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Fo r e w o r d E il e en Claus sen , Exe c ut ive Dire c t or, Pew Cent er on Glob al Climate Chan g e

The electric power sector in India is characterized by low per capita energy use, rapid growth in

demand, heavy losses in transmission and distribution, and tariffs well below average costs. Coal domi-

nates usage, which combined with hydropower re p resents 85 percent of generated power. The power sec-

tor is responsible for half of India’s carbon dioxide emissions, which were 92 million tons in 1995. Even

with the prospect of market and industrial re f o rms, the “business-as-usual” path for India in 2015

i n c reases both generating capacity and carbon dioxide emissions by around 150 percent over 1995 lev-

els. But the scenarios modeled in this study show that growth in emissions can be reduced to only 60

p e rcent greater than 1995 if pro g ressive sustainable development policies are implemented. 

What are the drivers that will influence future technology choices in India?  

• The ability of India’s power producers to fuel-switch and lower carbon dioxide emissions is heavily

dependent on the availability and cost of alternative fuels (especially natural gas). In the scenario

simulating stricter local environmental controls, this restriction steers decision-makers to sulfur con-

trol equipment and does not necessarily lead to reductions in coal use. On the other hand, striving

to attain sustainable development goals can reduce costs and capacity needs, and achieve the most

dramatic reductions in carbon dioxide emissions.

• Market reforms can lower costs by 11 percent and carbon emissions by 7 percent through a reduc-

tion in the need to build more power plants t h rough increased supply efficiency and earlier avail-

ability of new technologies.

• More widespread adoption of cost-effective energy efficiency measures could also reduce carbon

emissions by 23 percent and sulfur dioxide emissions by 60 percent, by reducing demand for power

by around 15 percent.

Developing Countries and Global Climate Change: Electric Power Choices in India is the third in

a series examining the electric power sectors in developing countries, including four other case studies of

K o rea, China, Brazil, and Argentina. The re p o rt ’s findings are based on a lifecycle cost analysis of several

possible alternatives to current projections for expanding the power system.

The Pew Center on Global Climate Change was established in 1998 by the Pew Charitable Trusts to

bring a new cooperative approach and critical scientific, economic, and technological expertise to the global

climate change debate. The Pew Center believes that climate change is serious business and a better under-

standing of circumstances in individual countries helps achieve a serious response. 
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E xecutive Summary

Electricity consumption in India has more than doubled in the last decade, outpacing economic

g rowth. The power sector now consumes 40 percent of primary energy and 70 percent of coal use. This

sector is the single largest consumer of capital, drawing over one-sixth of all Indian investments over

the past decade. Despite these huge expenditures, electricity demand continues to outstrip power gen-

erating capacity, leaving a 12 percent electricity deficit and a 20 percent peak power short a g e .

The government has assumed the predominant role in electricity supply in the post-independence

era. State electricity boards (SEBs) and power corporations plan and govern power plants financed with

state funds. SEBs in particular are wide open to political influence and tariff distortions. Operational inef-

ficiencies grew in the absence of competition and financial discipline, undermining the power sector’s

financial health. By the early 1990s, the sector was overdue for sweeping re f o rms to enhance re v e n u e s

and mobilize investment in the short run, and to change ownership and the re g u l a t o ry stru c t u re in the long

run. Reforms underway fall broadly into the categories of SEB corporatization, privatization of power corpo-

rations, unbundling (vertical divestiture), and re g u l a t o ry re s t ru c t u r i n g .

Despite enhanced competition from other fuels, coal remains the mainstay of power generation

in India. The present power technology mix relies on domestic coal to provide three-fifths of the coun-

t ry ’s power; large hydroelectric dams provide about one-quart e r. Gas-fired power has grown from almost

nothing to one-twelfth of total generation in the last decade due to the reduced risk associated with

lower capital re q u i rements, shorter construction periods, diminished environmental impacts, and higher

e fficiencies. Nuclear power contributes less than 3 percent to total generation and renewables (other

than large hydro) just over 1 percent. India has a significant program to support renewable power,

exemplified by wind power capacity that rose from 41 megawatts in 1992 to 1,025 megawatts in 1999.

Power transmission and distribution has suff e red from losses amounting to over one-fifth of

generated electricity, more than double the level of most countries. An institutional re s t ru c t u r i n g

p rocess began in 1989 to consolidate various suppliers and distributors under an agency called

“ P o w e rgrid.” Faced with unreliable power supply, many industries have invested in on-site power

generation that now accounts for 12 percent of total capacity. 

The phenomenal rise in agricultural electricity consumption is due to greater irrigation demand

by new crop varieties and the very low price of electricity provided to that sector. The average electricity

t a r i ff in India is 20 percent below the average cost of supply. The gap is mainly due to subsidized rates

for agriculture. Industrial consumers pay higher costs and provide a cross-subsidy that was worth over

US$5 billion in 1997, equal to almost half of power sector investments that year. 
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C o n c e rns about the environmental impacts of power plant projects have grown in the past twenty

years. The power sector contributes about half of India’s carbon, sulfur, and nitrogen oxide emissions.

H y d roelectric projects also have generated social concerns. Dam construction has forced the relocation of

many Indians, a problem the government has handled poorly. Managing environmental and social impacts

has there f o re drawn considerable attention in policy-making, project development, and operations. 

A. Results 

T his st u dy proj e c ts a basel i ne of current tren ds , then tests the

effe c ts that market refor m , eff i c i ent techn ol o gy, l o c al env ironment al pol lu-

t i on control s , and sust a i n able devel opment strat e gi es could have on the

In di an power se c t or. The analysis uses a least-cost model that optimizes power demand accord-

ing to power generation technologies, energy supply, and environmental constraints. Because India may

o v e rtake China by 2015 as the world’s most populous nation, the results should be of significant inter-

est to climate change policy-makers. The goal of this analysis is to present policy options based on the

relative diff e rences between scenarios and other qualitative information about India’s power sector. 

Basel i ne. Power capacity in 2015 will grow to two-and-a-half times the 1995 level. Coal

technologies will continue to account for the largest share of new additions to capacity, but will decline

f rom 62 percent in 2000 to about 55 percent in 2015. Clean-coal and natural gas technologies will

play larger roles, while hydropower will decline slightly. Capital re q u i rements will total $151 billion

f rom 2000 to 2015, more than all other scenarios except a high-growth case. Sulfur dioxide and carbon

emissions both more than double from their 1995 levels to 5.9 million and 217 million tons, re s p e c-

t i v e l y, by 2015. 

Market Reform Sc en ar i o. This scenario assumes that India will further liberalize

domestic policies and become more receptive to foreign direct investment. The scenario results in minor

changes to the power supply mix compared to the baseline. However, less capacity overall is needed

due to greater energy efficiency and utilization of existing capacity, thus reducing capital re q u i re m e n t s

by 11 percent. Carbon emissions decline 7 percent from the baseline by 2015, falling to 203 million

tons per year. By 2015, sulfur dioxide emissions fall by 56 percent to 2.6 million tons due to incre a s e d

use of pollution control equipment with conventional coal technologies.

Eff i c i ent Te chn ol o gy Sc en ar i o. This scenario simulates the impact of cost re d u c-

tions in advanced power generation and end-use technologies. Investment re q u i rements in this scenario

decline 20 percent below the baseline due to the higher capacity and efficiency factors of advanced

technologies. Advanced technologies in the end-use sector reduce total installed capacity from 246

Electric Power options in India
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gigawatts to 207 gigawatts, while the power mix shifts from coal to gas and hydroelectric. Carbon emis-

sions total 168 million tons in 2015, about 23 percent lower than the baseline. Sulfur emissions fall by

60 percent in 2015 to 2.3 million tons.

