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Abstract
Countries undergoing traditional transformations witness economic prosperity before undergoing an energy transition. 
However, this trajectory looks much different for emerging markets and developing economies like India, where multiple 
energy transitions are occurring simultaneously with rapid economic growth. Emerging markets are key to the global energy 
transition and the locomotives for global growth. If they do not shift, or “leapfrog”, to clean energy sources, there will be 
no global energy transition. As an example of the transitions underway in emerging markets and developing economies 
worldwide, this paper discusses India’s four central energy transitions—traditional to modern energy sources, rapid urbani-
zation, growth of sustainable energy infrastructure, and deeper integration into global energy markets—which impact the 
sustainable development goals. This paper then delves into the challenges associated with the energy transition for emerg-
ing markets like India. Financing for clean energy continues to be a high cost for emerging markets; clean energy supply 
chains are highly concentrated, impacting materials, minerals and intermediate and finished products; and new markets for 
the fuels of the future are limited by a lack of common standards across jurisdictions. For the rapid growth of renewables in 
the decade of leapfrog, the more structural problems in the energy transition must be resolved through innovative solutions 
and international cooperation.

This topical collection welcomes research papers originated from 
presentations at the conference “Il Futuro dell’Umanità: Energia, il 
necessario e il possibile”, held at Accademia Nazionale dei Lincei 
in Rome, June 10–11, 2024.
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1  Introduction | Markets are emerging 
yet submerging

Emerging markets are key to the global energy transition. 
With 99 percent of developed countries having already 
peaked their energy demand, about 88 percent of the new 
growth in electricity demand between 2019 and 2040 is 
expected to come from emerging markets and developing 
economies (EMDEs). If emerging markets do not shift, or 
“leapfrog”, to renewables and other clean energy sources, 
there will be no global transition to a cleaner energy future. 
This decade has been termed ‘the leapfrog decade’, with 
emerging markets such as India shifting to cleaner energy 
at a rapid pace. But this decade is also critical to achieve 
the first energy transition (from no access to getting access 
to electricity or clean cooking energy). This double energy 
transition is fundamental to achieve the sustainable develop-
ment goals (SDGs), drive economic growth in EMDEs, and 
combat the climate crisis.

Bond et  al. (2024) have demonstrated that emerging 
markets will not follow the same path to renewables as 

developed markets. Countries undergoing traditional trans-
formations have witnessed economic prosperity before 
undergoing an energy transition—a linear path. However, 
this trajectory looks much different for emerging economies, 
where we can already observe signs of a leapfrog from fos-
sil to non-fossil fuel sources of electrification, as well as 
multiple energy transitions occurring simultaneously with 
rapid economic growth.

This essay outlines these trends using India’s example 
while highlighting opportunities and concerns for EMDEs 
more generally. India is currently one of the fastest-growing 
major economies, ranking fifth globally in terms of current 
gross domestic product (GDP) and fourth in terms of GDP in 
purchasing power parity.1 India is also poised to be the third-
largest economy by 2030, driven by a year-on-year growth 
rate of six to seven percent.2

However, India’s economy and its potential growth stand 
threatened by the accelerating impacts of climate change. 
The country remains vulnerable to climate hazards, such as 

1 Data, The World Bank (2024).
2 European Commission (2024).
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floods, droughts, and cyclones. Over 75 percent of Indian 
districts are extreme event hotspots with multiple, overlap-
ping hazards. This makes 80 percent of India's population 
highly vulnerable to extreme hydro-meteorological disas-
ters. Since 1970, not only has there been an increase in the 
frequency of disasters, such as floods and cyclones (by 20 
and 12 times, respectively), but more than 40 percent of 
Indian districts are witnessing swapping trends, that is, tra-
ditionally flood-prone areas are witnessing more frequent 
and intense droughts and vice-versa.3 The country is also 
experiencing severe heat stress as well as changing precipi-
tation patterns.45

2  Not one, but many energy transitions

Emerging markets are undergoing multiple, simultaneous 
energy transitions, which is unlike the traditional pathways 
and binary transitions that are discussed more often.6 India 
is undergoing four such energy transitions—traditional to 
modern sources of energy, rapid urbanization, growth of sus-
tainable energy infrastructure, and deeper integration into 
global energy markets.

