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NUCLEAR POWER FOR
SUSTAINABLE DEVELOPMENT

Engr. Antonio T. Corpuz
Vice-President

National Power Corporation

ABSTRACT

The need for a stable and reliable energy supply was clearly illustrated by the
Philippine experience of the last five years where the bleak energy supply situation
caused massive losses in productivity.

Indigenous energy resources even if exploited to full capacity is not sufficient to
support the progress needed to give our growing population the quality of life it
deserves. Important too is the fact that world energy resources especially oil and natural
gas is estimated to last up to the first half of the next century.

Thus the entry of nuclear power as a vital contributor to a safe, reliable,
competitive and cost effective source of energy supply become a necessity.



ntroduction

Nuclear power development in the country was conceived in July 1955 when the
Philippines entered into a bilateral agreement with the US government for cooperation
and exchange of information on the civil use of atomic energy. In July 1958, the
Philippine Atomic Energy Commission (now Philippine Nuclear Research Institute) was
created through RA 2067.

In January 1960, a request was forwarded to the International Atomic Energy Agency
(IAEA) to survey prospects of nuclear power in the country. By August 1961, IAEA
concluded in its report that there was ample justification for giving serious thought to
installing a nuclear power plant in the Luzon grid.

In December 1962, the Philippines asked help from the United Nations Development
Program for a technical and economic feasibility study on establishing a nuclear power
plant in the Luzon grid. The request was granted in June 1963 with IAEA as the
implementing body. The study, completed in June 1965, recommended that serious
consideration be given to the use of nuclear power plants by the early 70s, and
legislation for regulating nuclear power and third-party liability under the Vienna
Convention of Civil Liability for Nuclear Damages be enacted.

The energy crisis in the early 70s hastened the decision to start a nuclear project in the
country. Projections at that time showed an uncontrollable increase in fuel oil prices
brought about by the cartel of the Organization of Petroleum-Exporting Countries
(OPEC).

At that time, the energy mix of the country was about 70% dependent on fossil fuel. For
the nation to cope, the nuclear option was the only way out.

In 1971, RA 6395 was enacted, authorizing NPC to establish and operate a nuclear
power plant. In the same year, a request was sent to the UNDP-IAEA for a follow-up on
the feasibility study for a nuclear power plant in Luzon. The main objective: to assess
the technical and economic aspects of a nuclear power plant in Luzon grid to meet
projected power needs.

In July 1973, IAEA sent a report showing that introducing nuclear units of 600-MW
output into the Luzon grid is technically feasible and suitable sites for such nuclear
plants are available.

On September 3, 1974, NPC engaged EBASCO Overseas Services, Inc., an
internationally recognized nuclear consulting firm, to help in selecting and evaluating
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the best site for a power plant in Luzon. The EBASCO site selection services were
completed in January 1976.

On February 9, 1976, NPC signed a contract with Westinghouse Electric Corp. for the
construction of the Philippine Nuclear Power Plant 1 (PNPP-1). Construction started in
March that year. The plant was designed to replicate, to the extent practipable, the
KRSKO Plant in Yugoslavia, then the most recent evolution of the standard
Westinghouse two-loop nuclear power plant.

Controversy surrounded the PNPP-1 project (now BNPP) and a change in government
in February 1986, led to the mothballing of BNPP. Since the mothballing of BNPP,
nuclear power has almost become taboo in the official energy planning circles.

On July 22, 1993, Pres. Fidel V. Ramos directed the Department of Energy,
Department of Science and Technology and the Philippine Nuclear Research Institute
to formulate a comprehensive nuclear power program for the country.

On May 12, 1995, Pres. Fidel V. Ramos signed Executive Order No. 243 "Creating a
Nuclear Power Steering Committee" for the implementation of a comprehensive
nuclear power program for Philippines 2000.
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hat is Nuclear Power

Nuclear power or nuclear energy is produced when the nuclei of atoms are either split
(fission) or united (fusion).

A nuclear power plant is basically similar to a conventional power plant — that is, it
produces steam to run the turbine generator to generate electricity. The main
difference between a nuclear power plant and a conventional thermal power plant is the
method of heat generation to produce steam. In a conventional thermal power plant,
heat is generated by burning fossil fuel such as oil, coal or natural gas (Figure 1).

Figure 1. Typical Schematic Diagram of Conventional Thermal Power Plant
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In a nuclear power plant, heat is generated inside the reactor vassel through a
phenomenon called nuclear fission. Inside the reactor, U235 atoms in the fuel are
bombarded with neutrons. Once this atom captures a neutron, it becomes unstable,
and finally breaks releasing heat in the process (Figure 3). The heat released is then
picked up by the reactor coolant, then to the steam generator for the heat transfer and
production of steam (Figure 2).

Figure 2. Schematic Diagram of a PWR Nuclear Power Plant
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Heat generated in a nuclear reactor is proportional to the number of fissions occurring
per unit time. Rate of fission is directly proportional to the neutron flux or neutron
population. Therefore, to control reactor power, neutron flux must be controlled.
Neutron flux is regulated by using control rods. Control rods are made of materials that
naturally absorb neutrons. Examples of this material are hafnium and boron (Figure 4).

