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“India can reduce its energy use by 

improving its mix of energy sources

Several plans have been proposed to build substantial 

capacity based on the more advanced supercritical 

coal-fired units, but these initiatives have not taken off. 

The manufacturing capacity of the main manufacturer 

of coal-fired plants, Bharat Heavy Electrical Ltd., is 

expected to increase from 6,000 MW to 10,000 MW 

a year while also moving to more advanced technolo-

gies. Research is also concentrated in Bharat and the 

National Thermal Power Corporation. Efforts are under 

way to develop a 125 MW integrated coal gasification 

combined cycle unit, although it is not likely to be as 

efficient as units produced in industrial countries.

India needs to use the best available technologies 

and to learn from the experience of other countries. 

Several countries are already using supercritical technol-

ogy. China will have more than 80,000 MW of supercriti-

cal capacity by 2010. China, Denmark, Germany and 

Japan also have ultra-supercritical plants. The efficiency 

gains from switching to the supercritical and ultra-

supercritical units make the shift to these technologies 

financially attractive. However, the capital costs of these 

units are still substantially higher than those of a subcriti-

cal unit manufactured in India. India has been able to 

build coal power plants at a cost averaging 30 percent 

less than in Europe and the United States. It would 

therefore be advantageous to manufacture these plants 

in India, but relying on technology transfers rather than 

indigenous R&D.

Gas-fired plants have problems with supply

Gas-fired generation accounted for 9 percent of power 

generation in 2005. The power sector faces gas supply 

shortages because adequate supplies have not been 

available at agreed prices and because government 

supply allocations favour the fertilizer industry. Many 

gas-fired power plants have had to substitute naphtha 

for natural gas, and some remain idle because naphtha 

is too expensive. Future growth in gas-based generation, 

both utilities and auto producers, depends critically on 

the availability of gas: how fast domestic gas can expand 

and how much imported gas will be available and at 

what price. As discussed earlier, gas is becoming too 

valuable to be used in substantial volumes in electricity 

generation. Its use could be limited to peaking units that 

supplement coal-based and nuclear plants.

Nuclear energy has several obstacles

India installed its first nuclear plant in the 1960s and 

became the first developing country to use nuclear 

energy. The plant, located in Tarapur, includes two boil-

ing water reactors built by General Electric and Bechtel. 

Atomic Energy of Canada also built two pressurized 

heavy water reactors in Rajasthan.11 India subsequently 

developed its own technology based on pressurized 

heavy water reactor technology.

India now has 3,000 MW of nuclear capacity, 

accounting for 2.5 percent of electricity generation. The 

government aims to raise that capacity to 20,000 MW 

by 2020 and 40,000 MW by 2030. Earlier targets have 

not been achieved, partly because of India’s exclusion 

from international trade in nuclear plants and materials. 

A recent agreement with the United States is expected 

to improve access to nuclear fuel and technology. 

India plans to build light water reactors if it can access 

international markets. In the second stage, India would 

develop fast breeder reactors, coupled with reprocess-

ing and fuel fabrication plants using plutonium. This 

stage has begun, with the construction of a 500 MW 

plant at Kalpackam with a fast breeder reactor based 

on Indian technology. During the subsequent phase, 

India will develop plants that use a thorium-uranium-233 

cycle. Construction of a 300 MW demonstration project 

is under way.

Worldwide, nuclear energy accounts for 15 percent 

of electricity generation. Almost 60 percent of global 

nuclear capacity is in the United States, France and 

Japan. The United States has the largest number (104) 

of reactors, while France has the highest share (78 

percent) of nuclear power in total power generation. 

Although nuclear power has the capacity to provide 

large-scale and carbon dioxide–free electricity, its 

development has remained limited for reasons of cost 
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“India has 3,000 MW of nuclear 

capacity, accounting for 2.5 percent of 

electricity generation. The government 

aims to raise that capacity to 20,000 MW 

by 2020 and 40,000 MW by 2030

and safety. However, development of nuclear power is 

receiving growing attention in response to the recent 

spike in international oil prices and concerns about glo-

bal carbon emissions.

Using nuclear energy to generate electricity depends 

on the availability of uranium. Uranium demand is cur-

rently about 70,000 tonnes a year. Conventional uranium 

resources are estimated at about 5 million tonnes, 

providing 85 years of supply at current levels of demand. 

Geological evidence indicates that potential uranium 

resource may be three times as large. In addition, 

spent-fuel reprocessing and use of fast-breeder reactor 

technology would enable uranium supplies to last much 

longer. There is therefore less concern about the avail-

ability and the cost of fuel. However, the cost of nuclear 

energy can vary significantly, based on capital costs and 

construction time. Reliable estimates of capital costs are 

difficult to obtain because of a sparse track record in 

recent years. Vendors’ estimates are often self-serving 

and subject to change. Similarly, construction time 

depends heavily on location.

Two other obstacles to nuclear energy are concerns 

about safety and proliferation. The main safety issues 

are the risks of meltdown and safe disposal of nuclear 

waste.12 Some of the by-products of nuclear power 

include highly radioactive actinides, which remain toxic 

for thousands of years. They have to be housed in 

waste dumps isolated from all possible contact with the 

environment for up to 10,000 years. Part of this waste 

can also be reprocessed into weapons-grade plutonium, 

increasing the risk of nuclear proliferation.

Despite uncertainties about construction costs and 

public concerns over the risk of meltdown, disposal of 

radioactive waste and proliferation of weapons-grade 

by-products, the momentum for building new plants is 

growing. The largest additions are expected in China, 

which plans to build 40,000 MW of nuclear capacity 

by 2020. In the United States, there are plans to build 

22,000 MW of capacity, although the implementa-

tion period is unclear. The U.S. Nuclear Regulatory 

Commission has established a new process for licensing 

advanced reactors. The process is intended to eliminate 

the long delays experienced during the 1980s, when the 

last plants were licensed. However, utilities, financiers 

and the public at large have not yet reached consen-

sus on support for a big push into additional nuclear 

capacity.

Renewable energy still a small share 

of overall power generation

In 2005, renewable energy, mainly hydropower, 

accounted for 15 percent of India’s electricity generation.

Hydropower. Installed hydropower capacity reached 

34 GW in 2005. The share of hydropower in total 

electricity generation has steadily declined, from 

40 percent in 1971 to 25 percent in 1990 and 14 

percent in 2005. The development of hydropower 

faces strong environmental opposition (particularly 

because of the flooding caused by dams and the 

need for resettlement) and financing difficulties. 

