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FOREWORD 

1. COST COMPARISONS 

1.1 Studies by IAEA, OECD/NEA and OECD/IEA 

1.1.1 Background and Introduction 

Since 1983 the International Atomic Energy Agency has co-operated with the two 
OECD organisations — the Nuclear Energy Agency (NEA) and the International Energy 
Agency (IEA) — in studying the comparative electricity generation costs of nuclear and 
fossil-fuelled power plants. The International Union of Producers and Distributors of 
Electrical Energy (UNIPEDE) also co-operated in these studies. 

Over the years, these studies have established a standard economic methodology for 
calculating generation costs over the expected lives of new base load plants. Several reports 
have been published (Ref. 1, 2 , 3, 4) on the results from the studies of projected costs for 
future nuclear and fossil fuelled plants that were expected to be available for commercial 
deployment in OECD countries, and, in the later reports, for some non-OECD countries. 

The 1992 study (Ref. 4), from which results are presented herein, focused on plants 
that could be commercially available for commissioning in the year 2000 or shortly 
thereafter. Data and information received from the participating countries relate mainly to 
light-water cooled pressurised water and boiling water reactors (LWRs), pressurised heavy 
water reactors (PHWRs), pulverised coal burning plants, some fluidized bed coal burning 
plants and gas fired combined cycle plants. Although an attempt was made to obtain data 
also for other advanced fossil fuelled and renewable generation technologies, relatively few 
data have been provided. 

The study was overseen by a working group of experts drawn from sixteen OECD 
countries and four international agencies. Six non-OECD countries ulso participated in the 
study, either directly or indirectly, as part of the IAEA contribution. One of these countries 
is the former Czech and Slovak Federal Republic (CSFR). The country separated into the 
Czech Republic and the Slovak Republic after the completion of the study, and the 
information presented in this paper is therefore for the former CSFlt. 

1.1.2 Common Assumptions 

a) Technical assumptions 

Tlit! commiss ion ing dute for all plants has been taken to be 1st .July in the year 2000. 
This date has relevance to fuel price assumptions, the range of technologies considered and, 
possibly, projected plant costs. However, a country's submission of plant data for this date 
doits not necessarily mean that there are firm plans for the construction of such plants. The 
date is only (or guidance, and technologies that could he brought into commercial operation 
shortly thereafter are not excluded, although they are all treated as (hough they were to be 
coiiiiui.ssioni!(l in 2000. 



The e c o n o m i c l i fet ime has been assumed to be :H) ye.-irs, although longer technical 
lives are confidently predicted for both nuclear and fossil fuelled power plants. 

The equil ibrium load factor for mature nuclear and fossil fuelled power plants has 
been taken to be 75% (equivalent to 6 600 hours per year at full loud) in the reference case. 
Allowing for somewhat lower load factors during a period of run-up to steady state full 
power operation, the reference case corresponds to a levcl ised lifetime load factor of 73.8% at 
a 5% p.a. (per annum) discount rate, or 73% at a 10% p.a. discount rate. 

b) Casting basis 

The costs reported for electricity generation include all costs that would influence 
the economic choice of generation options. The i n v e s t m e n t costs include allowances for 
interest during construction, the ultimate costs of decommiss ioning and dismantl ing the 
plant and the disposal of decommiss ion ing wastes . The costs for spent fuel management 
and w a s t e disposal arc also covered, in most countries being included in the fuel cost. Costs 
of the initial and final fuel loadings also are included in the lcvelised overall fuel costs. 

The contribution of nuclear plant decommissioning costs, which are capitalised in 
the leveliscd cost methodology adopted for this study, is relatively small. The undiscountcd 
costs span a range between 10% and 20% of the initial investment cost for LWHs, hut, when 
discounted, contribute only a few per cent to the total investment cost and an even smaller 
fraction to leveliscd generation costs. Even a doubl ing of decommiss ioning costs would add 
l itt le to electricity costs from nuclear plants and would not significantly influence their 
c o m p e t i t i v e n e s s . These conclusions are still valid if the practice of using a lower discount 
rate for long term liabilities, adopted in a few countries, were to be followed uniformly. 

