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Executive Summary

B Introduction

This report is intended as a clean energy technology
market overview for India, with two primary objectives:
(1) to analyze the clean energy markets in India and (2) to
identify opportunities for trade and investment through
2020. The report provides the following:

An analysis of the existing infrastructure of clean energy
technologies and market opportunities in India through
2020 including market forecasts, market drivers, cost
data, and market segment analysis.

A review of government policies for clean energy devel-
opment in India.

A detailed analysis of barriers and obstacles to clean
energy technologies trade and investment in India.

A definition of clean energy technologies for India.

A review of resources available to U.S. businesses that
wish to enter the Indian clean energy markets.

After a short introduction, Section 1 addresses clean
energy technologies for India, including information on
India’s overall energy status, both current and projected;
a market overview; identification of clean energy policies;
trade and investment opportunities for U.S. firms; and
barriers to clean energy market entry, development, and
commercialization. This chapter also includes annexes
on Indian policy-makers with authority over clean energy
technologies. Section 2 provides definitions of the clean
energy technologies addressed in the report.

B Clean Energy Technology Defined

Clean energy technologies include renewable energy,
hybrid and co-generation, and energy efficiency technolo-
gies for power generation; alternative fuels; and advanced
technologies for transportation. They produce power

for a wide range of applications using no fuel or less fuel
than fossil-fuel-based technologies, produce no or fewer
pollutants than conventional technologies and can use
renewable energy sources, which, unlike fossil fuels, are
not depleted over time. The renewable energy technolo-
gies considered in this report are biomass and biofuels,
waste-to-energy, solar power, wind power, geothermal,
hydropower, and ocean power.

Biomass consists of plant and plant-derived material.
Sources include agricultural residues such as rice hulls,
straw, bagasse from sugarcane production, wood chips,
and coconut shells and energy crops such as sugarcane
or switch grass. Biomass can be used directly for energy
production or processed into fuels. Waste-to-energy
technology converts energy from a waste source, such as

a city’s municipal waste system, farms, and other agricul-
tural operations, or waste from commercial and indus-
trial operations. Large-scale waste-to-energy systems can
supply heat or electricity in utility-based electric power
plants or district heating systems. Small-scale systems
can provide heating or cooking fuel and electricity to
individual farms, homes, and businesses.

Solar technologies convert light and heat from
the sun into useful energy. Photovoltaic (PV) systems
convert sunlight into electricity, and thermal systems
collect and store solar heat for air and water heating
applications. Wind power technology converts energy
in the wind into useful power; the primary market for
wind power technology is for wind turbines, which
convert wind energy into electricity. Geothermal power
is generated using thermal energy from underground
sources, including steam, hot water, and heat stored in
rock formations; various technologies are used to gener-
ate electricity. Hydropower is the conversion of energy
embodied in moving water into useful power. Today,
hydropower supplies about 19 percent of the world’s
electricity. Finally, ocean power technology makes use of
energy in the ocean by converting it into electricity. This
technology is still in the development phase,

Hybrid and co-generation power systems take advan-
tage of the benefits of multiple technologies in a single,
integrated system for power generation. Renewable-based
hybrid power systems use combinations of wind turbines,
PV panels, and small hydropower generators to generate
electricity. Hybrid power systems typically include a diesel
or other fuel-based generator (including biofuels) and
may include batteries or other storage technology.

Co-generation systems, also called combined heat
and power (CHP) systems, generate both electricity and
useful heat. Conventional fossil-fuel-based electric power
plants generate heat as a byproduct that is emitted into the
environment; co-generation power plants collect this heat
for use in thermal applications, thereby converting a higher
percentage of the energy in the fuel into useful power. The
most efficient conventional power plants have a typical fuel-
to-electricity conversion factor of about 50 percent, while co-
generation plants can achieve efficiencies of over 75 percent.
Examples of thermal loads that can be served by a co-gener-
ation plant are: district heating systems that provide heat for
towns and neighborhoods; industrial processes that require
heat, such as paper mills; institutions such as prisons and
hospitals; and wastewater treatment plants.

Energy efficiency (EE) involves replacing existing
technologies and processes with new ones that provide
equivalent or better service using less energy. EE results
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in energy savings at the time that the energy service is
provided. Energy service providers can also use load
management to change the time that an energy service

is delivered in order to reduce peakloads on an energy
distribution system. Demand-side management uses both
load management and EE to save the amount of primary
energy required to deliver the energy service.

Almost half a billion vehicles on the world’s roads
contribute to half of the global oil consumption and gen-
erate about 20 percent of the world’s greenhouse gases,
including carbon monoxide, nitrous oxides, and particu-
lates. Transportation technologies can help address these
issues through the use of alternative fuels and advanced
technologies. Alternative fuels for transportation include
biodiesel, ethanol, natural gas, and propane. Advanced
vehicle technologies include electric vehicles and hybrid
electric vehicles, which offer air pollution improvements
over average fossil fuel vehicles. Finally, mobile idle reduc-
tion systems and diesel engine retrofits can reduce the
emissions of heavy-duty vehicles.

M India: Energy Overview

Clean energy technologies have received unprecedented
attention in the last few years in India as its energy de-
mand grows every year. This is largely a result of India’s
economy, which has steadily advanced over the last

30 years, averaging a 7 percent per year growth since
2000. During 2004 and 2005, only China’s economy grew
faster. With 1.1 billion people, India is the world’s second
most populous country behind China and is expected to
have the world’s largest population by 2030. Further pop-
ulation increases and the country’s continued economic
growth are expected to increase India’s energy demand
from 537 million tons of oil equivalent (Mtoe) in 2005 to
770 Mtoe in 2015 and to 1,299 Mtoe by 2030.

Coal is the dominant fuel in India’s energy mix, a
condition that is expected to persist for at least the next
25 years. India has vast coal resources, but most are of
low quality. Indigenous oil and gas reserves are in short
supply while demand for oil almost quadrupled from
1980 to 2005. Oil imports are projected to increase even
more going forward, leaving the country more vulnerable
to international price spikes and potentially unreliable
supplies. In 2005 India ranked fourth in energy consump-
tion, after the United States, China, and Russia. By 2030,
India is expected to surpass Russia and be the third-largest
energy consumer.

Energy demand grew by 3.5 percent per year during
the period 1990-2005. Supply has not kept up, and a defi-
cit of 11,463 megawatt (MW), equivalent to 12.3 percent
of peak demand, was recorded in peak hours in India
during 2006. The states of Gujarat, Maharashtra, Megha-
laya, Jammu and Kashmir, Punjab, and Madhya Pradesh
recorded more than a 20 percent deficit in the availability
of power during peak hours - a deficit that is expected

to increase in the future. India has an installed base of
about 124,287 MW of electricity as of the year 2006, which
includes about 66 percent thermal energy (85 percent of
which is coal based) followed by hydro with 26 percent,
nuclear with 3 percent, and renewable energy with 5 per-
cent. Of the current total installed renewable energy base,
wind constitutes 69 percent, followed by small hydro (19
percent), biomass (co-generation, 11.5 percent), waste-to-
energy (0.42 percent), and solar (0.03 percent).

Market assessments indicate that India could eventu-
ally be the largest renewable market in the world, given its
abundance of renewable energy resources. The country
has already developed electricity from small hydro, wind,
and biomass (co-generation), but the contribution of
waste-to-energy and solar energy is very small, while
electricity generation from solar thermal, geothermal, and
ocean power is non-existent. This is an indicator of the op-
portunity that is available in harnessing the full potential
of these sectors.

Renewable Resources, Capacity, and Potential

India’s renewable energy resource potential is signifi-
cant, with wind energy, biomass, and small hydropower
representing the technologies with the largest potential.
Wind has been the most successful renewable resource to
date and has the most potential going forward. Currently
however only nine states use wind energy and they rep-
resent over 99 percent of the nation’s total wind capacity.
Assuming 20 percent grid penetration in the future and
an increase in the availability of wind resources in certain
provinces - most notably Maharashtra, Andhra Pradesha,
Tamil Nadu, and Gujarat - wind could potentially account
for up to 45,000 MW of energy per year. Since the total in-
stalled wind capacity in 2006 was only 5,341 MW, this rep-
resents a significant opportunity for American companies.
The majority of wind resources are found in coastal states,
where geographic and climatic conditions are favorable
for wind farms.

The approximate potential for biomass utilization
(largely co-generation) is estimated at about 22,000 MW.
Waste-to-energy potential is approximately 2,700 MW. It
has been estimated that India produces 139 million tons
of surplus biomass every year, which can produce about
16,000 MW of electricity. Rajasthan, Punjab, Uttar Pradesh,
Maharashtra, Madhya Pradesh, Haryana, and Gujarat
account for 76 percent of the projected potential, and
Rajasthan alone accounts for 25 percent of the total pro-
jected potential. The installed capacity of biomass power/
co-generation increased from 381 MW in 2002 to 1,253
MW through September 2007. Andhra Pradesh, Karnataka,
Tamil Nadu, and Uttar Pradesh account for 77 percent of
the total installed capacity in the country. This trend is due
to the availability of biomass and bagasse, which is used as
raw material for electricity generation. Maharashtra and
Uttar Pradesh are the two major bagasse-producing states,
accounting for 57 percent of India’s projected bagasse
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potential (3,500 MW total). About 166 MW of renewable
energy can be found in distributed non-grid connected
generation in India

Ethanol and biodiesel have been identified as key
focus areas by the Indian Government, though currently
both are in the early stages of commercialization. In
2004, the government mandated a 5 percent blending of
gasoline with ethanol, subject to certain conditions. In
addition, an autonomous National Biodiesel Board was
created to promote, finance, and support organizations
that are engaged in oilseed cultivation and oil processing
leading to biodiesel production. The state governments
of Andhra Pradesh, Chhattisgarh, Gujarat, and Tamil
Nadu have even created state biodiesel boards and are
implementing buy-back schemes with farmers to pro-
mote additional biodiesel development. Private players
are participating in the plantation phase of the biodiesel
production chain in Tamil Nadu. In Gujarat, private
companies are producing quality biodiesel that meets
the American Society for Testing and Materials (ASTM)
16750 standard.

India has an estimated hydropower potential of
84,000 MW, of which 15,000 MW is from small hydro-
power (SHP). The Ministry of New and Renewable Energy
(MNRE) has identified 4,227 potential SHP sites, which
could account for 10,324 MW of potential energy. India
had only 1,748 MW of installed SHP capacity in 2006,
meaning the market for SHP is expected to increase
substantially. The potential of this sector is however
dependent on the availability of water resources, which
are thus far abundant in a majority of states. In fact, of the
135,000 MW capacity addition requirement anticipated by
the government, 35,500 MW are expected to come from
hydropower. Toward this end, a 50,000-MW hydroelectric
initiative was launched in 2003.

India also receives abundant solar radiation equiva-
lent to over 5,000 trillion kilowatt hours (kWh) per
year. The government has had a PV program in place for
over two decades, yet the current installed capacity is just
3 MW, only a small proportion of the overall energy mix.
PV systems are promoted primarily for rural and off-grid
applications, consisting mainly of mini-grids, solar home
systems, solar lanterns, and solar street lights. The overall
solar water heater potential in India is estimated to be 140
million m? of collector area, of which about 1.9 million m?
have been installed in buildings and in industry.

Energy Efficiency, Co-Generation, and Transportation
India’s energy efficiency potential mostly comes from
supply side high-efficiency, low-emission coal, thermal,

or electric power generation. Transmission and distri-
bution losses have been recorded to exceed 25 percent,
indicating a potential market for firms able to reduce these
inefficiencies. Industry has been a major target of the
energy efficiency effort, as it accounts for 50 percent of the
total commercial energy use in India. Six key industries—

aluminum, cement, fertilizers, pulp and paper, petro-
chemicals, and steel—account for about two-thirds of
total industrial energy use. The energy intensity in these
industries is higher than in developed countries, mainly
owing to obsolete and energy inefficient technologies.
Nonetheless, energy efficiency in Indian industry has
increased steadily. In cement, steel, aluminum, and fertil-
izers, the average energy consumption has been declining
as a result of energy conservation in existing units and the
development of efficient technologies. Energy efficiency
in building and construction has not been the beneficiary
of a concerted energy efficiency effort and needs to be as-
sessed and targeted.

As of 2006, India had an installed capacity of 582 MW
of bagasse co-generation, including grid and off-grid
installations. By 2012, a total of 1,200 MW of installed co-
generation from bagasse is projected.

In transportation, the rapid growth in motor vehicle
activity in India is contributing to high levels of urban air
pollution, among other adverse socioeconomic, envi-
ronmental, health, and welfare impacts. The demand
for transport increased by 1.9 percent per year from
2000-2005, but is projected to double by 2015 and more
than quadruple by 2030. The slow growth in demand
for diesel to date may be due to improved efficiency
of new cars and trucks and switching to compressed
natural gas vehicles for public transportation in some
major cities. However, like many developing countries,
India lacks mandatory vehicle fuel efficiency standards.
The Ministry of New and Renewable Energy is promot-
ing several research, development, and demonstration
projects including a demonstration project in battery-
operated vehicles (BOVs), which help in conserving oil
and curbing environmental pollutions. In addition, fuel
cell-battery hybrid vehicles with domestically developed
exchange membrane fuel cells of 10 kW have under-
gone field performance evaluation, which could lead to
domestic production and wider applications of fuel cell
systems across the country. Hydrogen fuel is expected to
be a major alternative to fossil fuels for India’s transport
sector by 2020. Various laboratories in the country are
developing different technologies for production, stor-
age, and transportation.

