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ON THE COVER

A solar mini-grid embedded in the farmlands of
Burhibir village in Jharkhand marks a quiet shiff in
rural development. Once constrained by unreliable
electricity and subsistence livelihoods despite its
proximity fo district centres, the village adopted an
enterprise-oriented solar power model that prioritised
productive use over household lighting alone. By
linking decentralized renewable energy with local
entfrepreneurship, shared governance, and partial
risk-sharing, electricity became an economic
asset—supporting skills, retaining youth, empowering
women, and translating rural potential into sustained
economic activity.
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INTRODUCTION

1.RURAL ENERGY CHALLENGES

India achieved 100 per cent village electrification in
2018, but this milestone was limited in scope, requiring
only 10 per cent household connections per village.
Many rural areas continue to face unreliable electricity
with frequent power cuts and weak infrastructure.
Conventional grid extension remains economically
unviable in remote, sparsely populated regions due to
high operational costs and transmission losses.

2. DECENTRALIZED RENEWABLE

ENERGY (DRE) SOLUTIONS

Solar costs dropped over 85 per cent between
2010-2020, making DRE systems like solar mini-grids
increasingly viable.These solutions provide localized
power generation that supports productive enterprises
and income-generating activities beyond basic
household lighting.

3. DEMONSTRATED IMPACT

Successful implementations show significant benefits: a
solar mini-grid in Gumla reduced welding unit costs by
two-thirds; women entrepreneurs doubled their output
with solar-powered equipment; solar irrigation freed
farmers from expensive diesel systems.

4. CRITICAL SUCCESS FACTORS

Community ownership,particularly through women-led
collectives, ensures system sustainability. Technical
training, flexible payment models, and advances in
battery and monitoring technology have improved
reliability and reduced costs.

5. REMAINING CHALLENGES

Policy gaps persist in integration with rural
development programs, technical standards,
and financing access. However, falling costs and
demonstrated livelihood benefits create strong
conditions for scaling DRE across India.

e
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Rural habitations
where limited
infrastructure
shapes everyday
energy choices
and economic
activity
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oo INTRODUCTION

THE CHALLENGE OF RURAL ENERGY POVERTY

Despite India’s significant economic growth and technological advancement over the
past decades, millions of rural households and enterprises continue to experience energy
poverty. This fundamental constraint limits economic opportunities, restricts educational
advancement and reinforces patterns of underdevelopment. The absence of reliable energy
has curtailed productivity and economic diversification across large parts of rural India.

The country’s achievement of 100 per cent village electrification in 2018 under the
Saubhagya scheme marked a milestone, but the benchmark itself, which required
connections for only 10 per cent of households in a village, exposed the limitations of this
measure. A large number of households remained either unconnected or dependent on
unreliable electricity supply, characterized by frequent power cuts, voltage fluctuations
and weak distribution infrastructure. For rural entrepreneurs and small enterprises, this
unreliable access to power has been a major obstacle to economic growth and service
delivery.

Expanding electrification through conventional grid extension has proved difficult in
many parts of rural India. Extending transmission lines to sparsely populated regions or
remote areas with complex terrain has remained economically unviable. The operational
costs of maintaining long-distance transmission networks and the technical losses
incurred along the way have weakened financial viability for utilities. These structural
issues have perpetuated the gap between urban centres with reliable power and rural
communities still dependent on erratic supply.

EMERGENCE OF DECENTRALIZED RENEWABLE ENERGY
SOLUTIONS

In recent years, a new approach to rural energy access has begun to take shape through
Decentralized Renewable Energy (DRE) systems. The sharp decline in the cost of solar
photovoltaic modules by more than 85 per cent between 2010 and 2020, together with
advances in battery storage, inverter technology and remote monitoring systems, has
created new opportunities to extend energy access beyond the limits of the central grid.
DRE solutions, particularly solar mini-grids and distributed solar installations, have
enabled localized power generation close to the point of use, reducing transmission losses
and providing energy security to communities that were previously underserved.

