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12-16 DECEMBER 1994

L OPENING SESSION’

The Welcome Address was given by Mr. Adiwardoyo, Director of the Center for Nuclear
Energy Studies of the National Atomic Energy Agency of Indonesia (BATAN).

Mr. Pablo Melina, IAEA Technical Officer for the RCA Project on Energy and Nuclear
Power Planning; welcomed the participants to the meeting and expressed IAEA’s gratitude fo
the Indonesian Government for agreeing to host the meeting. He briefly reviewed the
objectives of the meeting, namely:

Q) To report and review the problems with input information and processing and
define the areas requiring attention.

b) To assemble representative data to illustrate specific case study needs.

c) To select 4-6 RCA Member States for which specific case studies would be
undertaken.

d) To provide recommendations as to the scope and duration of the country case
studies.

Dr. lyos Subki, Deputy Director General for Nuclear Science and Technology of the
National Atomic Energy Agency of Indonesia (BATAN), delivered the Official Address and
declared the meeting opened. In his remarks, he emphasized the efforts being made by
Indonesia for the introduction of nuclear power Into the country’s electrical grid.

The meeting was attended to by a fotal of 19 full participants and observers: 7
participants sponsored by the RCA project and representing the following RCA Member States:
Bangladesh, Republic of Korea, Indonesia, Malaysia, Pakistan, Philippines and Vietnam, plus
one representative from the IAEA. The host country also provided 11 observers at no cost to
the project. The full list of participants is given in Annex 1.

The proposed agenda was adopted without changes.  The sessions on country reports
were adjusted to allow for presentations by dll countries represented in the meeting. Special
periods were dedicated to formulate the general meeting recommendations. The agreed
agenda Is shown in Annex 2.

The meeting confinued with a presentation by Mr. Adiwardoyo on an update of
BATAN's feasibility study for the first nuclear power plant in Indonesia. The speaker commented
on progress with the studies being conducted by the Japanese firm NEWJEC Inc. and the work
stilt remaining to be undertaken for support of a final decision regarding the introduction of
nuclear power in Indonesia. The complete report is included in Annex 3.

The IAEA representative made a presentation related to the current status of IAEA
planning methodologies, with emphasis on development of new tools for energy and electricity
planning that are already avaiiable for distribution among Member States (WASP-III Plus) or that
are currently under development (WASP-IV). Other IAEA activities connected with these efforts
were also reviewed, In particular: distribution status of IAEA models, future training courses to
be organized under the IAEA regular Technical Cooperation Programme, efc. Annex 4 shows
the report of this presentation.



.  COUNTRY REPORTS

Reports were presented by the parficipants on the status of energy, electricity and
nuclear power planning in their countries with emphasis on the utilization of the WASP model.

Bangladesh - Annex §
Indonesia - Annex 6
Republic of Korea - Annex 7
Malaysia - Annex 8
Pakistan - Annex 9
Philippines - Annex 10
Vietham - Annex 11

Each presentation was accompanied by a period of general discussions.

ll. TECHNICAL SESSION

The IAEA representative briefed the participants on the expected oufput of the meeting
and requested the preparation of individual recommendations by each partficipant. These
were then discussed to produce the recommended actions detailed in IV below.

It was the consensus of the participants that all objectives of the meeting were
successfully met. They also encouraged the IAEA for all efforts in providing Member States with
state of the art planning models to support decision making on energy. electricity and nuclear
power planning.

Participants recognized that there is a need for undertaking concerted regional actions
and activities aimed at improvement of the information to integrate national databases for
the conduct of energy and nuclear power planning analyses. It was felt that RCA Member
States could benefit from each other through sharing of experience of not only country data
usually available for conducting energy and electricity planning studies based on models such
as WASP, but also regarding the actual procedures that have been implemented in these
countries for gathering, processing and updating this information. The benefits fo RCA
countries would also be enlarged by having access to available reference materials from other
sources that are not readily available to energy/electricity planners in these countries.

The meeting recommended the conduct of a total of 3-6 country case studies that will
serve as input fo the Expert Advisory Group Meeting (EAGM) to be organized within the
project. These country studies should be selected as representative of the various situations
in the RCA region, among the following countries: (@) China: (b) Pakistan; (c) Philippines: (e)
Sri Lanka; (d) Thailand; and (f) Vietham. The scope of each country study was also defined.
The timing for these activities is discussed in IV below.

Participants also recommended that the EAGM be replaced by a regional workshop
on input information for energy, electricity and power planning in order to provide a forum nof
only for reviewing the recommendations from the case studies conducted but also for the
exchange of experience among all RCA countries on data problems and recent figures. The
objective is to complement the report to be produced as-output of the workshop so that it
could also serve as a reference document for fufure planning activities.

The participants recommended to organize this workshop in Manila, Philippines, from
23 to 27 October 1995,
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Finally, the meeting recommended to publish all national reports and the documents
produced during the meeting as an RCA report or Working Paper in order to facilitate the
dissemination of the proposed schedule and the organization of the case studies as well as the
preparation of country reports for the Manila workshop.

Several other activities directly related with the objectives of the project and task were
also recommended by the participants for consideration by the IAEA and RCA.

The complete text of the conclusions and recommendations of the meetfing appears
in Annex 12.

IV. RECOMMENDED FUTURE ACTIVITIES
Case Studies:

The detailed activities necessary to be undertaken for the successful completion of the
case studies can be infegrated in the following schedule:

. Official commmunication to the selected countries of the need and objectives
of the country study to be sent by the IAEA RCA Coordinator (January 1995),

. Acceptance by the country for parficipating in the study to be sent by the
National Project Coordinator to the IAEA RCA Coordinator (mid February 1995),

. Organization of preliminary short (2 days) expert missions fo the selected
countries (if necessary) to discuss insights about the project objectives and the
amount of information required to be provided by the country,

. Preparation of country data by the designated national counterpart and
submission of these data to the IAEA Technical Officer (TO) for the Project (by
May 1995),

. RCA expert mission fo the couniry (one week per country) to review the data

gathered and discuss in detail with the national counterpart (June/July 1995),

. Submission by IAEA TO of the expert report to the country for comments (August
1995),
. National Project Coordinator to send the country comments to the expert

report by mid September 1995.

Regional Workshop on input information for energy, electricity and power planning

. Invitation to all RCA countries: March 1995
. Workshop: Manila, Philippines, from 23 to 27 October 1995.

The proposed detdailed schedule of activities to meet the above programme is given
as part of the Meeting Recommendations in Annex 12.
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Annex 3

THE ENERGY SITUATION AND
THE PROSPECT OF NUCLEAR ENERGY IN INDONESIA

ADIWARDOJO
National Atomic Energy Agency of Indonesia (BATAN)

L INTRODUCTION

The main objective of the Indonesian Long Term Development Programme is to give
stress to development of the economy, and developing a more active and advanced national
industry, supported by a strong agriculture, which in turn will create a strong basis for a self-
sustaining growth and development in the efforts toward social justice and welfare of the
people based on our Five Principles (Pancasila) ideology. Accordingly, the development of
the national industries will need the supply of an abundant amount of energy. It must be
noted, however, that the growth of this development should be maintained equally and widely
spread, and to assure a self-sustaining development.

This principle is an important guideline in establishing the national energy policy for
the future in supporting our second long term 25 year development programme, whereas the
main objective would be the creation of a high quality people, a better standard of living, a
healthier environment, and a prosperous and peaceful nation.

In line with the national energy policy in promoting intensification, diversification and
conservation of energy, some important steps need to be taken in order to establish alternative
energy strategies which will be decisive in the formulation and development of the national
energy in the future. At present Indonesia does not have any nuclear power plant. The
introduction of nuclear power in Indonesia is not only to reach an optimum energy mix based
on costs and environment, but also to relieve the pressure arising from increasing domestic
demand of oil and gas. Therefore, oil and gas could be used for other strategies, such as for
export and feedstocks to support the take-off era towards the 2nd Long Term Development
Programme. This strategy is an integral part of the overall energy strategy. Even though
Indonesia has some oil and gas resources, it has to be realized that these resources are not
abundant and not unlimited. The role of Nuclear Power Plants is clearly to stabilize the supply
of electricity, conserve strategic oil and gas resources and protect the environment from
deleterious pollutants.