Government policy has consistently emphasized 

hydropower, although more recently the government 

has also signalled a significant shift to other renewable 

energy sources, particularly wind and solar power.

Wind power. India’s wind power capacity reached 

8 GW (fourth largest in the world) in 2007 and is 

expected to rise to 27 GW by 2030 and to account 

for 2.5 percent of electricity generation. Worldwide, 

wind power capacity in 2007 was 94 GW. The largest 

capacities were installed in Germany (22 GW), the 

United States (17 GW), Spain (15 GW), India (8 GW) 

and China (6 GW). Under the IEA’s business as usual 

scenario for world energy supply, wind power capacity 

is expected to grow fourfold (reaching 400 GW) by 

2050, accounting for 2 percent of world electricity 

generation. However, under the carbon reduction 

scenario, wind power capacity would grow 20-fold 

(reaching 2,000 GW) by 2050 and account for 12 

percent of world electricity generation, reducing 

global carbon dioxide emissions by 2.1 GT a year.13
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“A sustainable energy path must strike a 

balance among the energy needs for healthy 

economic growth and standards of reliability, 

environmental safety and cost effectiveness

Wind power technology is an example of renewable 

energy R&D successfully improving technology, lowering 

cost and rapidly dispersing around the world. The cost 

of wind power depends on site characteristics, but the 

average cost has declined from more than 20 cents a 

kilowatt hour in the early 1990s to 6–7 cents a kilowatt 

hour today. Advances in wind power technology were 

initiated in Denmark in most of the early stages but are 

now emerging from Germany, Spain, the United States 

and other countries.

There are clear prospects for further cost reductions 

with larger-scale wind turbine production and advances 

in technology. R&D efforts are focussing on building 

large (10 MW) wind turbines, reducing the material 

weight of turbine blades and designing more intelligent 

rotors to improve reliability. There are also initiatives to 

improve the availability of wind power through storage 

facilities or through combinations with other energy 

resources, such as hybrid systems that use wind and 

gas, or wind and solar.

Solar power. India receives abundant solar radiation. 

Its theoretical solar potential is about 5,000 terawatt 

hours (TWh) a year, far above the country’s total 

electricity consumption of 700 TWh in 2005. Actual solar 

energy use is negligible, however. Some photovoltaic 

systems are being promoted primarily in rural and 

remote applications, but their use is limited. These 

decentralized systems include solar power plants with 

mini-grids, solar home systems and solar street lights. 

Under this paper’s business as usual scenario, India’s 

photovoltaic capacity increases to 4 GW by 2030, 

but its share in total generation remains minimal.

Worldwide trends in solar energy use are also similar 

to those in India. Solar power is the most abundant 

source of energy on earth but accounts for only 1 

percent of world energy consumption. Under the busi-

ness as usual scenario, solar energy will grow rapidly 

from a small base, but it still remains negligible in the 

foreseeable future. Solar energy could develop into a 

major source of energy if incentives are provided to 

manufacturers during the initial period of expansion in 

scale and technology of production.14 Under the IEA’s 

carbon-reduction scenario, the share of solar energy in 

the world expands from 1 percent in 2005 to about 10 

percent of electricity generation by 2050.

Until the mid-1990s, most photovoltaic systems 

were stand-alone solutions to supplying electricity in 

remote rural areas. Today, these off-grid applications 

account for only 10 percent of photovoltaic systems. 

The remaining generation is now grid connected and in 

the form of distributed generation systems in buildings. 

Most of this capacity is installed in Germany, Japan 

and the United States, though other countries, such as 

China, have expanded aggressively into manufacturing 

photovoltaic systems. If India intends to aggressively 

pursue solar energy, it needs to embark on large-scale 

grid-connected solar power, as discussed in the next 

section.

Biomass. While demand for traditional biomass is 

expected to increase only marginally, use of biomass 

in power generation and biofuel production is 

expected to increase. The potential for biomass power 

generation is about 20 GW; current installed capacity 

is 0.3 GW; it is expected to reach 4.5 GW by 2030.

India has recently begun to use ethanol. With a large 

sugar industry, India has substantial potential for ethanol 

production. Biodiesel potential based on jatropha is also 

large. Total biofuel consumption is projected to increase 

to 1.9 Mtoe in 2030.15

Towards a sustainable energy path

A sustainable energy path must strike a balance among 

various considerations. It should meet the energy 

needs for healthy economic growth, and it should meet 

standards of reliability, environmental safety and cost 

effectiveness. Carbon emissions should also be consid-

ered, though not as an overarching objective. However, 

in India’s case, policies that would reduce carbon emis-

sions would also strengthen the reliability of supply and 

environmental safety.
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“India should pursue as a long-term 

benchmark the same levels of energy efficiency 

and carbon efficiency as the United States does

Among the many energy demand forecasts for 

India, the most important are those of the IEA16 and the 

Indian Planning Commission.17 Their business as usual 

scenarios offer considerably different forecasts (table 3). 

The IEA forecast is based on a lower economic growth 

assumption but also a lower energy-GDP elasticity than 

the Planning Commission forecast. This paper’s busi-

ness as usual scenario uses a high economic growth 

rate but energy efficiency patterns similar to those of the 

IEA. The IEA also develops an alternative scenario based 

on the most stringent efficiency standards. With a similar 

objective, the Planning Commission develops a series of 

11 scenarios in which it introduces incremental increases 

in efficiency and fuel diversification. Its 11th scenario 

is the most stringent case. This paper’s sustainable 

scenario is based on the assumption that India takes 

maximum advantage of new technologies in both energy 

efficiency and energy mix.

To follow a sustainable energy path India would 

need to consider that the international community will 

be aiming at many technological breakthroughs in the 

next four decades but also that these advances remain 

uncertain. To achieve sustainability in the energy sector, 

this paper proposes that India pursue as a long-term 

benchmark the same levels of energy efficiency and 

carbon efficiency as the United States does. The United 

States is an appropriate benchmark because it is also 

heavily dependent on coal and because the efficiency 

improvement and fuel diversification issues that India 

needs to handle are similar to those of the United States. 

The proposed benchmark could include a time lag, to 

give India time to adapt and follow the carbon efficiency 

improvements of the United States.

