
India is in the midst of an energy transition, with 
important social and economic implications depending 
on the pathways that are chosen. India’s energy pathway 
will define the basis for its future development, 
including economic prosperity, business and 
employment opportunities as well as health impacts. At 
the same time, current investment decisions in India’s 
energy sector will have a substantial impact on 
combatting global warming and securing the livelihoods 
of people in India and elsewhere.

With its bold decision to substantially ramp up 
renewable energy generation capacity, from 80 
gigawatts as of May 2019 to 175 GW by 2022, the 
Government of India has sent a strong signal on both 
the direction and pace of India’s energy transition. 
Political decisions on India’s energy future link the 
missions and mandates of many government 
departments and agencies beyond energy and power, 
such as environment, industrial development and 
labour. Hence, the timely debate on India’s energy 
future boils down to assessing how renewables can 
improve the lives of Indian people.

Employing scientifically rigorous methodologies and 
the most recent technical data, the study at hand 
contributes to estimating such co-benefits associated 
with the shift to renewables. It also provides guidance 
to government agencies on further shaping an enabling 
political environment to unlock the social and 
economic co-benefits of the new energy world of 
renewables for the people of India.

The Energy and Resource Institute (TERI), as the India 
Focal Point, together with the Institute for Advanced 
Sustainability Studies (IASS) invited ministries and 
government agencies such as the Ministry of New and 
Renewable Energy, Ministry of Environment, Forests 
and Climate Change, Ministry of Power, Ministry of 
Finance and NITI Aayog to join the COBENEFITS 
Council India, to provide their guidance to the 
COBENEFITS Assessment studies along with the 
COBENEFITS Training Programme and Enabling 
Policies Roundtables. Since its constitution in 
November 2017, the COBENEFITS Council India has 
guided the programme in framing its assessment topics 
for India and ensuring their direct connection to the 
current political deliberations and policy frameworks of 
their respective ministries. 

We are also indebted to our highly valued research and 
knowledge partners, for their unwavering commitment 
and dedicated work on the technical implementation of 
this study. This COBENEFITS study was facilitated 
through financial support from the International 
Climate Initiative (IKI) of Germany.

India, among 185 parties to date, has ratified the Paris 
Agreement to combat climate change and provide 
current and future generations with opportunities to 
flourish. With this study, we seek to contribute to the 
success of this international endeavour by offering a 
scientific basis for harnessing the social and economic 
co-benefits of building a low-carbon, renewable energy 
system while facilitating a just transition, thereby 
making the Paris Agreement a success for 
the planet and the people of India.

We wish the reader inspiration for the important debate 
on a just and sustainable energy future for India!
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  Key policy message 1: Solar-powered mini-grids of high installed power capacity can 
remain economically viable and cost-competitive with the centralised grid in rural areas 
of India. Solar mini-grid systems greater than 100 kW with interest rates as low as 8 % and 
a 15 % return on equity can achieve grid parity and a low cost of electricity supply to the 
rural consumer. 

  Key policy message 2: Solar mini-grids are effective for improving rural education in India, 
as most schools in remote areas of India experience continuous power cuts which impede 
the quality of education that the students receive. The mini-grid can provide electricity  
at schools or education centres consistently during the teaching hours to help stimulate  
better educational outcomes for the students in rural India.

  Key policy message 3: To drive the growth of higher power capacity mini-grids that are 
essential for reliable 24/7 rural electrification, mechanisms are needed to be developed  
(in collaboration with the private sector) to make it suitable for the mini-grid developer 
to transfer the system‘s assets to the state-owned utility when the central grid arrives  
at the area served by the mini-grid. This mechanism must be developed in collaboration 
with the private sector.
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Executive Summary 

Energy access is essential for economic and human 
development and is an important driver for the progress 
of India. Access to modern forms of energy, especially 
electricity, becomes even more important for the  
socio-economic development of rural areas (which  
lag behind urban areas in terms of infrastructure).  
“Full electrification” to achieve social and economic 
development goals (and SDGs) in India requires 24/7 
electricity access for every household, family and local 
enterprise, even in rural communities. To achieve this 
goal, successive Indian governments have focussed on 
providing access by extending the centralised grid while 
still trying to incentivise the use of decentralised off-grid 
solutions through renewable energy sources such as solar 
and biomass. Although a considerable number of villages 
and households have gained access to the grid, the 
reliability and quality of power supply still remain a 
growing challenge for rural consumers. Mini-grids have 
thus emerged as pivotal in providing ancillary services to 
the grid and improving the level of services to last-mile 
consumers. To this end, a number of private companies 
have emerged, setting up mini-grids in unconnected 
villages in order to bridge this electrification gap and  
drive economic development around rural clusters. 
Nonetheless, investment in renewable-powered mini-
grids in India still lags behind, partly because of a lack of 
replicable and sustainable models in the face of subsidised 
grid-electricity tariffs that make alternative solutions cost 
uncompetitive. 