L o c al Env ironment al Control Sc en ar i o. This scenario simulates stricter control of

n i t rogen and sulfur oxides and particulates. Capacity additions closely resemble the base case in this sce-

nario, but capital costs increase by 5 percent due to more expensive control technologies. The marg i n a l

cost of electricity is 3 percent higher than the baseline and higher than in most other scenarios. Compare d

to the base case, fitting coal technologies with sulfur control equipment cuts sulfur emissions by 40 per-

cent in 2015. Carbon emissions reach 218 million tons by 2015, similar to baseline emissions, primarily

because there is little substitution of gas for coal. 

Sust a i n able Devel opment Sc en ar i o. Modelers simulate a combination of

p ro g ressive policy options in this scenario, including decentralized governance, enviro n m e n t a l

c o n s e rvation, efficiency and renewable energy promotion, and regional cooperation. Requirements for

capacity additions in this scenario fall 22 percent below the baseline, but still re q u i re $117 billion of

cumulative investment between 2000 and 2015. Sulfur emissions fall dramatically to about 2.3 million

tons. This scenario produces the lowest carbon emissions in 2015 at about 141 million tons, still 60

p e rcent higher than emissions today.

G row th Sc en ar i os. The high-growth scenario, which assumes 7 percent economic

g rowth, re q u i res $218 billion in investments by 2015, more than any other scenario. Surprisingly, high

g rowth cuts sulfur emissions significantly — to 3.3 million tons in 2015 — due to the availability of

s u fficient funds. This is almost half the baseline level. Carbon emissions reach 225 million tons by

2015, about 2.5 times the 1995 level, though only 4 percent more than the baseline total. 

In a low-growth scenario, capital re q u i rements amount to just $97 billion per year by 2015,

about 36 percent lower than baseline re q u i rements. Iro n i c a l l y, this scenario produces the second high-

est level of sulfur dioxide, more than 4.0 million tons in 2015, or 50 percent higher than the market

re f o rm case. Carbon emissions in 2015 reach 145 million tons, about one-third lower than baseline

emissions, but almost 60 percent higher than 1995 emission levels. 
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B. Conclusions

T his st u dy con clu d es that ne ar- exclusive gover nment ownership, a

supply -side or i ent at i on , and tar iff dist or t i ons led the In di an power se c t or

to an unsust a i n able path before 1990. The analysis yields three additional insights. First,

without low-cost supplies of natural gas, strict control of local pollutants may not necessarily lead to

reduced coal consumption. A least-cost option might simply promote early penetration of pollution con-

t rol equipment suited to conventional coal technologies. Second, high economic growth does not have

to lead to excessive coal-fired emissions; instead, stricter emissions control and greater financial

re s o u rces might cause a shift to cleaner fuels and more energ y - e fficient coal technologies. Third, the

s h a re of natural gas use increases in all scenarios, indicating that enhancing the gas supply is a vital

e n e rgy policy measure .

A useful hedging strategy would be to keep the energy and technology mix flexible. Gas is a

robust option that meets multiple objectives like low emissions and peak load re q u i rements and multi-

ple constraints like low investment costs and short construction time. Another option is to gain experi-

ence with emerging renewable technologies. It would also be useful to integrate regional grids into the

national grid to enhance the efficiency and reliability of the power supply. Nepal and Bhutan own hydro

re s o u rces while Bangladesh and Myanmar possess gas; cooperation with these neighboring countries

will help diversify the capacity mix, reduce costs, and improve environmental perf o rm a n c e .

India could reduce electricity losses in the power grid by updating technology and management

practices. Furt h e rm o re, improved grid reliability could lower the need for captive power generation — often

i n e fficient diesel generators — at industrial sites. The costs re q u i red to accomplish this would be offset by

the savings in building and operating new power plants and the associated reduction of harmful emissions.

The Indian power sector has substantial potential to reduce its carbon emissions from baseline

p rojections. Short - run policies such as promoting clean technologies and reducing energy demand are

likely to curb local pollution substantially and reduce carbon emissions by one-quarter by 2015, or a

total of 600 million tons between 2000 and 2015. However, measures that control sulfur and nitro g e n

oxide pollutants such as coal washing, sulfur scrubbing, and integrated gasification combined-cycle

plants have little impact on carbon emissions. Climate change mitigation policies for the Indian power

sector there f o re will have to be crafted for their own sake. 

Electric Power options in India
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I. The Indian Energy Picture

A. Electricity’s Role in the Indian Economy

Indian electricity use has more than doubled in the last decade, and

has grown faster than gross domestic product (GDP) for 20 years.1 (See 

Figure 1.) Industrialization, combined with the modernization of agriculture and a rise in per capita

income, have led to this rapid increase in energy consumption. Electricity use per person has increased

to over 430 kilowatt-hours (kWh) per year, up from 90 kWh in 1972.2 Despite this increase, India’s per

capita electricity use averages only

one-sixth that of the world, one-half

that of China, and less than one-

twentieth that of the United States.3

The power sector now repre-

sents 40 percent of total primary

energy use in India, including nearly

70 percent of all coal use.4 Power

generation has also been India’s sin-

gle largest consumer of capital,

drawing over one-sixth of all invest-

ments over the past decade. Despite

this huge level of investment, elec-

tricity demand continues to outstrip power generating capacity, leaving a 12 percent electricity deficit

and 20 percent peak power shortage.5

Shortly after India won independence from the United Kingdom in 1948, political, economic, and

institutional considerations led the government to assume the predominant role in electricity supply.

Government policy opposed involving international capital in this core sector of the economy. The absence

of competition and the lack of private investment meant the power sector developed as a state monopoly.
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Figure 1

Energy and Electricity Demand  and the Indian Economy

Source: Government of India, Ministry of Finance, 1999. Economic Survey (1990–1998). 
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Supply was decided by government-allocated investments. Because the power producer and regulator were

one entity, regulation seemed unnecessary, hindering the emergence of a re g u l a t o ry system. 

Two forms of public power ownership evolved. Most state governments created state electricity

b o a rds (SEBs) to govern power plants financed with state funds. Since the 1960s, the central govern-

ment has also created government-owned power corporations. These corporations were meant to close

the investment gap resulting from the SEBs’ tariff distortions and operational inefficiencies. The corpo-

rations did expand capacity and enhance operating perf o rmance. However, the power gap between sup-

ply and demand grew unabated because the central govern m e n t ’s “Five-Year Plans” did not provide the

needed outlays.

Under this dual ownership, power plant governance was wide open to political influence and

t a r i ff distortions, especially in the SEBs. Their operational inefficiencies worsened in the absence of

competition and financial discipline. These inefficiencies, along with tariff subsidies, undermined the

power sector’s financial health. Government ownership and the political attractiveness of large power

development projects diminished environmental and social scru t i n y. Growing awareness of these issues

has emerged as an important barrier to adding power capacity, especially for large hydro projects and

c o a l - f i red plants planned in ecologically sensitive are a s .

The continuation of “business-as-usual” appeared a grim prospect by the early 1990s. The

power sector was overdue for sweeping re f o rms concerning ownership and competition. Such changes

involve lengthy processes, however; the immediate need was to attract investment to bridge the widen-

ing gap between supply and demand. The Indian government launched major power sector re f o rms in

1998 against this background. (See Box 1.)

B. Current Power Dynamics

In dia incre ased power generat i on cap a c i ty ne arly si xfold bet we en

1970 and 1995, while diversifying its mix of supply techn ol o gi es.1 0 (See Figure

2.) Curre n t l y, coal provides about three-fifths of power and large hydroelectric dams about one-quart e r.

H y d ropower is declining in relative importance. In contrast, use of gas-fired power has grown fro m

Electric Power options in India
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B e f o re 1998, the declining health of the state

electricity boards (SEBs), the widening power gap, and yawn-

ing inefficiencies in India’s power sector suggested the need

for major re f o rm. Priorities included the need to enhance re v-

enues and mobilize power sector investment in the short ru n

and to change ownership and the re g u l a t o ry stru c t u re in the

long run. Reforms underway fall broadly into the categories of

corporatization of SEBs, privatization, unbundling (vert i c a l

d i v e s t i t u re), and re g u l a t o ry re s t ru c t u r i n g .