All costs are expressed in constant money terms and have been converted to 
national currency values of 1st July 1991 using appropriate national currency deflators. 
They have then been converted to US $ using the exchange rates of the same reference date. 
However, even though costs for each country have been converted to a single currency (US$) 
and a common reference date (1st July 1991), i t is no t very meaningful to compare the 
resu l t ing costs from one country to another, since there are many factors which cannot he 
brought to a common basis for all countries. It is much more meaningful to compare costs 
between nuclear and other generation technologies w i t h i n each country, and to examine the 
relat ive cos ts (or cost ratios) of the different technologies across the complete spectrum of 
countries. 

c) Discount and inte/vst rates 

Review of the discount rates used by the countries covered in this study shows that the 
most frequently used value for OECD countries is 5% p.a. Ten out of fifteen countries use 
values of 7% p.a. or less, while only two countries use a value as high as 10% p.a. The 
non-OECD countries tend to use somewhat higher values, in the range from 8 to 12% p.a., 
reflecting their need to impose capital rationing and in some cases reflecting different 
levels of perceived financial risk on the part of potential investors. 

This review therefore supports the use of both 5% p.a. and 10% p.a. as reference 
v a l u e s for discount rates, as was done in thu present study, leaving individual utilities to 
decide on the values best matched to their circumstances. 

l"'or simplicity, the interest during construction and the present worth of deferred 
back-end costs for decommissioning and radioactive waste management have been 
calculated using the appropriate reference discount rate, i.e. !>% p.a. or 10% p.a. All costs 
have been discounted to the assumed commercial operation date of the plant, i.e. 1st July of 
the year'2000. 

tt) t''ucl prices 

The. assumptions on fuel prices and their future trends are discussed in Annex 1. 
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1.1.3 Relative (ieitcnitioii Costs 

The generation costs for nuclear, relative to coal or natural gas fuelled power plants , 
a re shown as cost ratios in Figure 1. 

On the basis of the common assumptions and employing a 5% p.a . r ea l d i s c o u n t r a t e , 
nuclear power is projected to be cheaper t han coal fired power in twelve of the thi r teen 
countries providing data for both, and in the Midwest and Northeast regions of the United 
S ta tes . The one exception is the United Kingdom, whose nuclear investment costs for a 
nuclear plant commissioned in the year 2000 are significantly higher than those for other 
OEC1) and non-OECD countries, with projected overall generation costs for nuclear being 
close to break even with coal fired plant using imported coal, although nuclear would be 
cheaper than plants using domestically produced coal at current prices. It should be noted, 
however, that the UK estimates tha t costs for a twin nuclear unit built a t the Sizewell B site 
would be significantly (around 25%) cheaper than the values taken in this study for the UK. 

In the Western region of the United States , where coal is much cheaper than in other 
parts of the USA, coal fired electricity is projected to be cheaper than nuclear. The same 
would be true in Western Canada where coal prices are projected to be even lower than those 
in the USA, and in the cheap coal areas of countries like China and India, although no data 
were provided for coal fired plants in these two countries. 

At 5'/o p.a. discount ra te , nuclear plants are also projected to be cheaper than gas 
combined cycle plants for base load electricity generation in eight of the nine countries 
providing data for both types; the UK projects gas to be the cheaper option. 

At a 10% p.a . d i s c o u n t r a t e , nuclear power loses much of its competitive advantage in 
comparison to both coal and gas fired generation. Coal based generation is cheaper t han 
nuclear generation in four countries, more costly in five, and breaks even in three . The 
position is similarly balanced for the regions of the USA. In the Republic of Korea, the 
projected costs of generation in PHWR plants remain cheaper than Coal based generation, 
whereas i t is projected t ha t LWR plants would break even with coal p lants . Gas fired 
generation is projected to he cheaper than nuclear generation in five of the nine countries 
that provided data for both gas and coal plants, breaks even in one, and is more costly in the 
remaining three. 