These transitions are a result of India’s evolving climate 
action story, which began with the National Action Plan on 
Climate Change (NAPCC) launched in 2008, involving eight 
national missions. Later, India’s Nationally Determined 
Contributions (NDC) under the Paris Agreement was fol-
lowed closely by an updated version, specifying its net-zero 
ambition for 2070 and accompanying targets related to total 
non-fossil energy capacity, reduction in emissions inten-
sity, additional carbon sink, and renewed investment focus 
through the development of new programs.

The success of these four transitions will determine 
whether India can balance the energy trilemma of energy 
affordability, security and sustainability, in furtherance of 
the SDGs. These energy transitions impact other SDGs 
too, from gender equity to new jobs to sustainable cities 
to responsible production and consumption to reduction in 
poverty via clean energy-driven livelihoods.

2.1  Traditional to modern sources of energy

First, the quantum of energy demand is substantially ris-
ing, with a focus on ensuring access and affordability. In 
the Indian context, millions of Indians are gaining access 
to modern energy sources. In 2015, when the SDGs were 
announced, the Council on Energy, Environment and Water 

(CEEW) published the results from the world’s largest sur-
vey on energy access.7 India had the dubious distinction 
of having the largest number of people without access to 
electricity.

In 2017, a national program was launched to connect 
households to electricity, resulting in 28 million households 
being electrified within 18 months—this effectively trans-
lates into 11,000 Indians getting electricity every hour. The 
world still has about 700 million people without access to 
electricity, which means that we will need to electrify 11,500 
human beings per hour, all the way to 2030!

2.2  Rural to urban

Second, the patterns of energy demand are shifting with a 
large population moving from rural to urban areas. There-
fore, what is primarily agricultural demand for energy then 
moves toward heating and cooling for homes and commer-
cial buildings, transportation systems, data centers and so 
forth, keeping urban needs in mind. Urban India is already 
the world’s third-largest country by population. By 2047, 
half of India’s projected 1.64 billion people will live in its 
urban centers,8 increasing pre-existing pressure on already 
strained public transport systems, resource needs, and 
energy infrastructure. Integrating energy production with 
urban homes, industries, and infrastructure can help cities 
independently meet future energy demand. For instance, 
grid-integrated rooftop solar alone has the technical poten-
tial to generate 637 gigawatts (GW) of renewable energy 
in India through over 250 million households across the 
country.9 The future of power markets will involve not just 
cleaner energy sources but more decentralized infrastruc-
ture and more digitalization to enable peer-to-peer trading 
of clean electrons.

2.3  Growth to sustainable growth

Third, the shift within the energy system itself is apparent in 
the transition from dirty to cleaner sources (or from dirtier 
growth toward more sustainable growth). India has a short 
time horizon from peaking fossil fuels by 2040 to reaching 
its net-zero target by 2070. For this, all of India’s energy vec-
tors must grow to meet rising energy demand, conventional 
fuels need to be secured before phasing down, and newer 
fuels need nurturing and support to scale up.

India’s electricity system has shifted rapidly toward a 
cleaner electricity system and is progressing toward being 
as clean as it is required to be. When India’s National 
Solar Mission was launched in 2010, India had less than 

3 Mohanty et al. (2021).
4 Prabhu et al. (2024).
5 TMC and CEEW (2024).
6 Bery et al. (2017).

7 Agrawal et al. (2020).
8 Shree et al. (2023).
9 Tyagi et al. (2023).
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20 megawatts (MW) of solar energy installed. As of 2024, 
India has become the world’s fifth-largest market for solar 
by installed capacity and the fourth-largest installed capacity 
for wind energy.10 In January 2024, India’s total non-fossil 
installed capacity stood at 189.52 GW, making up 44.07 
percent of India’s total installed capacity for all sources.11 
By the end of the year (December 2024), India had 217.62 
GW, making up 47 percent of the total installed capacity.12

The pace of deployment of clean electricity in India—
in absolute and relative terms—can rapidly edge out fossil 
fuels in the electricity mix. Overall, India houses the fourth-
largest renewable energy installed capacity globally and is 
on track to be the world’s third-largest market for renewable 
energy by 2030. India's expansion trajectory so far makes 
this a likely reality. Over the last decade, power capacity 
has grown in India by 82 percent, coal-based capacity has 
grown by 50 percent, and renewable energy-based capacity 
has grown by 388 percent.

