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Introduction

The growth of India’s renewable energy sector over the last decade has been 
a bright spot for the country’s economic development and energy transition 
efforts. Since 2010, solar and wind generation capacity has increased sevenfold, 
from 16 gigawatts (GW) to over 121 GW in 2023, accounting for about 30 percent 
of India’s total generation capacity.1 Accompanying the capacity addition is a 
steep decrease in costs; for instance, the cost of solar energy has decreased by 
a factor of ten since 2010.2 Although India missed its 2022 target of 175 GW 
renewable energy, the country is a step closer to achieving its 2030 target of 
500 GW.3 Amid growing electricity demand, efforts to boost uptake mean that 
renewable energy must meet an increasing share of the new demand.4 

Amid the turn to renewables in India, there has been an understanding of the 
role of the states in the energy transition. Indeed, state governments have as 
much influence on the country’s energy transition as the central government.5 
Most of India’s renewable energy capacity is contained in a few states in the 
west and south, with the east having the least renewable capacity and remaining 
largely coal-dependent.6 Although there has been some discourse on enabling 
the coal-dependent communities in eastern India to transition to renewables,7 
this will require significant efforts to boost renewable energy generation capacity 
in this region. To meet India’s ambitious renewables goals in the medium term 
(2030) and net-zero goals by 2070, regional disparities in capacity must decrease 
even as the overall capacity grows. 

India’s Renewables Capacity: Current Status 

In India, renewable electricity capacity, and indeed all electricity capacity, 
shows strong geographic patterns. Eight states in the west and south—Gujarat, 
Rajasthan, Maharashtra, Karnataka, Tamil Nadu, Andhra Pradesh, Telangana, and 
Madhya Pradesh—collectively house 88 percent of the 121 GW of solar and wind 
power plants in India (installed capacity as of December 2022); hydroelectricity 
is primarily generated in the Himalayas in northern and northeastern India; 
and although coal power plants are located across the country, coal accounts 
for over three-quarters of installed capacity in eastern India, primarily in West 
Bengal, Odisha, Chhattisgarh, Bihar, and Jharkhand (see Figure 1).8
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Figure 1: Installed Electricity Capacity Across India

Sources: Andrew (2021)9 and Andrew (2023)10

This geographic skewedness of installed energy capacity has severe 
consequences for India’s energy transition. Quantifying carbon dioxide and air 
pollution emissions associated with electricity generation from such capacity 
also shows strong geographic patterns (Figure 2). Though India today has a 
single synchronous electricity grid, each state still contracts and schedules 
power plants, thus impacting the electricity they produce. States with the most 
renewable energy capacity, such as Karnataka or Gujarat, have cleaner electricity; 
those with the most coal power, mainly in eastern India, produce the dirtiest.

Figure 2: Carbon Dioxide (L) and Air Pollution (R) Emissions from 
India’s Electricity Sector

Source: Adapted from Sengupta et al. (2022)11
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The differing emissions levels from electricity generation shape the viability 
of each state’s energy transition strategies. For example, the state in which 
an electric vehicle (EV) is plugged-in determines whether that electric vehicle 
is cleaner than conventional diesel, petrol, or natural gas vehicles. Because 
renewable energy reduces emissions in certain states, using electricity generated 
in those states to power EVs results in lower emissions than conventional 
alternatives.

Figure 3: EVs Location and Emissions

Source: Reprinted with permission from Peshin et al. (2022)12 Copyright 2022 American Chemical Society. 

Note: The climate (horizontal axis) and air pollution emissions (vertical axis) of four-wheeled electric 
vehicles for Indian states. Points to the right of the vertical lines mean four-wheeled electric vehicles have 
more climate emissions (CO2) than their conventional alternatives. States with the most renewable energy 
(Karnataka, Tamil Nadu, Andhra Pradesh) are further left of the vertical lines, while states with the least 
renewable energy West Bengal, Bihar, Jharkhand) are further right of the vertical lines. 