II. THE ENERGY SITUATION IN INDONESIA
21  The Energy Policy

Indonesia has been implementing a National Development plan, whose goal is to create
a just and prosperous nation. The first 25 years of the National Development plan was called
the first long term national development programme. This programme was started in 1969 and
consisted of Five-Year Development Programmes. One of the main objectives of the first long
term national development programme is to broaden the basis of the economic structure, that

1



is to strengthen and promote national industrialization. The national programme for
industrialization has given rise to substantial increase in the demand for energy. The energy
sector is of particular importance in the development of the Indonesian economy, as
Indonesia’s current per capita energy consumption is relatively low compared to other
ASEAN countries. The increase of population, especially in the rural areas which still do not
have adequate access to electric power, anticipates an expected high growth rate of electricity
generation. Most energy resources are located outside the Island of Java, yet Java, with its
large population and industry constitutes the major area of energy demand. In order to
maximize economic efficiency and provide employment and regional development
opportunities, the Government has adopted a policy of promoting development of the energy

resources with a view toward more diversification.”

e

Historically, Indonesia’s energy policy and petroleum policy were synonymous. Oil
had the dual role of being the nation’s prime source of commercial energy and of providing
both foreign exchange and Government revenue to finance economic development. By the late
1970’s however, domestic consumption grew at an annual rate of up to 15%. Domestic
consumption began to divert oil from the export market. In the late 1970’s, the Government
embarked on an ambitious programme to move domestic energy consumption away from
crude oil in order to maximize the amount of oil production available for export. The indirect
result of this diversification effort was the construction of electrical generation facilities which
utilize non-oil energy resources such as coal. Cement plants were converted from burning oil
to using coal. Diversification also led to increasing use of liquefied petroleum gas (from gas
reserves) by households. There were also plans for increasing utilization of natural gas in
domestic industry and for electricity generation. Briefly, the National Energy Policy has four
main objectives:

1. To secure the continuity of supply of energy for domestic use at prices affordable
to the public,

2. To enhance the quality of life of the people,

3. To stimulate economic growth, and

4. To reserve an adequate supply of oil and gas for export, in order to provide ali
important source of foreign exchange to fund national development programmes.

There are three policy measures adopted by the government to meet these objectives:
1) Intensification, i.e. to increase and expand exploration of energy sources available in the
country; 2) Diversification, i.e. to reduce dependence on only afew sources of energy (i.e. gas
and petroleum), and later to replace it with other available sources, and 3) Conservation, i.e,
to economize on the energy use and use it efficiently.

Implementation of the energy policy covers several aspects such as issuance of
regulations, standards, energy pricing incentives and disincentives, and the application of
appropriate technologies. The technologies that would be considered are identified as follows:

a. Technology to produce substitutes for oil, as oil is non-renewable, and gasification,
liquefaction of coal could well meet the fuel needs of the future.

b. Technologies to support a more sustainable energy supply, through the harnessing
of available and renewable energy sources.

c. Clean and efficient energy technologies to support environmental concerns.



2.2  The Indonesian Energy Resources
Oil

The hydrocarbon potential resources of Indonesia is currently estimated at 84.4 billion
BOE, consisting of oil resources of 48.4 billion BOE, and natural gas 216.8 TSCF or 36
billion BOE. The current country’s oil reserves is about 11.3 billion bbls, consisting of 5.8
billion bbls proven reserves and 5.5 billion bbls potential reserves. If the oil production rate
could be maintained at 500 million barrels a year, the country’s oil reserves will last for about
22 years, if no new oil reserves are found.

Based on a study conducted using the MARKAL model, the oil supply that has to be
met for domestic energy needs in the year 2000 is about 680.2 million BOE. This means that
in that year the country will have to provide an oil supply of 1.86 million bbls per day,
although, presently, the oil production rate is only 1.5 million bbls per day (including
condensate). Thus, oil is still expected to play an important role in the future (especially
during the next 10 to 20 years), disrespective of the decreasing reserves and production
capacity.

Natural Gas

In anticipation of oil depletion in the not too distant future, the country is expected to
rely on natural gas to help fulfill the needs of the future. The current reserves of natural gas
is about 101.7 TSCF or equal to 16.8 billion BOE (see Table-1).

FI

AREAS

Proved Potential Total
1. North Sumatra 11.50 2.20 13.70
2. Central Sumatra 0.50 045 0.95
3. South Sumatra 3.60 2.20 5.80
4. West/Central Java 420 2.50 6.70
5. East Java 220 1.00 3.20
6. East Kalimantan 15.30 8.10 2340
7. Natuna Island 26.40 20.10 46.50
8. South Sulawesi 0.61 0.20 0.81
9. Irian Jaya 0.10 0.60 0.70
TOTAL 64.41 37.35 101.76

Source : PERTAMINA, January 1992



About 30.81% of the total proven reserves (64.4 TSCF) or 19.84 TSCEF of natural gas
is already committed (sold). The remaining proven reserves of 44.56 TSCF, plus the total
potential reserves of 37.3 TSCF, together, make up the country’s available natural gas reserves
of 81.86 TSCF. With the current production rate (1.7 TSCF), or equal to 298.2 million BOE,
the country’s natural gas reserves will last for about 48 years. To sustain long term
availability of natural gas, especially in view of its increasing role to displace a part of role
of oil in the country’s energy mix, efforts to enhance its current production rate and to
increase exploration activities to find new resources need to be intensified. Potential areas for
new reserves of natural gas are located in East Java and the eastern parts of Indonesia. At
present, natural gas is mostly exported in the form of LNG to generate foreign exchange.
However, to anticipate the decreasing role of oil, natural gas utilization for domestic use will
gradually be stepped up.

Geothermal Energy

Being geographically located along the line of active volcanoes and mountain ranges
of Sumatera, Java, Bali, Nusa Tenggara, Sulawesi, Halmahera and Irian Jaya, Indonesia has
a large potential of geothermal energy, with a total reserve of about 16,000 MW. Presently,
there is only one geothermal power plant in operation since 1983 at Kamojang (West Java)
with a capacity of 140 MW. Currently, four geothermal projects are now being developed at
Gunung Salak, Daradjat (West Java), Dieng (Central Java) and Lahendong (North Sulawesi)
with a total capacity of 230 MW. The geothermal potential of the country is important for
supporting the future demand of energy. The main barriers in developing geothermal energy
are related to its widely scattered resource locations and relatively high initial investment cost,
thus making if difficult to be developed to the maximum extent.

Coal and Peat

Indonesia’s coal reserves are relatively abundant, adequate for fulfilling the country’s
domestic energy needs in the long run. Total current coal reserves in the country is 36 billion
tons, 67 % of which is located in South Sumatera, while the remaining 33 % is spread over
the other parts of Sumatera, Kalimantan, Java, Sulawesi and Irian Jaya (see Table 2).

With the current production rate of about 23 million tons annually, coal will last for
a few hundred years. The utilization rate of coal, at present, is still considerably low, although
it will be increasing rapidly in line with the construction of new coal-fired thermal power
plants and with the increased utilization in cement industries. By the end of this century, coal
production is projected to reach 71 million tons per year, or equivalent to 344 million BOE.
Current coal production capacity, in South Sumatera alone, has reached the figure of 13,5
million tons. Mean-while, the production capacity in all of Sumatera is 16 million
tons(equivalent to 77.5 million BOE). Kalimantan is currently producing 15 million tons of
coal per year, or equivalent to 97 million BOE. Thus, the country’s current production
capacity is about 31 - 36 million tons, annually. This capacity can still be enhanced in the
years to come. All the above figures show that the -prospects of coal for fulfilling the
country’s future energy demand are great. However, it is well known that the utilization of
coal can cause significant environmental impacts. Therefore, the future use of clean coal
technology is of great importance and will be gradually introduced.

4



IDENTIFIED RESOURCES

RESOURCES
REGION RESERVE HYPOTHETIC

MEASURED INDICATED INFERRED  RESOURCES TOTAL (%)

SUMATERA 2,887,881 11,165,456 2279911 7,953,290 24,286,538 67.42
North Sumatera - 1,272,000 2,000 43,300 1,317,300 3.66
Central Sumatera 717,820 2,370,939 58,000 1,019,000 4,165,759 11.56
South Sumatera 2,143,024 7,505,500 2,204,000 6,890,990 18,743,514 52.03
Bengkulu 27,037 17,017 15911 - 59,965 0.17
KALIMANTAN 1,985,613 1,491,259 3,789,503 4,251,241 11,517,616 31.97
South Kalimantan 1,112,730 668,210 1,848,277 3,629,217 10.07
West Kalimantan 1,801 65,921 211,477 1,857,900 2,137,099 593
Central Kalimantan - - - 436,310 436,310 121
East Kalimantan 871,082 757,128 1,729,749 1,957,031 5,314,990 14.75
JAVA 12,148 78,616 - 19,953 110,717 0.31
SULAWESI 5476 12,169 6,616 - 24,261 0.07
IRIAN JAYA - 79,500 3,614 . - 83,114 023
Sub Total 4,891,118 12,827,000 6,079,644 12,224,484 36,022,246 100.00
Total Production (75,000) - - - (75,000)

TOTAL 4,816,118 12,827,000 6,079,644 12,224,484 35,947,246

Indonesia is also endowed with abundant peat resources. The exact potential has not
been measured. However, a tentative figure of 200 billion tons was estimated, from areas (17
million hectares) covered by p€at in Sumatera and Kalimantan. Peat utilization for household
energy needs or for ;nedium“ 0 large scale power generation as well as for small-scale
industry could be developéd in the future. A research study on peat utilization is now being
conducted in Kalimantan and Sumatera.

Hydropower

Hydropower is considered as one of the country’s most potential energy resources
which has not been harnessed to the maximum extent possible. The hydropower potential of
Indonesia is estimated at 75,624 MW, of which 15,804 MW is in Sumatera; 4,531 MW in
Java, 21,611 MW in Kalimantan, 22,371 MW in Irian Jaya; 674 MW in Bali and Nusa
Tenggara and 430 MW in Maluku. Approximately 45% of the total hydropower potential or
about 34,000 MW could be further developed into electric generation plants with a plant
capacity of more than 100 MW. The utilization of hydropower for electric generation plants
at the beginning of the fifth Five-Year Development Plan (1989/1990) was 2742 MW or equal
to only 3.66% of the available potential, of which 1973 MW is produced by the state-owned



electricity corporation (PLN) and the remaining 768 MW is non-PLN’s. In consideration to
its potential, hydropower is also the answer to the problem of fulfilling the country’s future
energy demand. The main barriers to its maximum utilization are the high initial investment
cost, and the huge land requirements and its related social problems especially in densely
populated areas. Additionally, hydro power is very much influenced by seasons, where during
dry season it has very low capacity factor due to shortage of water.

