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FOREWORD

The cost of nuclear and conventional electricity is one of the most
important parameters for power system planning, and in particular for
decisions on base load power projects. In view of the need for
well-authenticated cost information for planning purposes, the Agency
established an Advisory Group on the Economics of Nuclear and Conventional
Electricity in 1988/89.

The cost data presented in the report are costs to the utility, for
plant construction and operation, to the best knowledge of the Advisory
Group and as used by individual countries as inputs to national energy and
electric system expansion planning.

The IAEA is planning to develop a comprehensive approach to include
also external health and environmental impacts as well as risk assessment
in the comparison of energy technologies. Some ideas to this end are
presented in Annex 5, but no systematic analysis toward a comprehensive
comparative assessment was made in this study.

The IAEA is grateful to all who provided information and assisted in
the drafting and review of the report, in particular to the Advisory
Group. It is hoped that the report will meet the interest of policy
makers, managers, engineers and economists in Member States, particularly
in developing countries, and that it will provide a useful basis for
specific studies to prepare decisions on base load power projects.

The report is published in context with other technical reports on
nuclear power and energy planning compiled by the IAEA's Division of
Nuclear Power. Other documents already published include:

Manpower Development for Nuclear Power: A Guidebook, Technical
Reports Series No. 200 (1980).
Technical Evaluation of Bids for Nuclear Power Plants: A Guidebook,
Technical Reports Series No. 204 (1981).
Guidebook on the Introduction of Nuclear Power, Technical Reports
Series No. 217 (1982).
Interaction of Grid Characteristics with Design and Performance of
Nuclear Power Plants: A Guidebook, Technical Reports Series No. 224
(1983).
Expansion Planning for Electrical Generating Systems: A Guidebook,
Technical Reports Series No. 241 (1984).



Energy and Nuclear Power Planning in Developing Countries, Tecnical
Reports Series No. 245 (1985).

Engineering and Science Education for Nuclear Power: A Guidebook,
Technical Reports series No. 266 (1986).

Economic Evaluation of Bids for Nuclear Power Plants, 1986 Edition:
A Guidebook, Technical Reports Series No. 269 (1986).

Introducing Nuclear Power Plants into Electrical Power Systems of
Limited Capacity: Problems and Remedial Measures, Technical Reports
Series No. 271 (1987).

Promotion and Financing of Nuclear Power Programmes in Developing
Countries, STI/PUB/777 (1987).

Energy and Electricity Demand Forecasting for Nuclear Power Planning
in Developing Countries: A Reference Book, IAEA-TECDOC-470 (1988).

Status of Advanced Technology and Design for Water Cooled Reactors:
Light Water Reactors, IAEA-TECDOC-479 (1988)

Operating Experience with Nuclear Power Stations in Member States in
1988, STI/PUB/851 (1989)

Good Practices for Improved Nuclear Power Plant Performance,
IAEA-TECDOC-498 (1989)

Methodology and Technology of Decommissioning Nuclear Facilities,
Technical Reports Series No. 267, Vienna (1986)

EDITORIAL NOTE
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The views expressed do not necessarily reflect those of the governments of the Member States
or organizations under whose auspices the manuscripts were produced.
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EXECUTIVE SUMMARY

This study reviews the projected levelized electricity generation
costs of the base load power generation options expected to be available
in the medium term, using an agreed common economic methodology. Cost
projections were obtained and evaluated for nuclear and fossil fuelled
(mainly coal-fired) plants that could be commissioned in the mid- to late
1990s in 10 IAEA Member States. The study was performed in co-operation
with the Huclear Energy Agency (NBA) and the International Energy Agency
(IEA) of the OECD. These Agencies reviewed projected electricity
generation costs in OECD countries and published a separate report [1].
Some of their findings are presented here for comparison and some of the
information in [1] was updated.

The presented electricity production costs include all economic costs
to the utility, specific to the plants under consideration, in constant
value monetary units. These include all capital costs, fuel, operating
and maintenance costs, waste management costs and station specific
insurance costs. Real interest during construction was implicitly
included by discounting all costs to the start of operation date. Taxes
on income and profits, transmission costs and other cost impacts in the
framework of a utility system, and external costs such as those caused by
environmental harm, were excluded (Figure 1). Specific efforts were
devoted to project meaningful comparisons of nuclear and coal-based
electricity costs in each country. However, the reader is advised that
cost comparisons across countries are difficult because of substantial
variations in economic and accounting systems, and because of different
provisions for radioactive waste management, plant decommissioning and
environmental protection.

The investment costs of nuclear and coal-fired power stations in OECD
countries and nine other IAEA Member States are presented in Figures 2 to
5. Large differences in investment cost projections are observed. They
arise from differences in unit costs (e.g., costs of construction labour
and materials), design, regulatory approach, siting, and official currency
exchange rates which often do not adequately reflect the differences in
purchasing power between countries. There are also different levels of
cost uncertainties stemming from different levels of relevant nuclear
experience.



Two sets of calculations were performed, one with country-specific
assumptions on discount rate, plant life, operating regime and
decommissioning; and one with a common reference set of assumptions.

The reference calculations assume a real discount rate of 5% per
annum, a 30-year life for both coal-fired and nuclear generating plants, a
72% lifetime levelized load factor and a common assumption on
decommissioning costs for those countries which did not provide their own
estimates. The common assumptions should permit easier comparison with
other studies of this kind [Refs. 1,2].

The reference discount rate corresponds closely to the costs
utilities expect to experience in obtaining external investment funds,
expressed in real terms (See Annex 1 for further discussion). The load
factor and plant life assumptions are supported by base load operational
experience in industrialized countries and are considered appropriate in
these countries for both types of plants being commissioned from the
mid-1990s to the year 2000. However, most of the developing countries
which have experienced lower average load factors would have to take
appropriate measures to raise the performance of their base load plants;
most of them assume load factors of 70% or less for their national
calculations.

Using the reference assumptions, nuclear plants are projected to have
a significant economic advantage over coal-fired plants for lifetime base
load power production in Czechoslovakia and in those regions of India
which are distant from pithead (Figure 6). Nuclear electricity is
projected to be between 5% and 25% cheaper than coal-based electricity in
most of the other countries and regions, except in the coal regions of
South Brazil and China where coal is the cheaper option.

For comparison, projections for OECD countries [1] are presented in
Figure 7. It can be seen that nuclear electricity is projected to be
significantly cheaper than coal-based electricity in Japan, most European
OECD countries and regions of North America distant from coal fields.
Exceptions in OECD Europe are the Netherlands and Spain where electricity
from imported coal is projected to be slightly cheaper than nuclear
electricity.
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The levelized generation costs and the relationship between them for
nuclear and coal-fired plants depend greatly on the input parameters
employed. They are most sensitive to the discount rate, future fossil
fuel prices, and plant capital costs.

Careful consideration was given to the more important parameters, in
particular to the discount rate. Although the reference discount rate of
5% per annum corresponds closely to the costs of external financing, it is
significantly lower than the average rate of return, or opportunity cost
of capital. Calculations were therefore performed with an alternative
discount rate of 10% per annum. The results are presented in Figure 6.
Nuclear power is projected to have a clear cost advantage only in
Czechoslovakia and India (distant from pithead).

Calculations were also performed with a levelized load factor of 63%,
to approximately reflect the operating experience in some of the
countries, and with a plant life of 25 years for both nuclear and
coal-fired plants. These assumptions improve the competitiveness of coal,
albeit to a lesser extent than the alternative discount rate.

Where participating countries use their own assumptions of discount
rate, lifetime, and load factor, only Czechoslovakia and India (distant
from pithead) show nuclear electricity to have a significant cost
advantage. The other countries project nuclear electricity to range from
about 20% cheaper to 20% more expensive than coal-based electricity,
except in their low cost coal regions, where coal-based electricity is the
cheaper option (Figure 8).

Summing up, most of the participating countries project nuclear to be
cheaper than coal-based electricity under the reference assumptions of
this study. The cost ranges of nuclear and coal-based electricity
overlap, however, over the range of sensitivity cases.

There are several limitations to the cost comparisons in this
report. First, some of the cost figures used are somewhat outdated and
may be no longer valid, given the rapid changes in the general economic
conditions and prices in many countries. On the other hand, owing to the
general slump in nuclear orders in the world, several vendors may be eager
to offer favourable prices to prospective clients in order to gain new
momentum and to keep their own manufacturing capabilities alive. Second,



the construction times assumed are reasonable if normal circumstances
prevail. However, experience has shown that events, technical as well as
institutional, can cause delays in the completion and commercial operation
of the plants. A favourable public acceptance and societal concensus is
crucial in this respect.

The nuclear and coal-based generating options considered in this
report bear different kinds of technical risk. Coal plants are associated
with certain health and environment risks from pollutant emissions and a
risk for plant accidents such as coal fires, boiler explosions, etc.,
whose consequences are fairly limited in size and contained in terms of
territory affected. On the other hand, nuclear plants carry a very low
probability of accidents which may have very large and geographically
extended consequences. It must be recognized that a decision maker would
have difficulties in comparing these two different kinds of risk. Apart
from the risk to human health and the environment, there is also the very
important question of financial risk. The prospective investor must be
assured that the risk of losing a very large investment in a very short
period of time (as was the case with Three Mile Island) is acceptably low,
and that in case of such loss he will be financially protected. This
consideration becomes more
important as there is increasing tendency worldwide for the involvement of
the private sector in building new base loaded power capacity. Such
involvement is seen as beneficial from both the implementation and
operation points of view, since a private investor will have an enormous
incentive to ensure that plant construction is completed without delay and
the operation of the plant follows the highest standard; to minimize any
possibility of even minor incidents at the plant that might lead to plant
derating or loss of production. A set of adequate incentives including
adequate rates for KWhs produced, capacity held available and bonuses for
high plant performance are seen as necessary for the future involvement of
the private sector in Build-Operate-Transfer (BOT) or Build-Operate-Own
and Transfer (BOOT) schemes for both fossil fuel and nuclear power plants.

It is not claimed that the methodology and assumptions used in this
study should be adopted by others for their comparative assessment of
nuclear power and other options for base load electricity generation.
Each government and utility will take into account its own requirements
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and policies, its national resources, infrastructure, manpower, relevant
technical experience, the need for energy security and fuel diversity, and
the impacts of energy supply on the national economy and on the
environment. The aim will often be a balanced mix of generating plants,
reflecting both direct economic costs and these wider issues.
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1. INTRODUCTION

The IAEA surveyed the projected costs of future nuclear and
conventional base load power plants in Brazil, China, Czechoslovakia,
Hungary, India, Indonesia, Republic of Korea, Poland, Turkey and
Yugoslavia. The survey was performed in co-operation with an OECD Working
Group, using the same questionnaire and evaluation approach as for the
OECD countries. The countries supplied questionnaire replies and national
reports [3-12]. The economic analysis performed on this basis reflects
the projected levelized electricity production costs in constant value
money at the plant level. It does not include impacts on the environment,
on the overall economics of the electricity generation and transmission
system, or on the national economy. Cost components are listed in Figure
1 and, in more detail, in Annex 1.

Two sets of cost analysis were performed, one using the same common
assumptions as in [1] and one based on the assumptions used by each
country in calculating projected electricity generation costs. (Table 1).

The plant types considered for this study include PWRs, PHWRs and
coal-fired steam power plants with and without FGD. Besides these proven
power plant types, some countries consider also more advanced technologies
for base load electricity generation, e.g.

- combined cycle plants (gas-fired or in combination with coal
gasification)

- advanced coal firing/coal gasification technologies
- advanced water-cooled reactors.

Some of these technologies are described in References [1] and [13].
They are, however, not included in this study which focuses on the proven
power plant types listed above.

2. EVALUATION APPROACH

A common cost analysis approach was used to calculate the levelized
discounted electricity generation costs of nuclear and coal-fired power
plants [14, 15]. Some details of the methodology are discussed in Annex 1.

13



Total Costs

Capital O & M Cost

Initial
Capital

Decommissioning

Base Costs

Owner's Costs

Supplementary
Costs

Fixed

Proportional

Fuel

Uranium Price

Conversion

Separative Work

Fabrication

Back-end Costs

1) The initial capital costs include all direct and indirect expenditures
for the construction and commissioning of the plant. The supplementary
costs include transportation, insurance, spare parts and contingencies.

2) All cost items include real interest (and real escalation where
applicable).

3) For more detailed breakdown see AKHEX 1.

4) Exclusions:

Cost elements due to general inflation
Electric system costs (e.g. for transmission, power reserve)
Taxes on income and profits of the utility
Impacts on the national economy, including costs and benefits of
industrial and infrastructure development
External health and environmenal impact
Provision for risks not covered by insurances.

FIG. 1. Categories of electricity generation costs.
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TABLE 1. ECONOMIC PARAMETERS USED IN NATIONAL CALCULATIONS

Country

Brazi 1
Chine
Czechoslovakia
India
Hungary
Indonesia
Korea, Rep. of
Poland
Turkey
Yugoslavia

Cost Discount Construction time
Basis Rate (years)

nominal real nuclear coal

Study
Study
Contract
Constr. 12
Bid
Study
Contract
Study
Bid
Study

10
10
5
4.7
12
10
8
5
5
8

8
7
10
8
8
6
6
8
7
6

5
5
6
5
4
5
5
5
4
4

Economic Life
(years)

nuclear coal

25
25
25
25
25
30
25
30
30
30

25
25
30
25
25
25
25
30
30
25

Load
Factor

nuclear coal

70
70
75
72
75
73/80(2>

70
70
68.5
75

70
70
68.5
72
74
73
70
70
68.5
72

<1) For single units. Some disbursement schedules extend over longer
periods since they refer to multiple units and/or contain disbursements
before construction start or after commissioning.

(2) Respect ively for PWR and PHWR

Costs of a clearly defined scope and monetary value are calculated with
common assumptions for the discount rate, plant life, and plant operating

regime. It is well suited to compare plants designed for the same
service, e.g. base load plant of similar size, location, and operating
environment.

A disadvantage of the common approach is that the calculated costs
will differ from those presented by individual countries, and may
therefore be questioned by that country. In order to highlight the cause
of the differences, results obtained with country rules and assumptions
are presented as well. They reflect the individual country's projection
of the relative costs of nuclear and conventional base load electricity
generation.
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The common approach facilitates cost comparison among different
countries. This can in some cases be useful for the understanding, and
perhaps for a qualitative analysis of factors contributing to high or low
investment or operating cost of nuclear or coal-fired power plants. In
general, however, cost comparisons between countries are difficult and
inconclusive because of substantial variations in

- the stage of economic development;
- the economic system (e.g. market-oriented or centrally planned);
- political priorities, e.g. regarding economic growth and

environmental protection;
- the approach to a nuclear power programme;
- cost and price levels of labour, construction materials, and fuels;
- approaches to environmental control, radioactive waste;

management, and nuclear power plant decommissioning.

In view of the above, a consistent comparison of nuclear and conventional
power costs within a country appears more relevant than a comparison among
countries.

The figures used in the report reflect economic costs of plant
construction and operation to the best knowledge of the Advisory Group.
No attempt was made in this study towards a. comprehensive planning
approach, e.g. by evaluating different financing schemes [16], or cost
impacts on a utility system or on the national economy.

Methodology - Main Characteristics of the Calculation

The approach to the calculation of levelized discounted electricity
generation costs is explained in Annex 1. A present-value method is used,
which discounts all investment and operating costs to the start of
operation date, using an appropriate discount factor.

The calculations are performed in constant value monetary units.
Currencies are converted at exchange rates valid at a reference date
(Table 2). No assumption on future inflation rates is therefore required.

Real price variations are included in the form of relative price
changes in constant money (real escalation). Thus, without having to
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forecast inflation and its future trend in the various national economies,
an attempt is made to determine whether the price of individual cost
categories (e.g. labour, coal, nuclear fuel, etc.) will increase more or
less rapidly than the general price index (GDP index). This point is
extremely important in particular for fuel costs, since if relative price
changes are disregarded, different results are obtained.

TABLE 2. CURRENCY EXCHANGE RATES

Country

OECD countries

Rational Currency
Unit (HCU)

HCU per US
Jan.1987

Australia
Belgium
Canada
Denmark
Finland
France
Germany, F.R.
Greece
Italy
Japan
Netherlands
Portugal
Spain
Sweden
Turkey
United Kingdom
United States

Non-OECD countries

Dollar (AUD)
Franc (BEF)
Dollar (CAD)
Krone (DKK)
Mark (FIK)
France (FRF)
Mark (DEM)
Drachma (GRD)
Lira (ITL)
Yen (JPY)
Gulden (NLG)
Escudo (PTE)
Peseta (ESB)
Krona (SEK)
Lira (TRL)
Pound (GBP)
Dollar (USD)

1.50
40.41
1.38
7.34
4.79
6.46
1.94

138.76
1358.13
159.10

2.19
146.12
132.40

6.82
757.79
0.678
1.00

Brazil
China
Czechoslovakia
Hungary
India
Indonesia
Korea
Poland
Yugoslavia

Cruzeiro (Cr)
Yuan (Y)
Crown (Kcs)
Forin (Ft)
Rupee (Rs)
Rupee
Won (W)
Zloty (ZI)
Dinar (D)

u;
4.0(3)
14.o(4)(5)
54 7(4)
15.0 (2)
792.0
315'°(2)

(1) Exchange rates of OECD countries from [1]
(2) Cost data were provided in US$
(3) Average of official and market rate
(4) Illustrative exchange rate for the purpose of this study
(5) 17 Kcs/US$ from January 1990
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The results of the calculations are expressed as "average" discounted
cost" or "levelized cost", i.e. as the ratio of the cumulative discounted
total cost (investment plus O&M plus fuel plus decommissioning costs) of a
power station to the cumulative discounted electricity generated over the
same period.