States with the highest renewables capacities are poised to reap the most climate 
benefits from electrifying transportation. Electric two- and three-wheel vehicles 
produce lower levels of climate-warming CO2 emissions than conventional-fuel 
vehicles in all states. For buses, CO2 emissions benefits are similar in almost 
all states, with lower emissions from electric than conventional-fuel buses.13 
However, for emissions from four-wheel EVs, there is a greater variation across 
states compared to conventional vehicles. Overall, states in the east record 
higher emissions levels (see Figure 3). 
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Lastly, reduced emissions associated with more renewable energy in certain 
parts of India mean there is an unequal burden of premature deaths from 
uncontrolled air pollution caused by electricity generation.14 Compared to their 
fair share, wealthier states with the highest renewable energy penetration levels 
in southern and western India face a disproportionately lower burden of deaths 
(violet-shaded states in Figure 4). Meanwhile, poorer states with the lowest 
penetration of renewable energy in eastern India face disproportionately higher 
burdens from uncontrolled air pollution from electricity generation (orange-
shaded states in Figure 4).

Figure 4: Deaths Caused by Air Pollution from Electricity Generation 

Source: Adapted from Sengupta et al. (2023).15

Causes for India’s unequal renewables capacity

The unequal renewable energy capacity across India stems from the geographic, 
economic, and policy diff erences between the states. Due to favourable climate 
and geography, southern and western India off er the best solar and wind 
resources and more land to develop renewable power plants. India’s total 
wind energy resources (and generation capacity) are concentrated in states 
that experience the highest wind speeds—Tamil Nadu, Gujarat, Karnataka, 
Maharashtra, Rajasthan, Andhra Pradesh, and Madhya Pradesh (see Figure 5).16

Solar resources, on the other hand, are more dispersed across the country, but 
the sunniest places are in states such as Rajasthan, Gujarat, Maharashtra, and 
Karnataka (see Figure 6).17 Eastern and northeastern regions receive less solar 
radiation but still enough to be suitable for solar energy development relative 
to other parts of the world, such as Germany.18
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In addition to solar and wind resources, availability of land, especially for solar 
energy, induces disproportionate choices for where renewable energy projects 
are located. Sophisticated analyses quantifying the land available for renewable 
energy which account for existing land use have shown land and associated 
solar energy potential to be lower in eastern states than in the west and south.19

Figure 5: Wind Speeds and Energy Resources Across India 

Source: Global Wind Atlas20

Figure 6: Solar Resources Across India

Source: Global Solar Atlas21
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Cost competitiveness with coal power is also a factor for the disproportionate 
renewables capacity across the country. Coal power is the cheapest when power 
plants are closest to coal mines, which are predominantly located in eastern 
India (in Chhattisgarh, West Bengal, Jharkhand, and Odisha). States where power 
plants are far away from the mines pay more to transport coal, increasing the 
cost of power. Many of these costlier plants are in southern and western India 
where renewable energy offers cheaper options to build new electricity capacity. 
The converse is true for the coal-mining states in eastern India.22 

An additional factor for the diverse renewables capacity in the country are the 
policy and political economy differences between the states. High renewable 
energy states such as Karnataka have detailed policies to attract renewable 
energy development. Indeed, Karnataka, in 2009, became the first Indian state 
to establish a renewable energy policy, and its current policy outlines increased 
deployment until 2027 through incentives and targets to simplify renewable 
energy development.23 Meanwhile, although West Bengal has announced plans 
to increase its share of renewable energy to 20 percent, the state lacks the 
level of detail and planning as Karnataka; Bengal’s last renewable energy policy 
was released in 2012.24 Meanwhile, other coal-heavy states like Chhattisgarh, 
Bihar, Jharkhand, and Odisha have offered updated renewable energy policies 
since 2017, conveying varying levels of interest to increase renewable energy in 
eastern India.25