The reason for the shift of advantage is the effect of the discount rate on the capital 
component of generation costs, which is highest for nuclear and lowest for gas fired plant. 

From the foregoing discussion, it will be apparent that the attractiveness of the three 
main fuel options - nuclear, coal and gas — for large base load power s ta t ions for 
commissioning around the year 2000 is critically dependent, in many countries, on the 
discount ra te required by the util i ty or government. Higher discount ra tes favour the low 
investment cost option, gas, whilst lower discount rates favour the low fuel cost option, 
nuclear. The discount ra te considered appropria te will differ among countries and even 
within countries as their circumstances or the s tructure and regulation of their electricity 
supply industry changes. 

The possible influence tha t different factors may have on the costs of nuclear and 
fossil fuelled electricity generation in the future, as presented in the OKOD/NEA report, are 
discussed in Annex II. 
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Figure 1a. Generation cost ratios (nuclear/coal) 
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Figure 1 b. Generation cost ratios (nuclear/gas) 
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1.2 Published Itesults from National Studies 

In addition to the cost comparisons made in the NEA-IEA/1AEA studies described 
above, closely similar results have been presented in various national studies. Cost 
comparisons between nuclear, fossil and renewable energies, extracted from a number of 
such studies, are highlighted below. 

1.2.1 Franco 

Comparative generation costs for nuclear and fossil fuelled power plants in France 
are presented in Figure 2, showing that nuclear power is significantly cheaper than either 
coal fluidized bed power plants or gas fired combined cycle generation in the case of 
France. 

1.2.2 Japan 

Cost comparisons between electricity generation by nuclear plants, coal and oil fired 
steam plants, liquefied natural gas fired steam plants (LNG) and liquefied natural gas 
fired combined cycle plants (CCLNG) in Japan are presented in Figure 3 , showing that 
nuclear power has generation costs that are either cheaper than or closely equal to the costs 
of generation from the different fossil fuelled options. 

1.2.3 United States of America 

Figure 4 shows information recently published by the United States Committee on 
Energy Awareness (USCEA — recently reorganised as the Nuclear Energy Institute), on the 
comparative generation costs for advanced nuclear power plants and fossil fuelled power 
plants in the USA. The results shown in Figure 4 show that both small size (600 MW(e)) and 
large size (1200 MW(e)) nuclear power plants are expected to have generation costs below 
those for coal fuelled power plants, and, except for the single unit 600 MW(e) nuclear plant, 
also below the generation costs for gas fired combined cycle power plants. 

CONCLUSIONS- COST COMPARISONS 

From a global perspective the direct economic costs projected for the early part of the 
21st century for the three base load electricity generation technologies on which this paper 
has focused - nuclear, coal fired, and gas combined cycle plants - have costs that are 
sufficiently close in most countries that their ranking is very sensitive to the choice of 
discount rate and to fossil fuel prices. Straightforward economic choices would therefore be 
expected to differ from country to country, even in the absence of specific policy choices, 
depending on their economic circumstances, on their expectations concerning medium term 
access to cheap fossil fuels and even on the regulatory framework adopted for their 
electricity supply industry. 