Market Analysis

In India’s 11th Five-Year Plan, the government aims to
achieve a GDP growth rate of 10 percent and maintain
an average growth of about 8 percent during the next
15 years. This growth will be highly dependent on the
expansion of the country’s energy consumption. Due to
rapidly expanding demand for power, a capacity addi-
tion of over 100,000 MW is planned through 2011 and
2012. Though this is largely based on growth of thermal
generation, the contribution of electricity from renew-
able sources is expected to increase, with wind energy
continuing to lead the way. As Table A shows, India
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needs 347,000 additional megawatts of energy through
2020, of which renewables can account for 24 percent of
the needed capacity. One of the major requirements for
developing this sector is the availability of cost-effective
technologies and successful demonstrations.

Table A also shows the renewable energy targets in
the 11th Five-Year Plan—which goes through 2012. These
targets correspond to a need for massive investment in the
clean energy sector in India. In fact, the projected addition
of 15,000 MW from renewable energy could lead to $21
billion in investment over the next ten years.

The current capital cost of small hydro and wind
in India is similar and ranges from $900-1300/kW and
$950-1100/kW, respectively. Biomass is slightly less, at
$800-1000/kW. Bagasse co-generation and biomass gasifi-
cation range from $600-800/kW. PV is by far the highest at
$5000-6500/kW. The delivery cost for all the above except
for PV ranges from $0.045-7/kWh, with co-generation at
the bottom of the range and wind at the top; PV is in the
range of $0.19-40/kWh.

India currently manufactures wind generators with up
to 1,650 kW of per unit capacity. To harness the projected
wind potential, however, new technologies with higher
capacities are needed in the country. India has a fairly de-
veloped capacity and technology for designing, construct-
ing, and operating small hydropower plants. There has
been continuous improvement with time in India’s small
hydro technology, with increasingly efficient and reliable
domestic equipment. In addition, India has manufactur-
ing facilities for equipment and components used in solar
PV systems, though there is a need for megawatt-scale
PV power-generating systems. A number of solar thermal
applications have also been developed in India, which
include water/air heating, cooking, drying of agricultural
and food products, water purification, detoxification of
wastes, cooling and refrigeration, heat for industrial proc-
esses, and electric power generation. Most of the solar
thermal devices and systems are manufactured in India.

Manufacturing capability also exists in India for the
equipment/machinery required in biomass projects.
Biomass co-generation combustion technology is already
in operation as well as atmospheric gasifiers, in which the
country has significant experience and expertise. Thus,
except for critical control equipment and high-efficiency
turbines, most of the equipment can be procured from in-
digenous sources. India has limited local capacity for waste-
to-energy technology, however, and large-scale operation
of biomethanation, combustion/incineration, pyrolysis/
gasification, landfill gas recovery, and other technologies
requires import of design, engineering, and equipment.

Three major drivers exist for clean energy demand in
India. First, the gap between existing electricity supply and
demand is large and expected to grow. Second, the need
to strengthen energy security has caused India to invest
in wind, biomass, and hydropower generation as a way to
diversify their energy portfolio. Third, fossil fuels imports

are increasingly susceptible to price fluctuations and leave
India vulnerable to supply insecurity; increasing depen-
dence on indigenous and renewable resources is thus an
attractive countermeasure.

India’s environmental, social, and health concerns
are serious—India is a top greenhouse gas (GHG) emit-
ter in the world, with corresponding costs in health and
productivity. Indoor air pollution in rural areas from reli-
ance on biomass for cooking, for instance, causes serious
health issues for women and children. Nonetheless, India
enjoys significant resources for clean energy develop-
ment including both human and ecological resources, and
strong government support. These factors in themselves
are important indicators of India’s energy future.

Energy Policy
India’s energy sector has undergone a significant renais-
sance over the last decade as a number of new policies
have created both the institutions to promote clean
technology development but also the momentum and
government support needed to see projects through to
completion. New policies include the National Environ-
ment Policy, which provides guidance on air pollution re-
duction, climate change, and GHG mitigation; promotion
of clean technologies; and the measurement of efficiency
per unit of economic output. The National Tariff Policy
establishes power purchase tariffs for the State Electricity
Regulatory Commissions. India’s Ministry of New and Re-
newable Energy has issued a draft renewable energy policy
that identifies the strategies for increased deployment of
grid-connected renewable energy technologies. The coun-
try’s Rural Electrification Policy goals include provision of
access to electricity to all households by the year 2009.
The National Electricity Policy of 2005 stipulated that
the energy intensity of GDP growth must be lowered
through higher energy efficiency, and merged the Petro-
leum Conservation Research Association and the Bureau
of Energy Efficiency to form an agency capable of moving

Table A. India’s Renewable Energy Potential and Targets.

INSTALLED TARGET OF
POTENTIAL CAPACITY AS 11TH FIVE-
(Mw) OF MARCH YEAR PLAN
2007 (MW) (Mw)
Small hydro 15,000 1,976 1,400
Wind 45,000 7,092 10,500
Solid biomass 19,500 569 500
Bagasse CHP 3,500 615 1,200
Waste-to-energy 1,700 43 400
Solar 3 50
Distributed RE power 950
systems
Total 84,700 10,298 15,000

Source: Report of the Working Group on New and Renewable Energy for 11th Five-Year Plan.
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energy efficiency investments forward. The newly created
board set standards for labeling energy-intensive equip-
ment created financial penalties for equipment that fails
to meet minimum standards, and mandated the purchase
of renewable-energy-based through competitive bidding.

As of March 2007, the conduct of energy audits
has been made mandatory in large energy-consuming
units in nine industrial sectors. These units, indicated
as “designated consumers,” are also required to employ
“certified energy managers” and report energy consump-
tion and energy conservation data annually. To achieve
the potential of 15,000 MW of renewable energy within
the 11th Five-Year Plan period, the proposed energy
efficiency measures include forming industry-specific
task forces, conducting energy audits among designated
consumers, recording and publishing best practices
per sector, developing energy consumption norms, and
monitoring compliance with mandated provision by
designated consumers. The program includes capacity
building to train key personnel in energy efficiency mea-
sures and management.

Among the fiscal policies already in place are income
tax holidays, accelerated depreciation, duty-free import of
renewable energy equipment, capital subsidies and con-
cessionary financing from the Indian Renewable Energy
Development Agency, requirements for energy purchases
by distribution companies, and exemptions from electric-
ity taxes and sales taxes. In addition to these financial
incentives, wind energy projects and equipment used in
biomass/bagasse power generation can claim accelerated
depreciation in the first year of the project. There is also a
liberalized foreign investment approval regime to facilitate
foreign investment and transfer of technology through
joint ventures.

Opportunities for U.S. Clean Technology Firms in India
Opportunities for U.S. clean tech firms are numerous in
India thanks to the scope of energy demand and the gov-
ernment’s warm response to energy efficiency and renew-
able technologies. According to India’s integrated energy
policy, in order to deliver a sustained growth of 8 percent
through 2031, India will need to expand its primary energy
supply by at least three to four times and electricity supply
by five to seven times its current consumption. As such,
the power sector is expected to add over 150,000 MW over
the next 15 years, of which at least 10 percent is expected
to come from renewable energy technologies. Different
states are in the process of issuing tariff orders for renew-
able energy electricity generation and specifying quotas
for power from renewable energy in accordance with the
Electricity Act of 2003. This government push can translate
into major opportunities for foreign firms.

Other major government initiatives include an
installment of 1 million household solar water heating
(SWH) systems, rural electrification of 24,000 villages
using renewable mini-grids, and deployment of 5 million

solar lanterns and 2 million solar home lighting systems
throughout the countryside. Investment opportunities are
available for corporate users of power, long-term investors
in power, promoters of clean power, and trading credits for
emission reductions. Private-sector companies can set up
enterprises to operate as licensee or generating compa-
nies. A foreign investor can enter into a joint venture not
only for renewable energy devices/products but also for
manufacturing renewable-energy-based power genera-
tion projects on a build, own, and operate basis.

At the sector level, small hydropower (SHP), wind,
and solar energy offer the maximum scope for clean en-
ergy development. However, these sectors are relatively
mature with significant local capacity; therefore, U.S.
companies may face competition in these sectors. Geo-
thermal and tidal energy sectors offer the advantages of
early entry into the Indian market. Opportunities for U.S.
firms include products, equipment, demonstrated tech-
nology, and project development in these sectors. There
is a need to assess the potential of geothermal resources
in India and to harness these resources for power gen-
eration and for direct heat applications for space heating,
greenhouse cultivation, and cooking. The potential of
tidal energy and harnessing it for power generation also
needs to be assessed.

In general, a lack of technical expertise exists in instal-
lation, operations, maintenance, troubleshooting, and
other aspects of clean energy implementation. Technolog-
ical needs in the SHP sector include technology for direct-
drive low-speed generators for low-head sources, technol-
ogy for submersible turbo-generators, and technology for
variable-speed operation. There is also a need for proven
high capacity wind turbines, generally greater than 1-2
MW. In addition, there is a need for turbines adapted to
low-wind regimes and improved design for rotor blades,
gear boxes, and control systems. In the PV sector, there is
demand for thin-film solar cell technology, technology for
megawatt-scale power generation, and improvements in
crystalline silicon solar cell/module technology. Building
integration for PV and solar thermal systems is also an
area of opportunity.

In bioenergy, opportunities are many and include
development of megawatt-scale fluidized bed biomass
gasifiers; development of poly-generation facilities for
the production of liquid fuels, a variety of chemicals,
and hydrogen in addition to power production; develop-
ment of more efficient kilns for charcoal production and
pyrolysis of biomass; and raising the system efficiency of
small (up to 1 MW) combustion and turbine technolo-
gies. Biofuel needs include engine modifications for using
more than 20 percent biodiesel as a diesel blend. There
is a need for waste-to-energy technological development
across the board, including the successful demonstration
of biomethanation, combustion/incineration, pyrolysis/
gasification, landfill gas recovery, densification, and pel-
letization. In the nascent geothermal and ocean power
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sectors, there is a need for technology suppliers, equip-
ment manufacturers, and project developers. Finally,
energy-efficiency service companies and energy efficiency
equipment suppliers for buildings and industries could be
extremely profitable.

Barriers for U.S. Firms

Given the existing market conditions in India, U.S. firms
may encounter challenges in the areas of competition from
local suppliers and equipment manufacturers in the SHP,
wind, and solar energy sectors. In addition, there appears
to be alack of coordination and integration of renewable
energy and energy efficiency policies across broader de-
velopment issues, including a disconnect between Indian
government ministries, states, and sub-sectors. Policies

are often unclear and inconsistent and distortions may
arise because of uneven price settings across and within
sub-sectors. The enforcement of the legal restrictions has
also been a significant barrier to participation in the renew-
able energy market. Issues include informal governance
based on social relationships and reciprocity that arises
from a complex legal process and the lack of legal enforce-
ment. Regulatory issues such as time delays, complexity in
the permitting and sitting of projects pose, and the lack of
monitoring of legal and financial disclosures are present
additional barriers.

Conclusion

Clean energy technologies have moved to the forefront
of India’s energy infrastructure and investments oppor-
tunities. This is driven by the need to enhance energy
security and fuel diversity, meet increasing energy needs
in an environmentally sustainable manner, and advance
economic and social development, all while reduc-

ing poverty and sustaining economic growth. Though
barriers exist from a technology, policy, and investment
perspective, India promises to be one of the largest
markets for clean energy, and U.S. companies have a
significant role to play in both trade and investment.
The advantages of the Indian clean energy technology
market include a strong industrial base and fast-growing
economy; availability of skilled, relatively cheap labor;
one of the world’s largest renewable energy programs;
the world’s only dedicated federal ministry to support
renewable energy (MNRE) and the only government
financial institution exclusively supporting renewable
energy and energy efficiency (Indian Renewable Energy
Development Agency—IREDA). These are buttressed by
a favorable government policy environment, low infla-
tion and moderate tax rates, and a strong and growing
carbon finance market.

By 2012—the completion of the 11" Five-Year Plan—the
Indian Government has set a goal for at least 10 percent of
power generation to come from renewable energy sources,
with a 4-5 percent share in the electricity mix. Presently

at over 10,000 MW of installed capacity, renewable energy
is projected to reach over 24,000 MW by 2012. India’s rich
renewable energy resource endowment provides opportu-
nities across a spectrum of technologies—biomass, solar
PV, solar thermal, wind, hydropower, solid and industrial
waste-to-energy, geothermal, and tidal energy. The pros-
pects for U.S. firms are encouraging, including research,
development, and demonstration; technical collaborations;
product and equipment sales; project design, develop-
ment, and promotion; power generation and production;
operational and maintenance (O&M); project monitoring;
carbon finance/trading; and consulting services. U.S. firms
should find ample opportunity to enhance their competi-
tive market position in this rapidly expanding marketplace.
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Introduction

B Purpose

The report’s objectives are twofold: (1) to analyze the clean
energy market in India and (2) to identify opportunities
for trade and investment through 2020.

B Approach

The report provides the following:

An analysis of the existing infrastructure of clean energy
technologies and market opportunities in India through
2020. This includes market forecasts, market drivers, cost
data, and market segment analysis.

A review of government policies for clean energy devel-
opment in India.

A detailed analysis of barriers and obstacles to clean
energy technologies trade and investment in India.

A definition of clean energy technologies for India.

A review of resources available to U.S. businesses that wish
to engage in clean energy trade and investment in India.