Concerning overall emissions reduction, analysis by 
CEEW suggests that India’s current climate policies for 
emission reduction across the power, residential, and trans-
port sectors have already saved 440 million tons of  CO2 
 (MtCO2) from 2015 to 2020. Further projections suggest that 
these policies will save 3,950  MtCO2 from 2020 to 2030, 
22,670  MtCO2 from 2030 to 2050, and 44,070  MtCO2 from 
2050 to 2070. This translates to a 23 percent reduction in 
cumulative emissions between 2015 and 2070.13

As per Bond et al. (2024), cleantech costs are on the 
decline and will continue to fall at around 20 percent for 
every doubling of deployment due to technology improve-
ments and widespread adoption. Given these falling costs, 
new opportunities to leapfrog are opening up to other 
EMDEs as well. For example, in Namibia, falling costs of 
solar have led to it making up almost 40 percent of total 
generation. Wind is seeing a similar rise in Uruguay, and 
almost 30 percent of Vietnam’s final energy supply is from 
electricity. All three of these examples surpass the United 
States significantly in terms of utilization of solar, wind and 
electricity for their total energy supply.14

2.4  Deeper integration into global energy markets

Fourth, developing countries and their energy demands are 
integrating deeper into global energy markets, impacting 
how they operate. For example, nearly a quarter of global 

energy consumption will come from India by 2040,15 reshap-
ing global energy supply chains.

India is also promoting global multilateral initiatives, 
such as the International Solar Alliance and the Global Bio-
fuels Alliance. The former, co-founded by India and France, 
already has more than 120 member countries, demonstrating 
the desire of many EMDEs to chart their unique pathways 
toward a clean energy transition. The latter—launched in 
2023 by the top three biofuel producers, India, the United 
States, and Brazil—seeks to balance energy needs with food 
security by developing and deploying the next generation of 
biofuel technologies.

3  Vulnerabilities persist in finance, supply 
chains, technology, and standards

At the same time, three challenges persist. Financing for 
clean energy continues to be expensive for emerging mar-
kets. Clean energy supply chains are highly concentrated, 
impacting materials, minerals, intermediates, and finished 
products. Further, new markets for decarbonized hydrogen 
are also limited by a lack of common standards across juris-
dictions. The more structural problems in the energy transi-
tion must be resolved for the rapid growth of renewables in 
the leapfrog decade.

These problems are often interlinked in many ways. For 
example, cleantech at early levels of technology readiness 
(TRLs), especially in emerging markets, tends to attract 
lesser financing for the research and development and dem-
onstration stages, exacerbating a country’s supply chain 
insecurities due to higher imports of these technologies. 
A lack of global standards for decarbonized hydrogen also 
impedes the level of financing that such hydrogen projects 
will bring when countries unilaterally build their hydrogen 
value chains at the cost of cross-border partnerships.

3.1  Challenges associated with investment 
and low‑cost financing

In 2024, global energy investment was set to go beyond 
USD 3 trillion for the first time, with USD 2 trillion going 
toward clean energy.16 However, as per the latest climate 
finance data, most of this money does not flow to where 
the sun shines most. Climate finance is severely lacking for 
developing countries, both in absolute as well as incremental 
terms, with only around 15 percent of global clean energy 
investments directed toward the Global South (excluding 
China), a percentage growing at a significantly lower pace 10 MNRE (2024).

11 Central Electricity Authority (2024a)
12 Central Electricity Authority (2024b).
13 Chaturvedi et al. (2024).
14 Bond et al. (2024).

15 IEA (2021).
16 IEA (2024).
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for emerging markets. This is despite global investments 
in clean energy being double that of investments in fossil 
fuels.17

To effectively channel climate finance, the three ‘I’s stand 
to be important—incentives, instruments and institutions. 
Financing incentives, such as feed-in tariffs and tax cred-
its, will programmatically de-risk investments by reducing 
financial uncertainties and increasing project attractiveness. 
Innovative financing instruments, such as green bonds and 
climate derivatives, will offer new mechanisms that attract 
a diverse range of investors, improve returns and address 
further risks. Finally, strong, redesigned national and multi-
lateral institutions will play a key role in mobilizing, struc-
turing, and deploying climate finance.

