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Abstract

The transition toward renewable energy has become a global priority due to increasing energy
demand, climate change, and the need for sustainable development. India has emerged as one of the
world's fastest-growing renewable energy markets, with ambitious national targets for clean energy
deployment and carbon emission reduction. This review investigates the role of renewable energy in
promoting sustainable socio-economic development in remote regions of Jaisalmer. It examines how
decentralized renewable energy technologies, including solar photovoltaic systems, wind farms,
hybrid renewable systems, and emerging green hydrogen initiatives, contribute to improving
livelihoods, strengthening educational infrastructure, supporting healthcare services, enhancing
agricultural productivity, and reducing rural poverty.
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1. INTRODUCTION

affordable, reliable,
sustainable energy has become one of the
defining challenges of the twenty-first
century. Rapid industrialization, population
growth, urbanization, and technological

Access to and

advancement have significantly increased
global energy demand while simultaneously
intensifying regarding
change, degradation,
depletion of fossil fuel reserves.

Renewable energy technologies, particularly
solar and wind power, have experienced
unprecedented growth during the past decade

concerns climate

environmental and

owing to technological advancements,
declining installation costs, supportive
government policies, and international

commitments under the Paris Agreement and
the United Nations Sustainable Development
Goals (SDGs). Clean energy has evolved
beyond its environmental significance to
become an essential driver of economic
development, social inclusion, and energy
security.

India has positioned itself as a global leader
in renewable energy deployment through
ambitious national programmes designed to
diversify its energy portfolio and reduce
dependence on fossil fuels. The country's
expanding renewable energy sector has
created new employment opportunities,
attracted substantial domestic and foreign
investment, strengthened energy security,
and contributed to climate mitigation efforts.
Renewable energy should therefore be
examined not solely from the perspective of
electricity generation but as an enabling
infrastructure ~ capable of  stimulating
comprehensive rural transformation. Reliable
energy improves  agricultural
productivity through irrigation
systems, supports digital education in rural
schools, delivery
through uninterrupted medical services,
facilitates entrepreneurship by enabling
small-scale industries, and strengthens
communication networks essential for
modern socio-economic development.

2. Renewable Energy Scenario in India

access
efficient

enhances healthcare
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Over the past decade, India has worked hard
in renewable energy development, driven by
increasing electricity demand,
regarding climate change, and the national
commitment toward achieving Net Zero
emissions by 2070. Over the last decade, the
country has witnessed unprecedented
expansion in solar, wind, bioenergy, and
small hydro sectors, supported by
progressive policy reforms, competitive
bidding mechanisms, foreign investments,
and technological innovations. Today, we
constitute 46.3% of total energy from
renewable energy.

Renewable energy has become a central
pillar of India's energy transition strategy.
The Government of India has launched

concerns

several flagship initiatives, including the
National Solar Mission, National Wind-Solar
Hybrid Policy, Green Energy Corridor
Programme, PM-KUSUM Scheme, PM
Surya Ghar Muft Bijli Yojana, National
Green Hydrogen Mission, and Production
Linked Incentive (PLI) schemes for solar
photovoltaic manufacturing. These initiatives
aim not only to reduce dependence on fossil
fuels but also to strengthen energy security,
promote domestic manufacturing,
employment opportunities,
sustainable economic development.

3. Renewable Energy Potential
Rajasthan
Rajasthan possesses

create
and facilitate

of

some of the most
favourable renewable energy resources in
India because of its distinctive geographical
and climatic characteristics. It is India's
largest state by geographical area, covering
approximately 342,239 km?, or 10.4% of the
country's total geographical and
includes a substantial part of the Thar Desert.

These characteristics, together with extensive

area,

areas of low-population-density land and
high solar-resource availability, provide

favourable conditions for large-scale
renewable energy development.

The of  Rajasthan,
particularly Jaisalmer, Barmer, Bikaner,
Jodhpur and Jalore, have considerable
potential for solar and wind energy
development. The availability of large areas
suitable for renewable energy infrastructure

and favourable solar and wind conditions has

western  districts

contributed to Rajasthan becoming one of
India's leading renewable-energy-producing
states. The scale of this development is
reflected in the rapid growth of India's
renewable-energy capacity: according to the
Ministry of New and Renewable Energy
(MNRE), India's installed
capacity as of 31 July 2026 included

cumulative

approximately 164.59 GW of solar power
and 58.14 GW of wind power, excluding
large hydropower from the renewable-energy
subtotal.