C o r p o r a t i z a t i o n

Corporatization is the process of changing the SEBs

f rom state ownership and administration to business-like

corporations as defined by the Indian Company Act of

1 9 5 6 .6 Corporatization is expected to increase pro f e s s i o n-

alism, management independence from political interf e r-

ence, and financial accountability. The approach is to

enhance operational independence through such means 

as including private nominees as board members.

P r i v a t i z a t i o n

Amendments to the Indian Electricity Act of 1910

and the Electricity Act of 1948 have permitted private par-

ticipation in the power sector.7 Private participation is now

open in power generation, distribution, and transmission.

L o n g - t e rm generation licenses are off e red to private

p a rties, and the approval process for power generation has

been streamlined. Captive power generation and cogenera-

tion have received incentives such as the right to sell sur-

plus power over the grid to a third - p a rty customer.

Privatization of power transmission, inherently more diff i-

cult, has been encouraged through the recognition of

exclusive transmission companies. Control of power distrib-

ution by the SEBs, a major barrier to privatizing this link of

electricity service, is being reduced. Other incentives to

privatization are allowing 100 percent equity ownership by

f o reign private investors, reduction in import tariffs on

power plant equipment, a five-year tax holiday, a liberal

power purchasing agreement with perf o rmance incentives,

and special appropriations for debt re d e m p t i o n .8

U n b u n d l i n g

Separating SEBs into generation, transmission, and

distribution companies is part of the reform process. This

change rests on the premise that generation is competi-

tive, while transmission is a natural monopoly, and distrib-

ution is a local monopoly. Generation and distribution,

therefore, must be separated from transmission to pro-

mote competition. The State of Orissa passed India’s first

unbundling initiative.

R e g u l a t o ry Reform s

Power sector regulations in India formerly centere d

on creating re g u l a t o ry institutions and defining rules to

g o v e rn supply-side investments. Price, quality of supply,

and consumer protection were hardly addressed. The

central government formulated national power policy,

new legislation for energy supply, and technical stan-

d a rds, and allotted energy sources for power generation.

Planning and project implementation fell under the juris-

diction of the Central Electricity Authority (CEA), which

also was responsible for setting tariffs for power utilities

owned by the central government. Only the state govern-

ments controlled licensing. The Electricity Supply Act of

1948 (revised 1976) re q u i red licensees or generating

companies to follow the directions of Regional Electricity

B o a rds for integrated operation. The re g u l a t o ry perf o r-

mance of regional bodies was poor because the govern-

ment exercised direct and indirect control over them.

The 1998 Regulatory Commissions Act was a land-

mark in re g u l a t o ry re f o rm. This act mandated creation of a

Central Electricity Regulatory Commission (CERC) and pro-

posed creating a State Electricity Regulatory Commission

(SERC) in each state. The original ordinance also included

a provision for introducing floor prices for electricity tariff s

at 50 percent of the production cost.9 Because of opposi-

tion from the farming lobby, the tariff proposal was

d ropped. Due to inadequate support, the provision for

establishing SERCs also did not become mandatory. The

Act empowers the commission to rationalize or adjust elec-

tricity tariffs, create transparent policies on subsidies, and

p romote environmentally benign policies.

The proposed functions of CERC include: (1) suggest-

ing tariffs for utilities owned by the central govern m e n t

and other generating companies selling power to more than

one state; (2) regulating interstate transmission; (3) aiding

and advising the central government in tariff policy; and

(4) arbitrating in disputes between generation and trans-

mission entities.

Ten states have established SERCs, whose functions

include setting tariffs for wholesale, bulk, grid, and re t a i l

customers, and for transmission facilities. SERCs also re g-

ulate power purchases and pro c u rement for transmission

utilities, investment, approval and arbitration of disputes,

issue of licenses for transmission and distribution; set

q u a l i t y, continuity, and reliability standards; and pro m o t e

competitiveness and private sector participation. Some

state governments also have begun to implement wide-

ranging re f o rms. Orissa was the first state to take such an

initiative. The re f o rm process is new, and it is too early to

judge its pro g ress. Isolated success stories like Orissa’s

lend to optimism, but the slow pace of re f o rm nationwide

is a reminder of how far India has to go to transform its

re g u l a t o ry system.

Box 1

Power Sector Reform in India
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almost nothing to one-twelfth of

power capacity in the last decade.

Nuclear power provides less than 3

percent and renewables (other than

large hydro) just over 1 percent.

Power generation capacity (kilowatts)

has grown at 4.4 percent annually in

the 1990s, though power generation

(kilowatt-hours) has grown at 7 per-

cent. This difference is due to

increasing capacity factors, the

amount of time plants spend actually

generating electricity.11

Coal — The Mainstay of Power Capacity. Coal-based power generation using

domestic coal has been the mainstay of electricity generation in India. The country has relatively large

reserves of coal but little of oil or gas. Domestic coal has a competitive price advantage over imported

fuels, which carry risks associated with the security of supply and payment of foreign currency. A sizable

infrastructure in coal mining, power sector manufacturing, and transport has evolved. The heavy engi-

neering industry has developed indigenous manufacturing capability for critical equipment. Coal-fired

capacity has risen over the last 20 years, along with the expansion of coal production and restrictions on

fuel imports.

Several factors have recently influenced power generation investment, prompting a shift to nat-

ural gas. Gas has benefited from inadequate expansion of coal mining capacity, eased restrictions on fuel

imports, and foreign participation in the power sector. This shift has been enhanced by the low risk asso-

ciated with gas-fired power, which enjoys lower capital requirements and shorter construction periods, as

well as reduced environmental impacts and higher operational efficiencies.12 Long-term power purchasing

agreements, based on the cost-plus principle that guarantees recovery of investments plus a fixed profit,

and incentives for improving operating efficiency have also aided penetration of gas-based power supply.

+

+

+
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Clean-coal technologies now being considered do offer opportunities to ameliorate the local

e n v i ronmental drawbacks of coal-based power plants. Particulate control, for example, has impro v e d

with mandatory re q u i rements for electrostatic precipitators in new coal power plants. But in the

absence of stringent controls for sulfur and nitrogen oxides, penetration of clean-coal technologies has

remained marg i n a l .

L arge Hy dro — Decl i ne in Cap a c i ty Share. H y d ropower was favored in the early

years of independence to bolster self-suff i c i e n c y, and India built large-scale projects with capacities

ranging between 880 and 2,700 megawatts.1 3 But hydropower has declined from 44 percent of installed

capacity in 1960 to 25 percent in 1995.1 4 T h e rmal power (coal, gas, oil, and nuclear) expanded as a

result of shorter construction time, increased opposition to the social and environmental impacts of

l a rge hydro projects, and the greater political risks of relying on hydro due to regional disputes over

water and power sharing. Because hydro capacity has traditionally been used for power supply during

peak periods, the decline in the pro p o rtional contribution of hydro worsened peak power short a g e s .

Pumped storage projects, which pump water to elevated holding re s e rvoirs for later use, now re c e i v e

g reater attention as a means of enhancing peak generating capacity.

Nat ural Gas — Exp an ding Power Cap a c i ty. Because of its advantages in capital

cost and construction lead time, gas is well-suited to meeting peak power demand. This attribute helps

account for the 25 percent annual growth rate of gas-fired power in the first half of the 1990s.1 5 N e w

capacity is also now being built for base-load operation (plants that run nearly constantly). Domestic

gas re s o u rces are limited, although production has increased by 150 percent since 1988.1 6 Plants are

being built in coastal areas near ports with terminals capable of handling liquefied natural gas (LNG).