3.2  Concentration of cleantech supply chains, 
critical minerals, and intellectual property 
rights

The number of countries with concentrated imports of solar 
photovoltaic (PV), that is, with high reliance on very few 
countries for the bulk of their solar PV imports, rose from 
38 in 2012 to over 71 in 2021.18 Similarly, the numbers for 
lithium-ion batteries jumped from 19 to 49.19 Therefore, 
even as countries are doubling down (in some cases, even 
tripling down) on their renewable energy targets, they are 
reliant on fewer countries and sources for these products. For 
high-income countries, dependence on concentrated imports 
is about 60 percent, but this trend is particularly problematic 
for lower–middle-income and upper–middle-income coun-
tries, where there is nearly 100 percent dependence in many 
cases.20

India is trying to become a leading supplier of clean 
energy technologies—but with a different approach. As of 
2021, India had 8 GW of effective solar module produc-
tion capacity.21 Due to the government’s Production-Linked 
Incentive (PLI) scheme’s two tranches, there has been a total 
allocation of around USD 3.2 billion for establishing a com-
bined manufacturing capacity of about 48.3 GW.22

In future, India can potentially indigenize the manufactur-
ing of 82–85 percent of the components of three select elec-
trolyzer technologies, namely proton exchange membrane 
(PEM), alkaline electrolyzer, and solid oxide electrolyzer 
(SOE).23 As for other cleantech supply chains, India can 
achieve export competitiveness in select components of solar 

(solar wafer, polysilicon, EVA, diamond wire saw), lithium-
ion batteries (synthetic graphite, aluminum foil), and already 
has a comparative advantage with select components for 
wind (wind turbine gearbox, hub castings, wind turbines).24

This approach—of component-wise green comparative 
advantage—can support green industrial development in 
India and also position it as a critical node in interdependent 
global value chains for cleantech. Such a pathway is more 
amenable to building secure, reliable and resilient clean-
tech supply chains in contrast to the current concentration 
of manufacturing in China or the protectionist policies in the 
European Union or the United States.

Similarly, for innovation, just five G20 countries account 
for 85 percent of the patents applied for and for patents 
granted under the Patent Cooperation Treaty (PCT) for envi-
ronmental technology between 2000 and 2021.25

This concentration of cleantech intellectual property calls 
for a new paradigm of technology co-development. This can 
involve pooling of financial resources as well as technical 
and human resources, for the development of cleantech ori-
ented toward the hot tropics.26

A similar challenge exists for critical minerals as well. 
Fifteen countries are home to at least 55 percent of the iden-
tified critical minerals for the cleantech transition. Within 
them, even fewer account for 70 percent (sometimes rising 
to 90 percent) of the mine production of these minerals.

Four opportunities can be identified for both suppliers 
and demanders of critical minerals to tackle the current 
challenges. The first is in data transparency for countries 
and companies, with standardization of exploration data to 
improve consistency and collect granular data. The second 
is collaborating on exploration, exploration technologies 
and finding alternative sources through various potential 
approaches. Conscious effort in technology cooperation is 
key to diversifying sources. A related third opportunity is the 
co-development of mineral processing technologies between 
countries with mutual interests—those home to large min-
eral deposits and mining companies with interest to develop, 
deploy and transfer advanced technologies for exploration 
and production. Finally, mineral recycling and circularity 
can create local and resilient supply chains which could sig-
nificantly reduce import dependence.27

3.3  A rules‑based architecture for the fuels 
of the future

Decarbonized hydrogen stands to be a key fuel to decarbon-
ize heavy industries, such as steel, aluminum, and fertilizers, 

17 Ibid.
18 CEEW (2023).
19 Ibid.
20 CEEW analysis (2024).
21 Gupta (2022).
22 Ministry of Power (2023).
23 Patidar et al. (2024).

24 Warrior et al. (2024).
25 Gupta et al. (2023).
26 Ghosh et al. (2022a).
27 Ghosh (2025).
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as well as long-distance freight transport and energy storage, 
and become integral to novel applications such as sustain-
able aviation fuels.

Currently, there is no energy security architecture to 
protect countries that will drive the world’s future energy 
demand or secure the necessary fuels of the future, such as 
decarbonized hydrogen. Due to a lack of global consensus 
on common standards, countries are trying to unilaterally 
secure access to these value chains. Such a race could then 
intensify prevalent resource conflicts, exacerbate global 
energy insecurity, and decelerate the decarbonization efforts 
of developing economies.28

A robust rules-based architecture will secure the supply 
and demand of this critical fuel by increasing transparency, 
governing technology development, supporting diversified 
production and value chains, trade and transport, and safe 
storage and use. By making green hydrogen more equitably 
accessible to all markets—affordable for retail and industrial 
consumers and available at scale—there would be a chance 
to bridge the emissions gap without deindustrializing fast-
growing EMDEs.29