During the past decade, Rajasthan has
attracted substantial investment in utility-
scale solar projects, wind farms, hybrid
renewable-energy projects and associated
transmission infrastructure. The expansion of
renewable-energy generation has
strengthened the state's position as a major
clean-energy  hub has
opportunities for investment, employment,
infrastructure development and technology
deployment. MNRE's Renewable Energy
Statistics 2024-25 provides state- and
technology-wise data on installed capacity
and electricity generation
appropriate primary source for documenting
these developments.

The Government of Rajasthan has also
developed a policy and institutional
framework to facilitate renewable-energy
investment and infrastructure development.

and created

and is an

Current  state  initiatives  emphasize
renewable-energy deployment

investment facilitation, while Rajasthan's

and



geographical characteristics provide
opportunities for the development of solar,
wind, hybrid renewable-energy systems and
emerging clean-energy technologies. The
state is also opportunities
associated  with clean-energy
applications, including green hydrogen.
These policy and infrastructure

developments are important for

exploring
newer

strengthening Rajasthan's role in India's
energy transition.

Beyond utility-scale electricity generation,
renewable energy has the potential to
contribute substantially to rural and remote-
area development by supporting
decentralized electricity supply, agricultural
activities, pumping, educational
institutions, healthcare facilities, digital
connectivity and rural enterprises. In the
context of Jaisalmer and other remote desert

water

decentralized solar and hybrid
renewable-energy can therefore
complement grid-connected projects and
help translate the state's renewable-energy

resource advantage into broader

regions,
systems

socio-
economic benefits.

4. Jaisalmer: India's Emerging Renewable
Energy Hub

Jaisalmer occupies a strategically important
position within India's renewable energy
landscape due to its exceptional natural
resources. Located in the western part of
Rajasthan within the Thar Desert, the district
experiences some of the highest solar
radiation levels in Asia together with
favourable wind velocities suitable for
commercial electricity generation.
Historically recognized for
heritage and tourism, Jaisalmer has gradually
evolved into one of India's largest renewable
energy production centres. Large wind farms,
parks, hybrid energy
installations, and high-capacity transmission
networks have transformed the district into a

its cultural

solar renewable

significant contributor to the national
electricity grid.

The strategic location of Jaisalmer near
India's western international border further
enhances its significance from an energy
security perspective. Renewable
infrastructure  contributes not

electricity generation but also

border-area development,

energy
only to
supports
defence
establishments, communication
infrastructure, and disaster resilience.

Despite these achievements, disparities
remain between electricity generation and
local socio-economic development. While
large renewable energy plants export
substantial amounts of electricity to other
regions, several remote villages continue to
face challenges related to reliable electricity
supply, educational infrastructure, healthcare
accessibility, digital connectivity,
employment  opportunities, and water

availability. Consequently, there exists an

urgent need to integrate large-scale
renewable  energy  development  with
localized community development

programmes to ensure equitable distribution
of benefits.

5. Government Policies Supporting
Renewable Energy Development

India's renewable energy transition has been
facilitated by a series of progressive policy
interventions that encourage investment,
technological ~ innovation, and  rural
electrification. These are National Solar
Mission, PM-KUSUM Scheme, PM Surya
Ghar Muft Bijli Yojana, National Green
Hydrogen  Mission Rajasthan
Renewable Energy Policy.

6. Renewable Energy Technologies
Suitable for Remote Desert Regions
Different renewable energy technologies

and

offer unique advantages depending on local
climatic conditions, geographical
characteristics, and community needs. Solar



photovoltaic technology is particularly
suitable for Jaisalmer because of its high
solar irradiation throughout the year. Solar
systems can be deployed for household
electrification, schools, healthcare centres,
water pumping, street lighting, and rural
enterprises.

7. Socio-Economic Impact of Renewable
Energy on Remote Communities
Jaisalmer
Renewable

in
energy extends far beyond
electricity generation. In remote regions such
as Jaisalmer, where settlements are
geographically dispersed and conventional
infrastructure is difficult to develop,
renewable energy serves as a catalyst for
transformation.

inclusive  socio-economic

Reliable access to electricity influences

education, healthcare, agriculture,
livelihoods, entrepreneurship,
communication, and public services,

ultimately improving the quality of life and
reducing regional disparities. The socio-
economic impacts of renewable energy in
Jaisalmer can be categorized into several
interconnected dimensions.
7.1 Renewable Energy
Education

and Rural

Reliable access to electricity is an important
enabling factor for the modernization of
school education, particularly
geographically remote and economically
disadvantaged regions. In Rajasthan, the

in

scale of the remaining infrastructure gap can
be through UDISE+ data.
According to the Government of India's
UDISE+ 2023-24 dataset, 91.4% of schools
in Rajasthan had an electricity connection,
compared with 91.8% nationally. However,
access to digital infrastructure remained
considerably more limited: only 51.6% of

tlustrated

Rajasthan's  schools reported computer
facilities and 68.3% reported availability of

internet facilities.