The results given in this report cannot be directly compared with
cost appraisals made in current money on the basis of accounting rules,
and are not suitable as a reference for tariff analysis. They are,
however, quite appropriate for the economic comparison of plants
performing similar functions, e.g. for base load electricity supply in a
specified time frame.

Common Assumptions

While a uniform method is essential for valid comparisons, the
assumptions for relevant parameters are equally important. For example,
the use of discount rates differing by only 2 or 3 results in major
differences in average discounted costs (all other factors being equal).

The common assumptions for nuclear and conventional power plants are
(alternative assumptions in parenthesis)

- Discount rate 5% (10%)
- Cost reference date: 2 January 1987

Currency exchange rates as of 2 January 1987
- Costs in countries with non-convertible currencies were

converted to US$ by "illustrative" exchange rates
- Plant start-up: 1995 (some countries 1996-1999)
- Economic plant life: 30 years (25 years)

- Operating regime Equivalent full load Load factor
operating hours (h/a) %

1st year
2nd year
3rd and following years

4000
5000
6570 (5700)

Levelized over plant life

46
57
75
72

(65)
(63)
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- Decommissioning: For the countries which did not provide their own
cost estimates, it was assumed that 10% of the initial capital
investment cost will be spent for decommissioning at the end of plant
life.

The common assumptions were used for the calculation of levelized
electricity costs in the reference case. Below, they are discussed and
compared to national assumptions of the participating countries.

Discount Rate

As can be seen from Table 1, three countries use real discount rates
of about 5% while the other five countries use 8 to 12%. Evaluations are
performed with 5% and 10% discount rate.

A real discount rate of 5% is used as a reference value for this
study since it approximately reflects the real cost of external borrowing
in many countries. The calculated levelized electricity cost will thus be
close to the real cost situation of projects with predominantly external
financing.

The alternative 10% real discount rate puts a heavier weight on
initial cost, in particular the capital investment, and a lower weight on
operating costs in later years. It is more appropriate from an investor's
point of view since it reflects the opportunity cost of capital, and
implicitly takes into account some financial risks of power projects. A
10% real discount rate was also often recommended for project appraisals
by the World Bank, in particular in countries with scarce investment
resources. It is therefore important to consider the results of the
calculation with this higher discount rate.

For bid evaluation purposes, the cost of a power project will usually
be evaluated according to the payment schedule of the owner, including all
interest payments and principal repayments to the lending institutions
[15]. Depending on the future development of the local versus foreign
currency and exchange rate, this may lead to a lower or higher present
value of investment costs than a straightforward evaluation based on the
discount rate and the construction schedule. No evaluation of this kind
was performed for this study.

The choice of discount rate is discussed in more detail in Annex 1.
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Currency exchange rates

Currency exchange rates as of 2 January 1987 were used for the
evaluation. However, the countries with centrally planned economies
participating in this study have non-convertible currencies. Although
some of these countries are now in a transitional phase from
centrally-planned to market economies, their official currency exchange
rates do not adequately reflect purchasing power parities (PPP). For this
reason, illustrative exchange rates which are believed to be closer to PPP
were used for China, Czechoslovakia, Hungary and Poland. Some of these
exchange rates were chosen according to the touristic exchange rate,
others were averaged between official and black market exchange rates.
The exchange rates are summarized in Table 2.

Plant life

The technical life of steam-electric power plants is usually assumed
to be 30-40 years since most of its heavy components are designed for this
period, and care is taken to monitor their status and to protect them
against early fatigue. The amortization life is often assumed shorter,
from below 20 to 30 years. One reason for this is to cushion against
decreasing performance and other economic risks of ageing plants.
Investor-owned utilities and financing institutions will tend in this
direction. On the other hand, the extension of plant life beyond its
design limit will also be technically and economically feasible for a
number of plants. Some refurbishment and component replacement will be
required to this end, but the benefits of life extension (often combined
with performance improvement) will be much higher in many cases. However,
major refurbishment and life extension were not considered in this study,
and a plant life of 30 years was considered adequate for the comparative
evaluation of nuclear and fossil-fired base load plants of this study.

Operating regime

The assumed reference operating regime results in lifetime average
load factors of 70.7% (with 10% discount rate) to 72.4% (with 5% discount
rate). While these load factors were attained or exceeded in
Czechoslovakia, Hungary and the Republic of Korea, the performance records
were on average poorer in Brazil and India. It is therefore important to
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consider also the evaluation with a lower load factor (65% in the third
and following years, resulting in 63.5% levelized load factor) and the
evaluation with country assumptions.

The operating performance of power plants is further discussed in
Annex 2.

Decommissioning

Five of the participating countries included nuclear power plants
decommissioning provisions in their cost data whereas the other five did
not. For a common base comparison of nuclear and coal-fired plants, it
was assumed that 10% of the initial capital cost will be spent for
decommissioning at the end of plant life. This assumption was used in the
reference case and variants for those countries which did not provide
their own decommissioning cost estimates. In the calculations with
country assumptions, however, the country data were used as submitted,
i.e. without decommissioning costs for five countries. The impact of the
decommissioning cost on the electricity generation costs is of the order
of 1-2% of the total cost per kWh.

3. SUMMARY OF QUESTIONNAIRE RESPONSES

Economic parameters used in national calculations are summarized in
Table 1. Concerning the discount rate, it is important to note that four
countries use a real discount rate of about 5% while the other four
countries use higher rates of 8% to 10%. Arguments and concepts for the
choice of discount rate are discussed in Annex 1. In some countries the
scarcity of investment funds appears to be an important reason for the
choice of a high discount rate.

The majority of the countries assumes an economic plant life of 25
years and a load factor of 70% for both nuclear and coal-fired plants.
This means that some countries expect to improve the availability of
future plants as compared to experienced availability. Some other
countries, notably Czechoslovakia, Hungary and the Republic of Korea, have
achieved or superseded load factors of 75%.
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to TABLE 3. DATA FROM QUESTIONNAIRE RESPONSES (NUCLEAR POWER PLANTS)
January 1987 USD

Country

Brazil

China

Czechot-
lovakia<2'

Hungary*2'

India

I ndones i •

Korea, Rep.
of

Poland*2'

Turkey

Yugoslavia

Type of
plant

PUR

PUR
PWR

PWR

PUR

PHUR
PHUR

PUR
PHWR

PUR

PUR

PUR
PHUR

PUR

Number of Method Total invest-
units of ment cost'''
x HUe cooling USD/kWe
(net)

1

1
2

2

2

2
2

2
2

2

2

1
1

1

x 1245 sea

x 288 river
x 900 sea

x 916 cooling tower

K 950 river

x 212 river
x (SO

x 1000 tea
x 750 sea

x 940 sea

x 940 cooling tower

x 1066 see
x 636 sea

x 1000 cooling tower

2035

1704
1668

1321

2238

1466
1613

1902
1887

1706

1494

2197
2704

2469<*'

01M cost Fuel orice. USD/kg
Fixed Propor- Uranium Conver- Enrich-

USD/kU,s tional sion ment
mi lls/kUh

35

34
31

36

22

55
50

29
31

33

74

23
31

62

.4 0.32

,0
.0

.3 0.26

.8

.5 0

.2 0

.4 0.8

.6 0.4

.5

.2

6
.0

.4

78 6 130

(5)
62.5 4 88.3

53.6 78.6

(5)

266.7 incl. 0
266.7 incl. 0

78 5 125
78 0 0

73 5 110

(5)

65 5 110
62 0 0

(5)

U Basis
Fabri- Total of
cation Back cost

end estimate

190 580 study

constr.
180 »tudy

150 »tudy

bid

Incl. Incl. constr.
Incl. Incl. bid

240 700 t tudy
50 study

220 590<3' constr.

study

185 465 bid
64 100 bid

study

(1) Construction cost plus interest during construction, calculated wi t h country-specific real interest rates
(2) Non-convertible currencies converted at illustrative exchange rates of 14 Kcs/USD, 54.7 Ft/USD and 315 Zl/USD
(3) Calculated from backend fee of 2.06 mills/kUh
(4> Including i n i t i a l fuel loading
(5) Lump sum fuel price



TABLE 4. DATA FROM QUESTIONNAIRE RESPONSES (COAL FIRED PLANTS)

January 1987 USD

Country

Brazil Candiota
Other

China

Czechoslovakia^4)
HungaryOX4)
India Pithead

Other
Indonesia

Korea, Rep.
of

Poland
Turkey
Yugoslavia

Number of
units
x MW(e)
(net)

1 x 315
1 x 315
1 x 300<2)
3 x 600(2)
1 x 460<2)

4 x 270<2)
2 x 189
2 x 455
1 x 400
1 x 538(2)

2 x 455(2)

6 X 333(2)
2 x 165
1 x 315

Method Construction
of cost

cooling
USD/kWe

river

river
sea
cooling tower
river

river
river
sea
sea
sea

cooling tower
river
cooling tower

1219
1117
613
573
1076
1099

1000
933
713
982
974

635
1000
1125

Total
investment

cost (1)
USD/kWe

1526
1398

766
679
1204
1362

1135
1059

841
1159

1174

717

1137
1341

0 & M cost Coal price
Fixed Proportional
USD/kW,a mills/kWh USD/GJ

1987 1995

11.2
11.2
21.4
17.2
44.6
27.8

22.5
21.0

8.3
9.0
39.5

77.8

17.9
40,2

1.57 0.79
1.57 1.37

1.28
1.36

6.2 0.9
1.24

1.05
2.09

1.9 1.59
2.0 1.59

1.72

1.52

2.30
2.41

0.79
1.37
1.56
1.65
0.9
1.24

1,4
2.8

1.73
1.73

1.72

2.43
2.30
2.44

to

(1) Construction cost plus interest during construction, calculated with country-specific real interest rate
(2) with FGD
(3) Lignite-fired plant
(4) Non-convertible currency



TABLE 5. RANGES OF ESTIMATED COSTS(D

IAEA survey

(2)

Construction cost
(US$/kW(e))

(3)Investment cost
(US$/kW(e))

O&M cost
(mills/kW(e).h)

Levelized fuel cost
(millsXkW(e).h)

Levelized el. cost '
(mills/kW(e).h)

NPPs
coal plants

NPPs
coal plants

NPPs
coal plants

NPPs
coal plants

NPPs
coal plants

1140 -
570 -

1320 -
680 -

3.5 -
2.8 -

4.0 -
10.4 -

26
33

(1) Rounded questionnaire responses
(2) PHWR excluding heavy water inventory (India)
(3) (Overnight) construction cost plus interest

2270
1200

2700
1500

12.1
13.6

13.2
50

48
63

during

OECD countries
Ref. [l]

1090
640

1260
700

2.4
1.6

4
14.4

19.6
21.5

- 1925
- 1490

- 2300
- 1635

- 11.5
- 13.3

-13.3
- 38

- 43.3
- 56.7

construction,

(4)
calculated with country-specific real interest rate
Reference case (5% discount rate, 30 years plant life)

The questionnaire responses on investment and operating costs are
presented in Table 3 and Figure 2 for nuclear plants and in Table 4 and
Figure 3 for coal plants. The projected investment costs of nuclear and
coal-fired plants in OECD countries are presented in Figures 4 and 5 for
comparison. The ranges of estimated costs are summarized in Table 5. It
can be seen that the ranges in OECD and non-OECD countries are of the same
order of magnitude, and that some of these ranges are wide. Relevant
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Brazil
China

CSFR

Hungary
India
India

Indonesia
Korea, Rep.of

Poland
Turkey

Yugoslavia

MW(e)
1*1245

2*900

2*916

2*950

2*450

2*212

2*1000

2*940

2*940

1*1066

1*1000

£

Notes
Interest/Discount rate 5%
India. PHWRs
all other countries PWRs

500 1,000 1,500 2,000
Cost in Jan. 1987 US$/KW(e)

Construction cost x\\ Real interest during construction

2,500

FIG. 2. Projected investment costs of nuclear power plants in some IAEA Member States.

Brazil-Candiota
Brazil-other

*China-East
*CSFR

Hungary
India-other

India-pithead
Indonesia

*Korea, Rep.of
*Poland
Turkey

Yugoslavia

Notes
InteresVDiscount rate 5%
* country with FGD
all other countries without FGD

200 400 600 800 1,000 1,200
Cost in Jan, 1987 US$/KW(e)

Construction cost ^\\ Real interest during construction

1,400 1,600

FIG. 3. Projected investment costs of coal-fired power plants in some IAEA Member States.
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MW(e)

Belgium 1*1390
Canada 4* 881
Canada 1 * 450
Finland 1*1000
France 2*1390

Germany F R 1*1256
Italy 2* 945

Japan 4*1100
Netherlands 1*1300

Spam 1* 950
Turkey 1*1066

United Kingdom 1*1175
USA-Midwest 1*1144

y/////////////////,

0

Notes
Interest/Discount rate 5%
Canada PHWR(Candu) reactors
all other countries PWRs

500 1,000 1,500 2,000

Cost in Jan, 1987 US$/KW(e)
Construction cost Real interest during construction

2,500 3,000

FIG 4 Projected investment costs of nuclear power plants m OECD countries.

MW(e)
Australia 4*350
Belgium 2*600

Canada-Central 4*500
Denmark

Finland
France 2*580

Germany F R 1 *698
Greece 1*276

Italy 4*613
Japan 4*600

Netherlands 2*600
Portugal

Spam
Sweden

Turkey 2*165
United Kingdom 2*850

USA-Midwest 2*572

1*600
2*500

2*546
2*500
2*600

0
Notes
Interest/Discount rate 5%
Turkey without FQD
all other countnes with FGD

500 1,000 1,500
Cost in Jan. 1987 US$/KW(e)

Construction cost \\\| Real interest dunng construction

2,000

FIG 5 Projected investment costs of coal-fired power plants m OECD countries.
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reasons for the variation of projected plant investment cost data include
differences in:

- plant design (e.g. due to environmental protection and other
regulatory requirements, site conditions, requirements by the
utility), type and size of plant

- accounting (.e.g. India includes the heavy water inventory cost in
the O&M cost of PHWR whereas other countries include it in the
construction cost)

- construction schedule
- number of units on a single site
- factor costs (including impact of currency exchange rates, low labour

costs in developing countries)
- contractual arrangement
- available infrastructure
- provision for decommissioning

Relevant infrastructure requirements include:

- industrial infrastructure
- site infrastructure
- electrical grid (stability)

The available industrial infrastructure and the contractual
arrangements will determine the extent of national participation in power
plant construction, and will thus have an important bearing on the
construction cost.

The extent and conditions of foreign and local financing are
important for the calculation of interest during construction (IDC).
However, for the purpose of this report all expenditures were converted
into one currency, and the IDC calculated from the construction schedule
(supplier's payment schedule), assuming a real interest rate equal to the
real discount rate.

The O&M costs vary from 3.5 to 12.1 mills/kW.h for nuclear power
plants and from 2.8 to 13.6 mills/kW.h for coal plants. Nuclear O&M costs
are within the range given by the OECD countries. This is also true for
the O&M costs of coal plants, but the range is wide. It can to some
extent be explained by substantial variations of labour costs and

27



environmental protection requirements among the countries. The nuclear
O&M costs provided by India contain heavy water upkeep and lease costs.
Four countries provided data for O&M costs of coal plants without FGD
systems, three countries for plants with FGD systems, and one country for
both plant types.

The number of employees per site is generally higher than in OECD
countries, particularly in China and India (reported only for China).
Reasons for this vary among the countries. They may include:

- most of the maintenance work is performed in-house
- inclusion of all site services, also for the staff village
- low labour productivity
- manpower development programme at the plant
- social issues (e.g. policy to decrease unemployment)

Because of low labour unit cost in the countries with high staff
complement, the economic impact of a high number of staff is small.

Nuclear fuel costs vary from about 4.0 to 12.6 mills/kW.h. All
nuclear fuel cost data refer to once-through fuel cycles.

Some countries have low cost coal, in particular China (Shanxi
Province), India (Bihar Province), and Southern Brazil (Candiota mine).
Most of this coal is non-tradeable on the world market because of its low
quality; coal prices are generally below world market prices [13, 14].
The coal costs experienced in the surveyed countries vary from 0.8 to 2.4
US$/GJ in 1987, and projected levelized coal costs from 0.8 to 4.56
US$/GJ, or 10.4 to 52 mills/kW.h.

Selection of options for the evaluation

Most of the countries presented two options for the type or site of
the nuclear and coal-fired plants. Both of these were evaluated with
national assumptions.

For the calculations based on common assumptions, the approach was as
follows:

For India, two coal plant options with different coal costs were
evaluated. A 450 MW(e) PHWR was compared to a 455 MW(e) coal plant in the

28



coal region of Bihar, and a 212 MW(e) PHWR was compared to a 190 MW(e)
coal plant at a distance of 800 km from the coal fields.

For Brazil, two coal plants with different coal costs were
evaluated. One coal plant was located near the low cost coal in the
Candiota region of southern Brazil. The other plant had costs more
typical of the rest of the country. However, no nuclear plant is expected
to be built near Candiota, so only one nuclear plant typical of the
remainder of the country was evaluated.

For all the other countries, only one coal-fired and one nuclear
plant were evaluated. For Indonesia, a coal plant with FGD was selected
(since future plants may have to be equipped with FGD) and compared to a
PWR. This selection, and the selections for other countries, are for the
purposes of this study and should not be taken to imply a preference or a
predetermination of the type of plant which will actually be constructed.

For all countries, except in the Candiota region of Brazil, coal and
nuclear plants are compared on the basis that they would be at about the
same distance from load centre.

4. NUCLEAR EXPERIENCE AND BASIS OF COST ESTIMATES

Previous experience is an essential prerequisite for relevant cost
estimates in any technical field. The countries participating in this
study have a reasonable level of experience with coal-based electricity
generation. The nuclear experience and the basis of cost estimate in the
individual countries vary to a greater extent; they are summarized below
to give the reader an idea of the levels of experience and of cost
uncertainties.