Figure 2 . FRANCE -—Projected Generation Costs for Base-Load 
Plants Entering Service in 2003 
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Figure 3. JAPAN - Levclized Gcncrntion Costs for Nuclear and Fossil Plants 

15 

10 

Nuclear 

JU 
Coal Oil LNG CCLNG 

m JW 
Nulus: All plants assumed to enter suivico in 1991 

Cost relcience dato 1991 

Discount late (> %/a; Load factor 70 % 

Dccomissioning cost ol NPP incl. in investment cost 

7 



Figure 4. USA— Projected Costs of tilcclricity feneration for Advanced Nuclear 
Power Plants in Comparison with Fossil Fuelled Plants 
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2. ENVIRONMENTAL ISSUES 

Environmental issues are exerting a powerful influence on policies in the energy 
sector and a r e likely to be a major driving factor in planning and implementat ion of 
energy supply strategics dur ing the coming decades. Since the global demand for energy, 
and in part icular electricity, is certain to increase, there is a need It) ensure tin appropriate 
choice of electricity generation systems, particularly from the viewpoint of minimising 
their impacts on the human heal th and the environment. Like oilier energy sectors, and 
more broadly any human activity, electricity generation, no mat te r which technology is 
used, causes various impacts on heal th and the environment, and these need to he 
m i n i m i s e d . 

Electricity generation from fossil fuels presents a number of concerns regarding 
atmospheric emissions and was te production. Combustion by-products include su lphu r 
dioxide and nitrogen oxides, which contribute to damaging effects from acid rain, and 
carbon dioxide which brings about the th rea t of global climate change. The use of fossil 
fuels for electricity generation is also directly or indirectly responsible for environmental 
impacts caused by the extraction and t ransport of coal, oil or gas. Solid wastes from fossil, 
especially coal fired, power plants require management and suitable disposal t o avoid 
health and environmental impacts. However, the very large volumes of these wastes makes 
their isolation from the h u m a n environment difficult and costly. Increasing concern about 
the environment has led to more stringent standards and regulations and has motivated the 
development of cleaner fossil fuel technologies and more effective abatement devices. 
Substant ia l progress has been achieved towards reducing emissions of sulphur dioxide, 
nitrogen oxides and particulates, and further improvements are expected to occur during the 
next decades. However, reducing carbon dioxide emissions can only be achieved by 
increas ing efficiency a n d shif t ing to fuels wi th less carbon content . Technical 
improvements of the combustion process and the switch from solid fuels with high carbon 
content to gas could contribute to carbon dioxide emission reduction. Although CO2 capture 
and disposal may also be considered as a technical possibility, the costs appear to be 
prohibitive and the technical means for permanent disposal arc by no means clear. 

U e n e w a b l e e n e r g y sources also induce environmental impacts, including noise, 
land requirement and irreversible changes to land uses, perturbation of ecosystems and 
various emissions associated with raw material processing in the energy chain. 

While small h y d r o projects generally have minimal environmental impact, the 
adverse impacts of large dams and reservoirs range from population rese t t lement to 
disruption of water supply systems through reduction of biodiversity. Hydropower also 
causes concerns regarding the risk of accidents. 

Electricity generation using g e o t h e r m a l energy affects the environment by airborne 
emissions, such as mercury, ammonia and radon. "Wind power is practically emissions 
free, but land requirements and noise are significant environmental problems. 

Photo voltaic s o l a r systems are environmentally benign at the power plant level with 
the exception of large land requi iement . However, the manufacturing and disposal after 
decommissioning of photovoltaic solar generators involve hazardous gaseous, liquids and 
solid substances and require fossil energy uses which lead to air and water emissions, and 
which require suitable means for management and disposal. 

H i o m a s s energy can be produced from almost any organic material , including 
agricultural residues and urban wastes; depending on the type of fuel, the environmental 
impacts are different, ranging from land requirement to carbon dioxide emission through 
deterioration of soil quality, deforestation and hindegrnilalion of plant material left, in soil. 

N u c l e a r p o w e r produces radioactive wastes and in several countries the public raises 
concern about safety. However, the nuclear power plants of the present generation ensure a 
high level of safety and, advanced nuclear systems are being developed and designed to 
meet increasingly demanding safety objectives. Technological solutions to radioactive 
waste management and disposal exist and are progressively implemented in several 
countries. In this regard it should la; mentioned that the volumes of waste! from nuclear 
eli'oli'it'iiy J;I niTation s y s t e m s , iiicliidini; the entire fuel cycle, are relatively smal l , about. 
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1000 times lower than the volumes of waste produced by fossil fuel chains, and are therefore 
much easier to manage safely and to isolate from the biosphere. 

