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Chapter 1 : Overview

The concern for climate change has spurred 
an intense debate on energy transition to 

a low carbon economy. Climate change is an 
existential problem facing humanity. While 
the developed world has contributed most to 
global warming, its consequences will be felt 
by all countries. The worst affected will be those 
least equipped to deal with it. Vivekananda 
International Foundation has undertaken 
a study of energy choices available to India 
keeping in mind our development perspective. 

This is an interdisciplinary study. For this 
purpose, VIF has put together a Task Force, 
which consists of senior scientists, engineers, 
civil servants, and members of academia. Their 
efforts are supported by a strong research team. 
The study covers climate negotiations, energy 
choices made by major economies, and trends in 
the power sector in India. It explores technology 
options and finances available to developing 
countries for making the transition. 

This is an interim report. It will be finalized 
taking into account the outcome of the 26th 
meeting of the Conference of Parties in 
Glasgow. The process of writing this report was 
interrupted by two major developments. The 

slowing down of winds and increase in gas 
prices have led to an unprecedented increase 
in the price of electricity in Europe. The coal 
shortage threatens to affect the power supply in 
India. The trend was set by China. The scramble 
to secure supplies of gas and coal has pushed up 
the price of fossil fuel, whose demise was being 
predicted by many experts. Whether these are 
transient events or underline long-term trends, 
remains to be seen. However, their significance 
cannot be ignored. They cover three of the 
largest economies and point to the difficulty of 
making the energy transition. 

The energy transition to a low carbon 
economy seeks to break out of the two-century-
old historical paradigm since the industrial 
revolution where economic development was 
predicated upon the availability of cheap 
energy. This is not an easy choice. The task 
is compounded by the fact that the world is 
still to recover fully from the pandemic. While 
demand in the developed countries and China 
has picked up, developing countries will take 
more time to recover. The economic resources 
for making the transition will be difficult for 
them to muster on their own. 
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In April 2018, ‘Leisang in Manipur became 
the last village to be added to the national 
power grid.’1 Though this was indeed a moment 
to be proud of, India’s per capita electricity 
consumption remains at 1/3rd of the global 
average. The country’s continued growth 
depends upon access to energy. This points 
to the complexity of the challenge posed by 
climate change. The transition to a low-carbon 
economy involves the diversification of energy 
sources. This has to be achieved while moving 
up the development trajectory. India is well on 
track to achieve the INDCs pursuant to Paris 
Conference on climate change. Prime Minister 
Modi has announced further increasing the 
share of renewables in India’s energy basket to 
450 GW by 2030. 

During the Glasgow Summit, Prime Minister 
Modi enhanced India’s commitment to clean 
energy and said that India will reach its non-
fossil energy capacity to 500 GW by 2030. He 
added that India will meet 50 percent of its 
energy requirements from renewable energy 
by 2030.  India will reduce projected emissions 
between now and 2030 by 1 billion tonnes. 
India will also reduce carbon intensity of its 
economy by less than 45 %. He also announced 
that India will reach the target of net zero by the 
year 2070.2

The UN Secretary-General Antonio Guterres 
described the findings of the report of the 
Intergovernmental Panel on Climate Change 
as ‘Code Red for humanity’3. The Secretary-
General stated:

‘We need a 45 percent cut in emissions 
by 2030.  Yet a recent UN report made 
clear that with present national climate 
commitments, emissions will go up by 
16% by 2030. That would condemn us to 

a hellscape of temperature rises of at least 
2.7 degrees above pre-industrial levels.  
A catastrophe.’4

The Secretary General’s statement is based 
on a target of limiting global warming to 1.5 
degrees C by the end of the century. What was 
agreed in the Paris Conference of 2015 was the 
goal of keeping the rise in global temperature 
below 2 degrees C, while ‘pursuing efforts to 
limit the temperature rise to 1.5 degrees C. If 
the lower threshold is accepted, this means 
a smaller carbon budget and more stringent 
emission norms. The Secretary-General noted 
that ‘…..the OECD just reported a gap of at least 
$20 billion in essential and promised climate 
finance to develop countries.’ He exhorted the 
developed countries to show ‘more ambition 
on finance’ so that the developing countries 
finally see ‘the promised $100 billion a year 
for climate action.’ He also suggested ‘taxing 
carbon’, ending subsidies to fossil fuels, and 
‘committing to no new coal plants.’ Many of 
these prescriptions are part of the report of the 
International Energy Agency (IEA). However, 
their endorsement by the UN Secretary-General 
gives them greater legitimacy. 

The recommendation to ‘commit to no new 
coal plants’ has direct implications for India, 
where coal accounts for more than 71% of 
India’s electricity generation. If the country is 
to maintain its development trajectory, while 
moving towards a low carbon economy, solar 
power is the obvious choice for India. The 
potential of wind power is limited to coastal 
states. It is also seasonal. India has already 
achieved 100 GW in terms of installed capacity. 
The renewables, however, are intermittent 
and need to be balanced with stable base-load 
power. This can either be provided by coal 
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or nuclear in India’s case. Given the climate 
concerns, the share of coal in the energy basket 
cannot be increased. Hence, the role of nuclear 
power as a clean, non-fossil source of base-load 
power assumes significance. There is a positive 
convergence between the growth of renewables 
and nuclear power. 

IEA report, Net Zero Emission  
and Equity

The IEA report on Net Zero Emission states 
that technologies are available for emission 
reduction up to 2030. This still leaves 
unanswered the question of finance. However, 
the biggest uncertainty lies in the next phase 
of de-carbonization. The IEA report admits 
‘But in 2050, almost half the reductions come 
from technologies that are currently at the 
demonstration or prototype phase.’ It lists 
three key areas: ‘advanced batteries, hydrogen 
electrolyzers, and direct air capture and 
storage.’ That these technologies will mature in 
time and will be cost-effective is a major leap of 

faith. This cannot be a credible pathway based 
on what is known to science today. 

The concept of Net Zero Emission puts 
developed and developing countries in a 
straightjacket despite their widely varying 
energy, and emission records. India is projected 
as the third biggest emitter in absolute terms. 
This methodology ignores that in terms of per 
capita emission, India is at the bottom of the list 
amongst major economies. India’s per capita 
emission in 2030 will be less than 1/3rd of the 
US (30.7%) and about 45% of the Chinese per 
capita emission. This would be clear from Table 
1 on page 13.

Share of Fossil Fuel

The IEA report suggests that ‘no additional 
new financial decisions should be taken for 
new unabated coal plants, the least efficient 
coal plants are phased out by 2030’. While 
asking developing countries to phase out coal, 
most developed economies still retain a high 

Table 1 : Per capita annual territorial GHG emissions based on minimum targets:

(tonnes of CO2 equivalent, excluding LULUCF)

Emission levels 2019 2030**
US* 16.06 13 
Canada 15.41 12
China 7.10  9
Japan 8.72  7
EU 6.41  5.1
India 1.91  4

Source: UNEP Emissions Gap Report 2020. United Nations Environment Programme; Hannah Ritchie and 
Max Roser (2020) - “CO₂ and Greenhouse Gas Emissions”. Published online at OurWorldInData.org. Retrieved 
from: ‘https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions’. 

*Projections for the US are based on 2025 projections. 
**Approximate projections.
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share of fossil fuel in their energy basket. In 
most cases, gas has replaced coal. This is also 
partly the cause of the current hike in European 
electricity prices. In Germany, the share of fossil 
fuel in electricity generation is 40.5%. Of this 
gas accounts for 16.1%, while the rest is made 
up of hard coal (7.5%) and mineral oil products 
(0.7%). In the case of the UK, the share of fossil 
fuel in electricity generation is 37.7%, with 
natural gas accounting for 35.5%. A study by 
Agora Energiewende notes that ‘Since 2015, 
although coal generation halved, (-340 TWh), 
only half of that was replaced by wind and solar 
(176 TWh).5

Germany and UK have made contrasting 
energy choices. While Germany has decided 
to phase out nuclear, the UK is building new 
nuclear power plants and has even allowed 
foreign investment. Germany will retain the 
use of coal (lignite) till 2037, while the UK 
decided to phase out coal by 2024. Chancellor 
Merkel towards the end of her term decided 
to go ahead with the Nordstrom II pipeline, 
which will import an additional 55 BCM gas per 
annum. This was done despite the opposition 
of European neighbors and reservations on 
part of the US, though Biden Administration 
eventually acquiesced in the decision. Germany 
preferred energy security to climate concerns or 
geo-politics. 

The Challenge of Renewables

The recent hike in electricity tariff in Europe 
demonstrates the volatility and cost of systems 
based on the high incidence of Variable 
Renewable Energy (VRE). Natural gas prices 
were increasing since early this year. The sudden 
dropping of the wind in the North Sea led to the 
loss of wind power production. The effect was 

most pronounced in the UK, though it was felt 
in the entire European energy market. ‘Prices for 
power to be dispatched the next day rocketed 
to £285 a megawatt-hour in the U.K. when wind 
speeds dropped.’6 ‘That is equivalent to $395 a 
megawatt-hour and marked a record on figures 
going back to 1999.’7 There was a sharp jump 
in electricity prices in Germany also, which 
reached Euro 131 a megawatt-hour. Germany 
was relatively protected as it has access to the 
regional grid and piped gas from Russia.

The impact of the jump in electricity tariff 
in Europe is continuing to be felt. ‘European 
Central Bank President Christine Lagarde 
this month referred to energy markets as one 
of the main forces driving inflation higher’.8 
At least Two U.K. energy retailers went out 
of business leaving ‘a combined 94,000 gas 
and power customers stranded’.9 ‘National 
Grid asked Électricité de France SA to restart 
its West Burton A coal power station in 
Nottinghamshire. That won’t be possible in the 
future: The government has said all coal plants 
must close by late 2024’.10 The problem of the 
unpredictability of renewables and volatility of 
imported gas prices has long-term implications 
for the energy model on which Europe is basing 
its ambition to attain Net Zero Emission by 2050. 
Wind accounts for 24% of the UK’s electricity 
generation, while the share of natural gas is 
35.7%. In the case of Germany, wind accounts 
for 23.7% of electricity generation, while natural 
gas’s share is 16.1%. Thus, these two sources 
account for nearly 60% and 40% respectively 
of power production in these two countries. 
Sustained volatility or disruption cannot be 
easily made up from other sources. 

Fatih Birol, IEA Executive Director told the 
Financial Times that ‘There is an inaccurate 
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campaign that’s saying we’re seeing the first 
crisis caused by clean energy and that this can 
become a barrier for further policy action to 
address climate change. But this is definitely 
not true.’11 He claimed that ‘the current energy 
market disruption was due to a confluence of 
factors, including an “unsustainable recovery” 
from pandemic, weather conditions and 
significant gas supply outages.’12 It is indeed true 
that an increase in gas prices is a factor in the 
current crisis. The upward trend in gas prices 
pre-dates the dropping of North Sea wind, and 
fall in wind power generation. However, this 
does not mean that wind power has played 
no role in the steep hike in electricity prices. 
This is partly implicit in Mr. Birol’s statement, 
which refers to ‘weather conditions’. The five-
fold increase in electricity price took place in 
September, much before the onset of winter. 
Therefore, the increase in electricity price did 
not take place due to the paucity of gas to meet 
the heating requirement. It took place because 
gas is used to supplement wind power, and 
meet balancing or peaking requirements. The 
sudden drop in wind speed over the North 
Sea resulted in a sharp drop in the generation, 
which led to a spike in gas demand. This took 
place at a time when the international market 
for gas was tight and led to a jump in prices. 
Paradoxical, though it may sound, there is a 
symbiotic relationship between renewable and 
gas. Increasing penetration of wind power in 
the grid rests on the availability of fossil fuel. 
The recent events have underlined the fragility 
of the model. 

The recently released World Energy Outlook 
by IEA has made an oblique reference to the 
Texas crisis of February 2021. But it has tip-toed 
around the ongoing problem in Europe, which 

has left thousands of consumers stranded in 
the UK and a series of bankruptcies of power 
companies unable to cope with the requirement 
to sell electricity at regulated prices, while 
the wholesale price of the purchase has gone 
up steeply. It, however, acknowledges that 
growing salience of wind and solar energy 
posing a challenge to Europe’s grid stability in 
the future:

‘Such vulnerabilities may become more 
pronounced: in the APS, installed capacity 
and annual generation from natural gas 
in both the United States and European 
Union are lower by 10-25% in 2030, whereas 
the peak level of weekly gas-fired power 
generation actually increases by 10-15% 
relative to 2020, reflecting a much more 
substantial role for natural gas in balancing 
variable renewables.13

Renewables are important as a source of 
emission-free energy. But it is disingenuous to 
talk about it as a problem in the distant future 
while ignoring its current dimension which is 
in full public glare. The challenge posed by 
Variable Renewable Energy will of course get 
worse as grid penetration increase beyond 
current levels as acknowledged by the IEA 
report. This calls into question a key assumption 
underlying the International Energy Agency 
(IEA) report on Net Zero Emissions by 2050. 
The report assumes that ‘Electricity accounts 
for almost 50% of total energy consumption in 
2050’. It also assumes that ‘By 2050, almost 90% 
of electricity generation comes from renewable 
sources, with wind and solar PV together 
accounting for nearly 70%. A substantially 
higher percentage of electricity in the overall 
energy basket, as well as renewables’ share in 
electricity generation would sharply increase 
volatility. 
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Integration Cost of Variable 
Renewable Energy

Chancellor Angela Merkel admitted that 
Germany’s decision to phase out nuclear 
has made it difficult to meet its climate 
commitments.14 Reliance on North Sea winds 
has costs, which are not reflected in the tariff. 
This includes balancing costs, which already 
exceeded Euro 900 million per annum by 
2016.15 In addition, there are considerable costs 
involved in laying the grid infrastructure. As 
the salience of Variable Nuclear Energy (VRE) 
increases, the grid integration costs will go up 
steeply. 

An MIT study has brought out that without 
the contribution of nuclear power, ‘the cost 
of achieving deep decarbonization targets 
increases significantly16. This is a very significant 
finding and has relevance for India as we ramp 
up the share of renewables in the grid by 2030. 
To optimize the cost, renewable will have to 
be supplemented with nuclear power. The 
alternative will be exorbitant whether we chose 
a renewable-only solution or the European 
model of depending upon imported gas as the 
preceding paragraphs have shown. 

According to a CEA estimate, the share of 
renewables in India’s power generation will 
increase from 9.2% at present to more than 
31% (Solar 19%, Wind 12%) by 2029-30. With 
this, the cost of renewable integration will also 
go up. According to a report by the Forum of 
Regulators, the cost of VRE integration in the 
grid, which is not reflected in the present tariff 
structure of renewables, is Rs. 2.12 kWhr per 
unit. This includes balancing cost of Rs, 1.02 
per kWhr and stranded assets cost of Rs. 1.02 
per kWhr.17 This is borne by the DISCOMs, and 
eventually passed to the consumers. As India 

ramps up the renewable capacity from 100 
GW at present to 450 GW, this will impose an 
enormous burden. 

Ramping up renewable capacity from 100 
GW at present to 450 GW by 2030 will also entail 
expanding grid. According to an estimate by 
the Power Grid Corporation, the cost of laying 
the grid to cover additional renewable capacity 
(350 GW) will work out to Rs. 2,27,500 Cr  
(Rs. 2.275 Trillion). If IEA prescription for 
90 percent of electricity generation through 
renewables is accepted to achieve Net Zero 
Emission target, the cost will be of a much 
higher magnitude. It will have repercussions 
across the entire economy and socio-political 
fabric, and will not be limited to a particular 
sector alone.

To optimize this cost, without increasing 
emission, the share of nuclear has to increase. 
As mentioned earlier, with an almost similar 
energy profile China is aiming at increasing the 
share of nuclear to 10% by 2030. The share of 
nuclear power in the US (20%) and EU (20%) is 
10 times higher than its share in India’s energy 
basket (2%).

Though high gas prices are partly responsible 
for the current crisis in the European electricity 
market, its role in India’s energy transition 
cannot be ignored. It can supply peaking power. 
It can also provide balancing power as the 
salience of renewables in India’s grid increases. 
As we depend upon import, the solution lies in 
long-term supply contracts and piped gas from 
neighboring countries to optimize costs. 

Finance

According to OECD Secretary-General Mathias 
Cormann, climate finance in 2019 amounted to 
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$78.3 billion. This was $21.7 billion short of the 
goal of $100 billion per annum the developed 
countries had pledged to provide to developing 
countries.’ Even within the existing target, the 
share of the grant is less than 1/3rd. The OECD 
statement notes that ‘…the share of grants 
in overall public climate finance was 27% in 
2019, while loans (both concessional and non-
concessional) represented 71%.’18

‘The goal of $100 billion per annum finance 
to be provided to developing countries was 
formalized at COP16 in Cancun, and at COP21 in 
Paris, it was reiterated and extended to 2025.’19 

This pre-dates the target of Net-Zero Emission. 
If the new more stringent emission norms are to 
be accepted, the financing requirement would 
be considerably higher than $100 billion per 
annum. According to an estimate by Sri Rajiv 
Kumar, Vice Chairman, NITI Ayog, India needs 
‘an outlay of $2.5 trillion on climate adaptation 
and mitigation projects’.20 Prime Minister Modi  
in his address to the Glasgow Summit called 
upon the developed countries to provide 1 trillion 
dollars of climate finance at the earliest.21

Winds are changing

The hike in electricity prices in Europe was 
triggered by a drop in wind speed and an 
increase in gas prices. It has occasioned a 
change in Europe’s mood. President Macron of 
France had announced earlier that he would 
‘shut 14 reactors and cut nuclear’s contribution 
to France’s energy mix from 75 to 50 percent 
by 2035.’22 He said on 11th October ‘We will  
continue to need this technology.23 French 
consumers pay much less for electricity than 
other EU countries. German households pay 
50 percent higher prices than their French 

counterparts and are above the EU average. 

France and many of the Central European 
countries want nuclear power to be included in 
the Green Taxonomy to benefit from ‘sustainable 
finance’ to be provided by the EU. Recently, 
France, Poland, Hungary, Slovakia, Bulgaria, 
Croatia, Romania, and Slovenia said ‘To win 
the climate battle, we need nuclear power.’24 

The statement added ‘It is, for us all, a crucial 
and reliable asset to a low carbon future’.25

Perhaps the most significant is the statement 
by Japan’s new Prime Minister Fumio Kishida: 
It’s crucial that we re-start nuclear power 
plants.’26 He made the statement in parliament in 
response to a question by ‘Yukio Edano, leader 
of the main Constitutional Democratic Party of 
Japan (CDPJ), on the government’s policy for 
sustainable energy and if nuclear power would 
be part of the plan.’27 While France and Central 
European states have been votaries of nuclear 
power, Japan had closed down nuclear power 
plants in the wake of the Fukushima incident. 
The anti-nuclear sentiment has always been 
strong in that country due to memories of 
Hiroshima and Nagasaki. Indeed, the process 
of re-starting the nuclear power plants was 
started by the previous Japanese government 
itself. ‘The Fifth Basic Energy Plan approved 
by the Japanese Cabinet in July 2018, calls for 
nuclear energy to account for 20%-22% of the 
country’s power generation by 2030.28 Nuclear 
power is also included in the Sixth Basic Energy 
Plan approved recently. The process has now 
accelerated in the wake of climate concerns. 

The UK government released an Energy 
White Paper captioned ‘Powering our Net Zero 
Future’ in December 2020. It contained Prime 
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Minister Boris Johnson’s Ten Point Plan. The 
plan included nuclear power along with wind 
energy as part of the UK’s drive towards a Net 
Zero future. It said ‘Nuclear power provides a 
reliable source of low-carbon electricity.’29 The 
paper added ‘Our analysis suggests additional 
nuclear beyond Hinkley Point C will be needed 
in a low-cost 2050 electricity system of very low 
emissions.’30 The British model not only seeks 
to revive nuclear power but allows foreign 
companies to build nuclear power plants. The 
Chinese company CGTN was part of EDF led 
consortium to build Hinkley C nuclear power 
plant. Another Chinese company General 
Nuclear Power Group (GCN) was to be a 
minority partner in Sizewell nuclear power 
plant. Though the participation of Chinese 
companies in the project is being reviewed by 
the UK government, the sector remains open to 
foreign participation. 

The UK Government has released an 
updated document ‘Net Zero Strategy: Build 
Back Greener’ in October 2021. This builds on 
the last year’s document. It has added that the 
UK will ‘bring at least one large scale nuclear 
project to the point of Final Investment Decision 
by the end of this Parliament.’ It has also started 
discussions to explore the potential of High-
Temperature gas Reactors (HTGRs).

The nuclear tariff is fixed on the basis of a 
system Contract for Difference (CfD). This system 
also applies to offshore wind power, though the 
rates are different. Under this arrangement, the 
government pays the difference between the 
contract price and the market price in case the 
market price dips below the agreed strike price. 
However, if the market price is above the strike 
price, the operator pays the difference to the 

government. In its essence, the arrangement 
provides a long-term price guarantee to the 
company producing nuclear power or offshore 
wind power. 

Bill Gates in his book How to Avoid A Climate 
Disaster has examined the world’s energy 
options for transition to a low carbon economy. 
It is a remarkable work. Unlike other studies 
which tell us about the goals and timelines 
to be followed, Gates has also discussed how 
to achieve them. He has looked at various 
technologies available and dispassionately 
examined their potential to meet the target of 
Net-Zero Emission. As the founder of one of 
the world’s largest tech companies, who can 
have better credentials to tell us if these are 
workable options? He says ‘Coal plants are 
not like computer chips’.31 ‘Unfortunately, no. 
Computer chips are an outlier.’32 He adds:

‘Nor have solar panels become a million 
times better. When crystalline silicon solar 
cells were introduced in the 1970s, they 
converted about 15 percent of the sunlight 
that hit them into electricity. Today, they 
convert around 25 percent. That’s good 
progress, but it’s hardly in line with Moore’s 
Law.’33

This caution about the limits of technology 
has to be borne in mind while evaluating options 
and timelines suggested by IEA and a plethora 
of other Think Tanks. IEA report has candidly 
admitted that 50 percent of technologies needed 
to make the transition from 2030 to Net Zero 
Emission in 2050 do not exist. Given this fact, 
mathematical models which claim to predict 
the share of different fuels in pathways to net-
zero future, hardly represent scientific rigor. 