B Methodology

Both primary and secondary data sources were used in
the preparation of this report. These included:

India Resources
Annual reports from relevant ministries at the national
level and, where available, at the state levels;
List of relevant agencies, areas of operation, and
contact details;
Policy documents (e.g., India’s Electricity Act 2003, India’s
New and Renewable Energy Policy Statement 2005) as well
as documents stating quotas, tax requirements, procure-
ment requirements, foreign investment policy, and master
plans for technology development in different sectors;
Statistical documents containing installed capacity,
energy balance, consumption, etc.;
Five-Year Plans and ministerial long-term development
plans; Annual Reports of relevant corporations;
Data related to financial markets in India.

U.S. Government Sources
U.S. Department of Commerce;
U.S. Department of Energy, including the National Re-
newable Energy Laboratory, Energy Information Agency,
and Office of Energy Efficiency and Renewable Energy;
U.S. Agency for International Development (India);
U.S.Trade and Development Administration;
Export-Import Bank of the United States;
Asia-Pacific Partnership on Clean Development and Climate.

International Institutions
Asian Development Bank;
World Bank;

International Energy Agency.

Trade, Industry, and Sector Associations; Business
Counsels
Interviews conducted with key trade associations, includ-
ing the Indian Confederation of Indian Industry (Cll);
Interviews with the United States—India Business Council;
Documents from the American Council on Renewable
Energy (ACORE).

Transmission and Distribution Agencies, Manufacturers,
Generators
Annual Reports from various industry leaders operating
in India;
Annual Reports of major electricity generators in India.

B Organization of the Report

The remainder of this report is organized as follows:

Section 1 provides a market overview for India. This chap-
ter includes information on India’s overall energy status,
both current and projected; a market overview; identi-
fication of clean energy policies; trade and investment
opportunities for U.S. firms; and barriers to clean energy
market entry, development, and commercialization. The
chapter also includes annexes on key Indian policy-mak-
ers with authority over clean energy technologies and
information on the renewable energy industry in India.
Section 2 provides a definition of clean energy tech-
nologies addressed in the report. This chapter includes
energy efficiency, distributed generation, combined
heat and power, wind, solar photovoltaics, solar thermal,
small hydropower, biomass, biofuels, waste-to-energy,
geothermal, and ocean energy technologies.
Appendix A provides a compendium of trade and
investment resources for U.S. clean technology firms.
Contact information for individual organizations is
also included.

Appendix B provides a directory of sustainable
energy-financing sources. This directory is synthe-
sized from the on-line resource available at www.
sef-directory.net/, which is maintained by the Sus-
tainable Energy Finance Initiative, a joint initiative

of the United Nations Environment Program and the
Basel Agency for Sustainable Energy.
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Section 1:India

B Chapter 1:India’s Energy Status

India is the world’s fourth-largest economy, after the
United States, China, and Japan. India’s economy has
grown steadily over the last 30 years, averaging 7 percent
annually since 2000. During 2004 and 2005, only China’s
economy grew faster.! India is now home to approxi-
mately 1.1 billion people—constituting roughly 17 per-
cent of the world’s population—and is the world’s second
most populous country. By 2030, India is expected to
overtake China and have the world’s largest population.

Energy Supply and Demand

Due primarily to the projected increase in population and
the country’s continued economic growth, primary energy
demand in India is expected to increase from 537 Mtoe in
2005 to 770 Mtoe in 2015 and to 1,299 Mtoe by 2030 (see

Table 1.1). Over the period 1990-2005, demand grew by
3.5 percent per year.

As indicated by the above table, coal is expected to re-
main the dominant fuel in India’s energy mix over the next
25 years. Demand for oil will steadily increase to a projected
328 mToe by the year 2030, still one-half the projected
demand for coal. Other renewables, mostly wind power,
are projected to grow 12 percent per year, albeit from a rela-
tively low baseline. Nuclear and hydropower supplies grow
in absolute terms, but they make only a minor contribution
to primary energy demand in 2030—3 percent in the case of
nuclear and 2 percent for hydropower.

As shown in Table 1.2, demand for oil in India almost
quadrupled from 1980 to 2005, with consumption in 1980
in the amount of 0.7 mb/d, increasing to 2.6 mb/d in

Table 1.1: Indian Primary Energy Demand in the Reference Scenario (mToe)

1990 2000 2005 2015 2030 2005-2030*
Coal 106 164 208 330 620 4.5%
Oil 63 114 129 188 328 3.8%
Gas 10 21 29 48 93 4.8%
Nuclear 2 4 5 16 33 8.3%
Hydro 6 6 9 13 22 3.9%
Biomass 133 149 158 171 194 0.8%
Other renewables 0 0 1 4 9 11.7%
Total 320 459 537 770 1299 3.6%
Total excluding biomass 186 311 379 599 1105 4.4%
Source: International Energy Agency, World Energy Outlook 2007: China and India Insights (Paris, France: OCED/IEA, 2007).
Table 1.2: Key Energy Indicators for India
1980 1990 2000 2005
Total primary energy demand (Mtoe) 209 320 459 537
Qil demand (mb/d) 0.7 1.2 2.3 2.6
Coal demand (Mtoe) 75 152 235 297
Gas demand (bcm) 14 11.9 254 34.8
Biomass and waste (Mtoe) 116 133 149 158
Electricity output (TWh) 119 289 562 699
TPES/GDP (index, 2005 = 100) 163 142 120 100
Total primary energy demand per capita (toe) | 0.30 0.38 0.45 0.49
CO2 emissions per capita (tonne) 0.43 0.69 0.95 1.05
Oil imports 0.5 0.6 1.6 1.8
Electricity demand per capita (kWh) 174 341 553 639

Source: International Energy Agency, World Energy Outlook 2007: China and India Insights (Paris, France:

OCED/IEA, 2007, p. 444).
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2005.2 These increasing oil imports have left the country
more vulnerable to international price spurts and po-
tentially unreliable supplies. Likewise, gasoline demand
spiked from 1.4 bcm in 1980 to 34.8 bcm in 2005, a growth
of over 2,000 percent.

Figure 1.1 shows in 2005 India ranked fourth in world
energy consumption, after the United States, China, and
Russia. By 2030, however, India is expected to surpass Rus-

Figure 1.1: Primary Energy Demand in Selected Countries in the
Reference Scenario
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Source: International Energy Agency, World Energy Outlook 2007: China and India
Insights (Paris, France: OCED/IEA, 2007).

sia and become the third-largest energy consumer in the
world, after China and the United States.

As 0f 2006, India had an installed 124,287 MW base of
electricity. Thermal energy (coal, oil, and diesel) contrib-
utes 66 percent of the total, followed by hydro (26 percent),
renewable energy (5 percent), and nuclear (3 percent). The
regional split is roughly equal. Southern India contributes
29 percent of the country’s installed capacity, the western
region 28 percent, northern India 27 percent, and eastern
India 16 percent. The installed electricity generation capac-
ity in India by state is listed in Table 1.3.

India’s Energy Deficit
The state-by-state peak demand, supply, and deficit
for 2006 are shown in Table 1.4. As the table indicates,

With GDP per capita rising by about 5.4% per year

in 2000-2005 and expected to grow by 6.4% in
2005-2010, the potential for energy demand growth
in India is enormous. But there are challenges. India
has vast coal resources, but most of them are of low
quality. Indigenous oil and gas reserves are in short
supply. Energy imports are growing. Renewable
energy holds promise, but, with the exception of
traditional biomass and hydropower, its use is very
limited today.

World Energy Outlook, 2007

Table 1.3: Installed Electricity Generation Capacity (MW)
in India During 2006

Northern region

Chandigarh 0 0 0 0
Delhi 0 0 320 3432
Haryana 946.64 37.07 1602.50 62.76
Himachal Pradesh 323.00 86.78 0 0
Jammu and Kashmir 309.15 6138 0 0
Punjab 2470.52 52.39 2130.00 45.17
Rajasthan 1008.84 26.72 2420.00 64.09
Uttar Pradesh 518.60 10.78 4280.00 88.98
Uttarakhand 986.93 96.79 0 0
Central sector 4108.00 28.45 6840.00 4737
Private sector 390.20 61.73 0 0
Subtotal 11061.88 32.77 17592.50 52.11
Western region

Chhattisgarh 125.00 8.86 1280.00 90.72
Dadra and Nagar Haveli 0 0 0 0
Daman and Diu 0 0 0 0
Goa 0 0 0 0
Guijarat 745.00 1291 4429.00 76.76
Madhya Pradesh 1573.17 42.01 2157.50 57.61
Maharashtra 2777.66 27.26 6425.00 63.06
Central sector 1000.00 12.58 4360.00 54.83
Private sector 460.50 7.61 2290.00 37.84
Subtotal 6681.33 19.02 20941.50 59.63
Southern region

Andhra Pradesh 3582.61 51.63 2952.50 42.55
Karnataka 3376.20 61.50 1470.00 26.78
Kerala 1807.60 86.47 0 0
Puducherry 0 0 0 0
Tamil Nadu 2145.85 3243 2970.00 44.89
Central sector 0 0 8090.00 86.80
Private sector 55.45 0.93 510.00 8.56
Subtotal 10967.71 30.09 15992.50 43.88
Eastern region

Bihar 44.90 7.14 553.50 88.02
Jharkhand 130.00 9.33 1260.00 90.38
Orissa 1923.93 82.04 420.00 17.91
Sikkim 32.00 69.41 0 0
West Bengal 161.70 4.44 3305.00 90.84
Private sector 0 0 1441.38 99.50
Central sector 204.00 2.92 6682.50 95.79
Subtotal 2496.53 15.15 13662.38 82.91
Northeastern region

Arunachal Pradesh 18.50 30.74 0 0
Assam 2.00 0.33 330.00 55.25
Manipur 1.50 295 0 0
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RENEWABLE

GAS % oiL % TJS;Q'AL % NUCLEAR % ENERGY % TOTAL
SOURCES
0 0 2 100 2 100 0 0 0 0 2
6124 65.68 0 0 9324 100 0 0 0 0 9324
0 0 3.92 0.15 1606.42 62.91 0 0 30 0.01 255336
0 0 0.13 0 0.13 0.03 0 0 49.08 13.19 37221
175.00 3474 8.94 1.77 183.94 36.52 0 0 10.59 2.10 503.68
0 0 0 0 2130.00 47.03 0 0 11525 2.44 4715.77
113.80 3.01 0 0 2533.80 67.10 0 0 233.29 6.18 3775.93
0 0 0 0 4280.00 88.98 0 0 11.40 0.24 4810.00
0 0 0 0 0 0 0 0 3277 321 1019.70
2311.99 16.01 0 0 9151.99 6338 1180.00 8.17 0 0 14439.99
0 0 0 0 0 0 0 0 24191 38.27 632.11
3213.19 9.52 14.99 0.04 20820.68 61.68 1180.00 3.50 694.59 2.06 33757.15
0 0 0 0 1280.00 0.90 0 0 6.00 043 1411.00
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.05 100.00 0.05
478.72 830 17.28 0.30 4925.00 8536 0 0 99.73 173 5769.73
0 0 0 0 2157.50 57.61 0 0 14.51 39 3745.18
912.00 8.95 0 0 7337.00 72.01 0 0 74.76 0.73 10189.42
1292.00 16.25 0 0 5652.00 71.08 1300.00 1635 0 0 7952.00
2398.00 39.62 0.20 0 4688.20 77.46 0 0 903.78 14.93 6052.48
5080.72 14.47 17.48 0.05 26039.70 7415 13000 3.7 1098.83 3.3 35119.86
27230 3.92 0 0 3224.80 46.47 0 0 131.46 1.89 6938.87
0 0 127.92 233 1597.92 29.11 0 0 51531 339 5489.43
0 0 234.60 11.22 234.60 11.22 0 0 48.12 230 2090.32
3250 1000.00 0 0 3250 100.00 0 0 0 0 3250
431.00 6.51 0 0 3401.00 51.40 0 0 1069.85 16.17 6616.70
350.00 376 0 0 8440.00 90.56 880.00 9.44 0 0 9320.00
2348.70 39.41 576.80 9.68 3435.50 57.65 0 0 2468.75 4142 5959.70
3434.50 9.42 393.32 2.58 20366.32 55.88 880.00 2.41 4233.49 11.62 36447.52
0 0 0 0 5553.50 88.02 0 0 30.40 483 628.80
0 0 0 0 1260.00 90.38 0 0 4.05 0.29 1394.05
0 0 0 0 420.00 17.91 0 0 130 0.06 234523
0 0 5.00 10.85 5.00 13.19 0 0 9.10 19.74 46.10
100.00 275 12.06 033 3417.06 93.92 0 0 59.70 1.64 3638.46
0 0 0.14 0.01 1441.52 99.51 0 0 7.12 0.49 1448.64
90.00 1.29 0 0 6772.50 97.08 0 0 0 0 6976.50
190.00 1.15 17.20 0.10 13869.58 84.17 0 0 111.67 0.68 16477.78
0 0 15.88 26.39 15.88 26.39 0 0 25.80 4287 60.18
244450 40.93 20.69 3.46 595.19 99.65 0 0 0.11 0.02 597.30
0 0 4541 89.28 4541 89.28 0 0 3.95 7.77 50.86
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a 11,463 MW deficit was recorded in 2006, equivalent
to 12.3 percent of peak demand. Gujarat, Maharashtra,

Table 1.3: Installed Electricity Generation Capacity (MW) in
India During 2006 (continued)

