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Abstract

The demand for energy in India is growing because of population growth and a developing
economy. Commercial energy consumption has increased to about 60 per cent from about 25 per cent
in 1950 and the electricity share in total energy consumption is about 25 per cent. The growth rate in
electricity generation is expected to be ~8 per cent in the coming two decades, which means that the
installed capacity of 90 GW(e) will increase to about 300 GW(e) by 2020. Coal and nuclear energy
are the major resources available; oil and gas potentials are very low and do not meet today's needs.
Hydroelectric potential in the country has been estimated as 84 GW(e) at a 60 per cent load factor and
of this, only about 25 percent has been realized so far. The nuclear resources of India comprise
moderate Uranium and large quantities of Thorium. The first phase of a three stage nuclear program,
deployment of pressurized hot water reactors (PHWR) has taken off and is poised to grow to its
greatest potential by 2010. The second phase, deployment of fast breeder reactors (FBR) will take off
from there and the third phase may begin by the middle of the next century. India has established a
comprehensive capability in design, construction and operation of PHWR. There are 10 thermal
reactors of 200/220 MW(e) capacity in operation and 4 x 220 MW(e) PHWR under construction. The
country has expertise in prospecting, mining, extraction, fuel fabrication, reprocessing and radiation
waste management. A beginning has been made in the development of FBR technology by
construction of a 40 MWt/13 MW(e) fast breeder test reactor (FBTR) and research and development
(R&D) facilities.

1. ENERGY NEEDS

India's population has grown from 350 million at the time of independence to
950 million today. This has eroded the impact of the per capita statistics in spite of
considerable growth in GDP through agriculture and industry. India supports 16 per cent of
the world's population on 2.3 per cent of the land, posing a major challenge to the nation even
assuming uniform distribution of world resources. India being a tropical country, the energy
requirements should be lower than in developed nations for a similar standard of living.
Population' control is the most important challenge for India, to improve living standards and
environmental protection.

Commercial energy consumption has increased to 60 per cent from about 25 per cent
in 1950. Non-commercial energy comes from burning 250 million t of animal dung, firewood
and agricultural wastes [1]. The generation of electricity during last four decades has grown as
shown in Figure 1 [2]. Total generation is now 420 TW(h) comprising 336 from thermal
components, 74 from hydropower and 10 from nuclear. In spite of this massive increase, the
per capita generation is only about 420 kWh, about one sixth of the world average. The
nuclear energy contribution has decreased from 3 per cent in 1969 to 2 per cent today and
hydro has also decreased from 50 per cent to 24 per cent. There is a peak load shortage of
18 per cent resulting in frequent power cuts and blackouts that affect industry, agriculture and
domestic needs. Although development is occurring, about one third of the population still
lives under the poverty line of 1 $/d. Problems of housing, education, water supply, health,
transport, communication, etc., have yet to be solved, particularly in rural areas where two
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FIG. 1. Growth of electricity generation in million units (bWh).

thirds of the population lives and only 30 per cent of households have electricity. This fact
alone shouts loudly about the need for more energy. Government plans to add an additional 40
GW(e) to the existing capacity of 90 GW(e) in the IX plan period (1997-2002). Projections for
the year 2020 are in the range of 200-300 GW(e).

2. ENERGY RESOURCES

Energy resources available in India are indicated in Figure 2. It is very clear that coal
and nuclear energy through FBR are the only major resources, with oil and gas small
contributors. Today, India imports 60 per cent of its oil requirements at a cost of 7 b$. This,
apart from energy dependence, causes a considerable dent in the national balance of payments.
The production and consumption of oil in the near future is shown in Figure 3. The
catastrophic effect on the Indian economy of such large imports is very obvious. There is an
urgent need to consider replacing oil by electricity for part of the transport sector, thus
reducing pollution. The ministries of transport, civil aviation, railways and power must solve
this problem.

Coal is an important energy resource but considering the limited quantity, its other
chemical uses, environmental considerations (greenhouse gases and acid rain), and the
limitations of mining and transportation, it is essential to reduce its consumption for electricity
in a phased manner from the year 2020. The world has realized the necessity of environmental
protection. The situation is alarming as illustrated below. In the seventies, thousands of lakes
became biologically barren in Sweden as a result of acid rain, largely caused by the burning of
oil and coal. USA and Germany have observed forest trees dying because of acid rain [3].
China, which burns about 1 bt of coal/a, mentions that in the eastern part of the country rain
water pH is 4. Mumbai, Delhi and Calcutta are included in the list of worst polluted cities of
the world. About 4 million children world-wide are affected by respiratory infections, of
which 20 per cent die before the age of five. The effects of greenhouse gas releases, acid rain
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FIG. 3. Crude oil production/demand.

and local air pollution are well known and urgent actions are needed to change this. We have
many options for energy but no option for the environment. Life styles also must be changed
to emphasise energy conservation. In fact, the UN world commission on environment and
development has asked for 50 per cent reductions in energy consumption in the developed
countries by the year 2050.