This study assesses the viability of renewable-energy-
powered mini-grids to both drive and support economic 
growth in India from the perspective of augmenting the 
current electrification of rural areas.  This is carried out in 
the context of the COBENEFITS project with the aim of 
assessing the range of additional benefits1 resulting from 
a low-carbon energy transition in India. For renewable-
energy-powered mini-grids to thrive alongside the 
conventional grid in a sustainable manner, mini-grids will 
have to match the grid – in terms of cost-competitiveness, 
capacity and affordability – while remaining profitable 
and viable. 

The study employs a dual approach comprising a 
qualitative “on the ground” assessment of the social 
benefits in three rural communities in India, combined 
with a techno-economic analysis to determine the 
factors that affect the economies of scale of mini-grids 
(specifically solar-powered mini-grids) and their 
suitability for supporting socio-economic development 
in rural areas of India. This approach is chosen to ensure 
transferability of the case study findings obtained for 
rural India. Data and test variables used in this study are 
India-specific and are drawn from detailed stakeholder 
engagements, and are in alignment with local conditions 
(at the time of compiling this report). This study focuses 
strictly on solar-powered-mini-grids in India to represent 
the term “mini-grids” within the Indian context.

1  The term ‘co-benefits’ refers to simultaneously meeting several interests or objectives resulting from a political 
  intervention, private-sector investment or a mix thereof (Helgenberger et al., 2019). It is thus essential that the  
  co-benefits of climate change mitigation are mobilised strategically to accelerate the low-carbon energy  
  transition (IASS 2017a).
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2  A standard solar mini-grid in rural India has a system capacity of 27 kW.

3  1 Dollar = 68.42 Rupee as of the time of writing this report. The dollar value is specified as an indication for non-local 
  consumers to have a broader perspective of the Rupee value. 
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Assessing the co-benefi ts of decarbonising the power sector 

KEY FINDINGS: 

  Fewer blackouts experienced by consumers supplied by solar mini-grids. Surveyed solar 
mini-grid-consumers reported an average of 8 blackouts per week, up to 2 hours per day, 
while the grid-consumers reported an average of 24 blackouts per week, for over 5 hours 
per day. 

  Establishing mini-grids as a complementary and supplementary extension of the centra-
lised grid service. In the Indian context with almost 100 % grid coverage at the village and 
household levels, mini-grids may be utilised as natural extensions of the grid in areas whe-
re reliability of supply is a concern. This would require clear guidelines for grid-integration, 
making it an attractive business opportunity for investors.

  Pricing of mini-grid services: cross-subsidies for mini-grid consumers. In a scenario 
where medium- or MW-scale mini-grids are deployed, there should be a mechanism to 
extend cross-subsidy to mini-grid consumers, to ensure cost parity with grid tariff s. This 
would not only make reliable and quality supply through mini-grids aff ordable, but also 
serve to meet the government’s objective of transitioning to clean sources of energy. 

  Skills development to service scaled-up mini-grids. In the event of national-level expansi-
on and scale-up of mini-grids in India, skilled technicians would be required for operation 
and maintenance of the plant and for business operations. To this end, skill development 
programmes are essential for creating local employment opportunities for the community.

  The overall experiences of mini-grid and grid consumers in terms of evening lighting in 
rural areas are marginally similar; however, grid consumers could use electricity for purpo-
ses beyond lighting and ventilation – major electricity consuming appliances that can be 
used by mini-grid-consumers.
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KEY FIGURES:

  The average unit cost of supply from a standard2 solar mini-grid in rural India is approxi-
mately Rs29 ($0.42/kWh)3 while consumers pay a unit cost of Rs40 ($0.59/kWh). The 
reverse is the case for grid consumers, who pay a government-subsidised unit cost of 
approximately Rs 3 ($0.044/kWh) from a unit cost of Rs6.4 ($0.094/kWh) incurred by 
the grid supplier.

  By gradually increasing mini-grid capacity while reducing the levelised cost’s interest 
rate from 12 % to 8 %, the unit cost supply from the mini-grid drops to as low as Rs6.26 
($0.091/kWh), which is cheaper than and also cost-competitive with the grid supply cost. 

  For a typical 700 kW capacity solar mini-grid, the average unit cost of supply of Rs7.62 
($0.11/kWh) can be achieved, while for a typical 1 MW solar mini-grid, an average unit cost 
of supply of Rs6.88 ($0.109/kWh) can be achieved.  