Meghalaya, Jammu and Kashmir, Punjab, and Madhya
Pradesh recorded more than a 20 percent deficit in avail- STA;EQ“?S\[‘ ;Eg?g: RY HYDRO % COAL %
ability of power during peak hours. Goa, Daman and
Diu, Chandigarh, Dadra and Nagar Haveli, Puducherry, Meghalaya 18552 9812 0 0
and Damodar Valley Corporation recorded negligible Nagaland 2550 83.14 0 0
peak-hour deficits in electricity. However, all other states Tripura 16.00 10.78 0 0
also noted electricity deficits during peak hours. At the Mizoram 4.05 6.08 0 0
regional level, the eastern region recorded the least peak- Central sector 860.00 69.64 0 0
hour deficits, while the western region recorded most. Private sector 0 0 0 0
Electricity supply and demand scenarios for nation- subtotal 1113.07 46,30 330.00 1373
al, regional, and state levels are summarized in Table —
1.5. This table indicates that a deficit of 52,938 million -
units (MU), equivalent to 8.4 percent of demand, was ﬁgizn;an and Nicobar 5.5 1039 0 0
recorded in 2006. Maharashtra, Meghalaya, Jammu and Lakshadweep o o o o
Kashmir, and Uttar Pradesh each recorded more than a -
15 percent deficit in availability of power during 2006. Private sector 0 0 0 0
Except for Puducherry, all states and union territories Subtotal 325 631 ° °
recorded overall deficits in availability of electricity. All India 32325.77 | 26.01 68518.88 | 55.13
At the regional level, the southern region recorded the Source: TERI Energy Data and Yearbook 2006.
Table 1.4: Peak Supply and Demand Scenario Over 2006
STATE/SYSTEM/REGION PEAK DEMAND (MW) | PEAK MET (M W) DESIE‘:E:)'I!-S\:\/N) (%)
Chandigarh 240 240 0 0
Delhi 3722 3600 -122 -3.3
Haryana 4333 3931 -402 -9.3
Himachal Pradesh 788 749 -39 -4.9
Jammu and Kashmir 1600 1225 -375 -234
Punjab 7731 6158 -1573 -20.3
Rajasthan 5588 4850 -738 -13.2
Uttar Pradesh 8175 6588 -1587 -19.4
Uttarakhand 991 857 -134 -135
Northern region 28154 25200 -2954 -10.5
Chhattisgarh 2133 1857 -276 -12.9
Guijarat 9783 7610 -2173 -22.2
Madhya Pradesh 6558 5136 -1422 -21.7
Maharashtra 116069 12360 -3709 -23.1
Daman and Diu 223 223 0 0
Dadra and Nagar Haveli 387 387 0 0
Goa 368 368 0 0
Western region 31772 25257 -6515 -20.5
Andhra Pradesh 8999 8542 -457 -5.1
Karnataka 5949 5558 -391 -6.6
Kerala 2623 2578 -45 -1.7
Tamil Nadu 9375 8297 -1078 -11.5
Puducherry 251 251 0 0.00
Southern region 24889 23,372 -1517 -6.1
Bihar 1314 1116 -198 -151
Damodar Valley Corporation 1531 1531 0 0.00
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TOTAL RENEWABLE
GAS % OIL % THERMAL % NUCLEAR % ENERGY % TOTAL
SOURCES
0 0 2.05 1.08 2.05 1.09 0 0 1.51 0.80 189.08
0 0 2.00 6.52 2.00 6.52 0 0 3.7 10.34 30.67
127.50 85.94 485 3.27 132.35 89.21 0 0 0.01 0.01 148.36
0 0 51.86 77.86 51.86 77.84 0 0 10.71 16.08 66.62
375.00 30.36 0 0 375.00 30.36 0 0 0 0 1235.00
24.50 93.87 0 0 24.50 93.87 0 0 1.60 6.13 26.10
771.50 32.09 142.74 5.94 1244.24 51.75 0 0 46.86 1.95 2404.17
0 0 40.05 79.23 40.05 79.23 0 0 525 10.39 50.55
0 0 9.97 100.00 9.97 100.00 0 0 0 0 9.97
0 0 20.00 99.16 20.00 99.16 0 0 0.17 0.84 20.17
0 0 70.02 86.78 70.02 86.78 0 0 5.42 6.72 80.69
12689.91 10.21 1201.75 0.97 82410.54 | 66.31 3360.00 2.70 6190.86 4.98 124287.17
Table 1.4: Peak Supply and Demand Scenario Over 2006 (continued)
STATE/SYSTEM/REGION PEAK DEMAND (MW) | PEAK MET (M W) DI?:EIEI!-?I\:\/N) (%)
Jharkhand 669 623 -46 -6.9
Orissa 2437 2396 -41 -1.7
West Bengal and Sikkim 4790 4644 -146 -3
Eastern region 10161 9677 -484 -4.8
Arunachal Pradesh 75 73 -2 -2.7
Assam 733 679 -54 -74
Manipur 113 109 -4 -3.5
Meghalaya 280 205 -75 -26.8
Mizoram 76 72 -4 -5.3
Nagaland 90 87 -3 -33
Tripura 171 155 -16 -9.4
Northeastern region 1385 1192 -193 -13.9
All India 93255 81792 -11463 -12.3

Source: www.cea.nic.in/power sec-reports/executive summary/2006 04/22-23.pdf

least deficit, while the western region recorded the
highest. The deficit is expected to increase in the future
considering the future demand scenarios described in
subsequent sections

Power Development Scenario in the 11th Five-Year Plan:
2007-20123

The Fifth National Power Plan (2007-2012) prepared by
the Central Electricity Authority (CEA) reports that India
needs an installed capacity of 212,000 MW and a system
reliability level of less than 1 percent loss of load prob-
ability (LOLP) by the end of the 11th Five-Year Plan. The
primary resources for electric power generation to meet

this projected installed capacity have been identified as
hydro, fossil fuel (coal, lignite, oil, and natural gas), and
nuclear energy. It is predicted that the contribution from
renewable sources such as wind, biomass, and tidal en-
ergy will increase to meet much of the projected increase
in demand. The Working Group on Power, constituted

by the Planning Commission, had planned a 41,110 MW
capacity addition during the 10th Five-Year Plan, compris-
ing 14,393-MW of hydro power, 25,417-MW of thermal,
and 1,300-MW of nuclear. Out of the total thermal capacity
of 25,417 MW, the contribution of coal/lignite-based ca-
pacity had been predicted to be 20,053 MW. For the 11th
plan, CEA has identified a capacity addition requirement

Clean Energy: An Exporter’s Guide to India
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Table: 1.5: Overall Supply and Demand Scenario Over 2006

REGION REQUIREMENT (MU) AVAI(I;\:\S)ILITY D:I?IET;[(JI;{J) DEFICIT (%)

Chandigarh 1260 1258 -2 -0.2
Delhi 21602 21281 -321 -1.5
Haryana 23791 21631 -2160 -9.1
Himachal Pradesh 4302 4258 -44 -1
Jammu and Kashmir 9268 7672 -1596 -17.2
Punjab 35682 32591 -3091 -8.7
Rajasthan 32052 30879 -1173 -3.7
Uttar Pradesh 55682 44033 -11649 -20.9
Uttarakhand 5155 5008 -147 -2.9
Northern region 188794 168611 -20183 -10.7
Chhattisgarh 13012 12540 -472 -3.6
Guijarat 57137 52436 -4701 -8.2
Madhya Pradesh 36846 31619 -5227 -14.2
Maharashtra 102765 84117 -18648 -18.1
Daman and Diu 1346 1323 -23 -1.7
Dadra and Nagar Haveli 2539 2531 -8 -0.3
Goa 2338 2338 0 0.00
Western region 215983 186904 -29079 -13.5
Andhra Pradesh 53030 52332 -698 -1.3
Karnataka 34601 34349 -252 -0.7
Kerala 13674 13578 -96 -0.7
Tamil Nadu 54194 53853 -341 -0.6
Puducherry 1678 1678 0 0.00
Southern region 157177 155790 -1387 -0.9
Bihar 7955 7218 -737 -9.3
Damodar Valley Corporation 10003 9891 -112 -1.1
Jharkhand 4033 3868 -165 -4.1
Orissa 15208 15010 -198 -1.3
West Bengal and Sikkim 25148 24719 -429 -1.7
Eastern region 62347 60706 -1641 -2.6
Arunachal Pradesh 208 206 -2 -1
Assam 4051 3778 -273 -6.7
Manipur 510 489 -21 -4.1
Meghalaya 1382 1144 -238 -17.2
Mizoram 230 216 -14 -6.1
Nagaland 408 389 -19 -4.7
Tripura 745 666 -79 -10.6
Northeastern region 7534 6888 -646 -8.6
All India 631757 578819 -52938 -8.4

Source: www.cea.nic.in/power-sec-reports/executive-summary/2006 04/22-23.pdf Power Development Scenario in the 11th Five-Year Plan: 2007-20121

Note: MU is million unit, where one unit = 1 kWh.

of 67,439 MW, comprising 23,358-MW hydro, 38,166-MW

thermal, and 5,915-MW nuclear. Out of the total thermal

capacity of 38,166 MW, the coal/lignite-based capacity
had been predicted to be 30,411 MW.

Power Development Scenario Beyond the 11th Five-Year
Plan: 2012--2020

CEA has estimated a capacity addition requirement

of 135,000 MW for 2012-2020. The breakdown of this
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requirement has been estimated to be 35,500-MW hydro,
10,000-MW nuclear, and 89,500-MW thermal (including
6,500-MW gas-based plants). The coal-based capacity
requirement has been projected at 83,000 MW during
this period. Any shortfall in achieving the hydro capac-
ity would be supplemented by additional coal projects.
Keeping in view the huge power generation capacity
requirement to be added during the 11th and 12th Five
Year Plans, an urgent need has been identified to develop
large-scale thermal power plants in an environmentally
friendly manner. To achieve this mix and to accelerate
hydropower development, a 50,000-MW hydroelectric
initiative was launched in 2003 and the Nuclear Power
Corporation has plans to add 20,000 MW of additional
nuclear power between 2012-2020.

Power Development Scenario: 2020 and Beyond

It has been estimated that the primary energy intensity

in India will fall 1.2 percent annually based on GDP
estimates. By extrapolating historical electricity intensity
through 2022 and accounting for the expected 1.2 percent
annual reduction in primary energy intensity, the growth
rates of the primary energy and electrical energy have
been estimated in Table 1.6 and represent a significant
challenge to Indian power generation.

Growth rates in per capita electricity generation should
reach 5,300 kWh per year by 2052 and total about 8,000 TWh.
This would correspond to an installed capacity of roughly
1,300 gigawatts (GWe). Given this, annual primary energy
consumption should increase to 117 exajoules (EJ) by 2052.

Table 1.6: Annual Primary and Electricity Growth Rate (%)

PERIOD PRIMARY ENERGY ELECTRICITY
2002-2022 4.6 6.3
2022-2032 4.5 4.9
2032-2042 4.5 4.5
2042-2052 3.9 3.9

Current Status of Indian Clean Energy Technology
Renewable Energy

Renewable energy resources are abundant in India,
including hydropower, solar, wind, biomass, and waste-
to-energy. Table 1.7 presents the assessed potential for
renewable energy development, estimated at 84,776 MW -
this excludes solar and large hydropower. The breakdown
indicates wind energy, biomass, and small hydropower
constitute 97 percent of the total projected potential. Wind
energy alone accounts for 54 percent followed by bio-
mass/co-generation and small hydropower.

Table 1.8 provides a breakdown of installed renewable
capacity by resource. As noted, the total installed capacity
as of May 2007 was 10,297 MW, up from 3,241 MW in 2001.
Wind constitutes 69 percent of the total, followed by small
hydro (19 percent), biomass (co-generation, 11.5 percent),
waste-to-energy (0.42 percent), and solar (0.03 percent).

Table 1.8 also demonstrates India’s need to develop al-
ternative forms of renewable energy and diversify its energy
portfolio even further. The contributions of waste-to-energy
and solar-energy, for instance are considerably less than
their potential indicates. Solar thermal, geothermal, and
tidal energy are virtually non-existent, an indicator of the
significant potential these sectors have for development.

A breakdown of distributed renewable energy is provid-
ed in Table 1.9. As indicated, 166 MW equivalent renewable

Table 1.7: Renewable Energy Development Potential
in India.

SOURCE POTENTIAL
Small hydropower 15,000 MW
Wind power 45,195 MW
Biomass power/ co-generation 21,881 MW
Solar 4-6 kWH/m2/day
Waste-to-energy 2,700 MW
Total 84,776 MW (excluding solar)

Source: Government of India Ministry of New and Renewable Energy
http://mnes.nic.in/

Table 1.8: Total Installed Capacity Based on Different Renewable Energy Sources from 2001-2007

RENEWABLE TOTAL INSTALLED CAPACITY (MW)

ENERGY SOURCE 2001 2002 2003 2004 2005 2006 2007
Hydro 1,341 1,423 1,463 1,603 1,693 1,747 1,976
Wind 1,626 1,867 2,483 2,980 3,595 5,342 7,092
Solar PV 2 2 2 3 3 3 3
Solar thermal 0 0 0 0 0 0 0
Biomass 273 358 468 613 727 797 1,184
Waste-to-energy 15 17 25 42 47 35 43
Geothermal 0 0 0 0 0 0 0
Tidal/ocean 0 0 0 0 0 0 0
Total 3,241 3,650 4,441 5,240 6,065 7,995 10,297

Source: Government of India, Annual Reports of Ministry of New and Renewable Energy, 2000-2001 to 2006-2007.
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energy exists in distributed (non-grid-connected) sectors.
Biomass-gasifier-based renewable energy contributes 52
percent, followed by 36 percent from biomass (co-genera-
tion) and 12.2 percent from waste-to-energy. These figures
again indicate the lack of a mature market and demonstrate
the potential opportunity for American firms.