2.1 Hole of Nuclear P o w e r in Avoiding G r e e n h o u s e Gas Emissions 

Since global climate change may be considered to be a major environmental threat , 
g r e e n h o u s e g a s emiss ions from e lec t r ic i ty g e n e r a t i o n cha in s are at the focus of attention of 
energy planners and decision makers at the national and at the utility level. Recent IAEA 
s tudies (Uef 5) on greenhouse gas emissions from different energy chains for electricity 
generation (Fig. 5) indicate tha t nuclear power is one of the better options to alleviate global 
climate change. Renewable sources, including hydropower, emit in the range of 2 to 5 times 
more greenhouse gases than nuclear power per uni t of electricity produced when the entire 
fuel chain is considered, and the emissions from fossil fuel chains range from 40 to 50 
t imes more. 

The role that nuclear power can, and indeed already does, play in reducing global 
emissions of greenhouse gases, in particular CO2 is illustrated in Figure 6, showing tha t 
nuclear power is today avoiding some 8% (about the same as hydro power) of additional CO2 
emissions that would occur if the electricity produced by nuclear power were to be produced 
by fossil fuels. Figure 7 presents similar information for the part icular case of France, 
where about 78% of electricity production in 1993 came from nuclear power. In the upper par t 
of F igure 7, the penetrat ion of nuclear power, displacing fossil fuels for electricity 
generation is shown. The middle and lower figures show the corresponding reductions, for 
different economic sectors, in emissions of SO2 and CO2 , respectively. Particular attention 
should be paid to the emission reductions in t he electricity sector. Par t of the SO2 reduction 
in this sector comes from the addition of scrubbing systems to the fossil fired power plants , 
but fully 75% or more comes from the displacement of fossil fuels by nuclear power. 
Essentially all of the CO2 emission reduction is due to nuclear power substituting for fossil 
fuelled electricity generation. 

Figure 8 shows the annual c h a n g e in C 0 2 e m i s s i o n s in various countries from 1975 
to 1992, as a function of the nuclear share in electricity generation that had been reached in 
1992. It may be seen that the largest emission reductions were achieved in those countries 
tha t had substantial nuclear shares in thei r electricity production, e.g. France, Sweden, 
Belgium, Spain, Switzerland. This clearly demonstra tes the benefits of nuclear power in 
helping to reduce the emissions of this important greenhouse gas. 

22 Quant i t ies of Fuel a n d Wastes for Nuc lea r a n d Fossil Fuel led Power P lan t s 

It is well known tha t the amount of energy tha t can he produced by a unit fuel is 
much higher for uranium than for fossil fuels. Some figures are very enlightening: today's 
nuclear power plants produce about 60,000 kW»h of electricity from each kilogram of 
na tura l uranium mined; by comparison, a kilogram of coal will produce about 3 kW«h and 
a kilogram of oil about 4 kW»h. A 1,000 MW(e) power plant, operating with a 75% capacity 
factor, will produce enough electricity to meet the needs of about one million Europeans. 

(Unroot light, water reactors of this size need about 27 t o n s of low e n r i c h e d u r a n in 111 
(requiring the mining of about 1(50 tons of na tura l uranium) per year for their operation, 
that is, a few truckloads. 

An equivalent coal fired power plant would need about 2.(5 mil l ion t o n s of coal per 
year, i.e. 5 trains per day, each carrying 1400 tons of coal. An oil fired plant would need 
about 2 million tons of oil, or about 10 super tanker loads, per year. 