4  Conclusion

The energy leapfrog is already ongoing in EMDEs across 
the globe. In some countries like India, the scale of such 
a transition will have a large impact on the global energy 
transition. There will be multiple energy priorities through 
this decade (and beyond)—access, sustainability, and secu-
rity—that will develop a new political economy for EMDEs 
as compared to developed countries. These energy transi-
tions are part of an economic transformation. EMDEs, as 
the locomotives of the global economy, are likely to invest 
more in the clean energy transition as it becomes a part of 
their broader green industrialization strategy, giving them 
multiple opportunities to become a part of the global supply 
chains in the clean economy of the future.

Acknowledgements Neera Majumdar, Communications Specialist, 
Council on Energy, Environment and Water (CEEW)

Author contributions A.G. and A.D. co-wrote the main manuscript 
text, and reviewed it, as supported by the Council on Energy, Environ-
ment and Water's editorial team.

Data Availability No datasets were generated or analysed during the 
current study.

Declarations 

Conflict of Interest The authors declare no competing interests.

References

Agrawal, S., et al.: India Residential Energy Survey (IRES) 2020: 
Design and data quality. Council on Energy, Environment and 
Water (CEEW). (2020). https:// www. ceew. in/ sites/ defau lt/ files/ 
CEEW- IRES- Design- and- data- quali ty- 4Oct20. pdf. Accessed 31 
Jan 2025.

Bery S et al (2017) Energizing India: Towards a Resilient and Equitable 
Energy System. SAGE Publications, Berlin.

Bond, K., Butler-Sloss, S., Walter, D.: The Cleantech Revolution. 
Rocky Mountain Institute (RMI). (2024). https:// rmi. org/ insig ht/ 
the- clean tech- revol ution/. Accessed 31 Jan 2025.

CEEW, Developing Resilient Renewable Energy Supply Chains for 
Global Clean Energy Transition. Council on Energy, Environment 
and Water (CEEW). (2023). https:// www. ceew. in/ publi catio ns/ 
devel oping- resil ient- renew able- energy- supply- chains- for- global- 
clean- energy- trans ition. Accessed 31 Jan 2025.

Central Electricity Authority, Monthly Installed Capacity Report—
January 2024. Government of India. (2024a). https:// cea. nic. in/ 
wp- conte nt/ uploa ds/ insta lled/ 2024/ 01/ IC_ Jan_ 2024_ alloc ation_ 
wise-1. pdf. Accessed 31 Jan 2025.

Central Electricity Authority, Monthly Installed Capacity Report – 
December 2024. Government of India. (2024b). https:// cea. nic. in/ 
wp- conte nt/ uploa ds/ insta lled/ 2024/ 12/ IC_ Dec_ 2024_ alloc ation_ 
wise. pdf. Accessed 31 Jan 2025.

Chaturvedi, V., Dey, A., Anand, R.: Impact of Select Climate Poli-
cies on India’s Emissions Pathway. Council on Energy, Environ-
ment and Water (CEEW). (2024). https:// www. ceew. in/ publi 
catio ns/ impact- select- clima te- polic ies- indias- emiss ions- pathw 
ay. Accessed 12 May 2025.

Data, The World Bank (2024). GDP (current US$). The World Bank. 
(2024). https:// data. world bank. org/ indic ator/ NY. GDP. MKTP. CD. 
Accessed 31 Jan 2025.

European Commission. India. (2024). https:// inter natio nal- partn ershi 
ps. ec. europa. eu/ count ries/ india_ en. Accessed 31 Jan 2025.

Ghosh, A.: Forthcoming article: There is a critical need for rules to 
govern critical minerals. (2025).

Ghosh, A., Harihar, N., Jain, P.: Co-development of Technologies of 
the Future. Stockholm+50 background paper series. Stockholm 
Environment Institute. (2022a). https:// www. ceew. in/ publi catio 
ns/ co- devel opment- techn ologi es- future. Accessed 31 Jan 2025.

Ghosh, A., Gupta, T., Raha, S., Mallya, H., Yadav, D., Harihar, N.: 
Rules for an Energy-Secure Global Green Hydrogen Economy. 
Council on Energy, Environment and Water (CEEW). (2022b). 
https:// www. ceew. in/ publi catio ns/ energy- secure- green- hydro gen- 
econo my- and- decar bonis ation. Accessed 31 Jan 2025.

