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Climate risks and effects need to be main-
streamed in the lifecycle of energy solutions and 
in their associated technical, organizational, and 
economic aspects.

This study documents and analyzes efforts 
to deliver developmental outcomes through 
improved electrification in climate vulnerable 
areas to answer the following research questions:  

 ▪ How does climate vulnerability affect energy 
needs for development?

 ▪ How do energy access solutions take climate 
vulnerability into account in energy-poor 
Indian states? 

 ▪ What factors should be considered for 
improving the sustainability of energy access 
solutions in climate vulnerable areas?

As WRI India’s work on improving India’s energy 
access has focused on Assam, Jharkhand, and 
Rajasthan since 2015, we selected these three 
states for this study. 

We began by collecting data on climate risks 
due to extreme temperatures, uncertain rainfall 
patterns, and cyclonic conditions along with 
environmental data on groundwater conditions, 
water quality, localized flooding, and drought 
conditions for the study states. 

Data were supplemented with socioeconomic 
data on population density, livelihoods, and the 
Human Development Index (HDI) to identify dis-

tricts within the study states facing all three chal-
lenges: impacts of climate change, poor develop-
ment prospects, and unreliable electricity access. 

We then identified decentralized solar energy 
installations through secondary research on 
energy interventions by energy, health, educa-
tion, livelihood, skilling, welfare, and forest and 
agriculture departments; multilateral develop-
ment institutions; energy enterprises; local 
development organizations; and funders working 
in socioeconomic and climate vulnerable areas in 
the three states. Based on information collected 
through secondary research, interviews, and 
stakeholder consultations, we developed an initial 
list of 58 case studies, spread across districts in 
the three states. The following selection criteria 
were used to identify possible case studies for 
in-depth study:

 ▪ Electricity access: The selected interven-
tions feature an improvement in the tier of 
electricity access, either in terms of afford-
ability, reliability, or sustainability (or a 
combination of the three), enabling the com-
munity to support increased demand.

 ▪ Community-focused developmental 
interventions: The electricity interventions 
focus on achieving developmental outcomes 
at the community level in the education, 
health, and livelihood sectors.

 ▪ Time frame: The interventions were 
implemented at least six months before our 
research, allowing enough time to observe the 
interventions’ results.  
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 ▪ Climate vulnerability: The electricity 
interventions have been implemented in 
climate vulnerable areas. They may or may 
not contribute directly to building climate 
resilience, but they contribute to development 
outcomes in climate vulnerable areas. The 
impacts of the electricity interventions on 
development outcomes and climate resilience 
may be positive, negative, or neutral.

The list of potential case studies was further 
narrowed based on the project implementers’ 
interest and responsiveness and an evaluation of 
travel conditions for field visits (such as support 
systems available in known conflict zones or 
remote locations). 

We selected 14 interventions across the three 
states for case study analysis. Primary data were 
collected through field visits and in-person inter-
views with key government and nongovernmental 
stakeholders in each of the states, accompanied 
by telephone interviews with specific stakehold-
ers for each intervention. We conducted 38 
interviews over six months. The interviews were 
also used to identify development sector agencies 
and organizations working in districts affected 
by climate change and utilizing clean electricity 
installations to improve service delivery. Inter-
view guides for these stakeholders are provided 
in Appendix B. 

These interviews were further substantiated with 
three multi-stakeholder consultations conducted 
in the state capitals of Guwahati, Jaipur, and 
Ranchi and a national-level panel discussion in 
New Delhi to explore the links between electricity 
and development in climate vulnerable areas. 

The 14 case studies include projects of differ-
ing scales, from single-installation projects to 
multiple-installation projects; projects that 
continue to function and projects that ran into 
operational difficulties; and projects with differ-
ent implementation models. The case studies are 
summarized in Figure 1. Our research is limited 
to the role played by electricity in service delivery. 
The impacts of electricity on broader develop-
ment outcomes or climate resilience are beyond 
this report’s scope, as these impacts could become 
evident only over a more extended period. For 
this report’s purpose, Decentralized Solar Energy 
Solutions refer to stand-alone or minigrid-sized 
installations that provide electricity supply to 
facilities and communities. Household electrifica-
tion installations are not assessed in this study.