Wind
Statewide gross and technical wind power potential is
given in Table 1.10. The technical potential has been
estimated by assuming 20 percent grid penetration,
which would increase with the augmentation of grid
capacity in certain states. Table 1.10 indicates that Ma-
harashtra, Andhra Pradesh, Tamil Nadu, and Gujarat
are the leading states, with 62 percent of the projected
“technical” potential.

Table 1.11 shows India had 5,341 MW of installed elec-
tricity capacity from wind energy as of March 2006. Nine
states accounted for 99 percent of the installed capacity in

Solar PV and Solar Thermal

India receives abundant solar radiation equivalent to over
5,000 trillion kWh per year. The daily average solar energy
incident varies from 4-7 kWh per square meter depending
upon the location. A government-supported program for
PV has existed for two decades, but the current installed
capacity equals only 3 MW, a small proportion of the
country’s total energy mix. PV systems are promoted
primarily for rural and off-grid applications, consisting
largely of mini-grids, solar home systems, solar lanterns,
and solar street lights.

The overall solar water heater potential in India is esti-
mated to be 140 million square meters of collector area, of
which about 1.9 million square meters have been installed
in buildings and in industry - 99 percent of the potential is
therefore undeveloped.

Table 1.10: Wind Power Potential in India, by State

. . STATE GROSS TECHNICAL
the couf1try. Tafml Nadu accounted for 54 percent of wind POTENTIAL (MW) POTENTIAL (MW)
generation, while Maharashtra accounted for 18.7 percent

. .. . .. . Andhra Pradesh 8,257 2,110
of installed capacity in India. Most of states enjoying wind
power generation - 70 percent -- are located in coastal Gujarat 9,675 1,900
areas with geographic and climatic conditions favorable Karnataka 6,620 1,310
for wind farms. Kerala 875 610
Madhya Pradesh | 5,500 1,050
Table 1.9: Breakout of Distributed Renewable Energy Maharashtra 3,650 3,060
BIOMASS POWER / CO-GEN. 55,00 MW Orissa 1,700 1,085
(NON-BAGASSE) : Rajasthan 5,400 1,050
Biomass gasifier 86.53 MWeq Tamil Nadu 3,050 2,150
Waste-to-energy 20.21 MWeq West Bengal 450 450
Total 165.74 MWeq Total 45,177 14,775

Source: Government of India Ministry of New and Renewable Energy
http://mnes.nic.in/

Source: Confederation of Indian Industry, “Background Paper,” 1st India
Clean Tech Forum, August 3, 2007.

Table 1.11: Break-out of Installed Base of Electricity Generation from Wind Energy, by State, in 2006

31 MARCH 2006
STATE DEMONSTRATION PRIVATE
PROJECTS PROJECTS TOTAL CAPACITY
Andhra Pradesh 5 116 121
Gujarat 17 322 338
Karnataka 7 578 586
Kerala 2 0 2
Madhya Pradesh 0.6 40 40
Maharashtra 8 993 1001
Rajasthan 6 352 358
Tamil Nadu 19 2873 2894
West Bengal 1 0 1
Others 2 0 3
Total 69 5271 5341

Source: TERI Energy Data and Yearbook 2006.
Note: Numbers may not add exactly owing to independent rounding.
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Bioenergy

Statewide biomass potential is presented in Table 1.12.
India produces 139 million tons of surplus biomass
every year, amounting to 16,000 MW of electricity.
Rajasthan, Punjab, Uttar Pradesh, Maharashtra, Madhya
Pradesh, Haryana, and Gujarat account for 76 percent
of the projected potential, with Rajasthan alone ac-
counting for 25 percent of the total projected potential.

Bagasse-based co-generation potential is present-
ed in Table 1.13. Maharashtra and Uttar Pradesh, the
two major bagasse-producing states, account for 57
percent of the total projected potential. In 2006, India
had 582 MW of installed bagasse co-generation (grid
and off-grid); projections through 2012 call for 1,200
MW installed.

Based on COGEN Europe* and Tata Energy Research In-
stitute (TERI) estimates, the total combined heat and power
(CHP) potential in India is over 10,000 MW, 61 percent from
non-sugar-based industries. These estimates are based
on internal heat-to-power ratios, which would meet the
plant’s energy requirements and still meet the production

Table 1.12: National Biomass Power Estimation, by State

capacities of the various industry categories. The prominent
industry categories are paper, cotton textile, caustic soda,
fertilizers, iron and steel, refineries, rice mills, man-made
fibers, cement, sulfuric acid, and aluminum.

Table 1.13: Bagasse-based Co-Generation Potential in
India, by State

STATE POTENTIAL (MW)
Maharashtra 1000
Uttar Pradesh 1000
Tamil Nadu 350
Karnataka 300
Andhra Pradesh 200
Bihar 200
Gujarat 200
Punjab 150
Others 100
Total 3500

Source: Confederation of Indian Industry, “Background Paper,” 1st India
Clean Tech Forum, August 3, 2007.

CROP BIOMASS BIOMASS SUR- POWER
STATE AREA (KHA) PRODUCTION GENERATION PLUS POTENTIAL
(KT/YEAR) (KT/YEAR) (KT/YEAR) (MWE)
Andhra Pradesh 2,540.2 3,232.0 8,301.7 1,172.8 150.2
Assam 2,633.1 6,075.7 6,896.3 1,398.4 165.5
Bihar 5,833.1 13,817.8 20,441.8 4,286.2 530.3
Chhattisgarh 3,815.5 6,142.8 10,123.7 1,907.8 2209
Goa 156.3 554.7 827.2 129.9 15.6
Guijarat 6,512.9 20,627.0 24,164.4 7,505.5 1,014.1
Haryana 4,890.2 13,520.0 26,160.9 9,796.1 1,261.0
Himachal Pradesh 7103 1,329.2 2,668.2 988.3 128.0
Jammu and Kashmir 368.7 648.7 1,198.7 237.7 31.8
Jharkhand 1,299.8 1,509.0 2,191.2 567.7 66.8
Karnataka 7,277.3 38,638.5 23,766.8 6,400.6 843.4
Kerala 2,041.7 9,749.7 9,420.5 5,702.6 762.3
Madhya Pradesh 9,937.0 14,166.9 26,499.6 8,033.3 1,065.4
Maharashtra 15,278.3 51,343.3 36,804.4 11,803.9 1,585.0
Manipur 72.6 159.4 318.8 31.9 4.1
Meghalaya 0.8 14.0 420 8.4 1.1
Nagaland 27.1 87.6 149.2 27.2 3.1
Orissa 2,436.6 3,633.3 5,350.4 1,163.4 147.3
Punjab 6,693.5 27,8137 46,339.8 21,267.0 2,674.6
Rajasthan 12,537.5 93,654.8 204,887.6 35,531.1 4,595.0
Tamil Nadu 2,454.0 24,544.6 15,976.6 6,658.7 863.7
Uttar Pradesh 12,628.2 46,800.8 50,416.7 11,7259 1,477.9
Uttaranchal 66.4 135.8 159.9 51.6 6.6
West Bengal 5,575.6 21,062.8 23,316.0 2,959.7 368.3
Total 105,786.8 399,262.1 546,422.6 139,355.8 17,981.8
Source: Government of India Ministry of New and Renewable Energy http://mnes.nic.in/
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State-based waste-to-energy potential is presented in
Table 1.14. Maharashtra, Uttar Pradesh, Karnataka, Tamil
Nadu, and West Bengal account for more than 53 percent
of the projected waste-to-energy potential.

The statewide list of commissioned biomass power/
co-generation projects as of September 30, 2007, is given
in Table 1.15. As shown, the installed capacity of biomass
power/co-generation has tripled from 381 MW in 2002
to 1,253 MW in 2007. Andhra Pradesh, Karnataka, Tamil
Nadu, and Uttar Pradesh account for 77 percent of the
total installed capacity, due to the availability of biomass
and bagasse.

Small Hydro

Statewide small hydropower potential in India is provided
in Table 1.16. India has an estimated hydropower potential
of 84,000 MW, 15,000 MW from SHP. The Ministry of New
and Renewable Energy (MNRE)® has identified 4,227 po-
tential small hydropower sites accounting for 10,324 MW

potential sites are under study. Himachal Pradesh, Uttara-
khand, Jammu and Kashmir, and Arunachal Pradesh have
52 percent of the projected SHP potential.

As Table 1.17 demonstrates, 1,748 MW of installed small
hydropower (SHP) operated in India in 2006. Karnataka
and Maharashtra accounted for 17 and 11 percent of the
total, respectively. The states of Punjab, Andhra Pradesh,
Himachal Pradesh, and Jammu and Kashmir together
accounted for more than 17 percent of installed capacity.
The potential of this sector is dependent on available water
resources, which are abundant in the majority of states.

Since India needs 347,000 MW of additional capacity
through 2020 of which renewable energy can contribute
24 percent. Major requirements for developing this sector
include continued technology improvements, cost reduc-
tions, and successful demonstrations.

Table 1.16: Small Hydropower Potential in India, by State

in potential projects amounting to 25 MW. The remaining STATE NUMBER OF TECHNICAL
SITES POTENTIAL (MW)
Table 1.14: Waste-to-Energy Potential in India, by State Andhra Pradesh 86 255
STATE LIQUID WASTE | SOLIDWASTE | TOTAL | | Arunachal Pradesh 492 1059
(MW) (MW) (MW) Himachal Pradesh 323 1,625
Andhra Pradesh 16 107 123 Jammu and Kashmir 201 1,207
Delhi 20 11 131 Karnataka 230 653
Gujarat 14 98 112 Kerala 198 467
Karnataka 26 125 151 Madhya Pradesh 85 336
Maharashtra 37 250 287 Maharashtra 234 599
Tamil Nadu 14 137 151 Tamil Nadu 147 339
Uttar Pradesh 22 154 176 Uttarakhand 354 1,478
West Bengal 22 126 148 Uttar Pradesh 211 267
Other 55 349 404 Other States 1,466 2,039
Total 226 1,457 1,683 Total 4,227 10,324

Source: Confederation of Indian Industry, “Background Paper,” 1st India
Clean Tech Forum, August 3, 2007.

Source: Confederation of Indian Industry, “Background Paper,” 1st India
Clean Tech Forum,” August 3, 2007.

Table 1.15: List of Commissioned Biomass Power/Co-generation Projects (MW), by State

STATE MAR CU: ;- 1(? 2002 2002-2003| 2003-2004| 2004-2005| 2005-2006| 2006-2007| 2007-2008 TOTAL
Andhra Pradesh 101.20 58.85 37.70 69.50 12.00 22.00 33.00 334.25
Chhattisgarh 11.00 — — — 16.50 85.80 17.50 130.80
Gujarat 0.50 — — — — — — 0.50
Haryana 4.00 — — 2.00 — — — 6.00
Karnataka 75.60 33.78 26.00 16.60 72.50 29.80 8.00 262.28
Madhya Pradesh 0.00 — 1.00 — — — — 1.00
Maharashtra 24.50 — — 11.50 — 40.00 19.50 95.50
Punjab 12.00 10.00 —_ — 6.00 — —_ 28.00
Rajasthan 0.00 — 7.80 — 7.50 8.00 —_ 23.30
Tamil Nadu 106.00 — 44.50 22.50 — 42.50 12.00 227.50
Uttar Pradesh 46.50 — 12.50 14.00 48.50 — 22.00 143.50
Total 381.30 102.63 129.50 136.10 163.00 228.10 112.00 1252.63

Source: Ministry of Non-conventional Energy Sources, Annual Report 2005/06 (New Delhi, India).
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Energy Efficiency
The most important supply-side efficiency prospects are
high-efficiency, low-emission coal thermal electric power
generation and reductions in losses in electricity distribu-
tion. The National Thermal Power Corporation (NTPC),
for example, envisions a 660-MW green-field project em-
ploying supercritical steam parameters. A USAID-funded
feasibility study of an integrated gasification combined
cycle (IGCC) demonstration project estimated a 200-MW
demonstration plant could be constructed for $2,000/kW.
Currently, 25 percent of Indian power is lost through
transmission and distribution losses alone. A reduction
of 5 percent of these losses could result in significant

augmentation of the electricity supply. Industry repre-
sents 50 percent of the total energy consumption and

is a major target of the energy efficiency effort. Six key
industries—aluminum, cement, fertilizers, pulp and
paper, petrochemicals, and steel—account for two-thirds
of the nation’s total industrial energy use. The energy
intensity in these industries is higher than in developed
countries, mainly due to obsolete and energy inefficient
technologies, which have not been retrofitted with higher
efficiency products. Nonetheless, recently energy ef-
ficiency in Indian industry has increased steadily. In the
cement, steel, aluminum, and fertilizer industries, average
energy consumption has declined as these industries

Table 1.17: Installed Base of Electricity Generation from Small Hydro, by State, in 2006

POTENTIAL EXISTING PROJECTS ONGOING PROJECTS
STATE/UNIONTERRITORY | NUMBER OF CAPACITY NUMBER OF CAPACITY NUMBER OF CAPACITY
SITES (MW) SITES (MW) SITES (MW)
Andhra Pradesh 286 254.63 57 178.81 9 13.9
Arunachal Pradesh 492 1059.03 62 34.30 52 51.42
Assam 920 148.90 3 2.11 7 26.00
Bihar 92 194.02 5 45.90 9 14.00
Chhattisgarh 174 179.97 4 11.00 2 8.00
Goa 3 2.60 1 0.05 — —
Guijarat 290 156.83 2 7.00 — —
Haryana 22 30.05 5 62.70 — —
Himachal Pradesh 323 1624.78 53 119.08 10 52.50
Jammu and Kashmir 201 1207.27 30 109.74 7 7.31
Jharkhand 89 170.05 6 4.05 8 34.85
Karnataka 230 625.61 53 300.63 22 112.74
Kerala 198 466.85 14 84.62 7 57.75
Madhya Pradesh 85 336.33 8 41.16 3 24.20
Maharashtra 234 599.47 27 207.08 5 25.75
Manipur 96 105.63 8 5.45 3 2.75
Meghalaya 98 181.50 3 30.71 9 3.28
Mizoram 88 190.32 16 14.76 3 15.50
Nagaland 86 181.39 8 20.47 6 12.40
Orissa 161 156.76 6 7.30 7 40.92
Punjab 78 65.26 24 113.40 6 26.35
Rajasthan 49 27.26 10 23.85 — —
Sikkim 68 202.75 12 35.60 5 15.20
Tamil Nadu 147 338.92 12 77.70 2 7.90
Tripura 8 9.85 3 16.01 — —
Uttarakhand 354 1478.24 76 75.45 37 23.01
Uttar Pradesh 211 267.06 8 21.50 1 3.60
West Bengal 145 182.62 20 92.30 7 5.80
clr;c:ladrgan and Nicobar 6 6.40 1 5.5 . .
Total 4404 10,450.35 537 1,747.98 227 585.13
Source: Ministry of Non-conventional Energy Sources, Annual Report 2005/06 (New Delhi: MNES, Government of India, 2006).
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have placed a higher importance on conservation and the
installation of state-of-the-art technology. Latent potential
in the building and construction sectors however remains
significant and should be addressed going forward.