Renewable and Rural Energy

The potential of renewable sources of energy, e.g. biomass, biogas, municipal waste,
solar, wind, small-scale hydropower, small-scale geothermal are relatively large, but not as
yet maximally utilized. Only fuelwood and agricultural waste have been intensively utilized
to meet rural energy needs, albeit still in a traditional way, i.e. inefficient and environmentally
adverse. Sustainable utilization of fuelwood needs to be further promoted to enhance its
contribution to the country’s future energy mix, especially for meeting the demand for energy
in rural or remote areas.

The utilization of biogas, a gas-fuel form, produced from biomass or municipal wastes,
animal dung, etc. through digesting process, has been initiated in many rural areas or for
small-scale industries. The prospects look promising. Meanwhile, solar energy utilization for
various purposes, e.g. food drying, water lifting, electricity for lighting, solar cooking, have
also been widely introduced particularly in remote rural areas, some of which have been
commercially developed. Many micro-hydro projects have continually been developed in
many rural areas, especially in Sumatera, Java with a total capacity of 2 - 3 MW. The
development is directed toward providing electricity for lighting and to support local economic
activities. .

Wind energy is utilized for small-scale electricity generation, pumping water or for salt
production in coastal villages where the potential exists. During the fourth Five-Year Plan,
a study on small-scale geothermal energy utilization (1-5 MW) for home/rural industries in
West Java has been conducted. During the course of the fifth Five-Year Plan, small-scale
geothermal utilization is expected to reach a capacity of 5 MW to fulfil the demand of
electricity in rural villages, and a hybrid system, combining two or more renewable energy
utilization, e.g. solar, wind, biomass and micro-hydro, has been developed and is already in
operation.

2.3  Past Trend and Present Status of Electricity Production
2.3.1 Trend of Electricity Growth

Electricity demand in Indonesia has grown at a compound rate of around 14. 1 % per
annum since 1981/82. PLN’s sales had grown from 7.8 TWh in 1981/82 to 34.2 TWh in
1992/93. Meanwhile captive power consumptions have grown from 5.1 TWh in 1981/82 to
21.2 TWh in 1992/93. The evolution and composition of Indonesia electricity consumption
can be seen in the following Table 3, especially for annual energy consumption for Java-Bali
island is shown in Table 4.
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Electricity Consumption (GWh)
1981/82 1988/89 1989/90 199091 199192 1992/93

1. PLN’s Sector : 7,845 19,993 23,435 27,742 31,481 34,256
1.1 Residential 3,425 7275 7,947 9,004 10,326 11,671
26% 20% 20% 19% 21% 21%

1.2 Commercial/Public 1,951 3,666 4,070 4572 5,129 5,538
15% 10% 10% 10% 10% 10%

1.3 Industry 2,469 9,052 11,418 14,166 16,026 17,047
19% 25% 28% 31% 32% 31%

2. Captive Power 5,115 15,691 16,957 18,652 17,999 21,220
39% 44% 42% 40% 36% 38%

Sub Total Industry 7,584 24,743 28,375 32,818 34,025 38,267
(=13+2) 59% 69% 70% 71% 69% 69%
TOTAL 12,960 35,684 40,392 46,394 49,480 55,476
100% 100% 100% 100% 100% 100%

It can be seen from Table 3, that the composition of demand has changed due to rapid
growth of the industrial sector. Considering that the captive power generations are fully
dedicated for industrial use, industrial consumption generated by PLN and captive power
plants are increasing mostly 5.0 fold, from 7 584 GWh (59%) in 1981/82 to 38 267 GWh
(69%) in 1992/93. While the residential consumptions within the same period are increasing
mostly 3.4 fold, from 3 425 GWh to 11 671 GWh, but with a percentage decreased from 26
% to 21 %.

Although electricity demand has grown at a relatively high growth rate, the per capita
level of electricity consumption of Indonesia is still low at around 300 kwh/capita and only
38% of the total population has been supplied with electricity in 1992/93. Since the future
expectation of Gross Domestic Product (GDP) growth in Indonesia is still relatively high (5%
to 7% p.a), the future demand of electricity is also expected to grow at a relatively high rate.
Such a high growth rate would require a huge investment program. The ability to finance the
electric power project (generation, transmission and distribution) as required by demand at the
right time should be perceived as the main constraint, in connection to the electric power
system development programs.

As can be calculated from Table 3, electricity demand grew at an annual growth rate
of 14.1% in the year 1981/82 - 1992/93, while the industrial sector grew more rapidly than
the commercial/public and residential sectors. In comparison, the Indonesian economy in the
past decade grew at an annual rate of about 6.0% (see Table 5).



Electricity Consumption (GWh) GROWTH

RESIDENTIAL INDUSTRY COMM. TOTAL (%)
1975 1046.96 3085.33 440.46 457275 ;
1976 1138.31 3467.34 481.69 5087.34 11.25%
1977 1277.14 3796.44 54342 5617.00 10.41%
1978 1539.24 4389.23 619.39 6547.86 16.57%
1979 1662.62 4993.43 684.85 7340.90 12.11%
1980 2179.15 4993.30 1338.62 8511.07 15.94%
1981 2606.16 541430 1492.91 9513.37 11.78%
1982 3007.41 6646.20 164230 11295.91 18.74%
1983 3274.02 7370.67 1737.59 12382.28 9.62%
1984 3489.41 841430 1905.60 13809.31 11.52%
1985 3916.17 1063021 2146.77 16693.15 20.88%
1986 4258.78 12703.91 227955 19242.24 1527%
1987 4817.64 1348431 2556.63 20858.58 8.40%
1988 5494.94 14907.34 2867.62 23269.90 11.56%
1989 5998.67 1731698 _3178.17 26493 .82 13.85%

Source : Feasibility Study Report, "Electric System Analysis”

1981/82 1986/87 1988/89  1989/90 199091  1992/93

1. Population [10/6] 151 168 174 177 181 186
2. GDP Total [10”2 Rp.] 7 90 100 107 120 130
Industrial Value Added 8 15 18 20 22 28
Services Value Added 30 37 44 49 52 61
3. Residential Cust. [10°6] 29 65 8.7 9.7 10.7 12.6
Ratio Elect.[%] 10 19 25 27 30 34
KWh/PLN Customer 2427 2172 21516 2430 2580 2775
4. kWh/capita 86 147 222 240 260 300

Note : GDP in 1983 Constant



2.3.2 Installed Generating Capacity

The growth of PLN’s generating facilities during the last twenty years can be seen in
Table 6. This table shows that the installed capacity has increased rapidly over the years,
from 915 MW in 1968/69 to 10 880 MW in 1992/93. This growth is about 20 fold in 24
years which is equivalent to a growth of about 13.3 percent per annum.

R0 T . TRI DN TR o
OIL COAL GAS TOTAL
68/69 185 109 - - 109 201 420 - - 915
73114 279 225 - - 225 230 420 - - 1154
78779 351 556 - - 556 499 882 - - 2288
83/84 536 1556 - - 1556 784 1028 - 30 3934
84/85 536 1686 400 - 2086 860 1003 - 30 4515
85/86 1066 1686 800 - 2486 936 1117 - 30 5635
86/87 1241 1686 800 - 2486 1326 1117 - 30 6200
87/88 1512 1686 930 - 2616 1652 1117 - 140 7037
88/89 1970 2086 1330 - 3416 1769 1234 - 140 8529
89/90 1973 2216 1731 - 3947 1727 1234 - 140 9021
9091 1973 2216 1731 - 3947 1814 1234 - 140 9108
9192 2274 2160 1730 - 3890 1948 1093 - 140 9345
9293 2274 2160 1730 - 3890 1950 1222 1404 140 10880

2.3.3 Transmission Lines, Substations and Distribution Facilities

Most of the population and industry is concentrated on Java island. This has been the
reason of the high demand growth of electricity. As of 1991/92 the total installed capacity was
9,345 MW, of which 6,475' MW (69%) was for Java System, and the remaining capacity
2,870 MW (31%) was for outside the Java System. The associated transmission lines,
substation and distribution facilities relating to the above generating facilities are shown in
Table 7.

2.3.4 Losses

The losses in the electric power system will increase the cost of supplying energy to
the utility’s consumers. Therefore losses have to be decreased to a minimum level which
produce the optimumn balance between the capital cost required to construct the specific plant
and the cost of operating the plant over its lifetime.

! PLN, Load Dispatching Center for Java-Bali Electricity Grid System.



Aware that losses at present are still high, PLN has tried hard to reduce the losses of
its power system and has established a good loss reduction record as shown in Table 8.

2.3.5 Reserve Margin

Since 1990 and also until the year 2019, efforts will be implemented to maintain the
reserve margin within the range of 15 percent to a maximum of 35 percent.