Gupta, T., Raha, S., Mallya, H. The G20 Imperative for Global IP 
Reform To Facilitate Clean Energy Transitions. T20 Policy Brief. 
(2023). https:// t20ind. org/ resea rch/ the- g20- imper ative- for- global- 
ip- reform- to- facil itate- clean- energy- trans ition s/#: ~: text= India 's% 
20G20% 20pre siden cy% 20in% 20202 3,for% 20bat tery% 20sto rage% 
2C% 20and% 20sma ll. Accessed 31 Jan 2025.

Gupta, U.: India’s solar module manufacturing capacity on track to soar 
400% in four years. PV magazine. (2022). https:// www. pv- magaz 
ine. com/ 2022/ 01/ 24/ indias- solar- module- manuf actur ing- capac 
ity- on- track- to- soar- 400- in- four- years/#: ~: text= Policy- ,India 's% 
20sol ar% 20mod ule% 20man ufact uring% 20cap acity% 20on% 20tra 
ck% 20to% 20soar% 20400 ,the% 20end% 20of% 20Mar ch% 202025. 
Accessed 31 Jan 2025.

IEA, World Energy Investment 2024. IEA. (2024). https:// www. iea. 
org/ repor ts/ world- energy- inves tment- 2024. Accessed 31 Jan 2025.

IEA, India Energy Outlook 2021, IEA. (2021). https:// www. iea. org/ 
repor ts/ india- energy- outlo ok- 2021. Accessed 31 Jan 2025.

Ministry of Power, Government allocates 39600 MW of domestic Solar 
PV module manufacturing capacity under PLI (Tranche-II). Press 

28 Ghosh et al. (2022b).
29 Ibid.

https://www.ceew.in/sites/default/files/CEEW-IRES-Design-and-data-quality-4Oct20.pdf
https://www.ceew.in/sites/default/files/CEEW-IRES-Design-and-data-quality-4Oct20.pdf
https://rmi.org/insight/the-cleantech-revolution/
https://rmi.org/insight/the-cleantech-revolution/
https://www.ceew.in/publications/developing-resilient-renewable-energy-supply-chains-for-global-clean-energy-transition
https://www.ceew.in/publications/developing-resilient-renewable-energy-supply-chains-for-global-clean-energy-transition
https://www.ceew.in/publications/developing-resilient-renewable-energy-supply-chains-for-global-clean-energy-transition
https://cea.nic.in/wp-content/uploads/installed/2024/01/IC_Jan_2024_allocation_wise-1.pdf
https://cea.nic.in/wp-content/uploads/installed/2024/01/IC_Jan_2024_allocation_wise-1.pdf
https://cea.nic.in/wp-content/uploads/installed/2024/01/IC_Jan_2024_allocation_wise-1.pdf
https://cea.nic.in/wp-content/uploads/installed/2024/12/IC_Dec_2024_allocation_wise.pdf
https://cea.nic.in/wp-content/uploads/installed/2024/12/IC_Dec_2024_allocation_wise.pdf
https://cea.nic.in/wp-content/uploads/installed/2024/12/IC_Dec_2024_allocation_wise.pdf
https://www.ceew.in/publications/impact-select-climate-policies-indias-emissions-pathway
https://www.ceew.in/publications/impact-select-climate-policies-indias-emissions-pathway
https://www.ceew.in/publications/impact-select-climate-policies-indias-emissions-pathway
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD
https://international-partnerships.ec.europa.eu/countries/india_en
https://international-partnerships.ec.europa.eu/countries/india_en
https://www.ceew.in/publications/co-development-technologies-future
https://www.ceew.in/publications/co-development-technologies-future
https://www.ceew.in/publications/energy-secure-green-hydrogen-economy-and-decarbonisation
https://www.ceew.in/publications/energy-secure-green-hydrogen-economy-and-decarbonisation
https://t20ind.org/research/the-g20-imperative-for-global-ip-reform-to-facilitate-clean-energy-transitions/#:~:text=India's%20G20%20presidency%20in%202023,for%20battery%20storage%2C%20and%20small
https://t20ind.org/research/the-g20-imperative-for-global-ip-reform-to-facilitate-clean-energy-transitions/#:~:text=India's%20G20%20presidency%20in%202023,for%20battery%20storage%2C%20and%20small
https://t20ind.org/research/the-g20-imperative-for-global-ip-reform-to-facilitate-clean-energy-transitions/#:~:text=India's%20G20%20presidency%20in%202023,for%20battery%20storage%2C%20and%20small
https://t20ind.org/research/the-g20-imperative-for-global-ip-reform-to-facilitate-clean-energy-transitions/#:~:text=India's%20G20%20presidency%20in%202023,for%20battery%20storage%2C%20and%20small
https://www.pv-magazine.com/2022/01/24/indias-solar-module-manufacturing-capacity-on-track-to-soar-400-in-four-years/#:~:text=Policy-,India's%20solar%20module%20manufacturing%20capacity%20on%20track%20to%20soar%20400,the%20end%20of%20March%202025
https://www.pv-magazine.com/2022/01/24/indias-solar-module-manufacturing-capacity-on-track-to-soar-400-in-four-years/#:~:text=Policy-,India's%20solar%20module%20manufacturing%20capacity%20on%20track%20to%20soar%20400,the%20end%20of%20March%202025
https://www.pv-magazine.com/2022/01/24/indias-solar-module-manufacturing-capacity-on-track-to-soar-400-in-four-years/#:~:text=Policy-,India's%20solar%20module%20manufacturing%20capacity%20on%20track%20to%20soar%20400,the%20end%20of%20March%202025
https://www.pv-magazine.com/2022/01/24/indias-solar-module-manufacturing-capacity-on-track-to-soar-400-in-four-years/#:~:text=Policy-,India's%20solar%20module%20manufacturing%20capacity%20on%20track%20to%20soar%20400,the%20end%20of%20March%202025
https://www.pv-magazine.com/2022/01/24/indias-solar-module-manufacturing-capacity-on-track-to-soar-400-in-four-years/#:~:text=Policy-,India's%20solar%20module%20manufacturing%20capacity%20on%20track%20to%20soar%20400,the%20end%20of%20March%202025
https://www.iea.org/reports/world-energy-investment-2024
https://www.iea.org/reports/world-energy-investment-2024
https://www.iea.org/reports/india-energy-outlook-2021
https://www.iea.org/reports/india-energy-outlook-2021