Under the sustainable target path (cutting emissions 

to half their 2005 level by 2050), U.S. carbon emissions 

in 2050 would be about 2.9 GT (figure 8). Under this 

paper’s sustainable scenario, India would converge to 

the efficiency achievements of the United States in 2050 

(see figure 8). For ease of demonstration (although not 

essential to the results), India can also be assumed to 

reach the same level of GDP as the United States in 

2050, so that its carbon emissions in 2050 would also 

be about 2.9 GT.

There are, of course, two major differences in the 

paths that the United States and India would have to 

track in the next three decades. First, the United States 

would have to cut its carbon emissions to half their 2005 

level, while India would increase its carbon emissions 

Energy 
source

India Planning Commission International Energy Agency This paper

2005

2030

2005

2030

2005

2030

Business 
as usual

Scenario 
11

Business 
as usual

Scenario 
11

Business 
as usual

Scenario 
11

Coal 202 1,021 631 209 624 411 209 852 587

Oil 139 485 350 129 325 271 129 479 329

Gas 25 108 151 27 91 87 27 124 129

Hydro 28 13 34 11 26 33 11 53 43

Nuclear 6 75 98 5 39 43 5 32 86

Renewable 0 2 86 0 13 22 0 21 86

Biomass 167 185 184 156 195 206 156 213 172

Total 542 1,889 1,534 537 1,312 1,071 537 1,775 1,431

Source: IEA (2008); India Planning Commission (2006); and authors’ analysis based on data from IEA (2008) and BP (2008).

Comparison of energy demand forecasts (millions of tonnes of oil equivalent)
Table  

3
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“India’s path under the target scenario 

would consist of two segments: before 2025, 

decoupling energy consumption from economic 

growth through various energy efficiency 

measures, and after 2025, decoupling carbon 

emissions from energy consumption

by 160 percent during the same period. Second, the 

United States has to start to reduce its carbon dioxide 

emissions immediately, while India could let emissions 

increase until 2025–30 and then reduce them gradually. 

India’s path would consist of two distinct segments: 

before 2025, when the emphasis is on decoupling 

energy consumption from economic growth through var-

ious energy efficiency measures; and after 2025, when 

the emphasis shifts to decoupling carbon emissions 

from energy consumption through various technologies, 

including solar, nuclear and carbon capture and storage.

Table 4 lays out the main parameters of this paper’s 

two energy scenarios. Projections up to 2030 are in line 

with the IEA’s alternative scenario II and the Planning 

Commission’s scenario 11 and reflect existing technolo-

gies. Projections from 2030 to 2050 are in line with IEA’s 

vision of an energy revolution.18 The feasibility of attaining 

the corresponding energy mix would depend on world-

wide progress on the proposed energy technologies and 

on India’s ability to access these technologies.

The need for a package of cooperation

The proposed sustainable scenario has enormous 

advantages over the business as usual scenario for 

India and the international community. It improves the 

environmental impacts and India’s security of supply 

by reducing coal, oil and gas consumption. The carbon 

dioxide reduction associated with the proposed scenario 

amounts to more than 60 GT over the next four decades, 

at a value of some $200–$400 billion to the international 

community (table 5). On this basis, it is therefore possible 

to develop a package of cooperation that would be a 

win-win proposition for India and the rest of the world.

The package should aim to make India one of the 

most prominent centres of advanced energy technology 

by providing financial resources and access to the most 

recent technology R&D. Although there are numerous 

sources of financial support and technical cooperation, 

they are scattered and small scale. There is a need for 

a more wholesale approach, with a macro package of 

financial and technological cooperation designed in a 

coherent and comprehensive manner. The package 

should draw on all available sources of financial support 

and technology development, as described briefly below.

Financial resources are widely available

Financial resources for clean energy development are 

available through several entities. While some of these 

sources have substantial overlap, they also have distinct 

objectives, including demonstrating and developing new 

technologies, supporting development strategies based 

on low-carbon economies, strengthening carbon market 

mechanisms, adapting to climate change and supple-

menting investment in sustainable energy infrastructure.

This abundant availability of financial support offers 

India an exceptional window of opportunity to tap into 

these resources to help fund its huge investment needs 

in the energy sector. However, optimum use of these 

resources requires a well designed strategy. The new 

vehicles being introduced for financing clean energy 

provide much more flexibility and headroom for large-

scale programmes than did the previous generation of 
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Figure  
8

Source: Author’s analysis based on data from IEA (2008).
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“The proposed sustainable scenario 

has enormous advantages over the 

business as usual scenario for India 

and the international community

instruments, which were suitable for supporting smaller 

transactions. Of the multiple bilateral and multilateral 

financiers that offer financial support for clean energy, 

three—the World Bank, the Asian Development Bank 

and the European Investment Bank—have introduced 

new facilities that should be of interest to India.

Since 2000 the World Bank has pioneered the 

carbon market and contributed to its emergence, evolu-

tion and growth by managing carbon funds and facilities 

valued today at more than $2 billion. The World Bank 

facilitates expansion of the carbon market by acting 

as a trustee for the carbon funds and developing new 

approaches for structuring and financing carbon asset 

creation. Most of these funds and facilities provide incre-

mental revenue to low-carbon investments and provide 

only limited upfront financing for investments themselves. 

However, the carbon purchase contracts are structured 

to enable project sponsors to borrow against them.

Calculation 2010–19 2020–29 2030–39 2040–50 Total

Carbon dioxide savings (gigatonnes) 2.4 6.2 18.6 36.8 63.6

Discounted value at fixed price ($ billions)a 16.8 38.3 63.8 92.6 211.5

Discounted value at variable price ($ billions)b 19.3 49.8 108.6 203.7 381.4

a. Using a 5 percent discount rate at a price of $10 a tonne of carbon dioxide in 2008 dollars.

b. Using a 5 percent discount rate at a price of $10 a tonne of carbon dioxide in 2010, increasing to $25 a tonne by 2050, in 2008 dollars.

Source: Author’s analysis based on data from IEA (2008).