TRANSMISSION SUBSTA- MV LV DIST.
Fggg‘ S00KV  150kV  70kV  30kV  25kV TOTAL TION LINE LINE  TRAFO
[kmc] {kmc] [kmc] [kmc} {kmc] {kmc] MVA] [kmc] [kmc] [MVA]
7819 - 1554 2179 2843 127 6703 3319 13860 23538 3321
83/84 . 4133 3587 2718 138 10576 7875 31850 49971 5740
84785 119 5087 3792 2679 138 11815 8275 31737 54914 6498
85/86 718 5489 3813 2168 133 12321 10783 36854 76493 7160
86/87 78 6594 3941 2027 104 13384 11716 44521 74101 8080
87788 ns 71215 4060 2027 104 14124 12445 54725 92623 9915
88/89 1061 7454 4314 2001 104 14934 16436 63455 103694 10720
89/90 1061 7810 4347 2014 104 15336 17884 70666 114246 12285
9091 1061 8569 4958 1829 91 16508 19145 77346 120919 13108
91/92 1143 8569 4453 1833 91 16089 19580 84775 126919 13609
1987 1988 1989 1990 1991 1992
OUTSIDE JAVA 22.18 21.99 21.99 21.46 15.97 18.97
JAVA 18.34 16.53 14.04 14.91 13.40 11.81
INDONESIA 18.73 16.88 15.82 15.64 14.11 12.42
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III. NUCLEAR POWER PLANNING

3.1  The Previous Feasibility Studies

The first pre-feasibility study for the introduction of a nuclear power plant was
conducted in 1978 - 1979 with the assistance of the government of Italy. However, following
this study the Indonesian government deferred the decision until the nuclear research facilities
in Serpong became fully operational.

In 1985 work began on updating the studies with the assistance of the International
Atomic Energy Agency (IAEA), the US government (through the services of Bechtel
International), the French government (through the services of Sofratome), and the Italian
government (through the services of CESEN).

These updated reports, and the analytical capabilities developed by the Indonesian
partners during the process of this cooperation, have become the foundation for the present
planning activities. Recent projections using WASP (computer software for planning
electricity expansion) have shown that introducing nuclear power by 2000 would be an
attractive option.

Another study (Markal Study) coordinated by the Agency of Assessment and
Application of Technology (BPPT) has clearly shown that, if discount rates of 4% to 8% were
used, nuclear would become the best option starting from the eighth Five-Year Development
Plan (2004-09). This means that the decision to embark on a nuclear power programme should
be made imminent, considering that it would require a ten-year lead time.

This Markal Study also reached an important conclusion for the development of
Sumatera island. The study examined options for providing the power needed for oil recovery
in the Duri oil field; in line with the policy to reduce domestic consumption, high temperature
nuclear reactors and natural gas plants were considered as replacements for the present oil-
burning plants. The study concluded that the nuclear option should commence as soon as the
sixth Five-Year Plan (1994 - 1999).

The site for the first Nuclear Power Plant (NPP) has long been studied since 1975. In
conclusion, the Muria peninsula region has been selected to be the most suitable area in Java,
where lﬂun\gvgteu is considered as a candidate site. The plan for a final site investigation has
long been prepared. It consists of a selection and evaluation of the preferred site . A set of
site data report, a site selection report, a preliminary safety analysis report, and an
environmental impact analysis report will be made available at the completion of this
investigation. It is intended also to prepare the domestic participation even at this early stage
of activity.

On the financing side, studies of the Build-Operate-Transfer (BOT) scheme were

conducted by three consortia of nuclear vendors in 1986. The BOO/BOT scheme are also
being studied and considered in the present feasibility study of the first Indonesian NPP.
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3.2  The Present Feasibility Study Project

In September 1989 the Indonesian Government through the National Energy Co-
ordination Board (BAKOREN) decided to perform anew the NPP feasibility study including
a comprehensive investigation of the Muria site. The study itself should be carried out by the
National Atomic Energy Agency (BATAN), under the directives of the Energy Technical
Committee (PTE) of the Department of Mines and Energy.

On August 23, 1991, an agreement was signed in Jakarta between the Indonesian
Ministry of Finance and BATAN on behalf of Indonesia, and the consultancy company
NEWIJEC Inc. This agreement contracts NEWJEC for a four and a half year period to perform
a site selection and evaluation, as well as a comprehensive nuclear power plant feasibility
study. The principal part of the contract’s value will be spent on studies related to the site,
which is to be sought in the northern coast of the Muria Peninsula in Central Java.

The scope of the feasibility study includes two main components

1. The non-site studies, covering energy economics and financing, technical and
safety aspects, the fuel cycle and waste management, and general management
aspects, among other things.

2. Site and environmental studies, covering field investigations and assessment of site
selection, site qualification/evaluation, and environmental, socio-econoinic and
socio-cultural impacts.

Each part of the study includes a technical transfer and training for the Indonesian
counterpart. The whole feasibility study is carried. out under a comprehensive quality
assurance programme developed by NEWJEC, which complies with IAEA recommendations,
and approved by BATAN.

On December 30, 1993, two years after the starting date (22 November 199 1),
NEWIJEC submitted the feasibility study report (FSR) and preliminary site data report (PSDR)
to BATAN. At the end of the four and half year contract, a final report will be provided,
including a site and environmental report, and a preliminary safety analysis report. These
documents will provide the information necessary for site permit application, for the design
engineering basis and other industrial infrastructure preparations. The attached Figure-1 shows
the overall schedule of the feasibility study.

Safety aspects are the of utmost concern of the studies, which will assess not only the
proven designs available in the market at present but also advanced and passive systems
expected to enter the market in the near future.

The official starting date of the project was announced as 22 November 1991. The
quality assurance programme, a prerequisite for beginning the work, was duly submitted by
NEWIEC and approved by BATAN. Subcontracts for the site works have already been
awarded to Indonesian contractors. A site survey to set up an additional micro-seismic
telemetering system had been undertaken.
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3.2.1 Non-Site Studies
ENERGY ECONOMICS AND FINANCING

The work on energy economics and financing was completed at the end of 1993. The
assessment covered the following items:

¢ National Energy Market Analysis

The objectives of the National Energy Market Analysis are to conduct a study of the
national energy development to support the long term energy demand, and to conduct analysis
of the energy system, specifically the electrical energy sector by the use of the ENPEP
(ENergy and Power Evaluation Program). This report includes an analysis of the evolution
of the energy market, evaluation of energy resources, forecast of energy demand, analysis of
energy demand management options, and the formulation of an energy supply planning.

Following are some tables showing results of the Macroeconomic, Energy Demand and
Energy Supply projections.

1. Macroeconomic Projection

GDP GROWTH POPULATION
TOTAL GROWTH
(%lyear) (%lyear)
1990 - 2000 6.50 1.87
2000 - 2010 6.00 1.35
2010 - 2019 5.00 0.85

2. Energy Demand

The energy demand has increased 6 - 7% per year during the study period of 30 years
(1990 - 2019).

GROWTH OF TOTAL ELECTRICITY
ENERGY DEMAND DEMAND GROWTH
(%lyear) (%lyear)
1990 - 2000 6.27 10.30
2000 - 2010 7.20 9.64
2010 - 2019 709 8.27
AVERAGE GROWTH 7.18 9.41
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Energy Supply

Share of Primary Energy Supply during the Study Period

PRIMARY ENERGY 1990 2000 2010 2019
OIL 60.21 60.79 51.14 34.34
GAS 32.52 18.60 7.01 341
COAL 5.72 18.21 35.55 54.29
NUCLEAR 0.00 0.00 3.92 6.18
OTHERS 1.55 240 2.38 1.79

(hydro, geothermal)

Electricity Supply

Coal fired plants will dominate the electricity generation system. Nuclear power
plants will be feasible to be in operation in the early 2000s (based on current
projection studies). Nuclear power plants will increase in accordance with the
demand the result of the analysis of this scope of work is used as reference for
optimization studies in the development of the Java-Bali electric system.

In the year 2019 the share of nuclear power plants will contribute with 10% of the
electricity supply, an amount equal to about 12600 MW. '

¢ Nuclear Cost Estimate

This study covers an analysis of capital cost (based on vendor’s overnight cost, in
April 1992 US dollars) for each type of nuclear power plant, as offered by various vendors:
Mitsubishi Heavy Industries (Japan), Atomic Energy of Canada Limited, Nuclear Power
International (German - French Consortium), Westinghouse Electric Company (USA), General
Electric Company (USA). Comparisons of maintenance and decommissioning costs of the
various designs, based on NEWJEC’s method and experience are given.

The results of the analysis and information acquired are as follows :

1.

el

14

The capital costs (vendors budgetary estimate) of various types and capacities of
conventional NPP (600 - 1000 MW) is around 1530 - 2200 US$/kWe and 1530 -
2020 US$/kWe for advanced designs.

The operation and maintenance cost of various types and power of NPP averages
about US$ 70/kWa.

The estimated decommissioning cost is around 10% of the capital cost.

The data and information from points 1, 2 and 3 have been used as a basis for
Generation Cost calculation of nuclear power plant.



e Electric System Analysis and Choice of Unit Size
Electric System Analysis

The objective of the Electric System Analysis, is to determine an optimum
configuration for the Java-Bali electric generation system with the introduction of nuclear
power plants including the size and its main features.

The Electric System Analysis report covers:
1. Load demand forecast and load curve of the Java-Bali system.