Rendiconti Lincei. Scienze Fisiche e Naturali 

Information Bureau. (2023). https:// pib. gov. in/ Press Relea seIfr 
amePa ge. aspx? PRID= 19113 80#: ~: text= The% 20Gov ernme nt% 
20has% 20all ocated% 20a,Modul es% 20(Tranc he% 2DII. Accessed 
31 Jan 2025.

MNRE (2024) Home page. Ministry of New and Renewable Energy, 
Government of India. https:// mnre. gov. in/. Accessed 31 Jan 2025.

Mohanty, Abinash, Wadhawan, S.: Mapping India’s climate vulner-
ability: a district-level assessment. Council on Energy, Environ-
ment and Water (CEEW). (2021). https:// www. ceew. in/ publi catio 
ns/ mappi ng- clima te- change- vulne rabil ity- index- of- india-a- distr 
ict- level- asses sment. Accessed 31 Jan 2025.

Patidar, Rishabh, Yadav, D., Mallya, H.: How can hydrogen electrolys-
ers be made in India? A bottom-up cost assessment to quantify 
the indigenisation potential. Council of Energy, Environment 
and Water (CEEW). (2024). https:// www. ceew. in/ publi catio ns/ 
how- can- india- indig enise- hydro gen- elect rolys er- manuf actur ing. 
Accessed 31 Jan 2025.

Prabhu, Shravan, Chitale, V.: Decoding India’s changing monsoon pat-
terns: a Tehsil-level Assessment. Council on Energy, Environment 
and Water (CEEW). (2024). https:// www. ceew. in/ publi catio ns/ 
decod ing- chang ing- monso on- rainf all- patte rns- due- to- clima te- 
change- in- india. Accessed 31 Jan 2025.

Shree, Shilpa, Sharma, N.: Vision 2047. National Real Estate Devel-
opment Council (NAREDCO) and Knight Frank. (2023). https:// 
conte nt. knigh tfrank. com/ resea rch/ 2735/ docum ents/ en/ india- real- 
estate- vision- 2047- 2023- 10502. pdf. Accessed 31 Jan 2025.