- India and, to a significant degree, Czechoslovakia, and the Republic
of Korea have successfully developed domestic nuclear industries.
They gave acquired substantial experience with the construction and
operation of nuclear facilities. India and the Republic of Korea
have also operating experience with the type and size of units
considered in the present study.
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- Brazil, China, Hungary, Poland and Yugoslavia are also committed to
nuclear power programmes. Brazil, Hungary and Yugoslavia are already
operating their first nuclear power plants, Angra l, Paks 1-4 and
Krsko (all PWRs). Nuclear power plants are under construction in
Brazil, Poland and China. However, these countries have so far not
acquired operating experience with the type and size of units which
are scheduled for operation in the 1990s.

- Indonesia and Turkey have some activities in nuclear science and
technology, but no experience with the construction and operation of
nuclear power plants. Turkey carried out extensive preparatory work
and negotiations for its first nuclear power project.

The basis of cost estimates is as follows:

- The cost estimates of India (for PHWRs), Czechoslovakia, Hungary and
the Republic of Korea (for PWRs) are based on bids and contracts for
plants which would commence operation in the 1990s. Based on their
experience, these countries assign a high degree of nuclear power
plants. The nuclear fuel cycle costs of Czechoslovakia were
estimated for the "once-through" fuel cycle with annual reloads and
with spent fuel storage prior to its eventual disposal in geological
repositories in Czechoslovakia. The nuclear investment cost includes
the cost of the spent fuel storage pool, and the O&M cost includes
its operating cost.

- Brazil: the base construction costs of Angra 2 and 3 are currently
estimated at about 2260 US$/kW(e) and 1715 US$/kW(e), respectively
(US$ of December 1987). The total capital investment cost, which
would include escalation beyond 1987 and the high interest charges
during the extended construction period, cannot be reliably
estimated, since construction delays are continuing. The Brazilian
nuclear industry was reorganized in 1988, transferring the
responsibility for the construction of nuclear power plants from
Nuclebras (which ceased to exist) to Furnas, a subsidiary of the
electric utility Electrobras. Considering the experience gained so
far, the construction costs of future nuclear plants were estimated
at about 1400 US$/kW(e), and of future coal plants at 1100 to 1200
US$/kW(e) (US$ of January 1987). These estimated costs, which were
used for the study, are not directly comparable to the costs of Angra
2 and 3.
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China: two nuclear power plants are under construction, the
domestically designed prototype Qinshan 300 MW(e) PWR and the
imported Daya Bay 2 x 900 MW(e) PWR plant. The construction costs of
the Qinshan PWR were estimated at about 4700 Y/kW(e) or 1200
US$/kW(e) (1987) in shadow prices, i.e. with local and imported
materials and equipment priced at its cost to the national economy.
The construction costs of the Daya Bay plant are estimated at about
1150 US$/kW(e), and its total investment costs at over 2000
US$kW(e). The costs of Qinshan and Daya Bay are not directly
comparable because of fundamental differences in design, level of
national participation, and costing approach. In comparison with
coal-fired plants in the same areas, the construction costs are
rather high. An important reason for this is that the nuclear power
programme in China is in an early stage. It is expected that
domestic participation in plant design, programme management,
equipment manufacturing and nuclear fuel supply will gradually
increase and thus reduce the costs of nuclear power. A similar
development is expected for large coal plants. The construction
costs of future plants were estimated at about 1090 US$kW(e) for
nuclear and about 570 US$/kW(e) for coal plants. These cost
estimates for future plants were used for the study.

Poland: the cost data for the nuclear plant are based on a
preliminary study of a nuclear power plant with two reactors
WER-1000. The construction costs consist of about 50% domestic
participation with relatively low labour costs. The nuclear fuel
cost was calculated from the lump sum price of fuel elements in
roubles and recalculated by using the official exchange rate, and
was adopted as a reserve against higher prices in the future, e.g.
for spent fuel and radioactive waste management. The operation and
maintenance costs include all expenditures for waste treatment and
waste disposal.

Turkey: the nuclear plant cost estimates of Turkey were projected
from bids received in 1984/85. The validity of the bids ceased in
1985, but the corresponding clauses for price escalation were used
for updating. The coal plant cost estimates refer to extension units
at a site with already existing infrastructure.
Yugoslavia: the cost estimates were updated from bids received for
Yugoslavia's second nuclear power plant project Prevlaka. The
validity of the bids was extended several times but ceased in 1987.
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It is apparent from the above that the cost data contain different
levels of cost uncertainty which stem from different bases of the cost
estimates (order, bid or study) and different levels of previous relevant
experience, in particular with nuclear power plants.

5. ELECTRICITY COSTS

The data presented in this chapter were obtained by means of a
questionnaire circulated to the countries, as well as through several
meetings and correspondence with the Advisory. Calculations were
performed with a reference set of economic parameters as well as with
alternative assumptions (Tables 1,2). The reference assumptions are the
same as for OECD countries in [1].

5.1 Reference case

For the reference case coal-based electricity is projected to
cost from about 10% less to 80% more than nuclear power (Table 6, Figure
6). Nuclear power would appear to be competitive with coal-based power in
all countries except in the coal regions of southern Brazil, northwestern
China (not included in the evaluation) and eastern India (Bihar and some
other coal regions). For comparison, coal-based electricity is projected
to cost from about 20% less to 80% more than nuclear electricity in OECD
countries (Figure 7).

A number of points are worth noting. The achieved lifetime average
load factors of both conventional and nuclear power plants were below 70%
in many developing countries for a number of reasons. Notable exceptions
are Czechoslovakia, Hungary and the Republic of Korea where nuclear power
plants achieved lifetime average load factors of around 75%. Coal plants
also achieved a high energy availability, but somewhat lower load factors
because of load dispatching in favour of nuclear power plants.

1) Reference case; 30 years plant life, 5% discount rate 75% equilibrium
load factor, common assumption on decommissioning for
those countries which did not present their own de-
commissioning cost estimates.
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TABLE 6 SUMMARY OF LEVELIZED ELECTRICITY GENERATION COSTS (REFERENCE CASE)

Discount rate 5% 30 years l i f e January 1987 m i l l s / k W h

Country

Brazi 1 Candiota
Other

China East

CSFR

Hungary

India Other
Pithead

Indonesia

Korea, Rep. of

Poland

Turkey

Yugoslavia

Nuclear
Invest-
ment

17.4
17.4

14.2

13.5

19.5

16.3
17.8

17.0

15.6

15.2

22.5

22.5

O&M

5.9
5.9

4.9

6.0

3.6

7.9
8.7

5.4

5.3

12.1

3.7

9.8

Fuel

8.1
8.1

4.9

5.6

4.0

13.2
13.2

7.4

7.3

12.1

6.0

4.8

Total

31.4
31.4

23.9

25.1

27.1

37.5
39.8

29.9

28.2

39.3

32.2

37.1

Coal
Invest-
ment

13.7
12.5

6.2

12.0

13.1

10.6
11.4

10.7

11.0

7.2

11.4

13.8

O&M

3.3
3.3

2.7

13.2

4.4

3.3
3.5

3.4

5.8

12.7

2.8

6.3

Fuel

10.9
20.5

20.8

10.4

14.3

52.0
26.0

21.7

17.0

29.3

19.4

28.9

Total

27.9
36.4

29.7

35.6

31.8

65.9
40.9

35.8

33.8

49.2

33.6

49.0

Ratio
Coal/
Nuclear

0.89
1.16

1.24

1.42

1.17

1.76
1.03

1.20

1.20

1.25

1.04

1.32

Note: Cost figures for CSFR, Hungary and Poland were converted
at illustrative exchange rates of 14 Kcs/US$, 54.7 Ft/US$ and 315 Zl/US$.

The Hungarian coal plant is I ignite-fired.

A discount rate of 5% corresponds closely to the cost of obtaining
external investment funds in the majority of cases. It does not, however,

reflect the opportunity cost of capital or contain any provisions for
scarcity of investment capital and financial risks. The sensitivity
analysis with 10% discount rate should therefore also be carefully
considered.

The results for OECD countries with 5% and 10% discount rate are

presented in Figure 7 for comparison [1]. It can be seen that the ratio

of coal to nuclear electricity cost is projected to range from about 0.8
to 1.8 for the reference case, and from 0.75 to 1.4 for a discount rate of
10%. It is interesting to note that the same ranges are projected for the

IAEA Member States participating in this study.
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Brazil - Candiota
Brazil - other
China - East

CSFR

Hungary
India - pithead

India - other
Indonesia

Korea, Rep. of
Poland
Turkey

Yugoslavia

/ /

0.5 1 1.5
Ratio of coal to nuclear electricity cost

Discount rate
10%

Discount rate
5%

FIG. 6. Relative competitiveness of coal-based and nuclear electricity in some IAEA Member States with 5% and
10% discount rate.

Belgium
Canada-Central

Canada- E-N/W-C *
Finland
France

Germany,F.R.-High**
Germany,F.R.-Low**

Italy -High**
Italy -Low**

Japan
Netherlands

Spain
United Kingdom

United States-Mid.W.

' Western coal compared to Eastern nuclear
'* Coal prices in high and low estimates

0.5 1 1.5
Ratio of coal to nuclear electricity cost

Discount rate
10%

Discount rate
5%

FIG. 7. Relative competitiveness of coal-based and nuclear electricity in OECD countries with 5% and
10% discount rate.



5.2 Sensitivity analysis

In order to analyse the impact of a few relevant parameters, one
parameter is varied at a time while all other parameters are kept as they
are assumed in the Reference Case. Important variants appear to be Case 1
(10% discount rate) and Case 4 (country assumptions). The results of the
sensitivity analysis are summarized in Table 7 for Case 1 and in Table 8
for Cases 2 to 4.

Case 1; Discount rate 10%

A high discount rate gives front end cost a heavier weight and later
costs and revenues a lower weight than a low discount rate. This case is
important since it implicitly reflects the scarcity of investment capital
in most of the countries. At a discount rate of 10%, coal-based
electricity is projected to vary from about 20% less to 40% more expensive
than nuclear electricity (Table 7, Figure 6).

TABLE 7 SUMMARY OF LEVELIZED ELECTRICITY GENERATION COSTS (REFERENCE CASE)

Discount rate 10% 30 years life January 1987 mills/kwh

Country

Brazil Candiota
Other

China East

CSFR

Hungary

India Other
Pithead

Indonesia

Korea, Rep. of

Poland

Turkey

Yugoslavia

Nuclear
Invest-
ment

33.3
33.3

27.3

25.1

38.1

31.4
34.6

31.3

29.7

29.3

42.7

43.2

O&M

6.0
6.0

5.0

6.1

3.7

8.1
8.9

5.5

5.4

12.1

4.2

10.0

Fuel

8.6
8.6

5.1

5.6

4.0

12.2
12.2

7.9

8.0

12.1

7.4

4.8

Total

48.0
48.0

37.5

36.8

45.8

51.7
55.7

44.8

43.2

53.5

54.3

58.0

Coal
Invest-
ment

24.9
22.8

11.1

21.9

25.3

19.5
20.9

18.9

20.0

13.2

21.0

22.8

O&M

3.4
3.4

2.8

13.4

4.5

3.4
3.6

3.4

6.7

13.0

3.0

6.5

Fuel

10.9
20.5

19.7

10.4

14.3

46.6
23.3

21.1

17.0

29.3

19.4

28.9

Total

39.1
46.7

33.5

45.6

44.1

69.5
47.8

43.4

43.7

55.5

43.4

58.2

Ratio
Coal/
Nuclear

0.81
0.97

0.89

1.24

0.96

1.34
0.86

0.97

1.01

1.04

0.80

1.00

Note: Cost figures for CSFR, Hungary and Poland were converted
at illustrative exchange rates of 14 Kcs/US$, 54.7 Ft/US$ and 315 Zl/USS.

The Hungarian coal plant is ligmte-fired.
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TABLE 8 SUMMARY OF LEVELIZED ELECTRICITY GENERATION COSTS, SENSITIVITY CALCULATIONS

January 1987 mi Us/kUti

'Sensitivity case 2
Discount rate
Plant life
Eq. load factor

Country

Brazil Candiote
Other

China East

CSFR

Hungary

India Other
Pithead

Indonesia

Korea, Rep. of

Poland

Turkey

Yugoslavia

5X
25 years

75. OX

Electricity cost

i
i
i
i

Ratio '

Sensitivity case 3
5X
30 years

65. OX

Electricity cost
Coal/ !

Nuclear

33.1
33.1

25.3

26.4

28 9

38.2
40.6

31.5

29.7

40.8

34.4

39.2

Coal

29.1
37.5

30.3

36.7

33.0

63.6
40.3

36.4

34.8

49.9

34.6

50.2

Nuclear i

0
1

1

1

1

1
0

1

1

1

1

1

.88 '

.13 '
t

.20 '
i

.39 '
i

.14 1
l

.66 1

.99 1
i

.16 i
i

.17 '
i

.22 '
i

.01 't

.28 i

Nuclear

34.7
34.7

26.6

27.8

30.3

39.9
42.6

33.0

31.2

43.2

35.9

41.6

Coal

30.3
38.6

31.0

39.2

34.2

67.9
43.0

37.8

36.1

52.0

35.6

49.8

i
i
i
i

Ratio i
Coal/ i

Nuclear i

0.87 i
1.11 '

i
1.17 i

i
1.41 i

i
1.13 !

i
1.70 i
1.01 i

i
1.14 i

i
1.16 >

i
1.20 !

1
0.99 i

i
1.20 >

Sensitivity case 4 !
National
National
National

assumptions
assumptions
assumptions

Electricity cost

Nuclear

49.1
49.1

38.5

26.5

48.3

37.4
39.9

43.0

38.4

39.9

33.3

46.5

Coal

40.4
47.9

33.8

36.7

43.9

63.6
40.3

42.7

40.7

49.5

34.4

54.4

!
i
I

. . _ - _ _ _ _ _ i
Ratio i
Coal/ i

Nuclear !
i

0.82 !
0.98 i

i
0.88 i

i
1.39 i

i
0.91 i

i
1.70 i
1.01 i

i
0.99 i

i
1.06 i

i
1.24 i

i
1.03 i

i
1.17 i

1

Note: Cost figures for CSFR, Hungary and Poland were converted
at illustrative exchange rates of 14 Kcs/US$, 54.7 Ft/US$ and 315 Zl/USS.

The Hungarian coal plant is hgni te-f i red.

Case 2; Plant life 25 years

Assuming a plant economic life of 25 instead of 30 years leads to
distribution of the initial cost over fewer years, and thus to a higher
contribution of the capital investment costs to the levelized costs. This
is more pronounced for nuclear power plants, worsening their
competitiveness vis à vis coal-based power plants. With a plant life of
25 years, coal-fired power plants would generate electricity from about
10% cheaper to 70% more expensive than nuclear power plants.

Case 3; Equilibrium load factor 65%

Nuclear and coal-fired power plants performed well in the Republic of
Korea, Czechoslovakia and Hungary. In the other countries surveyed, both
nuclear and conventional thermal plants performed below the world
average. In view of the difficulties of achieving high load factors of
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FIG. 8. Relative competitiveness of coal-based and nuclear electricity in some IAEA Member States with national
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base load power plants in these countries, a sensitivity analysis was
performed with an equilibrium load factor of 65%, i.e. a lifetime
levelized load factor of 63%. With such an operating regime, coal-fired
plants would generate electricity from about 10% cheaper to 70% more
expensive than nuclear power plants.

Case 4; Evaluation with country assumptions

In order to reflect the countries' own views, an analysis based on
country-specific data and assumptions was also performed. With these data
and the UNIPEDE evaluation approach, coal-based levelized electricity
costs were estimated to be from about 18% cheaper to 70% more expensive
than nuclear electricity. The results are summarized in Table 8 and
Figure 8. For comparison, coal-based electricity cost is projected to
cost from about 5% less to 40% more than nuclear power in OECD countries
under the respective country assumptions (Figure 9). The energy situation
and nuclear power prospects in individual countries are discussed below.

6. ENERGY SITUATION AND NUCLEAR POWER PROSPECTS
IN INDIVIDUAL COUNTRIES

The countries' situations and plans for nuclear and conventional
electricity can be summarized as follows:

Brazil

About 90% of the electricity is currently generated in hydroelectric
plants. Also about 90% of the fast growing electricity demand can be
covered by the country's vast hydroelectric potential until about 2010.
However, most of the so far not utilized resources are located in the
Amazonas region, far from the major load centers in the south and
south-east. The electricity generation cost of individual hydro power
projects are estimated to range from 15 to 50 mills/kW.h, and
long-distance electricity transmission costs from 13 to 15 mills/kW.h.
Many of the low cost hydro resources are already utilized or will be
exploited soon. The electricity costs of future projects are moving
towards the costs of thermal power plants. Brazil is therefore continuing
to construct and operate a few coal-fired and nuclear plants to develop
and maintain its capabilities in these areas.
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All Brazilian coal reserves are located in the South, with prices
ranging from about 0.8 to 1.4 US$/GJ. The lowest cost coal (Candiota open
mine in southern Brazil) is of low quality and requires a different plant
design (with about 10% higher construction cost) than other Brazilian
coal. It is also more remote from load centres. Coal-based electricity
is estimated to cost about 40 to 50 mills/kW.h in southern Brazil, where
all new coal plants are planned. The lower costs refer to the Candiota
open mine which is close to the border with Uruguay.

The first nuclear power plant Angra 1 (PWR 626 MW(e)) was constructed
from 1971 to 1984. A comprehensive agreement for the development of
nuclear technology was signed with the Federal Republic of Germany in
1975. It included joint ventures for nuclear engineering, component
manufacturing, nuclear fuel cycle facilities, and construction of a series
of nuclear power plants. The programme had to be cut back later because
of slower than expected economic and electricity demand growth, and
financing difficulties. The construction of the nuclear power plants
Angra 2 and 3 is proceeding in slow rhythm.

