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Abstract

Comparison of electricity generation costs has been done in the late years through a large co-
operation between several organisations. The studies are aiming to provide reliable comparison of
electricity generating costs of nuclear and conventional base load power plants. This paper includes
the result of the joint IAEA/OECD study published in 1997.

1. INTRODUCTION

Since 1983 the IAEA has co-operated with the Nuclear Energy Agency (NEA) of
OECD in a series of comparative studies on "Projected Costs of Generating Electricity". The
International Energy Agency (IEA) of OECD, the International Union of Producers and
Distributors of Electrical Energy (UNIPEDE) and European Commission, have also joined in
these studies. The fifth study (update 1997) has been implemented recently and the report of
this study will be published shortly by the OECD/NEA.

The studies are aiming to provide reliable comparisons of electricity generating costs
of nuclear and conventional base load power plants that can be expected to be commercialised
on the horizon of 10-15 years. The 1997 study mainly includes advanced coal-fired, combined
cycle gas-fired, and nuclear power (PWR, BWR and PHWR) plants. Five non-OECD
countries, under the auspices of the IAEA, and fourteen OECD countries have participated in
the latest study.

2. COST COMPARISON OF ELECTRICITY GENERATION

For the cost comparison of different types of base load plants, the constant money,
levelized lifetime cost methodology is employed. The common assumptions for a reference
case and sensitivity analyses are adopted by the expert group, as shown in Table I.

All costs are expressed in constant money terms and converted from the national
currencies to US dollars by the exchange rates of the cost reference date, 1st July 1996. Since
exchange rates do not necessarily reflect purchase power parities and might fluctuate over-
time, it would be misleading to compare costs between countries. The cost comparisons
between nuclear and fossil-fired power plants within each country are much more meaningful
in the study.

For the reference case (currency in US $ of July 1, 1996 plant economic lifetime is
40 years and load factor 75%), the projected levelized electricity generation costs ranges, as
shown in Table II, are considerably wide for nuclear, coal and gas fired power plants.
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TABLE I. BASIC PARAMETERS FOR COST COMPARISON

Parameters Values

Cost reference date US dollar of 1st July 1996
Discount rate 5% and 10% p.a.
Date of commissioning 1st January 2005
Economic lifetime of plants Reference 40 years

Variants 30 and 25 years
Load factor Reference 75%

Variants 65% and 80%

The wide ranges of the cost variations are resulted from variations of plant design, plant size,
multiple unit site, series production, labour costs and exchange rate volatility in different
countries. At 5% and 10% p.a. discount rates the generation costs are shown in Figures 1 and
2. The study has shown that nuclear power is economically competitive with its alternatives in
many countries and regions, in particular when 5% of discount rate is applied. The
competitiveness of nuclear power is sensitive to the discount rate, fossil fuel price and policy
decision concerning environmental standards and regulations in the countries.

At the low discount rate (5%), nuclear power is the preferred option in many countries
that provide nuclear cost data for the study, with the exception of Finland and the United
States, and the regions where cheap gas is available, like in Brazil and Turkey.

At the high discount rate (10%), nuclear power loses much of its competitive
advantage in many countries, since nuclear power is highly capital intensive. The results show
that nuclear power continues to be the cheapest base load electricity generation compared with
coal and gas fired power plants, only in France, and in some compared types of plants in
China, Japan and Russia. At the high discount rate, the gas fired plants (CCGT), which is least
capital intensive among the three options, are the cheapest option against nuclear and coal
fired plants in most countries. The significant technological development of gas fired power
generation (e.g., high thermal efficiency) and recent low gas price have offered the economic
advantage.

3. MAIN FACTORS INFLUENCING THE GENERATION COST

The sensitivity analysis of the electricity generation costs are carried out in the study to
investigate the main factors influencing the generation cost.

3.1. Discount rate

The calculation of levelized electricity generation costs is very sensitive to the adopted
economic parameters, e.g. discount rate. A lower discount rate is favourable to the more
capital intensive options with long construction period, like nuclear power plant, while a
higher discount rate favours low capital cost options, like gas fired plants. The high discount
rate reflects both the scarcity of capital and the much larger profitability of new investment
projects that compete for limited financial resources. The intensive capital costs of nuclear
power make it less attractive to many developing countries which lack of investment capital.
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TABLE II. RANGES OF PROJECTED GENERATION COSTS

Discount rate
Construction
cost
Investment cost

%
US$/kW(e)

US$/kW(e)

Nuclear
5 10
1020-2520

1400 - 1700 -
2800 3100

Coal
5 10

770 - 2560

1000- 1100-
2740 2930

Gas
5
400-

440-
1700

10
1640

470-
1770

Levelized

Investment cost mills/kWh 12 -25 2 6 - 4 8 9 - 2 4 16 -45 4 - 1 5 7 - 2 7

O & M cost

Fuel Cost

Electricity
generation cost

mills/kWh 4 .5 -17 4 .5 -17 3 - 1 3 3 - 1 3 1-11 1-11

mills/kWh 2 .3 -16 2 .3 -15 9 - 4 0 9 - 3 8 18 -56 17-50

mills/kWh 2 5 - 5 7 3 9 - 8 0 2 5 - 5 6 3 5 - 7 6 2 7 - 7 9 2 7 - 8 4

Note: US $ of 1.7.1996

40 years economic lifetime, 75% load factor

most of coal plants equipped with FGD, a few with deNOx
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FIG. 1. Projected costs of generating electricity from nuclear and conventional power plants
(Discount Rate 5%).
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FIG. 2. Projected costs of generating electricity from nuclear and conventional power plants
(Discount Rate 10%).