TMC and CEEW.: Heat action plan for Thane City 2024. Thane: 
Thane Municipal Corporation, Thane; and Council on Energy, 

Environment and Water (CEEW). (2024). https:// www. ceew. in/ 
publi catio ns/ how- can- thane- city- tackle- heatw aves- risks- with- 
heat- action- plan. Accessed 31 Jan 2025.

Tyagi, Bhawna, Kuldeep, N.: Community solar for advancing power 
sector reforms and the net-zero goals. Council on Energy, Envi-
ronment and Water (CEEW). (2023). https:// www. ceew. in/ publi 
catio ns/ commu nity- solar- for- net- zero- elect ricity- power- sector- 
and- decar bonis ation. Accessed 31 Jan 2025.

Warrior, D., Chandhok, V., Khajuria, A., Gauba, S., Jain, R.: Strength-
ening India's Clean Energy Supply Chains: Building manufactur-
ing competitiveness in a globally fragmented market. Council of 
Energy, Environment and Water (CEEW). (2024). https:// www. 
ceew. in/ publi catio ns/ how- can- india- boost- clean- energy- supply- 
chains- to- build- manuf actur ing- compe titiv eness- in- energy- market. 
Accessed 31 Jan 2025.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1911380#:~:text=The%20Government%20has%20allocated%20a,Modules%20(Tranche%2DII
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1911380#:~:text=The%20Government%20has%20allocated%20a,Modules%20(Tranche%2DII
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1911380#:~:text=The%20Government%20has%20allocated%20a,Modules%20(Tranche%2DII
https://mnre.gov.in/
https://www.ceew.in/publications/mapping-climate-change-vulnerability-index-of-india-a-district-level-assessment
https://www.ceew.in/publications/mapping-climate-change-vulnerability-index-of-india-a-district-level-assessment
https://www.ceew.in/publications/mapping-climate-change-vulnerability-index-of-india-a-district-level-assessment
https://www.ceew.in/publications/how-can-india-indigenise-hydrogen-electrolyser-manufacturing
https://www.ceew.in/publications/how-can-india-indigenise-hydrogen-electrolyser-manufacturing
https://www.ceew.in/publications/decoding-changing-monsoon-rainfall-patterns-due-to-climate-change-in-india
https://www.ceew.in/publications/decoding-changing-monsoon-rainfall-patterns-due-to-climate-change-in-india
https://www.ceew.in/publications/decoding-changing-monsoon-rainfall-patterns-due-to-climate-change-in-india
https://content.knightfrank.com/research/2735/documents/en/india-real-estate-vision-2047-2023-10502.pdf
https://content.knightfrank.com/research/2735/documents/en/india-real-estate-vision-2047-2023-10502.pdf
https://content.knightfrank.com/research/2735/documents/en/india-real-estate-vision-2047-2023-10502.pdf
https://www.ceew.in/publications/how-can-thane-city-tackle-heatwaves-risks-with-heat-action-plan
https://www.ceew.in/publications/how-can-thane-city-tackle-heatwaves-risks-with-heat-action-plan
https://www.ceew.in/publications/how-can-thane-city-tackle-heatwaves-risks-with-heat-action-plan
https://www.ceew.in/publications/community-solar-for-net-zero-electricity-power-sector-and-decarbonisation
https://www.ceew.in/publications/community-solar-for-net-zero-electricity-power-sector-and-decarbonisation
https://www.ceew.in/publications/community-solar-for-net-zero-electricity-power-sector-and-decarbonisation
https://www.ceew.in/publications/how-can-india-boost-clean-energy-supply-chains-to-build-manufacturing-competitiveness-in-energy-market
https://www.ceew.in/publications/how-can-india-boost-clean-energy-supply-chains-to-build-manufacturing-competitiveness-in-energy-market
https://www.ceew.in/publications/how-can-india-boost-clean-energy-supply-chains-to-build-manufacturing-competitiveness-in-energy-market

	Energy transitions amid an economic transformation
	Abstract
	Graphic abstract

	1 Introduction | Markets are emerging yet submerging
	2 Not one, but many energy transitions
	2.1 Traditional to modern sources of energy
	2.2 Rural to urban
	2.3 Growth to sustainable growth
	2.4 Deeper integration into global energy markets

	3 Vulnerabilities persist in finance, supply chains, technology, and standards
	3.1 Challenges associated with investment and low-cost financing
	3.2 Concentration of cleantech supply chains, critical minerals, and intellectual property rights
	3.3 A rules-based architecture for the fuels of the future

	4 Conclusion
	Acknowledgements 
	References