The political economy of coal in the eastern states also drives some of the 
policy inertia, limiting renewable uptake. Coal is vital for government revenues 
and job opportunities in eastern India.26 For example, coal was responsible for 7 
percent of Jharkhand’s state budget in 2018.27 Moreover, in 2021, approximately 
2.5 million people were dependent on coal for employment in West Bengal, 
Jharkhand, Chhattisgarh, Odisha, and Madhya Pradesh.28 Importantly, coal mined 
in eastern India accounts for 44 percent of the annual budget of the Indian 
Railways.29 In addition, there is an impression among certain power sector 
stakeholders that renewables are not reliable sources of power compared to 
coal.30

An Unsustainable Path

In the short-term, states with higher renewable energy could sell and 
transmit it to states with lower penetrations, mitigating some impacts of the 
disproportionate capacity. However, in the medium term (over the next decade), 
India will need to lower this disparity in capacity to meet the goal of generating 
500 GW of renewable energy by 2030.31 Given that renewable energy in eastern 
states remains a fraction of its potential even after considering land constraints, 
there is substantial room for growth.32
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Boosting the eastern states’ renewables capacity is also necessary to meet 
India’s goals of net-zero emissions by 2070, which will require the closure of 
many coal power plants. Analyses suggest that India’s coal fleet will need to 
start retiring or use carbon emissions capturing technology beginning around 
2040.33 Although coal plants in the eastern states may be slow to shutter due to 
their lower costs, there must be a sustained and consistent policy environment 
to encourage the growth of renewables in the region over the next 20 years.

The Way Forward

The disparity in renewable energy deployment in India has implications for 
climate, air pollution, and the country’s energy transition. Ensuring that India’s 
eastern regions become part of its clean energy future is vital to ensure a just 
transition based on equity. Without concerted policy efforts to incorporate the 
eastern states into India’s renewable fold, the region risks being left behind in 
reaping the benefits of transition.34

To reduce the impacts of the disparity in renewable energy capacity and 
increase renewables penetration in eastern India, the following options can be 
considered: 

• Enforce air pollution emissions norms: Indian coal power plants fail to 
meet global standards of air pollution control. Emissions norms by the 
Indian government have been repeatedly delayed since 2015 partly due to 
capital constraints from installing pollution scrubbing technology.35 Enforcing 
these norms by installing scrubbers in large power plants in eastern India 
will reduce air pollution impacts and make EVs more attractive.

• Incentivise rooftop solar in eastern states: India has been lagging in the 
deployment of rooftop solar.36 Given land constraints in the eastern states, 
smaller rooftop solar is a viable option by putting solar on land already in 
use with appropriate incentives for landowners and electricity distribution 
companies.

• Use central government funding and guarantee schemes: Viability gap 
funding from and payment security mechanisms by the Solar Energy 
Corporation of India could focus on solar projects in eastern states that lack 
economic viability to reduce the risk for private developers and financiers. 
There is precedent for central government schemes preferring certain states 
for solar deployment.37 Moreover, central government schemes should 
consider pooled smaller rooftop projects instead of large grid-scale.
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• Partnerships with civil society: State governments that lack capacity to 
establish policy environments conducive to renewable energy development 
can partner with civil society organisations with clean energy expertise. 
Jharkhand and Odisha have already set a precedent on this front.38

• Incorporate eastern states into the nascent but growing energy storage 
value chain: India’s energy storage needs will increase going forward. 
The new value chains and associated jobs that will emerge from this can 
leverage the mining and steel expertise and infrastructure in the eastern 
states. Institutions such as the Indian School of Mines, Dhanbad, and the 
Indian Institute of Technology-Kharagpur can offer the human resources 
and expertise required.



Transforming Eastern India’s Electricity Sector to Meet Renewable Energy Goals 

43

Endnotes

1 Central Electricity Authority, Annual Report 2009-10, New Delhi, Government of India, 
September 2010, https://cea.nic.in/wp-content/uploads/2020/03/annual_report-2010.
pdf; “Power Sector at a Glance ALL INDIA,” Ministry of Power, February 15, 2023, https://
powermin.gov.in/en/content/power-sector-glance-all-india. 

2 International Energy Agency, “India Energy Outlook 2021,” World Energy Outlook Special 
Report, 2021; International Energy Agency, “India Energy Outlook - World Energy Outlook 
Special Report 2015,” Paris, 2015.