Gates has also pointed out that de-
carbonization of electricity production is 
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only a small part of the problem. Electricity 
represents only 20 percent of the energy basket. 
Decarbonization of other sectors of the economy 
is more difficult even if the share of electricity 
in the net-zero stage goes up to 50 percent as 
envisaged in the IEA report. He has discussed 
the problems of steel and cement production. 
These two alone accounts for 10 percent of global 
emissions. He poses the question ‘What’s Your 
Plan for Cement?’ he says that the question is 
just a shorthand reminder that if you’re trying to 
come up with a comprehensive plan for climate 
change, you have to account for much more 
than electricity and cars.’

Another key question raised by Bill Gates is 
‘How Much Space Do You Need?’ This is linked 
to the issue of land use, which is increasingly 
one of the most contentious issues the world 
over, especially in developing countries. He 
points out that next to fossil fuels, nuclear 
power is one of the densest forms of energy-
requiring much less space than either solar 
or wind. Nuclear power can provide 500-1000 
watts per square meter as against 5-20 watts per 
square meter for solar and a mere 1-2 watts per 
square meter for wind power.34 In other words, 
for the same energy output, solar would need 
100 times space, while wind power will need 
500 times space.35

On nuclear fission, Bill Gates says:

‘It’s the only carbon-free energy source 
that can reliably deliver power day and night, 
through every season, almost anywhere on 
earth, that has been proven to work on a 
large scale.

No other clean energy source comes 
even close to what nuclear already provides 
today.’36

Renewables, particularly solar power has 
to play a major role in India’s energy basket 
in the future. India has taken major steps to 
move towards a clean energy future. The Indian 
government’s actions have been acknowledged 
by the IEA in its World Energy Outlook, 2021: 

‘There have been some notable examples 
of developing economies mobilizing capital 
for clean energy projects, such as India’s 
success in financing a rapid expansion of 
solar PV in pursuit of its 450 GW target for 
renewables by 2030.’37

While ramping up the share of renewables, 
the systems costs in terms of providing 
balancing power and grid infrastructure have to 
be borne in mind. This has to be accompanied 
by a balanced energy basket. The role of nuclear 
power in providing stable, baseload power 
cannot be ignored. As the MIT study noted, its 
inclusion in the energy mix will help optimize 
the cost of transition to a low-cost economy. 

India also needs gas as a bridging fuel. 
Indeed, an economy of India’s size needs 
a diversified energy basket. The developed 
countries have retained gas as a major 
component of their energy mix. Gas can supply 
peaking power and supplement the renewables. 
India has 25 GW of gas-based power plants, 
which can be used for this purpose. The chapter 
on VRE and the Future of Grid will show, the 
need for providing ‘flexibility will increase. Gas 
is a cheaper solution than battery storage. As 
Bill Gates has pointed out, invoking Moore’s 
law to claim that battery costs will become 
affordable in foreseeable future does not work. 
This also applies to hydrogen, which is not an 
energy-dense medium and is difficult to store 
and transport safely. Hydrogen also involves 
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a two-stage conversion – use of electricity to 
produce hydrogen through electrolysis and 
burning of hydrogen to produce electricity. 
This inevitably leads to a loss of energy. Gas 
can also fill the transition from coal to nuclear 
while lowering India’s carbon footprint. Will 
this lead to the conundrum Europe is facing? 
This will depend upon the degree of renewable 
penetration in the grid. What about the cost? If 
carbon tax becomes a reality, the cost calculus 
to choose between different energy forms will 
change. There is no doubt need for caution 
about the scale of deployment. Gas is also used 
for City Gas Distribution (CGD) and fertilizer 
production. 

There is growing pressure from the EU to 
impose a carbon tax. The carbon cost in the 
EU is currently around Euro 57.98 per tonne. In 
September, it had crossed Euro 64 per tonne. 
The EU industry fears that this may lead to 
the shifting of industries to countries where 
there is no carbon tax, or it is lower. There are 
demands from the EU industries to impose a 
carbon tax to equalize costs between domestic 
manufacture and imports. The European 
Commission has proposed a Carbon Border 
Adjusted Mechanism. It claims that this is 
designed in compliance with WTO rules. This 
claim is yet to be tested; at present WTO rules 
have no such provision. There is, however, no 
denying that pressure is continuing to build up 
for environment conditionalities on trade. India 
has at present a coal cess of Rs. 400 per tonne. 
The carbon tax will be a major issue at Glasgow 
Summit in November.

Nuclear power is included in Biden 
Administration’s Clean Energy Standard. The 
goal is to generate 80% clean electricity by 
2030 and 100% by 2035. Recently, US Energy 
Secretary Jennifer Granholm in her address 

to the IAEA said that ‘We know the continued 
deployment of nuclear energy is essential to 
confronting climate change.’38 Addressing a 
press conference with DG, IAEA, she stated 
‘Nuclear is a key technology for the Member 
States as they aim to lower their emissions, grow 
their economies, and ultimately combat climate 
change in a truly sustainable way.’39 The role of 
nuclear power in moving towards clean energy 
has also been endorsed by the EU and UAE. 
The latter is rich in hydrocarbon resources. Yet, 
it has decided to invest in nuclear power as a 
source of clean energy.    

Nuclear power will remain a major part of 
the energy mix of the US (20%), EU (20%), and 
China (10%) in the future.40 This is substantially 
higher than India, where nuclear power  
accounts for less than 2% of generation at 
present. 

India’s energy transition will be a very 
complex task, particularly since it has to be 
attempted within the constraints of a Federal 
structure. This requires political consensus. It 
also requires restoring the health of the power 
sector. The energy transition will require 
massive resources, and there are limits to 
the budgetary support the governments can 
provide. The share of renewables, particularly 
solar has to increase in the energy mix. This has 
to be complemented with nuclear as a source 
of clean, base-load power. This is critical in 
ensuring that the costs are affordable. Without 
this, it will not be possible to increase the share 
of electricity in the economy, which is critical 
to decarbonizing the economy. The country 
will need adequate transition time. While India  
is committed to making the contributions  
it has voluntarily undertaken, it cannot afford  
to compromise on its development priorities.  
It is hoped that this study will contribute 
to making an informed decision by our 
policymakers.
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IEA Reports

The IEA has brought out a number of reports on the subject of climate change lately. 
This is a welcome change on the part of the organization which was created in 1974 with 
the stated mandate to preserve the stability of international oil supplies. The reports are 
rich in useful data. It has advocated the adoption of the Net Zero Emission target by all 
countries and laid down pathways to achieve this target based on mathematical modeling. 
But the assumptions on which these reports are based need to be looked at more closely. 
Some of these are stated.

The IEA report Net-Zero by 2050 – A Roadmap for the Global Energy Sector says:

‘Most of the global reductions in CO2 emissions through 2030 in our pathway come 
from technologies readily available today. But in 2050, almost half the reductions come 
from technologies that are currently at the demonstration or prototype phase. In heavy 
industry and long-distance transport, the share of emissions reductions from technologies 
that are still under development today is even higher.’41

‘The biggest innovation opportunities concern advanced batteries, hydrogen 
electrolyzers, and direct air capture and storage. Together, these three technology areas 
make vital contributions to the reductions in CO2 emissions between 2030 and 2050 in our 
pathway.’42

As the report admits, half the technologies that are needed to reduce emission to net-
zero level in 2050 are currently at the demonstration or prototype phase. These include 
technologies in three key areas – advanced batteries, hydrogen, and electrolyzers. 
Therefore, to allocate to them share in energy-mix on the basis of mathematical modeling 
is rather impressionistic. It creates an illusion of certainty where none exists. 

While including in mathematical model technologies, which are yet to be proven 
cost-effective, IEA reports have shied away from acknowledging the cost of providing 
‘flexibility in generation in a future grid, where the renewables will have a 90% share. 
The renewables being intermittent, requires creating additional generating assets to back 
them up. According to World Energy Outlook 2021 by IEA, this requirement will be ‘over 
170 GW in India (from 40 GW) by mid- century’. This is half the size of India’s current grid. 
An informed discussion of options requires transparency in cost assumptions. 
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How to Avert A Climate Disaster by Bill Gates

Bill Gates makes a passionate plea for urgent action to avert climate change. But he 
has displayed a refreshing candor in acknowledging the limitations of technology. He 
not only suggests the goals to be pursued but also how to achieve them. He has posed 
some key questions. One of these is What’s Your Plan for Cement? He points out that the 
production of steel, cement, and plastic accounts for 31 percent of global emissions. This 
is larger than the share of electricity, which is 27%.43 In the case of steel and cement, the 
manufacturing process itself produces carbon-di-oxide. This cannot be averted even if 
coal or gas is replaced by electricity as a source of heat in production.

Bill Gates keeps returning to the question How Much Is This Going to Cost? The cost 
will be a key factor in the choice of pathways to the energy transition. He has mentioned 
the MIT study, which points out that an approach solely based on renewables will be 
extremely costly. This is so not only for developing countries but also for the rich world. 
Germany and Denmark, which rely upon renewables to provide nearly half the generation 
have the highest electricity tariff. According to a Bloomberg item, this reached 38 billion 
dollars in 2020. 

Bill Gates has pointed out that unfortunately, the coal plant is not a chip. Nor does 
Moore’s Law apply to batteries. Their costs have come down, but this is nothing of the 
scale of chips. As the man who founded and ran one of the world’s largest technology 
companies, he is uniquely placed to understand technology. 

Bill Gates has analyzed the reason why renewable power is expensive. He says that 
‘The main culprits are our demand for reliability and the curse of intermittency.’44 ‘The 
sun and the wind are intermittent sources.45 ‘But our need for power is not intermittent.’46 
This requires either supplementing renewable power with other sources of energy when 
the sun is not shining and the wind is not blowing. Or the power produced when the 
weather conditions are alright is stored in batteries. He has argued that this is ‘prohibitively 
expensive.47

Bill Gates has advocated nuclear power as the best bet for the de-carbonizing economy 
while keeping the costs down. Nuclear power is emission-free, reliable technology, ‘that 
has been proven to work on a large scale.’48 It is much more energy-dense than renewables 
and takes much less material to build.49



Chapter 2 : Climate Change

In 1992, the preceding wave of environmental 
activity and the tentative foundations laid 

for climate negotiations culminated in the 
formation of the United Nations Conference 
on Environment and Development (UNCED) at 
Rio de Janeiro. One of the key outcomes of the 
UNCED was the formation of the United Nations 
Framework Convention for Climate Change 
(UNFCCC) in 1992. The rationale for the UNFCCC 
was undergirded by the foundational approach 
of climate justice, rooted in the core principles 
of historical responsibility, equity and Common 
But Differentiated Responsibilities (CBDR), and 
championed by developing countries such as 
India. 

The principle of historical responsibility 
is central to the idea of distributing or 
apportioning the responsibility for climate 
action in accordance with the share of individual 
countries in contributing to the cumulative 
global emissions since industrialization. The 
principle clearly implicates the developed 
countries whose historical emissions have 
contributed to the accumulation of greenhouse 
gases in the atmosphere. In sync with the notion 
of historical responsibility is the CBDR principle 

which acknowledges different capabilities and 
differing responsibilities of individual countries 
in addressing climate change. The principle 
again implicates the more capable developed 
countries, particularly in issues regarding 
early mitigation action, climate finance and 
technology transfer. Interwoven with these 
principles is the framework of equity in the 
distribution of mitigation responsibilities, 
wherein developing countries like India have 
emphasized their low per capita current 
emissions, as well as low historical emissions 
and low cumulative emissions, as important 
determinants of equity considerations. 

Within the aegis of UNFCCC, countries were 
divided into 3 groups based on prospective 
climate commitments viz. Annex I and Annex 
II countries which consisted of industrialized/
developed countries along with Economies in 
Transition, and Non-Annex I countries which 
consisted of developing countries.

At the initial Conference of Parties (COPs) 
to the UNFCCC – such as the COP1 in Berlin 
and COP2 in Geneva – it was emphasized that 
voluntary targets were not sufficient to achieve 
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emissions mitigation and mandatory targets 
needed to be imposed, known as the Berlin 
Mandate. 

Subsequently, at COP3 in Kyoto, legally 
binding targets were approved for Annex I groups 
of countries and collectively these mandatory 
targets, along with alternative mechanisms 
for emissions reductions such as the carbon 
markets, constituted the Kyoto Protocol. The 
Kyoto Protocol entered into force in 2005 and 
the first commitment period was between 2008 
and 2012, wherein 5.2% emissions reduction 
on an average was to be achieved by Annex I 
countries relative to 1990 levels. The EU-15, at 
the time, committed to reduce emissions by 
8% relative to 1990 levels. This 8% target was 
distributed among the EU member states. 

The Protocol target was regarded as a vastly 
insufficient target to meet the threshold of 
keeping global warming below 2 degree Celsius. 
Moreover, the Protocol also excluded from its 
ambit emissions from shipping and aviation. 
The targets were also affected by the US’s 
refusal to adopt the Protocol and by Canada’s 
withdrawal from it in 2011. 

The developing countries did not have 
mandatory mitigation targets, but could 
participate in the Protocol through the Clean 
Development Mechanism, wherein emitters 
could fund green projects in developing 
countries in order to meet their emissions 
reductions targets. 

Despite adopting a seemingly top-down 
approach, the Protocol provided for flexibility 
mechanisms for the Annex I countries, such 
as voluntary choice of base year for emissions 
reductions, joint implementation, and, market 

mechanisms. These flexibility mechanisms 
have provided sufficient leeway to the Annex 
I countries in achieving their targets. Besides, 
the financial crisis of the late 1990s and the of 
2007-08 resulted in reduction in emissions and 
facilitated in meeting the overall commitments 
under the Protocol. 

Post-2000s phase

This phase saw the implementation of the first 
commitment period of the Kyoto Protocol by 37 
Annex I countries and Europe. The emissions of 
Annex 1 countries reduced by 6% on an average 
(including United States) between 1990 and 
2008. Between 2008 and 2012, the emissions of 
36 Annex I countries that effectively participated 
in the Kyoto Protocol (excluding US and Canada) 
reduced by 24.2% relative to the 1990 level. 
EU has been able to meet its emission targets 
under the first commitment period, in terms of 
reduction in annual emissions. In the period 
2008-2012, emission levels in the 15 EU member 
states fell by an average of 12.2% against 1990 
levels.

Under the second commitment period 
of the Kyoto Protocol (2013-2020), under the 
Doha Amendment to the Kyoto Protocol, the 
average emissions reduction target was set at 
18% reduction by 2020 relative to 1990 levels. 
Countries like Japan, Russia and New Zealand 
did not participate in this period. In the 
second commitment period (2013-2020), EU-
29 committed to a 20% reduction in emissions 
compared to 1990. However, the Doha 
Amendment never entered into force till 2020. 

The performance of Annex I countries 
under the Doha Amendment was quite meagre, 
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resulting in only 14.8% emissions reduction by 
2019 relative to base year. Within this group, non-
EIT Annex I countries (viz. core industrialized 
countries) witnessed an emissions reduction of 
only 3.7% by 2019 relative to base year, indicating 
that core emissions reductions within the 
Annex I grouping had been achieved mainly by 
EIT countries and very little by industrialized or 
developed countries50

The key concern during this phase was 
negotiating a successor to the Kyoto Protocol. 
Subsequent climate negotiations began to 
institutionalize a bottom-up approach, in 
contrast to Kyoto Protocol’s top-down approach. 
This was first seen in the ‘Washington Consensus’ 
signed in 2007 (in which participating countries 
included Canada, France, Germany, Italy, 
Japan, Russia, United Kingdom, United States, 
Brazil, China, India, Mexico, South Africa, 
South Korea, Australia and Indonesia) under 
which countries agreed to a global cap-and-
trade system applying to both developed and 
developing countries. 

Subsequently, under the UNFCCC aegis, the 
Copenhagen Accord of 2009 institutionalised 
a voluntary, bottom-up approach of meeting 
climate pledges. Countries like US and Canada 
pledged 17% economy-wide mitigation targets 
relative to 2005 levels. Copenhagen commitments 
were recognized under the subsequent Cancun 
Agreement as non-binding commitments.

This approach was given further 
accommodation in subsequent climate 
conferences under the UNFCCC, leading up to 
the Paris Agreement. During this phase, climate 
finance to the tune of $100 billion annually was 
also committed by developed countries in 2010, 

which remained unmet. The Green Climate Fund 
was also setup to facilitate climate adaptation 
in developing countries and LDCs. 

Post-2016 phase

This phase is characterized by a new international 
climate treaty, the Paris Agreement, signed in 
2015. Under the Agreement, countries submit 
their own nationally-determined emissions 
reductions targets to the UNFCCC, with the 
goal of preventing global warming above 2 
degree Celsius and with the aim to attempt to 
keep it below 1.5 degree Celsius. Countries also 
submit voluntary, non-mandatory ‘long-term 
low greenhouse gas emission development 
strategies (LT-LEDS)’, which are complement 
their Nationally Determined Contributions 
(NDCs). 

Under the Agreement, a global stock-take, 
every five years, with the first one scheduled 
for 2023, becomes a platform for assessing 
progress in the implementation of countries’ 
climate progress. In terms of climate finance, 
the developed countries accepted, formally, 
the target of $100 billion a year by 2020 as a 
minimum, and the Agreement accepted that a 
new goal for climate finance would be quantified 
prior to 2025. 

The agreement, while continuing the 
post-Kyoto bottom-up, voluntary approach to 
country targets also emphasizes the equity-
based and historically-rooted distinction 
between developed and developing countries, 
providing leeway to developing countries to 
reach the peaking of their emissions later than 
developed countries in view of the former’s need 
to ensure poverty eradication, and economic 
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development. At the same time, the reference 
to NZE is also made in the Paris Agreement as a 
voluntary measure in Article 4.1, and as a global 
goal. 

Climate Finance: An Unmet 
Commitment

Despite the constant emphasis in the 
negotiations on historical responsibility, equity 
and CBDR-RC, action by developed countries has 
been mainly lax. This is reflected in the issue of 
climate finance. The climate finance mechanism 
under the UNFCCC has two main agencies viz. 
Global Environmental Facility (GEF) and the 
subsequently established Green Climate Fund 
(GCF). Special funds under the GEF have also 
been established viz. Special Climate Change 
Fund (SCCF), the Least Developed Countries 
Fund (LDCF) and the Adaptation Fund (AF). In 
2010, the Standing Committee on Finance (SCF) 
was also established to assist the COP. 

Despite these mechanisms, the promise to 
mobilize $100 billion annually has not been 
met, as developed countries are still short of 
$20 billion. Even these are figures released by 
OECD and are conservative estimates, as, due 
to reporting manipulations and accounting 
differences some previous OECD reports 
on climate finance have also been rejected 
by developing country representatives. For 
instance, in 2013–2014, the OECD claimed an 
annual average of USD 57 billion of total public 
and private climate finance, while the Indian 
Ministry of Finance pointed to loopholes in their 
methodology and asserted that only USD1–2.2 
billion should be counted. Similarly in case of 
the 2020 OECD report, Oxfam estimated only 
USD 19–22.5 billion in public finance specifically 

targeting climate action from 2017–2018, a third 
of what was reported by developed countries.51

Moreover, the share of loans in climate 
finance has increased to 74%, while the share 
of grants has decreased to 20% between 2013-
18, with only one-fifth of such finance being 
allocated to adaptation, with the major share 
being given to mitigation.52 In terms of fair 
shares, according to a study, while Germany, 
Japan and the UK are paying 40-45% of their 
fair share, Australia, Canada and the USA 
contributed less than 5% of their fair share in 
2017-2018.53

Despite this supply-side lacuna, on the 
demand side, the need for climate finance will 
only grow. As per UNEP estimates, developing 
countries currently need $70bn a year to adapt 
to climate change. This is expected to rise 
to $140-$300bn a year by 2030. Africa alone 
needs an estimated $3 trillion to implement 
its adaptation plans by 2030, while LDCs need 
$200bn from 2020 to 2025 and again from 2025 
to 2030. Between 2014-18, they received less 
than 3% of their demand.54 The adaptation 
gap between available resources and the 
looming climate emergency is underscored 
by the latest IPCC report that reinforces the 
climate emergency facing the planet and the 
vulnerability of developing countries like India 
to climate change.

IPCC Report and its Outlook for India

The latest IPCC report – the first part of the Sixth 
Assessment Report released in 2021 – provides 
the basis for physical science of climate change, 
with implicit warnings about crossing climate 
tipping points. It raises substantive grounds 
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for establishing the anthropogenic nature of 
the climate crisis, with human influence being 
the principal driver in facilitating changes in 
snow and ice, oceans, atmosphere and land. 
Of the 1.1C global warming seen since the 
pre-industrial era, less than 0.1C has been 
contributed by natural factors. 

The salient features of the report are:

First, the earth is likely to cross the 1.5°C 
threshold by 2040. The report formulates five 
emission scenarios viz. shared socioeconomic 
pathways (SSPs), with all five of the new emission 
scenarios bringing the planet to at least 1.5C 
of warming over preindustrial levels between 
now and 2040. Average global temperatures 
could rise by 5.7C by the end of this century as 
compared to 1850-1900. The world exceeds 1.5C 
in most models during the middle of the 21st 
century, before falling back down below 1.5C 
by 2100 due to the large-scale deployment of 
negative emissions technologies.

Second, weather extremes – of both heat-
waves and cold-waves – are likely to become 
a more common event even if the world limits 
global warming to 1.5C, with heatwaves that 
occurred once in every half-century occurring 
every decade and with severe droughts 
happening almost twice as often. Every 
additional 0.5C rise in temperature will increase 
the intensity and frequency of heatwaves, 
precipitation and droughts.