Estimated market value of carbon dioxide savings from India’s 
pursuit of a sustainable energy scenario, 2010–50

Table  
5

Energy source 

Business as usual scenario Sustainable scenario

2005 2030 2050 2005 2030 2050

Total energy  
(millions of tons of oil equivalent) 537 1,793 4,241 537 1,431 2,792

Energy mix (%)

Coal 39 48 48 39 40 38

Oil 24 27 28 24 23 20

Gas 5 7 7.5 5 9 8

Hydro 2 2 2 2 3 3

Nuclear 1 3 4 1 5 9

Renewables 0 1 2 0 3 10

Biomass 29 12 10 29 17 12

Emissions (gigatonnes)

Carbon emissions 1.1 3.9 8.3 1.1 3.2 3.9

Carbon capture and storage 0 0 0 0 0 1.0

Net emissions 1.1 3.9 8.3 1.1 3.2 2.9

Source: Author’s analysis based on data from IEA (2008).

Energy mix under sustainable scenario
Table  

4
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“The abundant availability of financial 

support offers India an exceptional 

window of opportunity to tap into 

these resources to help fund its huge 

investment needs in the energy sector

The World Bank has introduced two new facilities. 

The first, the Carbon Partnership Facility, will provide 

funds to develop carbon assets and to purchase emis-

sion reductions well beyond the current commitment 

period of the Kyoto Protocol. The facility emphasizes 

programmatic and sectorwide approaches that would 

deliver significantly larger reductions in greenhouse gas 

emissions and promote lower carbon development paths 

in developing and transition economies. Its governance 

structure is designed to establish partnerships between 

buyers and sellers of carbon assets. The carbon 

Partnership Facility is also expected to support continuity 

in the carbon market while international negotiations of 

a post-2012 regime continue. The second facility, the 

Forest Carbon Partnership Facility, aims to assist World 

Bank members to reduce emissions from deforestation 

and degradation. The facility will work to develop mecha-

nisms (market and nonmarket) that provide incentives for 

avoiding deforestation and degradation, which are not 

currently addressed through the carbon market.

The Asian Development Bank has also expanded 

the scope and the size of its facilities to support clean 

energy development. Before 2008, it supported carbon 

reduction activities through a three-part Carbon Market 

Initiative: a trust fund that provides upfront co-financing 

for 25–50 percent of future carbon credits for a Clean 

Development Mechanism project, a technical sup-

port facility that helps project sponsors develop Clean 

Development Mechanism–eligible projects and a credit 

marketing facility that provides marketing support 

services to project sponsors in obtaining optimal prices 

and sale terms for certified emission reductions. In 

May 2008, the Asian Development Bank established a 

Climate Change Fund to support economic and sector 

studies linking climate change to sustained growth; 

prepare projects, transactions and programmes for 

investment; share costs in implementing climate change 

investment programmes in combination with other gov-

ernments, donors and commercial entities; cooperate in 

science and technology transfer; and build the capacity 

of both public and private players.

In 2007 the European Union adopted the European 

Technology Platform for Zero-Emission Fossil Fuel 

Power Plants, which aims to stimulate construction of 

large-scale carbon capture and storage demonstra-

tion plants and prototypes for other experimental 

clean coal technologies and research. The European 

Investment Bank has committed $3 billion to funding 

clean energy projects outside the European Union. 

The first project of $800 million was approved in 

November 2007 to establish the China Climate Change 

Framework Facility.

The United Nations Framework Convention on 

Climate Change recognizes the need to provide financial 

resources to assist developing countries in meeting the 

costs of mitigation and adaptation measures to respond 

to the challenge of climate change.19 The Bali Action 

Plan adopted by the Thirteenth Conference of Parties 

in December 2007 reinforces these commitments while 

recognizing the need to mobilize more—and more 

innovative—financing for climate change mitigation and 

adaptation and to encourage multilateral organizations 

to support adaptation and mitigation in a coherent and 

integrated manner.

Following the Bali conference, substantial work 

has been done on formulating a set of vehicles called 

Climate Investment Funds. While these funds will 

be hosted and managed by the World Bank, their 

underlying investment programmes and projects will 

be prepared jointly by the World Bank and regional 

development banks. Climate Investment Funds have two 

main components: a $5–$6 billion Clean Technology 

Fund and several smaller funds, the Strategic Climate 

Funds. The Clean Technology Fund will support large-

scale carbon reduction projects. It will provide scaled-up 

financing for demonstration, deployment and transfer 

of low-carbon technologies with significant reduction 

in greenhouse gas emissions. The Clean Technology 

Fund will focus on high abatement opportunities at the 

country level, giving priority to initiatives that maximize 

greenhouse gas reductions per dollar spent and that 

have significant demonstration value.
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“To implement large-scale nuclear capacity, 

India and the international community would 

need to end the embargo and allow India access 

to nuclear equipment, fuel and technology

Finally, the Global Environment Facility, now an old 

and familiar source of grant funding, remains valuable 

for piloting and innovating new approaches and creating 

enabling environments for market transformation by 

barrier removal, capacity building and institutional devel-

opments. The facility has shifted from project by project 

funding to programmatic actions that help countries take 

a broader and longer-term view in addressing barriers 

and strengthening national capabilities to understand 

and tackle both mitigation and adaptation challenges.

Technology cooperation to access 

advanced technologies

Technology cooperation would be needed in five major 

areas: nuclear, solar, carbon capture and storage, inte-

grated coal gasification combined cycle, and transport 

technologies. Each of these technologies has to be 

developed aggressively, shared generously and com-

mercialized as quickly as possible.

Nuclear. To implement the large-scale nuclear capacity 

put forward in the proposed scenario, India and the 

international community would need to end the embargo 

and allow India access to nuclear equipment, fuel and 

technology.20 India would need to allow large-scale 

imports rather than limit itself to domestic manufacturing 

capacity. Industrial countries are undertaking 

numerous R&D activities to improve the safety and cost 

effectiveness of nuclear power. A promising area is the 

development of small- and medium-scale nuclear plants, 

with some 60 designs in preparation and expected to 

become commercial after 2010. Most current reactors 

have capacities of 1,000–1,700 MW and may not be 

suitable for the power networks of some developing 

countries. The reduced size and complexity of the new 

designs could mean shorter construction time and 

enhanced safety and reliability. India has developed 

some of its own small plants, with domestic production of 

200 MW and 490 MW pressurized heavy water reactors.

Another area receiving international attention is 

thorium-based nuclear energy. This is attractive for 

India, which has an abundance of thorium, and for the 

international community because of the potential safety 

benefits. Thorium, a lighter element than uranium, is 

fertile but does not produce as many heavy and highly 

radioactive by-products. Whereas a uranium-fuelled 

reactor might generate a tonne of high-level waste, a 

thorium-fuelled reactor might generate a fraction of that. 