3 Sibi Arasu, “India to Miss Renewable Energy Goal, Officials, Experts Say,” Associated 
Press, August 12, 2022, https://apnews.com/article/covid-health-india-energy-industry-
0be8e0c7f9ec36723189c275055b5169.

4 Shayak Sengupta et al., “Current and Future Estimates of Marginal Emission Factors for 
Indian Power Generation,” Environmental Science & Technology 56, no. 13 (July 5, 2022): 
9237–50, https://doi.org/10.1021/acs.est.1c07500; Rahul Tongia, “Balancing India’s 
2030 Electricity Grid Needs Management of Time Granularity and Uncertainty: Insights 
from a Parametric Model,” Transactions of the Indian National Academy of Engineering, 
August 1, 2022, https://doi.org/10.1007/s41403-022-00350-2.

5 “Seventh Schedule (Article 246), Constitution of India,” 1950, https://www.mea.gov.in/
Images/pdf1/S7.pdf.

6 Robbie Andrew, “Indian Energy and Emissions Data,” 2023, https://robbieandrew.
github.io/india/.

7 Sandeep Pai et al., “Solar has Greater Techno-Economic Resource Suitability than 
Wind for Replacing Coal Mining Jobs,” Environmental Research Letters 15, no. 3 (2020), 
https://doi.org/10.1088/1748-9326/ab6c6d; Swati Dsouza and Kavya Singhal, “Socio-
Economic Impacts of Coal Transitions in India: Bottom-up Analysis of Jobs in Coal and 
Coal-Consuming Industries,” National Foundation for India, November 2021; Chandra 
Bhushan, Srestha Banerjee, and Shruti Agarwal, Just Transition in India: An Inquiry into 
the Challenges and Opportunities for a Post-Coal Future, New Delhi, International Forum 
for Environment, Sustainability &Technology, 2020; Chandra Bhushan, Mandvi Singh, 
and Yukti Chaudhari, “Just Transitions of Coal-Based Power Plants in India: A Policy and 
Regulatory Review,” International Forum for Environment, Sustainability & Technology, 
October 2022, https://iforest.global/wp-content/uploads/2022/11/Just-Transition-of-
coal-based-power-plants-in-India_.pdf. 

8 Andrew, “Indian Energy and Emissions Data”; Robbie Andrew, “Monthly, State-Level 
Electricity Generation (from 2007) and Capacity (from 2008) in India: Thermal, Natural 
Gas, Nuclear, and Large Hydro,” Zenodo, February 16, 2021, https://doi.org/10.5281/
ZENODO.4542834.

9 Andrew, “Monthly, State-Level Electricity Generation (from 2007) and Capacity (from 
2008) in India”

10 Andrew, “Indian Energy and Emissions Data”

11 Shayak Sengupta et al., “Subnational Implications from Climate and Air Pollution Policies 
in India’s Electricity Sector,” Science 378, no. 6620 (November 11, 2022): eabh1484, 
https://doi.org/10.1126/science.abh1484.

12 Tapas Peshin, Shayak Sengupta, and Inês M. L. Azevedo, “Should India Move Toward 
Vehicle Electrification? Assessing Life-Cycle Greenhouse Gas and Criteria Air Pollutant 
Emissions of Alternative and Conventional Fuel Vehicles in India,” Environmental Science 
& Technology 56, no. 13 (July 5, 2022): 9569–82, https://doi.org/10.1021/acs.est.1c07718.



Powering India’s Future

44

13 Peshin, Sengupta, and Azevedo, “Should India Move Toward Vehicle Electrification?”

14 Shayak Sengupta et al., “Inequality in Air Pollution Mortality from Power Generation in 
India,” Environmental Research Letters 18, no. 1 (January 1, 2023): 014005, https://doi.
org/10.1088/1748-9326/aca8bb. 

15 Sengupta et al., “Inequality in Air Pollution Mortality from Power Generation in India”

16 Shayak Sengupta and Jahanvi Singh, “U.S.-India Energy Monitor: The Wind Issue,” 
Observer Research Foundation America, June 2022, https://orfamerica.org/
newresearch/us-india-energymonitorno4wind.