The investment cost of these plants will be very high, inter alia due
to high interest during construction. Electricity costs of future nuclear
power plants are estimated at about 50 mills/kW.h. Transmission costs are
not included. Nuclear and coal plants would be constructed close to
existing transmission lines. Transmission losses would be larger for
Candiota coal than for nuclear plants since Candiota is more remote from
load centres. However, this would not affect the order of economic merit.

China

Coal is the main energy resource in China. Coal covered about 75% of
the primary energy consumption and 57% of the electricity production in
1987. The hydroelectric potential is estimated at 380 GW(e) of which only
8% is currently used, mainly in southwest China.

China has about 800 billion tons of proven coal reserves (1989).
Most of the coal reserves are located in northwest China while the
industrially developed northeast and southeast coastal areas have high
demand for coal and electricity. 60% of the total coal output is
transported over long distances to the coastal areas by railway and ship,
requiring 40% of China's gross transport capacity. Insufficient transport
capacity is an important reason for energy shortage in China.
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In the past years the energy production could not follow the growth
rate of the national economy in China. For example, from 1981 to 1985
total industrial and agricultural output value increased by 68%, while
primary energy output and electricity generation increased by only 34% and
37% respectively. Since 1970, an electricity shortage has been reported
from several regions. After 1980, the power shortage became more and more
serious.

In order to better balance the demand and supply of energy in the
future, it is planned to raise from now to the year 2000

- the efficiency of coal use (currently only 20% average efficiency)
- the coal production from about 900 million tons (1987) to about 1.4

billion tons
- the electricity production from about 500 to 1200 TWh/a.

At least till the year 2000, most of the power stations built in the
developed areas of China will be coal-fired, while the nuclear power
programme is still at an early stage. An important improvement is
expected from more efficient energy use, since the average efficiency of
coal use is currently only 20%.

In northwest China coal-based electricity production costs are very
low because of low coal prices. However, there are some problems of
expanding the coal-based electricity production in this region because of
limited cooling water resource and long-distance transmission problems.

Prices for allocated coal, i.e. for coal produced according to the
central plan, do not fully cover the production costs of all mines. For
this reason, the coal production and transportation costs were evaluated
from factor costs for this study, taking into account the investment and
operating costs of coal mines, railway, and sea transport. This leads to
coal costs of about 0.8 US$/GJ at mine mouth in northwestern China, and
about 1,4 US$/GJ in eastern China. Chinese coal costs escalated about
3.7% annually above general inflation until 1987, and about 10% above
inflation in 1988. The latter increase was not considered for this
study. As a conservative assumption, Chinese coal costs were projected to
escalate at 2.5% annually until 2010. Comparative cost evaluations were
performed for eastern China but not for northwestern China where coal is
the cheapest energy resource, and no nuclear plant is considered for
construction.
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Under national assumptions for discount rate, plant life, and
operating regime, the levelized electricity costs of future coal plants in
eastern China are projected to be about 10% lower than electricity from
nuclear power plants (at prices of 1987). These estimates do not account
for price increases during the price reform of 1988. Whereas the price of
allocated coal delivered under the current 5 year plan is controlled by
the government, the price of coal produced in excess of the plan may be
negotiated. Negotiated coal prices rose by about 30% nominally (i.e.
about 10% in real terms) in 1988, and continued to rise in 1989. Although
detailed recent cost information was not made available for this study, it
is estimated that the levelized electricity cost of nuclear power plants
to be commissioned after 1995 may be lower than those of new coal power
plants distant from coal fields. China also faces severe difficulties with
coal production and transportation and with environmental pollution. It
is therefore proceeding with a nuclear power programme in parallel to the
extension and improvement of coal mining and transport.

China has already closed its nuclear fuel cycle. It is operating
uranium enrichment, fuel fabrication, and reprocessing facilities.
Nuclear power will play an important role in the long-term energy
development strategy of China, in particular in the northeast and
southeast coastal areas.

Czechoslovakia

Czechoslovakia is implementing a major nuclear programme. Eight
nuclear units of 400 MW(e) are currently operating, and 4 units of 400
MW(e) and 2 units of 900 MW(e) are under construction. The construction
of 2 more 900 MW(e) units was started in 1985 but suspended in 1990
(Temelin 3 and 4).

The nuclear power plants supplied 27% of Czechoslovakia's electricity
in 1988, and are expected to supply 43% in 1995.

The nuclear power projects are implemented mainly by Czechoslovak
companies. They cover about 85% of the whole delivery contract value,
including start-up activities.

Relevant reasons for Czechoslovakia's nuclear programme are
environmental protection, economic efficiency and supply stability. The
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nuclear power plants achieved a 77% load factor in 1988. The economic
advantage of nuclear power over other thermal power sources is at present
obvious. Under national assumptions, coal-based electricity is projected
to cost from about 35% (with Czechoslovakia evaluation method) to 45%
(UNIPEDE method) more than nuclear electricity. Czechoslovakia's record
of maintaining safe operation of nuclear power plants continues to be
good. Efforts to gain public acceptance for nuclear power have resulted
in a relative smooth licensing of the new nuclear power plants in the
country till 1989. More recently, downward revision of the projected
long-term energy demand and of available resources for the financing of
the future nuclear power projects, as well as emerging public opposition,
present major challenges for the next nuclear generation.

As far as the reactor development strategy is concerned, the advanced
PWR reactor systems will be the workhorses of the Czechoslovak nuclear
programme. The PWR type best suited for Czechoslovakia will be selected
on the basis of a competitive international bidding process. It is
expected that the electricity generation costs can be reduced to a level
below the data provided for this study. Czechoslovakia is also deeply
interested in the deployment of advanced medium and small size reactors
for steam and hot water supply. Studies are conducted by national
institutions on the technological and economic feasibility of such
reactors. Further development efforts were devoted to nuclear fuel cycle
and radioactive waste management.

Hungary

In 1988, Hungary generated about 70% (26.3 TWh) of its net
electricity demand in domestic power plants while 30% (11.3 TWh) was
imported, mainly from the USSR. The country aims at reducing its energy
import dependence.

The nuclear power plant Paks supplied 34% of the electricity demand.
It is operated as a base load plant, and does not take part in power
control. The availability of Paks was very high since the start of
operation; it reached 87.5% in 1988.

Hungary has some lignite suitable for surface mining but of poor
quality (6-7 GJ/t). The coal power plants are operated according to the
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available amounts of this lignite which cannot be used for other
purposes. They were operated with an average load factor of 55% and
supplied 21% of the electricity demand in 1988.

Hungary aims are reducing the electricity demand growth from 3.8%
annually (1978-1988) to 2% annually. Concerning the required additional
base load (about 2000 MWe until the year 2000), an extension of the
nuclear power plant Paks by 2 x 1000 MWe or construction of a new
lignite-fired power plant are considered.

An extension of Paks could use the existing site infrastructure.
Spent nuclear fuel has so far been returned to the USSR at no cost to
Hungary; however, this cannot be assumed for the future. On the electric
system level, the costs of the necessary additional power reserve for the
large nuclear plant must be included in the nuclear electricity cost
estimate.

India

The construction cost of nuclear power plants in India is relatively
low in international comparison. The main reason for this is that Indian
labour costs are very low, and India has localized the PHWR technology.
It can thus effectively deploy its low cost labour.

Coal production costs in eastern India (Binar) are only about 230
Rs/t, or 1.1 US$/GJ. They escalated at a rate of about 4% annually above
inflation in the past 5 years, and are projected to escalate further at
3.7% annually. Two coal plant options were evaluated, one mine-mouth
plant in eastern India (Bihar) and one at about 800 km distance from the
mine. Nuclear fuel is projected to escalate at about 3% (real).

Using the reference approach of this study, levelized nuclear
electricity costs are projected to range from about 38 to 40 mills/kW.h.
Coal-based electricity costs are projected to range from about 41
mills/kW.h for a 190 MW(e) mine-mouth plant in Bihar to about 66
mills/kW.h for a 455 MW(e) plant about 800 km distant from the coal
fields. This means that nuclear electricity would cost about the same as
coal-based electricity at pithead, and would be up to 60% cheaper at
800 km distance from coal fields. Using the Indian "return on investment"
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economic evaluation method, nuclear would be cheaper than coal-based
electricity even at pithead.

Indonesia

Indonesia is endowed with various energy resources which are unevenly
distributed among its regions. The proven oil reserves are estimated to9range from 6.6 to 10.5 x 10 barrels. Oil has been the
major foreign exchange earner, and the main source of government
revenues. About one third of the oil is consumed domestically (166 x
10 barrels out of a total production of 500 x 10 barrels annually).
In order to curb domestic oil consumption, Indonesia is encouraging the
use of natural gas, coal, hydro and geothennal energy.

Indonesia also exports LNG. The proven natural gas reserves are
12 3estimated at about 2.3 x 10 m Most of the gas is found in the

Natuna Islands (South China Sea), East Kalimantan, and South Sumatra.

9The identified coal reserves amount to 3.3 x 10 t, most of which
are located in Kalimantan and South Sumatra. The potential coal resources

9are estimated at 23 x 10 t. Coal production rose from 1.65 to 4.5 x
10 annually during the fourth REPELITA, or five year plan, from 1984 to
1988. Coal production is projected to triple to 15 x 10 t annually by
1994. Coal costs are projected to be low if mined on a large scale. A
price of 40 US$t (1987) for coal of 25 GJ.t, escalating at 1% annually,
was assumed for this study. This corresponds approximately to prices
projected for Australian coal [1].

Several energy planning studies with varying assumptions and results
were conducted for Indonesia in the past decade, e.g. [8,9] . Several
Indonesian and German organizations co-operated for the study "Energy
Strategies, Energy R&D Strategies, Technology Assessment for Indonesia"
[9]. Cost projections for PWRs and non-FGD coal plants were derived from
this study. A cost projection for a PHWR was obtained from AECL, and
costs of a coal plant with flue gas desulphurization (FGD) updated from a
study by Bechtel [8].

Using Indonesian assumptions on discount rate, operating regime, and
plant life, nuclear electricity costs are estimated to range from about 38
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to 43 mills/kW.h, and coal-based electricity costs from about 37
mills/kW.h without FGD to 43 mills/kW.h with FGD. This means that NPPs
would generate electricity more expensive than coal-fired plants without
FGD, but could compete with coal plants equipped with these pollution
abatement systems. An existing Indonesian law for the protection of the
environment would in principle require future coal plants to be equipped
with FGD in Java, the main island. However, it is currently not clear if
exceptions will be made for some more years, e.g. for burning of low
sulfur Indonesian coal.

A PWR and a coal plant with FGD were chosen for the common approach
evaluation. This selection is only for the purpose of this study and does
not indicate a preference of the plant types which will actually be
constructed. About equal levelized electricity costs for PWRs and coal
plants with FGD are projected with this approach and a 10% discount rate.
Using a 5% discount rate, nuclear electricity costs are projected about
20% lower than coal-based ones.

The Indonesian Atomic Energy Agency BATAN is taking steps towards the
introduction of nuclear power in Indonesia for base load electricity
generation.

Another important electricity generation alternative for Indonesia
appears to be combined cycle plants fired by indigenous natural gas.

Republic of Korea

Korea has developed a powerful local LWR industry and has also
acquired experience with a PHWR plant. Domestic participation in the
construction of KNU 11/12 is planned to be 76%. The construction cost of
these units is estimated at about 1300 US$/kW(e). Nuclear electricity
generation costs are estimated at about 38 mills/kW.h and coal-based
electricity at about 41 mills/kWh. These estimates appear to contain some
conservatism with regard to nuclear power since the load factor was
assumed lower than the high operating performance experienced at Korea's
nuclear power plants (seven PWRs and one PHWR).

The overall experience with nuclear power has been excellent in Korea
so far. Korea is continuing its nuclear programme and intends to
construct 5 more nuclear units till the turn of the century.
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Poland

Poland is entering into the very difficult transformation of the
centrally planned system to a free market economy. The consequences of
this transformation are very difficult to assess.

Poland has large coal resources and is a major coal exporter. About
80% of the Polish primary energy consumption is covered by coal. However,
mining is becoming more difficult and expensive. Both the quality and
quantity of coal tend to decline. The Polish coal prices do not cover the
costs of some mines. This may lead to a substantial reduction in coal
production. Other problems are low efficiency of energy use and enormous
harm to the environment from burning large amounts of coal without
adequate environmental protection measures. Measures will be taken to
raise the efficiency of energy use and to protect the environment.

Poland has also started a nuclear power programme. The first nuclear
power plant has been under construction since 1982, but has suffered
substantial delay due to shortage of funds and investment goods.

The former decision for nuclear power came under review by a
parliamentary commission in early 1990.

Turkey

Turkey has some important hydroelectric and lignite resources, but
other energy resources are rather limited. The indigenous oil production
covers only 15-20% of the consumption. The rest has to be imported, which
accounts for almost 40% of the total energy consumption. Turkey has also
started to import coal for industrial purposes (steel production) and for
heating.

Lignite resources are rather ample and contribute approximately 40%
to the electricity generation. It is also broadly used for heating.
However, the calorific value is only around 2000 - 3000 kcal/kg. The

gimportant Elbistan resource with about 4x10 tons has a calorific value
of only 1000 - 1500 kcal/kg and a very high ash and water content. The
electricity generation potential of the lignite resources is estimated at
about 60-70 TWh/a.
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Turkey's important hydroelectric resources contribute 40-50% to
electricity generation. The total potential is estimated to be 100-110
TWH, corresponding to 20-25 GW(e) installed capacity. However, 3 major
handicaps prevent its use above a certain limit.

- Great seasonal and yearly variations
- Geographic location
- High seismicity and underground cavities

Natural gas has rapidly gained in importance over the last 5 years.
Beside limited natural gas production in the European part of Turkey,
importation from the USSR accelerated its use. Turkey committed itself to
buy rather high quantities of natural gas from the USSR in order to
increase countertrade. Two big gas-fired combined cycle plants of 1200 -
1300 MW(e) each were built in Trajien (North-west).

Both the new natural gas plants and other hydro and thermal plants
which started operation recently, increased the installed capacity and
energy generation by about 20% annually in the last 3 years. The
installed power reached 14000 MW(e), energy generation 50 TWh. Turkey may
export surplus electricity in the next 2-3 years.

Turkey's electricity generation increased by about 10% annually in
the last 15-20 years but the per capita electricity consumption is still
very low (900 kWh per capita). The electricity generating capacity must
therefore continue to increase. Besides imported natural gas and coal,
nuclear will be an important electricity generation alternative around and
after the year 2000.

In 1983-84 bids were received for turn-key nuclear power plants.
Contract negotiations were completed with KWU and AECL. However, in 1985
the Government decided to favour the so-called Build Operate Transfer
(BOT) approach, even though a complete financing package for 100% of
foreign and 75% of local investment were firmly committed for turn-key
projects. The BOT model implies that a "joint venture utility" (JVU) be
established with equity participation by the concerned utility and other
organizations in the buyer country, as well as by foreign suppliers and
financing institutions. The JVU would be responsible for financing,
building and operating the nuclear power plant until all the debts are
serviced, negotiations to realize the BOT project were unsuccessful, and
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the Chernobyl accident caused the suspension of the negotiations. Also
the current electricity surplus contributed to the indefinite postponement
of the nuclear project.

For the purpose of this study, the bid prices for PWRs and PHWRs were
updated for inflation. However, it should be kept in mind that the
validity of the bids ceased in 1985. With costs based on these bids,
levelized nuclear electricity generation costs are estimated to range from
about 32 to 35 mills.kW.h. Coal-based electricity is estimated to cost
about 35 mills.kW.h.

Yugoslavia

The first nuclear power plant in Yugoslavia, Krsko (PWR, 664 MW) is
in operation since 1983. In the past 7 years of operation, satisfactory
performance has been experienced; safe operation and an average load
factor of 0.75 were achieved.

Electricity demand and supply are about balanced; they grew by about
3.5% annually (average) in the last 5 years.

Several energy planning studies with varying assumptions have been
conducted recently to assess the future electricity generation and demand.
The results of the survey indicate that the development of generating
capacities will not meet the expected growth of electricity demand in the
next decade, if the existing difficulties would not be overcome in the
nearest future.

Many of the low cost hydro resources have already been utilized or
will be exploited soon, therefore the share of hydroelectric plants, being
today 30% of the total electricity generation, is expected to decrease in
the future.

The continuation of the nuclear programme in Yugoslavia has been
planned with a construction of four units, 1000 MW(e) each, by the end of
the century, Prevlaka being the first unit. Collection of Prevlaka Bids
and bid evaluation process were accomplished by the end of 1987.
Simultaneously, an antinuclear movement in Yugoslavia has been intensified
including discussion in the Parliament to enact a law to stop the nuclear
programme.
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The Law of Prohibition of Nuclear Power Plant construction in
Yugoslavia was enacted in the Parliament in mid 1989. According to the
Law, research and study work, geological survey, personnel education and
training and permanent radwaste storage activities are the only permitted
activities.

If the nuclear programme in Yugoslavia will be discontinued, the
future of Yugoslav electricity generation lies in the extensive lignite
reserves suitable for surface mining, with low content of sulphur but of
poor quality - around 8 GJ/t„

In the total primary energy consumption in the last year, the share
of coal was 40% out of which 26% went to electricity generation. Six open
mining coal basins are located in the east of Yugoslavia. In each of
these basins, electricity generating plants, with possibilities of
extension, are in operation.

The recent surveys conducted by major Yugoslav Utilities indicate
that the domestic financing institutions would not be able to fully
support the overall electricity generation development programme. On the
other hand, recent governmental measures within the frame of economic
reform in Yugoslavia are restrictive concerning the classic approach to
provide external financing from the world market. All that resulted in
appropriate measures to direct utilities towards relations with those
foreign partners which might be interested in joint ventures and long-term
co-operation in the development of the electric power system.
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Annex 1

METHODOLOGY OF COST ANALYSIS

1.1 Evaluation method

The method presented in this report is used for calculating and
comparing the cost of electricity generation of nuclear and conventional
thermal stations. It is not intended to be substituted for establishing
budgets and financial requirements by each electricity utility for its own
needs. The present worth values are employed in the cost evaluation and
the levelized discounted electricity generation costs are calculated.