Third, sea-level rise (SLR) will continue even 
if global warming is limited to 1.5C, with average 
sea level rising to 2 to 3 meters, due to melting 
of polar ice sheets and expansion of warming 
ocean water. Coastal surges that occurred once-
in-a-century are expected to occur once a year 

by 2100. About 50% of the SLR has occurred 
due to thermal expansion.

Fourth, the shrinking carbon budget calls 
for greater collective action, with the report 
presenting that the world is on track to exhaust 
the existing budget in about a decade. Since 
the late 1800s, humans have emitted about 
2400 billion tonnes of CO2, depleting nearly 
86% of the global carbon budget. The average 
global temperature has risen by 1.1C, with CO2 
concentrations being the highest in at least two 
million years. This leaves a carbon budget of 
about 400 billion tons more. Presently, global 
emissions currently total about 40 billion tons 
a year.

Fifth, the report flags that the capacity of 
land and oceans to absorb CO2 will decrease, 
with CO2 remaining in the atmosphere. Over the 
last six decades, land and oceans have absorbed 
almost 56% of carbon dioxide emissions. The 
report includes scenarios wherein land sinks 
may become net emitters of CO2 instead of 
being sinks, leading to runaway warming. 

The IPCC recommendations include the 
two-fold prescription of declining global GHG 
emissions from 2020 onwards and reaching Net 
Zero Emissions (NZE) by 2050. This includes the 
global target of declining emissions by about 
45% from 2010 levels by 2030 and reaching net 
zero by 2050, for meeting the 1.5C threshold. For 
a 2C threshold, emissions would need to decline 
by about 25% by 2030 and reaching net-zero by 
2070, globally.

Within this, the report lays emphasis on 
emissions reductions of non-CO2 GHG gases 
like methane, nitrous oxide, black carbon, and 
on carbon removal/absorption technologies 
and methods, including afforestation and Direct 
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Air Capture and Storage (DACS). Indeed, one of 
the main assumptions of the report’s mitigation 
scenarios relies on technological fixes for 
carbon removal, much of which continues 
to be untested, inaccessible and costly. Even 
within these technological deployments, the 
report acknowledges that there is no certainty 
that the climate system will respond to them 
immediately, with sea-level rise continuing to 
persist for several centuries despite emissions 
mitigation.

Implications for India

The IPCC assessment makes specific regional 
references to Asia, including the Indian 
subcontinent. The latest IPCC assessment report 
flags the key climate challenges confronting 
India, which are set to have an impact even if 
the Greenhouse Gas (GHG) emissions decline 
drastically. One of the key challenges flagged 
by the report include erratic monsoon patterns 
and heatwaves stress, with predicted increase 
in heat extremes and annual mean temperature 
over Asia expected to be rising by 1-2°C relative 
to 1850-1900 period in case of 1.5°C to 2°C global 
warming. As per IPCC assessment, the South-
West Monsoon has declined due to increase 
in aerosols during past few decades, but once 
this reduces, heavy extremes of rainfall are 
expected. Since the 1950s, according to IPCC, 
heavy precipitation events have increased in 
India while the amount of moderate rainfalls 
has seen a decline due to ‘anthropogenic 
aerosol forcing’. 

The heat stress will impact rising marine 
heatwaves, increase in fire seasons, and result in 
expected decrease in mean surface wind speeds. 
To put these IPCC figures in perspective, as per 

the Indian government report on ‘Assessment 
of climate change over the Indian region’, in 
India, the summer monsoon precipitation has 
declined by around 6% from 1951 to 2015, with 
a shift towards frequent dry spells and more 
intense wet spells. 

Glacial retreat in the Himalayas – which, 
as per Indian government assessment, in 
Hindu Kush region, experienced an increase 
in temperature of 1.3°C during 1951–2014– 
is expected to be a major impact, leading 
to increase in glacial lake outburst floods 
(GLOFs) and landslides which have already 
been witnessed in India with rising frequency. 
Clear irreversible climate impacts for India also 
span the issue of sea-level rise and increase in 
the intensity and frequency of cyclones, with a 
reduction in the annual frequency of tropical 
cyclones over the North Indian Ocean basin, 
but an increase in the frequency of very severe 
cyclonic storms during the post-monsoon 
season. The rapid warming of the Arabian Sea 
and the Bay of Bengal – faster than the global 
average, especially in North Indian Ocean – will 
lead to sea-level rise impacting India’s 7500 km 
long coastline, leading to adverse implications 
for extreme and rare sea-level events, loss of 
territory, coastal livelihoods, economy and 
ecology. As per the IPCC assessment, sea 
surface temperature over Indian ocean is likely 
to increase by 1 to 2 degrees Celsius when there 
is 1.5°C to 2°C global warming.

The warning signs for India are evident 
in the report. Its trajectory of global climate 
changes goes on to reinforce the fact that India 
is amongst the most vulnerable countries to 
climate change, even though it has minuscule 
contribution to historical cumulative emissions 
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and per capita emissions of the kind that 
developed countries have owned since the 
industrial era. With zero responsibility, 
high vulnerability to climate change and a 
challenging development trajectory in the face 
of intensifying climate crisis, the question of 
fair apportioning of the global carbon budget 
becomes amongst the most critical issues 
facing India in foregrounding further global 
negotiations on climate policy. 

Historical responsibility, Equity, and 
Net Zero Emission (NZE)

The trajectory of global climate policy and 
negotiations has been underpinned by three 
core principles of climate justice viz. historical 
responsibility, equity and CBDR, albeit marked 
by a dilution of these principles with the 
changing nature of the climate regime. These 
principles were laid out in the Berlin Mandate 
at COP1 and are based on the idea that,

First, developed or Annex I economies had 
contributed to the global public bad of climate 
change due to their historical emissions and 
early phase of development. The cost of this 
historical contribution needed to be accounted 
for in any climate regime.

Second, despite the rising average total 
emissions of developing countries, their 
per capita emissions were still vastly lower 
than those of developed countries, raising 
the question of distinction between ‘luxury 
emissions’ and ‘survival emissions’, and the 
question of equity based on accounting for per 
capita emissions.

Third, the principle of CBDR and its dilution 
to CBDR&RC (Common But Differentiated 

Responsibilities & Respective Capabilities) 
has been visible in climate regime transitions, 
based on the institutionalization of a bottom-
up approach and the need to have voluntary 
targets for all countries, including emerging 
economies like BRICS.

The NZE targets by individual countries, 
under the Paris Agreement, has diluted the 
principle of equity and given a clean chit to 
the emissions record of historical polluters. 
While the Paris Agreement made a reference 
to Net Zero Emission as a voluntary measure, 
at present, there are attempts by developed 
countries to firmly institutionalize and enshrine 
the NZE regime as a part of the UNFCCC climate 
regime, with far-reaching implications. Even 
China has declared an NZE schedule, given that 
its present and projected emissions trajectory is 
now gaining pace comparable to the developed 
countries. Under an NZE regime, the amount of 
greenhouse gases emitted equals the amount 
removed from the atmosphere through various 
technologies of carbon removal or capture and 
through forestation programmes.

Presently, countries are at various stages 
of institutionalizing their NZE targets prior to 
the upcoming COP at Glasgow, making it a key 
area of climate commitments after the NDCs. 
And given the direction of present climate 
negotiations, the emergent debate around 
mitigation, finance and responsibility at the 
negotiating table is likely to occur vis-à-vis the 
context of NZE. 

Viability and Effectiveness of  
NZE Regime

In real terms, the debate around NZE can be 
addressed substantively with reference to the 
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extent to which carbon neutrality targets help 
in keeping global warming below 1.5 degree 
Celsius, and whether existent economies and 
technologies make it a feasible proposition to 
achieve. 

On both the counts, the available evidence 
is scant at best. In its 2018 report, the IPCC had 
emphasized that to keep global warming below 
1.5 degree Celsius, the world must become 
carbon neutral by 2050. It had also emphasized 
that to adhere to the 1.5-degree Celsius threshold, 
by 2030 global emissions need to be 45% lower 
than 2010 level.

There are three key immediate unanswered 
questions in an NZE regime in which individual 
countries declare their NZE schedule without 
agreeing to a common foundational consensus. 
These are:

First, countries have not specified or agreed 
upon the scope of NZE viz. what greenhouse 
gases are covered for reduction. The paradox 
is that emissions of gases like carbon dioxide 
are essentially ‘stock’ emissions that remain 
in the atmosphere for thousands of years and, 
therefore, present initiatives towards carbon 
neutrality cannot compensate for or cover the 
emissions already existent.55

For other GHGs like methane there are no 
requisite technologies to make them compatible 
with removal from the atmosphere in sync with 
NZE.56

Second, from the perspective of viability, it 
is important to assess whether commitments 
are compatible, in an equitable and fair 
manner, with the remaining global carbon 
budget. As per IPCC’s Sixth Assessment Report, 

between 1850-2019, 2390 Gt of carbon dioxide 
was emitted. The remaining carbon budget for 
limiting global warming to 1.5 degree Celsius is 
460 Gt of carbon dioxide, with a 50% chance of 
emitting.57

As per estimates, at the current trajectory 
of emissions this budget will be exhausted in 
the next seven to eleven years,58, as shown by 
various studies.59

If we calculate the global carbon budget in 
accordance with the 2 degree Celsius threshold, 
then we have a global carbon budget of 1150 Gt 
which would be likely exhausted in the next 25 
years. As per the Paris Agreement, while 2C is the 
agreed threshold, 1.5C is the desirable goalpost 
to be pursued. While the de jure standard of 
measurement of global carbon budget is 2C, 
1.5C has become the de facto standard, in face 
of a mounting climate emergency. 

This is also important from the point of view 
of fairness, as NZE goals raise the question about 
how fair is to developing countries to declare 
their NZE goals in sync with industrialized 
nations with high per emissions.

Third, the modalities to achieve NZE have 
not been agreed upon and are likely to be 
contentious, but without them these goals 
would yield little returns. These modalities 
revolve around how to achieve NZE – by 
reduction, removal or carbon offsets.60

In other words, as Sagar, et al. (2021) have 
explained, “The use of “net” zero potentially 
allows countries to keep emitting today while 
relying on yet-to-be-developed and costly 
technologies to absorb emissions tomorrow. Its 
focus on long-term targets displaces attention 
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from meaningful short-term actions that are 
credible and accountable.”61 Indeed, NZE 
provides a way for countries to achieve carbon 
neutrality even at the current level of emissions 
or even by increasing emissions and provides 
a relief to developed countries whose burden 
would be shared globally.62

NZE and Climate Justice:  
A Trade-Off?

The institutionalization of NZE raises critical 
questions about climate justice. It not only dilutes 
the principle of historical responsibility but also 
that of equity, as it leads to disproportionate 
division of the global carbon budget. Around 
80% of the carbon space has already been 
consumed by mainly developed countries since 
1850, and even China is fast gathering pace to 
meet the developed countries’ emission levels63. 
According to Sanwal (2021), “By contributing 
over 60% of global cumulative emissions, with 
just one-fourth of the global population, North 
America and Europe are responsible for nearly 
970 billion tonnes of carbon emissions”64

The debate around NZE has substantively 
marginalized the question of principles of 
the existent climate regime and the pre-2020 
commitments made by developed countries 
therein, with reference to climate finance, 
technology transfer, and meeting the countries 
mitigation targets. The metrics of performance 
with regard to these parameters has been 
underwhelming. 

The United States, under the Biden 
Presidency, has been spearheading the global 
NZE movement. However, the US’s record in 
terms of historical responsibility, mitigation 
and fossil fuel use has been less than desirable, 
as:

First, in real terms, the emissions of US 
have shown only a minor decline. In 2019, US 
emissions were 5.28 billion tonnes. In 1990, 
they were 5.13 billion tonnes. In terms of annual 
emissions share, US’s share of global annual 
emissions was 14.72% in 2019. In 1990, this 
figure was 22.6%. Between 1990 and 2019, the 
decline in annual emissions has been 2.8%. 
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Second, in terms of historical responsibility 
and apportioning carbon budget, in 2018, the 
US, with 4.3% of the world population has 
been responsible for 25 per cent of cumulative 
emissions since 1850, while the EU with 6.8 per 
cent of the population has been responsible for 
18.4 per cent.  India, with 17.8 per cent of the 
population, has been responsible for only 2.8 
per cent, while China, with 18.3 per cent of the 
world’s population has been responsible for 
10.7 per cent.65

It is also projected that by 2030, this inequity 
will remain, with a lion’s share of carbon budget 
being cornered by developed countries and 
China. 

Even if the US did reach carbon neutrality 
by 2050 assuming a steady linear decline in 
emissions, its cumulative emissions between 
2018 and 2050 would be 106 Gt of carbon dioxide 
which is equivalent to 22% of the remaining 
global carbon budget. As per this data, if the US 
has to stick to its fair share of carbon budget, it 
should ideally reach carbon neutrality by 2025 

– and would still owe a carbon debt of 470 Gt of 
carbon dioxide to the world based on principle 
of historical responsibility for past emissions.66 
By a similar rationale, the EU should ideally 
reach NZE by 2033 and would owe the world a 
carbon debt of $9.3 trillion for past emissions.67

Third, the US has largely imposed liberal 
baselines for reduction in the previous climate 
negotiations. US pledges in a post-Copenhagen 
regime had emission reduction targets by 2025 
relative to 2005 levels instead of 1990, even as 
US had not accepted any commitments under 
the Kyoto regime.

Fourth, US reliance on fossil fuels is set to 
continue. As of 2019, US derives 21,891 TWh of 
its energy from fossil fuel, while for India this 
figure is 8613 TWh.  In terms of coal production, 
China is highest at 22,171 TWh, followed by US 
at 3972 TWh and India at 3536 TWh. 

Under Obama’s Clean Power Act, in 2030, 
US coal production will be same as India’s was 
in 2015 - 600 million tonnes. In 2030, 60 per cent 
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of electricity will come from fossils in US.68 US 
has not been on track to even meet its Obama-
era commitments. Its action was rated highly 
insufficient. Under Trump, energy-related CO2 
emissions of US have grown in 2018, at a rate 
highest since 2010, and is likely to be the second-
highest in nearly two decades. US, today, is more 
dependent on fossil fuels in absolute terms than 
it was 25 years ago, when the climate treaty was 
signed.69 Given the less-than-stellar performace 
of major NZE proponents like US, the debate on 
NZE needs to be contexualized within the larger 
question of climate justice, fairness and equity 
within the framework of the remaining global 
carbon budget.

Besides the performance of United States, 
the trajectory of Europe, Canada and China also 
raises questions about climate justice within an 
NZE context. Europe, despite announcing the 
European Green Deal in 2019 and announcing 
NZE targets within a legal framework, continues 
to witness a situation wherein member states’ 
individual policies run counter to climate 
protection. As a whole, European countries 
subsidise the fossil sector by more than 137 
billion Euros per year, with Germany topping 
the list at €37 billion per year, followed by the 
UK at €19 billion, Italy at €18 billion and France 
at €17.5 billion.70

The present state of play complicates not 
only EU’s commitments to its Green Deal, but 
also its climate targets of achieving NZE by 2050 
and reducing emissions by 55% by 2030 relative 
to 1990 levels. The latest EU commitments 
also include proposals for a higher share of 
renewables –  from 32% to 40% –  and increased 
energy efficiency, with at least 50% of hydrogen 

used in the industry to be generated from 
renewables. While the EU has overall reduced 
its emissions by around 34% between 1990 
and 2020, it may not be able to meet its new 
pledges unless member states also implement 
mitigation policies.

Other developed countries like Canada – 
which also withdrew from the Kyoto Protocol 
in 2011 – also do not display the commensurate 
degree of climate action despite much rhetoric. 
Recently, Canada updated its NDC to commit to 
reduce its emissions by at least 40-45% below 
2005 levels by 2030, up from the previous target 
of 30%. However, in order to be compliant with 
Paris Agreement, this target needs to amount to 
around 54% emissions reduction. Significantly, 
Canada also does not limit itself to domestic 
mitigation pathway and takes the route, in 
its NDC, of possible recourse to supporting 
mitigation efforts abroad through the use of 
internationally transferred mitigation outcomes 
(ITMOs), counting them as its own mitigation 
achievements. 

Despite scaling up of its climate pledges 
and rhetoric, the Canadian government does 
not intend to reduce its oil and gas production, 
with more oil and gas expected to be produced 
in 2050 than in 2019, with the country emitting 
around 200 megatonnes of CO2 equivalent 
in 2050. Its 2021-2050 oil and gas production 
will, as per estimates, exhaust 16% of the 
world’s remaining carbon budget, thereby 
rightly earning the country the title of a ‘carbon 
bomb’.71

Thus, major economies like US, EU and 
Canada, despite being historical polluters 
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and despite much climate rhetoric, are yet far 
behind in achieving their climate targets. This 
becomes especially significant in the context of 
a fast-constricting carbon space available.

In its recent publication on 1.5 Degree 
Lifestyles, the German think-tank, Hot or 
Cool Institute, brings out the issue of fair 
apportioning of the remaining carbon space, 
emphasizing that climate justice and equity 
should be made the mainstay of decisive action 
in terms of converging on a ‘fair consumption 
space.’ The report estimates that the lifestyle 
carbon footprint per person is extremely high 
in developed countries and needs to be reduced 
commensurately in order to reach a carbon 
footprint target of 0.7 tCO₂e by 2050, with 
intermediary targets of 2.5 and 1.4 tCO₂e by 2030 
and 2040, respectively, with the need to reduce 
footprints in high income countries by 91-95%, 
in upper middle income countries by 68-86% 
and in lower middle income countries by 76%, 
by 2050.72 The report recommends systemic and 
behavioural changes to converge on 2.5 ton 
footprint target for 2030. 

NZE Regime and India

India is the fourth largest emitter of GHGs in 
terms of absolute emissions. However, in terms 
of per capita emissions, the country still lags 
far behind, and needs space for emissions to 
advance its developmental trajectory. 

In terms of stated national commitments 
in NDCs, India is well on its way to exceed its 
Paris commitments. The country has achieved 
21% of its emissions intensity as a proportion 
of its GDP in line with its commitment to a 33-
35% reduction by 2030, its share in renewables 
is 37.9% relative to its target of 40% share in 
renewables-based electricity and the forest 

cover has increased by 15000 sq. km. between 
2014 and 2020.73

This climate-compliant record should be 
assessed alongside the fact that India neither 
shares historical responsibility for past emissions 
and neither has high per capita emissions at 
present. Its high degree of vulnerability to 
climate change, especially in agrarian, coastal 
and other sectors further alienates an untested 
NZE regime from it. Furthermore, the country 
needs emissions space to grow in line with its 
fair share of carbon budget. An unproven and 
untested NZE regime is neither compatible with 
principles of existing global climate regime and 
nor with the Indian reality of climate change. 

Therefore, India’s position, so far, on the 
NZE has been that mid-century targets declared 
by some countries are clearly inadequate in 
containing global nwarming in view of the fast-
depleting carbon space and that developed 
countries should strive to bring down their per 
capita emissions to the global average by 2030. 
India also insists that NZE cannot become a way 
for developed countries to renege on their pre-
2020 commitments and on the commitment to 
provide $100 billion climate finance annually. 

For India to make an NZE commitment 
would mean that Indian emissions – with 
India’s per capita emissions being an eighth of 
the US – would have to progressively decline 
starting now, and even then India would reach 
NZE by around 2065 or 2070.74 

Presently, more than 137 countries have 
made submissions on their Net Zero targets. 
Amongst these, the major economies that have 
made submissions regarding their peaking 
years are indicated in Table 2 on page 35.
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Table 2

Country Net Zero 
Emissions Target 

Year

Emissions 
peaking 

Yeara

Per capita 
emissions in 
peaking year 

(ton)b

Current 
Per Capita 
Emissions 

(ton)  
in 2019b

Current Total 
Emissions  

in 2019 
(billion ton)b

Approximate 
Projected Total 

Emissions  
By 2040  

(MtCO2 eq.)c

European Union 2050 (in law) 1979 8.16 6.41 3.29 2000

Japan 2050 (in law) 2004 10.01 8.72 1.11 800

United States 2050 (in policy) 2007 20.39 16.06 5.28 4800

China 2060 (in policy) 2030 9.3 7.10 10.17 12000

Source: a. CEEW. (2021). Peaking and Net Zero for India’s Energy Sector CO2 Emissions. p.6. https://www.ceew.in/
publications/how-can-india-attain-net-zero-emission-by-2050

	 b.	 Hannah	Ritchie	and	Max	Roser.	(2020)	-	CO₂	and	Greenhouse	Gas	Emissions	https://ourworldindata.org/
co2-and-other-greenhouse-gas-emissions

 c. C2ES. (2021). Global Emissions.  https://www.c2es.org/content/international-emissions/

From the table above, it is clear that different 
economies have different peaking years and 
peaking levels. The peak year for emissions is 
interlinked with the economic growth trajectory 
of the country in question, with countries 
with a relatively high growth, signified by 
high per capita emissions, expected to peak 
earlier than those countries that start from a 
low base with low per capita emissions and 
with still substantial gap to cover in terms of 
economic development. India’s high economic 
growth rates compared to other countries after 
their peaking years signifies that India still 
has to achieve substantial level of economic 
development to reach the peak. It is one of the 
reasons India has, so far, not disclosed a peak 
year for its emissions, as it still has substantive 
development gap to cover. 

In terms of peaking levels, compared to the 
developed countries’ projected emissions levels 
as seen in the table, the approximate projected 
total emissions levels of India by 2040 would 

be 4100 MtCO2eq. compared to China’s triple 
the number as a developing country, while per 
capita emissions of India would be only 3.02 
MtCO2 in 2040 and 3.71 MtCO2 in 2050.75 76 Even 
if it is assumed that India peaks its emissions 
between 2040 to 2050, India’s emissions per 
capita in the peaking year would be much lower 
than those of developed countries and China 
(as seen in table above), reflecting the inequity 
in pursuing development. 