The availability of electricity is particularly
important
facilities increasingly depend on continuous
power supply. UDISE+ 2023-24 reported
that approximately 20.0% of schools in
Rajasthan had functional smart classrooms
equipped with digital boards, smart boards,
virtual classrooms or smart TVs. At the
national level, the corresponding figure was
24.4%. These figures indicate that, although
electricity has
widespread, the transition from basic
electrification to digitally enabled education
remains incomplete.

Renewable energy can contribute to closing
this infrastructure gap, particularly in remote
settlements where reliable grid electricity

because modern educational

basic access become

may be technically difficult or economically
expensive to maintain. Solar photovoltaic
(PV) systems, supported where necessary by
battery storage, can provide electricity for
lighting, computers, internet equipment,
digital displays, projectors, fans,
pumps and other essential school services.
Such systems can also reduce dependence on

water

diesel-based backup generation and improve
the reliability of electricity supply.

The educational relevance of renewable
energy is therefore broader than simply
providing lighting. Reliable electricity can
enable schools to adopt smart classrooms,
digital  boards, laboratories,
internet connectivity, e-learning platforms,

computer

digital libraries and audio-visual teaching
resources. In remote desert regions such as
Jaisalmer, these facilities can help reduce the
digital divide between rural and wurban
educational institutions by enabling students
to access online lectures, digital learning
resources, competitive-examination materials
and skill-development programmes.



7.2 Renewable Energy and Agricultural
Development

Agriculture in the arid regions of Rajasthan
faces multiple challenges, including water

scarcity, high irrigation costs, and
dependence on diesel-powered pumps.
Solar-powered  irrigation systems have
emerged as an  economically and

environmentally sustainable solution.
Major benefits include:
Reduced fuel expenditure , Lower operating

costs, Improved irrigation efficiency,
Reduced  greenhouse gas  emissions,
Increased  cropping intensity, Better
groundwater management, Improved

agricultural productivity etc.

Renewable-powered drip irrigation systems
help farmers optimize water utilization,
particularly in drought-prone areas such as
Jaisalmer. The integration of solar energy
with precision agriculture technologies—
including IoT-enabled soil moisture sensors,
automated irrigation controllers, and weather

Renewable energy significantly contributes
to gender-inclusive development. Access to
electricity the spent
household activities and improves access to
education, healthcare, and digital services.
Solar-powered enterprises enable women to
establish:

Tailoring units

Food processing centres

Dairy enterprises

Handicraft businesses

Digital service centres

Small retail establishments
Improved street lighting enhances women's

safety and encourages greater participation in
Digital
literacy programmes powered by renewable
energy also increase financial inclusion by
facilitating access to online banking, e-
and entrepreneurial

reduces time on

VVVVYY

economic and social activities.

governance services,
training.

8. Renewable Energy and Sustainable
Development Goals (SDGs)

Renewable energy contributes directly and

monitoring  systems—can  significantly jndirectly to several United Nations
enhance climate-resilient agriculture. Sustainable Development Goals. These are
7.3 Women Empowerment through
Renewable Energy
Table 1. Contribution of Renewable Energy to Selected Sustainable Development Goals
SDG Name of SDG Contribution of Renewable Energy
DG 1 No Poverty Renewgble energy can support livelihoods, prqductw; activities,
income generation and access to essential services.
Renewable-powered irrigation, agricultural processing and rural
SDG 2 Zero Hunger productive activities can support sustainable agriculture and food
security.
Good Health and Well- Reliable elgctrlclty can support heal_thcare f_acﬂltles, refrigeration
SDG 3 bein of vaccines and medicines, medical equipment and health
& services.
SDG 4 Quality Education Rehable.electrlclty enables lighting, IC'F infrastructure, .dlgltal
learning, computers and other educational technologies.
Access to modern energy can reduce time burdens, improve
SDG 5 Gender Equality access to services and support women's participation in education
and economic activities.
DG 6 Clean Water and Renewable electricity can support water pumping, treatment,
Sanitation purification and other water-management services.
Affordable and Clean =~ Renewable energy directly contributes to increasing access to
SDG 7 . .
Energy affordable, reliable, sustainable and modern energy.
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SDG Name of SDG
Decent Work and
SDG 8 Economic Growth economic
SDG 9 Industry, Innovation Renewable
and Infrastructure
SDG 1 Communities
SDG 13 Climate Action

Contribution of Renewable Energy

Renewable-energy deployment creates employment and supports

activity, entrepreneurship and new industries.
energy supports resilient energy infrastructure,

technological development and innovation.
Sustainable Cities and Clean energy can contribute to resilient, sustainable and resource-

efficient human settlements.

