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Abstract -India has rapidly emerged as a global leader
in renewable energy, driven by ambitious targets and
substantial investments. The country’s renewable energy
capacity has seen significant growth , particularly solar
photovaltaic (pv)and wind energy sectors. As of 2023, india
has target to achieve 500GW of renewable energy capacity
by 2030. aiming to reduce its carbon footprint and meet
increasing energy demands sustainably. This paper reviews
the advancement in india’s solar PV, wind energy and
microgrid system, highlighting their importance and
integration into the energy landscape.
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1.INTRODUCTION

India’s renewable energy sector has experienced rapid
growth with significant investments and ambitious targets
driving the expansion of solar photovaltaic (PV) and wind
energy capacities [1],this captures the essence of india’s
renewable energy landscape, emphasizing the growth
potential, and strategic efforts in this sector [2].the
primary objective of deploying renewable energy in india
is to advance economics development, improve energy
security , and mitigateclimate change , supported by
strong government policies and foreign investments. This
paper present singnificant achievements, prospects,
challenges, and opportunities in the renewable energy
sector, providing insights for policymakers and
stakeholders.

1.1 Solar PV Energy

The Jawaharlal Nehru national solar mission (JNNSM),
examining its impact on india’s power sector reforms,
barriers dismantled , remaining challenges and high level
apporches to enhance policy implementations [3]. Key
initiatives like the national solar mission have propelled
india’s solar capacitive to over 60 GW analyzes JNNSM
within india’s power sector reforms, examining dismantled
and remaining barriers, policy implementations challenges
and high level approaches based on global best practice to
address these challenges .[4]. The deployment of solar PV
panels ranges form large utility scale solar parks to small

rooftop installations , contributing to energy security and
reducing dependency on fossil fuel [5].

1.2 Wind Energy

india’s wind energy sector is the fourth largest in the
world, with substantial onshore and offshore wind
potential, india’s wind energy potential using advanced
wind distribution methods and artifial intelligence for
onshore, offshore and nearshore locations highlightning
significant seasonal variations and optimal periods for
wind power4 generation . high potential offshore wind
sites along the Indian coast have been identified , with an
estimate gross technical potential of 3941 GW , excluding
environmentally sensitive areas. [5,6,7]. Favourable
policies and technological advancement have helped
reduce the cost of wind energy production, with the
installed wind capacity surpassing 30 GW [8].

2. Importance of Microgrid systems

Microgrid system are gaining increasing importance in
india’s energy landscape due to their potential to ensure
energy access and enhance sustainability [10]. These
system are particularly beneficial in remote and rural areas
where extending the main grid is economically or
technically unfeasible [11].

2.1 Ensuring Energy Access

Microgrid can provide reliable and uninterrupted power
to off-grid and underserved communities, enhancing the
quality of life and supporting economic development [12].
By incorporating renewable energy sources such as solar
and wind, microgrids help in reducing the reliance on
diesel generators and other polluting energy sources [13].

2.2 Sustainability and Resilience

Microgrids contribute to sustainability by integrating
renewable energy sources, reducing greenhouse gas
emissions and environmental impact[14,15][14]. They
also enhance grid resilience by providing backup power
during outages and natural disasters, ensuring
countinuous energy supply [15][16].
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2.3 Hybrid Solar PV wind systems in india

Hybrid system PV and wind generation systems are
becoming particularly attractive solutions for stand-alone
applications in india. By combining solar and wind energy
sources, these system can offer better reliability and
become more economical , enhancing the overall economy
and reliability of renewable power generation [17].

2.4 Solar electricity Generation

Solar electricity generation in india predominantly uses
photovoltaics (PV). efficiency improvements in PV
technologies have significantly enhanced solar power
generation capabilities [18].

2.5 Global Wind Report

The global wind report of 2012 indicated an annual
market growth of around 10% wit5yh wind turbines
classified into horizontal axis (HAWT) and vertical-axis
(VAWTO) types [19].

3. Hybrid Solar -Wind System Classification

Hybrid solar-wind system can be classified into grid
connected and stand alone types. Optimization techniques
play a crucial role efficiently utilizing these system [20].

3.1 Bridge to india

India’s wind-solar hybrid (WSH) project capacity is poised
to grow significantly by 2025,driven by demand for form
green power and the promises of grater transmission
efficiency and lower costs [21].

3.2 Utility Scale Solar Segment

In the utility-scale solar segment, India added about 8GW
of new capacity in FY2023, with notable installations in
rajasthan, tamil nadu, and maharastra. The rooftop solar
segment saw a slight increase, with gujrat leading in
installations [22].

3.3 optimization

Combining solar PV and wind system enhances energy
output but requires optimization . Al techniques like fuzzy
logic and genetic algorithms are emerging as effective
alternatives. Optimization in renewable energy system .
recent perspectives explores various optimization
techniques to enhance the efficiency and predictability of
renewable energy system, covering applications from
large-scale power forecasting to small-scale DG sizing and
siting [23,24,25,26,27,28,29].
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3.4 Comprehensive Review of existing Literature

India’s renewable energy sector, focusing on solar PV,
wind energy, and microgrids, lacks comprehensive studies
on microgrid challenges, integration of multiple sources,
innovations,

economics benefits, technological

frameworks, and social impacts [23][30].

3.5 Comparisons of methodology

policy

a systematic review was conducted using databases like
Scopus, web of science, IEEE Xplore, and google scholar.
Inclusion criteria covered recent advancements, policy
analyses, and case studies in india [24][31].

Table -1: Overview of Energy Access and Sustainability

Methodologies
Methodology | Description | Benefits Challenges
Energy Reliable Uninterrupted | High initial
Access power to off- | power costs
grid and
underserved | Economic Technical
communities. | development feasibility
Reduced Maintenance
diesel use
Sustainability | Integrates Lower Grid
and renewables emissions integration
Resilience to reduce
emissions Environmental | Intermittent
and enhance | sustainability sources
grid
resilience. Grid resilience | Setup costs
Methodology | Description | Benefits Challenges
Hybrid  PV- | Combines Increased Technical
Wind solar and | reliability complexity
Systems wind for
better Cost- Initial costs
reliability effective
and Optimization
economy. Better needs
efficiency
Optimization | Uses Al to | Optimized Algorithm
Techniques enhance output complexity
energy
output and | Improved Continuous
performance. | performance | monitoring
Effective use | High
of computational
renewables needs
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4. CONCLUSIONS

India’s commitment to renewable energy is evident
through its significant advancements in solar PV, wind
energy, and the adoption of microgrid sytems. These
efforts are pivotal in achieving the country’s ambitious
targets of 500GW renewable capacity by 2030 . continued
research and optimization are required to address the
existing gaps and challenges, facilitating the efficient
utilization of renewable energy source and supporting
india’s transition to a sustainable energy future .
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