, and displacement of local
communities (Kumar & Patel, 2021). Balancing the need for
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renewable energy expansion with environmental and social
considerations is essential. Measures such as prioritizing
barren or non-arable land, implementing environmental
impact assessments, and ensuring community engagement
can help address these issues (Choudhury & Patel, 2021).

4.4 Climate Change Commitments

Although India has made significant strides in establishing a
supportive policy framework for renewable energy, there are
inconsistencies in implementation, particularly at the state
level. Regulatory delays, land acquisition challenges, and
transmission infrastructure issues often result in project
delays and increase costs. Furthermore, the lack of a stable,
long-term policy environment can dampen investor
confidence, limiting private-sector engagement. Establishing
a uniform regulatory approach across states, streamlining
approvals, and maintaining a stable policy environment are
vital for accelerating renewable energy deployment and
achieving national targets.

Addressing these challenges will be crucial for India to
continue its renewable energy growth trajectory and
transition towards a resilient, low-carbon energy system.

5. FUTURE PROSPECTS FOR RENEWABLE ENERGY
IN INDIA

5.1 Offshore Wind

Offshore wind energy holds substantial untapped potential
for India’s renewable energy portfolio. The Ministry of New
and Renewable Energy (MNRE) has identified coastal regions,
including Gujarat and Tamil Nadu, as favourable locations for
offshore wind farms due to their consistent high wind speeds
(Sengupta, 2021). While offshore wind technology remains
more costly than onshore wind, it benefits from stable and
stronger wind patterns, which contribute to higher and more
reliable power generation. This makes offshore wind a
promising avenue for the future, as it could substantially
contribute to India’s renewable energy goals and energy
security with sustained investments and technological
advancements (Kumar & Roy, 2022).

5.2 Green Hydrogen

Green hydrogen is increasingly viewed as the future of clean
energy, especially for industries that are difficult to
decarbonize, such as steel, cement, and heavy transport.
Recognizing this potential, India launched the National
Hydrogen Mission in 2021 with a focus on becoming a global
leader in green hydrogen production (MNRE, 2023). Green
hydrogen is produced by using renewable energy to
electrolyze water, generating hydrogen without carbon
emissions. This method not only provides a solution to
renewable energy intermittency issues but also enables
large-scale decarbonization for industrial sectors. Leveraging
green hydrogen for energy-intensive industries aligns with

India’s climate goals and opens new pathways for sustainable
economic growth (Ghosh & Shukla, 2022).
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Chart -5: Projected Renewable vs. Traditional Energy
Capacity by 2030 in India

5.3 Energy Storage

Energy storage, particularly battery storage, is essential for
managing the variability of renewable energy sources like
wind and solar. Given the fluctuations in renewable power
generation, energy storage systems allow excess energy
generated during high production periods to be stored and
used when generation is low or demand peaks (Kumar &
Patel, 2022). India is actively exploring large-scale storage
options that would enable greater grid stability and support
renewable integration (Choudhury & Patel, 2021). The
advancement and deployment of affordable, large-scale
storage technologies will be instrumental in optimizing the
energy grid, enhancing reliability, and reducing dependency
on fossil fuels during times of low renewable generation.

5.4 Distributed Energy Systems

Distributed energy systems, including rooftop solar
installations and microgrids, are gaining importance,
particularly in remote or rural areas where grid access is
limited or unreliable. By promoting decentralized renewable
energy sources, the government aims to improve energy
accessibility, reduce transmission losses, and bring clean
power directly to underserved communities (Jain & Agarwal
2021). Initiatives supporting distributed energy systems are
also in line with India’s broader goals of enhancing energy
equity and empowering local communities through reliable
power sources. Microgrids and rooftop solar solutions are
vital for addressing regional energy deficits, reducing
dependency on centralized power, and driving inclusive
renewable energy adoption across India (Kumar & Roy,
2022).
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Through sustained focus on emerging technologies like
offshore wind, green hydrogen, energy storage, and
decentralized systems, India is well-positioned to overcome
existing challenges and progress toward its renewable energy
ambitions. These advancements will not only support
national energy security but also strengthen India’s role as a
key contributor in the global shift towards a low-carbon
future.

6. CONCLUSIONS

India’s renewable energy sector has witnessed remarkable

progress, making significant strides toward achieving its
ambitious energy transition goals. With solar and wind
energy at the forefront, complemented by biomass and
hydropower, India has positioned itself as a global leader in
clean energy. Government policies, technological
advancements, international cooperation, and -climate
commitments have played pivotal roles in driving this
growth. However, challenges such as grid integration,
financing, land acquisition, and regulatory inconsistencies
continue to hinder the full realization of India’s renewable
energy potential.

Looking ahead, emerging technologies like offshore wind,
green hydrogen, and energy storage hold great promise in
overcoming these barriers and enhancing the country's
renewable energy capacity. Additionally, decentralized
energy systems offer a pathway to greater energy equity,
particularly in rural and underserved regions. By addressing
existing challenges and strategically investing in innovative
solutions, India can not only secure its energy future but also
contribute significantly to global climate goals. A resilient,
sustainable, and low-carbon energy system is within reach,
and India’s continued leadership in renewable energy will be
crucial in shaping a sustainable global energy landscape.
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