From the point of view of the NZE transition, 
the developed countries have also been vague 
about disclosing their emissions level post-2050, 
opting instead to deploy the language of ‘net 
zero’ which, in effect, simply means offsetting 
the release and absorption of emissions. This 
perpetuates existing asymmetries among 
developed and developing countries in terms of 
access to the global atmospheric commons.

Despite this, India, as a developing country, 
has taken a pro-active approach to the sharing 
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of responsibilities. At the 26th Conference of 
Parties in Glasgow, Prime Minister Modi has 
declared that India will achieve the target of Net 
Zero Emission by 2070. He has also committed 
that India will achieve the five key elements or 
‘Panchamrit’ to transition India towards a green 
future viz. 

First, India will reach its non-fossil energy 
capacity to 500 GW by 2030.

Second, India will meet 50 percent of its 
energy requirements from renewable energy by 
2030.

Third, India will reduce the total projected 
carbon emissions by one billion tonnes from 
now onwards till 2030.

Fourth, by 2030, India will reduce the 
carbon intensity of its economy by less than 45 
percent.

And fifth, by the year 2070, India will achieve 
the target of Net Zero. 

In the words of the Prime Minister, “these 
panchamrits will be an unprecedented 
contribution of India to climate action”.77

India’s Domestic Approach

With increasingly constrained carbon space 
overshadowing the debate on fair global 
allocations of the atmospheric commons, India 
finds itself faced with the paradox of being 
amongst the most climate-vulnerable countries 
on the planet without having contributed to 
the problem, but without bright foreseeable 
prospects of getting a fair allocation. To the 
contrary, the country is under pressure to 

announce more ambitious NDC targets and an 
NZE goal. With climate justice considerations 
now in the background due to the rising 
discourse of climate emergency guided by 
the western countries, India is in the process 
of reviewing workable alternatives that can 
contribute to climate action while protecting its 
economic and developmental prerogatives at 
the same time.

In this context, the country’s adaptation 
approach forms an important part of palliating 
vulnerability to climate change and highlighting 
climate action undertaken. Despite the rising 
contribution of renewables to India’s energy 
mix, the gap between climate vulnerability 
and adaptation measures is widening. In 2015, 
India formed the National Adaptation Fund 
on Climate Change (NAFCC) that helps states 
governments in implementing their respective 
climate action plans and adaptation measures. 
Adaptation, in India, is occurring in several 
geographical and sectoral domains. In urban 
landscape, Indian cities – exhibiting high 
degree of climate vulnerability coinciding 
with modes of urbanization – are undertaking 
adaptation measures of different kinds, such as 
mainstreamed and strategic adaptation, and, 
reactive and planned adaptation, in response 
to rising climate vulnerability. These measures 
generally converge on the framework of sectoral 
risk assessments and actions, albeit short term 
and mostly reactive in nature.78

Besides adaptation, an important part of 
the mitigation landscape in India is the forestry 
sector, regarding which India has also made 
commitments in its NDC. Indian commitments 
regarding its carbon sink include expanding 
efforts to create an ‘additional carbon sink’ 
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of 2.5 to 3 billion tonnes of CO2 equivalent by 
2030. Between 2015 and 2017, India’s forest 
carbon stock increased by 39 million tonnes, 
while between 2017 and 2019, this increase was 
42 million tonnes. Despite this increase, Indian 
still does not have the commensurate net carbon 
sink to meet its Paris NDC commitments, which 
should be around 35 billion tonnes of CO2 
equivalent, compared to the present 26 billion 
tonnes of CO2 equivalent, as seen in Indian 
Forest Survey Reports of 2017 and 2019. These 
become especially significant from the point of 
view of action under the NZE regime, as sinks 
are important sources for offsetting emissions 
by absorption. As of 2020, India’s forest and tree 
cover has increased by 5188 sq. km., yielding a 
carbon sink increase of 42.6 million tonnes.79

Despite the current ongoing adaptation 
action in the country, the main obstacle is the 
paucity of finance and investment that can 
make adaptation more effective and integrated 
with development plans, instead of being 
undertaken sporadically on a project basis. As 
per India’s NDC, the country requires around 
US$2.5 trillion between 2015 and 2030 for 

implementing adaptation measures in various 
sectors such as agriculture, forestry, fisheries, 
water resources, energy and agriculture, besides 
requiring additional funding for disaster risk 
reduction. While the domestic adaptation 
finance has consistently increased and around 
21 centrally sponsored government schemes 
(with a value of USD 740 billion in 2013-14) 
directly deal with climate adaptation, yet there 
is a huge gap requiring to be filled.80 According 
to a report, green finance flows in India totaled 
only USD 17 billion in 2017 and USD 21 billion 
in 2018.81 Of the USD 100 billion annually 
committed to developing countries, the Green 
Climate Fund mobilized only USD 10.3 billion, 
with finance for India amounting to only USD 
177 million out of which only USD 78 million is 
grant-based.82

Despite this gap between supply and 
demand, international agreements to mobilize 
USD 100 billion every year for climate adaptation 
has not been forthcoming, thereby dimming 
the prospects of concrete implementation of 
adaptation measures.  



Chapter 3 : Energy Profile of Major Economies

The fossil fuels constituted 67 % of the final 
energy consumption of the world in 2020, 

while the share of electricity in the energy 
basked stood at 19.1%.83 These two factors taken 
together underline the difficulty in achieving 
deep de-carbonization. Achieving Net-Zero 
emission would require not only switching to 
non-fossil fuel for electricity generation, but 
also increasing their share in the energy basket 
overall. The latter is a much bigger task, as 
electricity generation is only 1/5th of the energy-
mix. As Bill Gates has pointed out in his book 
How to Avert A Climate Disaster, some of the 
manufacturing processes like steel and cement 
produce carbon di-oxide as a byproduct. 
Reducing carbon foot-print in the industry 
would go beyond replacing hydro-carbons by 
electricity for supplying heat.84

 The fossil fuels account for more than 
two-thirds of electricity generated world-wide.85 
They remain an important source of electricity 
generation of developed countries and China. 
In case of the US, fossil fuel provided 60 % of 
electricity generated (Coal 40 %, Gas 20%). 
The use of coal for power generation ‘will rise 
by almost 20 percent’ this year according to 

the US Energy Information Administration.86 
Fossil fuels account for 40 percent of German 
electricity production, including lignite, gas 
and hard coal. Germany will continue to use 
lignite (coal) till 2037. Fossil fuels account for 
69 % of electricity generation in Japan. 

Coal accounts for 63 % of electricity 
generation in China, and 71 % of electricity 
generation in India. China is the largest coal 
consuming country in the world. Its annual 
consumption is 4319 billion tonnes per annum 
accounting for 50.5 % of the world consumption. 
India comes a distant second with 966 billion 
tonnes per annum or 11.3 % of world coal 
consumption. The US is the third largest coal 
consumer with 731 billion tonnes per annum or 
8.5 % of the world consumption. 87

Though the share of solar and wind has 
risen fast in recent years, they provided only 
9 % of electricity production in 2020, behind 
nuclear (10.2 %) and hydro-power (17 %).88 The 
IEA’s suggestion that this could be ratcheted 
up to 90 % by 2050, while increasing the 
share of electricity in the energy-mix to 50%, 
raises serious questions about viability of the 
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proposition. While the need for urgent action 
to address the problem of climate change 
is undeniable, there is need to explore all 
options. There cannot be a single pathway to 
de-carbonization of the economy. There is need 
for factoring in the political will also. During 
the past few months, Biden Administration 
has made public calls to OPEC to raise oil 
production. China’s decision to authorize 
new coal based power plants on a large scale 
through 2019, increase in US consumption of 
coal and Germany’s decision to go ahead with 
Nordstrom 2 pipeline suggests that shift away 
from fossil fuels would not be easy. 

The following section attempts to unpack 
the share of fossil and non-fossil fuels sources 
in the energy mix and electricity generation of 
the major economies in 2020. Where 2020 data 
was unavailable, 2019 data has been used. 

1. United States: Fossil fuels account for 
the largest share in the energy basket of 
the US.

 In terms of the overall primary energy 
production basket, 79% of the total 
share comprises of fossil fuel based 
sources, followed by Renewables at 11% 
and Nuclear Power at 9%.89  

 Of the fossil fuel sources for electricity 
generation, 2020, Natural Gas was the 
largest with a 40% share followed by 
Coal (19%) and Petroleum (1%). Nuclear 
Energy accounts for one-fifth (20%) of 
the US electricity production. Renewable 
sources also contribute to a 20% share 
with Wind Energy being the largest 
source at 8.4%, followed by Hydropower 

at 7.3%, Solar Power at 2.3%, and 
Biomass and Geothermal Power Plants 
at 1.4 and 0.5% respectively.90 

2. United Kingdom: In 2020, Natural Gas 
accounted for the 40% of the total UK 
energy production, forming an important 
component of the energy mix.  

 In terms of electricity generation 
specifically, renewable sources 
accounted for the highest share in the 
of the UK with a total of 43.1%. Of the 
share in renewables, Wind Energy 
provided for the highest share of 24%. 
Nuclear Power contribution fell to its 
lowest since 2010 accounting for 16.1%, 
taking the total share of non-fossil fuel 
based sources to 59.2%. The fossil fuel 
share in the energy basket for electricity 
generation comprised of a total of 37.7%, 
with Natural Gas being the primary fuel 
(35.7%) in the generation mix.91

3. Germany:  In terms of total energy 
production in 2019, coal accounted 
for 26.27%, dry natural gas at 4.23%, 
petroleum and other liquids at 1.82% 
and Nuclear and renewables at 67.69% 
respectively.92

 Renewable or non-fossil fuel based 
sources comprise of a total of 44.9% of 
the total share in Germany’s electricity 
mix for 2020. Within the non-fossil fuels 
based sources of energy the primary 
component is Wind Power (23.7%) 
followed by Solar Energy (9%). Nuclear 
Energy comprises of 11.3% of the total 
share, with a possibility in future decline 
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owing to the recent policy of phasing 
out of nuclear power plants. Of the 
total of 40.5% of the fossil-fuel share, 
lignite attributes to 16.2%, followed by 
natural gas at 16.1% and hard coal and 
mineral oil products at 7.5% and 0.7% 
respectively.93

4. France: In 2019, the total share of 
Nuclear and Renewables in the energy 
production mix of France accounted for 
99.41%.94

 Nuclear Power is the leading source 
of electricity generation in France, 
contributing to 67% of the total energy 
basket. However, the Government policy 
aims to reduce this share to 50% by 
2035.95 Renewable sources account for 
23% of the total production mix. Fossil-
fuel based sources only account for 
10% of the share, one of the lowest in 
comparison to other major economies.96 

5. Denmark:  The fossil-fuel based sources 
(crude oil and natural gas) account for 
50.25% of the total share in the energy 
production mix as of 2020. Renewable 
sources attributed to 46.25% of the total 
share in the energy mix. 97

 Specifically, as regards to electricity 
generation, wind accounts for 46% of 
the total share followed by biofuels at 
22%, coal at 22%, natural gas at 7%, 
solar at 3% and oil at 1% respectively. 
Denmark does not produce electricity 
from nuclear power sources, owing to 
a law passed in 1985 prohibiting the 
use of nuclear power for the purposes 

of generation of electricity. It however, 
imports nuclear power, but in minimal 
capacity.98

6. Russia: In 2018, natural gas dominated 
the total energy production at 40% of 
the total share. This was followed by 
petroleum at 37.62%, coal at 16.35% and 
nuclear and other renewables as 6% 
respectively.99

 As of 2020, Russia’s electricity mix 
majorly comprises of fossil-fuel sources. 
Natural Gas has the highest percentage 
share at 45%, followed by coal 14%. Of 
the non- fossil fuel sources, Hydropower 
accounts for 20%. Nuclear Energy 
provides for 20% of the generation 
mix.100 

7. India: Coal continues to dominate the 
energy production of the country at 
77.2% of the total share, followed by 
crude oil at 8.79%.101

 In terms of electricity generation mix in 
2020-21, Coal accounted for 71.47 %, Gas 
3.72%, and Oil 0.01 % out of the total. 
The balance was provided by the non-
fossil sources including Hydro 10.95 %, 
Solar 4.40 %, Wind 4.38%, Nuclear 3.13 
%, Bio-mass 1.08 %, Mini Hydro 0.75 %, 
and Other at 0.12 %.102 

8. China: According to IEA report, ‘Despite 
impressive growth in renewables since 
2000, China remains heavily dependent 
on fossil fuels, which met around 85% 
of the country’s total primary energy 
needs in 2020 – coal alone for about 
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60% and oil for about a fifth. China is by 
far the largest coal-consuming country 
in the world, the 3 billion tonnes of coal 
equivalent it burned in 2020 making up 
more than 50% of the world market (IEA, 
2020a). The report further states that the 
Chinese government approved further 
increase in coal based power plants and 
‘37 GW was authorized in 2020 – three 
times more than in 2019.’103

 In terms of electricity generation, coal has 
the largest share in the non-renewables, 
accounting for 63% of the total share. 
Natural Gas contributes to 3.2% of the 
total share in 2020. Hydropower and 
renewables provide for 17% and 11% in 
the generation mix. The contribution 
of Nuclear Power to the electricity mix 
stands at 4.7%.104 

9. Japan: As per the draft Strategic Energy 
Plan of Japan LNG has the maximum 
share in the energy mix for the FY 2019-
20 at 37%. This is fllowed by coal at 32% 

and oil at 7%. With a view to reduce 
GHG emissions by 2030 the plan expects 
Japan’s renewables to account for 22-24%, 
with nuclear at 22-20%, LNG 27%, coal 26% 
and oil 3% for the FY 2030-31.105

 Fossil fuels form the largest share with a 
contribution of 69% of the total electricity 
generation in Japan. This is followed by 
renewables at 26%. Nuclear energy has 
the lowest share in the energy mix, with 
5% of the total share.106

10. South Korea: The primary component of 
South Korea’s electricity mix is of fossil-
fuels with 66% of the total generation 
mix. Nuclear Power constitutes 29%, 
whereas renewables are at the lowest 
share of 5% in the energy basket for 
electricity production.107 

 A sharp increase in the share of 
renewables in the energy-mix would also 
raise the cost of renewable integration 
in the grid. This is covered in the next 
chapter.



Chapter 4 : Future of grid and the problem of 
Variable Renewable Energy (VRE)

‘So if solar and wind represent a big part 
of our electricity mix and we want to avoid 
major outages, we are going to need other 
options for when the sun isn’t shining and 
the wind isn’t blowing. Either we need to 
store excess electricity in batteries (which 
I will argue in a moment is prohibitively 
expensive), or we need to add other energy 
sources that use fossil fuels, such as natural 
gas plants that run only when you need 
them. Either way, the economics won’t work 
in our favour. As we approach 100 percent 
clean electricity, intermittency becomes a 
bigger and more expensive problem.’

–Bill Gates,  
How to Avoid A Climate Disaster108

As the world moves towards a low carbon 
economy, the salience of renewables in the 

grid is bound to increase. This however brings 
in its wake a whole range of problems relating 
to balancing costs. When the sun is not shining 
or the wind is not blowing, the balancing power 
is provided by coal or gas. Slowing down of the 
Northern Sea Winds and rising gas prices have 
led to five-fold increase in electricity prices in 
Europe. The crisis is continuing, and is likely 

to worsen as winter months will increase the 
demand of gas and electricity for heating. This 
has underlined the fragility of the model based 
on a combination of intermittent renewable 
energy, and imported gas. The UK’s problem 
is worse, as being an island nation, it does not 
have access to a regional grid which Germany 
enjoys. This also holds out a lesson for India, as 
the share of renewables in India’s grid goes up. 
We do not have access to a regional grid; most of 
our neighbours are energy deficit. Bhutan and 
Nepal are an exception. But their hydro-power 
exports do not meet India’s scale yet.

The sharp hike in electricity prices in Europe 
may be of recent origin. There are also different 
schools of thought about origins of the problem 
– whether the hike is a result of increased 
reliance on renewables or it has resulted from 
volatility in the price of imported gas. If it is 
the former, this calls into question the entire 
model being built up by IEA to achieve Net Zero 
Emission. If renewables did not need balancing 
power, the gas price hike would not have 
affected the electricity prices to such an extent. 
But even before the onset of the present crisis, 
German and Danish electricity prices were the 
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Table 3. Electricity prices worldwide

Country Electricity Price 
(Household) (Dec. 2020) 

(US$/kWh)109

Electricity Price (March 2021) (US$/kWh)110

Household Business

Germany 0.37 0.372 0.244
Denmark 0.34 0.35 0.241
United Kingdom (UK) 0.26 0.275 0.239
Japan 0.26 0.246 0.185
France 0.22 0.209 0.146
United States (US) 0.15 0.15 0.109
China 0.09 0.086 0.99
India 0.08 0.077 0.114

Sources: Statista, Household electricity prices worldwide in December 2020, by select country,  https://www.statista.
com/statistics/263492/electricity-prices-in-selected-countries/
GlobalPetrolPrices.com, Electricity Prices, March 2021. https://www.globalpetrolprices.com/electricity_prices/

highest in Europe. These are two countries 
relying most on renewables. Indeed, German 
prices are highest worldwide as Table 3 on page 
43 shows. 

The figures in table 3 pre-date the recent gas 
price hike. Growth in the share of renewables 
requires corresponding increase in the 
balancing power. In Europe, this is supplied by 
gas. Thus, there is the paradoxical result that 
quest for clean energy brings in its wake more 
demand for fossil fuel. Europe is replacing 
coal with gas, which remains a substantial 
share of its energy basket. A study by Agora 
Energiewende notes that ‘Since 2015, although 
coal generation halved, (-340 TWh), only half of 
that was replaced by wind and solar (176 TWh).111 
In case of Germany, the share of gas in her 
energy basket will go up further with phasing 
out of nuclear power plants and Nordstream 2 
coming on stream.  

German Feed-in Tariff
Germany provides Feed-in tariff for renewable 
power. The cost is included in the tariff. At 6.5 

Euro Cent/kWhr, this amounts to 20% of the 
total tariff charged to the consumers in the 
household sector.112 Though it is a rich country, 
there is strong financial discipline. The Grid 
charges of 7.8 Euro Cent/kWhr, or 24% of the 
tariff is also passed on to the consumers.113 In case 
of renewables, grid charges are considerable, 
as most of the locations for the wind and solar 
power are in remote areas. 

The first German Feed-in Tariff, also called 
Erneuerbare-Energien-Gesetz (EEG) (Renewable 
Energy Sources Act), was introduced in 2000 
and has been amended every four years to 
incorporate necessary policy changes. The 
policy has been crucial in increasing the market 
share of renewable energy sources and has 
shown massive improvement in this direction. 
In 2000, the market share of renewable energy 
was 6.2%, 23.7% in 2012, about 28% in 2014 
while in 2020 more than 50% of the electricity 
generated was through renewables. Growth 
at this rate ensures that more than 80% of 
the electricity can be generated by renewable 
sources by 2030.114
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Rising Balancing Cost of Renewables 
in Germany and UK

The case of Germany and UK illustrate the 
difficulty inherent in increasing the share of 
renewables in the Grid. Both have committed 
to the goal of the Net Zero Emission target. 
Germany has decided to phase out nuclear by 
2022, though it will retain coal for much longer 
till 2038. The UK has decided to phase out coal, 
but commission new nuclear power plants. 
Both rely to a large extent on wind power, 
which contributes to 23.7% of German power 
production while it accounts for 24% in the 
case of the UK. A study by Michael Joos and Iain 
Staffell shows that ‘The cost of wind and solar 
has declined substantially in the last decade, 
such that the levelised cost of electricity (LCOE) 
for onshore wind and large solar is now lower 
than gas and nuclear’. It adds:

‘However, LCOE does not tell the whole 
story: To accommodate VRE output while 
enforcing high standards for the security 
of supply, costs are incurred in other 
parts of the system, mainly for holding 
and operating reserve and backup plants 
to manage variability and uncertainty of 
VRE output. These are so-called system 
integration costs.’115

The study poses the questions: ‘Do VRE 
generators bear the costs that they cause 
elsewhere in the system to a sufficient extent in 
current market arrangements? If not, how could 
market arrangements be changed to internalize 
these costs?’ The answer to both questions is 
negative. In the case of Germany, ‘Costs for the 
grid reserve and RES curtailment are socialized 
via grid fees, which in Germany are paid for only 
by consumers.’ In the case of the UK, ‘The costs 
for congestion management are socialized via 

the Balancing Services Use of System (BSUoS) 
charge, which is paid for by all suppliers and 
generators on a pro-rata basis.’ 