2. Generation Expansion Programme : System operating conditions, Formation of
optimal generation expansion plans, Recommended Power Development
Programme, Public safety and environmental protection.

The results obtained through the optimization study of the expansion of the Java-Ball
electric generation system with the use of the ELECTRIC module (WASP-III) of the ENPEP
program, shows that the introduction of nuclear power plants in the early 2000’s to the Java--
Bali electric system represents a very good solution.

Choice of Unit Size

The objective of Choice of Unit Size study, is to determine the nuclear power plant
unit size, taking into consideration the capability and reliability of the electric network system
in relation to the load flow, short circuit capacity and the stability of the network.

The results show that commencing in the early 2000s and supported by development
of the electrical network, the introduction of the 600 to 900 class nuclear power plants into
the Java-Bali electric system is absolutely possible, furthermore based on economic aspects,
the introduction of the 900 unit size class is a better option. Meanwhile, to anticipate the
increasing demand of electricity in the future, it is very necessary to conduct updating studies
of the electric network system.

e Generation Cost

The objective of the Generation Cost study, is to determine the generation cost of
various types and sizes of Coal Fired Plants, Combined Cycle Power Plants and Nuclear
Power Plants.

The results are shown in the following table, which clearly illustrates that the nuclear
option is very competitive when compared to the fossil fuel alternative based on coal fired
plants, while the 500 MW combined cycle units have an overall leading advantage when
looking at total generation costs.
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Comparison of Generation Costs

(10% DISCOUNT/INTEREST RATE)

GENERATION COST
TYPE
mills/’kWh Rp/kWh
PWR
600 MW 55 - 61 116 - 127
PHWR
900 MW PWR
- BWR 48 - 56 99 - 117
NPP 1000 MW
PHWR
AP600
ADVANCED
TYPE SBWR 49 - 58 103 - 120
CANDU3
600 MW COAL 62.80 130.62
FOSSIL
500 MW COMBINED CYCLE 41.20 85.70

1 US$ = Rp.2080,-

Note :
a. The data of the above table are results of the "Base Case” study.
b. According to the above data, it is concluded that the generation cost of the 600 and 900 MW class Nuclear
Power Plant units are competitive to the generation cost of 600 MW Coal Fired Plants with DeSOx and
DeNOx equipment.
c. The capital cost of Nuclear Power Plants are based on vendor’s budgetary estimates plus civil works and IDC.

¢ Financial Review

The objective of the Financial Review Study, is to obtain various options and sources
of viable financing for the construction of Nuclear Power Plants in Indonesia. The scope of
the study consists of:

1. Conventional Financing
2. BOO/BOT Financing Scheme

Following are the results of the study :

1. Conventional Financing

Implementing conventional financing for the construction of 600 or 900 MW units can
be done like for the construction of any other power plant. Feasible or viable sources of
financing can be conducted for example : US component 50%-Japanese component 50%, US

component 100%, French component 50%-Germany component 50%, and Canadian
component 100%.
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Following is an estimate cost structure for the construction of an equivalent nuclear
power plant and coal fired plant, based on the above financing sources.

Project cost for the scope of the Financial Review studies being modelled includes the
following assumptions :

1.

Base Cost of Nuclear Plants
Base capital cost (not including financing charges during construction) is based
on the Nuclear Cost Estimates study, i.e. vendors budgetary estimate + civil
works (10%).

Causr

Training of Operation/Maintenance Staff is assumed 0, I % of item 1.

Consulting Services Cost is assumed 5% of item 1.

4

Owner’s Administration Cost is assumed 4% of item 1.

The Total Capital Cost is the sum of item 1 until item 4. The Total capital cost
is divided into a local portion and a foreign portion, 25% and 75%
respectively.

Initial Fuel Loading Cost is estimated as follows
unit 900 MW = US$ 81,0 million/unit
unit 600 MW = US$ 62,3 million/unit

Note :
1. All costs have been escalated
2. The calculations and modelling have been conducted based on the

assumptions of the financial resources which come from each country’s
export credit agency, and for the commercial bank for the local portion
progress payment dan domestic bonds.

2. BOO/BOT Financing Scheme

The implementation of the BOO/BOT financing scheme for 600 and 900 MW unit
nuclear power projects in Indonesia should be supported by the Government in the following

cases :

o The need of a bilateral agreement between the Government of Indonesia and the
related country concerning the use of nuclear energy for peaceful uses.

o Activities related to the decommissioning and back end of the fuel cycle.

o Guarantee of fuel supply.

o Third Party Liability insurance from nuclear hazards.
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Furthermore a power purchase agreement is necessary between PLN with the company,
covering the following guarantees and requirements : :

a. The obligation of PLN to remit payments according to the requirements, using the
agreed determined exchange rates.

b. A guarantee by the Government to return loans, dividends, and other financial
arrangements in the determined exchange rate and currency.

From the BOO/BOT financing scheme studies, the average electricity selling price will
be higher compared to the conventional financing method, due to a high rate of investment
return (ROI) of about 20% to 30% in order to cover all risks.

SAFETY AND TECHNICAL ASPECTS OF NUCLEAR POWER, FUEL CYCLE AND
WASTE MANAGEMENT

« Safety Aspects of Nuclear Power
The Objectives of the study on Safety Aspects of Nuclear Power are:

1. To determine the safety criteria to be used.

2. To determine safety characteristics and probabilistic risks.

3. To give recommendations on the type of nuclear power plant to be considered in
the offer.

The report consists of six (6) separate studies, which cover:

Probabilistic Risk Assessment;

State of The Art Technology for Instrumentation and Control;
Lessons Learnt from TMI and Chernobyl;

Requirements for Safety Systems and Equipment;

Technical and Safety Aspects of NPP;

The Safety Philosophy of IAEA and its major member states.

e N

Results and Conclusions

1. The criteria and standards of all the supplier’s countries of nuclear power plant
suppliers (United States, Germany, France, Japan and Canada), may be adopted,
because they are in line with the international safety philosophy (IAEA).

2. All the reference nuclear power plants, viewed from the safety aspects, can be
constructed in Indonesia.

3. The advanced design nuclear power plants have better safety characteristics, but
are still pending certification by the supplier’s country.

4. The core melt frequency from all nuclear power plants being studied are under
10"%/reactor years, fulfilling the IAEA recommendations.

5. Instrumentation and control designs studied from all nuclear power plants being
studied, have considered *human factor engineering
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e Technical Aspects of Nuclear Power

The objective of the Nuclear power plant technology study is to recommended the
types of nuclear power plant that can be accepted to be built in Indonesia. This report which
concerns the process of choosing possible vendors and reactor designs, have resulted in the
following selection:

1. General Electric SBWR;

2. Mitsubishi Heavy Industries/Westinghouse conventional PWR and Advanced
APG600 designs;

3. Nuclear Power International/Siemens & Framatome conventional and Advanced
PWR designs;

4. Atomic Energy of Canada Limited for Candu PHWR design.

Results and Conclusions

The nuclear power plants that have been offered by AECL (PHWR),
Mitsubishi/Westinghouse (PWR), NPI (PWR), and General Electric/Toshiba/Hitachi
(BWR) can be accepted as a basis for nuclear power plant considerations for
Indonesia. All offer modern technology, fulfilling construction requirements in their
respective countries, fulfilling international safety standards, the IAEA codes and
standards, including "human factor engineering" in their designs, showing exceptional
operation performance and able to fulfil the first nuclear power plant construction
schedule in Indonesia.

Presentations have been made by these vendors, and absolute and relative comparisons
of the various designs have been carried out.

* Fuel Cycle Technology
The objectives of the Fuel Cycle Technology study are to obtain

1. An evaluation of the nuclear fuel cycle
2. Economic Calculations
3. A development strategy for the nuclear fuel cycle.

This study consists of an evaluation of the fuel cycle and its economics, as well as the
strategies for development of the fuel cycle. The results of the evaluation are as follows

1. The selected cycle should be the Open Cycle for a determined length of time.

2. A fuel element factory for power reactors would be feasible to be domestically
integrated

3. Uranium domestic production will only be used as supplementary purposes.
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e Waste Management

The aim of waste management in this case, is to conduct evaluation of radioactive
waste management and decommissioning activities in nuclear power plants. The scope of the
study covers the type, amount and process of waste forms, technical aspects, economical
aspects and safety in nuclear power plant waste management.

The objectives are to assure safety to the population and environment, draw up sound
technical requirements, and define goals, rules and regulations in the management of nuclear
power plant wastes. The results and conclusion of this study are:

1. Identification of the process and origin of the wastes is very necessary in order to:
a. Minimize the occurrence of wastes

b. To handle wastes cheaply and safely

2. The volume of nuclear power plant wastes are relatively small and some parts are
wastes having low activity which are easily processed.

3. For Indonesia, the open fuel cycle is favoured, as high level activity wastes are not
formed which originates from recycling processes.

4. The nuclear power plant is equipped with a facility to manage radioactive wastes.

5. A waste storage facility is available in a nuclear power plant vicinity.

MANAGEMENT ASPECTS
¢ Project Development

The objectives of Project Development are, among others, to determine the
organizational diagram of various participants in nuclear power project, to determine the
overall project schedule and to determine the contractual approach to be adopted for the
acquisition of the plant including an analysis of the regulatory basis and licensing process for
the nuclear power project in well experienced countries and recommend those suitable for
Indonesia.