Fuel-based Energy Sources

Table 1.18 depicts the present status of fuel-based resourc-
es. The estimated domestic mineable coal resources are 38
billion tons (BT), and the estimated hydrocarbon reserves
are 12 BT. These reserves together may provide 1,200 EJ

of energy. To meet the projected demand, India needs to
develop all options, including efficient use of known fossil
reserves, competitive importation of energy, hydro poten-
tial both large and small, and non-fossil resources includ-
ing both nuclear and non-conventional energy sources.

Clean Transportation Technology
The rapid growth in motor vehicle activity in India is con-
tributing to high levels of urban air pollution, among other
adverse socioeconomic, environmental, health, and welfare
impacts. The demand for transport increased by 1.9 percent
per year from 2000 to 2005, but is projected to double by
2015 and more than quadruple by 2030. The slow growth
in demand for diesel to date may be due to improved effi-
ciency of new cars and trucks and switching to compressed
natural gas vehicles for public transportation in some major
cities. However, like many developing countries, India lacks
mandatory vehicle fuel efficiency standards.®

The Ministry of New and Renewable Energy is
promoting several research, development, and demon-
stration projects including a demonstration project in
battery-operated vehicles (BOVs). Under the program
a central subsidy is provided for the purchase of the
BOVs through renewable energy development agen-
cies. In addition, fuel cell-battery hybrid vehicles with
indigenously developed exchange membrane fuel cells
of 10 kW have undergone field performance evaluation.
Efforts made are expected to lead to the indigenous

Table 1.18: Fuel-based Energy and Electricity Resources

production and wider applications of fuel cell systems
in the country. Various laboratories are developing dif-
ferent technologies for production, storage, and trans-
portation including hydrogen fuel, which some argue
has the potential to replace fossil fuels as early as 2020.”

AMOUNT THERMAL ENERGY E;‘g.?!z!rclgg
EJ TWh GW/year GWe/year

Fossil
Coal 38 BT 667 185,279 21,151 7,614
Hydrocarbon 12 BT 511 141,946 16,204 5,833
Non-fossil

Nuclear

Uraniummetal 61,000T
In PHWRs 289 7,992 913 328
In fast breeders 3,699 1,027,616 117,308 42,231
Thoriummetal 225,000T
In breeders 13,622 3,783,886 431,950 155,502
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B Chapter 2: Market Analysis

Clean energy technologies in India, including renewable
energy and energy efficiency, have received unprecedented
attention in the last few years as the country’s energy demand
grows each year. Increased use of clean energy technolo-

gies will help mitigate concerns that often accompany rapid
economic development in areas that are already resource
constrained—such as poor air quality, desertification, depen-
dence on imported fuel, and exponential growth in demand.

Renewable Energy

There is a need for massive investment in the Indian
renewable energy sector. Table 1.19 provides the renew-
able energy targets under the 11th Five-Year Plan, as well
as associated outlays for grid-connectivity and distributed
power generation. The total investment required to meet
the 15,000 MW goal would be about $19.5 billion, 19 times
the proposed budgetary support. This includes 1,000 MW
targeted from distributed renewable power systems with
an outlay of $531.6 million and $6.3 million for perfor-
mance testing. The detailed breakout is given below.

The Electricity Act of 2003 included a renewable port-
folio standard, building on the precedent of those states
that had already set targets of 5-10 percent to be real-
ized by 2010. These targets virtually ensure a guaranteed
market for renewable energy technologies in the country.
While the target set out in the 10th Five-Year Plan for
installed capacity is 3,075 MW, the actual achievement is
likely to be in excess of 6,000 MW.

Wind Energy

Individual wind turbine capacity has increased from 55
kW in the mid-1980s to 2,000 kW today. India already
manufactures wind electric generators with up to 1,650
KW per unit capacity domestically and their expertise in
the subject continues to grow. Enercon (India) Ltd., Vestas
RRB India Ltd., and Suzlon Energy Ltd lead the industry,
but a full list of electric generators installed through 2006,
by manufacturer, is provided in Annex 1, as well as a listing
of wind turbine manufacturers.

To harness the projected potential, new technolo-
gies with higher capacities are needed in the country.
These technologies may include wind power systems
greater than 1-2 MW, wind machines for low-wind
regimes, and better designs for rotor blades, gear boxes,
and control systems.

Small Hydro

India has a fairly developed capacity for designing, con-
structing, and operating small hydropower plants. A list of
small hydropower turbine/equipment manufacturers in
India is provided in Annex 1.

Small hydro technology has improved steadily over
time and is now more efficient, reliable, and automatic
compared with several years ago. Some of the new tech-
nological advances include the replacement of mechani-
cal governing systems by electronic governors and ana-
logue controls by digital systems. The projects are now

Table 1.19: Potential Targets and Associated Investments Required to Meet the Targets

PROGRAM COMPONENT PHYSIC(QI‘.A;I')ARGET PRO(I;ONS“ELIIDng:l';'LAY INVESTN(lsEl,\\ln'I;FLEIg:;REMENT
Wind power 10,500 189* 15,530
Small hydro 1,400 177.2 2,070
Co-generation 1,200 151.8 1,106
Biomass power 500 50.6 492
Urban waste-to-energy 200 379
Industrial waste-to-energy 200 18.9 29
Subtotal (A) 14,000 455.6
tSi((';l;?)r power (grid-interactive/distributed genera- 50 50,64
Distributed RE power systems (excluding solar) 950 481
Subtotal (B) 1,000 531.6
Total (renewable power) (A+B) 15,000 987.3
Performance testing - 6.32
Grand total 15,000 993.6 19,493

Source: Report of the Working Group on New and Renewable Energy for 11th Five Year Plan.
* For demonstration projects in states where there is sizable potential but where no commercial activity has commenced.
**Subsidy limited to $265.8 per household. Investment required is dependent on subsidy, which varies during the annual budget of

thegovernment of India.
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completely automatic from start to grid synchronization.
The concept of remotely operating projects and Super-
visory Control and Data Acquisition systems have been
introduced in this sector. Apart from improvement in
equipment designs, there is a need to improve/standard-
ize civil design and hydraulic structures to reduce con-
struction time. The areas of technological interventions
include development of direct-drive low-speed genera-
tors for water sources with low heads; standardized
control and monitoring hardware packages; submersible
turbo-generators; compact equipment, which requires
the laying of few cofferdams; appropriate turbine design
suitable to electrical output below 1 MW; variable-speed
operation (optimal use of low- and variable-head sites);
flexible small hydro turbines for very low heads (<2.5 m);
and adaptation of high-pole permanent magnet excita-
tion generators to SHP.

Solar Photovoltaics

India has manufacturing facilities for equipment and
components used in solar photovoltaic (PV) technology.
The list of solar cell and module manufacturers in India
is provided in Annex 1. New technologies are still needed
however. These include the development of polysilicon
and other materials, device fabrication processes and
improvements in crystalline silicon solar cell/module
technology, and thin-film solar cell technology (based
on amorphous silicon films; cadmium telluride films and
copper indium diselenide thin films; and organic, dye-
sensitized, and carbon nano tubes). There is also a need
for megawatt-scale solar PV power-generating systems.

Solar Thermal Technology

A number of solar thermal applications have been devel-
oped in India, which include water/air heating, cooking,
drying of agricultural and food products, water purification,
detoxification of wastes, cooling and refrigeration, heat for
industrial processes, and electric power generation. Most
of the solar thermal devices and systems are manufactured
in India. Evacuated tube collectors (ETC) used in one of the
configurations of solar water heating systems are imported
and marketed in the country by the solar thermal industry.

Annex 1 provides a listing of solar cooker manufacturers,
ETC suppliers and manufacturers, and Flat Plate Collector-
based solar water heating systems, driers, air heating, and so-
lar steam-generating systems in India. The major opportuni-
ties for American firms are solar thermal (high-temperature)
power generation systems and energy efficient buildings
utilizing solar energy concepts.

Bioenergy

Manufacturing capability exists in India for the equipment/
machinery required to establish and operate biomass
projects. Biomass combustion technology using co-gener-
ation is in operation in industries throughout the country.

India also has significant experience and technology in atmo-
spheric gasifiers, where biomass is converted into producer
gas via gasification. With the exception of some critical control
equipment and high-efficiency turbines, most of the equip-
ment can be procured from domestic sources. A number of
large manufacturers have established capabilities for manu-
facturing spreader-stoker-fired, traveling grate/dumping
grate boilers; atmospheric pressure fluidized bed boilers; and
circulating fluidized bed boilers. Almost all combinations—
condensing, single-extraction/double-extraction condensing,
back pressure, etc.—are available in the country with full after-
sales service guarantees. There is a well-established capability
and capacity for the manufacture of related equipment in
the bioenergy field, including harvesters, balers, briquetting
equipment, handling and firing equipment, and pollution
control systems. Annex 1 provides the list of companies in
the areas of gasifier manufacturing, plasma arc technology,
pyrolysis/gasification technology, and biogas burners.

Some of the new areas where technical expertise is
required include:

Development of megawatt-scale fluidized bed
biomass gasifiers, hot-gas clean-up systems, and
optimum integration of the system following the
principles of IGCC.

Development of poly-generation facilities for the
production of liquid fuels, development of a variety of
chemicals and hydrogen in addition to power produc-
tion through IGCC, and establishment of the concept of
a biorefinery.

Increase in the efficiency of atmospheric gasification to
25-30 percent along with cooling systems, complete tar
decomposition, and safe disposal of wastes in commer-
cial production.

Increase in the system efficiency of small (up to T MW) com-
bustion and turbine technologies to 20 percent or more.
Design and development of high-rate anaerobic co-diges-
tion systems for biogas and synthetic gas production.
Development of gasifier systems based on charcoal/
pyrolysized biomass.

Development of efficient kilns/systems for charcoal
production/pyrolysation of biomass.

Design and development of engines, Stirling engines, and
micro-turbines for biogas, producer gas, and biosyngas.
Design and development of direct gas-fired absorptive
chillers, driers, stoves, etc., and improvement in biomass
furnaces, boilers, etc.

Engine modifications for using more than 20 per-

cent biodiesel as a blend with diesel.

Development of second-generation bioliquid fuels and
related applications.

Diversification of feedstocks to utilize alternate biomass
wastes along with cattle dung for setting up household
biogas plants.

Methods for sustaining biogas production during
winter months.
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Development of biogas micro-turbines and engines.
Local power grids compatible with dual fuel engines
and gas engines/turbines.

Removal of hydrogen sulfide from biogas produced in
night soil-based biogas plants.

Additional treatment methods for effluent from night
soil-based biogas plants.

Waste-to-Energy

The technological options available for waste-to-energy
projects include biomethanation, combustion/incinera-
tion, pyrolysis/gasification, landfill gas recovery, densi-
fication, and pelletization. However, India has limited
local capacity in these technology areas. The large-scale
operations of any of these technologies require import of
design, engineering, and equipment. There is also a need
to demonstrate the usefulness of these technology options
throughout the country.

The list of suppliers of these waste-to-energy tech-
nologies in India is given in Annex 1. It should be noted,
however, that the majority of these suppliers are dealers,
franchisees, and/or licensees of technology suppliers
outside India.