H o w e v e r, inland use of imported LNG remains expensive compared to coal, so natural gas is competitive

in these regions only if transported by pipeline directly from the production field. Major supply sourc e s

could include the Bay of Bengal off the coast of Bangladesh or across land from Myanmar or

Turkmenistan. The lower cost of transporting gas from these locations (compared to LNG) must be

weighed against the security risks associated with international pipeline projects, particularly those that

c ross politically unstable countries. Some power projects hedge this risk by investing in technology

capable of burning both gas and liquids, though this adds to the cost.1 7

+

+
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Nucl e ar Power — Sl ow Grow th . With assistance from the United States, India

launched a nuclear power program in 1969 with two twin boiling water reactors. Subsequent pro j e c t s

have used pressurized heavy water reactor technology (PHWR), built with Canadian assistance and later

developed indigenously. India operates 10 nuclear reactors with 2,225 megawatts of total power capac-

ity and energy production of almost ten terawatt-hours per year.1 8 It plans to add 11,600 megawatts of

nuclear capacity by the year 2012.1 9 India has emerged as a leader in reactor development and safety,

and thorium fuel utilization technologies. While the nation possesses 8 percent of global uranium

re s e rves and 32 percent of thorium re s e rves, it has linked the fuel cycle of the pressurized heavy water

reactor to a 40-megawatt fast breeder reactor program to maximize use of these re s e rves. 

Regulators have paid increasing attention to nuclear safety and environmental impacts in re c e n t

years. Radioactive waste treatment and disposal plants are operated as an integral part of every nuclear

f a c i l i t y. An independent agency, the Environment Survey Laboratory, monitors nuclear plant sites and

their surroundings for impacts on forests, fauna, marine life, crops, and air. The Intern a t i o n a l

Commission on Radiological Protection (ICRP) and the Atomic Energy Regulatory Board set guidelines

for the operation of nuclear stations. Nevertheless, public concerns about reactor safety, waste manage-

ment, and decommissioning hazards have been gro w i n g .2 0

Renew able Power Cap a c i ty — Emerging New Markets. Twenty years ago,

the Indian government initiated a renewable energy program to diversify national energy sources. This

p rogram created a renewables market through technical assistance and commercial incentives. At first,

the program sought to develop niche applications (in rural areas where grid electricity was unavailable,

for example). This focus has shifted to grid-connected commercial applications such as wind power.

(See Box 2.) Renewable power technologies in 1997 included 917 megawatts of wind power (which has

since grown to over 1 gigawatt), 134 megawatts of small h y d roelectric capacity,2 1 42 megawatts of bio-

m a s s - f i red plants, and 2 megawatts of solar photovoltaic units.2 2 Significant domestic experience and

capability has thus been developed for renewable electricity production, including indigenous biomass



Electric Power options in India 

7

+

+

+

gasifier technology23 and a manufacturing base for wind power and solar photovoltaics. Though the pre-

sent contribution of renewable electricity is small, existing capabilities offer the flexibility to respond to

emerging environmental and sustainable development needs.

Wind power has expanded significantly over the past

five years in India. (See Figure B-1.) For more than two

decades, government programs alone drove the demand

for renewable energy technologies. Although there were

multiple suppliers, the government was the single domi-

nant consumer, fixing technology prices on a cost-plus

basis. Price signals therefore did not reflect market condi-

tions. Reform policies have expanded the market’s role.

Rather than impose development targets, financial incen-

tives such as tax rebates on investment now drive

demand. Access to the grid is guaranteed to wind produc-

ers via mandatory wheeling (transmission from one region

to another via a third). Banking and foreign exchange

reforms have also improved the competitive position of the

wind power industry by generating significant demand

(“market pull”) for wind power by the private sector.

Market dynamics also aided technology transfer, as

international wind turbine companies (often with generous

financial backing from the governments of their home

countries) competed to supply technology, and Indian

companies formed joint ventures with wind equipment

suppliers. Implementation experience has lowered the

costs of wind power, and enhanced manufacturing and

servicing capacity has lowered the risk. Wind power

deployment in India has already contributed to 0.7 million

tons of cumulative carbon mitigation.24

Rising use of wind power — fueled by tax rebates —

has increased tax revenue losses to levels that are finan-

cially unsustainable for the government budget.

Multilateral finance institutions also have limited

resources to promote wind power development. But the

reduced cost of wind power, combined with greater aware-

ness of the need to internalize environmental costs from

conventional power sources, may enhance wind power

market penetration. The future growth of wind power

depends on balancing these two factors.25
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Figure B-1

Wind Power Capacity in India

Source: Tata Energy Research Institute, TERI Energy Directory 
and Yearbook, 1998/99. 

0

200

400

600

800

1000

1200

1998199619941992

Box 2

Wind Power Technology in India



Transm is si on and Distr ibut i on Syst em s. The power transmission and distribu-

tion network is comprised of large regional grids. Unfort u n a t e l y, the share of low-voltage distribution

lines increases as the network extends to rural service areas. The ratio of low- to high-voltage lines

i n c reased from about 4 in 1965 to 16 in 1996.2 6 Because low-voltage lines carry power much less eff i-

c i e n t l y, this configuration increases power losses and costs, while reducing power reliability and quality. 

Transmission and distribution losses now amount to over one-fifth of generated electricity,2 7

though theft accounts for about one-quarter of these losses. Power quality suffers from widening fre-

quency and voltage fluctuations and frequent grid disruptions. These problems are caused by inade-

quate capacity, inefficient operations, and technological obsolescence. The main source of these

p roblems is the government monopoly on power transport and the inability to recover distribution costs

because of political interf e rence. These factors lead to a persistent lack of funds for expanding and

i m p roving the transmission and distribution network. 

Institutional re s t ructuring began in 1989 to consolidate the various central and govern m e n t

suppliers and distributors under one national agency called Powergrid. This agency now integrates the

national power grid system, manages reactive power problems (a type of instability that can affect power

quality), provides adequate metering, and enhances load dispatch and communication facilities. The goal

is to use technical innovations and enforcement of electricity laws to reduce losses to 15 percent within

six years.2 8 But re f o rms in transmission and distribution have developed even more slowly than in the

power generation sector. Without strong competition, re f o rm targets are unlikely to be achieved.

Grid Int e grat i on . Regional distribution of power generation in India varies significantly

due to uneven electricity demand and re s o u rce endowment nationwide. Sizable hydroelectric potential

is located in the North and Northeast, while coal mines are located in the East and central pro v i n c e s .

The long Indian coastline permits access to imported fuels, however the vast hinterland impedes their

penetration. The average transport distance for domestic coal is 1,000 kilometers; the cost of transport-

ing coal such long distances can double its price.2 9 The trade-off between fuel transport costs and long-

distance power transmission losses is a critical issue for national planners.

Electric Power options in India
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Five regional grids operate in India, with the northern and western grids each connecting 30

percent of power supply capacity.30 Regional grids connect state transmission networks only within that

region, while the national grid remains unconnected. An interconnected national grid could reduce

peak capacity problems by evening out load profiles and capacity mixes across regions. Progress in

grid integration has been slow due to poor coordination among regional authorities, and technical and

financial problems.

Captive Power Generation. Faced with an unreliable external power supply, many

energy-intensive industries such as aluminum, steel, and fertilizer have invested in on-site power genera-

tion. Industrial, or “captive,” power generation has grown from about 1,600 megawatts in 1970 to

almost 12,000 megawatts in 1995 (12 percent of the total installed capacity). Captive power capacity

continues to grow at an annual rate of 8 percent. Just over half of this capacity is coal, while almost two-

fifths is oil. Gas-fired power generation technologies have recently begun to capture the market at the

margin, providing 8 percent of captive power.31 Many captive generating plants have excess capacity that

could supply power to the grid given the right policy incentives.

Electricity

Consumption Trends.

Power demand has grown most

rapidly in the agricultural and

household sectors over the past

two decades. (See Figure 3.) While

total power use grew 8.6 percent

per year, these two sectors

together increased their power use

by more than 12 percent annually.