Also, the amounts of wastes from nuclear power plants an; much smaller than from 
fossil fired power plants, especially from those fuelled with coal, thus making it easier and 
less expensive to effectively manage and isolate these wastes from tin; human environment. 
A nuclear power plant produces about 27 tons of.spent fuel per year, which when reprocessed 
would lead to about. 3 cubic meters of high level waste for disposal. In addition, there an ; 
some .'i()0 tons per year of intermediate level and 450 tons of low level wastes. 
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Figure 5. Greenhouse Gas Emissions from Electricity Generation by Nuclear 
and Renewable Energy Systems 
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Rgure 6. Percentage of COp avoided globally by nuclear and hydro energy 

16 

14 

12 

10 
•a 
a> 

T3 
'o 
> 
O 
O 

CM 

1975 1980 
Year 

1990 

- 12-



400 
Energy 
Source 

y, 

sn 

• 

Nuclear 

Fossil 

Hydro 

1 9 8 6 

i i i i i r 
1979 1980 1981 1982 1983 1984 1985 1986 

<~ 600 
ra 
•I-
<o 
0) c c o 
c o 

c o 
"c/i 
w 
E 
UI 

o 1 0 0 -

1979 t!)»)<> 1981 1902 1983 1984 1985 1986 

Ywir 

Emissions from 
Sector: 

Eleclrfc Power 

Industry and 
Agriculture 

Energy 
Transformalion 

^ Residential 

Transport 

Fi)jiir<r 7. Knlr ill NiK-lcar Power in KcihuiiiK Amissions in France, 1 9 7 9 - 1986 

i:i 



Figure 8. Annunl Change in C02 Emission Factors during 1975 to 1992 
versus Nuclear Share of Total Electricity in 1992 
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Hy way of comparison, n conl fired power plnnt equipped with modern pollution 
abatement systems would release into the atmosphere: 6.5 million tons of COJJ, 45,000 tons of 
SO2 and more than 20,000 tons of NO x , and would produce about 320,000 tons of ashes 
containing about 400 tons of hazardous heavy metals, such as arsenic, cadmium, lead and 
mercu ry . 

I t is t rue t ha t nuclear power plants, and other nuclear fuel cycle facilities, emit 
small amounts of radioactive gases into the atmosphere; however, the amounts a rc very 
small and the releases a r e limited by regulations to levels tha t a re far below any hea l th 
significance. Figure 9 shows a comparison between the doses received by workers a t the 
Sellaficld nuclear fuel reprocessing plant in the United Kingdom and by the general public 
a t another location, Cornwall, in the UK. I t may be seen t h a t the doses tha t the Sellafield 
workers receive due to their activities in the plant are about equal to tha t received from the 
natural background radiat ion in the region where the plant is located, and is about 3 t ime 
lower than natural background dose to the general public in Cornwall, due to the high levels 
of na tura l background radiat ion in the Cornwall region. This is a clear indication of the 
extremely low levels of releases from nuclear facilities. 

2 3 The T h r e e Mile Island Nuclear Plant Accident 

Following the accident a t Uni t 2 of the Three Mile Island Nuclear Plant in 1979, 
there was much public concern about the possible consequences from radioactive re leases . 
The Pennsylvania S ta te University Medical Center has made a study of the total radiat ion 
dose, since the TMI p lan t (2 uni ts) s tar ted operation in 1978, received by t h e en t i re 
population living within 50 miles (80 km) of the plant. Results recently published by the 
USA Nuclear Industry Ins t i tu te (Ref. 6) show tha t the total accumulate dose, from both 
normal operation and the TMI-2 accident, to the entire population is only about 10 to 30 
person-rem; by comparison, t he accumulated dose from na tu ra l background rad ia t ion 
amounts to more than 250,000 person-rem. When expressed as an average dose per person, 
the total accumulated dose due to the TMI plant is about 8 milli-rcm per person (equivalent 
to one chest X-ray), while the natural background dose per person is about 300 mill i-rem per 
y e a r (equivalent to 1.5 t imes the dose from a head CAT scan). That is, each person would 
receive each year about 40 times as much dose as the entire exposure accumulated since 1978 
from the TMI plant. 
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Figure 9. Comparison u! Average Radiation Doses to Workers at Sellafield 
and General Public in the Cornwall Region - United Kingdom 
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VIEWS from t h e 'ENVIRONMENTAL* COJMMUNI'IT 