Renewable-energy deployment can reduce dependence on fossil
fuels and contribute to climate-change mitigation and resilience.

Source: Synthesis based on United Nations (2015), IEA et al. (2026), and IRENA & ILO (2026)

9. Policy Recommendations

Based on the present review, the following
policy interventions are recommended to
maximize the socio-economic benefits of
renewable energy deployment in remote
regions of Jaisalmer.

9.1 Promote Decentralized Renewable
Energy Systems

Government agencies should encourage
decentralized renewable energy
such as village micro grids, rooftop solar

systems

installations, hybrid wind—solar systems, and
community-owned energy
projects. Such systems enhance energy
security while reducing dependence on
centralized electricity infrastructure.

9.2 Integrate Renewable Energy with
Rural Development Programmes
Renewable energy planning should be
integrated with education, healthcare,
agriculture, drinking water supply, digital
connectivity, and rural entrepreneurship
programmes. Energy infrastructure should
be viewed as a foundational component of
comprehensive rural development rather
than an isolated engineering intervention.

9.3 Encourage Local Manufacturing

renewable

Strengthening domestic manufacturing of
photovoltaic  modules,
components, batteries, and power electronics
can import dependence
generating  employment  opportunities.
Special economic dedicated to
renewable energy manufacturing may

wind  turbine

reduce while

Zones

significantly contribute to regional industrial
development.

9.4 Strengthen Skill Development
Dedicated Energy  Skill
Development Centres should be established
in western Rajasthan to train technicians,

Renewable

engineers, electricians, entrepreneurs and

local youth in renewable  energy
technologies. Industry-academia
partnerships between engineering

institutions and renewable energy companies
can further bridge the gap between academic
education and industrial requirements.

9.5 Promote Research and Innovation
Universities and research organizations
should encourage interdisciplinary research
in:

Artificial Intelligence for energy forecasting,
Internet of Things (IoT) , Digital twins for
renewable plants, Drone-based inspection ,
Robotics for solar panel cleaning, Smart
micro grids, Green hydrogen technologies,
Battery recycling etc.

Such innovations can significantly improve
system reliability and operational efficiency.
10. Future Research Directions

The renewable energy sector is rapidly
evolving, creating numerous opportunities

for future interdisciplinary  research.
Potential research areas include:
Artificial Intelligence-based energy

management systems, Machine learning for
renewable energy forecasting, Digital twins
for renewable infrastructure, Smart grid
optimization, Green hydrogen production in



desert regions, Battery
technologies, Agrivoltaic
sustainable  agriculture,

villages, Energy-positive rural communities,
Climate-resilient renewable infrastructure,
Circular approaches for
photovoltaic waste management, Renewable
energy financing models, Social acceptance
of large-scale renewable projects and

recycling
systems
Carbon-neutral

for

economy

Renewable  energy and  border-area
resilience

11. CONCLUSION

Renewable energy has evolved from being
merely an alternative source of electricity to
becoming a strategic enabler of sustainable
socio-economic development. The present
review demonstrates that renewable energy
technologies possess significant potential to
transform remote regions such as Jaisalmer
by enhancing education, healthcare,
agriculture, employment generation, digital
connectivity, women's empowerment, water

security, and environmental sustainability.

Jaisalmer's exceptional solar irradiation,
favourable wind regimes, vast land
availability, and strategic geographical

location position the district as one of India's
most promising renewable energy regions.
Nevertheless, maximizing the
developmental impact of renewable energy
requires a transition from infrastructure-
centric planning toward people-centric
development. Renewable energy projects
should therefore be designed not only to
contribute electricity to the national grid but
also to improve the quality of life of local
communities through inclusive planning,
equitable benefit sharing, and sustainable
livelihood creation.

The findings of this review further indicate
that decentralized renewable energy systems,
hybrid technologies, digital innovation,
artificial intelligence, and community-based
governance models represent promising

7

pathways toward resilient rural development.
Aligning renewable energy deployment with
the United Sustainable
Development Goals will not only strengthen
India's energy security but also contribute to
economic  growth, climate
resilience, and social equity.

In conclusion, renewable energy should be
recognized not simply as a technological

Nations

inclusive

solution to energy demand but as
transformative development strategy capable
of reshaping the socio-economic landscape
of remote regions. The experiences of
Jaisalmer provide valuable lessons for other
arid and geographically isolated regions
seeking to achieve sustainable development
through clean energy transitions.
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