Moreover, total power use in the

household and agricultural sectors

in the same period climbed to 20

and 30 percent, respectively.32

Figure 3

Final   Electricity Consumption  by Sector
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I n d u s t ry ’s total share of power use over the period there f o re fell from almost 60 percent to just under

40 percent. The phenomenal rise in energy consumption from agricultural activities is due to gre a t e r

i rrigation demand by new crop varieties and the very low price of electricity for that sector.

El e c tr i c i ty Costs and Tar iffs. Average electricity tariffs in India remained 20 per-

cent below the average cost of supply as recently as 1997.3 3 (See Table 1.) This gap stems from sub-

sidized rates to agricultural and domestic consumers, though four-fifths of the subsidy accrues to

a g r i c u l t u re. Industrial consumers pay higher costs and provide half of the cro s s - s u b s i d y, worth over

$5 billion3 4 in 1997 (nearly half of all electric power sector investments that year).3 5 Besides draining

public funds, the tariff stru c t u re weakens power sector investment incentives and creates widespre a d

i n e fficiencies. Economic re f o rm e r s

have been unable to alter the tariff

s t ru c t u re, which enjoys stro n g

political backing. Changing the

power sector probably depends on

b roader political re f o rm and

economic liberalization.

Env ironment al Is sues. E n v i ronmental concerns about the Indian power sector re l a t e

mainly to coal and large hydro projects, although concern about nuclear power is rising steadily.

E n v i ronmental problems from coal begin with mining itself. Over the past three decades, surface mining

has increased, and poor mining practices have caused significant deforestation and land degradation.3 6

H o w e v e r, there is greater environmental concern about the contribution of coal-fired power generation to

air emissions. Coal burned in power plants has an ash content of 40 percent and low energy content.

Low-quality fuel, together with low combustion efficiencies of 33 percent in pulverized coal plants, gen-

erate large amounts of ash, particulates, sulfur dioxide (SO2), nitrogen oxides (NOx), carbon dioxide

( C O2), and heavy metals.
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Table 1

Avera ge Cost of Electricity Supply and Ta r i ffs

Year Cost Tariff Gap Tariff/Cost Ratio
(cents/kWh) (cents/kWh) (cents/kWh)

1990 5.1 3.8 1.2 0.75

1994 5.1 4.0 1.1 0.78

1997 5.6 4.5 1.1 0.80

Source: Tata Energy Research Institute. TERI Energy Data Directory and Yearbook,
1998/1999.



Electric Power options in India 

11

Electrostatic precipitators have been mandatory for the last decade in new coal-fired power

plants, a standard that has helped lower emissions of suspended particulates. The relatively low sulfur

content of Indian coal has also kept sulfur dioxide emissions in check. But with the rising use of coal,

these emissions are now reaching alarming levels. The power sector contributes about half of all carbon,

sulfur, and nitrogen oxide emissions in India. (See Figure 4.) The trend of rising emissions from this

sector will probably continue without government intervention. 

Hydroelectric projects have generated both environmental and social controversy. Opposition to

large hydro projects has increased due to conflicts over land and water rights that have been exacer-

bated by poor government handling

of these issues. Environmental

impact assessments have been

required since 1994 for hydro pro-

jects before they can be approved.

This assessment now includes

attention to displacement of people

due to reservoir construction.37

Opposition to hydro projects

remains the focal point of environ-

mental and sustainable develop-

ment movements in India, however,

and therefore is a significant barrier

to hydropower project development. 
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II. The Future of Electric Power in India

A. The Model

Fut ure devel opment of the In di an power se c t or dep en ds on mul t ipl e

fa c t ors , i n clu ding econ omic grow th , env ironment al pol i cy, t e chn ol o gy

d evel opment , energy pr i c es , and power se c t or refor m . This study explores the eff e c t

of diff e rences in these variables through scenario analysis. This approach applies a least-cost linear pro-

gramming (LP) model framework that minimizes the present value of system costs to 2015, while satis-

fying exogenous (from outside sources) electricity demand forecasts. 

The LP model developed first calculates levelized costs3 8 for each type of power generation

option based on capital, fuel, and operation and maintenance costs. The model then determines the

optimal combination of new plants needed to meet given levels of power demand. The model also allows

constraints on fuel availability, emissions, investments, and technology improvements that mimic policy

m e a s u res and sets realistic limits over which values can be obtained. (See Appendix C.) The modeling

framework uses a detailed, bottom-up re p resentation of technologies. (See Box 3.)

The results indicate an optimal mix of supply technologies, along with details on generation

costs, investment re q u i rements, and environmental emissions. The levelized, or annualized, cost of

power generation technologies is the critical criterion for competitiveness. The study estimated levelized

costs for feasible candidates of power supply based on Indian costs and conditions. Cost and perf o r-

mance characteristics for each technology are presented in Appendix B.

All modeling has limitations. Optimization models like this one have finite ability to mirror the

reality of consumer behavior. Furt h e rm o re, although they provide realistic technical and perf o rm a n c e

characteristics, they tend to overestimate the impact of the single cheapest alternative. Finally, opti-

mization models can neither account for investor pre f e rence, such as risk mitigation or financial guaran-

tees, nor ensure that energy security and diversity issues are addressed without input from the modeler.
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Analysts use linear programming (LP) models to opti-

mize combinations of inputs whose values are valid only

over specific ranges. For example, power planners and elec-

tric utilities use LP models to determine types of power

plants re q u i red to meet least-cost power demand over time

while meeting limitations in pollution emissions, energ y

s o u rces, and manufacturing capacity. Models can help plan-

ners analyze alternatives, but non-quantitative factors must

also be considered when designing real-life systems.

R e s e a rchers use two classes of models to analyze

e n e rgy systems. LP models are often called “bottom-up”

models because they contain detailed information about

technology and costs. They have rich engineering detail

and rely on user input to simulate broader economic con-

ditions. “Top-down” models, on the other hand, begin

f rom a higher level of economic reality by simulating the

interaction of supply and demand in the main sectors of

an economy. While top-down models have less detailed

i n f o rmation about energy technologies and costs, they

c a p t u re the reality of consumer behavior better than bot-

tom-up models. Some models, like MARKAL-MACRO, try

to integrate the economic reality of top-down models with

the engineering detail of bottom-up models.

R e s e a rchers at Battelle created a generic LP model

which each of the country teams in this study modified to

analyze least-cost power options according to the condi-

tions in their specific countries. The model can choose

among 17 diff e rent types of power plants (coal, petro-

leum, natural gas, nuclear, hydroelectric, and re n e w a b l e )

to meet power demand. The model divides the country

into as many as five regions to capture the variation in

e n e rgy availability, fuel cost, and environmental limita-

tions. Simulation begins with a base year (1995) and then

d e t e rmines the amount of new capacity from each type of

power plant needed to meet demand over 5-year interv a l s .

After analysts enter technology and cost characteris-

tics of the power plant options, the model calculates the

levelized, or lifecycle, costs of power generation. Levelized

cost analysis accounts for all the costs of building, fuel-

ing, operating, and controlling pollution from power sys-

tems and spreads them out over the economic life. In this

w a y, the costs of delivering power to users from nuclear

plants (with high construction and low fuel costs) can be

c o m p a red directly with the costs of providing power fro m

combined-cycle plants (low construction costs and high

fuel costs). Analysts also enter the power demand over

time and regions. These values are calculated separately

a c c o rding to estimates of economic growth and power

demand intensity.

The actual linear program will then find the mini-

mum cost combination of power plants needed to meet

the demand. Additional constraints can include emission

caps on pollutants such as sulfur dioxide, manufacturing

limitations for power generation equipment such as

nuclear reactors, energy supply limitations such as

h y d ropower capacity, and transmission line characteristics

that limit the amount of power that can be sent from one

region to another. For a given time period, the LP will

choose the cheapest power source available and continue

to use that technology until a constraint prevents its use.