Conclusions and recommendations

From the Project Development study being conducted, some conclusions and
recommendations have been developed as follows:

1. It is critical for the successful NPP that all participants in the project are well
organised in a manner of achieving the same objectives as a team with clear
distribution of functions and responsibilities and through the implementation of
QA programme.
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10.

The preliminary project schedule for the first NPP project is developed based on
international experience and vendor’s information. According to the schedule, the
first NPP would be able to start its commercial operation in the early 2000s.

The single package contract (turnkey contract) is recommended for the first NPP
project, because the full responsibility and risks associated with the project are
to be borne by the main-contractor.

Licensing procedures are recommended to be adopted from procedures of well--
experienced countries, which have already been established and practiced in those
countries.

The owner/utility needs to ensure close cooperation and coordination between the
participants in a nuclear power project. Especially for the introduction of the first
NPP, the owner/utility should be assisted by a foreign consulting company having
enough experience and capability.

At a time of formal bidding, the vendors should be requested to develop a
detailed project schedule, taking into account the conditions in Indonesia, and also
submitting a methodology for the transfer of know-how.

In order to avoid difficulty in financing, it is recommended that Indonesia should
begin with small size projects.

For the first NPP, licensing under the regulations of the country of or*gin should
be accepted. This gives an assurance that the rules and regulations would be
complete and consistent. Indonesia, during the construction of the project, must
adopt a similar set of regulations, modifying them as necessary, and based on
project experience.

A minimum legislation necessary to promote and implement the nuclear
programme should be established in an earlier stage, before starting the safety
assessment of the first project.

Licensing procedures should be carefully developed so that it will not induce
excessive risks and burdens to an electric utility company, as far as the safety of
workers and public are maintained.

* Staffing and Training

The objectives of the study are to develop the following points for the owner (utility):

(]

the organization charts for various phases of the nuclear power plant with the
listing, qualification and description of the tasks

the training programme for the personnel involved in the above developed
organization charts
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Conclusions and recommendations

The study concerning Staffing and Training have concluded the following:

1.

The Owner (utility) should establish an organization suitable for ensuring close
cooperation and coordination between the project participants.

The organization structure should be adapted and expanded efficiently to cover
important areas in accordance with the progress of the project.

The utility’s manpower requirements during the preconstruction stage is relatively
low, about 50, but highly qualified professionals. The personnel required start to
increase as much as about 330 at the peak of construction and commissioning
stage. In the operation stage, about 300 staff will be necessary for the operation
and maintenance of 2 units. (about 200 for I unit)

In order to meet the manpower requirements with appropriate qualification,
training programme must be planned and implemented. At the initial stage of
NPP, basic training in nuclear power followed by on the job training (OJT)
should be provided to the key utility professionals. The training for O&M staff
should also be implemented with emphasis on OJT and simulator training.

A national organization to be in charge of the planning and coordination of the
nuclear power project should be established as soon as possible. The distribution
of tasks, functions and responsibility between the organizations including the
regulatory body and the owner of plant should follow a similar pattern to those
for other conventional power project.

A manpower development programme should be planned and implemented among
relevant organizations at the earliest stage of the nuclear power project because
of the long leadtime in developing qualified manpower.

Care should be taken to the following points for the application of the report to
Indonesia:

o to include an adequate number of reserve and replacement personnel for the
assessment of staffing requirements

o to administer adequate training to the personnel based on their experiences and
abilities

An employment system of Indonesian nuclear power plant owner should be
established to be similar to lifetime employment system especially for operation
and maintenance staff, because they must be trained systematically to become
highly skilled and very familiar to the operation and maintenance of the nuclear
power plant in order to keep reliable and safe operation.

The training requirements to vendor should include the consideration of the
utilization of domestic available resources.



* National Participation

The principal objective of the current study is, based on the latest information
regarding the status of Indonesian industries, to define Indonesia’s infrastructure requirements
and analyze the national participation possibilities to achieve optimum role of national
industries to support the construction of nuclear power plant within the framework of the
national program of industrialization.

Conclusions and recommendations
Conclusions

1. Infrastructure requirements for participating in the construction of NPPs are
defined, and a national participation program is developed.

2. Based on the survey and assessment of current capability of Indonesian
Industries, the development of the national participation has been calculated with
the results as follows:

NPP National participation
NPP # 1 25%

NPP # 2 30%

NPP # 3, 4 35%

NPP # 5, 6 60%

NPP # optimum

3. The national participation rate can be increased step by step in accordance with
development of the national participation program, if successful transfer of
nuclear technology and nurturing of nuclear industries in Indonesia are achieved.

For successful transfer of nuclear technology and nurturing of nuclear power industries
in Indonesia, the following conditions should be satisfied.

o National consensus on the selection of nuclear power as one of the vital resources
to support the welfare and economic growth of Indonesia.

o Commitment by the Government of Indonesia to lead and support nuclear power
generation in Indonesia.

o  Stability and sound growth of the Indonesian economy.

Recommendations
The following measures and actions are recommended to the Government of Indonesia
to transplant and nurture the nuclear industries in Indonesia and fully increase the national

participation rate.

1. Study of the economy and technology of the actual status of nuclear power
generation, as well as it’s introduction into Indonesia
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Establishment of the Long Term National Energy Policy with clear definition and
declaration of the vital role of nuclear power.

Initiation of public acceptance programs

Amplification of bilateral agreements with foreign countries

Legislation for nuclear power development

Selection of the reactor type

Repeated orders of multiple units of the same standardized design
Establishment or selection of key companies for national participation in
manufacturing and transfer of technology

9. Incentives for domestic manufacturing

10. Source of Revenue for Nuclear Power promotion by the Government

PN EW

3.2.2 Site and Environmental Studies

A site and environmental study is presently being conducted in the Muria Peninsula
region on the island of Java. The ultimate objective of this site and environmental study is to
obtain a preferred candidate site and identify its site-related design basis parameters for the
nuclear power plants, through a process of investigations and assessments, based on nuclear
safety, population and environment, engineering and economic considerations. The site and
environmental study will take about four and a half years to complete, and is divided into
three steps which are described as follows :

The Objective Of Step-1

The objective of Step-1 is to obtain two (2) alterative sites. These will be compared
and ranked with the reference site, Ujung Watu in Step-2, all on the coastal area of the Muria
peninsula. The work of Step-1 was completed at the end of 1992, with the assessment
covering the following items :

- Geography and topography

- oceanography and coastal flooding
- Geological and geotechnical studies
- Hydrogeology and hydrology

- Man-induced events

- Demography

- Seismology

- Volcanology

- Meteorology

The result and conclusion of Step-1 have determined two (2) sites called Ujung
Lemahabang and Ujung Genggrengan as selected alternative sites.

The Objective Of Step-2
The objective of Step-2 is to compare and rank the three candidates sites (Ujung
Lemahabang, Ujung Genggrengan and Ujung Watu) situated in the Muria peninsula in order

to select a preferred candidate site (ranked number one).

24



Studies conducted for the site selection include topical assessment of:

- Topography

- Oceanography, off-shore geophysics and coastal flooding
- Geology, geophysics and geotechnical studies
- Hydrogeology/hydrology

- Seismology

- Volcanology

- Man-induced events

- Demography

- Meteorology

- Land and water use

- Endangered species and historical monuments
- Ecology

Comparison and ranking of the three candidate sites were then carried out by
considering 20 site characteristics related to the safety, environmental and non-safety aspect
of each site, based on results of those topical assessments at the end of 1993. As a result,
Ujung Lemahabang has the highest rate in the evaluation and is ranked as the preferred
(ranked first) candidate site, while Ujung Genggrengan as second and Ujung Watu as third.

The Objective Of Step-3

The objective of Step-3 is to conduct in-depth investigations and analysis for
evaluation of the preferred candidate site (Ujung Lemahabang) in order to confirm the
acceptability of the site from the nuclear safety and environmental impact points of view and
to obtain the design basis parameters for the nuclear power plant. In accordance with the
terms of the agreement, the consultant is presently carrying out Step-3 activities, which are,
expectedly, to be completed by May 1996. The assessment of Step-3 covers the following
items :

- Topography

- Oceanography, off-shore geophysics and coastal flooding

- Geological, geophysical and geotechnical investigations

- Hydrogeology and hydrology

- Man-induced events

- Demography

- Seismology

- Volcanology

- Meteorology

- Land and marine use

- Dose assessment

- Emergency planning

- Ecology

- Sosio-economic and sosio-cultural impact - -

- Comparison study on the environmental impacts of nuclear, coal fired and hydro
generating plants during construction, operation and decommissioning phase.

- Other considerations
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IV. FURTHER ACTIVITIES RELATED TO THE NUCLEAR POWER PLANT

A Workshop on Energy Planning for the sixth Five-Year Development Plan 1994/95 -
1999/2000) held by the Department of Mines and Energy has concluded that due to the
increasing demand of electrical energy, nuclear energy needs to be assessed and planned more
solidly in achieving an '"Optimal Energy Mix" in the year 2000.

At the end of the year 1993, a "Feasibility Study Report” of the Non-Site aspect of
the First NPP and a "Preliminary Site Data Report" of the Site and Environmental aspect
were completed. These reports describe the preferred site (ranked number one) among the
three candidate sites in the Muria Peninsula Region. The two other candidate sites (ranked
number two and number three) would be considered as candidate sites to assure the
availability of NPP sites in the long run.