This approach goes beyond the traditional idea of rural electrification as the provision of
lighting or basic household services. It views energy access as the foundation for economic
activity and livelihood transformation. Reliable and affordable power enables productive
enterprises, supports agricultural mechanization, drives small-scale processing and
expands opportunities for entrepreneurship. It recognises that sustainable rural
development depends not only on the presence of electricity but on its capacity to support
income-generating and value-adding activities.

Across India’s diverse social and geographic contexts, DRE initiatives are demonstrating
measurable change. In Karnataka’s Chamarajanagar district, solar-powered roti-making
machines have expanded women’s food enterprises. In Jharkhand’s Simdega district,
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community-owned solar mini-grids have mechanized agricultural processing that was
once entirely manual. These experiences show how local generation and appropriate
technology can unlock economic potential that had long remained untapped.

ECONOMIC, SOCIAL AND TECHNOLOGICAL
TRANSFORMATION

Evidence from successful DRE interventions highlights their wide-ranging benefits. In
Gumla district’s Patratoli village, a 34 kWp solar mini-grid reduced the operational costs
of local welding units by nearly two-thirds and improved reliability, allowing businesses
to expand and create new employment. In Assam’s remote aquaculture communities,
floating solar systems have provided clean electricity while improving fish production
through aeration systems, combining energy access with direct livelihood enhancement.

Women’s economic participation has grown substantially where reliable electricity has
become available. Mechanized equipment powered by solar energy has replaced time-
intensive manual work, allowing women to take on new economic roles and extend their
working hours. In Honganuru village of Karnataka, a solar-powered sewing machine
enabled a tailor to double her output while continuing work after dark, generating an
additional income stream that strengthened household security. These changes have had
broader social effects, with women assuming leadership in community energy committees
and gaining technical and financial management skills.

Agriculture has also been transformed by DRE applications. Solar irrigation pumps
have freed farmers from expensive diesel systems and erratic grid connections, allowing
continuous cultivation and crop diversification. In Uttar Pradesh’s Chakanwala village, a
solar-powered flour mill established by a local doctor demonstrated the viability of small-
scale rural enterprises and inspired multiple replications within the same community.

The success of these systems has depended strongly on local ownership and community
management. Models such as Jharkhand’s Urja Mandal show that when women-led
collectives are trained in technical operation, billing, and basic maintenance, systems
remain functional and socially accepted. Financial models combining prepaid metering,
flexible payment schedules and productive-use revenues have balanced affordability
with sustainability. Advances in lithium-ion batteries, smart inverters and IoT-based
monitoring have further reduced costs and improved reliability, extended system life and
lowered maintenance requirements.

Policy, institutional gaps and the way forward

The policy environment for DRE in India has evolved over the past decade through
dedicated renewable energy frameworks and state-level mini-grid guidelines and
framework for promotion of DRE Livelihood application. However, significant policy
and institutional gaps persist. Integration between DRE initiatives and wider rural
development programmes remains limited and the absence of technical standards and
tariff mechanisms continues to hinder progress. Coordination among ministries is weak,
and long-term institutional structures to support DRE at scale are still emerging.
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Women engaged in traditional silk reeling inside the Productive Use Renewable Energy Centre (PUREC), Meghalaya
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At the implementation level, constraints in technical capacity and financing continue to
restrict growth. Rural areas often lack trained personnel for installation and maintenance,
and many potential users remain unaware of the benefits of decentralized systems.
Competition from subsidized grid power and fossil-fuel-based alternatives further
weakens the commercial case for DRE. Access to credit for both system deployment and
productive-use equipment remains a challenge.

Nevertheless, the conditions for expansion are highly favourable. Falling renewable energy
costs, growing rural demand, and the demonstrated livelihood benefits of DRE together
create a strong foundation for scale. Achieving this will require continued investment in
technology, skill development and financial innovation, alongside policies that explicitly
link DRE to livelihood generation.