Hydro potential, estimated at 84 GW(e), should be used to the maximum as it has the
advantage of being a simple, low cost technology, with potential for irrigation, drinking water,
flood control and peak load management. Other renewable energy resources are not indicated
in Figure 2 since they are unreliable sources of electricity for industrial use and their
contribution is likely to be both small and expensive.
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FIG. 4. Uranium utilization.

The Uranium (U) resource of India is estimated to be 50,000 t and the Thorium (T)
resource 3,50,000 t. India selected PHWR for its first phase of nuclear energy use since it does
not require heavy reactor components, uses natural U as fuel, has the ease of heavy water
production compared to enriching U, and produces higher quantities of plutonium (Pu). With
the available U, about 12 GW(e) of capacity can be installed for a 30-year plant life. The
contribution to energy resource solely by the thermal reactors is too small to justify the
development of a nuclear energy program in India. Therefore, a once through fuel cycle
strategy is unacceptable for sustainable development. When the Pu and depleted U discharged
by the PHWR are used in FBR, the utilization of U increases to about 80 per cent, Figure 4.

It can be seen that only about 0.6 per cent of natural U is utilized in PHWR compared
to 80 per cent in an FBR. The U utilization is not a function of the breeding ratio but
dependent on fuel burnup. The higher the burnup, the lower the loss in the fuel cycle, thereby
improving resource use. The FBR resource is comparable to coal if all the available coal is
used for electricity. When one considers the chemical uses of coal and removes half of the
coal in the indicated and inferred categories, it is seen that the FBR resource is the largest.
Therefore, there is an urgent need to deploy FBR early, for the energy security of the country.
Thorium should be used only after a large capacity has been realized through the Pu-U cycle.

Diverse energy resources are essential to avoid common cause failures such as those
due to monsoons, coal mine and railway strikes and serious malfunctions in nuclear power
plants. Coal, hydro and nuclear power provide good diversity for India.
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3. DEVELOPMENT OF NUCLEAR ENERGY

India started developing a domestic capability in nuclear energy technology in the
1960s, including design, construction and operation of PHWR. It acquired capability in the
technology of the complete fuel cycle i.e., prospecting, mining, extraction, fuel fabrication,
fuel reprocessing and waste management. This has been possible because of this policy of
domestic development and sustained R&D over 40 years. No doubt there have been delays
from inadequate infrastructure and isolation from advanced countries due to the imposition of
sanctions against the transfer of certain capabilities associated with nuclear technology.

Today, there are 10 operating thermal reactors in the country, as indicated in Table I.

In the initial years, there were problems due to deficiencies in the conceptual designs
and local application of technology. During the last 3 years, capacity factors improved
considerably and in 1997-98, it was 71 per cent; 2 units at Narora achieved 90 per cent. Safe
operation of nuclear power plants at high capacity is essential for public acceptance. The level
of domestic application of technology in the last three nuclear power plants (NPPs) was 90 per
cent.

Construction of 4x220 MW(e) PHWR is in progress at Kaiga and Rajasthan and they
are scheduled for commissioning in 1999. Due to a paucity of funds, the government did not
approve construction of nuclear power plants in the VIII Plan, affecting growth, especially in
the industrial sector. The government now realizes this failure and approved construction of
2x500 MW(e) PHWR at Tarapur in the IX Plan. Growth of India's nuclear capacity now
depends on the availability funds through the Government and the Nuclear Power
Corporation.

India has built eight heavy water production plants and excepting one at Talchar, all
plants are working well. When problems occurred in the first 3 plants, confidence in the
PHWR program was shaken. Today, we design, construct and operate the plants, and are self
sufficient in heavy water (D2O) production. India exported about 100 t of D2O to Korea.

TABLE I. OPERATING THERMAL REACTORS IN INDIA

LOCATION

TAPS
RAPS
MAPS
NAPS
KAPS

CAPACITIES

2 x 200 MW(e)
2 x 200 MW(e)
2 x 220 MW(e)
2 x 220 MW(e)
2 x 220 MW(e)

TYPE

BWR
PHWR
PHWR
PHWR
PHWR

COMMISSIONING DATES

1969/1969
1973/1981
1984/1986
1991/1992
1993/1995

Importation of light water reactors (LWR) was considered, to increase the installed
electricity capacity and for financial reasons. Implementation of this strategy depends on
political issues related to non-proliferation, the comprehensive test ban treaty (CTBT) etc.
India signed an agreement with Russia for construction of 2x1000 MW(e) PWR at
Kudankulam in the south of India. Commissioning of these plants is expected in the years
2004 and 2005.
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In the early stages of the nuclear energy program, reprocessing of spent fuel was
considered essential so India built three reprocessing plants (Trombay, Tarapur and
Kalpakkam). The plant at Kalpakkam is now in the commissioning stage. Plutonium
requirements for the start of the FBR program will be met from these plants. Real challenges
to reprocessing technology will come from the requirements of the FBR program to
economically reprocess high burnup, short-cooled, spent-fuel with minimum heavy metal loss.
Along with reprocessing, radwaste management capability has also been comprehensively
attained. The technology of vitrification and storage of high level radioactive waste has been
developed and as a consequence, waste management concern is much reduced.