The balancing costs are increasing both 
in case of Germany and UK. In the case of 
Germany, they exceed Euro 900 million by 2016 
as a study by Michael Joos and Ian Staffell has 
brought out.116 In the case of the UK, the costs 
had reached 1.2 billion pounds by 2016.117  

The study further notes ‘Balancing costs are 
relatively low even at higher penetration levels 
up to 40% of electricity demand.’ ‘However, 
integrating higher levels of VRE (e.g. > 50% of 
demand) will require a transformation of the 
power system with large scale deployment of 
alternative flexibility options such as demand-
side management (DSM) and storage to maintain 
cost efficiency as well as the transformation 
of power markets to provide and remunerate 
short-term flexibility sufficiently.’118 It also adds 
‘It is also important to note that while most VRE 
integration literature focusses on balancing 
costs, these make up a smaller part of energy 
bills than costs of grid infrastructure.’119

Germany’s New Renewables Energy 
Act 2021

The New Renewables Energy Act 2021 came 
into effect on January 1, 2021 weeks after the 
last-minute changes in December 2020, and 
was approved by the Bundestag (the Federal 
Parliament of Germany). The most important 
change under the new Act is that part of 
renewable surcharge, also called EEG surcharge 
of 6.67 ct/kWh (20% of the total cost per kWh) 
will be borne by the federal budget. This will 
increase the budgetary support provided by the 
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German government to the renewable sector 
to about 11 billion euros. The government will 
use the revenues from CO2 pricing of transport 
and heating systems to meet this. Though the 
amount may be recouped by the Government, 
this adds cost to the economy. The cost of 
renewables in Germany has gone up steeply. 
‘The money channeled to green energy rose 
to almost 31 billion euros ($38 billion) in 2020, 
a 13% jump from a year earlier’, according to 
data published by the country’s grid operators. 
‘Green power’s share of Germany’s energy mix 
rose to 46% last year from about 43% in 2019’. 
This is cost to consumers; German government 
plans to cover 1/3rd of this cost in budget; the 
consumers nevertheless will have to pay the 
remaining 2/3rd.120

MIT Study

An MIT study ‘The Future of Nuclear Energy in 
a Carbon-Constrained World’ has noted that as 
we move towards a lower emission target, sole 
reliance on renewables will sharply escalate the 
cost. The inclusion of nuclear will help optimize 
the cost:  

‘At lower carbon targets when nuclear 
technology is not allowed as an option, 
electricity generation must come from 
renewables as the only other completely 
low-carbon option. Due to the intermittent 
nature of wind and solar generation, large 
amounts of installed renewables and battery 
storage capacity are needed to ensure that 
the system is always able to meet demand. 
The large investments needed to install 
this additional capacity increase the total 
system cost. This represents an opportunity 
for nuclear technology, as the installed 
capacity needed to meet demand using 
nuclear generation is much less than the 
build-out required for renewables’.121

IEA Reports

The IEA, which has been advocating sharp 
increase in the share of electricity to reach Net 
Zero emission level, has hinted at the magnitude 
of the problem with the increase in the share 
of renewables in the power grid. Curiously, 
it has shied away from indicating the cost or 
investment required. This amounts to seriously 
under-estimating the cost of renewables. While 
energy transition to a low carbon economy is 
indeed an unexceptionable goal, this needs full 
transparency to ensure that right choices are 
made amongst different options available. 

‘A major question is how to manage the 
potential for increased variability on both 
the demand and supply sides of the energy 
equation. The variability of electricity 
supply will be affected by rising shares of 
wind and solar PV, putting a huge premium 
on robust grids and other sources of supply 
flexibility.’122

The report adds further: 

‘Without effective policies to prepare for 
and manage these fluctuations, the daily 
variation of demand could increase on the 
basis of announced pledges to 270 gigawatts 
(GW) in the European Union (from 120 GW 
today) and over 170 GW in India (from 40 
GW) by mid- century.’123

The above estimate of 170 GW of flexibility 
required in India’s case by mid-century has 
huge financial implications. This will be the 
additional generation capacity, which will 
have to be created as a back-up for growth of 
renewables. This capacity will be lying idle 
or have to be run at sub-optimal level when 
renewable energy is available. To put it in 
perspective, this additional capacity to be used 



46 India’s Energy Transition in a Carbon-Constrained World: The Role of Nuclear Power

only as a stand-by for renewables is nearly 50 
percent of India’s current capacity of 330 GW.

The increased cost of creating and 
maintaining additional generation capacity as 
a stand-by facility would have to be matched 
by increase in the grid capacity to evacuate 
renewable power from remote locations. Just 
as renewable generation capacity has low PLF 
of around 20-28 percent (as against 70 percent 
for nuclear), the grid utilization for evacuation 
of renewables is also low adding to the cost of 
operation. This may not exceed 20-25 percent of 
grid capacity. In India, renewables are exempted 
from inter-State transmission charges. This 
means that this cost is ‘socialised’ – either 
borne by the government or other sectors. 

The IEA report sketching out the Net Zero 
scenario in 2050, states: 

‘By 2050, China, India, European Union 
and United States all reach Phases 5 or 6 
in their energy transitions in the APS, and 
also in the STEPS (except for China, which 
comes close). Phases 5 and 6 have not yet 
been reached by any country. These phases 
are characterised by longer periods (from 
days to seasons) of mismatch between 
VRE generation and demand. During those 
periods, if VRE generation is inadequate 
to meet demand it has to be supplemented 
by sufficient dispatchable sources of 
generation, withdrawals from long-term 
storage systems, or measures to manage 
demand.’124

Bill Gates in his book ‘How To Avert a 
Climate Disaster’ has underlined the problem 
of intermittency of renewables: 

‘In short, intermittency is the main force 
that pushes the cost up as we get closer to 

all zero-carbon electricity’. It is why cities 
that are trying to go green still supplement 
solar and wind with other ways to generate 
electricity, such as gas-fired powered power 
plants that can be powered up and down 
as needed to make demand, and these so-
called peakers are not zero-carbon by any 
stretch of the imagination.’125

Indian Experience

VRE integration in the grid: Balancing 
and Stranded Costs

In 2017, the renewable integration cost for 
Tamil Nadu were estimated at Rs. 1.57 per 
KWhr. This was Rs. 1.45 per KWhr for Gujrat. 
As balancing cost and grid costs are not part 
of the renewable tariff structure in India, nor 
are they borne by the promoter, they have to 
be absorbed by the DISCOMs. This cost could 
be absorbed or disguised as long as there is 
low grid penetration; renewables account for 
around 10 percent of power generation in India 
currently. It will not be possible to do so once 
the renewables become the dominant part of 
the energy-mix. 

A report by CEA, published in 2017 presented 
the impact of spread over renewable energy 
(RE) based power generation and associated 
cost for the states of Gujarat and Tamil Nadu.126 
In 2017, the day-time penetration of RE was 
34% and 12% for Tamil Nadu and Gujarat 
respectively.127 Currently, the overall national 
average RE penetration (whole day) is 8.2%. In 
Tamil Nadu and Gujarat, the shares of RE (wind 
+ solar) power generation are 18% and 14% 
respectively.128 This is depicted in Tables 4 and 
5 on page 47
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Table 4. Impact of spread over renewable generation (`/kWh) – Tamil Nadu

Sr. No. Cost description Cost value (`/kWh)

1 Total balancing charge for the Central Generating Stations (CGS) 
Coal and gas based station (fixed +fuel charge) (`/kWh) - Spread over 
renewable generation

0.20

2 Total balancing charge for Tamil Nadu Coal based station (fixed + fuel 
charge) (`/kWh) - Spread over renewable generation 

0.03

3 Impact of DSM per kWh (`/kWh) - Spread over renewable generation 0.35

4 Impact on tariff (`/KWh) for Tamil Nadu DISCOM for backing down Coal 
generation assuming solar and wind at `4/kWh and coal fuel charge 
at `2.0/kWh- Spread over renewable generation (Considering 25% on 
account of renewables)

0.5

5 Stand by charge (`/kWh) - Spread over renewable generation 0.23

6 Extra transmission charge (`/kWh) - Spread over renewable generation 0.26

Total Total Impact - Spread over renewable generation (`/kWh) 1.57

Source: Central Electricity Authority (CEA), “Report of the technical committee on study of optimal location of 
various types of balancing energy sources/energy storage devices to facilitate grid integration of renewable energy 
sources and associated issues”, December 2017. https://cea.nic.in/wp-content/uploads/2020/03/report.pdf 

Table 5. Impact of spread over renewable generation (`/kWh) – Gujarat

Sr. No. Cost description Cost value (`/kWh)

1 Total balancing charge for CGS Coal and gas based station (fixed + fuel 
charge) (`/kWh) - Spread over renewable generation

0.24

2 Total balancing charge for Gujarat Coal and Gas based station (fixed + 
fuel charge) (`/kWh) -Spread over renewable generation 

-

3 Impact of DSM per kWh (`/kWh) - Spread over renewable generation 0.12

4 Impact on tariff (`/KWh) for Gujarat DISCOM for backing down Coal 
generation assuming solar and wind at ` 4/kWh and coal fuel charge 
at ` 2.0/kWh - Spread over renewable generation (Considering 25% on 
account of renewables) 

0.5

5 Stand by charge (`/kWh) - Spread over renewable generation 0.33

6 Extra transmission charge (`/kWh) - Spread over renewable generation 0.26

Total Total Impact - Spread over renewable generation (`/kWh) 1.45

Source: Central Electricity Authority (CEA), “Report of the technical committee on study of optimal location of 
various types of balancing energy sources/energy storage devices to facilitate grid integration of renewable energy 
sources and associated issues”, December 2017. https://cea.nic.in/wp-content/uploads/2020/03/report.pdf 



48 India’s Energy Transition in a Carbon-Constrained World: The Role of Nuclear Power

The Forum of Regulators (FOR) report on 
“Analysis of factors impacting retail tariff and 
measures to address them” published in April 
2021 mentioned, “As in the case of transmission 
assets, the fixed cost of stranded generation 
assets is being paid for by the consumers 
without getting any benefit. Surplus energy of 
this magnitude (129251.18 MU across 12 states 
of India) and resultant costs (in the range 
of `1.34/kWh) are a matter of great concern. 
Further, the cost of balancing renewables has 
been estimated to be in the range of `1.10/kWh 
by CEA. In addition, the additional stranded 
capacity cost (incremental fixed charge) 
estimated on account of RE integration is in 
the range of `1.02/kWh.”129 According to this 
estimate, the cost of VRE integration in the grid 
works out to Rs. 1.10 + Rs. 1.02 = Rs. 2.12 per kWhr. 
This neutralizes the tariff difference between 
renewables on one hand and thermal and 
nuclear on the other hand. In fact, if renewable 
tariff is taken at Rs. 2-2.5 per unit, this will make 
them more expensive than nuclear power tariff 
which stood at Rs. 3.47 per unit in 2019. 

The installed capacity of the renewables is to 
be increased from 100 GW currently to 450 GW by 
2030. This additional tariff of Rs. 2.12 per kWhr 
on account of VRE grid integration, applied to 
increase in renewable generation, will impose 
huge financial burden on DISCOMs. 

Ramping up renewable capacity from 100 
GW at present to 450 GW by 2030 will also 
entail expanding grid. According to an estimate 
by the Power Grid Corporation, the estimated 
cost shall be about Rs. 2,27,500 Cr. (Rs. 2.2275 
Trillion), considering cost of about Rs 650 Cr./
GW for establishment of new transmission 
system. 

The case for regional grid in  
South Asia

India does not have access to a regional 
grid at present. Most of our neighbours are 
energy deficit with the exception of Nepal and 
Bhutan. Nepal has huge hydro potential with 
very little demand. During 2021-22, 2025 and 
2035, Nepal is expected to have net exportable 
surplus power of about 5.7GW, 13.2GW and 
24.9GW respectively. This clean energy may 
be utilized to facilitate integration of variable 
large RE capacity in In India in near future. 
The allocation of power from Bhutan to India 
is about 2070MW. Bangladesh can draw power 
from hydro projects in Nepal through an Indian 
entity in line with CERC CBTE Regulations. Co-
operation in the energy sector could be a win-
win situation for both countries.



Chapter 5 : India’s Power Sector

CEA report mentions that ‘After the enactment 
of Electricity Act 2003 generation has been 

delicensed which has given impetus to the 
generation capacity addition and led to huge 
coal based generation capacity addition during 
11th and 12th plan.’130 It is this sector, which will 
face greatest pressure due to rising climate 
concerns. India’s power sector is already facing 
challenges due to over-capacity and stressed 
assets. As the report mentions further, ‘However, 
huge capacity addition in the recent years has 
raised concerns related to under-utilisation of 
the coal based capacities leading to stressed 
assets in the sector’.131 The health of the power 
sector is important to find resources to finance 
huge investment needed for energy transition, 
particularly since assistance from developed 
countries has fallen short of their commitment 
consistently. We need resources to accept and 
implement commitments in international 
climate negotiations. India is of course well 
on track in meeting its Intended Nationally 
Determined Contributions (INDC)s pursuance 
to Paris Conference of 2015.

Our dilemma is that investment in energy 
transition has to be made at a time when we have 
stressed assets in power sector. This makes it 

difficult to justify fresh investment. The private 
sector investments will come if the DISCOMs 
are in good health. The government launched 
UDAY scheme improved the financial situation 
of the DISCOMs. However, their liability has 
again started going up.

The CEA report also notes that the ‘PLF of 
coal-based plants has reduced to 61.07 % during 
2018-19 from 78.6% during 2007-08.’ The report, 
therefore, sounds a note of caution that ‘there 
is an increasing need to plan capacity addition 
optimally in view of the limited availability of 
fuel resources for generation, new sources of 
generation and environmental concerns.’ India 
is endowed with abundant sunshine and must 
make full use of solar power. However, solar 
power is intermittent and requires a balancing 
power. The distant location of the solar or wind 
power plants adds to the cost of creating grid 
infrastructure. Balancing requires operating 
thermal plants supplying balancing power at 
sub-optimal capacity, which generates systems 
costs. The German and the UK’s example of 
relying upon wind power has thrown up its own 
set of problems as the cost of electricity has sky-
rocketed with the dropping of wind speed. The 
problem has been compounded by the high 
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Image: VIF India. 
Data Source: Financial Express, “Uday 2.0: Govt may impose stricter penalties on non-complying discoms under 
new scheme”, 28th January 2020. https://www.financialexpress.com/industry/uday-2-0-govt-may-impose-stricter-
penalties-on-non-complying-discoms-under-new-scheme/1837058/ 
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penalties-on-non-complying-discoms-under-new-scheme/1837058/ 
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Table 6. Total Installed Capacity (As on 31.07.2021) 

Sector MW % of Total

Central Sector 97,637 25.2%

State Sector 1,03,876 26.8%

Private Sector 1,85,376 47.7%

Total 3,86,888  

Fuel MW % of Total

Total Thermal 2,34,858 60.9%

Coal 2,02,805 52.6%

Lignite 6,620  1.7%

Gas 24,924 6.5%

Diesel 510 0.1%

Hydro (Renewable) 46,367 12.1%

Nuclear 6,780 1.8%

RES* (MNRE) 98,883 25.2%

Otal 3,86,888

Source: Central Electricity Authority (CEA)

Source: CEA Report on Optimal Generation Capacity Mix for 2029-30

Figure 3
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Source: CEA Report on Optimal Generation Capacity Mix For 2029-30

cost of imported gas. There are therefore no 
easy solutions. 

In most parts of India, clear sunny weather is 
experienced 250 to 300 days a year. The annual 
radiation varies from 1600 to 2200 kWh/m2, 
which is comparable with radiation received 
in the tropical and sub-tropical regions. The 
equivalent energy potential is about 6,000 
million GWh of energy per year. The touchstone 
of selecting the energy source has to be not 
simply the generation cost, but the final cost to 
the consumer. 

In a country, where the per capita energy 
consumption is 1/3rd of the global average, we 
need to make full use of a diversified energy 
basket. The electricity demand will grow.  Dr. 
Grover has noted ‘In the coming decades, growth 
in electricity generation  will be due to two 
factors: structural changes in the energy sector 
leading to a preference for the use of electricity 
in place of fossil fuels; and growth in energy 
demand due to improvements in the standard 
of living, urbanization, demands of industry, 
commerce, agriculture, transportation, etc.’132 

Generation Capacity 

The projected gross electricity generation (BU) 
during the year 2029- 30 is likely to be 2,518 BU 
comprising of 1,393 BU from Thermal (Coal, Gas, 
and Lignite), 801 BU from RE Sources, 207 BU 
from Hydro, 4.4 BU from PSS and 113 BU from 
Nuclear as shown in figure 5.

It can be seen from the above results that in 
the year 2029-30, non-fossil fuel (solar, wind, 
biomass, hydro & nuclear) based installed 
capacity is likely to be about 64% of the 
total installed capacity and non-fossil fuels 
contribute around 44.7% of the gross electricity 
generation during the year 2029-30.

Projected Achievements of  
INDCs by 2030 

Installed capacity and share of  
non-fossil fuel

In March 2019, the percentage of non-fossil fuel 
in installed capacity was 36.5 %. Studies for the 
year 2029-30 show that it is likely to increase to 

Figure 4
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Source: CEA Report on Optimal Generation Capacity Mix For 2029-30

64% in March 2030. However, as per the INDC 
target, the percentage of non-fossil fuel in 
installed capacity is to be 40% by 2030. Table 
7 gives the percentage of non-fossil installed 
capacity by the end of 2029-30:

Average CO2 emission rate
The average emission factor kgCO2/kWh from 
the total generation including renewable 
energy sources in the base case scenario has 
been estimated and is shown in Figure-5. The 

Table 7 : Likely Installed Capacity mix of Fossil and Non-fossil* fuels

Year Installed Capacity 
(MW)

Installed Capacity of 
Fossil Fuel (MW)

Installed Capacity of 
Non-Fossil Fuel (MW)

% of Non-Fossil Fuel 
in Installed Capacity

March, 2030 8,17,254 2,91,991 5,25,263 64%

*Non-Fossil Fuel-Hydro (including imports), Nuclear and Renewable Energy Sources

Source: CEA Report on Optimal Generation Capacity Mix For 2029-30

Figure 5

Figure 6
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Source: CEA Report on Optimal Generation Capacity Mix for 2029-30

average emission factor is likely to reduce to 
0.511 kgCo2/kWh by the year 2029-30 from 0.705 
kg/kWh in the year 2017-18.

Increase in the battery cost 
projections by 2030 to $100/kWh  
and $125/kWh

According to the CEA Report, the cost trajectory 
for battery energy storage system (BESS) is 

assumed to be reducing uniformly from `7 Cr in 
2021-22 to `4.3 Cr (with basic battery cost of $75/
kWh) in 2029-30 for a 4-hour battery system in 
the base case study. However, there are several 
uncertainties associated with influencing this 
cost trend like currency fluctuations, trade 
limitations, raw material availability, etc. 
Therefore, additional scenarios with higher 
battery costs (basic battery cost of $100/kWh 
and $125/kWh) compared to the base case study 
have been analyzed.

Table 8 : Likely Installed Capacity by the end of 2029-30

Fuel Type Capacity (MW) in 2029-30 Percentage Mix (%)
Hydro* 61,657 7.52%
PSP 11,151 1.36%
Small Hydro 5,000 0.61%
Coal + Lignite 2,70,111 32.88%
Gas 25,080 3.05%
Nuclear 18,980 2.31%
Solar 2,79,550 34.03%
Wind 1,40,000 17.04%
Biomass 10,000 1.22%
Total 8,21,529
Battery Energy Storage 22,970 MW/91,880 MWh
*Including Hydro Imports of 5856 MW

Source: CEA Report on Optimal Generation Capacity Mix For 2029-30

Figure 7



 India’s Power Sector 55

Table 9 : Likely Installed Capacity by the end of 2029-30

Fuel Type Capacity (MW) in 2029-30 Percentage Mix (%)
Hydro* 61,657 7.56%
PSP 11,151 1.37%
Small Hydro 5,000 0.61%
Coal + Lignite 2,80,511 34.37%
Gas 25,080 3.07%
Nuclear 18,980 2.33%
Solar 2,63,775 32.32%
Wind 1,40,000 17.15%
Biomass 10,000 1.23%
Total 8,16,154
Battery Energy Storage 14,670 MW/58,680 MWh
*Including Hydro Imports of 5856 MW

Source: CEA Report on Optimal Generation Capacity Mix For 2029-30

Increase in the battery cost projections by 2030 to $125/kWh

The result of likely installed capacity in this scenario is given in the Table 9 below.

Tariff of Nuclear Power Plants

Table 10: Latest Tariff for NPCIL Operating Stations (May-21)

Station Type of Reactor Date of Commencement of 
Commercial Operation.

Power Rating in MW Tariff (Rs./kWh)

TAPS-1&2 BWR Unit-1 : 28/10/1969
Unit-2 : 28/10/1969

160 2.41

TAPS-3&4 PHWR Unit-3 : 18/08/2006
Unit-4: 12/09/2005

540 3.35

RAPS-2 PHWR Unit-2 : 01/04/1981 200 3.31

RAPS-3&4 PHWR Unit-3: 01/06/2000
Unit-4: 23/12/2000

220 3.31

RAPS-5&6 PHWR Unit-5:  04/02/2010
Unit-6: 31/03/2010

220 3.89

MAPS-2 PHWR Unit-2: 21/03/1986 220 2.57

NAPS-1&2 PHWR Unit-1: 01/01/1991
Unit-2: 01/07/1992

220 3.01

KAPS-1&2 PHWR Unit-1: 06/05/1993
Unit-2: 01/09/1995

220 2.29*

KGS-1 &2 PHWR Unit-1: 16/11/2000
Unit-2: 16/03/2000

220 3.42
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Station Type of Reactor Date of Commencement of 
Commercial Operation.

Power Rating in MW Tariff (Rs./kWh)

KGS-3&4 PHWR Unit-3: 06/05/2007
Unit-4: 20/01/2011

220 3.42

KKNPP-1&2 BWR Unit-1: 21/12/2014
Unit-2: 31/03/2017

1000 4.09*

•	Revision	is	due	and	revised	tariff	for	the	period	2017-22	is	yet	to	be	notified
•	Average	Tariff	during	the	FY	2020-21:	Re.	3.47	per	unit
Source: Nuclear Power Corporation of India Limited
Table 10 continued

Table 11: Tariff comparison of Thermal, Renewables and Nuclear

Thermala Nuclearb Wind without 
storagec

Solar without 
storaged

Solar with storagee

Rs.3.25/kWhr Rs. 3.47/kWhr Rs. 2.69/kWhr Rs. 1.99/kWhr Rs. 4.04 – Rs. 4.30k/kWhr 

a. Adani Power, Jindal Power, GMR Energy and 12 other bidders.
b.	Average	nuclear	tariff	for	2019
c. ReNew Power, Sembcorp’s Green Wind Infra Energy, Evergreen Anupam Renewables 
d. NTPC, Torrent Power, Aljomaih Energy and Water Co., Aditya Birla Renewables
e. Greenco, ReNew power.

Increase in the battery cost 
projections by 2030 to $100/kWh

The results of likely installed capacity in this 
scenario are given in Table 8.