Geothermal Energy

There is a need to assess the potential of geothermal
resources in India and to harness these resources for
power generation to be used in space heating, green-
house cultivation, and cooking. Past projects undertaken
by the MNRE have demonstrated the applications of
geothermal fluids for small-scale power generation and
in poultry farming and greenhouse cultivation. Magne-
totelluric (MT) investigations to delineate sub-surface,
geo-electric structures and evaluate their geothermal
significance have been carried out by the National
Geophysical Research Institute in the Tatapani geother-
mal area in Chhattisgarh, the Puga geothermal area,
and the Ladakh region of Jammu and Kashmir. Similar
studies are in progress for geothermal fields in the states
of Surajkund in Jharkhand and Badrinath-Tapovan in
Uttarakhand and in the Satluj-Beas and Parvati Valleys
in Himachal Pradesh. The National Hydroelectric Power
Corporation (NHPC), with the support from the Indian
Government, prepared a feasibility report for develop-
ment of geothermal fields in Puga, the Ladakh region of
Jammu and Kashmir, and the Tatapani geothermal field
in the Surguja district of Chhattisgarh. Currently, there is
no technology supplier for geothermal energy harness-
ing/equipment manufacturing in India.

Ocean Energy

The potential of ocean and tidal energy for power genera-
tion in India has yet to be assessed. Some potential sites
for tapping tidal energy have been identified in the Gulf
of Kuchch and Gulf of Cambay in Gujarat and the Delta
of the Ganga in the Sunderbans region in West Bengal. A

detailed project report for the proposed 3.65-MW tidal
power project at Durgaduani/Sunderbans, West Bengal,
has been prepared by the West Bengal Renewable Energy
Development Agency and is being updated by the NHPC.
Currently, there is no technology supplier for tidal energy
harnessing/equipment manufacturing in India.

Key Market Drivers
A number of market drivers are spurring the development
of clean energy markets in India. These include:

Existing and projected gaps in the electricity supply.
Increasing fuel importation to augment the elec-
tricity supply, thereby increasing dependence on
imported resources.

Rising prices of fossil-fuel-based energy delivery (prices
reached $100/barrel in January 2008).

Projected potential of locally available renewable ener-
gy resources and the need for energy portfolio diversity.
Favorable policy environment to promote the use of
clean energy technologies (national, state, local) and
improved investment climate.

Expanded financial support for renewable energy and
energy efficiency from local and international financial
institutions, multilateral agencies, donor organizations,
and others.

Growing carbon credit markets, including the Clean
Development Mechanism (CDM) and voluntary markets.
Existence of local capacities/capabilities to harness the
clean energy sector and relatively inexpensive local
labor supplies.

Growing environmental, social, and health concerns
over fossil fuel development.

At present, India is the fourth-largest greenhouse gas
(GHG) emitter in the world, ranking second only to China
as the fastest growing GHG emitter.® India is also a major
emitter of methane and nitrous oxide, and has exceeded
its national ambient air quality standards in eight major
cities. There is thus a major need for the development of
clean energy options in the country.

Policy Drivers
According to India’s integrated energy policy, sustained
growth of 8 percent through 2030 will require primary
energy supply to increase three to four times and elec-
tricity supply by five to seven times compared to current
consumption. If no alternative arrangements are made to
reduce the consumption of coal, an annual coal require-
ment is expected to be 2,040 mt by 2010, which will lead to
a substantial increase in GHG emissions. The power sector
is expected to add over 150,000 MW in the next 15 years, of
which at least 10 percent is expected to come from renew-
able energy technologies.

Implementation of Section 86(1)(e) of the Electricity
Act of 2003 and Section 6.4(1) of the National Tariff Policy
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is underway. Different states are in the process of issu-
ing tariff orders for renewable energy-based electricity
generation and specifying quotas/shares for power from
renewable energy in accordance with the provisions of
the Electricity Act. For example, the Maharashtra Electric-
ity Regulatory Commission (MERC) has stipulated the
minimum percentage targets (3 percent for FY 2006-2007,
4 percent for FY 2007-2008, 5 percent for FY 2008-2009,
and 6 percent for FY 2009-2010) for procuring electricity
generated from eligible renewable energy sources. Similar
orders have been issued by other states, based on the
potential resources available in their respective states.

Other major renewable energy initiatives include: (1)
installation of 1 million household solar water heating sys-
tems, (2) electrification by renewable mini-grids of 24,000
villages without electricity, (3) deployment of 5 million
solar lanterns and 2 million solar home lighting systems,
and (4) establishment of an additional 3 million small
biogas plants.

The integrated Indian energy policy set the ambi-
tious goal of a 25 percent reduction in energy intensity
from current levels. Within mining, electricity generation,
transmission and distribution, water pumping, industrial
production processes, building design, construction, heat-
ing, ventilation, air conditioning, lighting, and household
appliances, energy efficiency can play a key role. Nearly
25,000 MW of capacity creation through energy efficiency
in the electricity sector alone have been estimated in In-
dia. The energy conservation potential for the economy as
awhole has been assessed at 23 percent, with maximum
potential in the industrial and agricultural sectors. The
target areas identified by the Board of Energy Efficiency
(BEE) in which to achieve energy efficiency include:

Indian industry program for energy conservation;
Demand-side management;

Standards and labeling program;

Energy efficiency in buildings and establishments;
Energy conservation building codes;

Professional certification and accreditation;
Manuals and codes;

Energy efficiency policy research program;

School education;

Delivery mechanisms for energy efficiency services.

A financial requirement of about $162 million has been
projected for the 11th Five-Year Plan for energy-efficiency-
related initiatives. A number of pilot and demonstration
projects have been taken up for load management and
energy conservation through reduction of transmission
and distribution losses in the system. In the area of build-
ing energy efficiency, building plans will not be approved
by local authorities unless they comply with the Energy
Conservation Building Codes (ECBCs) after 2009. The
ECBCs will make it mandatory for buildings not to exceed
140 kilowatt/hour per square meter annually.

Ethanol and biodiesel have likewise been identified as key
focus areas, with both at the early stages of commercial-
ization. In 2004, the government of India (GOI) mandated
a 5 percent blending of petrol with ethanol, subject to cer-
tain conditions. An autonomous National Biodiesel Board
is being created to promote, finance, and support organi-
zations that are engaged in the field of oilseed cultivation
and oil processing leading to biodiesel production.

Cost Analysis
Tables 1.20 and 1.21 below provide the current costs of
renewable energy technologies in India, as well as their
market value—derived from the current costs—as of
March 2007.

The existing market figure of $13,366 million given
in Table 1.21 is based on estimating the value of the total
investments in the installed capacity in each subsector,
which has been estimated at today’s costs per megawatt of
installed capacity. It must be noted that these capacities
have been installed over the last two decades, and, thus,
this is a reflection of the value of investment in renew-
able energy at today’s cost. At least 60 to 70 percent of
the installed assets would have been depreciated by over
60-80 percent, and some would also have been upgraded
with refurbishments or even replaced. If one assumes 80
percent depreciation, then the true value of the market
is about $4 to $5 billion at the end of 2007. By 2012—the

Table 1.20: Cost of Clean Energy Technologies in India

remooer | o | e
Small hydropower 1.27-1.53 0.038-0.064
Wind power 1.02-1.27 0.051-0.076
Biomass power 1.02 0.064-0.089
Bagasse co-generation | 0.89 0.064-0.076
Biomass gasifier 0.48-0.51 0.064-0.089
Solar photovoltaics 0.66-0.69 0.382-0.509
Waste-to-energy 0.64-2.55 0.064-0.191

Source: Planning Commission (Integrated Energy Policy; http://plan-
ningcommission.nic.in/reports/genrep/intengpol.pdf)

Table 1.21: Market Value of CETs as of March 2007

INSTALLED VALUE OF
CAPACITY MARCH | INVESTMENT
2007 (MW) (MILLION $)
Small hydro 1,976 2,964
Wind power 7,092 8,865
Solar PV (home lighting) | 86 366
Solid biomass 569 569
Bagasse CHP 615 538
Waste-to-energy 43 65
Total 13,366

Source: Based on government projections and reports of the GOI's Plan-
ning Commission.
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completion of the 11th Five-Year Plan—the GOI has man-
dated that 10 percent of the nation’s power supply comes
from renewable energy sources, resulting in a 4-5 percent
share of the electricity mix. As a result, the current 10,000
MW of installed renewable capacity is projected to reach
24,000 MW by 2012. This should translate from the current
CET market size to more than $21 billion by 2012, in a best
case scenario. Even under the realistic assumption of just
a 50 percent capacity addition in the renewable and en-
ergy efficiency sub-sectors by 2012, the estimated market
size would be $11 billion by 2012.

No figures for export of CET are available for India as
of early 2008. However, according to Indian Government
sources, only solar photovoltaic components are exported
from India. Wind energy equipment manufactured in
India is not exported as it supplies the domestic market.
Domestic SHP turbines and biomass gasifiers manufac-
tured in India are also used in-country.
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B Chapter 3: Clean Energy Policies

The market potential of clean energy technologies, in-
cluding renewable energy and energy efficiency, can be
realized by enabling policy and regulatory frameworks
supported by an adequate institutional structure. Over the
last decade, the government of India (GOI) has prepared
aroad map for economic development by opening up
different sectors of the economy. In particular, the energy
sector has witnessed substantial regulatory reforms,
liberalization, and a number of new policy initiatives,
followed by the creation of new institutions to support
these developments. In this context, the following sections
describe the key policies, laws, decrees, plans, institutional
structure, and policy drivers impacting U.S. energy com-
panies wishing to do business in India, as well as potential
opportunities posed by policy interventions.

Key Policies, Laws, Decrees, and Plans
India’s policy framework and developmental plans are
formulated by the national government. The state govern-
ments align their policies and development plans as the
national policy framework and action plans mandate. In
the area of clean energy, there is no single over arching
policy of the government of India and thus state govern-
ments are forced to develop often ad hoc policies based
on patchwork policies, laws, decrees, and plans. Many of
these are shown Table 1.22.

Salient features of the above policies, in the context of
renewable energy and energy efficiency, are outlined below.

Table 1.22: Summary of India’s Clean Energy-related Policies

Rural Electrification Policy
Goals of the Rural Electrification Policy include provi-
sion of access to electricity to all households by the year
2009, quality and reliable power supply at reasonable
rates, and minimum lifeline consumption of one unit
per household per day by 2012.
For villages/habitations where grid connectivity would
not be feasible or cost effective, off-grid solutions based
on stand-alone systems may be taken up for the supply
of electricity. Where these also are not feasible, and if
the only alternative is to use isolated lighting technolo-
gies, solar photovoltaics may be adopted.

National Electricity Policy of 2005

Lowering the energy intensity of GDP growth through
higher energy efficiency is critical to meeting India’s en-
ergy challenge and ensuring its energy security. Some of
the key provisions are provided below:

Policy measures for improving energy efficiency include:
Merging the Petroleum Conservation Research As-
sociation and the Bureau of Energy Efficiency (BEE)
into an autonomous statutory body under the En-
ergy Conservation Act, independent of other energy
ministries and separately funded by the government
of India.

Making the expanded BEE responsible for accelerating ef-
ficiency improvements in energy-consuming appliances,

YEAR TITLE MAIN THRUST

Major Policies

2006 Rural Electrification Policy !Estabhshes a ‘natlonal goal for universal access, assigns responsibilities for
implementation, and creates new financing arrangements.
Provides guidance on air pollution reduction, climate change and GHG

2006 National Environment Policy mitigation, and CDM; promotes clean technologies, environmental
resource usage, and efficiency per unit of economic output.

2006 National Urban Transport Policy Encourages integrated land use and transportation planning in cities.

2006 National Tariff Policy Prov@e.s guidance on establl§h!ng power purchase tariffs by State
Electricity Regulatory Commissions.

2006 MNRE (Draft) R&D Policy Establishes resource requirements for the 11th Five-Year Plan.

2006 MNRE (Draft) Renewable Energy Policy Identifies t.he strategies for increased deployment of grid-interactive RE
technologies.

2005 National Electricity Policy Provides guidelines for accelerated development of the power sector.

Major Acts

2003 Electricity Act Legislates a comprehensive reform and liberalization process for the
power sector.

2001 Energy Conservation Act Prowde§ the legal fr.amework and |ns.t|tut|ona.l arrangements for
embarking on a national energy efficiency drive.

1986 Environment (Protection) Act Provides broad objectives, goals, and guidance for environmental compliance.
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equipment, and vehicles through schemes such as the
“Golden Carrot”incentives.

Implementing energy efficiency standards and
labeling of energy-using equipment, using financial
penalties if equipment fails to meet minimum energy
performance standards.

Establishing benchmarks for energy consumption in
energy-intensive sectors.

Increasing gross efficiency in power generation, includ-
ing improvements of 10 percent in existing generation
and 5-10 percent in new plants, and promoting urban
mass transport, energy efficient vehicles, and freight
movement by railways.

Progressively increasing the share of electricity from
non-conventional sources. This requires that each state
regulatory authority create a renewable energy portfo-
lio standard (RPS) for the transmission and distribution
companies serving their jurisdictions.

Distribution companies are directed to purchase power
from renewable energy sources through a competi-
tive bidding process at a preferential price fixed by the
regulatory commission.

Tariff Policy of 2006
Salient features of the tariff policy include:

As per Section 86(1)(e) of the act, the appropriate com-
mission shall fix a minimum percentage for purchase

of energy from renewable sources, taking into account
availability of such resources in the region and its im-
pact on retail tariffs.

It will take some time before non-conventional tech-
nologies can compete with conventional sources in
terms of cost of electricity. Therefore, procurement
by distribution companies shall be done at prefer-
ential tariffs determined by the appropriate com-
mission. This procurement should be done using
competitive bidding. In the long term, these tech-
nologies will need to compete with other sources in
terms of full costs.

The Central Commission should lay down guidelines
within three months for pricing non-firm power,®
especially from non-conventional sources, to be fol-
lowed in cases where such procurement is not through
competitive bidding.