LP models need expert input to define when constraints

a re needed to simulate re a l i t y.

Box 3

A Guide to Linear Programming for Power Sector Analysis

Still, the model can be a useful tool to weigh policy alternatives, especially when other qualitative infor-

mation about India’s power sector is considere d .

B. The Scenarios

The study presents six scenarios. Important exogenous model specifications for these scenarios

include the electricity demand trajectory, investment constraints, energy supply limitations, energ y

prices, technology costs, and technology perf o rmance parameters. The baseline scenario presumes con-

tinuation of current energy and economic dynamics and provides a re f e rence for comparing the impacts
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of policies or alternate futures. (See Table 2 and scenario descriptions for key assumptions.) The other

five scenarios are market re f o rm, efficient technology, local environmental control, sustainable develop-

ment, and growth. These scenarios re p resent those factors most likely to affect the future of electric

power in India noticeably. They may differ somewhat from issues affecting other nations. 

Basel i ne. Assumptions used in the baseline scenario are important because they serve as a

point of comparison for the other policy scenarios. Investments, energy prices, and technology impro v e-

ments are assumed to follow past trends and the most likely future developments, as perceived by the

e x p e rts participating in this study.4 0 The baseline scenario assumes moderate annual economic gro w t h

of 6 percent between 1995 and 2015. Because India’s GDP elasticity of electric power demand has

long been greater than one, this rate of economic growth corresponds to a 7.5 percent annual rate of

g rowth in electricity demand. These assumptions closely follow those used by the Central Electricity

Authority in developing India’s fifteenth electric power surv e y. For other assumptions, see Appendix B.

Also important to note is the assumption in all the scenarios that emission regulations are enforced and

that investments and pricing are determined transparently and according to rule of law. There f o re, the

results given below are likely idealized.

Table 2

Key Sc enario Dr ivers and   Model Pa r a m e t e r s

Scenario

Market Reform

Efficient Technology

Local Environmental 

Control

Sustainable Development

Growth

Key Drivers

Competition, access to global finance and

technology

Technology R&D, transfer and capacity building

Strict local pollution control, emission stan-

dards, clean fuel and technology choices

Environmental integrity, consumption

changes, dematerialization, cooperation

Economic growth rate

Implications on critical parameters 

of the model

Fuel price (  ), technology cost (  ), efficiency

(  ), investment capacity (  )

Technology cost (  ), efficiency (  )

Supply of clean fuel and technology (  ),

emission limits (  )

Environmental constraints (  ), energy and

materials content of goods/services (  ),

electricity consumption (  ), efficiency (  ) 

Sectoral demands (    ), 

investment limits (    ), fuel supply (    )
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Market Reform Sc en ar i o. This scenario assumes accelerated pro g ress in ongoing mar-

ket re f o rms in the electricity sector compared to expectations in the baseline scenario. The context for

this alternative future is economic globalization and liberalization. Accelerated market re f o rms would

spur more rapid improvements in technological efficiencies and earlier availability of new technologies.

R e f o rms would lower investment risk in India, thereby stimulating increased levels of foreign dire c t

investment. Constraints on natural gas availability are relaxed by 20 percent due to accelerated devel-

opment of domestic gas re s o u rces and international investment, but prices also rise by an equal per-

centage. Beginning in 2005, new technologies such as combined-cycle and cleaner coal systems are

available five years earlier than in the baseline case. (See Appendix B.)

Eff i c i ent Te chn ol o gy Sc en ar i o. This scenario tests additional assumptions about

technological pro g ress over the baseline and re f o rm scenarios. Accelerated technological impro v e m e n t s

a re presumed in electricity supply and demand technologies. These improvements would accelerate cost

reductions in new and renewable technologies. The scenario incorporates domestic policy measures that

would lead to enhanced penetration of efficient technologies, including higher levels of investment in

technological re s e a rch, development, and capacity building through pilot projects and development of

local manufacturing capabilities. The model incorporates these factors through exogenous parameters

for power generating efficiencies, capacity utilization, reduced power demand, and lower technology

costs. New technologies are available ten years earlier than in the baseline case beginning in 2005.

The efficiency of combined-cycle plants, for example, increases to 53 percent by 2015 compared to the

baseline of 47 percent. (See Appendix B.) Meanwhile, technology improvements on the user-side lower

demand by 1 percent annually compared to the baseline beginning in 2005.3 9

L o c al Env ironment al Control Sc en ar i o. This scenario evaluates the impact of

stricter local pollution control. This future would impose measures for reducing health and pro p e rt y

damage from particulate and sulfur and nitrogen oxide emissions and the cost of land degradation due

to mining. Pollution control measures would be implemented to impose environmental standard s ,

m a n d a t o ry use of sulfur control technologies, and greater use of clean fuels such as washed coal. The

model incorporates these policies through exogenous assumptions for technology costs, relative fuel
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prices, fuel availability, and investment constraints. After 2005, for example, all new pulverized coal

power plants are fitted with sulfur and nitrogen oxide controls, and the availability of washed coal is

i n c reased by 20 percent compared to the baseline. This scenario does not include intervention to

reduce greenhouse gas emissions or directly assume the cost of environmental externalities (estimated

damages to the environment that are typically not monetized).

Sust a i n able Devel opment Sc en ar i o. This scenario assumes policies that con-

tribute to “sustainable development.” Such policies include decentralized governance, strong enviro n-

mental and conservationist values, emphasis on renewable re s o u rces and technologies, demand-side

m e a s u res (such as increased use of energ y - e fficient technologies and lowered consumption pattern s ) ,

policy integration, and regional cooperation. Compared to the baseline scenario, the sustainable devel-

opment scenario re q u i res diff e rent model inputs for demand trajectories, a wider range of technology

a l t e rnatives, cleaner fuel supply, stricter environmental constraints, and electricity trade within the

c o u n t ry and among its neighbors. Thus, electricity demand declines by 1.5 percent annually after 2005

c o m p a red to the baseline. The capacity for renewable energy sources also increases by 40 perc e n t .

Natural gas and washed coal supplies increase by 20 and 35 percent, re s p e c t i v e l y, and sulfur and nitro-

gen controls are again re q u i red on all new pulverized coal plants. (See Appendix B.)

G row th Sc en ar i o. This scenario demonstrates the sensitivity of diff e rent economic and

electric power growth rates and the resulting impact on fuel consumption and emissions. High- and

l o w - g rowth, re s p e c t i v e l y, refer to economic growth above or below the base case. A high-growth case

assumes average GDP growth of 7 percent from 1999 to 2015. A low-growth case assumes 5 perc e n t

g rowth over the same period. Model inputs were adjusted to match changes in electricity demand,

availability of surplus funds for investment, and energy supply constraints in pro p o rtion to changes in

assumed economic growth. The high- and low-growth scenarios assume a 1.5 percent increase and

d e c rease, re s p e c t i v e l y, in annual power consumption compared to the baseline. Baseline electricity

demand of 1,285 terawatt-hours in 2015 grows to 1,670 terawatt-hours in the high-growth case and

falls to 900 terawatt-hours in the low-growth case.
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C. Results 

In the baseline scenario, Indian power-generating capacity increases

4.8 percent per year through 2015 — reaching two-and-a-half times the

1995 level. Coal-fired technologies

remain dominant, although their share

in the total capacity declines from 62

to 55 percent. (See Figure 5.)

Gas-fired systems double their

capacity to 14 percent, while nuclear

rises to almost 6 percent over the

period. Hydroelectric power declines

slightly to around 20 percent, while

renewable capacity (excluding large-

scale hydro) rises from its small base of

1 percent to 3 percent in 2015. The

share of integrated gasification and

combined cycle (IGCC) systems increases

significantly to one-quarter of the total

new capacity installed between 2010 and

2015. Actual power generation shares are

similar, as expected. (See Figure 6.)