Tariff comparison

The average tariff for nuclear power of Rs. 
3.47 per unit (Table 10) compares favorably 
with recent solar power tenders which include 
storage. These ranged from Rs. 4.04/kWhr 
(Greenco) to Rs. 4.30/kWhr (Renew Power)
(Table 11).

India cannot afford to abruptly transition 
from coal to renewables; it has to be phased out 
gradually. In judging the comparative merits of 
different energy sources, LCoE or the Levelised 
cost of electricity generation (LCoE) cannot be 
the only or primary criterion. This method was 

devised before the advent of intermittent sources 
(that is solar and wind, which are available only 
when the sun is shining or the wind is blowing, 
and not round the clock).  Tariff itself cannot 
be the sole matrix, where the larger question 
is energy self-sufficiency to sustain India’s 
development trajectory. As carbon costs mount, 
the difference in tariff structure of different 
forms of energy sources would not be material. 
It has already touched $ 60 per ton in Europe. 
India of course does not accept the concept 
of carbon-cost, but cannot remain entirely 
unaffected by international trends. Gas can be 
a bridging fuel for India’s energy transition. We 
have substantial gas-based power assets, which 
are currently stranded. We cannot afford to write 
them off. As the salience of Variable Renewable 
Energy in our power generation profile goes up, 
gas-based power plants can supply peaking 
power. 



Chapter 6 : Renewable Energy Scenario

The Indian Government announced in 2015 
that it would install 175 GW of renewable 

energy (excluding large hydro) by 2022. The 
country is set to cross the 100 GW installed 
capacity on 12-Aug 2021. An additional 50 GW is 
under installation and 27 GW is under tendering. 
India has also enhanced its ambition to install 
450 GW of renewable energy capacity by 2030.  
Prime Minister Modi in his national statement 
at the COP26 Summit in Glasgow announced 
that India will reach its non-fossil fuel energy 
capacity to 500 GW by 2030.134 More than US$ 
42 billion has been invested in India’s RE sector 
since 2014. New investment in clean energy in 
the country reached US$ 11.1 billion in 2018. 
According to the analytics firm British Business 
Energy, India ranked 3rd globally in terms of 
its RE investments and plans in 2020”, IBEF, 
October 2021.135

‘The renewable energy (RE) space in India 
has become highly attractive for investors 
and received FDI inflow of US$ 10.02 billion 
between April 2000 and March 2021.’ ‘In March 
2021, Actis announced to invest US$ 850 million 
in India to develop two RE platforms, one for 
grid-connected solar and wind power parks 

and the other for commercial and industrial 
(C&I) market. By 2028, India can see investment 
worth US$ 500 billion in RE. In March 2021, 
the US Agency for International Development 
(USAID) and the US International Development 
Finance Corporation (DFC) reported a loan 
guarantee programme worth US$ 41 million to 
support Indian SME investments in RE”, (IBEF), 
July 2021.136

Though reaching 100 GW is commendable, 
the pace needs to be ramped up to reach the 
target of 175 GW installation by 2022. Between 
January and June, only 1GW of renewable 
energy capacity was installed on an average 
every month, according to data released by 
the Central Electricity Authority (CEA). The 
target for installing solar power by March 
2023 is 100 GW - 40 GW rooftop solar and 60 
GW ground-mounted utility scale. Out of this 
only 43.94 GW have been installed till July 31, 
2021, according to the CEA data.  The progress 
in installing rooftop solar installation has been 
particularly slow at 7GW till December 2020, 
according to Bridge to India, a renewable 
energy consultancy. This means that the 
country only has 19 months to install 75GW if 
we need to achieve target in 2022-2023. This 
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Image: VIF India.
Data Source: DPIIT, Ministry of New & Renewable Energy (MNRE), Multiple News Articles

would entail that we install approx. 4 GW of 
renewable energy per month, as against the 
current pace of 1 GW in six months. 

In order to reach a target of 450GW by 2030, 
we need to install remaining 350GW renewable 

energy at the rate of approx. 3 GW per month. 
While there is need to accelerate the pace, 
the investment in clean energy has shown a 
downward trend. 

FDI has been a small part of investment in 
renewable sector in India:

Table 12. Major FDI Investments in Renewable Energy Sector

Indian Company Foreign Collaborator Country FDI Equity Inflow  
(US$ mn)

AREVA Solar India Pvt Ltd. AREVA Solar Inc. USA 31.53

OSTRO Energy Pvt Ltd. OSTRO Renewal Power Limited Mauritius 32.21

WELSPUN Renewables Energy Pvt Ltd. DEG-DEUTSCHE-Investitions Und-Entwicklun Germany 32.5

RKM POWERGEN Pvt Ltd. ENERK International Holdings Ltd. Seychelles 32.5

BLP Energy Pvt. Ltd. ENEL Green Power Development B.V. Netherlands 32.61

Lalpur Wind Energy Pvt. Ltd. ORIX Corporation Japan 37.75

Diligent Power Pvt. Ltd. AIRRO Singapore Pte Ltd. Singapore 41.07

Renew Power Ventures Pvt. Ltd. Asian Development Bank Philippines 44.69

Avaada Energy Pvt Ltd. Asian Development Bank India 50
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The withdrawal of FIT (Feed-in-Tariff) has 
impacted the wind power sector especially. 
The capacity addition fell from a record high of 
5,500 MW in 2017-18 to 1523 to 1523 MW in 2019-
20. While the falling tariff makes renewable 
energy a success story, it has led to squeeze on 
profits both for operators as well as equipment 
suppliers like Suzlon. What has added to the 
uncertainty of the investors is ‘tariff-shopping’, 
where DISCOMs have cancelled existing PPAs 
(Power Purchase Agreements) to take advantage 
of lower tariffs. There is a need perhaps to 
review the working of reverse auction bid. In 
order to attract sufficient investment in this key 
sector, the investor confidence and health of 
the DISCOMs must be maintained. 

Green Energy Corridor

The Green Energy Corridor Project aims at 
synchronizing electricity produced from 
renewable sources, such as solar and wind, 
with conventional power stations in the grid. 
For evacuation of large-scale renewable energy, 
Intra State Transmission System (InSTS) project 
was sanctioned by the Ministry in 2015-16. It is 
being implemented by eight renewable-rich 
states of Tamil Nadu, Rajasthan, Karnataka, 
Andhra Pradesh, Maharashtra, Gujarat, 
Himachal Pradesh, and Madhya Pradesh. The 
project is being implemented in these states 
by the respective State Transmission Utilities 
(STUs).

Image: VIF, India
Data	Source:	Mint	Article,	“How	wind	market	disruption	drove	Suzlon	to	financial	ruin”,	19th	July	2019.	https://www.
livemint.com/market/mark-to-market/how-wind-market-disruption-drove-suzlon-to-financial-ruin-1563513801899.
html 
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The project includes approximately 9400 
ckm transmission lines and substations of a total 
capacity of 19000 MVA to be completed by March 
2020. The purpose is to evacuate 20,000 MW of 
large-scale renewable power and improvement 
of the grid in the implementing states. The total 
project cost is Rs. 10141 crores. The funding 
mechanism consists of 40% Government of 
India Grant (total Rs. 4056.67 crores), 20% state 
equity and 40% loan from KfW, Germany (500 
million EUR). The Central grant is disbursed in 
two instalments to the STUs: a) 70% advance on 
the award of contract, and b) balance 30% after 
successful commissioning and three months of 
performance testing.137

Increase in Tariff on solar equipment 
imported from China

India’s decision  to impose duty on solar cell 
and solar panel will increase overall project 
cost in solar industry According to India 
Ratings and Research Ltd. “The increase in 
tariffs will increase power purchase costs 
for solar off-takers by Rs 900 crore annually, 
considering that around 10GW of solar capacity 
will come on stream in the next 12 months,” 
Asmita Pant, senior analyst at India Ratings, 
said in a research note on March 23. “This 
amount will keep on increasing exponentially 
with the commissioning of new projects, 
till the duty is in place or import costs and 
cost of local manufacturing achieve parity.” 
“This may also affect the government’s plan to 
achieve the targeted solar capacity of 280GW 
by 2030,” Pant said. India plans to levy a 40% 
customs duty on the import of solar modules 
from April 1, 2022, as it seeks to reduce 
dependence on foreign supplies and boost 
manufacturing. The proposal, already approved 

by the finance ministry, also includes a 25% 
duty on the import of solar cells. The duty 
will also apply to projects that have already 
been bid and will be commissioned after April 
2022.138

India Ratings said existing solar tariffs are 
lower than the average purchase cost for most 
state power distribution companies, making it 
an attractive proposition. “However, an increase 
in solar tariffs due to basic customs duty may 
lead to increase in the average pooled power 
purchase cost of solar power for the discoms, 
reducing the overall inclination of power off-
takers towards solar projects

Solar power PPA cancellation 

PPAS of 19 GW of renewable energy capacity 
tender by SECI (Solar Energy Corporation 
India) are yet to be signed by DISCOM. This 
situation is having an adverse impact on the 
morale of project developers and investors and 
is slowing overall progress on renewable energy 
installation, said IEEFA energy economist 
and briefing note co-author Vibhuti Garg. The 
missing link of PPAs affects the entire value 
chain. For example, without the assurance of 
the offtake of power for auctioned renewable 
energy projects, it becomes virtually impossible 
for developers to secure debt financing.

In 2020, we saw solar tariffs hit a record 
low of INR1.99/kWh, said JMK Research 
founder and briefing note co-author Jyoti 
Gulia. “Discoms are anticipating that solar 
module prices will decline further, leading to 
a reduction in future solar auction tariffs, so 
they are delaying signing PSAs [power supply 
agreements] at higher prices, according to 
portal PRAAPTI (Payment Ratification and 
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Analysis in Power procurement for bringing 
Transparency in Invoicing of generators), the 
overdue outstanding of the discoms toward non-
conventional or renewable energy generators is 
Rs 5,590 crore in October this year. However, On 
March 9, 2021, the Ministry of Finance approved 
the imposition of 25 per cent basic customs 
duty on solar cells and 40 per cent on solar 
modules (BCD). The BCD, which will become 
effective from April 1, 2022, forms part of the 
series of decisions taken by the Government of 
India (GoI) to give an impetus to domestic solar 
equipment manufacturers.139

PPA of solar with Battery storage 
energy system

In recent tender 1200MW with 50/100 awarded 
by SECI Greenko Group with 900(MW) and 
Renew Power with 300 MW bag Solar Energy 
Corporation of India (SECI) reverse auction 
for the world’s largest renewable energy cum 
storage power purchase tender. The tender 
was for 1200 MW with 600 MW assured supply 
for 6 hours daily during peak demand hours 
was oversubscribed. The renewable energy 
generated from this tender will be capable of 
meeting high Peake demand. 

CEA Report: Battery Energy Storage 
Systems

The CEA report on Optimal Generation capacity 
Mix for 2029-30 mentions:

‘The cost of Battery Energy Storage 
system has been estimated after consultation 
with the various battery manufactures/
suppliers. The cost of battery energy 
storage system considered in the model 
includes cost of battery, inverter, Battery 
and Energy Management Systems and other 

costs (cabling and installation costs). The 
size of the battery estimated by the model 
is based on 100% depth of discharge. The 
actual size of the battery catering to 80% 
depth of discharge may be more by 25%. 
For modelling purpose, the capital cost of 
the battery has been increased by 25% to 
account for the 80% depth of discharge. The 
cost trajectory for battery energy storage 
system is assumed to be reducing uniformly 
from `7 Cr in 2021-22 to `4.3 Cr in 2029-30 for 
a 4-hour battery system which also includes 
an additional cost of 25% due to depth of 
discharge. The O&M cost for the battery 
energy storage system has been considered 
as 2%’.140 

The reason for optimism for such  
a steep fall in battery costs is not clear.

The CEA report also mentions: 

‘India has a large fleet of existing pithead 
coal power plants, which provide quite cheap 
electricity. In view of incoherence between 
peak demand and RE peak generation, 
hydro and flexible coal plants can provide 
the essential support for grid stability.’ 

However, CEA report does not 
mention cost of this option.

Renewable energy incentives in India
Indian renewable power generation initiated in 
the 1990s but the deployment caught acceleration 
only after the formation of the Electricity Act 
2003 (EA’03), National Electricity Policy 2005 
and National Tariff Policy 2006. These policies 
were having an exceptionally influential impact 
on renewable power generation projects and 
since then they have exhibited tremendous 
growth every year especially after 2010. 

The policy framework for the wind and solar 
energy projects is similar up to a certain extent 
due to having same form of output as electrical 



62 India’s Energy Transition in a Carbon-Constrained World: The Role of Nuclear Power

energy. There are also some technology-
specific provisions due to the diversity of 
power generation systems. Table 1 depicts the 
technology specific Indian policy framework 
for wind and solar power generation. Currently, 
Indian government is providing the AD policy 
by allowing 40% depreciation each year, which 

was started in 2014 with the provision of 80% 
and was reduced to current level in 2017. The 
reduction in depreciation allowance is the 
indicator of the betterment of financial scenario 
from the perspective of RE power generation. 
Additional prominent policies are: RPO, FIT, 
PPA and wheeling facility (Refer Table 13).

Table 13. : Indian policy framework indicating the specific policies, their history and  
current status for wind and solar energy

Policy Framework Wind Solar

Accelerated Depreciation (AD)

The Government of India allows renewable 
(including wind and solar) projects to 
depreciate a certain amount in the first 
year

• Announced in mid 1990s; 
Terminated in 2012; Reinstated in 
2014141; last Amended 2017 142.

• Depreciation up to 80 % in the 
first year until March 2017, from 
April 2017 it has been reduced to 
40%. 

• Announced in the mid-1990s; 
Reinstated in 2017.

• Depreciation up to 80 % in the first 
year till April 2017143; after that, it 
is up to 40% in the first year144.

Generation Based Incentive (GBI)

The Government of India offered GBI as an 
alternative to AD policy

• Announced in 2009; Terminated 
in 2012; Reinstated in 2013.

• `0.5/kWh additional payment 
above FIT, subject to cumulative 
of `10 million/MW of installed 
capacity145. 

• Announced in 2009; Not active 
now146. 

• Active only for Rooftop PV & Small 
Solar Power Generation Program 
(RPSSGP) and Demo solar plants.

Feed-In Tariff (FIT)

FIT is the rate at which the generated 
electricity will be sold during the purchase 
agreement

Announced in 2009; Revised in 2010147. Not Active now and the Reverse 
Auctions took over.

Annual Power Purchase Cost (APPC) • State-specific; but a petition for APPC calculation also declared time to 
time by Central Electricity Regulatory Commission (CERC)148

• APPC Values: `3.40/kWh (2016), `3.48/kWh (2017), `3.53/kWh (2018)

Renewable Energy Certification (REC)

REC is a market based tool to tackle the 
inequality of demand-supply. Developers 
have to choose any one from FIT  and 
REC.

• Announced in 2011 by CERC; proposed to be removed by Ministry of 
Power149.

• Forbearance Price of one REC is `1000/MWh for both solar and non-solar 
RE sources (w.e.f. 1st July 2020)

Renewable Purchase Obligation (RPO)

RPO is the percentage target of power 
generation through the renewable energy 
sources during each year announced by 
state and central governments

First introduced by Maharashtra in 2004; Announced in National Tariff Policy 
in 2006; declared by state & central government

Income Tax Exemption / Tax Holiday

The Government of India used to allow 
100% tax waiver on profits

• Announced in 2002; Expired in March 2013; Reinstated.
• Firms are exempted from the payment of income tax on profits from power 

generation for the first 10 years of their operation 150
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Policy Framework Wind Solar

Excise and Custom duty benefits • Announced in 2002.

• Wind turbine rotors and controllers are fully free from excise duty. Custom 
duty lowered by 2.5-5%.

Wheeling Charges

Wheeling charges are the additional 
charges to utilize the power at other than 
the generation place

Decided by State Electricity Regulatory Commissions (SERCs) independently 
for each state

Banking Not effective now due to the application of 2% charges

Clean Development Mechanism (CDM)

The allowance given to the project 
developers register their project for 
participating in the Certified Emission 
Reductions (CER)

• Announced in 2005.

• Project developers are free to participate in Certified Emission Reduction 
(CER).

Viability Gap Funding (VGF)

VGF is the amount of funding support given 
to the project developers to bridge the gap 
between availability and requirement of 
the capital investment 

No VGF is available for wind power 
generation 

• Announced under Phase 2, Batch 
1 of the National Solar Mission 
(NSM) 2009.

• Capital subsidy in instalments 
with an upper limit of 30% 
of project or `25 million/MW, 
whichever is lower (The exact 
amount is decided through 
Reverse Bidding).

Interest Rate Subsidy This central Policy does not exist for power generation of any kind, but MOP 
provides interest rate subsidy of 3 % for 14 years under the National Electricity 
Fund to power distribution utilities 

Reduced Cost Loan (Debt) • The central government has discussed the policy but has not announced 
yet.

• The probable interest rate of 4.5% instead of 7.83%.

Extended Tenure Debt • This federal policy is under consideration for National Wind Energy 
Mission.

• Under the policy government may provide a loan at 12.3% for 18 years 
instead of 10 years.

As the share of renewables in the power grid 
goes up, there will be corresponding increase 
in the need for ‘flexibility’ in power generation. 
This is currently provided  by ramping up and 
down coal power plants. Peaking power could 
also be supplied by gas based power plants. At 

present India has 25 GW of gas-based power 
plants, that are operating at low PLF of 24 % 
due to lack of availability of domestic gas.  They 
cannot absorb expensive imported gas. These 
can be used for supplying  peaking power to 
renewables bringing down carbon footprint.

Table 13 continued. 



Chapter 7 : Solar Power: Challenge of Building 
Capacity and Reduce Import Dependence

The present IPCC (2021) report has reiterated 
the relevance of climate change studies 

and adoption to clean energy technologies. 
India has decided to ramp up renewable power. 
This requires a shift from fuel rich technology 
to mineral rich technology. The clean energy 
sources use more metals than hydrocarbon 
based sources.151 For example, an electric car 
uses six times more metals than a normal car. 
Also, solar and wind devices use a number 
metals. At present, solar power uses 0.7Mt of 
metals which is expected to rise to 3.3 Mt in NZE 
2050 scenario.152 The IEA report on Rare Earth 
Elements (REE) provides a detailed information 
about metals and trends of REE and their future 
consumption in energy sector. REE are needed 
for permanent magnates used in EVs and wind 
turbines. Usage of lithium will be more for 
batteries as compared to the present usage for 
consumer electronics. Similarly, more nickel 
will be used for batteries than stainless steel by 
2040.  Around 90% of REE and 50-70% of nickel 
processing is done by the Chinese companies.153 

This translates that expansion of solar and 

wind energy sources will have severe import 
dependency in future.  

India has been proactive nation to 
accelerate clean energy actions especially in 
the solar and wind energy production. There is 
a noticeable increase in solar power capacity 
of India. The annual production of solar power 
is increased from 1.9 GW in 2015 to 9.3 GW in 
2019.154 The Production Linked Incentives 
(PLI) scheme which was launched in 2020 has 
helped in increasing the domestic production 
of solar photovoltaic modules and advanced 
chemistry cell storage batteries. Government 
plans to achieve 114 GW solar power by 2022 
which is a bit challenging due to COVID-19 
shutdown.155 Moreover, the raw material used 
in the production of solar cells is not available 
in the country. Silica is the major raw material. 
`India does not have any known deposits of 
silica suitable for producing solar panels’. This 
has been accepted by GOI in the parliament in 
March 2021.156 Presently, solar panel market is 
dominated by China as it has large capacity for 
silica refining and silica wafers production. 
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Hence, the major hurdles are the raw 
material and electricity need to manufacture 
the solar devices. The solar energy device 
needs four modules- i). Photovoltaic cell, ii). 
Solar Photovoltaic module, iii). Polysilicon 
wafers and iv). Battery module. One MW solar 
power requires around 3000 solar modules.157 
Presently, we rely on import of these modules 
primarily from China (80%).158 As mentioned 
earlier, the solar cell and battery manufacturing 
needs a number of minerals and metals as 
followed- i). silica, selenium, indium, tellurium, 
molybdenum, gallium, tin, germanium for 
solar cells, ii). silver and titanium dioxide, 
iron for solar panel, and iii). cadmium and 
copper for wiring & thin film, and iv).  lead for 
batteries.159 It also needs electricity to produce 
these metals and spares. It is important to note 
that the production of solar panel in factories 
needs more electricity than they produce on 
installation. 

The description about important metals and 
minerals required in the solar power generation 
is given below:

Silica 

In fact, solar panel needs thinly cut wafers of 
crystalline silica of 99.99999% purity which are 
achieved by purifying the metallurgical grade 
silica (MGS). Quartz is the source of MGS which 
is achieved by removing oxygen from the quartz 
by heating in an electric arc furnace. Its exposure 
to hydrochloric acid and copper, trichlorosilane 
gas is produced which is treated with hydrogen 
resulting in silane gas. Then molten silicon is 
manufactured from this silane gas followed 
by its doping with phosphorous and boron to 
make a semiconductor. This material is cut into 

wafers and is used in solar cells. At present, no 
company is making silicon wafers in India.160

Lead 

95% of the lead is extracted from three minerals 
i.e. galena (PbS) cerussite (PbCO3) and anglesite 
(PbSO4). Australia, China, Peru, Mexico and 
United States are the top Lead reserve countries. 
In spite of 2nd rank, China was the top Lead 
producer in 2020. India has only around 3% 
share in total global lead deposits, mostly 
mines located in Rajasthan, Andhra Pradesh, 
Jharkhand, Madhya Pradesh. 161

Titanium 

China, South Africa, Australia and Canada 
are the top producers of TiO2. India imports 
Titanium from Korea, China, Germany and 
Japan. 

Tellurium  

Tellurium is used for making thin film in solar 
cell manufacturing.  When it is alloyed with 
cadmium, it forms a compound having high 
electrical conductivity and such a thin film 
can absorb sunlight effectively for electricity 
conversion. The primary producers of tellurium 
are Sweden, Japan, Russia, China, the United 
States, and Peru. 