Utilities prefer to use current money terms to estimate costs as
closely as possible to actual values, inter alia, since tariff rates are
based on cash flow requirements. For the purpose of common comparison,
the discounting method in constant money terms is recommended, inter alia,
by a Group of Experts of UNIPEDE. All costs are expressed in constant
money, and costs spread over a period are weighted by a discounting
factor. Relative price fluctuations are taken into account in the form of
relative price changes in constant money with respect to the GDP price
index. Thus the values, expressed in constant value monetary units and
discounted to a reference date, of all the costs can be aggregated.

Assuming r is a constant discount rate over the project period, and
the date of commissioning is taken as the reference date (T ), the total
costs discounted to the date of commissioning are expressed as;

Te

c-I ct (D
t=T (1 * r)C~To

where c is the cash flow of the expected expenditure in year t
T is the date of commissioning
T is the starting date of construction
T is the end of decommissioning date.

The total plant costs include capital investment costs, operation and
maintenance costs, fuel cycle costs and decommissioning cost. The
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detailed components of electricity generation costs are discussed in
Section 2 of this Annex. To calculate the levelized costs per kWh, these
aggregate discounted costs are divided by the aggregate discounted
benefits, i.e. the kWh produced by the power station throughout its
lifetime.

The total discounted energy E is defined as follows:

TL

1 X Et C2>
c=T0 (1 * r)C~ To

T is the end of operation date (end of plant life)L
E is the energy produced in year t.

In the case where all the costs are expressed per net electrical kW,
the energy E is represented by the number of equivalent full load
operating hours H . The number of discounted hours is thus expressed by
the equation:

E-I 1A. ' P Z H (3)
t P . U

c=T. (l + rT lo t=T (1 * r/ Too o

where H is the total discounted operating hours
P is the continuous net station output.

The levelized discounted electricity generation costs C , assumed
to be constant through the lifetime of the power station, are defined as
the ratio of the total discounted costs to the total discounted energy
over the station's lifetime by the formula:

Te
•»

Ct

C
t=T (1 + r)C~ To
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t=To
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The costs C , can be viewed as the rate which must be charged toel
each unit of electric energy (kWh) to recover exactly the present value of
the total plant costs. The average discounted cost per kWh does not
depend on the discounting date. By convention, the date of commissioning
is generally chosen as the reference date.

For meaningful cost comparisons, it is essential to use a common set
of economic parameters, comprising

the reference date for which the monetary units and exchange rates
are defined

- the constant money discount rate (5% and 10% are recommended)
- the power station life
- the assumed operating mode of the power station (and hence the total

discounted electricity generation).

Some sensitivity case studies with variations of these basic
parameters should be carried out.

All the other data specific to the power station in question must be
specified by each electricity producer, according to the definitions and
break-downs detailed in the following section.

Annual cost method

The expenditures C consist of fixed and variable (or proportional)
cost. The fixed costs A , independent from the amount of electricity
produced, comprise:

- capital charge
fixed operating costs

- the fixed part of the nuclear fuel cost (all in year t).

The capital charge will depend on the financing terms. For
comparative studies, it can be calculated from the capital cost and a
capital charge rate which is calculated from discount rate and plant life.

The variable cost b is the cost proportional to the amount of
generated electricity, comprising:

- proportional operating costs
proportional fuel costs.
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TABLE 1-1. STRUCTURE OF THE IAEA NUCLEAR POWER PLANT TOTAL CAPITAL INVESTMENT COSTS
ACCOUNT SYSTEM [15]

Account
No. Account title

Base costs

21 Buildings and structures at the plant site
22 Reactor plant equipment
23 Turbine-generator plant equipment
24 Electrical equipment and instrumentation and control plant

equipment
25 Water intake and heat rejection
26 Miscellaneous plant equipment
27 Special materials

30 Engineering, design and layout services by the supplier(s)
and/or A/E and home office(s)

31 Project management services by the supplier(s) and/or A/E at
plant site

32 Engineering, design and layout services by the supplier(s)
and/or A/E at the plant site

33 Project management services by the supplier(s) and/or A/E at
the plant site

34 Construction site supervision by the supplier(s) and/or A/E
35 Construction labour by the supplier(s) and/or A/E or

construction companies at the plant site
36 Commissioning services by the supplier(s) and/or A/E at the

plant site
37 Trial test run services by the supplier(s) and/or A/E
38 Construction facilities, tools and materials at the plant site
39 Commissioning materials, consumables, tools and equipment at

the plant site
40 Staff training, technology transfer and other services
41 Housing facilities and related infrastructure
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TABLE 1-1. (cent.)

Account
No. Account title

Supplementary costs

50 Transportation and transportation insurance
51 Spare parts
52 Contingencies
53 Insurances

Financial costs (including accounts 21-53)

60 Escalation costs
61 Interest costs
62 Fees

Owner's costs (excluding accounts 21-62)

70 Owner's capital investment and services costs
71 Escalation of owner's costs
72 Financing of owner's costs

1.2 Components of the costs of electricity generation

The costs of electricity generation consist of three components:

- Cost of power station construction or capital cost
- Operation and maintenance costs

Fuel costs.
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The real escalation of the above costs is taken into account, but
costs of transmission and infrastructure, taxes on income and profits of
the utility are not considered. Detailed descriptions of the cost
components are included in [15].

The capital cost includes all direct and indirect costs for the
construction and commissioning of the plant. The capital cost can be
broken down as in Table 1-1. Escalation beyond the general inflation rate
is not considered in this study (accounts 60,71). The real interest
during construction (accounts 61,72) is implicitly taken into account by
discounting.

A provision for decommissioning may either be included in the capital
cost or in the O&M cost. In this study, it is included in the capital
cost as a sum discounted to the date of commissioning. It has only a
small effect on the levelized cost per kWh because of the discounting over
the plant life.

The operation and maintenance (O&M) cost include all labour costs on
site, materials, stores and supplies, repairs and maintenance, insurances,
etc. It is divided into two portions:

a fixed portion, independent of the utilization (load factor) of the
station, expressed in US$ per kW(e) net per annum

- a portion proportional to the energy generated, expressed in mills
per kWh.

These costs will vary from year to year, mainly due to variations of
the scope of maintenance and repair, which may in some years include
refurbishment or replacement of major components. Lifetime average values
are used for the economic evaluation.

A more detailed breakdown of the operation and maintenance costs is
as follows;

staff wages and salaries
consumable operating materials and equipment (including heavy water
makeup in PHWRs)
repair costs (including interim replacements)

56



charges on working capital (including heavy water lease cost, if
applicable)
purchased services
insurances
fees and expenses for inspections and review
miscellaneous costs.

Fuel cost

In the case of conventional thermal power stations, the cost of fuel
(coal, heavy oil, natural gas, lignite, etc.) is

C = FC x HR
CV

3with FC cost per ton or m of fuel at the power station
CV calorific value in MJ/t or MJ/m3
HR heat rate in MJ/kWh(e)

This price is expressed, as are all the other costs, in monetary units at
the reference date and may or may not show a real price variation with
time (relative to general inflation).

The calculation of the cost of nuclear fuel is much more complex than
that for conventional thermal stations. The nuclear fuel cycle costs
involve numerous expenditures made at different points in time before the
fuel is actually loaded into the reactor and energy production begins, as
well as other disbursements made long after the spent fuel has been
unloaded from the reactor for storage, ultimate disposal or reprocessing,
production of new fuel with recovered fissionable materials and disposal
of radioactive wastes.

The fuel cycle costs include:

- Front end cost
. Uranium price
. Conversion
. Separative work (for enriched uranium reactors)
. Fuel fabrication
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- Back-end cost
. Storage and transportation of irradiated fuel
. Reprocessing, if applicable
. Waste handling, storage and disposal.

Some countries include a part or whole of the cost of initial fuel
loading in the capital investment costs; however, most of the countries
include it in the fuel costs. These different approaches, including the
discounting of every cost item to the reference date, were found to be
adequate for the purpose of this study.

In the case of reprocessing (closed fuel cycle), the recovered
plutonium and uranium may add a credit to the nuclear fuel cycle costs.
The lower nuclear fuel cost as compared to fossil fuel cost is the key
factor in determining the competitive position of nuclear power plants.

1.3 The choice of discount rate

This Section, largely based on Reference [1J, sets out some of the
alternative approaches which may be used as a basis for selecting the
value of the discount rate for use in levelized generating cost
calculations.

A discount rate (DE) is used as a weighting factor for costs and
benefits which are incurred at different dates. It is similar to, but
conceptually different from a rate of interest or rate of return. A sum
of money A, invested now at a fractional rate of compound interest r for n
years, will, at the end of that period, have a value of A(l+r) .
Conversely, a sum of money B available in n years' time will have an
equivalent (or present) value today of B/(l+r) if the time value
attached to money (the discount rate) over the n years has a fractional
rate r.

The choice of discount rate can have a major effect on the apparent
economic attractiveness of alternative investment options where the time
flows of costs and benefits differ. Previous studies on generating costs
have made clear the sensitivity of the cost comparisons to the choice of
this parameter. Although raising the discount rate will generally raise
the generating costs, the relative costs of less capital intensive options
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is lowered compared to more capital intensive generating options. For
example, increasing the discount rate from 5% to 10% would lower the costs
of gas turbines relative to coal-fired plants, or that of fossil-fuelled
plants relative to nuclear plants and many renewable energy sources.

There are many approaches to the choice of discount rate and these
depend in part on the purpose for which the investment appraisal is being
conducted. The discount rate is an important tool of economic analysis
used in evaluating the comparative merits of projects from the perspective
of those responsible for their funding. It does not represent the return
on capital that a project will earn if selected, since this depends also
on the prices charged for the product (e.g. electricity, tariffs). These
will be influenced by market conditions, taxes and, in some industries, by
Government regulation or control.

The basic approaches to setting discount rate can be:

(a) Policy related, with screening rates set either to encourage
capital investment or to ration capital in harmony with
specific social, economic or political goals;

(b) derived on an economic or financial basis.

The policy related category (a) can be linked either implicitly or
explicitly to category (b).

A high discount rate would assign much weight to present costs and
benefits, and little weight to future costs and benefits. A high discount
rate may be chosen in line with a policy to overcome a financial crisis,
rationing scarce investment capital and assigning it preferentially to
projects with short gestation periods. This would discriminate against
capital-intensive projects with long gestation periods. If such a policy
is maintained over an extended time period, insufficient infrastructures
and overexploitation of easily available resources may result, at the
expense of future generations.

With a low discount rate, the values assigned to present and future
costs and benefits would differ less than with a high discount rate.
Investments would be encouraged, and also projects with long gestation
periods may become economically feasible. The availability of sufficient
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amounts of resources, in particular of investment capital, is a
precondition to a policy of setting a low discount rate. While this could
lead to a high economic growth, it may also lead to overinvestment and to
acceleration of environmental damage (as a consequence of high economic
growth) if pursued over extended time periods.

The economic or financial category (b) basis can take several forms
depending on the organization concerned and the approach adopted. Thus,
discount rates can be based on:

(i) The real costs of investment funds over the timescale of the
project. This will often be the interest rate on bonds for
an electricity utility, but can also include the dividend on
equity finance.

(ii) The opportunity cost of capital at the time of investment as
determined by the income it could potentially generate in
alternative uses.

(iii) Social time preference reflecting wider benefits and
society's desire to protect the interests of future
generations. This would aim at the sustainability of
resource, including protection of the environment.

(iv) Some mixture of these concepts.

In general the opportunity cost rate (ii) is likely to be higher than
the long-term borrowing rate (i) which in turn is likely to be higher than
the social time preference rate (iii). Both the borrowing rate (or
dividend or composite rate) and the opportunity cost rate are likely to be
higher for investments perceived to have uncertain outcomes. In
analytical terms it can be convenient to distinguish the concept of time
preference from that of risk. The risks of high or low outcomes for
important items (such as the price of coal and other fuel inputs, capital
costs, construction periods, load factor, efficiency and availability, are
described by the use of suitable sensitivity ranges combined with a purely
time-preference discount rate. However, investors are, on balance, risk
averse and seek to avoid losses in more risky projects (or companies) by
seeking higher rates of return.
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It is no part of this study's role to advocate any one approach
rather than another - there are many learned yet inconclusive economic
treatises in which that has been attempted. However, we can present data
which indicate the rates of return that might be considered appropriate on
the different bases.

Long-term real rates of interest (basis (i)) for some countries are
listed in Table 1-2. These have been calculated by subtracting, in each
year, the rate of general price inflation (measured by the growth rate in
the GNP deflator) from the nominal rate of return on government bonds with
terms of ten years or more. They represent the rates at which Governments
or long-lived, stable institutions or companies could borrow on a
long-term basis and imply a largely risk-free, time-value of money after
adjustments for inflation.

TABLE 1-2. LONG TERM REAL INTEREST RATES FOR SELECTED COUNTRIES

Average

Canada
United States
Japan
France
G«nasny
Italy
United Kingdom

1979

0.2
0.6
4.7

(0.6)
3.4

(1.8)
(1.5)

SO

1.9
2.4
5.1
1.6
3.7

(4.6)
(6.1)

81

4.4
4.3
5.2
4.4
6.4
2.1
3.2

82

5.6
6.6
6.4
4.0
4.5
4.7
5.3

83

6.8
7.3
7.0
3.9
4.7
2.8
5.7

84

9.5
8.7
6.1
5.0
5.8
4.7
6.6

85

7.8
7.4
5.0
5.2
4.7
4.2
4.6

86

6.5
5.1
3.4
3.8
2.8
2.5
6.4

87

6.2
5.5
5.5
6.4
3.7
4.8
5.3

79-87

5.4
5.3
5.4
3.7
4.4
2.2
3.3

81-87

6.7
6.4
5.5
4.7
4.7
3.7
5.3

Average of aixjve 0.7 0.5 3.7 5.3 5.4 6,6 5.5 4.3 5.3 4.2 5.3

Kote: Values in parenthesis are negative real rates.

Source: Calculated from long-term nominal rates of interest and growth in
©IP deflators fro» "World Economic Outlook", I.M.F. October 1987.
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TABLE 1-3. REAL RATE OF RETURN TO CAPITAL EMPLOYED IN INDUSTRY, TRANSPORT AND COMMUNICATIONS
(net operating surplus as percent of net capital stock) [1]

Country

Australia
Canada
Denmark [a]
Finland
France
Germany
Japan [b]
Norway
United Kingdom
United States [a]

1974

9.7
11.9
8.5

18.1
18.3
13.4
17.3
6.3
5.3

16.4

1975

10.5
9.7

10.6
10.6
12.0
11.3
14.5
5.0
4.1

17.5

1976

10.9
9.4

10.8
9.2

12.3
13.1
15.4
3.4
5.4

19.6

1977

10.1
9.3

10.0
9.0

11.7
13.1
15.8
2.1.
7.5

21.1

1978

9.9
9.2
9.7

11.5
11.2
13.3
17.4
3.8
7.7

20.0

1979

10.3
10.7
9.2

15.9
12.7
14.0
16.9
7.2
7.4

16.3

1980

9.9
10.4
10.5
15.1
12.0
11.6
17.4
11.0
6.9

12.1

1981

8.6
8.8
9.3

14.5
10.6
10.2
16.3
11.1
7.2

12.8

1982

7.6
6.8

N.A.
14.5
9.7

10.6
15.9
9.9
9.0
9.9

1933

9.4
8.4

N.A.
13.7
9.9

12.4
15.2
11.3
11.0
12.3

1984

10.2
10.2

N.A.
12.9
10.2
12.8
15.9
13.8
12.0
16.3

1985

10.6
N.A.
N.A.

11.6
10.4
13.7
16.3
14.2
13.2
15.9

1986

10.3
N.A.
N.A.

10.4
10.9
14.5
16.1
7.9

11.3
16.2

1987

N.A.
N.A.
N.A.
N.A.

11.1
14.6

N.A.
N.A.

14.3
N.A.

[a] Manufacturing sector only.
[b] For non-financial, corporate and quasi-corporate enterprises.
N.A. = not available.
Sources: Organisation for Economic Co-operation and Development, National Accourus. Volume II (Paris: OECD, 1989); "Trends in Real Rates of Return". Bank of England

Quarterly Bulletin, August 1988.



The current opportunity costs of capital (basis (ii)) can be
reflected by rates of return on capital in other sectors of the economy.
The choice of a suitable measure of opportunity cost for use as a discount
rate needs careful treatment.

Rates of return on capital contained in published company accounts
are not suitable. If prepared at historic cost the profits measured in
present-day values are related to capital valued in the money values of
earlier years. Even if prepared using current-cost accounting principles,
the accounting lives of physical assets are frequently considerably less
than their actual lives and this makes the capital stock values too low
and the rate of return of profit on those capital stock values too high.

A more suitable measure of the real opportunity cost of capital is
that produced as part of the preparation of National Accounts, using
current-cost accounting procedures and capital stock figures based on
assessed asset lives. The National Accounts net real rates of return are
based on operating surplus, gross of taxes and interest, less capital
consumption at current replacement costs, expressed as a percentage of net
capital assets (excluding land) at current replacement costs, employing a
perpetual inventory method. Estimates of these rates of return for the
sector covering industry, transport and communication are provided in
Table 1-3 for a number of OECD countries. The profit term in these
figures includes also the wage element in self-employed income. The
estimates of asset lives are important to the estimate of capital stock
and surveys are carried out periodically to estimate lives by asset type
and by sector. Revisions in estimates of asset lives can produce
significant changes in the estimates of rates of return.