However, thorium is not fissile, so it cannot undergo 

nuclear fission by itself or sustain a nuclear chain. The 

challenge is therefore to provide thorium with enough 

neutrons to initiate and sustain a reaction in an efficient 

and economic way. Current research is concentrating 

on combinations of enriched uranium, plutonium and 

thorium.21

Solar. To implement the large-scale solar energy 

capacity of the proposed scenario, India would need 

access to new technologies as they become available. 

Solar technology is in transition, with several new 

technologies under development. Most solar energy 

produced today is based on photovoltaic technology, 

and more than 90 percent of photovoltaic modules use 

wafer-base crystalline silicon. This is a well established 

and reliable technology, but it uses large amounts of 

silicon as primary feedstock material. Numerous efforts 

are under way to improve the resource effectiveness 

and cost efficiency of this technology. Nonetheless, it is 

expected that by 2020 most photovoltaic applications 

would shift to thin-film technology, which is based 

on a different manufacturing approach. The main 

advantages of thin films are the relatively low cost 

of raw materials, the high degree of automation, the 

resource effectiveness of the production process, 

the suitability for integration with buildings and better 

appearance. Photovoltaic technology is expected 

to go through another transition after 2020, when a 

third generation of photovoltaic systems is expected 

to further reduce cost and increase efficiency. As a 

result of these developments the electricity generation 

cost of solar photovoltaic systems is expected to 

decline to around 5–7 cents a kilowatt hour by 2050.
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“To implement large-scale solar energy 

capacity, India would need access to new 

technologies as they become available

Another emerging technology is concentrated solar 

power, which uses direct sunlight, concentrating it 

several times to reach higher energy densities and thus 

higher temperatures. The heat is then used to operate 

a conventional power cycle through a steam turbine 

that drives a generator. This technology is at the early 

stages of large-scale production. Four demonstration 

plants are under construction in developing countries 

(Egypt, India, Mexico and Morocco), all supported by the 

Global Environment Facility. All are facing implementa-

tion problems at this stage because of a recent surge 

in equipment cost. The U.S. Department of Energy has 

targeted 2020 as the date for concentrated solar power 

to become competitive with conventional electricity gen-

eration. Several projections by the Department of Energy 

and others indicate that the cost of concentrated solar 

power electricity generation would decline to less than 

10 cents a kilowatt hour by 2020. Such cost reductions 

would require a scale-up in the volume of manufacturing, 

which is not yet scheduled.

Carbon capture and storage. Carbon capture and 

storage are integrated into the proposed scenario for 

the period after 2030, though India is considered a 

promising candidate for carbon capture and storage at 

its earliest stage. The government has shown an interest 

and has joined international efforts to speed up the 

development and dissemination of carbon capture and 

storage technologies. Estimates of the geological storage 

potential of India are large, in the range of 500–1,000 GT 

of carbon dioxide, including onshore and offshore deep 

saline aquifers, basalt formation traps, unmineable coal 

seams and depleted oil and gas reservoirs. Analysis of 

early opportunities for carbon capture and storage in 

India, matching sources and sinks, indicates a potential 

for disposal of 5 MT a year within 20 km of large carbon 

dioxide sources, storing carbon dioxide in depleted 

oil and gas fields or using it for enhanced oil recovery. 

Saline aquifers could absorb a further 40 MT a year.

With strict limits on global carbon emissions a 

near-term prospect, the application of carbon capture 

and storage is considered essential. Most carbon 

dioxide emissions come from power generation and 

large-scale industrial processes. The cost of capturing 

carbon dioxide from these large-scale sources is much 

less than from distributed sources such as transport. 

Carbon capture and storage involve capture, transport 

and underground injection. The bulk of the costs are 

associated with capture. The cost of carbon capture 

from a coal-based power plant is estimated at $25–$50 

per tonne of carbon dioxide (Kemp and Kasim 2008). 

Transport and storage would add another $10 per tonne. 

On average, carbon capture and storage is expected to 

add 3–4 cents a kilowatt hour to the cost of electricity 

generation in a new coal plant. The incremental cost of 

adding carbon capture and storage to an existing plant 

could be much higher and may not be feasible if there 

is no suitable space for additional capture equipment 

or suitable storage reservoir in the vicinity. Most carbon 

capture and storage capabilities worldwide are expected 

to emerge after 2030 and to reach a total capacity of 

5 GT a year by 2050.

Today, there are only a few carbon capture and stor-

age projects under way (two in Norway, one in Algeria 

and one in the United States). The objectives of all four 

projects are commercial rather than global carbon emis-

sion reductions. For example, the U.S. Weyburn project 

in North Dakota captures more than 1.7 MT a year of 

carbon emissions from a coal gasification plant, com-

presses the carbon dioxide and transports it through 

a 330 km pipeline to the Weyburn oilfield in Canada to 

enhance oil production. There are also some 20 projects 

in the pipeline, 70 percent of them based on the inte-

grated coal gasification combined cycle technology.

Coal gasification. Integrated coal gasification combined 

cycle is an important new technology that is likely to take 

a prominent position among clean coal technologies. 

Its thermal efficiency matches that of ultra-supercritical 

technology. However, it has further advantages when 

used in combination with carbon capture and storage 

processes. It provides a more effective way of dealing 
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“India needs to strengthen two major 

aspects of R&D: be much more open to drawing 

on international experience and advances and 

ensure much greater reliance on the private 

sector for technology imports and adaptation

with local and global environmental impacts of coal 

use in power generation. There are currently only five 

coal gasification plants operating in the world, so the 

track record on construction and operation costs 

and risks is thin. The capital cost is 15–25 percent 

more than for conventional coal plants. However, 

the average cost of manufacturing is expected to 

decline at larger scales. Thus, there is support from 

the international donor community and some potential 

suppliers for the construction of new plants.

Current projections indicate that some 27,000 MW 

of integrated coal gasification combined cycle units are 

under preparation, 70 percent of them in the United 

States, 14 percent in Europe (Germany, Netherlands and 

United Kingdom) and the rest in Australia, China, Japan, 

and a small one in India. All these projects receive grants 

and other financial support. The future of integrated coal 

gasification combined cycle depends on the prospects 

for carbon capture and storage. A strong push towards 

carbon capture and storage, as currently appears to be 

the case in international discussions, would provide an 

attractive opportunity for the rapid expansion of coal 

gasification capacity.