Selenium 

Selenium is mostly imported from Japan, 
Canada, United States and Belgium.  So likewise 
other metals are also imported. 

Other factors impacting solar energy 
production negatively, include- i). Carbon-dust 
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deposition on panels: The atmosphere in Indian 
region is full of mineral dust. In urban areas, the 
dust is mixed with the carbon particles emitted by 
automobiles, industries and other combustion 
sources. It is reported that around 3.6 kgC/ha 
per year carbon rich dust is deposited through 
sedimentation in Delhi.162 The deposition of 
blackish dust may affect conversion efficiency 
significantly.163 and ii). Reduction in incoming 
solar radiation: The carbon rich dust creates 
haze affecting the intensity of incoming solar 
light further reducing the efficiency of cell. 
Moreover, the cloud cover also affects incoming 
radiation and so the charging of batteries will 
be another problem especially during monsoon 

season. This may be overcome by using solar-
wind hybrid source. 

In a nutshell, we are heavily dependent on 
imports for all necessary raw material needed in 
generating solar energy. In order to implement 
Paris agreement, the clean energy targets would 
require six times more minerals in 2040 than at 
present. We need to increase in house mineral 
processing many fold. We also need to work 
for hydrogen energy and increase our nuclear 
power capacity to supply electricity as well as 
electrolysis for hydrogen production. This will 
help by diversifying our dependence on the 
available sources in energy sector. 



Chapter 8 : India’s Energy Security and Role of 
Nuclear Power

“The Biden Administration maintains 
the United States’ decades long commitment 
to advancing nuclear energy as a solution to 
the climate crisis at home and abroad.”

–John Kerry, US Presidential Envoy  
for Climate Change

Energy security encompasses the 
capabilities of economies to guarantee the 

uninterrupted supply of energy in a sustainable 
and timely manner, with the energy price 
being at a level that will not adversely effect 
economic performance.164 In a bid to achieve 
energy security, there is an increased risk of an 
escalation in GHG emissions which are projected 
to have the second highest increase in annual 
share in 2021. If emissions continue to rise at 
given levels, the globe can see an increase of 2.7 
degrees in the coming years and energy security 
while attempting to curb such emissions is 
likely to become a bigger challenge. Overcoming 
the challenges of climate change owing to the 
nexus between climate mitigation and energy 
security, requires a radical change in the way 
countries produce, transform and use energy165. 

This is especially true in cases where fossil-fuel 
based production is a major component of the 
energy mix. Moreover, energy costs are likely 
to go up because of a sharp increase in carbon 
prices.

In India, where energy production (coal 
being predominant in the current energy mix) is 
linked to the developmental pathway, it becomes 
imperative to look for alternative sources in 
keeping with climate mitigation expectations. 
India is seeking an ambitious renewable energy 
program aiming to achieve 450 GW of renewable 
energy capacity by 2030. However, with their 
intermittent nature and import-dependence, 
especially for solar modules, nuclear power 
can prove to be a good a source of low-carbon 
generating base load power. Even though 
India has sought to increase its nuclear power 
capacity to 22,480 MW by 2031, at present it 
accounts for only 1.8% of total energy mix. 

Generation of electricity through fission 
has been known to eliminate the release of 
byproducts that are emitted by fossil-fuel 
based generation significantly. According to 
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the Nuclear Energy Institute, the United States 
of America avoided more that 476 metric tonnes 
of CO2 emissions in 2019 due to nuclear power 
generation166. France is one of the EU’s best 
performers in terms of per capita emissions 
that have seen a continuous downward curve 
in emission rates. This is mainly attributed to 
the country’s extensive nuclear capacity, which 
ensures a steady generation of CO2 free power. 
Besides, the role of nuclear power has been 
central in establishing guidelines for energy 
policy and security in France.167 

As per the DAE, in India, average Life 
Cycle GHG Emissions for solar are 50 grams of 
CO2 equivalent/kWhr as compared to that of 
nuclear energy which is much less at 14 grams 
of CO2 equivalent/kWhr168. The IPCC report on 
examining pathways to limit global warming 
recognizes that shares of nuclear are modeled 
to increase in most 1.5o pathways with no 
or limited overshoot169. The United States of 
America in its National Statement to the IAEA 
has acknowledged that nuclear technologies 
can contribute to sustainable development 
which includes exploring safe and secure 
nuclear energy in the energy mix.170

The IEA report on Net Zero by 2050 estimates 
that nuclear electricity generation will have to 
double between 2020 and 2050 to achieve the 
cumulative net-zero targets. By the 2030’s the 
global nuclear capacity will have to increase to 
30 GWs per year.171 The IAEA’s estimates after 
a detailed bottoms-up analysis of countries, 
indicate a level of 550 GW of new capacity by 
2050.172

There are some pertinent findings available 
from an OECD report titled “The Cost of 
Decarbonization: Systems Costs with High Share 
of Nuclear and Renewables” and the MIT report 

on the “Future of Nuclear Energy in a Carbon 
Constrained World” in support of nuclear 
technology to address the decarbonization 
targets.

The OECD Report

The OECD report states that the costs of 
achieving deeper decarbonization goals 
increase over-proportionally with their share 
in the system when decarbonization is done 
by means of VRE as compared to when done 
by nuclear.173 For example, reduction in carbon 
content from 100 to 50 g/kWh with VRE will be 
more expensive using VRE than with nuclear 
power and the increase in system costs are over-
proportional to their share in the system.

The MIT Report

The MIT 2018 report on the “Future of Nuclear 
Power in a Carbon Constrained world” also 
corroborates the findings similar to that of the 
OECD. It acknowledges that in the absence 
of nuclear power, the cost of achieving 
deep decarbonization targets increase 
significantly174. Their analysis shows that while 
various combinations of low and zero carbon 
technologies can be deployed to mitigate 
the carbonization, nuclear technology can 
make substantial contribution towards deep 
decarbonization. 

Without the nuclear share in the energy mix, 
the cost of achieving the deep decarbonization 
targets increase significantly. 

The noteworthy aspects are:

— The average generation costs increase 
with energy portfolios without nuclear 
energy (such as variable renewable 
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energy technologies) as compared to 
those which include nuclear energy 
and are impacted significantly with 
the stringent decarbonization targets. 
For an emission target of 1 g-co2/kwh, 
with lower overnight capital cost of 
nuclear technology ($4100/kWe in 
2050), the average generation costs of 
electricity ($/MWhe) almost reduce to 
half the level of that of the costs with 
no inclusion of nuclear technology. The 
significant escalation for deep reduction 
in emissions without nuclear, is ascribed 
mainly to the additional build-out and 
cost of energy storage, a necessity in 
case of VRE. 

— The impact of overnight capital cost of 
nuclear technology (whether nominal 
($5500 / kWe in 2050) or low overnight 
costs) on the average system costs to 
achieve deep decarbonization is very 
insignificant as compared the impact 
an energy portfolio without nuclear 
technology has on the average system 
cost, to achieve the same emission 
targets. 

— The share of nuclear installed capacity 
can increase significantly with the low 
capital cost nuclear technology and play 
an important role in achieving higher 
emission targets.175

The study considers two different technology 
pathways to achieve decarbonization in the US 
with carbon emission ranging from 400gCO2/
kWh to 1gCO2/kWh: the first set of pathways 
relying exclusively on renewable technologies 
(wind, solar and hydro resources) as well as on 
battery storage, while the 2nd set with nuclear 

power added to the first pathways. Addition of 
nuclear changes the average generation cost in 
the same proportion as its share in the energy 
mix. 

It shows that:

— The average electricity price increases 
significantly with only VRE share in the 
energy mix and the increase is steep as 
the carbon constraints become more 
stringent. Excluding the deployment of 
nuclear resources, noticeably increases 
systems costs because it necessitates 
the deployment of less efficient forms of 
generation and energy storage to backup 
intermittent renewables. This effect is 
most pronounced at carbon emission 
targets below 50 gCO2/kWh (i.e., at 10 
gCO2/kWh and 1 gCO2/kWh). 

— With a renewable only solution, the 
cost of energy generation becomes 
disproportionately high, where as 
addition of nuclear to this makes 
the cost of generation proportionate 
with stringent carbon constraints. For 
example, with nuclear, to reduce the 
emissions from says 200 gCO2/kWh up to 
15gCO2/kWh generation cost increases 
only by 28-35% whereas to achieve the 
same emission targets, the average cost 
increases by almost 100 to 170% if only 
VRE is used. 

— An interesting observation is made on 
impact of nuclear energy on carbon 
reduction costs: The cost of reduction in 
carbon emissions with nuclear energy as 
part of the mix is one order of magnitude 
lower than the cost to achieve the same 
emission reduction with VRE alone.
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— With the increase in carbon constraints, 
share of nuclear energy in the optimal 
mix increases. The optimal mix however 
is dependent on locational behaviours 
because certain regions are less 
favourable to renewable resources as 
compared to others. 

The study thus concluded that:

—  Diversity of energy sources drives down 
the total costs of energy in a low carbon 
system. Without the contribution of 
nuclear, the costs to the society to achieve 
deeper decarbonization are higher.

— Optimal generation mix is affected by 
the favorability of the locations to the 
renewable energy generation resources 
(RES). The decarbonization targets 
however can change the optimal mix 
drastically meaning the share of say 
RES including the mix of say wind and 
solar, will be different in RES favorable 
locations than in less favorable locations. 
This can lead to also the increased share 
of nuclear in less favorable locations 
in the optimal mix and the impact is 
much higher under stringent carbon 
constraint targets. Thus, some targets 
may yield an optimal mix with a share 
of particular technology higher or lower, 
under more stringent targets for different 
locations. Therefore, it is important 
that decarbonization policies are not 
based on specific shares of low-carbon 
resources in the mix but rather on the 
ambitious CO2 reduction goals.176

Thus it can be summarized that the inclusion 
of nuclear power in the generation mix would 

enable reductions in cost of generation in 
keeping with deep decarbonization scenarios.

Lower Emissions

Merits of nuclear power over fossil can be 
further corroborated with the fact that replacing 
just one percentage of coal power with nuclear 
generation would reduce annual emissions by 
100 Mt CO2. Emissions would further reduce by 
2 Gt of CO2 (15% of power sector generations) if 
20% of coal were to be replaced with 250 GW of 
nuclear power.177

Today, the fleet of nuclear power plants 
has enabled the reduction of carbon emissions 
by 10%.178 This brings into focus the necessity 
that nuclear power should be given a level 
playing field with respect to other low-carbon 
generation sources. This can be facilitated by 
decarbonization policies that include the value 
of reducing emissions that are external to the 
market. It would also call for the regulatory 
framework to include carbon-pricing as an 
instrument to support low-carbon energy 
sources and allow nuclear a competitive playing 
field.178 

In terms of operating costs of existing 
nuclear power plants, they are lower than 
almost all fossil-fuel competitors, with a low 
risk of operating cost inflation as plants are 
expected to operate for almost 60 years or 
longer.180 The system costs of making supply 
meet the demand from the grid is minimal with 
dispatchable sources like nuclear, but becomes 
a factor where intermittent renewables whose 
output depends on the availability of wind 
or solar exist. When the share of renewables 
exceeds a nominal proportion, the system costs 
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increase and exceed the generation costs from 
these sources.181 VRE’s demand higher backup, 
grid connection and reinforcement costs.182 
While it is true that low-carbon technologies, 
predominantly VRE’s are expected to deliver 
high shares of decarbonization, nuclear power 
can complement and integrate the large share 
of renewable generation by ensuring energy 
supply and dispatchability.183

A study on UK’s transition to a net zero 
economy established that the combination 
of nuclear power with other renewables and 
hydrogen is required to decarbonize the country 
and reducing the dependence on fossil-fuels.184

The UK Government has recognized the role 
of nuclear power as part of its newly published 
strategy on achieving net zero targets by 2050. 
The paper titled “Net Zero Strategy: Build Back 
Greener”, states securing a final investment 
decision on a large-scale nuclear plant by 
the end of this Parliament, and launching a 
new £120 million Future Nuclear Enabling 
Fund, retaining options for future nuclear 
technologies, including Small Modular Reactors 
and potentially Advanced Modular Reactors 
as a key policy for the power sector within the 
net zero strategy. It reiterates point 3 of the 
Prime Ministers 10-point plan on delivering 
new and advanced nuclear power by outlining 
an investment plan of £385 million Advanced 
Nuclear Fund to enable up to £215 million 
into Small Modular Reactors and £170 million 
for a R&D Programme on Advanced Modular 
Reactors. Besides, the UK plans to establish 
a Regulated Asset Base model to fund new 
nuclear projects at a low capital cost. The paper 
endorses that intermittent renewables need to 
be complemented by known technologies such 

as nuclear and power CCUS to ensure system 
reliability.185

In terms of economic sustainability, 
investment in nuclear power is found to generate 
a larger economic impact in comparison with 
the other sources of generation. According to a 
recent IMF study, spending on nuclear energy 
can crowd-in investment stimulating parts of 
the economy, “leading to employment of both 
high and lower skilled resources” more than 
other low-emission sources.186

Nuclear power is now recognized as an 
essential component of industrialization in 
macroeconomic growth pathways, owing to its 
positive effects for electricity generation and 
price stability as explained above.  For example, 
the United Arab Emirates identifies the role of 
the deployment of nuclear power projects for 
industrialization as a key to achieving economic 
diversification away from oil/ gas extraction.187 

Nuclear Power and Hydrogen 
Economy

The use of hydrogen as an energy carrier to 
decarbonize economic sectors, particularly 
hard to abate ones is gaining momentum. 
India recently announced it National Hydrogen 
Mission with the aim to cut down emissions 
and has allocated a budget of Rs. 25 crore in 
its Union Budget 2021-22 supporting research 
and development in hydrogen energy.188 Given 
increasing demands for electricity, keeping in 
mind developmental targets and the need for 
cost-effective decarbonization, the consumption 
of hydrogen is bound to increase. Besides, 
hydrogen can be used for energy storage to 
overcome the difficulties in the effective function 
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of low carbon power systems using a significant 
share of VRE’s in the generation mix. 

Nuclear power is not only adept to 
decarbonizing electricity and heat production, 
but also enables the production of low-
carbon hydrogen on a massive scale and at 
an increasingly competitive cost.189 Hybrid 
hydrogen production technologies such as high 
temperature steam electrolysis (HTSE) and 
hybrid thermochemical cycles, require heat 
and electricity, both of which can be delivered 
via nuclear power, unlike photovoltaic solar 
or wind that can only generate electricity. This 
affords for nuclear power to take advantage of 
all hydrogen production technologies.190

Using nuclear power for electrolysis enables 
effective utilization of the electrolyzer, reducing 
the related capital costs.191 To achieve hydrogen 
production costs of about US $2–2.5/kg H2, the 
LCOE ought to be in the range of US $35–45 per 
MWh, much lower than projections for new 
nuclear power plants across countries. However, 
such costs can be achieved with lifetime 
extensions of existing reactors and may enable 
existing plants to diversify their revenues.192 
Additionally, nuclear power can provide an 
added revenue stream to the existing nuclear 
fleet as hydrogen production via nuclear can 
allow utilities to run the plant at full output. 
This would enable to keep the aging reactors in 
some economies online.193

Comparative tariff of Nuclear with 
Renewable

The tariff for renewables has been falling. 
However, this does not reflect balancing cost 
or other elements of systems cost. If this is 
factored in, nuclear tariff is competitive. The 

average nuclear power tariff for 2019 at Rs. 3.47 
per unit compares favorably with the tariff for 
renewable + storage solution, which stood at 
Rs. 4.04 per unit in case of Greenco and Rs. 4.30 
per unit in case of Renew Power.

Land Foot-print

Additionally, the land footprint of nuclear power 
is much smaller that those of other renewables 
and produces the minimum amount of waste.194 
In India, a precautionary, high-side land use 
estimate for net-zero in 2050 is between 50,000 
and 75,000 km2 for solar, and for wind 15,000-
20,000 km2 (total project area) or 1,500-2,000 
km2 (direct impact).195 These elements also 
factor in the costs of generation. Moreover, the 
value deflation because of intermittency and 
land usage impacts of renewables coupled 
with increasing fossil fuel generation to 
meet post-pandemic demands has led to the 
highest increase in electricity prices, even 
in developed economies.196 Thus an optimal 
nuclear – renewable energy mix is vital to offset 
the increment in generation costs due to the 
intermittent nature of renewables. 

Besides, as fossil fuel generators begin to 
incur real costs associated with their impact on 
the climate through carbon taxes or emissions 
trading regimes, the competitiveness of new 
nuclear plants will improve. This is particularly 
so where comparison is being made with coal-
fired plants, but, it also applies, to a lesser extent 
to gas-fired equivalents. The studies in the EU 
and the US have shown that loading external 
costs could improve the competitiveness of 
nuclear over other forms of energy.197

Moreover, the modular fabrication of the 
small modular nuclear reactors (under 300 
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MWe) is intended to make them cheaper, safer 
and easier to install than conventional nuclear 
power plants. There is also the possibility 
of setting them up in the sites of old/retired 
thermal power stations to benefit from the 
existing infrastructure.198

Policy support available to the nuclear 
sector in the countries accepting 
nuclear as a carbon-free option

Countries are attempting to increase the share 
of non-fossil fuel based generation in an effort 
to achieve their climate goals. Prior to the 
pandemic, electricity generated from nuclear 
sources has increased for seven consecutive 
years and covers 10% of the total global 
generation.199 With its benefits of decreased 
costs of decarbonization, countries have 
adopted nuclear power in their energy mixes 
as a carbon-free option. Policy support to 
nuclear is therefore essential to help it realize 
its potential to achieve energy security. The 
following policy support is available to the 
nuclear sector in countries where it is a part of 
their energy basket:

a. United States of America: Though 
the country has the highest private 
sector participation in generation 
using nuclear power, the government is 
comprehensively involved in regulation, 
funding and setting energy security goals 
that are inclusive of nuclear energy. The 
Consolidated Appropriations Act, 2018 
includes over USD 1.2 billion support 
for the DOE Nuclear Energy programs 
and USD 992 million for the Nuclear 
Regulatory Commission. The bill also 
allows reactors entering service after 

December 2020 to qualify for tax credits 
and enables the US Secretary of Energy 
to allocate credits for up to 6000 MW(e) 
of new nuclear capacity which enters 
service after 1 January 2021.200 President 
Biden’s recent climate action plan 
promises to leverage the carbon-pollution 
free energy provided by existing sources 
like nuclear and hydropower, while 
ensuring those facilities meet robust 
and rigorous standards, for worker, 
public and environmental safety and 
justice.201 The administration’s focus will 
be on managing nuclear energy cost, 
safety and waste-disposal challenges. 
The climate plan also lists “reclaiming” 
domestic uranium mining as a goal.202 
The existing Advanced Research Projects 
Agency–Energy (ARPA-E) will be boosted 
with an ARPA-C agency for climate 
technology goals in particular. Within 
the ARPA-C initiative are “affordable, 
game-changing technologies to help 
America achieve our 100% clean energy 
target”, that include small modular 
reactors at “half the construction cost of 
today’s reactors”.203

b. France: France has one of the highest 
shares of nuclear energy with more that 
70% of its electricity being generated 
from it. The role of nuclear power was 
central to the law that established the 
guidelines for energy policy and security 
in 2005. France established the Nuclear 
Power Council in 2008 underlining the 
importance of nuclear technologies to 
France in terms of economic strength, 
notably power supply. It is chaired 
by the President and includes the 
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prime minister as well as the cabinet 
secretaries in charge of energy, foreign 
affairs, economy, industry, foreign trade, 
research and finance204. The energy 
policy revised in 2018, recognizes that 
nuclear energy will be the backbone of 
the French Energy Strategy with a 50% 
share in the energy mix in 2035.205

c. Japan: Japan’s 5th Basic Energy Plan 
presents nuclear power as “an important 
source contributing to the stability of the 
long term energy supply and demand 
structure” with an objective to increase 
the share of nuclear power to 20-22% 
in its energy mix by 2030.206 The draft 
energy policy released in 2021 retains the 
importance given to nuclear energy to 
support its decarbonization objectives.  
Following the Fukushima incident, Japan 
has incorporated several laws to continue 
to keep nuclear in the energy mix while 
addressing the safety concerns. Two 
prominent ones being – 1. the Reactor 
Regulation Act. The purpose is to ensure 
that the uses of nuclear source material, 
nuclear fuel material and reactors are 
limited to peaceful uses in accordance 
with the spirit of the Atomic Energy 
Basic Act, and also to provide necessary 
regulations on refining activities, 
fabricating and enrichment activities, 
interim storage activities, reprocessing 
activities and waste disposal activities, 
as well as on the installment and 
operation of reactors in order to prevent 
radioactive substances from being 
released at unsafe levels from nuclear 
facilities or installations, as a result of 
either a severe accident or a large scale 

natural disaster and 2. Designated Waste 
Final Disposal Act to prescribes the 
implementation of disposal procedures, 
a funding mechanism for disposal costs, 
and a systematic site selection process. 
Besides, Japan also has an Act on Special 
Measures Concerning Promotion of the 
Development of Nuclear Power Site 
Regions to promotes the development of 
regions where nuclear power plants are 
located by providing financial and other 
assistance, and protection against the 
spread of nuclear accidents.207

Policy support available in India to 
renewables, which may be extended 
to the nuclear the sector as well

India aims to achieve 175GW of renewable energy 
capacity by 2022 conforming to its commitments 
of climate mitigation. However, being an 
intermittent source of energy, renewables alone 
cannot provide base-load power critical to meet 
India’s energy demands. These demands can 
be met with the help of nuclear power which 
is a stable base-load power source. The growth 
in nuclear power can be facilitated with the 
extension of policy support that is currently 
available to renewables, which are as follows: 

1. Existence of Renewable Purchase 
Obligation (RPO) targets and Renewable 
Energy Certificates (RECs) provides 
support to the renewable energy sector. 
RPO’s may be converted in non-fossil fuel 
energy purchase obligation to include 
the nuclear power sector and facilitate it 
to meet its renewed targets.