National Urban Transport Policy

The National Urban Transport Policy (NUTP) of the
Ministry of Urban Development promotes integrated land
use and transport planning in cities. It focuses on greater
use of public transport and non-motorized modes of
transportation by offering central financial assistance. The
policy incorporates urban transportation as an important
parameter at the urban planning stage.

Renewable Energy Policy

The Ministry of New and Renewable Energy has prepared a
draft R&D policy (December 12, 2006)'° based on resource
requirements estimated for the 11th Five-Year Plan. The
MNRE has also prepared a draft renewable energy policy,
which identifies the strategies for increased deployment

of grid-connected RE technologies. The renewable energy
policy statement is available in Annex 3. These policies have
yet to be approved.

The Electricity Act of 2003

The Electricity Act of 2003 combines the various provi-
sions of: (a) The Indian Electricity Act, 1910; (b) The Elec-
tricity (Supply) Act, 1948; and (c) The Electricity Regula-
tory Commissions Act, 1998. This was necessitated by the
rapid developments in the electricity sector mainly in the
areas of reforms, regulation, and technology development.
The act recognizes the role of renewable energy technolo-
gies for supplying power to the utility grid as well as in
stand-alone systems. Some of the important provisions in
the act in this regard include:

As per Section 3(1), the central government shall from
time to time prepare the national electricity policy and
tariff policy, in consultation with the state governments
and the authority for development of the power system,
based on optimal utilization of resources, such as coal,
natural gas, nuclear substances or materials, hydro, and
other renewable sources of energy.

As per 1.0.2.2 Section 4, the central government shall,
after consultation with state governments, prepare a
national policy permitting stand-alone systems (includ-
ing those based on renewable energy and other non-
conventional energy sources for rural areas).

As per Section 61(h), the appropriate commission shall,
subject to the provisions of this act, specify the terms and
conditions for the determination of tariffs and, in so doing,
shall be guided by the promotion of co-generation and
generation of electricity from renewable sources of energy.
As per Section 86(1)(e), one of the functions of the state
regulatory commission is to promote co-generation and
generation of electricity through renewable sources of
energy by providing suitable measures for connectivity
with the grid and sale of electricity to any persons and
also specify, for purchase of electricity from such sourc-
es, a percentage of the total consumption of electricity
in the area of a distribution licensee. Section 86(1)(e)
also makes it mandatory for distribution companies to
buy a certain percentage of the total energy consump-
tion from renewable sources of energy. The State Energy
Regulatory Commissions (SERCs) have been given the
responsibility of determining this percentage or a quota
for renewable power.

As per Section 6, appropriate government endeavors
are required to extend the electricity supply to villages
and hamlets.
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As per Section 14, there is no requirement for a license if
a person intends to generate and distribute electricity in
rural areas.

The Energy Conservation Act of 2001

The Energy Conservation Act of 2001 includes the promo-
tion of energy efficiency and energy conservation in the
country to make power available to all Indian citizens by
2012. In this context, the Energy Conservation Act of 2001
was passed and BEE set up to carry out the various func-
tions it envisioned. The act provides the legal framework,
institutional arrangement, and a regulatory mechanism
necessary to promote energy efficiency in the country.

Legal Framework for Environmental Compliance

The legal framework required for ensuring environmental
compliance for a clean energy project has been briefly
described in terms of “basic” requirements and “others.”
The basic requirements need to be met in order to obtain
“Consent to Establish” and “Consent to Operate.” Other
requirements refer to with the use of hazardous chemicals
for storage as well as planning, construction, and imple-
mentation of a project.

Plans, Guidelines, Codes, and Other Policies

The National Building Code of India (NBC) provides
guidelines for regulating building construction across the
country and serves as a model code for all agencies in-
volved in building. It contains administrative regulations;
development control rules and general building require-
ments; fire safety requirements; stipulations regarding
materials, structural design, and construction (including
safety); and building and plumbing services.

In March 2007, the conduct of energy audits was
made mandatory in large energy-consuming units in nine
industrial sectors. These units, indicated as “designated
consumers,” are also required to employ “certified energy
managers” and report energy consumption and energy
conservation data annually. Energy Conservation Build-
ing Codes (ECBCs) have been prepared for each of the six
climatic zones of India. The ECBCs provide minimum re-
quirements for energy efficient design and construction of
commercial buildings, including air conditioning, lighting,
electric power and distribution, and service water heating
and pumping. Some of the short/long-term measures
undertaken and/or proposed by BEE to catalyze energy
efficiency are given below:

Energy conservation—complete pilot phase of program
for energy efficiency in government buildings and prepare
action plan for wider dissemination and implementation.
Energy audit of government buildings including complete
energy audits for nine government buildings. Legal perfor-
mance contract agreements, payment security mecha-
nisms, bid selection, and evaluation criteria are provided to
all building owners to support implementation.

Capacity building among departments to upgrade
energy efficiency programs—BEE will train core group
members to implement energy efficiency in buildings.
Priority measures including forming industry-specific
task forces, specifying more industries as designated
consumers, conducting energy audits among designat-
ed consumers, recording and publicizing best practices
(sector-wise), developing energy consumption norms,
and monitoring compliance with mandated provisions
by designated consumers.

Over 700 CDM projects have been approved by the India
CDM National Designated Authority, and about 240 of
these have been registered by the CDM Executive Board.
The registered projects have already resulted in over 27
million tons of certified CO2 emissions reductions and
have directed investment in renewable energy projects by
reducing the perceived risks and uncertainties of these
new technologies, thereby accelerating their adoption.

The MNRE has prepared a renewable energy plan
and a national master plan for development of waste-to-
energy. In addition, the government of India adopted the
Biodiesel Purchase Policy in 2005. This policy mandates
oil marketing companies to purchase biodiesel from reg-
istered suppliers at a uniform price to be reviewed every
six months. Some public sector oil companies are already
experimenting with various mixes of biodiesel in state
transport buses and are in discussions with the automo-
bile industry to share results.

The National Auto Fuel Policy of 2003 provides a road
map for achieving various vehicular emission norms over
a period of time and the corresponding requirements for
upgrading fuel quality. While it does not recommend any
particular fuel or technology for achieving the desired
emission norms, it suggests that liquid fuels should remain
the primary auto fuels throughout the country and that the
use of CNG/LPG should be encouraged in cities affected
by higher pollution levels so as to enable vehicle owners to
have the choice of the fuel and technology combination.

The Working Group for the 11th Five-Year Plan on
Coal'" has identified the need for energy efficiency and
demand-side management. This has emerged from the
various supply scenarios and is underlined by rising
energy prices. The average gross efficiency of generation
from coal power plants is 30.5 percent. The best plants in
the world operate with supercritical boilers and obtain
gross efficiencies of 42 percent. It should be possible to
get gross efficiency of 38-40 percent at an economically
attractive cost for all new coal-based plants. This alone
could reduce the coal requirement by 111 mToe of coal
(278 mt of Indian coal). The working group therefore has
prioritized the development of high-efficiency coal-fired
technologies, stating that all new thermal power plants
should be commissioned with a certified fuel conversion
efficiency of at least 38-40 percent. Power plants operat-
ing at a smaller plant load factor are required to undertake
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comprehensive renovation and modernization of units/
technology and, wherever possible, old plants should be
replaced by higher-capacity ultra-mega power plants with
supercritical technology.

The Department of Electronics and Telecommunication
has proposed a special incentive package scheme to encour-
age investments in semi-conductor fabrication and other
micro- and nano- technology manufacturing industries
in India. In addition, the national and state-level industry
associations have been working with the central and state
governments to promote a range of policies for sustainable
participation in the country’s economic development.

In April 2005, the Ministry of Power introduced the
Rajiv Gandhi Grameen Vidhyutikaran Yojana (RGGVY)
Program, which aims at providing electricity in all villages
and habitations by 2009. Under RGGVY, the electricity
distribution infrastructure establishes a Rural Electricity
Distribution Backbone with at least a 33/11-kilovolt (kV)
sub-station, a Village Electrification Infrastructure with
at least a distribution transformer in a village or hamlet,
and stand-alone grids where grid supply is not feasible.
This infrastructure should cater to the requirements of
agriculture and other activities in rural areas including
irrigation pump sets, small and medium industries, khadi
and village industries, cold chains, healthcare and educa-
tion, and communication technologies. This would facili-
tate overall rural development, employment generation,
and poverty alleviation. Up to 90 percent of the subsidies
toward capital expenditure will be provided through the
Rural Electrification Corporation Limited (REC), which
is a nodal agency for implementation of this program.
Electrification of unelectrified below-poverty-line house-
holds will be financed with 100 percent capital subsidies
at $38.00 per connection in all rural habitations. The
Management of Rural Distribution is mandated through
franchises, but the services of the Central Public Sector
Undertakings are available to assist states in executing
rural electrification projects.
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B Chapter 4: Opportunities for U.S.
Firms in India

The geographical region, type of opportunity, and pol-
icy drivers associated with each technology are identi-
fied below. At the sector level, small hydropower, wind,
and solar energy offer maximum scope for clean energy
development. These sectors are relatively mature and
significant local industries already exist. On the other
hand, geothermal and tidal energy technologies are
nascent and offer important early entry advantages to
U.S. companies.

Renewable Energy Technology
Geographically, major opportunities by sector are pro-
vided in Table 1.24 below.

Specitic subsectors, which offer opportunities for U.S.
companies, are listed in Table 1.25.

Energy Efficiency
Opportunities for U.S.-based organizations (based on
proposals by the BEE) include:

About $12 million has been allocated by BEE for devel-
opment of five-year energy efficiency action plans by
state-level agencies. These plans will propose interven-
tions, which will be implemented using national/state-
level funding, as well as funds from the private sector.
BEE has requested proposals from national/interna-
tional consulting organizations to assist the agency in
the preparation of bankable proposals in the area of
agricultural demand-side management (DSM) (pump-
ing efficiency) for all the states within two years.

BEE has requested proposals from national/international
consulting organizations to assist the agency in the prepa-
ration of bankable proposals and to develop projects in the
area of municipal DSM for all the states within two years.
BEE has requested proposals from national and interna-
tional consulting organizations to assist in the promotion
of compact fluorescent lighting (CFL) and to claim certified
emission reduction credits (CERs) through CDM projects.
The State of Uttar Pradesh has solicited an expression of
interest from agencies to implement CFL usage under

a public—private partnership (PPP) model, where the
operator can claim benefits from CERs.

The State of Gujarat has solicited proposals for imple-
menting municipal DSM by ESCOs.

Table 1.26 is an energy efficiency opportunity matrix pre-
pared on the basis of policy-level attributes and geograph-
ical area of implementation.

Other Opportunities
The state governments of Andhra Pradesh, Chhattis-
garh, Gujarat, and Tamil Nadu are promoting biodiesel

Table 1.24: Clean Technology Opportunities by Sector
SECTOR GEOGRAPHIC OPPORTUNITY

Himachal Pradesh, Uttarakhand, Jammu
and Kashmir, and Arunachal Pradesh

Maharashtra, Andhra Pradesh, Tamil Nadu,

Small hydropower

Wind energy and Guijarat
Solar All over India

. Rajasthan, Punjab, Uttar Pradesh, Maharash-
Bioenergy

tra, Madhya Pradesh, Haryana, and Gujarat

Maharashtra, Uttar Pradesh, Karnataka,

Waste-to-energy | . i Nadu, and West Bengal

Jammu and Kashmir, Himachal Pradesh,

Geothermal Uttarakhand, and Chhattisgarh
Gulf of Kuchch and Gulf of Cambay in
Tidal Gujarat and the Delta of the Ganga in the
Sunderbans region in West Bengal.
Energy efficiency All over India

production, including the development of state biodiesel
boards and farmer buy-back schemes. In both Tanil Nadu
and Gujarat, private companies are producing quality
biodiesel that meets the American Society for Testing and
Materials (ASTM) 16750 standard.

Incentives

An addition of 15,000 renewable MW over the next
decade most likely equates to a $21 billion Indian
market for renewable technologies. Renewable en-
ergy is already often competitive with conventional
power sources due to fiscal policies and incentives and
has been strengthened recently with the creation of

a renewable portfolio standard. Income tax holidays,
accelerated depreciation, duty-free imports, capital
subsidies, and concessionary financing, and exemp-
tions from electricity taxes and sales taxes all bolster
this emerging market. Table 1.27 provides a summary of
these incentives.

The National Electricity Policy of 2005 and Elec-
tricity Act of 2003 have given a clear mandate to the
State Electricity Regulatory Commissions to promote
renewable energy, including fixing a share for renew-
able energy-based electricity. Presently the investment
decisions from a policy perspective are based on the
following: buy-back tariffs, wheeling charges, whether
banking of power is allowed or not, and whether third-
party sales are allowed or not. The present status of
issuing tariff orders and specifying quotas for renewable
energy procurement in major Indian states is summa-
rized in Table 1.28. This table also shows the attractive-
ness of the various states for renewable energy.
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Most of these states have also specified the purchase
tariff for procurement of power from different renewable
energy-based projects. These tariffs have been designed
on the basis of cost of generation, assuming 14-16
percent returns on equity by investors. Yet because the
resource, generation, and costs of a given project vary by
state, purchase tariffs also vary. The purchase tariffs for
renewable energy projects in different states are present-
ed in Table 1.29.

Fiscal and Financial Incentives

There are no direct financial incentives or subsidies for
grid-connected power generation projects based on
renewable energy sources. However, an interest subsidy is

Table 1.25: Specific Technology Opportunities for U.S.
Firms in India

provided through IREDA. Present applicable interest rates
for grid-connected renewable energy power