For industry as a whole the total capital stock is made up of
different vintages of projects started at different years in the past.
The calculated value of the rate of return on the capital stock in a given
year provides an estimate of the average value of the ex-post, realised
rate of return on a snapshot of all the projects surviving in the year in
question. The time series given in Table 1-3 provide evidence on how the
snapshot values of realised rates of return have varied since 1974.

Allowing for some error and approximations in asset lives, it is
clear that the industrial rates of return in table 1-3 are significantly
greater than the real, long-term interest rates included in Table 1-1.
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Because of differences in the treatment of depreciation between the
National Accounts calculation of rates of return (straight line
depreciation on a perpetual capital inventory) and that implied in the
internal rate of return and levelized cost calculation (an annuity
method), the annual rates of return listed in Table 1-3 overestimate the
corresponding internal rates of return on the projects concerned by about
1-2 percentage points at a 5 percent internal rate of return and by about
2-3 percentage points at a 10 percent internal rate of return. Despite
this, and the effect of self employed income on National Accounts rates of
return, there is a clear indication that an opportunity cost (b(ii)) basis
for discount rate choice yields figures significantly higher than the long
term, low risk cost of borrowing (b(i)) approach.

The average rates of return provide a general indication of what a
company might earn from a wide portfolio of investments. The return to a
specific company in a specific sector could be higher or lower depending
on its circumstances. There are no data available to show how the values
differ between industries with different competitive and regulatory
environments, capital structures and asset lives, or how marginal rates of
return on new investment differ from the average.

Some also argue that the ex-ante discount rate, i.e. the discount
rate used in selecting investment projects needs to be higher again than
the risk adjusted rate to remove what is termed "investment optimism"
which has often been found to arise even with the most careful selection
of parameter values in investment appraisals.

On the other hand, many electric (and other) utilities experience
forms of monopoly position and price regulation that virtually ensure that
moderate generating cost increases are passed on to the consumer and than
an acceptable rate of return will be earned. The absence of competition,
the low price dependence of demand for the product (electricity), its
importance as a commodity to the nation and the nature of the price
regulation ensure that risks, at least those within a moderate range, are
not borne by the utility but by the electricity consumer, the taxpayer or
some combination of the two. In this situation it is not unnatural for a
utility to use a risk-free discount rate in investment appraisals,
although utilities generally do, in addition, undertake various forms of
analysis of the risk they face.
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Some governments take the view that a position of neutrality should
be adopted toward risk (i.e. that the risk premium should be zero) when
assessing public sector investment appraisals. This is because the range
of projects undertaken by governments is very wide and each is likely to
be small relative to the total of public investment.

Governments, public utilities and private companies adopt different
positions on discount rates depending on their particular circumstances,
the perceived options and risks and the nature and extent of the
regulatory arrangements under which they operate. The discount rates,
expressed in real terms (i.e. once the effects of inflation have been
removed), as reported by the participating countries in the questionnaire
used for this study, are listed in Table 1 in the main report. It will be
seen that 4 out of 10 respondents use a value around 5 percent per annum
and the other six use a higher value of 8 to 12 percent.

The World Bank has for many years recommended and used a real
discount rate of 10%, arguing that this figure would well reflect the
scarcity of investible funds for public sector investments in developing
countries. Other economists have argued that, given the availability of
grant aid, loan at concessionary terms or other favourable borrowings to
developing countries, a discount rate of about 5% would better reflect the
average cost of capital to many of these countries.

In order to provide a meaningful range of project appraisal outcomes,
often two analyses at discount rates of about 5% and 10% are conducted, as
was done in this report.
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Annex 2
TECHNICAL PERFORMANCE OF NUCLEAR POWER PLANTS

"Technical performance" comprises performance during construction and
performance during operation, including:

construction period
energy availability
load factor
number of scrams

- radioactive releases
- safety performance.

A short summary of the first three issues is given below.

Construction period

In Figure 2-1, the world average construction time span is presented
according to the data in the IAEA PRIS, which show that the average
construction time has become gradually longer since the early years of
nuclear power. The average construction time span increased from four
years in 1957-1961 to over eight years in 1987. However, in 1988 the
average construction time has decreased to 7.5 years. Mechanisms to
reduce the construction period are discussed in Reference [17].

Load factor and energy availability

The load factor for a power station of a given period of time is the
ratio of the energy that it produced during the period considered to the
energy that it could have produced at maximum capacity under continuous
operation during the whole of the period.

As load factor assumptions can make a significant difference to the
calculated values of levelised generating costs it was felt desirable to
examine load factor experience.

For plants devoted to base-load operation load factor is a good
performance indicator. It becomes less relevant the more a plant is used
in a load following mode when it becomes more appropriate to measure a
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plant's performance by its availability factor. The energy availability
factor is defined as the ratio of the energy that could have been produced
during the period by a capacity equal to the available capacity and the
energy that could have been produced by the maximum capacity under
continuous operation during the whole of the period. In principle the two
measure coincide for pure base load operation with plant able to operate
at design capacity.

In most countries using nuclear power, the plants are used to
generate base-load electricity, thus load factor is very closely tied to
their availability. In only a few countries is there so much nuclear
capacity that reactors operate in load following mode or have their output
curtailed owing to policy of using other fuels. Load factors and
availability factors of nuclear plants are recorded in the IAEA's PRIS
(Power Reactor Information System)

The information available in the IAEA PRIS shows that the world-wide
average energy availability factor of nuclear power plants has increased
from 61.8% in 1979 to 72.1% in 1988 [18].

Figure 2-2 presents energy availability factors in the past ten
years. Figure 2-2 shows that the average energy availability factor
decreased in 1979 and 1980. This shows the effect of regulatory outages
following the TMI accident. A gradual increase is seen after 1980, and
this trend has not been markedly affected by the Chernobyl accident.

The nuclear power plants in the countries participating in this study
typically operate in the base load regime. Their load factor experience
is summarized in Table 2-1.

It can be seen that nuclear power plants in Czechoslovakia, Hungary
and the Republic of Korea performed, on the average, above the world
average whereas nuclear power plants in Brazil and India performed below
the world average.

(1) PRIS includes technical data, performance data and major system
reliability data of reactors in all IAEA Member States.
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TABLE 2-1 LOAD FACTORS OF NUCLEAR POWER PLANTS IN SOME IAEA MEMBER STATES

COUNTRY

ARGNTINA
BRAZIL
C2CHSLVK
HUNGARY
INDIA
KOREA RP
PAKISTAN
YUGOSLAV

AVERAGE

1979

85 3

60 6

56 6
59 8
2 7

59 6

1980

74 1

70 9

50 0
65 8
6 2

59 7

1981

90 2

67 8

39 1
54 8
17 6

56 6

1982

59 8

77 6

28 5
73 1
6 5

55 6

1983

80 3

81 8
90 9
36 3
65 8
17 7
65 0

63 5

1934

49 5

83 9
74 9
43 0
70 1
24 2
75 8

64 2

1985

64 1
57 8
70 0
84 4
46 9
78 7
21 8
69 5

68 3

1986

64 3
2 4

76. 1
86 7
43 9
78 4

43 5
70 4

67 5

1987

73 0
16 6
74 7
85 6
46 8
82 1
25 1
78 8

72 8

1988

65 4
10 3
75 7
86 6
53 4
73 7
15 6
72 3

70 0

LIFE-
TIME

68 7
21 8
75 1
85. 1
42 0
74 5
25 6
72 0

64 9

NOTE - LOAD FACTOR CALCULATED FROM THE MONTH FOLLOWING THE DATE OF COMMERCIAL OPERATION
SOURCE IAEA PRIS REPORT NBLG020G

Measures towards the achievment of high plant availability include:

Performance goals and objectives must be well defined and effectively
communicated,

Station organizations must be well defined and understood,

- Managers and supervisors must get personally involved with staff
members and plant activities,

- Quality assurance at all plant systems and activities,

Affective working relationships with regulators, vendors, contracts,
other nuclear power plant operators,

- Emphasis on preventive maintenance,

Expeditious corrective maintenance,

Effective outage management,

- Selection and retraining of proficient staff,

Minimization of fuel failure and radiation exposure.

These measures are extensively described and discussed in Reference [19].
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Annex 3

NUCLEAR AND FOSSIL FUEL MARKETS

The fuel cost is the most important cost item of conventional thermal
power plants. Although projections of fuel costs over extende time
periods, 30 or more years, are very uncertain, consideration of the status
and prospects of world supply and demand of fossil fuels is necessary to
get an idea how market forces may develop and may lead to different future
supply/demand/price constellations. This is particularly important for
countries importing fossil fuels. It also provides a benchmark for
self-sufficient or exporting countries to assess the opportunity cost of
domestic fuel consumption.

Coal

Reference is made to information presented at OECD and IAEA meetings
in 1988/89 on economics of nuclear and conventional power generation [20,
21]

Most experts expect a relatively stable market with prices moderately
rising in the medium term (see Tables 3-1 and 3-2).

TABLE 3-1. PRICE PROJECTIONS (GIF) FOR INTERNATIONALLY TRADED COAL
BY THE YEAR 2000 (1987 US $/t)

CIAB projection for Good quality
average steam coal-'-^

low best estimate high
Europe 42 50 70
Pacific rim 37 47 56

coal^)

best estimate
60
57

1) Coal with a net calorific value of 26 GJ/t [1]
2) Coal with a net calorific value of 29 GJ/t and low sulfur.

The premium over CIAB best estimate was estimated by IAEA staff.
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TABLE 3-2. ANTICIPATED REAL COST OF HARD COAL ON THE WORLD MARKET 1985-2000 [13]

Exporting country USA
1985 2000

Australia
1985 2000

South Africa
1985 2000

Production 45
Inland transport 15
Costs fob/t 60
Overseas transport 8

Cost cif* 68

50-54
15

65-69
10-12

75-81

35
10
45
12

57

39-42
10

49-52
15-18

64-70

14
9
23
10

33

18-22
9

27-31
13-15

40-46

Dutch ports

Oil

Crude oil prices rose from about 2US$/b to over 35 US$/b from 1970 to
the early 1980s. They fell below 10US$/b in 1986 and rose to a level of
about 15 to 20US$/b in 1988/89.

OPEC's market share shrunk from over 60% in the 1970s to less than
40% now. In the longer term, non-OPEC oil production may level out or
decline. On the other hand, OPEC has the potential to increase its
production and market share. OPEC will thus continue to exert a strong
influence on oil prices.

Since base load electricity from oil-fired plants would cost more
than from coal-fired or nuclear power plants, and also because of the
volatility of the oil price in the past, none of the surveyed countries
intends to construct oil-fired base load power plants.

Gas

Important new gas fields were identified and developed in the past
decade. An increasing share of energy demand is supplied by natural gas
in many countries.

Modern gas-fired combustion turbines and combined cycle plants (CCPs)
use the fuel very efficiently (about 50% overall conversion efficiency for
CCPs). At low gas prices, they are used or considered for base load
electricity generation in some countries (e.g. Indonesia, Turkey).
However, well-authenticated cost data were not provided for this study.
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Nuclear fuel cycle

Through the 1970s and until 1984, the uranium market has been
characterized by an oversupply. This led to uranium stockpiling both by
producers and consumers, and subsequently to falling prices for both the
spot market and long-term contracts, due to the slowdown in nuclear power
development. This downward trend still continues.

Low cost known resources (recoverable at US$80/kg U or below) are
large and represent approximately 50 times 1989 uranium requirements of
WOCA (world outside centrally planned economies area). However, this
resource may not be totally available on the market as political and
economical limitation affect resource development in a number of countries.

Uranium demand is now larger than the mining production since about
1985. The gap is filled from excess uranium, stocks in WOCA and non-WOGA
countries. Their cumulative quantity is not known but is assumed to be
adequate to cover this gap for more than ten years. This may provide a
continuous pressure on uranium prices and may continue to force high cost
suppliers to decrease of discontinue their production.

It is expected that uranium requirements will grow slowly but rather
steadily through about 2005, and will increasingly supercede the available
supply from existing and committed production facilities in WOCA. The
differences may be made up by experts from CPE countries, draw down of
WOCA stockpiles, and production in new mines, if economically justified.

In view of the uranium inventories disturbing the "primary" market,
uranium prices are soft. It is assumed that the average long-term price
will be about US$65/kg U or US$25/lb U000. while the spot price at the

J O
end of 1989 was about US$25/kg U or US$9/lb U000. The spot price,J 8
however, governs only 15-20% of the entire uranium market volume.

Uranium producers, especially in France, Niger and USA, where high
cost deposits are being mined, are under increasing economic pressure,
which is leading to shut downs of production facilities in WOCA. This
development is expected to accentuate as favorable sales contracts mature
and as new ones will be tied to current spot prices.

In the long run, WOCA's uranium industry will need higher prices to
ensure its survival and profitability required for the investment in new
projects.
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In line with the above mentioned expectations, most of the countries
participating in this study assume uranium prices of 25 to 30US$/lb, or 65
to 78US$/kg U, for long-term contracts.

Current prices for conversion of natural uranium are at 5-8US$/kg U.
This level should be about maintained during the next years. Prices for
conversion of reprocessed uranium are in the range of 20-25US$/kg of REPU.

Enrichment; Uranium enrichment services are currently exported by
four suppliers. The DOE (USA) and Eurodif (France) apply the gaseous
diffusion process while Urenco (Federal Republic of Germany, Netherlands,
United Kingdom) and Techsnabexport (USSR) use gas centrifugation. The
official price of the US DOE was 117US$/SWU in 1989, but in the secondary
market the price dropped below 60 in January 1990. The low secondary
market prices are due to the slowdown in nuclear development and resulting
oversupply.

Around the end of this century the primary market prices could fall
by the introduction of advanced technologies (advanced centrifuges, laser
enrichment).

Fuel fabrication: The prices for fabrication of fresh LWR fuel are
currently around 200 to 300US$/kg U. They are expected to remain fairly
stable in constant value money.

Spent fuel storage (SFS); The spent fuel storage requirements depend
on the spent fuel arisings and on the fuel cycle strategy.

Most of the countries participating in this study have selected the
open fuel cycle, which requires storage of the spent fuel for a long
period. This appears to be the cheapest and most practical option for the
foreseeable future, but implies that a decision will have to be taken at a
later date either to dispose of the spent fuel or to get it reprocessed,
i.e. to close the fuel cycle. At present, most of the spent fuel is
stored at the reactor. Rising spent fuel amounts will require extension
of AR stores and/or construction of AFR facilities.

The projected costs of interim storage depend on many technical and
economic factors, in particular
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- type of fuel,
- capacity of the storage facility,

1) 2)- the type of storage (wet or dry, AR ' or AFR , etc.)j
- the lifetime of the storage facility,
- other economic considerations.

For a facility of 1000 to 3000 MtU of capacity and 40 to 60 years of
lifetime, the costs are projected to range from 150 to 250US$/kg U.

Reprocessing; The prices of reprocessing including vitrification of
the high level wasts are now in the range of 700-800US$/kgHM. Most of the
countries participating in this study provided data for the open fuel
cycle. Only India operates its own reprocessing facilities.
Czechoslovakia and Hungary return their spent fuel to the USSR.

Spent fuel disposal; So far, there is practically no experience with
spent fuel disposal. Extrapolation of recent pilot facility operations
indicates a cost level of about 600 to 700US$/kg U.

Radioactive waste management

Radioactive waste is any material that contains or is contaminated
with radionuclides at concentrations or radioactivity levels greater than
the "exempt quantities" established by the competent authorities and for
which no use is foreseen. The management of radioactive wastes includes
all activities, administrative and operational, that are involved in the
handling, treatment, conditioning, transportation, storage and disposal of
radioactive waste. These activities must be performed in a way which
safely isolates the waste from the biosphere until the radioactivity is
sufficiently decayed. This is usually achieved by a succession of
engineered and natural barriers which must be very durable for long-lived
wastes, in particular for high level waste (HLW). An overview of waste
management activities is contained in [22].