This report presents a detailed examination of DRE interventions for livelihood
enhancement across multiple rural contexts in India. Through field-based case studies,
it documents the transformative outcomes achieved and the lessons that can guide
replication. The evidence shows that decentralized renewable energy represents more than
a technological alternative; it offers a pathway for inclusive economic growth grounded in
local ownership, environmental sustainability and community empowerment. As India
seeks to meet its renewable energy goals while ensuring equitable development, DRE
systems provide a tested and scalable approach to bridging the energy access divide and
advancing rural transformation.

n
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Walking the last
mile of energy
access—mini-
grid integrated

into local
service delivery
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ENERGY IN PRACTICE:
STORIES OF RURAL
TRANSFORMATION

This section brings together 21 case studies from
Jharkhand, Meghalaya, Assam, Uttar Pradesh, and
Karnataka, documenting how decentralized renewable
energy (DRE) interventions are strengthening rural
economies and livelihoods.These examples illustrate

how reliable, affordable power, when aligned with local
enterprise and community participation, translates national
renewable energy goals info real, measurable change.

Across regions, DRE has powered transformations that
reach far beyond electrification. In Jharkhand, solar mini-
grids operated by women's collectives are powering local
markets and small enterprises, replacing diesel generators
and building sustainable business ecosystems. In
Meghalaya, solar-powered silk reeling and weaving units
are reviving traditional eri silk production while improving
income security for women artisans. Assam’s hybrid
solar aquaculture systems are modernizing fish farming
practices, improving yields and reducing environmental
impacts. In Uttar Pradesh, a doctor’s investment in a
solar-powered flour mill yielded strong personal returns
while building a wider solar-based agricultural processing
network benefiting the community. In Karnataka, solar
mechanization in food processing and dairy operations
has enhanced productivity, created local employment, and
reduced energy costs.

Documenting these small-scale and individual stories is
crucial to understanding how renewable energy intersects
with local economies and livelihoods.The stories that
follow provide concrete evidence of how decentralized
renewable energy can build economic resilience, expand
rural opportunity, and align India’s clean energy goals with
inclusive development.
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COMMUNITY

OWNED

MINI GRIDS
AND LOCAL
GOVERNANCE
IN JHARKHAND

JHARKHAND

Simdega district,
Bolba Block
Sugadongar village
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For six

years,
government poles
stood near our
village like broken
promises. Officials
said 42 families
weren’t worth the
investment. So we
stopped waiting
and built our own
grid. Today, the
Saur Urja Samiti
manages billing,
maintenance,
expansion and
planning. We were
never too small,
they were simply
thinking too
centrally.”
Lilavati Devi,

President of the Chandra Muni
Saur Urja Samiti, Sugadongar
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PARAMETER 'DETAILS

Location Sugadongar village: Bolba Block, Simdega District,
Jharkhand; 45 km from district headquarters
Bandatoli village: Simdega district; 43 km from district
headquarters

Implementation pariners Lead organization: Transform Rural India Foundation
(TRIF)
Funding partner: Tata Capital
Technical partner: Gram Oorja Solutions Pvt. Ltd.
Community partner: Chandra Muni Saur Urja Samiti (70
per cent women members)

Project highlights Solar PV capacity: 9.9 kWp for Sugadongar (42
households), 9.9 kWp for Bandatoli (48 households)
Inverter capacity: 10.4 kVA; Battery capacity : 750 Ah

Cost of project, financing bank The solution emerged through the collaborative vision of

and rate of interest the Transform Rural India Foundation (TRIF), with funding
from Tata Capital and technical expertise from Gram
Oorja Solutions Pvt. Ltd.