India started the FBR programme at Kalpakkam where a 40 MWt/13 MW(e) FBTR
has operated since 1985. It uses a unique fuel of 70 per cent PuC-30per cent UC with sodium
as the coolant. The fuel has achieved a burnup of 40,000 MWd/t without failure. Design and
development of a 500 MW(e) prototype fast breeder reactor (PFBR) is in progress;
construction was approved by the government in the FX Plan and is likely to start in 2001.
Large quantities of Pu generated in the thermal reactors will be used in the future FBR that
will follow PFBR.

4. NUCLEAR SAFETY

Traditionally, safety receives the most intense attention of all aspects of nuclear
technology. Nuclear reactors have operated worldwide with enviable safety records excepting
a few isolated accidents. Today, more than 425 power reactors (~8000 reactor years) are
operating in the world, producing l/6th of the world's electricity. This, by itself, confirms that
nuclear technology is accepted as a safe resource by the world at large. The safety record of
Indian nuclear plants is no exception and experience gained in overcoming the consequences
of a few incidents has helped confirm validity of the safety features. Though these safety
standards are excellent, there is a need to further improve them to obviate the need for public
evacuation after a severe accident, which contributes to the negative public mind-set about
nuclear energy.

Important safety issues are radiation effects, radwaste management, decommissioning
and accident risks in reactors. These have been adequately addressed and improvements
continue.

The radiation doses to operating personnel and the public during normal operation are
well within limits prescribed by the Atomic Energy Regulatory Board (AERB). Nowhere in
the world have the effects of radiation been noticeable in normal operation of nuclear
facilities.

Radwaste management is an important issue in the nuclear program although radwaste
quantities are very small, ~ lm3 (~5t) of solid waste/TW(h). This can be compared to 1
million t of CO2, 120 t of SO2, 650 t of NOX and 60,000 t of ash from an equivalent size coal
fired power plant. This comparison considers the latest pollution abatement technology for
coal fired plants. Radwaste is isolated from the biosphere while the gases from fossil plants
are enter the atmosphere. India developed the technology for radwaste management well in
time and new breakthroughs are not required. Further developments are expected in the
technology of partitioning and actinide burning which will considerably reduce the storage
time.
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Decommissioning is neither a hazardous nor a costly operation. The cost of
decommissioning is included as a small fraction of generation cost itself.

Though assimilating facts regarding nuclear technology is difficult not only for laymen
but for the educated elite, efforts to educate the public should continue. Public acceptance of
nuclear energy is important for its growth and transparency in all aspects of nuclear
technology is basic for confidence building.

5. ECONOMICS

The economic competitiveness of nuclear energy has been shown in India as well as in
other countries. (The economics of nuclear energy in India is covered in a separate paper.)
Nuclear electricity costs compare well with those of electricity from coal at distances of 800 to
1000 km from the coal fields. High capital costs, high interest rates and longer construction
time for nuclear reactors erode this competitiveness and must be reduced. Today, 210 and 500
MW(e) coal fired power stations are constructed in 30 and 36 months respectively. This poses
a great challenge to nuclear power plant (NPP) construction, which takes about 100 months.
Similarly, the cost of heavy water and fuel fabrication must be reduced to improve
competitiveness. The cost of R & D and decommissioning are included in the unit energy cost
of the reactors. It is also worth mentioning that nuclear electricity in India is not subsidized.

6. CONCLUSIONS

India's energy requirements are very large due to a large population. Population
control is the best way to improve living standards and environment protection.

Coal and nuclear energy through FBR are the only major resources. Coal alone, if used
for electricity generation, will not last beyond the next century. The problems of greenhouse
effects and acid rain compel us to reduce coal consumption for power generation.

Indigenous Uranium reserves can sustain only about 12 GW(e) power generation for
30 years. Therefore, FBR must be introduced at the earliest possible time.

India has acquired the comprehensive capability to design, build and operate power
reactors and manage complete fuel cycles.

Nuclear energy is economically competitive with alternate sources of energy, however,
efforts must be made to further improve it by reducing capital costs and construction time.

Concerns about radiation effects, decommissioning, radwaste management and
accident risks have been adequately addressed. Technologies are available for
decommissioning and radwaste management and a systematic approach in design and
operation to prevent accidents is ongoing.

Nuclear energy is environmentally the most benign compared with other options for
electricity generation.
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