Based on the result of the Feasibility Study Report and Preliminary Site Data Report,
a preliminary technical specification for nuclear power plant has been started in 1994 and will
be followed by a more detail technical specification in parallel with the completion of the
Final Feasibility Study Report and Site Data Report. Simultaneously other activities such as
the, supporting research activities, regulatory development activities, and human resources
development will be executed.

The Manpower Development and the Public Acceptance Programmes, as an important
parts of the Nuclear Power Programme will be carried out continuously and more intensively.
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Year

Type of Study

1 2 3 4 5
A. SITE AND ENVIRONMENTAL
STUDY
1. Data acquisition and
identification of two (2) —'ﬁ

alternative sites

2. Selection of a preferred site PSDR

3. Evaluation of the preferred site PSAR
SDR EIAR
FR-SES
B. NON-SITE STUDIES FSR FFSR
PSDR - Preliminary Site Data Report
FSR - Feasibility Study Report
SDR - Site Data Report

PSAR Preliminary Safety Analysis Report (Site Part)
EIAR - Environmental Impact Analysis Report

FR-SES Final Report of Site and Environmental Study
FFSR Final Feasibility Study Report

Figure 1 Time Schedule of the Feasibility Study for a Nuclear Power Plant
in the Muria Peninsula Region



Annex 4

CURRENT AND FORESEEN STATUS OF
DEVELOPMENT OF THE WASP PROGRAM

P.E. Molina
Division of Nuclear Power
International Atomic Energy Agency

ABSTRACT

This paper describes the most recent version of the Wien Automatic System Planning (WASP)
package that is known as WASP-III Plus and summarizes the current programme of the IAEA
for further improvements of the package with the aim of developing an enhanced version titled
WASP-IV. The objectives of these developments in terms of expected improvements, the
cooperative effort established with some Member States to cover the development work, and
the timetable foreseen for completion of this new version of WASP are discussed in detail.

INTRODUCTION

The Wien Automatic System Planning (WASP) package was originally developed by the
Tennessee Valley Authority (TVA) and Oak Ridge National Laboratory (ORNL) of the United
States of America in order to meet the needs of the IAEA’s Market Survey for Nuclear Power
in Developing Countries that was conducted by the Agency in 1972-1973'+2, and later revised
in 1974°.

Based on the experience gained in the application of WASP to the conduct of the above study
and in carrying out individual country studies in cooperation with interested Member States,
new versions of the program were produced at different stages. For example, in 1976 a version
known as WASP-III was developed in cooperation with the United Nations Economic
Commission for Latin America (ECLA) in order to meet the needs of this organization to carry
out a study for the interconnection of the Central American Countries. Owing to the large
hydroelectric potential of these countries, WASP-III emphasized an improved treatment of
hydroelectric power plants.

The WASP-III version has been widely distributed by the IAEA among Member States and
international organizations. Up to the end of 1994, the IAEA has released copies of the
mainframe or microcomputer versions of the program to 72 Member States and 7 international
organizations.

Taking advantage of further enhancements introduced to the WASP-TII system by several
Member States as well as trying to respond to some requests by the users, the IAEA has
developed a new version of the WASP package, called WASP-III Plus because of its heavy
reliance on the WASP-III model.

Like its predecessors, the WASP-III Plus version is intended for distribution among interested
Member States and international organizations. The following paragraphs describe in detail the
improvements that have been incorporated in the WASP-III Plus system.



Similarly, work is underway for preparation of a completely new version of WASP, known as
WASP-IV. Development work is being carried out in close cooperation with two Member
States, Greece and Hungary. The salient features of this new version of the program, status
of development work, and expected deadline for completion are also described in the following
paragraphs.

PRINCIPAL ENHANCEMENTS INCORPORATED IN THE WASP-III PLUS SYSTEM

In comparison with the previous version, WASP-III, the new system incorporates several
enhancements that either aim to facilitate the work to be performed by the user in terms of
preparation of the input data required by the program, to analyze different situations of system
operation, or to help the preparation of reports of the WASP study in a graphical form. These
enhancements are listed below without any attempt to give any order of importance but rather
following the sequential order of the WASP modules involved:

d Increase of the number of thermal fuel types

. Automatic loading order of combined FIXSYS+VARSYS plants
. Verification of new configurations to be simulated by MERSIM
. Physical constraints on fuel availability

. Extended output of the resimulation of system operation

. Generation of a file for graphical representation of results

. Reporting capital cash flow requirements of committed plants

. Improved calculations of escalated capital costs

. Control by the user of capital cost expenditures against time

Each of these improvements is described in the following paragraphs, with some illustrations
of these capabilities based on the test sample (CASE93) that was especially developed for
documentation in the Users’ Manual of the computer program®.

Increase of the number of thermal fuel types (from 5 to 10)

This improvement has been introduced as a means to provide more flexibility for the user,
particularly when confronted with a large variety of fuel types. Earlier versions of WASP
allowed the definition of only five fuel types, which somewhat constrained the analysis, as
plants using similar (but not identical) fuel types had to be grouped into a single fuel type in
order to meet these limits.

Figure 1 illustrates this improvement by showing Page 4 of the REPROBAT output for
CASE93 used to illustrate the WASP-III Plus Users Manual. This figure already hints at the
next important enhancement that has been included in WASP-III Plus, namely the consideration
of limitations in the fuel (amount) available for generation of electricity by certain thermal
(fuel) types. This is illustrated for fuel type 5 (LIGN) with an energy limit (fuel amount) of
13000 kcal/day in a given simulation period, as printed in the bottom of the page.



PAGE 4

THIS IS A LIST OF THE DIFFERENT TYPES OF ELECTRIC POWER PLANTS
USED IN THE STUDY.
THE NUMERIC CODES ARE USED BY THE COMPUTER PROGRAMS

NUCL NUCLEAR PLANTS
CO-1 COAL PLANTS DOM-FUEL
CO-2 COAL PLANTS IMP-FUEL
FOIL OIL PLANTS IMP-FUEL
GTGO GAS TURBINES GAS-OIL
LIGN LIGNITE PLANT (LIM.)
IMPO IMPORTS (FUEL SUBS.)
www* NOT APPLICABLE
**%%* NOT APPLICABLE
**%+ NOT APPLICABLE
HYD1 HYDRO PLANTS GROUP 1
HYD2 HYDRO PLANTS GROUP 2

VOO BWNNRHO

ENERGY LIMIT SUBST.
MILLION PL#
KCAL/DAY
5 LIGN 13000.00 8

Figure 1  Page 4 of REPROBAT Output for CASE93

Consideration in the simulation of system operation of physical constraints imposed to some
fuel types (i.e., fuel availability for electricity generation)

This improvement, together with the increase of the number of fuel types mentioned above, was
developed by Mr. A. Parker of the University of Adelaide, Australia. It basically tries to find
a "fix" to the operational problem confronted in the solution of the expansion of the power
system, specifically when constraints are applicable to the amount of fuel that can be made
available for electricity generation by the power plants using the "constrained” fuel type.

CASE93: CASE STUDY FOR THE WASP-III PLUS USERS' MANUAL 7
0 NUCL NUCLEAR PLANTS

CO-1 COAL PLANTS DOM-FUEL

CO-2 COAL PLANTS IMP-FUEL

FOIL OIL PLANTS IMP-FUEL

GTGO GAS TURBINES GAS-OIL

LIGN LIGNITE PLANT (LIM.) 1 8 13.0 ~--e=romocccmee- fuel limitation
IMPO IMPORTS (FUEL SUBS.) ! D bbb bl substitution plant
HYD1 BYDRO PLANTS GROUP 1 B ettt e Rt L Ll bttt key

HYD2 HYDRO PLANTS GROUP 2

AW

1997 4 6 3 HYD1L 0.7 HYD2 0.55 0.75 0.15 0.10

FCO1 6 67. 200. 2490. 2190. 665. 0. 110 6.0 35 200 3.85 0.00
FCO2 3 133. 400. 2470. 2170. 80. 730. 210 9.0 42 400 2.95 0.00
FOIL 4 133. 400. 2450. 2150. 60.1190. 310 7.0 42 400 1.95 0.00
F-GT 8 100. 100. 3480. 3480. 50.1750. 4 0 1.2 14 100 0.75 0.00
FLIG 1 120. 294. 2560. 2250. 635. 0. 510 8.0 42 400 3.05 0.00
IMPT 1 1. 1. 2560. 2560. 0.3000. 60 3.0 0 1001 3.10 1.55

Figure 2 Input Data (Partial) of FIXSYS for CASE93



This feature also allows for the definition of an alternative fuel type that can make up for any
energy generation above the limits specified for the constrained fuel type (or types). All
definitions are made in the FIXSYS module, but the user is allowed to change the limit along
the study period. This is illustrated in Figure 2 which shows the beginning of the input data
used in FIXSYS for CASE93, indicating that fuel type 5 is limited to 13000 kcal/day and that,
if substitution is necessary, the FIXSYS thermal plant number 8 (of fuel type 6) would make
up for the difference. Figure 3 is the MERSIM input data for the same case study and shows
how the limit is changed for certain years.