2. Accelerated Depreciation may be 
extended to nuclear power investment. 
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In the US, tax code allows for accelerated 
depreciation of some form of nuclear 
power investment, by allowing assets 
in used in the construction of NPP’s to 
be depreciated over 15 years instead of 
20.208

3. Comparable incentives maybe provided 
to the nuclear power sector in lines with 
how renewable sources are exempted 
from interstate transmission charges 
and transmission losses for a period of 
25 years from the date of signing of the 
Power Purchase Agreement. 

4. To provide a level playing field the nuclear 
power sectors should be given the ‘must 
run’ status like the renewables receive 
in India. NPP’s run on a continuous 
basis and without the must run status, 
there will be a steep increase in tariffs to 
overcome high capital cost.209

5. Borrowing for nuclear power in India 
is at commercial rates. However, if 
finances are procured from the National 
Clean Energy and Environment Fund, a 
soft loan that solar energy in particular 
receives, the tariffs would come down 
drastically.210

Changes necessary in government 
policy to retain nuclear power as an 
option to meet future energy needs 
of the country and to support grid 
stability

India has now proposed its nuclear power 
capacity to increase to 22,480 MW by 2031, a 
significant increase from the previous aim of 

6,780 MW.211 Moreover, India has surpassed its 
target of atomic-power generation in the first 
quarter of FY 2021, exceeding the target of 10164 
million units (MUs) with an actual generation of 
11256 MUs.212 There has been a steady increase 
in the installed capacty from 2009-2017 as 
indicated in the graph below. 

Nuclear Power Installed Generation 
Capacity – India 2009-2019

If increased targets are to be met along with 
noteworthy achievements of atomic-power 
generation, they must be coupled with valid 
policy measures to retain the level of growth 
of nuclear power in keeping with the goal 
to reduce emissions and meet the future 
energy needs. The target for generation by the 
nuclear sector itself will have to be ramped 
up substantially. A recently released report by 
CEEW has recommended the share of nuclear 
to be increased to 68 GW by 2050 and 225 GW 
by 2075.213 India cannot abruptly phase out 
coal, which accounts for 71 percent of power 
generation. Germany itself is retaining Lignite 
as part of its energy basket till 2038. However, 
it will be difficult to increase the share of coal 
in India’s energy basket. Therefore, increase in 
India’s requirement for stable, base-load power 
will have to be met by nuclear energy. 

Financing

Increasing the share of nuclear power to meet 
renewed targets requires a considerable share 
of resources. Nuclear Power Plants are funded 
with a debt equity ratio of 70:30, with the equity 
funded via budgetary support and internal 
generation of reserves and debt funded via 
bonds and commercial borrowings, both short 
and long term from banks or the external sector 
on a limited scale. 
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Source: UNFCCC. (2021). India – Third Biennial Update Report to the UNFCCC.  https://unfccc.int/sites/default/
files/resource/INDIA_%20BUR-3_20.02.2021_High.pdf

It is estimated that an amount of 220,000 
crores will be required to complete ongoing 
projects over the next 10 years. In keeping with 
the debt equity ratio this would amount to Rs. 
150,000 as debt and Rs. 66,000 as equity.214  
With the added proposition of the Indian 
Government to increase nuclear power capacity 
to 22,480 MW by 2031, this estimate is likely to 
increase. 

In terms of its financial position, for the 
FY 2019-2020 the total assets of the NPCIL 
amounted to around Rs. 102,221 crores. Total 
liabilities amounted to Rs. 61,545 crores and 
net worth was reported as Rs. 39,900 crores.215  
It is therefore clear that the NPCIL’s internal 
accruals are not remotely sufficient to meet the 
financing requirements. This requires a series 
of measures on the governments part in terms 
of initiatives, for the NPCIL in terms of cost 

cutting and the timely supply of equipment for 
vendors.216

When the sun is not shining and the wind 
is not blowing, the share of renewable power 
has to be supplemented by fossil fuels. This 
is coal in case of India and gas in case of rich 
countries. The present generation of PHWR 
reactors cannot be ramped up and down, and 
in foreseeable future, this role will continue to 
be played by ramping up and down coal based 
power plants. However, as we are to lower 
carbon foot-prints, this role will also have to 
be taken up by nuclear power. This requires 
development of load following reactors by the 
NPCIL.

Rapid increase in nuclear power in India’s 
energy-mix is demanded by transition to 
low carbon economy. However, this needs 
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government support. The capital requirement 
of this magnitude cannot be met by internal 
generation. Under Atomic Energy Act, the 
nuclear sector continues to be in public sector. 
Unlike renewables, thermal or gas based power 
plants, there are severe limitations on raising 
money from the stock exchange. This places the 
nuclear sector at a disadvantage as compared 
to other modes of either the fossil fuel or the 
renewables sector. There is a need for the 
government to step in, unless this is opened 
to private sector for investment like in the US 
and EU. UK and UAE have also opened it up to 
FDI, even though the latter is rich in terms of 
capital resources as well as hydro-carbon fuel. 
Participation of foreign companies on BOT basis 
also ensures price discipline and risk-sharing 
on the part of the foreign vendor. 

Since it provides emission-free energy, it 
must be given parity in terms of incentives 
provided to the renewables. The most critical 
will be granting the nuclear sector ‘must-run’ 
status as provided to the renewables. Merit 
Order Despatch cannot be applied to the nuclear 
power sector. The heavy CAPEX requires long 

term price stability. This is an essential feature 
of government pricing policy in UK under 
Contract for Difference (CfD). 

IAEA Report – Nuclear Energy for a 
Net Zero World: Country Statements

Emissions reductions pathways comprise of 
two key elements to achieve decarbonization 
– widespread electrification of economies 
generated via low –carbon sources and 
deployment of low carbon energy carriers in 
hard to abate sectors of industry and transport. 
Nuclear power fits the criteria by being attributed 
as the power source with the lowest level of 
GHG emissions, round the clock availability, 
minimum land footprint, operational feasibility 
and versatility to decarbonize hard to abate 
activities.217

The following section provides excerpts 
from country statements published in a recent 
report by the IAEA titled Nuclear Energy for a 
Net Zero World, indicating the importance of 
nuclear power in the energy mix vis a vis its 
decarbonization merits. 
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“Nuclear energy is also an important part of Nuclear energy is also an important part of Canada’s non-
emitting energy mix.

It is clear that in order to achieve Canada’s ambitious climate targets by 2050, we must incorporate the use 
of all available sources of non-emitting energy and technology. That is why Canada, with a full spectrum 
of nuclear capabilities, innovative technology and expertise in low carbon and sustainable solutions, 
is ready to work w like-minded countries on the road to a just and clean transition that incorporates a 
diverse energy mix including nuclear energy.”

Jean-François Tremblay, Deputy Minister of Natural Resources, Canada

“As	a	clean,	 low-carbon	and	efficient	base-load	energy	source,	nuclear	power	plays	an	important	role	
in the achievement of the UN 2030 Agenda for Sustainable Development. It is also an important option 
for China to secure the energy supply, optimize the energy mix, and achieve the goals of peak carbon 
emissions and carbon neutrality.”

ZHANG Kejian, Chairman, China Atomic Energy Authority

“In Finland, nuclear power is an integral and growing part of our energy mix. Our national goal is to 
become climate neutral — net zero — by 2035, a task where we clearly need all available clean energy 
technologies.”

Riku Huttunen, Director-General, Energy,  
Ministry of Economic Affairs and Employment, Finland

“As the President of the French Republic Emmanuel Macron recalled in December 2020, nuclear power will 
be	an	essential	part	of	France’s	ecological	and	energy	future.	By	2035,	it	will	account	for	50%	of	electricity	
production,	along	with	renewables	whose	share	will	increase	to	reach	40%	by	2030	in	a	balanced	and	
resilient mix. France will continue modernizing and investing in the nuclear sector.”

Jean-Yves Le Drian, Minister for Europe and Foreign Affairs, France

“Nuclear power is a proven technology for decarbonization. To realize carbon neutrality, it is important 
to pursue every option, including nuclear power. Therefore, in addition to the further safety improvement 
of light- water reactors, it is necessary to proceed with R&D for nuclear power innovation by advanced 
technologies.”

KAJIYAMA Hiroshi, Minister of Economy, Trade and Industry, Japan
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“I am convinced that when building a clean energy system in 20 years and moving forward with the 
decarbonization goal, we must deploy all technologies — nuclear, solar, wind and hydrogen obtained 
therefrom.	The	introduction	of	nuclear	energy	will	allow	for	the	reliable	diversification	of	the	country’s	
energy mix. Last year, the Polish Council of Ministers updated the “Polish Nuclear Power Program” 
(PNPP).”

Michal Kurtyka, Minister of Climate and Environment, Poland

“Nuclear power is the major source of low-carbon electricity generation in our country. Its share in the 
electricity	generation	mix	is	more	than	20%.	Greenhouse	gas	emissions	from	nuclear	power	plants	(NPPs),	
throughout the entire life cycle, are close to those from wind power. NPPs in Russia prevent more than 
100	million	tonnes	of	carbon	dioxide	equivalent	emissions	annually	—	a	reduction	of	approximately	7%	
of total emissions in Russia.”

Ruslan Edelgeriev, Special Presidential Representative on Climate Issues and  
Adviser to the President, Russia

“Nuclear	power	continues	to	be	an	important	source	of	reliable	clean	electricity,	supplying	around	17%	of	
the electricity generated in the UK in 2019. It is an energy-dense technology which provides large volumes 
of power from a very small land area and can reduce system costs at low levels of emissions. But, with 
the	existing	nuclear	fleet	largely	retiring	over	the	next	decade,	we	are	taking	steps	to	maintain	nuclear’s	
important place in our energy mix.”

Greg Hands, Minister of State for Energy, Clean Growth and Climate Change,  
The United Kingdom

Source: IAEA. (2021) Nuclear Energy for a Net Zero World. https://www.iaea.org/sites/default/files/21/10/2101495e_
bro_net_zero_world_web_v3_reduced_size.pdf

Recently, 10 European Union countries lead 
by France have issued a letter to the European 
Commission, stating that nuclear energy should 
be included in the European Taxonomy before 
the end of the year. The European Taxonomy 
is a classification list of sustainable economic 
activities, including climate-friendly energy 
sources established in an effort to meet the 

EU’s climate and energy targets for 2030.218 
The signatories make the case for nuclear 
energy as being a “key affordable, stable and 
independent energy source” and would protect 
EU consumers from “being exposed to the 
volatility of prices”.219 This is a noteworthy stand 
especially in light of the current electricity crisis 
and soaring prices of electricity in Europe. The 
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‘No other clean energy source comes even close to what nuclear already provides today.’

– Bill Gates,  
How to Avoid A Climate Disaster.

‘Nuclear plants are also number one when it comes to efficiently using materials like cement, 
steel and glass.’  

– Bill Gates,  
How to Avoid A Climate Disaster.

letter further goes on to state that “All scientific 
assessments requested by the European 
Commission on the environmental impacts of 
nuclear energy come to the same conclusion: 
there is no science-based evidence that nuclear 
power is less climate-friendly than any of the 

energy sources included in the taxonomy” 
addressing the safety concerns for the energy 
source.220 France has also announced a €1bn 
investment in nuclear energy by 2030 in light of 
the current energy crisis.221



Chapter 9 : Conclusion

Climate change is an existential crisis and 
demands urgent action. It requires a 

change in source and uses of energy to reduce 
carbon footprint. The energy transition of this 
magnitude in the course of a few decades has 
never been attempted in the past. It requires 
recognition of the historical responsibility of 
the developed countries. They have not only 
distanced themselves from the principle of 
special but differential responsibilities, their 
record of providing financial assistance is 
also patchy. However, this is not a reason to 
postpone action on our part. India, like all 
other developing countries, is already affected 
by changing weather patterns and natural 
disasters. 

The severity of the electricity price hike in 
Europe, and the coal crisis first in China and now 
in India, points to the complexity of the problem. 
It shows that there is no solution that fits all 
situations. The renewables are an intermittent 
source of power, and cannot provide stable 
base-load power. They also need a backup by 
gas or coal to provide electricity, when the sun 
is not shining or the wind is not blowing. This 
is at the root of the ongoing problem in the UK 

and some of the European countries, which 
have witnessed a five-fold increase in electricity 
prices. Though China and India have similar 
energy profiles with coal providing the bulk 
of the electricity consumption, the Chinese 
per capita emission (9.4 tonnes per annum)  is 
more than four times higher than the Indian 
level (2.2 tonnes per annum). Having secured 
a larger share of the global carbon budget, the 
energy transition will involve less pain for her 
than India’s case, where premature capping 
will mean lost development opportunity.

Peak emission levels are different for 
different economies. This means that developed 
countries and China have not only cornered 
80 percent of the global carbon budget, they 
will continue to appropriate a greater share 
of the remaining carbon space also. This will 
perpetuate discrimination and accentuate the 
disadvantages for the developing countries as 
the world approaches net zero. The debate in 
Europe to impose Border Trade Adjustment 
Tax to avoid ‘carbon leakage’ ignores this fact. 
Widely differing peaking levels will leave in 
place existing asymmetries. China is more than 
twice the size of the EU in terms of population, 
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and will have nearly double the per capita 
emission by 2030 (China 9.8 MT and EU 5.3 MT) 
Though Indian population size is roughly the 
same as China, its per capita emission will be 
near 1/4th the Chinese level. China also runs a 
massive trade surplus with both the EU and the 
US.

India must ensure that energy transition 
does not result in foreclosing her development 
options. Europe’s electricity crisis has 
underlined the cost of increasing penetration of 
renewables in the grid. Being intermittent, they 
need to be supplemented by flexible sources of 
generating power. Combined with the volatile 
price of imported gas, it has resulted in a steep 
increase in electricity prices. Currently, the 
renewables’ penetration in the grid ranges 
from 40-50 percent in the case of the UK and 
Germany. The problem will be much worse if 
this level goes up. These costs are difficult for 
developed economies to meet. In India’s case, 
they will be unbearable.

IEA reports have suggested a 90 percent 
share of renewables in the grid at the Net 
Zero Emission stage in 2050, with electricity 
providing 50 percent of the energy basket. The 
IEA reports – Net Zero Emission 2050 as well 
as the more recent World Energy Outlook 2021, 
have hinted at the magnitude of the problem 
for Europe and the US as well as India. But it 
has shied away from estimating the cost to the 
economy. In India’s case, the report says that 
170 GW of flexibility will be required by 2050.  
This will make electricity prohibitively costly. 
Successful de-carbonization of the economy 
requires keeping electricity prices low. As MIT 
report has suggested, the only way to do so is by 
including nuclear power in the energy mix. 

Recommendations:

1. India has accepted the goal of clean 
energy and is well on track in achieving 
her Intended Nationally Determined 
Contributions (INDC). The Government 
has announced ramping up the share of 
renewables to 450 GW by 2030.

2. As part of its INDCs, India had made a 
commitment at the Paris conference of 
seeking an ‘additional carbon sink’ of 2.5 to 
3 billion tonnes of CO2 equivalent by 2030. 
India achieved 39 million tonnes between 
2015 and 2017 and 42 million tonnes 
between 2017 and 2019 (Total 81 million 
tonnes). India has to step up the pace at 
least 12 times to achieve the minimum 
target of 2.5 billion tonnes. 

3. Accelerating adaptive capacity – 
Community-Based Adaptation forms an 
important part of the ongoing climate 
programs in the country in rural, urban 
and peri-urban spaces, and can become an 
important part of domestic climate action. 
Scaling adaptive capacity across population 
groups can lead to better climate outcomes 
and palliate disaster risks. These include 
climate-resilient interventions in the field 
of agriculture, water resources, energy, 
and infrastructure. State governments 
are implementing adaptive action in 
various sectors by mainstreaming it with 
Sustainable Development Goals and with 
climate-resilient local-level planning. 

4. Large-scale government programs, such 
as MNREGA, National Rural Livelihoods 
Mission, etc., have become important 
vehicles of enhancing adaptation works, 
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resulting in climate-positive co-benefits. 
These measures addressing climate 
vulnerability need to be mainstreamed and 
highlighted as part of India’s development 
policy frameworks. 

5. Mitigation action – Key mitigation action 
points for the country span the areas of 
enhancing energy efficiency, increasing 
the forest carbon stock, knowledge 
dissemination, and R&D including 
technological needs aggregation, policies 
for electric and efficient vehicles in the 
field of transportation, and diversification 
of energy sources.

6. India has to bring down the carbon 
footprints of its economy while moving up 
the development ladder. De-carbonisation 
of the economy will require increased 
electrification of sectors currently 
dependent upon fossil fuel. This will 
necessarily imply higher consumption of 
electricity per head. At present, India’s per 
capita consumption is amongst the lowest 
in the world. This will have to be ramped 
up to 15,000 to 20,000 kWhr per capita 
to cater for a low carbon economy which 
includes e-mobility, supplying process 
heat to industry and hydrogen production. 
The emission levels of the developed and 
the developing countries should move 
towards a convergence.

7. Renewables, particularly solar will have 
to assume a larger share of India’s energy 
requirements. This has to be done in a fully 
transparent manner bringing out the cost 
of the system, including balancing cost 
and transmission charges, which have to 

be factored into the tariff structure of the 
renewables. 

8. Renewable power could be deployed as 
part of distributed generation (preferably 
in agriculture segment) to minimize the 
requirement for transmission infrastructure 
and help reduce the cost. Free/Unmetered 
power to agriculture constitutes 20 to 
40 % of the power consumption of most 
major states. Apart from revenue loss to 
the DISCOMs, this has led to profligacy 
in the use of electricity and groundwater 
resources leading to lowering of the 
water table in some States with long-term 
consequences. The farmers could be given 
solar panels at subsidized rates/free to 
reduce the pressure on the grid.222

9. Nuclear as a source of non-fossil, stable 
base-load power has to be a significant 
part of India’s energy matrix along with 
renewables. Major economies like the US, 
UK, China, Japan, and France have already 
declared nuclear power as part of their 
pathway towards a low carbon economy. 

10. There is a positive convergence between the 
growth of renewables and nuclear power. 
Renewables are an intermittent source of 
energy and need a source of backup power 
when the sun is not shining and the wind 
is not blowing. To avoid increasing import 
dependence and lower carbon-foot-print, 
the share of nuclear power has to be 
increased correspondingly. 

11.  As the MIT study has pointed out, without 
the contribution of nuclear power, ‘the cost 
of achieving deep decarbonization targets 
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increases significantly.’ An increase in the 
share of nuclear power is necessitated 
not only to meet India’s additional power 
requirements but also optimize  costs 
without which the goal of increasing the 
share of electricity in the energy mix will 
remain elusive. 

12.  As part of India’s clean energy mix, nuclear 
power should be given ‘must-run status on 
par with the renewables. 

13.  Merit Order Dispatch cannot be applied to 
the nuclear sector as heavy CAPEX requires 
stable prices. 

14. Nuclear power’s contribution to grid 
stability should be factored in the pricing 
mechanism. Similarly, pricing should 
factor in the large investment needed 
to install additional capacity to provide 
balancing power for renewables, which 
are intermittent.223

15. The nuclear sector should be allowed a 
level playing field vis-a-vis renewables and 
provided support on the lines of Renewable 
Purchase Obligations. Renewable purchase 
obligation may be converted into non-fossil 
energy purchase obligation.

16. The nuclear power sector should be 
exempted from GST on inter-state transfer 
of goods for project execution. This facility 
may also be extended to the equipment 
supplied by vendors.

17. India needs to achieve a balanced energy 
basket to ensure energy security, and 
minimize volatility in electricity prices on 
account of commodity price fluctuations 
or weather conditions.  

18. As part of its de-carbonization strategy, 
India needs gas as a bridging fuel. Gas 
remains a substantial part of the energy 
mix of developed economies including the 
US and EU. Though this adds to the import 
bill, the alternative of development loss 
cannot be ignored. The energy transition 
and investment required for this purpose 
will take time, while there will be strong 
pressure to cap and phase out coal-based 
generation. To minimize the impact of 
international price fluctuations, long-term, 
stable contracts for the purchase of LNG as 
well as piped gas from neighboring should 
be encouraged. 

 Gas can also supply peaking power to 
renewable power plants. Most of the 
stranded gas-based power plants are based 
in renewable-rich states.

19. To avoid creating new dependencies, we 
must build up domestic manufacturing 
capacity, especially for the renewable 
sector which is going to witness major 
expansion.

20. The Government and private sector have 
to invest in R&D in Green Technologies. 
India’s R&D expenditure has consistently 
lagged behind international levels. The 
government should extend funding for 
R&D for development of SMR reactors as 
well as load following reactors, which can 
provide flexible generation.

21. As a dense source of energy, nuclear power 
can play a role in producing hydrogen 
through electrolysis as well as through 
thermochemical splitting of water using 
high temperature reactors, supplying to 
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long distance heavy vehicle transportation 
and process heat to industry.    

22.   Similarly concentrated solar is an 
important source for hydrogen production 
through thermo-chemical water splitting 
route apart from its importance in terms 
of cheap energy storage for 24/7 electricity 
generation and should be encouraged.

23. Hydro-power can play a role in providing 
storage solutions and meeting peaking 
power requirements. This is inherently 
limited by land and population pressures. 
Building up and import of hydro-power 
from Nepal is a long-term solution. This will 
be a win-win situation for both countries.

24. The developed countries should be held 
to their promise of providing financial 
assistance to developing countries to make 
the transition to a low-cost economy. The 
goal of $ 100 billion per annum assistance 
is part of the Paris Conference pledge. 
As noted by the UN Secretary-General, 
developed countries fell short of reaching 
even this target. Of the amount provided, 
2/3rd consists of credit. This pre-dates the 
current Net Zero Emission and peaking 
power concepts, which will result in 
more stringent emission norms and a 
shorter transition period. The finance to 
be provided by the developed countries 
should match higher ambition for climate 
action. 
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