Establishing a Centre of Advanced 

Energy Technologies

An important aspect of a sustainable energy develop-

ment strategy is the adoption of new technologies. The 

energy industry worldwide has always depended heavily 

on R&D. But its role has never been as vital as it will be 

in the next three decades, when the industry needs to 

undergo a revolution. India must consider this global 

trend as well as its own technology challenges in rede-

signing its energy R&D strategy. Historically, India has 

systematically promoted indigenous R&D. Its progress in 

nuclear energy and manufacturing power system facili-

ties attests to the success of domestic R&D.

Going forward, however, India needs to strengthen 

two major aspects of R&D. First, India must be much 

more open to drawing on international experience and 

advances. Second, it should ensure much greater 

reliance on the private sector for technology imports 

and adaptation. The government’s role remains critical, 

however. The government should direct the overall R&D 

strategy and oversee implementation of a well prepared 

approach to the international community. But it should 

structure the incentive system to catalyze private sector 

resources, innovation and entrepreneurship.

The government should consider establishing a 

Centre of Advanced Energy Technologies as a public-

private partnership. The centre would have the agility and 

business orientation of a private enterprise, while pursuing 

the strategic directions set by the government. It should 

be opportunistic in accessing the rapidly increasing facili-

ties that the international community is offering in support 

of advanced energy technologies. For example, the World 

Bank is launching an initiative to help remove the barriers 

to private sector commercialization of climate technolo-

gies by supporting accelerated climate technology inno-

vation. It envisages establishing three innovation centres 

as regional hubs for climate technologies. India should 

attempt to qualify as a candidate for one of these centres.

Almost all the climate change funds (see above) 

would look positively on the establishment of the 

proposed Centre of Advanced Energy Technologies. 

The centre’s functions—demonstration, adaptation 

and dissemination of advanced technologies—reflect 

the key elements in the support menu of these climate 

change funds. Support from these funds would need to 

be mobilized in two phases. In the first phase, the funds 

should be approached to finance the centre’s forma-

tion. In the second phase, the centre would approach 

climate change funds and other sources of resources to 

mobilize large amounts of financing for its projects, with 

the centre as a channel for transferring technology and 

finance to relevant energy projects.

Institutional aspects of the energy sector

The institutional and policy aspects of India’s energy 

sector, though complex, have been well debated and 

well articulated.22 Described here are a few aspects that 

are crucial to the proposed strategy.
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“Following the practices of industrial 

countries, India needs to establish and enforce 

aggressive standards for energy-intensive 

industries, major energy consumers and the 

manufacture of energy-consuming equipment

Implementing a sustainable energy development 

strategy requires carefully designed and well coordi-

nated institutional and policy environments that provide 

clear incentives for unprecedented energy efficiency 

improvements, private investments and adoption of 

advanced technologies. The government’s chief role is 

to create the incentive system, to lead the strategy and 

to manage interactions with the international community. 

The current structure of the energy sector disperses 

policy responsibilities over several ministries (power, 

petroleum, coal and others). A consolidated and coher-

ent energy strategy requires that responsibilities for 

formulating energy policy, monitoring results and setting 

up appropriate legal and regulatory structures be given 

to a single entity.

The Energy Conservation Act of 2001 and the 

Planning Commission’s energy policy of 2006 both 

incorporate energy efficiency as a policy objective. The 

act requires energy consumers to follow relevant codes 

and standards (for example, energy performance codes 

for new appliances and energy conservation codes for 

new buildings). There is, however, a worldwide push 

towards much stricter standards of energy efficiency and 

more holistic codes that enforce energy conservation 

while encouraging adoption of new technologies.

Following the practices of industrial countries, India 

needs to establish and enforce aggressive standards 

for energy-intensive industries, major energy consumers 

and the manufacture of energy-consuming equipment. 

Particularly important is an emphasis on transparent 

monitoring and reporting of efficiency gains (or losses). 

Energy efficiency improvements in the transport sector 

are potentially especially rewarding, reducing the need 

for oil imports while offering environmental, congestion 

and economic efficiency benefits. Achieving them will 

require a well coordinated strategy for strengthening 

mass transport and encouraging the use of fuel-efficient 

vehicles. More powerful than technical and regula-

tory measures for energy efficiency is energy pricing 

policy. Subsidies should be aggressively removed or 

redesigned and relegated to some limited and targeted 

schemes. Time-of-day tariffs should be introduced to 

shift part of the load from peak to off-peak periods.

The policy environment for encouraging renew-

able energy development has its own characteristics. 

Industrial countries have realized the need for varying 

levels of subsidies to encourage development of renew-

able energy technologies. Most countries try to keep 

these subsidies transparent, well targeted and within 

a confined timeframe. Subsidies include R&D support, 

feed-in tariffs, tax incentives and access to soft sources 

of finance. However, the predominant instrument is the 

feed-in tariff—that is, the price at which the utilities are 

obligated to buy the electricity—found to be most con-

ducive to the private sector supply of renewable energy 

technologies and services.

The electricity sector is the major vehicle for improv-

ing energy efficiency and altering the fuel mix. The 

institutions and policies for this sector can make or 

break India’s energy strategy. The Electricity Act of 2003 

restructured the electricity industry, unbundling the verti-

cally integrated electric supply utilities of each state into 

a transmission utility and several generating and distribu-

tion utilities. Each state’s electricity regulatory commis-

sion sets tariffs for electricity sales. The restructuring has 

introduced a framework for the proper functioning of the 

sector, but the details remain to be worked out.

The poor performance of the sector is evidenced in 

persistent power shortages and the failure to expand 

electricity supply capacity. Investment requirements are 

estimated at $1.6 trillion over the next three decades. 

The sheer size of these investment needs, together 

with the poor track record of past investments, raises 

serious concerns about the sector’s future. Investment 

at this level is possible only with considerable participa-

tion by the private sector. Yet private investment in the 

power sector has been limited and unstable. After an 

enthusiastic start in the early 1990s, private investment 

remained low and unstable until 2002. In 2003, a new 

enthusiasm emerged, with investments peaking at $4 

billion in 2004. Still, it is too early to tell whether private 

investors are ready to make substantial commitments, 
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“To meet its growing energy demand while 

managing energy security and mitigating 

local and global environmental impacts, India 

needs to achieve an unprecedented level 

of energy efficiency and diversification

particularly considering that their investments in 2005 

and 2006 have been lower than in 2004.