In Section 3, we discuss the case study findings 
categorized under education, health, and liveli-
hoods themes. Each section explores in detail 
the need for decentralized solar energy solutions, 
the challenges faced during and after instal-
lation, and the benefits observed by end users 
and implementers. 
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CHAPTER 3

CASE STUDY FINDINGS
The case studies presented in this report cover decentralized 
solar energy solutions that improve the electricity supply to the 
health, education, and livelihood sectors in climate vulnerable 
areas of Assam, Jharkhand, and Rajasthan states. They have 
been implemented by a mix of government agencies, non-
government agencies, and private sector agencies.
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Figure 1  |  Fourteen Case Studies of Decentralized Solar Energy Systems in India

Note: AEDA = Assam Energy Development Agency; BHS = Basic Health Care Services; CHAI = Catholic Health Association of India; CmF = Centre for Micro Finance; C-NES 
= Centre for North East Studies and Policy Research; DBOM = design build operate maintain; DBTM = design build transfer; ICCo = Innovative Change Collaborative; IGSSS 
= Indo-Global Social Service Society; JREDA = Jharkhand Renewable Energy Development Agency; PHED = Public Health Engineering Department; SeSTA = Seven Sisters 
Development Assistance; UNDP = United Nations Development Programme. 

Source: WRI authors. 

Sirohi & Jaisalmer, 
De-fluoridated Water Supply 
Year of implementation: 2019
Implementer: PHED 
Implementation model: DBOM
Primary climate risk: Extreme heat, 
water scarcity

Jaisalmer, Remote Village 
Water Supply 
Year of implementation: 2019
Implementer: PHED 
Implementation model: DBOM
Primary climate risk: Extreme heat, 
water scarcity

Sirohi, Piped Water Supply
Year of implementation: 2019
Implementer: CmF
Implementation model: DBTM
Primary climate risk: Water scarcity

Udaipur, Not-for-Profit Hospital 
Year of implementation: 2013
Implementer: BHS
Implementation model: DBT
Primary climate risk: Water scarcity

Gumla, Minigrid
Year of implementation: 2015
Implementer: Mlinda
Implementation model: DBOM with support from community
Primary climate risk: Thunderstorms

Bongaigaon, Cold Storage 
Year of implementation: 2018
Implementer: SESTA, UNDP
Implementation model: DBOM
Primary climate risk: 
Extreme precipitation

N. Lakhimpur, 
Flood Shelter + Digital Center 

Year of implementation: 2017
Implementer: IGSSS, SELCO Foundation

Implementation model: DBT
Primary climate risk: Floods

Jorhat, School
Year of implementation: 2017

Implementer: ICCo, School Management
Implementation model: DBT

Primary climate risk: 
Floods, water contamination

Char Areas, Boat Clinic 
Year of implementation: 2013

Implementer: C-NES, SELCO Foundation
Implementation model: DBTM

Primary climate risk: Floods

E.Singhbhum, Community Health Centre 
Year of implementation: 2016
Implementer: JREDA
Implementation model: DBTM
Primary climate risk: Thunderstorms

Hazaribagh, Charity Hospital
Year of implementation: 2017
Implementer: CHAI
Implementation model: DBTM
Primary climate risk: Thunderstorms

Morigaon, Floating Solar Minigrid 
Year of implementation: 2017

Implementer: AEDA, Village Panchayat
Implementation model: DBTM

Primary climate risk: 
Floods and waterlogging

Dhubri, Girls Residential School
Year of implementation: 2013
Implementer: AEDA
Implementation model: DBTM
Primary climate risk: Floods

E. Singhbhum, Hazaribagh and 
Gumla, Girls Residential Schools
Year of implementation: 2016
Implementer: JREDA
Implementation model: DBTM
Primary climate risk: Thunderstorms

Rajasthan

Jharkhand
Assam

The case studies analyze how implementing agen-
cies use decentralized solar energy solutions to 
address communities’ development needs while 
facing erratic rainfall, floods, thunderstorms, 
lightning strikes, groundwater contamination, 
water shortages, and extreme heat. A summary of 
the case studies covered in this study is provided 
in Figure 1. Details of the case studies can be 
found in Appendix A. 

Most of the case study installations have multiple 
agencies working together to ensure that the 
energy solutions serve user needs. In this report, 
we name only the critical implementing agencies 
primarily responsible for designing, installing, or 
planning for the upkeep of energy projects. 

The findings from our analysis are grouped into 
two sections. In the first section, we present 
our observations on how energy demand for 
education, health, and livelihoods is affected 
by climate-related events. In the second, we 

examine whether and to what extent the decen-
tralized solar energy projects factor climate 
change into their technical, operational, and 
financial planning. 