Land owner and rental model Community-rented land for solar installations (Rs1000 per
month); infrastructure with poles and distribution networks
installed; control rooms constructed with community
labour participation

Project fimeline Total duration: 4-6 months per village

Tariff model Per household connection fee: Rs 1,500 (paid in 3
installments)
Monthly tariff: Rs 100 fixed charge + Rs 10/kWh
Includes: 4 LED bulbs, 2 plug points, 1 energy meter per
household

Monthly expenditure and income | Operator salary and land rent: Rs 400 per month and Rs
600 respectively for 15 years.
Insurance pool: Solar Grid Suraksha Samiti collected Rs
2.62 lakhs from 60 mini-grids and spent only Rs 60,000 on
repairs

Economic impact on livelihood Agriculture: Farmers reduced irrigation costs by 90 per
cent, saving about Rs 27,000 annually by replacing Rs
3,000 monthly kerosene expenses with Rs 300 electricity
bills (for 10 irrigation months).
Enterprise: Dhaneshwar Singh charges Rs 2 per kg for
grinding grains, earning about Rs 120 per hour against an
electricity cost of Rs 30, making a net profit of Rs 90 per
hour. With current operations of around 20 hours a month,
this translates into roughly Rs 2,400 in revenue and Rs
1,800 in monthly profit, with scope for tripling income with
surges in customer demand

Challenges and learnings Success factors: 100 per cent household participation,
4-6-month community engagement, 70 per cent women
members, participatory construction approach
Technical reliability: Maximum 1-2-hour fault resolution,
local operator training, spare parts availability

=
i
-
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oo JHARKHAND: COMMUNITY OWNED MINI GRIDS AND LOCAL GOVERNANCE

BACKGROUND

In the heart of Jharkhand’s Simdega district, where 92.8 per cent of the 0.6 million
population lives in villages spread across 451 settlements, two remote communities,
Sugadongar and Bandatoli, remained without electricity for decades. Located 45
kilometres from the district headquarters, these villages exemplify the challenges faced
by many rural settlements across India—complete isolation from the electrical grid that
powers urban life.

Simdega’s demographic profile reflects deep economic vulnerability. Nearly 65 per cent
of the population belongs to tribal communities, and 62.7 per cent lives below the poverty
line. Agriculture is the main source of livelihood for 52.8 per cent of residents, followed
by manual labour at 49.3 per cent. In villages like Sugadongar and Bandatoli, 69.5 per
cent of households are nuclear families, and 5.2 per cent are headed by women who often
shoulder both domestic and income-generating responsibilities in difficult conditions.

The terrain itself told a story of geographical isolation. Rocky landscapes rising more than
200 meters above sea level, poor road access, and the complete absence of mobile network
coverage made these villages invisible to development initiatives. Sugadongar, located in
Malsara Panchayat of Bolba Block, is home to 42 families, while Bandatoli has 48. Both lie
along the buffer zone of the Ushakothi Wildlife Sanctuary and the Bamra-Gangpur Forest,
where human-elephant conflict is a frequent threat.

A quiet lane in Bandatoli
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Bandatoli lane lined with mud houses that refliect traditional rural life

For generations, life here followed the rhythm of natural light. Women spent long hours
manually processing paddy, a labour-intensive task that consumed time otherwise
available for income or childcare. Men travelled to distant markets for grain hulling and
wheat grinding. Children studied by dim kerosene lamps, and the elderly retired soon after
sunset as darkness curtailed all activity.

Yet beneath this apparent simplicity lay a deep yearning for progress. Some families had
attempted to install individual solar panels, small 5 to 50-watt systems costing between Rs
2,000 to Rs 5,000, but these provided only enough power for two LED bulbs for a couple
of hours, and failed entirely during cloudy days when batteries couldn’t charge adequately.

THE PROBLEM

The lack of reliable electricity posed a series of interlinked challenges that affected several
aspects of life in Sugadongar and Bandatoli. Without power, daily survival revolved
around manual labour, limited opportunities, and isolation from the wider world.

Women bore the brunt of this energy poverty. Each day, they spent six to eight hours
manually processing paddy—a task that mechanized mills could complete in an hour.
The work was exhausting and time-consuming, leaving them with little opportunity to
pursue income-generating activities or participate in household decisions. This persistent
‘time poverty, trapped families in subsistence living, with no space to diversify livelihoods
or plan for the future. Farmers faced similar difficulties. Those who could afford diesel

17
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