Most important for attracting new private investments 

is the sector’s financial performance. High operating 

costs, inadequate tariffs and failure to collect payments 

have resulted in deterioration of the financial health of 

most of India’s state electricity boards. The boards receive 

large subsidies—estimated at 30–40 percent of total rev-

enue—but still cannot cover the full cost of electricity sup-

ply. The weak financial state of the state electricity boards 

discourages the private sector. A few state electricity 

boards (Chhattisgarh, Goa and Orissa) have had positive 

financial results and are considered benchmarks for rat-

ing the performance of the other boards. The Ministry of 

Power has introduced a rating system that measures the 

performance of all 28 state electricity boards based on 

technical and operational performance of power facilities, 

tariff policy, cost recovery and commercial viability.

In addition to financial performance, private sector 

investors are concerned with fuel availability, already 

a strain for investors in the power sector. Most private 

power producers favour gas-based power generation 

plants, but they cannot be assured of a reliable supply 

of gas. And although coal is plentiful domestically, the 

industry structure does not lead to reliable supplies of 

coal at competitive prices. The coal sector needs sub-

stantial investments in mining and transport. Attracting 

such investment will be a challenge because the sector 

lacks commercial discipline. The sector is isolated from 

competitive forces, and its poor financial performance 

is unacceptable in an environment of high international 

coal prices. The government needs to organize the 

industry, ensuring that Coal India does not have monop-

oly power over activities best left to commercial entities. 

Reform of the coal sector is needed not only for its own 

viability but also for the good of the power sector, which 

requires assurance that reliable and suitable quality coal 

will be available to meet technology needs and manage 

the risks of fuel supply.

Finally, regulatory bodies, civil society and the media 

have important roles in the proper functioning of the 

energy sector. Independent and specialized regulators 

are needed, to encourage competitive market behav-

iour. Regulators need financial autonomy and clear 

authority for setting tariffs. At the same time, regulation 

has limits and should be confined to segments of the 

energy industry with significant economies of scale 

(natural monopolies). Finally, the impact of regulation 

on technological innovation and adoption needs to be 

taken into account. India should consider the ongoing 

revisions of the EU energy regulations as a possible 

model.

Civil society and the media play an important role 

in exposing governance issues in the energy sector. 

Worldwide, the energy sector is considered a potential 

source of institutional and technical inefficiencies, 

environmental damage, political abuse, rent seeking 

and financial misconduct. Having a transparent role 

for government and a credible regulator is essential for 

avoiding such pitfalls. So is having a strong civil society 

and media to insist on accountability.

Conclusions

India needs to meet its growing energy demand while 

managing energy security and mitigating local and 

global environmental impacts. To this end, India needs 

to achieve an unprecedented level of energy efficiency 

and diversification. Though a formidable challenge, India 

will not face it alone. During the next three decades the 

world will experience an energy or carbon revolution 

that will create opportunities as well as challenges for 

India. India will have access to extensive technological 

and financial support if it joins the revolution, but it will 

be subject to severe international scrutiny if it decides to 

continue on a business as usual path. The international 

community recognizes that India cannot be expected 

to curb its economic growth, but it also recognizes that 

the global carbon emission target cannot be achieved 

without India’s cooperation.

By joining this worldwide movement, India gains 

more than the appreciation of the international commu-

nity. It reduces the vulnerability of its economy to costly 
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“The international community recognizes 

that India cannot be expected to curb its 

economic growth, but it also recognizes that 

the global carbon emission target cannot 

be achieved without India’s cooperation

and unreliable energy imports. It diminishes damage to 

its local environment. And it places India in the forefront 

of some very advanced technologies. These benefits 

can occur only if India shifts from a business as usual 

scenario to a sustainable scenario. Though many have 

advocated this move, they have not clearly articulated 

what a sustainable scenario would look like. This paper 

proposes a framework for defining a sustainable sce-

nario based on a set of assumptions regarding progress 

in energy efficiency and use of renewable and nuclear 

technologies. These assumptions are in line with the 

emerging policies of the government.23
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Notes

IEA 2008.1.	

EIA 2008.2.	

Lorenz, Pinner, and Seitz 2008.3.	

ERI 2006.4.	

Indian Planning Commission 2006.5.	

IEA 2008.6.	

India deliberated the topic of energy security while prepar-7.	

ing its energy policy. It defined energy security as the ability 

“to supply lifeline energy to all citizens as well as meeting 

their effective demand for safe and convenient energy to 

satisfy various needs at affordable costs at all times with 

a prescribed confidence level considering shocks and 

disruptions that can be reasonably expected” (see Indian 

Planning Commission 2006).

Adleman and Watkins 2008.8.	

The Iran-Pakistan-India project was conceptualized in 9.	

1989 and has gone through many negotiation cycles. The 

pipeline would be 2,775 kilometres long and would be 

supplied from the South Pars field in the Persian Gulf. The 

initial annual capacity of the pipeline would be 22 bcm of 

natural gas, with capacity eventually reaching 55 bcm. It 

would cost $7.5 billion. The latest negotiations indicate a 

construction start date in 2009 and a completion date of 

September 2012. The deal encountered a setback in July 

2006 when Iran demanded a price of $7.20 per million Btu 

against India’s offer of $4.20. The long-stalled talks were 

revived in April 2008 when the Iranian president visited 

India and Pakistan.

There are no accurate estimates of India’s technical and 10.	

nontechnical losses. The gains from loss reduction pertain 

to technical losses. Half of transmission and distribution 

losses are assumed to be technical.

Nuclear reactors are classified by neutron energy (thermal 11.	

or fast), coolant fluid (water, gas or liquid metal) and mod-

erator type (light water, heavy water or graphite). Most (82 

percent) nuclear power plants use ordinary water as both 

coolant and moderator. Other water reactors, primarily in 

Canada and India, use heavy water as both coolant and 

moderator.

The typical nuclear fuel cycle starts with refined uranium 12.	

ore, composed mainly of uranium 238 (U-238). U-238 

is not fissile—the process by which the nucleus of the 

atom splits, releasing tremendous quantities of energy. 