Power Plants. According to

this analysis, coal continues to be the

main energy source, but stricter air pollu-

tion controls considered in some alterna-

tive scenarios help promote a shift toward

washed coal, clean-coal technologies, and

natural gas. (See Figure 7 and Table 3.)

Figure 5
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Coal use grows by 2.5 times in the baseline. Perhaps surprisingly, strict local environmental controls do

not cut coal consumption because conventional pulverized coal technology can be fitted with controls for

sulfur and nitrogen oxides at a lower cost than any other option. Higher economic growth raises coal con-

sumption by 4 percent, but cleaner, more efficient coal-burning and utilization technologies penetrate the

market more rapidly due to the greater investment capital available in a more prosperous economy. These

technologies would lower SO2 and NOx emissions by 44 and 70 percent. Simply stated, economic growth

generates enough financial resources to offset some of the environmental problems it causes.41

Natural gas combined-cycle plants account for higher percentages of the capacity mix in the

market reform and efficient technology scenarios. Limited availability of low-cost gas, rather than the

costs of other alternatives, constrains the role of natural gas in these scenarios. Natural gas-fired power

generation — like the most advanced clean coal technologies — virtually eliminates sulfur dioxide and

particulate emissions; carbon emissions, however, are only about half as much as those from coal.

Expanding the supply of natural gas is thus a critical variable in India’s future energy equation given

favorable circumstances for its selection as a fuel for power generation. Accelerating research and

development of gas turbines within India to improve their efficiency is also critical unless the country

chooses to rely on imported equipment.

Electric Power options in India
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Investment and Cost. About $151 billion is required to finance the baseline scenario

cumulatively between 2000 and 2015. This sum is required for power generation alone and does not

include fuel, operation and maintenance, or transmission and distribution costs. Capital requirements

would be about one-fifth lower in the efficient technology and sustainable development scenarios. (See

Figure 8.) In the efficient technology scenario, higher efficiencies, improved capital utilization rates,

and reduced power demand lead to lower requirements for additional capacity and therefore for invest-

ment. In the sustainable develop-

ment scenario, less investment is

required mainly due to reduced

power demand and improved tech-

nologies. Market reforms would

reduce investment requirements by

11 percent as a result of improved

technology performance and a

greater reliance on natural gas,

which has lower capital costs. The

environment scenario would require

5 percent greater investment due

to the need for sulfur control tech-

nologies. However, some of this

Table 3

Total   Discounted Costs, Emissions, and Fuel Consumption in 2015

Cost SO2 CO2 NOx Coal Oil Natural Gas
($B) (Mt) (MtC) (Mt) (Mt) (Mt) (BCM)

Baseline 411 5.9 217 2.6 490 2.9 41

Market Reform 462 2.6 203 1.6 439 0.8 45

Efficient Technology 349 2.3 168 1.2 329 1.0 43

Local Environment 431 2.5 218 1.8 490 2.9 43

Sustainable Development 351 2.3 141 1.0 290 1.0 37

High Growth 631 3.3 225 0.8 509 2.9 43

Low Growth 263 4.0 145 1.8 305 0.8 39

Note: Costs include investment requirements, fuel, and operation and maintenance components for new plants. BCM means billion cubic meters.
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expense is offset by greater use of combined-cycle systems that have lower capital costs. Finally,

investments in the low growth scenario are 36 percent less and in the high growth scenario 44

percent more than the baseline case mainly due to the demand for different amounts of electric

power over the period.

The marginal cost for electric power — the total cost of building and operating the power plants

divided by the kilowatt-hours of electricity generated — declines with time in all scenarios due to tech-

nological and operational improvements. (See Figure 9.) In the baseline, costs steadily decline from US

$0.052 per kWh in 2000 to $0.048 in 2015. Coal- and gas-fired power costs decline by 10 percent

each over this period, while nuclear power costs decline by 25 percent due to greatly improved plant

capacity factors. Raising the

nuclear power capacity factor by

this much will be difficult, but the

current level in India is very low.

Marginal costs in the mar-

ket reform scenario are higher than

in the baseline because removal of

subsidies and higher environmen-

tal standards shift hidden costs to

the price of electricity. Also,

because this study is limited to

the electric sector, the analysis

does not capture the overall — and

potentially larger — positive eco-

nomic and environmental impacts of market reforms. However, higher sectoral costs (in agriculture, for

example) indicate the origins of political resistance to sectoral reforms and also the gradual nature of

the market reform process.

The sustainable development scenario increases costs through 2005 because it requires the

early penetration of capital-intensive technologies, including renewables, and stricter environmental con-
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trols. However, costs start to fall after 2005 as advanced technologies enhance system performance.

Marginal costs in the high growth scenario are significantly greater in the early years due to the

assumption that environmental control technologies will be used, but they then decline more rapidly

than in any other scenario. 

Emissions. Local pollutants including sulfur and nitrogen oxides vary in interesting ways

across scenarios in their reductions below the baseline. (See Figure 10.) Not surprisingly, local environ-

mental control, efficient technology, and sustainable development measures curb these emissions by

almost two-thirds. However, local emissions are also relatively low under high economic growth because

this scenario assumes greater financial resources available for investment in clean and advanced tech-

nologies. The finding is justified on the observation that rising income results in greater demand for a

cleaner environment. Market reforms also enhance access to advanced technologies, lowering emissions.

These results do not imply that growth and market reform are panaceas for environmental protection, but

they do indicate that growth and reform policies can — along with appropriate environmental policies

and measures — provide sustain-

able solutions to local environmen-

tal pollution problems. 

Power sector carbon emis-

sions growth is disconcerting in the

base scenario, increasing by two-

and-a-half times over the next 20

years. Carbon emissions vary

widely across scenarios, however.

(See Figure 11.) Higher growth and

local environmental control reforms

have little impact on carbon emis-

sions because they do not result in

substitution of gas and renewables

for coal. Instead, they lead to higher penetration of clean-coal technologies such as sulfur scrubbers

that increase carbon emissions or of IGCC systems that slightly lower carbon emissions. On the other
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hand, even a small increase in natural gas use in the market reform scenario could have a noticeable

impact on emissions. 

Efficient technologies and sustainable development measures produce marked reductions in

carbon emissions. Compared to the base scenario, these measures reduce carbon emissions by 23 and

35 percent, respectively, by 2015 (49 and 76 million tons of carbon). Cumulative carbon mitigation

between 2000 and 2015 in the latter scenario thus reaches about 600 million tons.

Mitigation of carbon emissions may require special policies that directly influence fuel use.42 A

series of carbon tax scenarios were also modelled, but the impact on emissions was small until the tax

level rose significantly. High carbon tax levels (up to $100 per ton of carbon) can change the trajectory

of carbon emissions. Policies that

encourage advanced technologies

and shift demand through sus-

tainable development measures

will be needed in conjunction

with direct carbon emissions miti-

gation policies to stabilize emis-

sions in the long run — the

ultimate objective of the United

Nations Framework Convention on

Climate Change.43
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III. Conclusions and Re c o m m e n d a t i o n s

T his st u dy prov i d es three imp or t ant insi ghts for improving pr i m ary

energy use by the power se c t or. First, in the absence of adequate supplies of low-cost nat-

ural gas, strict control of local pollutants does not necessarily reduce coal consumption, but might pro-

mote early penetration of pollution control equipment and washed coal suited to conventional coal

power technologies. Second, high economic growth does not have to lead to excessive emissions of local

pollutants. Instead, high growth causes a shift to cleaner fuels and efficient coal technologies due to

l a rger financial re s o u rces and greater availability of clean fuels. Third, the share of gas increases in all

f u t u re scenarios, indicating that enhanced gas supply is a vital energy policy measure .

I n d i a ’s lowest cost options are pollution control technologies such as desulfurization that are

fitted with conventional coal power technologies. Switching fuels is more expensive, but provides flexi-

bility if carbon mitigation becomes necessary. 