Figure 4. Neutron Control
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To obtain a certain level of reactor power, control rods are proportionately withdrawn or
inserted into the reactor core. At shutdown condition, control rods are fully inserted into
the reactor core.
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tatus of Nuclear Energy Generation Worldwide

Nuclear power plants vary in type, design and construction. Notable of these designs
in commercial operation are Light Water Reactors, like the Pressurized Light-Water -
Moderated and Cooled Reactor (PWR), Boiling Light-Water-Cooled and Moderated
Reactor (BWR), or their advanced designs, the APWR and ABWR; Pressurized Heavy
Water Reactor, described as PHWR; and Gas Reactors, like Advanced Gas-Cooled,
Graphite Moderated Reactor (AGR); and several other designs of limited development.

As of the end of 1995, 437 nuclear powered reactors with an installed generating
capacity of some 344,422 MWe produced around 17 percent of the total electricity
generated worldwide. The share of electricity generated by nuclear power is greater
than 40 percent in seven countries and is at least 25 percent in 16 countries (including
Taiwan). Low estimates of nuclear generating capacity is 364,000 MWe in the year
2000.

In December 1995 in Asia alone, six (6) countries have operating nuclear power plants:
China (3 units, 2,167 MWe); India (10 units, 1,695 MWe); Japan (51 units, 39,893
MWe); Korea (11 units, 9,120 MWe); Pakistan (1 unit, 125 MWe) and Taiwan (6 units,
4,884 MWe). Thirteen (13) additional plants with capacity of 8,735 MWe are under
construction. Kaoshiung Nuclear Plant in Taiwan is only 100 miles from Laog and 550
miles from Manila.

Until the year 2000 and beyond, another sixty-four (64) power plants are planned in the
region: China (14 units, 10,800 MWe); India (8 units 2,800 MWe); Japan (11 units,
11,770 MWe); Korea (11 units, 10,300 MWe); Taiwan (2 units, 1,200 MWe); Indonesia
(12 units, 7,200 MWe); and Thailand (6 units, 6,000 MWe).

By the year 2010, there could be an estimated 160 nuclear power plants in the region.

Nuclear Power for Sustainable Development



Table 1 . Nuclear Power Plant Status Around the World (As of December 1995)

Country

Argentina
Armenia
Belgium
Brazil
Bulgaria
Canada
China
Czechosiovakian Republic
Finland
France
Germany
Hungary
India
Iran
Japan
Kazakhstan
Republic of Korea
Lithuania
Mexico
The Netherlands
Pakistan
Romania
Russia
South Africa
Slovakian Republic
Slovenia
Spain
Sweden
Switzerland
Taiwan
United Kingdom
Ukraine
United States of America

Total

In operation

No. of Units

2
1
7
1
6

21
3
4
4
56
20
4
10

51
1

11
2
2
2
1

29
2
4
1
9
12
5
6
35
16

109

437

Total MW(e)

935
376

5,631
626

3,538
14,907
2,167
1,648
2,310
58,493
22,017
1,729
1,695

39,893
70

9,120
2,370
1,308
504
125

19,843
1,842
1,632
632

7,124
10,002
3,050
4,884
12,908
13,629
98,784

344,422

Under construction

No. of Units

1

1

2

4

4
2
3

5

1
2
4

4

5
1

39

Total MW(e)

692

1,245

1,824

5,810

808
2,146
3,757

3,870

300
1,300
3,375

1,552

4,750
1,165

32,594

(Source: IAEA Bulletin, Vol. 38, No. 4, 1996)
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Table 2. Status of Nuclear Power in Asia

Country

China
India
Japan
Korea
Pakistan
Taiwan
Philippines
Indonesia
Malaysia
Thailand
Vietnam

Total

World

%

Operating

No.

3
10
51
11
1
6
—
—
—
—

82

437

18

Capacity
(MWe)

2,167
1,695

39,893
9,120
125

4,884
—
—
—
—

57,884

344,422

17

Under Construction

No.

4
3
5
1
—
d)
—
—
—

13

39

36

Capacity
JMWeL

808
3,757
3,870
300
—

(620)
—
—
—

8,735

32,594

27

Planned

No.

14
8
11
11
—
2

Under
12

Under
6

Under

64

Capacity
JMWe)

10,800
2,880
11,770
10,300
1,200

Study
7,200
Study
6,000
Study

>50,150

Source:!/ ~4 Bulletin, Vol. 38, No. 4, 1996
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hy go Nuclear

Economics is an important criteria in selecting generating options, but is not the only
factor. Other reasons for developing nuclear power are: to fuel the economy/to protect
the environment, to secure energy dependence, and to advance the national
technology.

a) Reliable Supply of Electricity. Majority of advanced countries have adopted a
diversified strategy in building and planning electric power generation capacity.
Since the 1973 oil embargo, most developed nations have worked to reduce
their dependence on petroleum, and nuclear power has made up most of the
difference.

b) Nuclear Power Contributes to a Cleaner Atmosphere. Under routine
operations, nuclear plants generate virtually no air or water pollution and limited
to lower-level radiation of under one millirem per year — about one percent the
amount received from natural sources such as the atmosphere and the earth
(natural background radiation).