In general, there are dominant voices in the global environmental debate tha t a r c so 
loud in their rejection of nuclear power, and advocacy of conversation and a hypothetical 
vast expansion in the use of renewable energies, tha t positive comments about the reality of 
the already existing and significant potent ia l contribution of nuclear power a re a lmos t 
drowned out. Even among important groups of scientists, the focus sometimes seems to be 
mainly on highly speculative solut ions. For example, reports from the recent a n n u a l 
meeting of the American Association for t he Advancement of Science highlight suggestions 
tha t we might shoot a thin layer of dust into the atmosphere every few years or so to shield 
the earth from too much warming. Certainly, the exploration of imaginative scientific ideas 
should not be discouraged, but t he worldwide attention given to ideas such as this is perhaps 
u sad sign that the nuclear power is placed on a distant, almost forgotten, back burner. 

However, there are some encouraging exceptions to this, coming from quar te rs o ther 
than the nuclear industry itself. Thus, there seems to be a slowly emerging unders tanding 
that , although it is clear, also to the nuclear proponents, that a rapid expansion of nuclear 
power will not alone solve the energy/environment problems, i t is also clear t h a t these 
problems cannot be solved without greater use of nuclear power. Some examples are given 
below. 

World Energy Counci l 

The 1993 report (Ref. 7) by the World Energy Council s tates tha t "nuclear power has 
immense technical potential" and t h a t " there is a need to continue to seek a way of 
exploiting the immense energy reserves of nuclear power (in a way) which is publicly 
acceptable across the whole fuel cycle from procurement and processing through disposal". 
The report also suggests t h a t a major dr ive will be required to "achieve the ear ly 
rehabili tation of nuclear energy", and to advance the introduction of renewable energy 
supplies "if a significant decline in the world's relative dependence on fossil fuels is going 
to occur over the next century". 

The Club of Koine 

Some two years ago, the Club of Rome summed up the situation ra ther well when it 
said in its report, "the use of coal and oil is probably more dangerous to society, because of 
the carbon dioxide they produce, than nuclear energy. There are therefore strong arguments 
for keeping the nuclear option and for the development of fast breeders ... ". 

Maurice Strong, F o r m e r Secre tary Genera l of UNCED 

In a recent interview with the editors of the journal, 'Nuclear Energy', published by 
the USA Nuclear Energy Ins t i tu te , Maurice Strong, well known as an environmental is t 
and as the Secretary General of UNCED (the 'Earth Summit', Rio de Janeiro, 1992) and 
presently Chairman of Ontario Hydro in Canada, stated, "There isn't a single a l ternat ive 
to nuclear power t ha t is without environmental implications I'm jus t as concerned 
about the present levels of fossil fuels (burning) as I am at the risks of nuclear.". 

The Holy See 

The Holy See also has given its support to nuclear energy, in a s ta tement given a t 
the IAEA C'ieneral Conference in September 1993, stating that: 

"Industrial development would now seem to be impossible without some application 
of nuclear energy; 

The Holy See believes tha t all possible efforts should be made to extend to all 
countries, especially the developing ones, the benefits from the peaceful uses of 
nucN'.ii energy; 

The Holy See hopes tha t the IAEA will have; even greater success in the peaceful 
application of nuclear energy to health, agriculture and industry, food irradiat ion, 
and safe water supply." 
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CONCLUSIONS - ENVIRONMENTAL COMPARISONS 