Energy Access for Education, Health, 
and Livelihoods in a Changing Climate
We find that slow-onset and sudden-onset 
climatic events affect access to energy in different 
ways. First, sudden-onset events can disrupt the 
existing sources of electricity supply. For exam-
ple, electricity grids are often disconnected during 
thunderstorms and floods because of, or in antici-
pation of, damage to grid infrastructure and con-
cern for residents’ safety. As a result, the demand 
for backup sources of electricity, such as diesel 
generators, increases. Slow-onset events such as 
water scarcity arising due to changes in precipita-
tion and poor water management can affect the 
production of electricity from thermal power 
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stations (Tianyi et al. 2018). Second, people rely 
on electricity to respond to the conditions caused 
or exacerbated by climate change. People need 
electricity to power information and communica-
tion devices during floods, cooling devices during 
extreme heat, diagnostic and medical appliances 
to treat outbreaks of disease, and equipment 
for pumping and filtering water in areas facing 
groundwater contamination or water shortage. All 
these activities increase electricity demand. 

Finally, electricity is required for ongoing activi-
ties that can build long-term capacities to cope 
with the increasing incidence and severity of 
weather events associated with climate change. 
Such activities include powering infrastructure 
required for digital education, providing access 
to clean drinking water, ensuring the quality 
of healthcare facilities, and creating income 
enhancement opportunities. 

Energy Demand for Education
Educational institutions most commonly use 
electricity for lighting, thermal comfort, pumping 
water from below the ground or from overhead 
tanks for drinking and sanitation purposes, 
and powering ICT-enabled teaching and learn-
ing. Table 3 summarizes the case studies where 
a decentralized solar installation was used to 
enhance service delivery for education. 

Three of the four educational facilities we studied 
faced power outages and voltage fluctuations that 
worsen during extreme rainfall, thunderstorms, 
lightning strikes, and flooding conditions. In the 
fourth case, a residential girls school in Dhubri, 
Assam, does not have grid electricity yet and 
depends entirely on a solar PV system for all its 
electricity needs. Residential schools need energy 
for lighting, thermal comfort, and water supply, 
not just during school hours but at all hours to 

Table 3  |  Energy Interventions for Education

NAME OF 
THE CASE

INSTALLATION 
TYPE AND SIZE

SERVICES 
PROVIDED

FOCUS 
COMMUNITIES

CLIMATE CONTEXT 
(CURRENT AND FUTURE)

ENERGY CONTEXT 
BEFORE SOLAR

Digital 
education 
center + flood 
shelter in North 
Lakhimpur, 
Assam

1.5 kW off-grid roof-
mounted solar PV 
system

Electricity for 
lighting and 
charging points 
for computers and 
mobile phones

Economically 
backward, rural, 
flood-prone 
communities 

The region is extremely prone to 
flooding with intermittent flooding 
from June to September. Projected 
increase in average rainfall and 
extreme precipitation

The solar system was 
installed immediately 
after the construction 
of the center. It 
subsequently got a 
grid connection, which 
gets disrupted during 
flooding conditions 

Residential 
girls school in 
Dhubri, Assam

5 kW off-grid roof-
mounted solar PV 
system with storage 
(storage is currently 
inoperative)

Electricity for 
lighting, fans, one 
sewing machine, 
and water pump 
in school and 
residence

Female students 
from marginalized 
communities

The region is extremely prone 
to flooding and land erosion. 
Projected increase in average 
rainfall and extreme precipitation

Unreliable grid 
connection

Kerosene lamps used 
at night

A primary 
school in Jorhat, 
Assam

2 kW off-grid roof-
mounted solar PV

Electricity for 
pumping and 
treating water for 
drinking, sanitation, 
and mid-day meals

Students from 
nearby villages

Groundwater is contaminated with 
arsenic, and the region is prone 
to flooding. Projected increase in 
rainfall and temperature

Unreliable grid 
connection

Use of firewood and LPG 
for mid-day meals 

Residential 
girls schools 
in Jharkhand 
(multiple 
districts)

20 kW off-grid solar 
PV system

Electricity for 
lighting, fans, 
computers, and 
water pumps 
in school and 
residence

Female students 
from marginalized 
communities

The region is prone to 
thunderstorms, lightning, and high 
wind speeds. Projected increase 
in extreme heat days and erratic 
rainfall patterns

Unreliable grid 
connection

Diesel generator backup

Source: WRI authors.