1) at the reactor
2) away from the reactor
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The costs of low and intermediate level waste management are included
in the O&M cost. HLW from reprocessing is usually stored for at least 5
years, then vitrifies (France, United Kingdom) and packed in stainless
steel containers for disposal. The underground disposal cost will depend,
inter alia, on the geological formation (e.g. crystalline rock, salt,
clay, shale) and on the size and depth of the repository; they are
projected to range from 100 to 250US$ per kg of heavy metal which was
contained in the spent fuel.
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DATA BASE
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1
2
3
4 The data base contains questionnaire5 responses and levelized electricity cost calculations with national assumptions.
6 IAEA survey of nuclear and conventional
7 electricity generation cost8
9
10 Table 1 Economic data1112
13
14 Nuclear plants15
16
17 General inflation (1987)18 Interest/discount rate19
20 Real escalation rates
21 construction
22 O&M
23 fuel
24 Economic lifetime of plants25 Full load operating hours. year26
27 equilibrium, starting year
28 Cost reference date
29 Basis of cost estimate
31
32 Table 2
33
34 Questionnaire responses
35 for nuclear power plants
36
37 Plant site or name38
39 Number of units
40 Unit capacity41
42 Cooling mode
43 Net heat rate (annual average)44
45 Payment schedule4647
4849
50
51
52
53
54
55

30-Jul-90
Country
Type/site

nominal
real
%/a
%/a
%/a
years 12

3

UNIPEDE methodology with national assumptions
for discount rate, load factor, plant life

Sensitivity case 4
Brazil Brazil China China CSFR Hung- India India Indon- Indon- Korea Poland Turkey Turkey Yugo-ary esia esia slavia

PWR PWR PWR PWR PWR PWR PHWR PHWR PWR PHWR PWR PWR PWR PHWR PWR
500 235

600% 600% 7% 7% 0% 0% 7% 7% 4% 4% 6% 60% 60%
12.3% 12.3% 14.4% 14.4%

10.0% 10.0% 10.0% 10.0% 5.0% 12.0% 5.0% 5.0% 10.0% 10.0% 8.0% 5.0% 5.0% 5.0% 8.0%
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.8% 2.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
25 25 25 25 25 25 25 25 30 30 25 30 30 30 30

6132 6132 6132 6132 4030 6600 4000 4000 6430 7008 6132 6132 6000 6000 6570
6132 6132 6132 6132 5000 6600 5500 5500 6430 7008 6132 6132 6000 6000 6570
6132 6132 6132 6132 6600 6600 6570 6570 6430 7008 6132 6132 6000 6000 6570

! Jan-87 Jan-87 Dec-85 Jan-87 Jan-87 Jan-88 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87
! Study Study Constr. Study Study Bid Bid Constr. Study Study Order Study Bid Bid Study

!Brazil Brazil China China CSFR Hung- India India Indon- Indon- Korea Poland Turkey Turkey Yugo-! ary esia esia slavia
Type: ! PWR PWR PWR PWR PWR PWR PHWR PHWR PWR PHWR PWR PWR PWR PHUR PWRi

IBrazil Brazil Qin- East Kecer- Paks India Kaiga Java- Java- KNU Warta Akku- Akku- Prevlak

HWe gross
MWe net
HJ/kWh

year 1
2
3
4
5
6
7
8
9
10

SE SE shan China ovce 5/6 South North North 11/12 yu yu
1 1 1 2 2 2 2 2 2 2 2 2 1 1 1

1300 1300 310 930 1000 1000 500 235 1000 1055
! 1245 1245 288 900 916 950 450 212 1000 750 940 940 1066 636 1000
Sea Sea Sea C. tower River Sea Sea Sea C. tower Sea Sea C. tower
10.65 10.65 10.47 10.47 11.78 10.00 10.96 10.96 10.96 10.96 10.47 11.00 10.47 10.47 10.83

0.0% 0.0% 1.0% 2.5% 0.1% 0.0% 0.0% 0.0% 0.0%
2.0% 2.0% 3.0% 0.0% 0.0% 4.0% 7.5% 0.0% 0.0% 3.0% 0.0% 0.0% 0.0% 0.0%
6.0% 6.0% 7.0% 3.8% 0.0% 10.0% 10.0% 0.0% 0.0% 5.6% 10.0% 5.0% 5.0% 0.0%
9.0% 9.0% 3.5% 10.0% 7.0% 12.6% 15.0% 12.5% 2.0% 3.0% 7.2% 11.0% 11.1% 10.0% 13.0%
12.1% 12.1% 7.0% 15.0% 12.1% 12.7% 20.0% 17.5% 2.0% 4.0% 10.2% 14.0% 13.4% 17.2% 17.0%
20.9% 20.9% 19.0% 18.0% 13.8% 16.1% 20.0% 17.5% 20.0% 20.0% 15.1% 16.0% 17.5% 17.5% 24.0%
21.0% 21.0% 25.0% 18.0% 18.1% 16.8% 15.0% 12.5% 28.0% 28.0% 16.4% 17.0% 20.3% 19.1% 21.0%
15.0% 15.0% 25.0% 14.0% 19.8% 15.3% 10.0% 10.0% 26.0% 15.0% 17.7% 18.0% 17.9% 16.2% 13.0%
10.0% 10.0% 14.0% 9.0% 15.2% 14.2% 4.0% 7.5% 14.0% 22.0% 14.0% 8.0% 8.3% 10.0% 7.0%
4.0% 4.0% 6.5% 6.0% 10.2% 12.3% 1.0% 2.5% 8.0% 8.0% 10.5% 6.0% 6.5% 5.0% 6.0%



55
56 Start of construction
57 Start of operation
58
59 10A6 currency units or per kWe
60 Exchange rate to US$
61 Base cost
62 Contingencies
63 Owner's cost
64 Subtotal (Construction cost)65 Construction cost
66 Escalation (real)67 Interest (real)
68 Investment cost69 Investment cost
70 Domestic portion
71 Decommissioning cost72 same, discounted
73 or decommissioning charge
74 Fixed cost of reserve capacity
75 Investment cost (incl. decomm.)76
77 O&M cost in currency units as above78
79 Number of staff at site
80 Fixed O&M cost81 staff
82 i nsurance
83 heavy water lease & makeup
84 other
85 total fixed O&M
86 Proportional O&M cost87 Total O&M (incl. insurance, D20)88
89 Fuel cost90 in currency units as above;91
92 Uranium price93
94 Conversion95 Separative work
96 Fabrication97 Total back end cost98 (incl. waste disposal)
99 Capital sunk in nuclear fuel100 Net specific U consumption101 Nuclear fuel cycle cost, fixed
102 proportional103 total104
105
106 El. gen. cost, first year, calc.
107 Level. el. gen. cost, from quest.1 08 ==== ———— =============================

i
1

Currency !i
.../US$ !;

!
;
;

.../kWe ne!Ii
i

.../kWe !i

.../kWe !.../kWe !

.../kW*a !.../kW*a !
10A-3/kWh !i

!
i
!

.../kWe*a !;
j
!
i

.../kWe*a !
10A-3/kWh !
10A-3/kWh !i

!
Fuel cycle!I
.../lb U30!
.../kg U !
...Agil !
.../SWU !
.../kgU !
...AgHM !
10A-3/kWh !
...AW !
kg U/MWh !.../kW*a !
10A-3/kWh !
10A-3/kWh !i

i
10A-3/kWh !10A-3/kWh !

Aug-85
Aug-92

US$
AWe
1.0

1422i nc 1 .
i nc 1 .
1422
1422
613
2035
2035
49%

36.6

35.4
0.32
6.09

0/T
30
78
6

130
190
580
0.97

8.1

50.8
50.8

us$
/kUe
1.0

1422i nc 1 .
i nc 1 .
1422
1422
613
2035
2035
49%

36.6

35.4
0.32
6.09

0/T
30
78
6

130
190
580
0.97

8.1

50.8
50.8

Yuan
AWe
4.00

4741
4741
2077
6818
6818
70%

122.5

136
22.2

Yuan
0/T

148
24.1

169

Dec-91 Jul-89 Jul-87
Dec-99 Jul-96 Jul-97Yuan

/kWe
4.00
4010
468
120
4598
4598
2074
6672
6672
59%

119.9

1600

0.0

124
20.2

Yuan
0/T

250
16

353
721

19.4

159
180

Jul-87
Jul-97

Kcs Forint Rupees Rupees
/kUe

14 0
159560
i nc 1 .
15956
15956
2535
18491
18491

92%
1849
546.0

213.6

1640

508
3.70
84.0

Kcs
0/T

700
50

1100
2100
5000

78

376

10A9 10A6
.0547 15.0

151 15070
0 750

11
162 15820
85 17578
71 3964
233 19784
122 21983
32% 90%

1156
82.0

1.19
2.55 259.5

0.20
0.0

533.0
1.06 219.7
1.25 752.7

0.00
0.19 118.96

Rupees
0/T 0/T

1538
4000

0.026
0.22
0.22 104

3.0 482
1.9 621

10A6
15.0
7780
390
0

8170
19314
2064
10234
24193

90%
1156
82.0
297.2

591.0
241.4
832.4
0.00

131.56
Rupees
0/T
1538
4000

0.026

104

533
679

Feb-89 Jul-91 Jul-88 Jul-88
Jul-95 Jul-99 Jul-95 Jul-95

US$
AWe
1.0
1484i nc 1 .
incl.
14841484
418
1902
1902
31%
22

31.7

29.4
0.80
5.37

0/T
30
78
5

125
240
700
1.00

7.4

44.5
47.2

US$
AWe
1.0

1212
133
122
1467
1467
420
1887
1887
31%
18

28.8

31.6
0.40
4.91

0/T
30
78
0
0
50

1.00

5.20

39.0
43.3

USÎ
AWe
1.0

1109
85
126

1319
1319
387
1706
1706
76%
64
9.3

26.2

6.0
27.5
33.5
5.47

0/T
28
73
5

110
220
2.06

5
6.9
7.7

39.3
44.5

1000zl
AWe
0.315
392

i nc 1 .
i nc 1 .
392
392
79
471
471
50%
37
8.6

5.1

1200

0.0
0.00
3.80
zl
0/T

3.8

12.7
12.8

US$
AWe
1.0
1800

0
50

1850
1850
347
2197
2197
20%

23.8

400

7.7

23.6
3.93

0/T
24.8
65
5

110
185
465

7.2
4.9
6.1

33.9
34.5

US$ US$
AWe AWe
1.0 1.000

2190 1850
0 i nc 1 .

80 i nc 1 .
2270 1850
2270 1850

0
434 619
2704 2469
2704 2469
16% 50%

94.6
9.4

29.3 33.5

400 500

9.5 0.0

31.0 62.4
0.00

5.17 9.50
us$

0/T 0/T
23.8
62
0
0
64
100

2.1
4.6
4.9 4.8

39.4 47.8
40.2 47.6
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109
110 Table 3111
112 Economic data for coal plants
113 (or other conventional)114
115
116
117 Interest/discount rate
118
119 Real escalation rates
120 construction
121 O&M
122 fuel (until 1995)
123 fuel (during op.)
124 for period
125 thereafter
126 Economic lifetime
127 Full load operating hours, year128129 equilibrium, starting year
130 Cost reference date131 Basis of cost estimate
133 Table 4
134135 Questionnaire responses for coal plants
136
137 Plant denomination138
139 Number of units140 Unit capacity
141
142 Cooling mode
143 Environmental protection
144 Net heat rate (annual average)
145
146 Payment schedule147
148
149
150
151
152
153
154

UNIPEDE methodology with national assumptions
for discount rate, load factor, plant life

Brazil Brazil China China CSFR Hung- India India Indon- Indon- Korea Poland Turkey Turkey Yugo-
ary esia esia slavia

Type/site Cand- Other Qin- East River River Other Pit- Java Java Coast River River Tuzla
iota shan head

nominal 12.3% 12.3% 14.4% 14.4%
real 10.0% 10.0% 10.0% 10.0% 5.0% 12.0% 5.0% 5.0% 10.0% 10.0% 8.0% 5.0% 5.0% 5.0% 8.0%
%/a 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
%/a 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
%/a 0.0% 0.0% 2.5% 2.5% 0.0% 0.0% 3.7% 3.7% 1.0% 1.0% 0.0% 6.0% 0.0% 0.0% 0.0%
%/a 0.0% 0.0% 2.5% 2.5% 0.0% 0.0% 3.7% 3.7% 1.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0%
years 15 15
%/a 1.0% 1.0%
years 25 25 25 25 30 25 25 25 30 30 25 30 30 30 25

1 6132 6132 6132 6132 6000 6480 4000 4000 6430 6430 6132 6132 6000 6000 6307
2 6132 6132 6132 6132 6000 6480 5500 5500 6430 6430 6132 6132 6000 6000 6307
3 6132 6132 6132 6132 6000 6480 6570 6570 6430 6430 6132 6132 6000 6000 6307

! Jan-87 Jan-87 Dec-85 Jan-87 Jan-87 Jan-88 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87 Jan-87
! Study Study Study Bid Study Study Order Study Constr.Constr. Study
Brazil Brazil China China CSFR Hung- India India Indon- Indon- Korea Poland Turkey Turkey Yugo-

ary esia esia slavia
! Coal Coal Coal Coal Coal Lign. Coal Coal Coal Coal Coal Coal Coal Coal Coal
ICand- Other Qin- East CSFR Hung- Other Pit- Java- Java- Korea Poland Turkey Turkey Tuzla
liota shan China ary head North North
1 1 1 1 3 1 4 2 2 1 1 2 6 2 2 1

MWe gross! 350 350 500 300 500 210 360 350
MWe net ! 315 315 300 600 460 270 455 189 400 538 455 333 165 165 315

! Sea C. tower River Sea Sea Sea C. tower River River C. tower
! FGD FGD FGD FGD FGD FGD FGD

HJ/kWh ! 13.80 15.00 10.26 9.52 11.16 11.50 10.68 10.68 10.63 10.80 9.89 11.07 8.43 8.43 11.26I
year 1 ! 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

2 ! 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.0% 0.0%
3 ! 5.0% 5.0% 0.0% 4.0% 10.0% 10.0% 0.0% 0.0% 5.2% 10.5% 0.0%
4 ! 12.0% 12.0% 10.0% 6.1% 6.0% 10.0% 10.0% 4.0% 4.0% 8.9% 16.5% 20.0% 20.0% 9.0%
5 ! 26.0% 26.0% 10.0% 18.0% 27.9% 16.0% 30.0% 30.0% 25.0% 25.0% 27.3% 20.0% 35.0% 35.0% 33.0%
6 ! 26.0% 26.0% 30.0% 26.0% 39.0% 40.0% 30.0% 30.0% 25.0% 25.0% 38.2% 25.0% 30.0% 30.0% 35.0%
7 ! 25.0% 25.0% 40.0% 26.0% 20.5% 32.0% 15.0% 15.0% 26.0% 26.0% 15.8% 15.0% 15.0% 15.0% 20.0%
8 ! 6.0% 6.0% 20.0% 20.0% 2.5% 6.0% 5.0% 5.0% 20.0% 20.0% 4.3% 13.0% 0.0% 0.0% 3.0%I



154 _______________
155 Start of construction156 Start of operation157

iJul-93 Jul-93 Jul-91 Jul-90 Jul-94
"Jut-98 Jul-98 Jul-95 Jut-95 Jut-00

Jut-91 Jul-91 Jut-93 Jut-93 Jut-88 Jut-91 Jut-91 Jut-91 Jut-90
Jut-97 Jut-97 Jut-98 Jul-98 Jul-93 Jul-96 Jul-95 Jul-95 Jul-95

158 Construction cost159
160 Currency161 10A6 currency units or per kWe
162 Exchange rate to US$
163 Base cost
164 Special equipment (e.g. FGD)
165 Owner's cost + spare parts166 Contingencies
167 Subtotal (Construction cost)168 Subtotal (Construction cost)
169 Escalation (real)
170 Interest (real)
171 Total investment cost172
173 Domestic portion of investment cost174
175 O&M cost in currency units as above176
177 Number of staff at site
178 Fixed O&M cost
179 staff
180 insurance
181 other
182 total
183 Proportional O&M cost
184 Total O&M cost
185
186 Fuel cost
187 in currency units as above188
189 Net calorific value190 Fuel price (mine or fob)
191 Cost of transportation etc.
192 Losses
193 Fuel cost at site
194 (incl. losses during transport)195 Fuel cost per kWh (calculated)
196 (from quest.)
197 Prices in US$ for coal delivered to198 in 1987
199 in 1995
200 levelized
201
202 El. gen. cost, first year, calc.
203 Level. el. gen. cost, from quest.204 -=-====-==== ——— =-========-=====—:

.../us$

.../kWe

.../kWe
10A-3/kWh

.../kWe*a

10A-3/kHh
10A-3/kUh

Site

GJ/t
.../t
.../t
.../t
.../GJ
10A-3/kUh
10A-3/kWhstation
USS/GJ
US$/GJ
USS/GJ
10A-3/kWh
10A-3/kWh

iCand-
« iota
" US$
i /kWe
i 1i
i
!
1
1
' 1219i
i 307
i 1526
" 27.4i

i
i
i
i
i
i 7
' 5i 11
i 2
i 3.40i
' Cand-
i iotai
i 13.80
i 11i
i
i 11
i 0.79
i 10.9
i 8.1

i 0.79
i 0.79
i 0.79i
i" 41.7
' 38.8

Other
USS
/kWe

1

1117
281
1398
25.1

7
5

11
2

3.40
Other

25.10
34

34
1.37
20.5
20.3
1.37
1.37
1.37
49.1
48.8

Qin-
shan
Yuan
/kWe
4.0

2450
613
3063
55.0
52.8%

86
13.98

Qin-
shan
20.93

66
36
5%

107
5.13
52.6
52.6
1.28
1.56
1.98
121.6

East
Ch i na
Yuan
/kWe
4.0

2290
427
2717
48.8
52.8%

1700

69
11.20

East
China
20.93

66
42
5°X

114
5.43
51.7
51.7
1.36
1.65
2.04
111.7
150.0

CSFR Hung- iary
Kcs Forint/kUe 10A9
14 0.0547

15070 59
i nc 1 .
i nc 1 . 6i nc 1 . 0
15070 65
15070 60
1784 14
16854 74
182.7 1.5
80.0% 90.0%

330
0.26
0.00
1.25

624 1.52
87
191 0.23

CSFR Hung-
ary
6.50
0.44

0.44
13.0 0.07
145.1 0.78

0.78
0.9 1.24
0.9 1.24
0.9 1.24

518.8 2.5
2.3

Other Pit-head
Rupees Rupees
/kWe /kWe

15 15
0 0
0 0
0 0
0 0
0 0

14000 15000
1886 2021
15886 17021
178.1 190.9

315 338
0 0

49.78 53.34
Other Pit-

head
14.65 14.65
230 230
230 0
460 230

31.40 15.70
335.3 167.7
335.3 167.7
2.09 1.05
2.80 1.40
4.56 2.28
563.3 411.9

Java-
North

US$
/kWe1
713
0
0
0

713
713
128
841
13.9

8
2

3.19
Java-
North
25.10

40

40
1.59
16.9
16.9
1.59
1.73
1.95
34.0
50.8

Java- I
North

US$/kWe
1

982
0
0
0

982
982
177

1159
19.1

9
2

3.40
Java-North
25.10

40

40
1.59
17.2
17.2
1.59
1.73
1.95
39.7
54.8

Korea I
US$
/kWe

1
812
162

974
974
200
1174
17.9
80.0%

39.46
6.43

Korea

26.38
45.4

45.4
1.72
17.0
17.0
1.72
1.72
1.72
41.4
44.5

:>oland '
1000z l
/kWe
0.315
200

i nc 1 .