17 Pai et al., “Solar Has Greater Techno-Economic Resource Suitability than Wind for 
Replacing Coal Mining Jobs”; Ranjit Deshmukh et al., “Geospatial and Techno-Economic 
Analysis of Wind and Solar Resources in India,” Renewable Energy 134 (April 2019): 947–
60, https://doi.org/10.1016/j.renene.2018.11.073; Richa Mahtta, P.K. Joshi, and Alok 
Kumar Jindal, “Solar Power Potential Mapping in India Using Remote Sensing Inputs and 
Environmental Parameters,” Renewable Energy 71 (November 2014): 255–62, https://
doi.org/10.1016/j.renene.2014.05.037.

18 Pai et al., “Solar Has Greater Techno-Economic Resource Suitability than Wind for 
Replacing Coal Mining Jobs”

19 Deshmukh et al., “Geospatial and Techno-Economic Analysis of Wind and Solar 
Resources in India”; Ranjit Deshmukh, Grace Wu, and Amol Phadke, “Renewable 
Energy Zones for Balancing Siting Trade-Offs in India: Multi-Criteria Analysis for 
Planning Renewable Energy,” Lawrence Berkeley National Laboratory, April 2017, 
https://international.lbl.gov/publications/renewable-energy-zones-balancing; Joseph 
Kiesecker et al., “Renewable Energy and Land Use in India: A Vision to Facilitate 
Sustainable Development,” Sustainability 12, no. 1 (December 30, 2019): 281, https://
doi.org/10.3390/su12010281.

20 Technical University of Denmark, “Global Wind Atlas 3.0,” 2019, https://globalwindatlas.
info/.

21 Solargis, “Global Solar Atlas 2.8,” 2023, https://globalsolaratlas.info/.

22 Puneet Kamboj and Rahul Tongia, “Indian Railways and Coal: An Unsustainable 
Interdependency,” Brookings India, 2018; Rahul Tongia, Anurag Sehgal, and Puneet 
Kamboj, eds., Future of Coal in India: Smooth Transition or Bumpy Road Ahead? (Chennai, 
Tamil Nadu: Notion Press, 2020).

23 Government of Karnataka, “Karnataka Renewable Energy Policy 2022-2027,” 2022, 
https://kredl.karnataka.gov.in/page/General+Information/Policies/en.

24 PTI, “West Bengal Eyes 20 per Cent Renewable Energy by 2030,” The Economic Times, July 
16, 2022, https://energy.economictimes.indiatimes.com/news/renewable/west-bengal-
eyes-20-per-cent-renewable-energy-by-2030/92910736; Policy on Co-Generation and 
Generation of Electricity from Renewable Sources of Energy, Kolkata, Government of West 
Bengal, June 5, 2012, http://www.wbreda.org/wp-content/uploads/2012/06/policy-
renewable-wb.pdf.

25 Odisha Renewable Energy Policy, Government of Odisha, 2022, https://energy.odisha.
gov.in/sites/default/files/2022-12/3354-Energy%20dept._1.pdf; Manish Kumar, “With a 
New Policy, Odisha Aims at 10 GW of Renewable Energy by 2030,” Mongabay, December 
16, 2022, https://india.mongabay.com/2022/12/with-a-new-policy-odisha-aims-at-10-
gw-of-renewable-energy-by-2030/; Jharkhand Renewable Energy Development Agency, 
“About Us,” 2022, https://www.jreda.com//Content/getHeadersMenuContents/2; 
Chhattisgarh Solar Energy Policy, Government of Chhattisgarh, 2020, https://creda.co.in/
image/Amended%20Solar%20Policy%202017-27.pdf; Bihar Policy for Promotion of Bihar 



Transforming Eastern India’s Electricity Sector to Meet Renewable Energy Goals 

45

New and Renewable Energy Sources, Patna, Government of Bihar, 2017, https://www.
breda.bih.nic.in/Uploads/Policies%20_Act%20_%20Regulations/RENEWABE_ENERGY_
POLICY_2017.pdf.