Nuclear plants do not generate sulfur dioxide, nitrogen oxide, or carbon dioxide
which contribute to "acid rain" and "greenhouse effect."

c) Nuclear Power Contributes to Energy Supply. World energy resources are
limited. This century, world use of energy has trebled every thirty years. At the
rate the world is consuming energy, oil and natural gas will last by the middle of
the next century. Although coal will last for another 300 years, its contribution to
the degradation of the earth's atmosphere should also be considered seriously
(see Table 3.0).

d) Nuclear Power Contributes to Technology Advancement. A vigorous
nuclear program enhance the technology base of other countries of the Pacific
Rim and can have the same effect in the Philippines. This will not only provide
jobs but also boost the technological skills of the Filipino workers.
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Table 3. Estimated Lifetime of World Energy Resources

ENERGY RESOURCES

Oil

Liquefied Natural Gas

Uranium

Coal

ESTIMATED SUPPLY

999 Billion Barrels

119 Trillion Cubic Meters

2.32 Million Tons

1.878 Billion Tons
of High Quality

ESTIMATED LIFETIME
(Years)-

45

56

68
(Lifetime may be extended

bv tens of years if by -
product plutonium is used

as fuel)

328

Source: A Comprehensive Nuclear Power Program for Philippines 2000, November, 1993
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he Philippine Nuclear Power Program

The need for a stable and reliable energy supply was clearly illustrated by the
Philippine experience of the last five years where the bleak energy supply situation
caused massive losses in productivity.

Indigenous energy resources even if exploited to full capacity is not sufficient to
support the progress needed to give our growing population the quality of life it
deserves. Important too is the fact that world energy resources especially oil and
natural gas is estimated to last only up to the first half of the next century.

Thus the entry of nuclear power as a vital contributor to a safe, reliable, competitive
and cost effective source of energy supply becomes a necessity.

Objectives of the Nuclear Power Program

1. To establish nuclear power as a vital contributor to a reliable, safe,
competitive and cost effective energy supply.

2. To address safety and environmental concerns in the utilization of nuclear
energy.

3. To develop other industries to support nuclear power systems in the long
term.

4. To develop other uses of nuclear power.

5. To formulate and implement a nuclear power information program.

Nuclear Power Development Plan

The entry of nuclear power into the country's energy mix is not yet foreseen until
beyond year 2020, when the country is hoped to already possess the appropriate
expertise, knowledge and manpower for the utilization of this energy source. At
present, the Committee formed by President Ramos is implementing an extensive
information dissemination campaign that would address the various issues involved in
the use of nuclear power, such as safety and environmental considerations. At the
same time, the Committee shall continue to explore the use of nuclear power as an
option.

11
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Under the 1996-2025 Philippine Energy Plan drawn up by the Department of Energy,
nuclear power could account for 3.4 percent of the country's power generation mix by
year 2025, should the option be taken. Overall, the bqlk of power generation by 2025
shall come from imported coal, contributing almost 52 percent. Imported oil shall
account for 17 percent. The baseload requirement shall be covered by indigenous
natural gas and geothermal which each shall account for almost 10 percent , while
hydro shall account for more than five percent, with new and renewable sources, more
than three percent.

The nuclear option comes into account based on the principle of diversification of
energy resources. Prudence and expertise dictate that the Philippines should diversify
its energy sources and not depend heavily on one source. The Plan notes that
indigenous sources especially hydro and geothermal need to be conserved also for
future generations although it seems tempting today to exhaust such resources in the
immediate or near future. Hydro and geothermal sources are subject to nature's whims
and therefore harnessing of such resources should take into consideration
uncertainties in atmospheric changes for hydro sources as well as geologic aberrations
for geothermal sources.
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onclusion

The time is definitely ripe for the country to tap nuclear power as an alternative source
of fuel to energize its bid for industrialization.

For developing countries such as the Philippines, too much reliance on conventional
sources of fuel makes it difficult to totally achieve its national economic goals. Thus,
for the country to achieve its vision of Philippines 2000, it is imperative that an
alternative reliable source of power be identified. It is for this reason why President
Fidel V. Ramos issued Executive Order No. 243, establishing the Nuclear Power
Steering Committee, which will be comprised of key industry leaders from both the
government and private sectors.

Experiences of developed countries in the Americas, Europe and Asia show that
nuclear power is reliable, cheap, and readily available. It is safe, and does less
damage to the environment compared with fossil-based fuel such as coal and oil. Past
experiences notwithstanding, the Philippine should start its bid for nuclearization to
further boost its drive for NIChood.
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