The discount rate may be set by Government policy concerning the national economic
situation, financing resource and capital markets. It reflects the opportunity cost of money to a
particular investor or in a particular country. In the view of project assessment, the choice of
the discount rate is an important consideration by decision makers and policy analysts.

3.2. Plant economic lifetime

The plant economic lifetime is another sensitive economic parameter in the calculation
for which period the cost levelization would be carried out. Based on technical performance
and progress of nuclear and other base load power plants, the economic lifetime of 40 years
has been agreed upon by the Expert Group of the study as a fundamental assumption for the
levelized cost calculation. The sensitivity analysis was carried out for the case of lifetime of
25 and 30 years. Since nuclear power is characterised with capital intensive and low fuel cost,
the longer economic lifetime is far more favourable, and, results in the decrease of levelized
generation costs, as shown in Table III for the case of Finland, France and the Republic of
Korea, as an example. In contrast, if longer lifetime requires extensive refurbishment costs or
escalated fuel price in the long term, such as the case of gas fired power plants, increasing the
economic lifetime has not much influence on levelized generation costs, as shown in this
Table III.
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TABLE III. EFFECT OF PLANT ECONOMIC LIFETIME ON GENERATION
COSTS (mills/kWh) (DISCOUNT RATE 5%; LOAD FACTOR 75%)

Country Type Lifetime
25 years 40 years

Cost change

Finland

France

Korea

Nuclear
Coal
Gas
Nuclear
Coal
Gas
Nuclear
Coal
Gas

42.03
33.68
37.22
36.33
49.37
49.16
34.34
36.86
43.77

37.28
31.82
35.92
32.24
46.38
47.42
30.70
34.40
42.52

11.3%
5.5%
3.5%
11.3%

6%
3.5%
10.6%
6.7%
3%

3.3. Load factor

Improving plant performance by increasing plant load factor is an important means to
reduce levelized generation costs, in particular, for capital intensive nuclear power plants. The
results of the study show that when the load factor increases from 65% to 80%, the levelized
generation costs could decrease by about 15% for nuclear, 10% for coal fired and 6% for gas
fired plants, as shown in Table IV. The result suggest that nuclear generation with high
availability is preferred as base load option and gas fired plants could offer the choice for peak
load generation.

TABLE IV. EFFECT OF PLANT LOAD FACTOR ON GENERATION COSTS (mills/kWh)
(DISCOUNT RATE 5%; LIFETIME 30 YEARS)

Country

Finland

France

Korea

Type

Nuclear
Coal
Gas
Nuclear
Coal
Gas
Nuclear
Coal
Gas

65%
44.59
35.53
39.20
38.29
51.70
50.31
36.81
38.78
44.63

Load Factor
80%
37.88
31.71
35.57
32.85
46.47
47.55
30.95
34.47
42.61

Cost change

15%
10.7%
9.3%
14.2%
10%
5.5%
16%
11%
4.5%
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3.4. Fuel price

The cost comparison of electricity generation is heavily dependant on fuel prices and
price escalation. It should be noted that electricity generation costs of fossil fired power plants
are very sensitive to fossil fuel price escalation since the fuel costs account for 65-80% (for
gas) or 50-65% (for coal) of total generation costs. The uncertainty and any fluctuations in gas
price and availability should be taken into account for long term planning of electrical
generating system expansion.

4. CONCLUSIONS

In view of comparison of electricity generation costs, the projected cost study has
shown that nuclear power is economically competitive with other base load electricity
generations in many countries and regions. The competitiveness of nuclear power, however, is
very sensitive to local circumstances, such as technical, economic and environmental
situations, as well as political policy. The economic comparisons of nuclear and fossil fired
power plants differ from country to country, or even from region to region in a country. A
number of economic parameters, such as discount rates and fossil fuel prices have a strong
influence on the generation costs. The generation costs presented in this study do not include
external costs which are raised from full fuel chain activities and other impacts on health,
property, environment and climate. It is reported that nuclear industry in OECD countries has
largely "internalised" such external costs through the adoption of strict emission and safety
standards - the costs of which are reflected in its capital, fuel, operational costs and
decommissioning costs. Concerning the global emission control, in particular CO2 emission,
carbon taxes have been variously applied or proposed in many countries. Such taxes would
boost the costs of fossil fired electricity generation, making nuclear power an even more
favourable option.

The economics of nuclear power is one of the most important factors for decision
making to implement a nuclear power programme. A comprehensive comparative assessment,
however, would be carried out to consider the technologies, economics, environmental and
health impacts, and political and social issues. Among these aspects, projection of energy
demand, resource availability, energy security, financing resource, industrial infrastructure and
environment protection would be deliberated for national sustainable development. Nuclear
power can be an important contributor to sustainable energy development in many parts of the
world in the longer run.
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