CASE 93: CASE STUDY FOR THE WASP-III PLUS USERS MANUAL 1
2

-1.0 0 2 5
11 7 3 1011 1007 9 4 1003 1009 10 1004 5
1010 1005 12 6 8

N
NHUAOUVN®

10.
(END OF 1997)

300.0 1 0 2 5

11 7 3 9 4 10 5 12 6 8

1 (END OF 1998)

2

1.0-0.02 1 1 2 S

6

5 13.  cccemmemcememmceeeo-- new fuel limitation
1 (END OF 1939)

5 26. —mmemmmmecec—c—eemm-- new fuel limitation
é (END OF 2000)

5 39, —ce-ccccmmeccemeccenn- new fuel limitation
1l (END OF 2001)

Figure 3 Input Data (Partial) of MERSIM for CASE93

As can be seen in Figure 3, the fuel limitations for thermal fuel type 5 are "changed" for some
years of study in order to reflect different conditions of fuel availability (in fact, the new limit
for the first year of study does not correspond to a change, but is introduced to illustrate this
feature). If in any simulation period, the plants associated to fuel type 5 hit the limit for fuel
availability, their generation is reduced and the difference is allocated to the substitution thermal
plant. This is illustrated in Figure 4 which corresponds to the detailed output of MERSIM for
the fixed expansion of CASE93. It is seen in this figure that the MERSIM output will report
the amount of reduction made on the generation of the plants associated with fuel limitations.
At the same time, the amount of extra generation requested from the substitution plant is also
reported in the output. These two values are included in the system operational summary of
the detailed output as shown in Figure 4 where the generation of the thermal plants associated
with fuel type 5 have been reduced by 0.26 (or limited to *0.74) and the capacity of the
substitution plant of fuel type 6 increased to (65.4 MW).
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PERIOD 1 OF YEAR 1997 OONFIGURATION SIMULATED o 0 0o 0 o0 O

HYDROCONDITION 1 PROBABILITY 75.0 %
HYDROPLANTS OPERATIONAL SUMMARY

HYDRO NO. LORD. BASE PEAR TOTAL BASE PEAK TOTAL PEAKR ENERGY  ENERGY O&M CAPAC.
PLANT OF POS. CAPAC. CAPAC. CAPAC. ENERGY ENERGY ENERGY MINENG. SPILLED SHORTAGE (LOCAL) FPACTOR
NAME PROJ. PL U (M) [t 4] (L] (GWH) (GWH) (GWH) (GwH) {GwH) (GwH) (K$) (%)
1HDL 3 5 4 241.8 137.0 378.8 529.6 84.4 614.0 0.3 0.0 0.0 1050.0 56.1 .
2 HYD2 2 5 4 210.0 1240.0 1450.0 460.0 1340.0 1800.0 44.7 0.0 0.0 2640.0 51.4
TOTALS 5 451.9 1376.9 1828.8 989.6 1424.4 2414.0 44.9 0.0 0.0 3690.0 52.5

THERMAL PLANTS OPERATIONAL SUMMARY

THERMAL NO. UNIT CAPAC. PLANT BASE PEAK TOTAL FUEL FUEL FUEL oM MAINT CAPAC.
PLANT OF BASE TOTAL CAPAC. ENERGY ENERGY ENERGY DOMESTIC FOREIGN TOTAL  (DMSTC) PROB. FPFOR FACTOR
NAME UNTS (M) ) () (GWH) (GWH) (GWR) (K$) (K$) (K$) (K$) (%) (%) (%)
3FCOL 6 67.0 200.0 1200.0 689.6 1369.0 2058.6 31356.2 0.0 31356.2 13860.0 16.7 6.0 78.3
4 FOO2 3 133.0 400.0 1200.0 692.4 1282.1 1974.4 3593.8 32793.3 36387.0 10620.0 12.9 9.0 75.1
S PFOIL 4 133.0 400.0 1600.0 173.5 8l1.9 255.4 360.7 7153.6 7514.2 9360.0 12.9 7.0 7.3
6 P-GT 8 100.0 100.0 800.0 7.3 0.0 7.3 12.7 444.1 456.7 1800.0 2.9 1.2 0.4
7PLIG 1 120.0 294.0 294.0 156.7 227.2 384.0 5794.4 0.0 5794.4 2690.1 12.9 8.0 59.6
8 IMPT 1 1.0 65.4 65.4 0.1 0.0 0.1 0.0 6.9 6.9 608.5 0.0 3.0 0.1
9 VCOA 0 200.0 600.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0 0.0
10 VFOL O 200.0 600.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0
11 VNUC 0 600.0 900.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 0.0
12 v-GT 0 200.0 200.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0
TOTALS 23 5094.0 1719.6 2960.2 4679.8 41117.8 40397.8 81515.4 38938.6 41.9
SYSTEM OPERATIONAL SUMMARY
THERMAL CAPACITY (M) 5094.0 THERMAL GENERATION (GWH) 4679.8
PLANT TYPE O 0.0 PLANT TYPE O 0.0
PLANT TYPE 1 1200.0 PLANT TYPE 1 2058.6
PLANT TYPE 2 1200.0 PLANT TYPE 2 1974.4
PLANT TYPE 3 1600.0 PLANT TYPE 3 255.4
PLANT TYPE 4 800.0 PLANT TYPE 4 7.3
PLANT TYPE 5 294.0 PLANT TYPE 5 384.0 - LIMITED *0.74
PLANT TYPE 6 ( 65.4) PLANT TYPE 6 0.1
PLANT TYPE 7 0.0 PLANT TYPE 7 0.0
PLANT TYPE 8 0.0 PLANT TYPE 8 0.0
PLANT TYPE 9 0.0 PLANT TYPE 9 0.0
HYDRO CAPAC. AVAILABLE (MW) 1828.8 HYDRO GENERATION (GWH) 2414.0
HYDRO TYPE HYDL 378.8 HYDRO TYPE HYD1l 614.0
HYDRO TYPE HYD2 1450.0 HYDRO TYPE HYD2 1800.0
TOTAL CAPACTTY (M) 6922.8 TOTAL GENERATION (GWH) 7093.8
PEAXK LOAD (M) 5400.0 ENERGY DEMAND {GwH) 7095.6
MINIMIM LOAD (M) 2160.0 UNSERVED ENERGY (GwWH) 0.0
MAINTENANCE SPACE (M) 1522.8 ENERGY BALANCE (GWH) -1.8
RESERVE CAPACITY () 900.8 LOSS-OP-LOAD PROBABILITY (%) 0.0521

Figure 4 Detailed MERSIM Output CASE93 (Period 1, Hydrocondition 1 in 1997)

Combined Loading Order from FIXSYS and VARSYS plants directly calculated by the
program

The WASP-III version of the program already included information about the Basic Loading
Order (L.O.) of the FIXSYS and VARSYS plants, so it seemed a logical enhancement to have
the program calculate this L.O. for the combined list of FIXSYS and VARSYS plants. This
feature included in WASP-III Plus greatly facilitates the preparation of input data for the
MERSIM module of the program.

Calculations are done at the level of CONGEN which prints the results as part of the standard
output of this module as shown in Figure 5. The report lists all individual thermal plants of
FIXSYS and VARSYS separately and their respective full load generating cost. The last rows
of the page lists the combined Basic L.O. calculated on the basis of minimum generation costs
for all FIXSYS+VARSYS plants. In MERSIM, the user will have the opportunity to use the
calculated Basic L.O., or eventually to specify a different one, if so required.



ECONCOMIC LOADING ORDER DEFINED IN ASCENDING ORDER OF TOTAL FULL LOAD UNIT GENERATION COSTS :
TOTAL FULL LOAD UNIT GENERATION COSTS :

FIXED SYSTEM :
7 3 4 5 6 8
15.09 15.23 18.38 28.12 62.64 78.35
VARIABLE SYSTEM :
11 9 10 12
6.14 18.31 28.00 62.46
COMBINED SYSTEM :
11 7 3 9 4 10 S 12 6 8
6.14 15.09 15.23 18.31 18.38 28.00 28.12 62.46 62.64 78.35

Figure 5 CONGEN Output (Partial) for CASE93 - Basic Loading Order

Verification of which configurations generated by CONGEN have already been simulated in
previous iterations with MERSIM

This enhancement was developed by the IAEA in order to facilitate the control of the conduct
of the WASP study. The CONGEN module of WASP-III allows the determination of how
many configurations accepted in the current run will need to be simulated by the subsequent
MERSIM run, and thus to estimate the total execution time of MERSIM. This feature allows
a greater control by the user as to how and when to execute the next MERSIM run. Figure 6
illustrates this enhancement, based on the output of CONGEN for the first variable expansion
run for CASE93

LIST OF # OF CONFIGURATIONS PER YEAR

YEAR #cC #CNEW  #NEWCUM
1997 2 1 1
1998 2 2 3
1999 10 10 13
2000 28 28 41
2001 75 75 116
2002 100 100 216
2003 96 96 312
2004 68 67 379
2005 146 146 525
2006 142 142 667
2007 74 74 741
2008 83 82 823
2009 60 60 883
2010 39 38 922
2011 33 33 955
2012 35 35 990
2013 39 39 1029
2014 47 47 1076
2015 51 51 1127
2016 36 36 1163
TOTAL 1166

Figure 6 CONGEN Output (Partial) for CASE93 - List of Configurations