Uranium ore normally contains very small percentages 

of U-235, which is fissile. When a U-235 atom splits, it 

releases a spread of high-energy neutrons. If one of these 

neutrons collides with another U-235 atom, it can cause 

the atom to split, releasing more neutrons. This chain 

reaction could create an explosive power for a nuclear 

bomb or the meltdown of a nuclear reactor. Since there is 

too little U-235 in mined uranium ore, the ore needs to be 

“enriched” to around 3–5 percent U-235 for nuclear fuel 

(and 85 percent for a nuclear weapon). Once a sufficient 

proportion of U-235 is achieved, the ore is made into fuel 

suitable for a reactor. While U-235 is necessary for fission, 

U-238 is “fertile”, which means that it can transmute into 

other fissile elements in a process called “breeding”. In this 

process, when an atom of U-238 absorbs a neutron, such 

as one thrown out by a nearby splitting U-235 atom, it can 

transmute into U-239, then quickly into neptunium-239 and 

then to plutonium-239 (PU-239). PU-239, like U-235, is fis-

sile and can maintain a chain reaction. The spent fuel can 

be reprocessed. The problem is that many reactors are not 

optimized for burning plutonium, and as a consequence, 

large quantities of PU-239 remain as a waste by-product 

in spent fuel rods. This means that much of the spent 

fuel—highly radioactive—becomes waste that needs to be 

stored for a very long time. This waste PU-239 also rep-

resents the greatest weapons proliferation threat because 

of the possibility that some of the waste could fall into the 

wrong hands.

IEA 2008.13.	

The Solar American Initiative, a programme of the US. 14.	

Department of Energy, has a goal of bringing solar to grid 

parity by 2015. Photovoltaic electricity cost is expected to 

drop from 35 cents a kilowatt hour to 10 cents a kilowatt 

hour within this timeframe. The IEA also projects that the 

cost of solar photovoltaic and concentrated solar power 

will decline substantially and become economically viable 

before 2020. Furthermore, IEA’s assessment indicates that 

while most solar capacity is being installed in industrial 

countries, future solar capacity will be concentrated in 

countries like those in the Middle East and North Africa, 

where there is abundance of strong solar resources.

Jatropha oil is produced from the seeds of the Jatropha 15.	

curcas, a plant that can grow in wastelands across India. 

Once established, the plant has a useful lifespan of several 

decades and requires little water. The government has 
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identified 400,000 square kilometres (98 million acres) of 

land where jatropha can be grown. Jatropha cultivation 

can provide much needed employment for the rural poor 

of India. Indian Railways has started to use jatropha oil 

(blended with diesel fuel) to power its diesel engines. Many 

states have developed extensive programmes for jatropha 

cultivation, but the total potential contribution to the coun-

try’s energy requirements is unclear.

IEA 2008.16.	

Indian Planning Commission 2006.17.	

IEA 2008.18.	

The United Nations Framework Convention on Climate 19.	

Change is an international environment treaty declared 

at the UN Conference on Environment and Development, 

known as the Earth Summit, held in Rio de Janeiro in 1992. 

The parties agreed to recognize “common but differenti-

ated responsibilities”, with greater responsibility of industrial 

countries (called Annex 1 countries) for reducing green-

house gas emissions in the near term. The treaty includes 

provisions for updates, called “protocols”. The principal 

update is the Kyoto Protocol, adopted in 1997. Most indus-

trial countries and some Central European economies 

in transition (called Annex B countries) agreed to legally 

binding reductions of 6–8 percent below 1990 levels in 

greenhouse gas emissions over 2008–12, defined as the 

first emissions budget period. The United States would be 

required to reduce its emissions by an average of 7 percent 

below 1990 levels. The administration of President George 

W. Bush explicitly rejected the protocol in 2001. Since then, 

a series of meetings have helped resolve many practical 

issues, such as agreement on a flexible mechanism, 

which provides for emissions trading instruments such 

as the Joint Implementation and the Clean Development 

Mechanism, which allow industrial countries to fund 

emission reduction activities in developing countries as 

an alternative to domestic emission reduction. At the lat-

est meeting, held in Bali, Indonesia, in December 2007, 

agreement was reached on a timetable for negotiating the 

post-2012 framework or successor to the Kyoto Protocol. 

At the upcoming meeting in Copenhagen, in December 

2009, negotiations are expected to lead to an ambitious 

global climate agreement for the period after the commit-

ment under the Kyoto Protocol expires, in 2012. At a meet-

ing in July 2008 in Japan, the G-8 leaders agreed on a 50 

percent emission reduction target by 2050 but asked that 

other major economies, such as India and China, also limit 

emissions. It is therefore expected that the Kyoto Protocol’s 

reliance on industrial countries for the major reductions 

in greenhouse gas emissions might not hold in the next 

round of negotiations.

India has not signed the Nuclear Non-Proliferation Treaty 20.	

(NPT). It carried out its first nuclear test in May 1974 and 

subsequently became subject to a nuclear trade embargo, 

which the Nuclear Suppliers Group (NSG) imposes on 

countries that are not signatories of the NPT and conduct 

nuclear activity. After more than 30 years of embargo, 

a U.S.-India agreement was signed in March 2006 that 

would allow India to buy nuclear technology and nuclear 

fuel from the United States as long as India separates its 

military and civilian nuclear facilities and agrees to supervi-

sion by International Atomic Energy Agency (IAEA). The 

agreement has cleared the Indian parliament. IAEA also 

approved the deal by signing a nuclear safeguards agree-

ment with India in August 2008. The agreement to allow 

nuclear fuel and technology exports to India for its civilian 

use was also cleared by the 45-member NSG and would 

need to go to the U.S. Congress for approval. However, 

critics say that implementation of the U.S.-India nuclear 

cooperation agreement will be a breach of the NPT, thus 

undermining international nonproliferation efforts. The 

international community hopes that India will eventually 

sign the NPT.

See, for example, Dean (2006).21.	

See, for example, IEA (2008); Madan (2006); Taylor (2008); 22.	

India Planning Commission (2006).

In June 2008 the prime minister announced a climate 23.	

change plan with a vision of making India’s economic 

development energy efficient, placing solar power at centre 

stage and pooling India’s scientific, technical and manage-

rial talents and financial resources to develop solar energy. 

However, the plan makes no commitment to reducing 

carbon emissions.
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