200
200
26
226
2.4

91.2%

0.00
0

4.00
Poland

18.70

0.48
5.3
8.4

1.52
2.43
2.65
11.?
14.9

Turkey
US$
/kWe

1
940
600

10001000
137

1137
12.3

7
4
7
18

2.98
Turkey

6.50
15.0

15.0
2.30
19.4
19.4
2.30
2.30
2.30
54.?
34.9

Turkey 1
US$/kWe1
940
60
0

1000
1000
137

1137
12.3

7
4
7
18

2.98
Turkey

6.5015.0

15.0
2.30
19.4
19.4
2.30
2.30
2.30
34.7
34.9

ruzla
us$
/kWe

1

1125
216
1341
19.9
76.0%

260

40.15
0

6.37
Tuzla

8.00
14.0
5.5
19.5
2.44
28.9
28.9
2.44
2.44
2.44
55.2
55.2
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205
206 Table 5: Summary
207
208
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Country

Type

1 Sensitivity case 4 UNIPEDE methodology with national assumptions1 for discount rate, load factor, plant lifei
•Brazil Brazil China China CSFR Hung- India India Indon- Indon- Korea Poland Turkey Turkey Yugo-1 ary esia esia slaviaii
'PWR PWR PWR PWR PUR PUR PHWR PHUR PUR PHUR PWR PUR PUR PHWR PURi
i Study Study Const r. Study Study Bid

real
years

%
%/a
MUe net
US$/kWeUS$/kWemills/kWh
mills/kWhmills/kUh
mills/kWh

Type/
site

i 10.0%
i 25
i 70.0%

i 0%
i 1245

1422
2035
34.9
6.1
8.1

49.1

10.0% 10.0%
25 25

70.0% 70.0%
0% 0%

1245 288
1422 1185
2035 1704
34.9 29.2
6.1 5.6
8.1 6.0

49.1 40.8

10.0%
25

70.0%
0%

900
1150
1668
28.6
5.1
4.8

38.5

5.0% 12.0%
25 25

72.1% 75.3%
0% 0%

916 950
1140 1559
1321 2238
14.9 40.85
6.0 3.47
5.6 4.02

26.5 48.35

Bid Constr. Study Study Order Study
5.0% 5.0%
25 25

72.2% 72.2%
2.8% 2.8%
450 212
1172 1288
1466 1613
16.9 18.5
7.9 8.8

12.6 12.6
37.4 39.9

10.0%
30

73.4%
0%

1000
1484
1902
30.3
5.4
7.4

43.0

'Cand- Other Qin- East River River Other Pit-
iota shan head

FGD FGD FGD FGD
%

MWe netUS$/kWe
US$/kWe
USÎ/GJ

mills/kWhmills/kWh
mills/kWh
mills/kWh

i 70.0%
0.0%
0.0%
315
1219
1526

' 0.79
26.1
3.4
10.9
40.4

i 0.82

70.0% 70.0%
0.0% 2.5%
0.0% 2.5%
315 300
1117 613
1398 766
1.37 1.98
24.0 13.1
3.4 3.5

20.5 20.3
47.9 36.9
0.98 0.90

70.0%
2.5%
2.5%
600
573
679

2.04
11.6
2.8

19.4
33.8
0.88

Poland were converted at illustrative

68.4% 73.9%
0.0% 0.0%
0.0% 0.0%
460 270
1076 1099
1204 1362
0.93 1.24
12.7 25.31
13.6 4.28
10.4 14.30
36.7 43.89
1.39 0.91

exchange rates

72.2% 72.2%
3.7% 3.7%
3.7% 3.7%
455 189
933 1000
1059 1135
4.56 2.28
11.6 12.4
3.3 3.6

48.7 24.3
63.6 40.3
1.70 1.01

of 14 Kcs/USS

10.0% 8.0%
30 25

80.0% 70.0%
0% 0%

750 940
1467 1319
1887 1706
27.5 25.2
4.9 5.5
5.2 7.7

37.6 38.4

Coast
FGD FGD

73.4%
1.0%
1.0%
400
713
841

1.95
13.2
3.2

20.8
37.2
0.86

, 54.7

73.4% 70.0%
1.0% 0.0%
1.0% 0.0%
538 455
982 974
1159 1174
1.95 1.72
18.2 17.3
3.4 6.4

21.1 17.0
42.7 40.7
1.14 1.06

Ft/US$ and 315

5.0%
30

70.0%
0%

940
1244
1494
15.7
12.1
12.1
39.9

Bid Bid Study
5.0% 5.0%
30 30

68.4% 68.4%
0% 0%

1066 636
1850 2270
2197 2704
23.2 28.6
3.9 5.2
6.1 4.9

33.3 38.7

8.0%
30

74.9%
0%

1000
1850
2469
32.2
9.5
4.8

46.5

River River Tuzla
FGD
70.0%
6.0%
0.0%
333
635
717

2.65
7.4
12.7
29.3
49.5
1.24

Zl/US$

68.4% 68.4%
0.0% 0.0%
0.0% 0.0%
165 165
1000 1000
1137 1137
2.30 2.30
12.0 12.0
3.0 3.0
19.4 19.4
34.4 34.4
1.03 0.89

71.9%
0.0%
0.0%
315
1125
1341
2.44
19.2
6.4

28.9
54.4
1.17

250 The Hungarian coal plant is ligmte-f ired.



Annex 5
ENVIRONMENTAL CONSIDERATIONS

A comprehensive comparative assessment of nuclear power and
alternatives will have to take into account all direct and indirect, or
internal and external, costs of power plant construction and operation.
This includes also the risks, health and environmental impacts resulting
from the operation of the plants as well as impacts stemming from fuel
production, processing, transport and waste disposal. Several attempts
were made to assess these impacts, e.g. by estimating the cost of remedial
action per unit of hazardous effluent by applying damage functions, etc.

Some of these impacts are apparent, e.g. the damage to lakes and
forests by acid rain which is caused by SO and NO releases. Other

£t A

impacts are widely debated, e.g. to what extent CO and other
it

"greenhouse gas" emissions would raise the average atmospheric
temperature, and which climatic changes and raising of the sea level are
to be expected.

In the course of this debate, there is a growing awareness on the
part of decision-makers and also the general public that nuclear power can
be important as a means for reducing the buildup of carbon dioxide and
other "greenhouse gases", as well as for alleviating the growing problems
of acid rain and other cross-boundary impacts from fossil fuel combustion
for electricity generation. Emissions and waste amounts of nuclear and
coal-fired power plants are summarized in table 5-1.

The effluents of the nuclear power plant are well controlled for
radioactivity release, and the waste is contained to prevent impacts on
the biosphere. There remains the risk of radioactive release in the
course of accidents.

Nuclear power does not produce CO or other greenhouse gases, or
any SO , NO or other gases which contribute to acid rain and other

4L* Jt

environmental damage.

These characteristics of nuclear power are especially important in
comparison to coal-fired generation of electricity. As an example, in
comparison with a coal-fired power plant of the same size, with abatement
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TABLE 5-1 ANNUAL EMISSIONS OF 1000 MW(e) PLANTS1'

S02
NOX
C02
Arsenic
Cadium
Cobalt
Mercury
Nickel
Lead
Vanadium
Spent nuclear fuel
Radioactive2) waste

t/a
t/a
t/a
t/a
t/a
t/a
t/a
t/a
t/a
t/a
t/a

m3/a

COAL

without
abatement
45 000
23 000
6.5xl06

13
2,5
15
0.8
38
13
63

PLANT

with S02 and
NOX abatement

9 000
4 500
6.5xl06

13
2.5
15
0.8
38
13
63

NUCLEAR POWER
PLANT

25
200-500

1) Plant load factor: 75%
Efficiency of abatement systems: 80%

2) Low and intermediate level waste

systems, a 1300 MW(e) nuclear power plant eliminates annual emissions to
the air of about: 2000t of particulated, 8.5 million t of CO ; 12,000t
of SO , and 6,000t of NO , the precise quantities being dependent on

£f Ji.

coal quality, power plant design and thermal efficiency, and on the
effectiveness of the abatement systems. Opponents of nuclear power
concede these facts, but argue that nuclear power is such a small part of
the world energy balance that it is insignificant to the big issue of
CO . This is hardly correct. Today, 16% of the world's electricity
(and 5% of the world's total primary energy) is generated using nuclear
power. If this electricity were to have been generated using coal, it
would have resulted in the production of about 1600 million tons of CO
annually. This is 8% of the 20,000 million tons of CO now emitted
annually from the burning of fossil fuels, an amount which the Toronto
Conference proposed should be cut by 20% by the year 2005.

It deserves to be mentioned that radioactive wastes may be hazardous
to human health and the environment for thousands of years if proper waste
management and disposal techniques are not employed. However, part of the
waste resulting from the burning of coal, namely the toxic heavy metals
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such as arsenic, cadmium, lead and mercury remains hazardous not only for
thousands of years but forever, since the toxicity of these stable
elements does not decrease over time as does the toxicity of radioactive
materials. The quantities of toxic heavy metals emerging as waste from
the production of a given quantity of electricity by the combustion of
coal is more than ten times larger than the quantity of spent nuclear
fuel, and over thirty times more than the separated high-level waste
products, resulting from the generation of the same amount of electricity
by a nuclear power plant. The key difference in the two energy systems is
that the nuclear system is fully contained, and the problem of virtually
complete isolation of the nuclear wasted from the environment is
practically solved. In contrast, the burning of fossil fuels entails very
large quantities of flue gases. Environmental controls can reduce, but
not eliminate, most of the noxious materials from the flue gas. There is
no practical system to control CO emissions which contributes to the
greenhouse effect (global warming).

Nuclear power is not a panacea against global warming, acid rain and
other environmental problems, but it is a means that the world - notably
the industrialized world - can hardly ignore, since displacing fossil
fuelled power plants with nuclear power plants had already and can
continue to help reduce emissions of CO and other atmospheric

£t

pollutants.

In this study, no attempt was made to quantify and internalize the
health and environmental impacts of nuclear and fossil-fired power
plants. These "external cost" will be included in comprehensive
comparative assessments which will be among future IAEA, activities.

More extensive information on environmental considerations on
electricity generation are contained in [23, 24].
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Annex 6

DECOMMISSIONING OF NUCLEAR FACILITIES

1. GENERAL

The term 'decommissioning', as used in the nuclear industry, means
the actions taken at the end of a facility's useful life to retire the
facility from service in a manner that provides adequate protection for
the health and safety of the decommissioning workers, the general public,
and for the environment. These actions can range from merely closing down
the facility and a minimal removal of radioactive material coupled with
continuing maintenance and surveillance, to a complete removal of residual
radioactivity in excess of levels which would normally be acceptable for
unrestricted use of the facility and its site. In this connection, the
IAEA has defined three stages of decommissioning [25] that have become
internationally accepted notion. The stages are:

Stage 1: Storage with surveillance
Stage 2: Restricted site release
Stage 3: Unrestricted site use.

The term 'stage' as used herein implies a set of conditions at the
plant and does not necessarily imply a continuing stepwise procedure.
Although, Stage 1 and Stage 2 are available decommissioning options, most
countries consider them as interim modes leading eventually into Stage 3.

When a plant is retired from service, the spent nuclear fuel, and
radioactive materials in the process systems as well as radioactive waste
produced during operation should first be removed before decommissioning
begins. The costs of these activities will normally be accounted as part
of the fuel and 0 & M costs, respectively. Several factors influence the
choice of decommissioning strategy in a country. The overall programme of
nuclear power development is a major factor. Currently 17 countries have
some decommissioning and planning experience, either having projects under
way, completed, or planned. However, the degree to which individual
national approaches differ among themselves is very large and can be
characterized as follows:

In some countries, a safe storage period from five to ten years
prior to the start of Stage 3 decommissioning is being considered.

87



- In other countries, the strategy is based on implementing Stage
1, possibly taking further steps towards Stage 2, while
deferring implementation of Stage 3 for several decades (up to
100 years).

In some countries, the decommissioning strategy is to go to
Stage 3 as soon as practical with the aim of reusing the site
for other purposes.

Future decommissioning projects will benefit from experience obtained
during ongoing maintenance and repair work at operating nuclear
facilities, and from the decommissioning of research, prototype and
demonstration reactors. They provide valuable lessons about
decontaminating reactor vessels and their internals, replacing different
reactor parts, and other operations in which dismantlement techniques are
used. Additionally, they can serve as a basis for information on
radiation doses, times required to perform certain tasks in a radioactive
environment, waste management practices, and costs.

2. COSTS

Several factors directly affect decommissioning costs: the type of
nuclear facility, the decommissioning option or stage chosen, and waste
disposal practices, for example. Others include the rate of inflation,
discount rates, and currency fluctuations. Because of these variables,
decommissioning costs will differ from country to country, as well as from
plant to plant. The most reliable estimate of decommissioning costs can
only come from an engineering study of a particular plant in a specific
country. Generic cost estimates, however, should provide a good basis for
initial planning.

As no large scale commercial power plant has yet been decommissioned,
the cost estimates are, by and large, based on experience gained with
smaller plants and with maintenance-related activities in large nuclear
plants. However, it should be noted that decommissioning activities
require a minimum organizational and technical infrastructure. The
absolute costs of decommissioning smaller plants may not, therefore, be
significantly different from those for larger units. The cost per
kilowatt-electric of small plants is high and should not be extrapolated
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linearly to large plants; instead economies of scale should be taken into
account.

An NEA report [26] by an Expert Group on decommissioning concluded
that the cost of decommissioning of a large commercial reactor would be
2-5 percent of electricity generation costs. The conclusion was based on
decommissioning cost estimates from Canada, Federal Republic of Germany,
Finland, Sweden and the United States.

A recent study by UNIPEDE [27] indicated that decommissioning costs
range from 10 to 20 percent of the construction cost.

The decommissioning costs which were assumed for this survey are
summarized in Table 6-1. It can be seen that Czechoslovakia, India,
Indonesia, Korea, Poland and Yugoslavia assumed undiscounted decommissioning
costs of about 60 to 360 US$/kWe. Details on the decommissioning option or
stage were neither requested nor provided for this study. Brazil, China,
Hungary and Turkey did not make their own assumptions on decommissioning. For
these countries, it was assumed that 10 % of the initial capital investment
cost will provide adequate coverage for decommissioning.

TABLE 6 1 DECOMMISSIONING COSTS

Country

Brazil (1)

China (1)

CSFR

Hungary (1)

India

I ndones i a

Korea, Rep. of

Poland

Turkey (1)

Yugoslavia

HW(e>
net
1245

900
916

950

450

1000

940

940

1066

1000

% of
investment

10

10

10

10

25

6

4

8

10

4

Decotnmssio
undiscounted
US$/kWe

170

138

132

190

363

95

64

117

220

95

ung cost
discounted
US$/kWe (2)

39

32
31

44

84

22

15

27

51

22

(1) 10% of initial investment cost assumed by IAEA staff

(2) Discounted at 5% annually to commissioning date
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3. FINANCING

Decommissioning is considered as a part of the plant's life cycle
(back-end). As such, cost of decommissioning should be borne by the
electricity consumers who benefit from the plant. This notion has been
generally accepted by many countries. However, financing methods for
decommissioning vary from country to country. A number of options exist and
are being practiced to finance nuclear plant decommissioning. The most common
options are:

i) prepayment;
ii) external sinking fund;
iii) internal reserve;
iv) surety fund, letter of credit or insurance.

At one extreme approach, a lump sum can be set aside at the beginning of
plant operation. At the other extreme, a lump sum can be set aside at the end
of the plant's life. An intermediate approach is the collection of funds
gradually during plant operation, with the funds set aside in an internal or
external special reserve account.
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GLOSSARY

AFR

AR

Construction cost
b
BATAN
BOP
BOT
BPPT

BWR
CC
CI AB
GIF
CPE
DAE
DeNOx
DOE
FBC
FGD
FOB
Fore cost

Ft
GDP
HLW
HM
IAEA
IDC
IEA
JVU
Kcs
LF
LNG
LWR
Mill
NCU
NBA
NPP

Away from reactor (spent fuel storage)
At reactor (spent fuel storage)
Overnight construction cost (or fore cost)
Barrel (of oil)
Indonesian Atomic Energy Agency
Balance of plant
Build, operate, transfer
Agency for Assessment and Application of Technology
(Indonesia)
Boiling water reactor
Combined cycle plant
Coal Industry Advisory Board of the IEA
Cost including insurance and freight
Centrally planned economies
Department of Atomic Energy (India)
Abatement of nitrogen oxides
Department of Energy (US)
Fluidized bed combustion
Flue gas desulphurization
Cost excluding insurance and freight
Overnight construction cost (or base investment cost
in UNEPEDE terminology)
Forint (Currency of Hungary)
Gross domestic product
High level waste
Heavy metal
International Atomic Energy Agency
Interest during construction
International Energy Agency of the OECD
Joint venture utility
Koruna (Currency of Czechoslovakia)
Load factor
Liquefied natural gas
Light water reactor
0.001 US$
National currency unit
Nuclear Energy Agency of the OECD
Nuclear power plant
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NSSS
OECD

O&M
OPEC
PHWR
PPP
PRIS

PWR
Rb
Real interest/
Discount rate
Real escalation
Rs
TL
U
UNIPEDE

Y
WO G A
ZI

Nuclear steam supply system
Organization for Economic Co-operation and
Development
Operation and maintenance
Organization of Petroleum Exporting Countries
Pressurized heavy water reactor
Purchasing power parity
Power Reactor Information System, operated by the
IAEA
Pressurized water reactor
Rouble (currency of the USSR)

Rate net of general inflation
Rate net of general inflation
Indian Rupees
Turkish Lira
Uranium
Union Internationale des Producteurs et
Distributeurs d'Energie Electric (International
Union of Producers and Distributors of Electrical
Energy)
Yuan (Currency of the People's Republic of China)
World outside centrally planned economic areas
Zloty (Currency of Poland)
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