By 2015, carbon emissions rise from 60 to 150 percent across the various scenarios, re l a t i v e

to the 1995 level of 92 million tons. Policies followed in the efficient technologies and sustainable

development scenarios could reduce carbon emissions by up to 70 million tons per year by 2015.

F u rther mitigation of carbon emissions will re q u i re more direct measures, such as investments from the

Clean Development Mechanism, regional cooperation on natural gas supply, carbon taxes, or emissions

limitations. 

The analyses reveal that carbon taxes are unrealistic and have limited impact on carbon emis-

sions in the short term up to 2015. A high carbon tax changes the trajectory of carbon emissions, but

even high taxes are inadequate to stabilize those emissions. Policies that promote advanced technolo-

gies (like gas, clean coal, and pumped storage hydro) and sustainable development are more eff e c t i v e

for mitigating emissions in the short run. These measures are vital to create the early transition of emis-

sions to a lower path. In the long run, these transition strategies and direct mitigation measures like

carbon taxes or emissions limitations will have to be implemented together to stabilize emissions fro m

the Indian power sector.
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Market re f o rm and re s t ructuring would help eliminate the demand-supply power gap by using

private competition to provide new investments and efficient operation. This strategy would keep elec-

tricity costs low to enhance economic competitiveness and support national development goals. It would

be wise to keep the energy and technology mix flexible. Gas-fired systems, in part i c u l a r, help re d u c e

emissions, satisfy peak load re q u i rements, come on-line quickly, and reduce capital costs. If India

accelerated eff o rts to manufacture gas turbines domestically, it could gain the benefits of combined-

cycle systems without relying on imported equipment. Gaining experiences with emerging re n e w a b l e

technologies also would increase flexibility.

Integrating regional grids into the national grid would enhance the efficiency and reliability of

the power supply. Cooperation with neighboring countries when possible will help diversify the capacity

mix, reduce costs, and improve environmental perf o rm a n c e .

In the short run, the best climate emissions mitigation strategy is to promote efficient technolo-

gies, combined with market re f o rm and sustainable development measures to reduce carbon emissions.

The best medium-run strategy is to employ direct mitigation measures, like carbon taxes or emissions

limitations. But power sector dynamics have implications for the next half-century. Long-term considera-

tions are to develop a wider range of energy options including nuclear, solar photovoltaic, and advanced

biomass; enhance re s e a rch and development, infrastru c t u re and indigenous manufacturing; and develop

a regional cooperation regime. 
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Appendix B: Selected Cost and Performance Assumptions 
for Power Generation Technologies

Technology 2000 2005 2010 2015

Coal-based Technologies

Sub-critical PC Combustiona

Capital cost ($/kW) 1,000 975 950 925

Capacity factor (%) 64 66 68 70

Efficiency (%) 35.5 36 36.5 37

Super-critical PC Combustionb

Capital cost ($/kW) 1,150 1,100 1,080 1,045

Capacity factor (%) 65 67 69 71

Efficiency (%) 36.5 37 37.5 38

AFBC

Capital cost ($/kW) 1,470 1,405 1,380 1,340

Capacity factor (%) 65 68 71 75

Efficiency (%) 38.5 39 39.5 40

PFBC

Capital cost ($/kW) 1,215 1,160 1,140 1,105

Capacity factor (%) 65 68 71 75

Efficiency (%) 40.5 41 41.5 42

IGCC

Capital cost ($/kW) 1,480 1,415 1,390 1,350

Capacity factor (%) 65 68 71 75

Efficiency (%) 45 47 49 50

Gas-based Technologies

Open Cycle Gas Turbinec

Capital cost ($/kW) 720 700 685 670

Capacity factor (%) 38 40 40 40

Efficiency (%) 38.5 39 39.5 40

CCGTd

Capital cost ($/kW) 815 795 775 755

Capacity factor (%) 72.5 75 77.5 80

Efficiency (%) 44 45 46 47

Oil-Based

Capital cost ($/kW) 765 750 730 710

Capacity factor (%) 71 72 73 74

Efficiency (%) 43.5 44 44.5 45

Nucleare

Capital cost ($/kW) 1,630 1,590 1,550 1,510

Capacity factor (%) 60 65 75 80

Hydrof

Capital cost ($/kW) 1,395 1,360 1,325 1,295

Capacity factor (%) 51 52 53 54
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Technology 2000 2005 2010 2015

Pumped Storageg

Capital cost ($/kW) 1,440 1,405 1,370 1,335

Capacity factor (%) 61.5 63 64.5 66

Small Hydroh

Capital cost ($/kW) 815 790 770 755

Capacity factor (%) 41 42 43 44

Wind

Capital cost ($/kW) 1,045 1,020 995 970

Capacity factor (%) 21 22 23 24

Biomass Electricity

Capital cost ($/kW) 815 795 775 755

Capacity factor (%) 51 52 53 54

Efficiency (%) 28.5 29 29.5 30

Solar Photovoltaic

Capital cost ($/kW) 4,675 4,205 3,790 3,410

Capacity factor (%) 20.5 21 21.5 22
a Sub-critical pulverized coal technology is the most commonly used electricity generation technology in India. The present operating efficiency

of this technology is around 35 percent. A significant cause of low efficiency is the low quality of coal. Poor maintenance and operating prac-
tices are other causes.

b Efficient and clean-coal technologies such as super-critical pulverized coal (PC) technology, atmospheric fluidized bed combustion (AFBC),
pressurised fluidized bed combustion (PFBC), and integrated gasification combined cycle (IGCC) are not currently operating in India.

c Open cycle gas turbine technology is used mainly for meeting peak load requirements.
d Combined cycle gas turbine technology (CCGT) is used for base load requirements.
e Nuclear power plants, although currently performing at lower load factors, are assumed to operate at higher capacity utilization in the future. In

India, these reactors average a capacity factor of about 0.43, or 43 percent of the time, but are rising as experience builds.
f Hydro projects in India are constructed for dual purposes of augmenting irrigation water supply and electricity generation. Hydro power is

mainly used for meeting peak load.
g A large potential for pumped storage is available, which can add to peaking capacity if necessary.
h Hydro capacities with less than 15 MW capacity are called small hydro. 

Sources:
Energy Sector Management Associate Programme. 1998. India Environmental Issues in the Power Sector, Report No. 205. Washington, D.C.:
The World Bank, June.

Environmental Resource Management. 1997. Renewable Energy in India: A Special Study. New Delhi, India, July.

Administrative Staff College of India. 1998. India: Environmental Issues in the Power Sector.

Canadian Energy Research Institute and Tata Energy Research Institute. 1995. Planning for the Indian Power Sector: Environmental and
Development Considerations. Calgary, Canada; New Delhi, India.

Central Electricity Authority of India. 1997. Fourth National Power Plan 1997-2012. New Delhi, India, March.
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Impacts, Adaptations and Mitigation of Climate Change: Scientific Technical Analyses. Published for the Intergovernmental Panel on Climate
Change by United States Department of Energy, 1997.
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Appendix C: The Linear Programming Model

User Inputs Exogenous Inputs

Power Plant

Characteristics

(cost, performance, 

emission control)

Power Demand

Fuel Characteristics

(cost, heat value, 

composition)

Fuel Availability

(coal, gas, oil)

Transmission Grid

Characteristics

(cost, geometry,

performance)

Emission Caps or

Limitations

Environmental Damage

(Optional) 

(emission externalities)

Renewable Energy

Availability 

(hydro, wind, biomass)

Existing Power System

(capacity, generation,

emissions, plants 

under construction)

Levelized Cost 
C a l c u l a t i o n s

Least-Cost 
Optimization 

of New Power Plants

O u t p u t :
Power Plant Capacity Mix, 

Emissions Profile, Total Costs

Equipment Manufacturing

and Import Limitations
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