WRI.org        24

serve the children and staff who stay on campus. 
Before installing the solar PV system, the residen-
tial schools in Dhubri and Jharkhand used diesel 
generators as the primary and backup sources 
of power, respectively. The Dhubri school is in a 
char (a riverine island in the Brahmaputra river, 
created through sediment deposits). It is often cut 
off from the mainland during rains and floods, 
limiting diesel access for the generator. Without 
a functioning diesel generator, the school had 
to use highly inefficient and polluting kerosene 
lamps for lighting and could not operate fans or 
get running water. The Jharkhand schools used 
diesel generators as backup sources of power 
during grid outages. With the provision of off-
grid solar energy, the schools have reduced their 
overall electricity expenses and can run additional 
equipment such as computers. 

However, the schools’ reliance on fossil-fuel-
based backup power has not been entirely phased 
out. For example, because the Dhubri school’s 
battery backup became inoperative after installa-
tion, it is forced to go back to kerosene lamps dur-
ing evenings and nights. In Jharkhand, the solar 
installations have been affected by thunderstorms 
and lightning, which, coupled with the slow 
response of the vendor to maintenance, has led 
the schools to fall back on their diesel generators. 

The primary school in Jorhat is in a region where 
the groundwater is contaminated with arsenic. 
The school is dependent on unreliable surface 
water sources for drinking water and prepara-
tion of mid-day meals. Surface water sources are 
affected by biological contamination, especially 
during flooding and waterlogging events. The 
provision of solar-based electricity enables the 
school to use additional water filters (reverse 
osmosis [RO] filters that run on electricity) to 
provide safe and clean drinking water to children 
and a water pump to ensure running water in 
toilets. In addition, to prepare rice for the mid-
day meals, the school uses a solar thermal cook-
ing solution to preheat the water. Solar cooking 
reduces the school’s dependence on liquefied 
petroleum gas (LPG) and firewood, reducing 
operational expenses. 

The digital education center in North Lakhimpur 
was initially planned as a flood shelter for nearby 
villages. When it was connected to the grid, it was 
decided to use the shelter as a digital resource 
center where local youth could get computer 
training, and households could access govern-
ment benefits. During floods, the grid connectivity 

is disrupted. During this time, the off-grid solar 
solution provides lighting and mobile recharging 
facilities, enabling access to information such as 
flood levels and evacuation processes. The region 
regularly faces grid disruptions, but this wors-
ens during floods, when the villages are without 
access for weeks.

The case studies demonstrate that these facili-
ties employed alternative fuels such as kerosene 
to meet their energy needs owing to the absence 
of reliable grid connectivity, incurring avoidable 
costs. Climate-related events affected physical 
access to these alternative fuels, and grid connec-
tivity (where available) worsened further during 
such events. The installations, where adopted 
and implemented, successfully reduced the use 
of alternative fuels and reduced operational costs 
for the schools.

Energy Demand for Health
The absence of a reliable supply of electric-
ity affects health centers’ daily operations and 
community-level public health initiatives such 
as the provision of potable water. Installation of 
off-grid solar PV in the six locations described in 
Table 4 has resulted in reliable electricity supply 
for primary health care services, running much-
needed medical equipment, refrigeration for vac-
cines and medication, and providing safe drinking 
water to remote communities. Diesel-powered 
generators have conventionally played a crucial 
role in providing electricity to remote public 
health centers and clinics. However, the fuel and 
maintenance costs in such remote locations make 
the use of diesel generators an expensive and pol-
luting alternative.

The grid-connected Community Health Centres 
(CHCs) and nonprofit hospitals in Jharkhand 
experience worse power outages during thunder-
storms when falling trees and lightning strikes 
damage grid infrastructure. Backup electricity 
from diesel-powered generators is not cost-effec-
tive. Moreover, diesel availability is affected by 
extreme weather conditions as road connectivity 
to nearby towns is disrupted. When everything 
fails, healthcare professionals had to work by 
torchlight. With the arrival of the off-grid solar 
PV systems, critical procedures such as deliveries 
could be conducted under proper lighting. 

The nonprofit health clinic in Udaipur, Rajasthan, 
operates under similar conditions. The clinic is 
located away from Udaipur city in an area prone 
to frequent power outages and grid failures. The 