26 Lorenzo Montrone, Nils Ohlendorf, and Rohit Chandra, “The Political Economy of Coal 
in India – Evidence from Expert Interviews,” Energy for Sustainable Development 61 (April 
2021): 230–40, https://doi.org/10.1016/j.esd.2021.02.003.

27 Rahul Tongia and Samantha Gross, “Coal in India: Adjusting to Transition,” March 2019.

28 Dsouza and Singhal, “Socio-Economic Impacts of Coal Transitions in India: Bottom-up 
Analysis of Jobs in Coal and Coal-Consuming Industries”

29 Kamboj and Tongia, “Indian Railways and Coal: An Unsustainable Interdependency”

30 Montrone, Ohlendorf, and Chandra, “The Political Economy of Coal in India – Evidence 
from Expert Interviews”

31 Rodrigues et al., “Integrating Wind and Solar in the Indian Power System”; Spencer et 
al., “Renewable Power Pathways: Modelling the Integration of Wind and Solar in India 
by 2030”; Deshmukh, Phadke, and Callaway, “Least-Cost Targets and Avoided Fossil 
Fuel Capacity in India’s Pursuit of Renewable Energy”; Abhyankar, Deorah, and Phadke, 
“Least-Cost Pathway for India’s Power System Investments through 2030”; Ashish Gulagi 
et al., “Electricity System Based on 100% Renewable Energy for India and SAARC,” PLoS 
One 12, no. 7 (2017), https://doi.org/10.1371/journal.pone.0180611. 

32 Deshmukh, Wu, and Phadke, “Renewable Energy Zones for Balancing Siting Trade-
Offs in India: Multi-Criteria Analysis for Planning Renewable Energy”; Deshmukh et al., 
“Geospatial and Techno-Economic Analysis of Wind and Solar Resources in India”

33 Vaibhav Chaturvedi and Ankur Malyan, “Implications of a Net-Zero Target for India’s 
Sectoral Energy Transitions and Climate Policy,” Oxford Open Climate Change 2, no. 1 
(February 9, 2022): kgac001, https://doi.org/10.1093/oxfclm/kgac001; Asia Society 
Policy Institute, “Getting India to Net Zero,” August 26, 2022, https://asiasociety.org/
policy-institute/getting-asia-net-zero/country-report-india.

34 Aman Malik and Christoph Bertram, “Solar Energy as an Early Just Transition 
Opportunity for Coal-Bearing States in India,” Environmental Research Letters 17, no. 3 
(March 1, 2022): 034011, https://doi.org/10.1088/1748-9326/ac5194; Chandra Bhushan, 
“India’s Renewables Disparity,” Financial Express, October 21, 2022, https://iforest.
global/2022/10/indias-renewables-disparity/.

35 Soundaram Ramanathan, Sugandha Arora, and Vinay Trivedi, “Coal-Based Power 
Norms: Where Do We Stand Today?” Centre for Science and Environment, 2020, https://
www.cseindia.org/coal-based-power-norms-coal-based-10125.

36 Binit Das, “Rooftop Solar: Why India Is Now Considered a Laggard Globally,” Down to 
Earth, January 12, 2022, https://www.downtoearth.org.in/blog/energy/rooftop-solar-
why-india-is-now-considered-to-be-a-laggard-globally-81090.

37 Ministry of New and Renewable Energy, https://pib.gov.in/PressReleasePage.
aspx?PRID=1514462. 

38 Council on Energy, Environment and Water, “Jharkhand Announces New State Solar 
Policy with CEEW as a Knowledge Partner,” October 2022, https://www.ceew.in/news/
jharkhand-announces-new-state-solar-policy-ceew-knowledge-partner; International 
Forum for Environment, Sustainability & Technology, “Impact of Odisha Renewable 
Energy Policy 2022,” 2022, https://iforest.global/wp-content/uploads/2023/02/
Factsheet_Impact-of-Odisha-RE-Policy_2022.pdf.