If the chal lenges of increasingly demanding safety requ i rements , economical 
competit iveness and public acceptance can be met , nuclear energy can play a more 
impor tan t role in the future than it plays today i n supplying the world population wi th 
energy. The desire to conserve fossil fuels, which a t the same time are valuable raw 
materials , the commitment to decrease CO2 emissions below certain levels, and the limited 
prospects of large scale use of renewable sources tend to emphasise the potential contribution 
of nuclear power. I t is significant to note tha t the Senior Expert Symposium in Helsinki on 
Electr ic i ty and the Env i ronment (Ref. 8) organised jointly by 10 i n t e r n a t i o n a l 
organisations including the IAEA, concluded tha t one of the key elements in the s t ra tegy to 
cope with the increasing risk of global wanning and climate change due to CO2 e m i s s i o n s 
from fossil p lants is the deployment of advanced nuclear power plants. In t h e conclusions 
from this Symposium, nuclear power is considered to be the most likely non-fossil-fuel 
technology t h a t could be deployed on a large scale for electricity genera t ion . T h e 
Symposium noted, however, t ha t social acceptability of nuclear energy remains in question, 
and that this could impose constraints on the wider use of nuclear power. 

Clearly t he incentives for nuclear power a r e strong. If the objectives of advanced 
nuclear power development programmes are met, nuclear power could provide a long term, 
safe and economical energy supply. 
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ANNEX I 

Fue l Pr ices a n d T r e n d s 

a) Nuclear fuel 

With few exceptions, nuclear fuel costs remain a relatively small pa r t of overall 
nuclear generation costs (10 to 35% at 5% p.a. discount rate) for countries using LWRs, a.nd 
even smal ler for PHWRs. There is no expectation of significant nuclear fuel price 
escalation and, even if uranium prices were to r ise, the effect on overall fuel costs and 
generation costs would be quite small. 

b) Coal 

Coal fuel costs for countries using world t raded coal are projected to be some 40 to 
60% of total generation costs a t 5% p.a. discount ra te . Some countries project no increase in 
coal prices in real terms to 2040, whilst others project a doubling relative to the price in year 
2000. The average projected increase in OECD is 0.7% p.a. 

World traded coal prices delivered to European or Japanese power stat ions are 
generally projected to be around $2/GJ in 2000, with lower prices in cheap coal regions of the 
USA, Canada, China and India. This world price is consistent with the expectations of the 
Coal Industries Advisory Board (CIAB), which projects a 1% p.a. real price increase after 
the year 2000 on average. 

c) Natural gas 

Gas fuel costs are an even larger share of total generation costs for gas fired plants; 
considerably exceeding 60% according to the est imates made by most countries. Projections 
of gas prices on international markets are more difficult than for coal prices. Whereas u 
large spot market exists for coal alongside the s tandard coal contracts, most gas is supplied 
on long term contracts with prices often indexed to a mix of fuels (oil, coal) and to general 
price indices. Gas prices have been very dependent on the source, the scale of the demand 
and the contractual terms covering possible interruption of supply. 

Typical price estimates lie in the range $3 to $5/GJ in the year 2000 (OECD average 
$3.7/G«J) with projected increases to the year 2030 ranging from zero to over 200% (OECD 
average 2.1% p.a.). These figures can be compared with those of the International Energy 
Agency's analysis (Ref. 9) where resource costs for gas supplies to Europe are projected to 
rise to around $2.5 to $4 per GJ by 2010, subject to demand. The actual prices at the burner tip 
could be somewhat higher, and IEA scenarios (Ref. 10) suggest that prices could rise to $3 to 
$6/GJ by the year 2000 in 1991 money terms, a figure that is not inconsistent with the utility 
views. 

Gas, with a reserves/production ratio higher than tha t of oil, is not as plentiful a s 
coal, and supplies arc less widely distributed geographically than coal, with 70% of world 
proven reserves in the 'former Soviet Union and Middle East countries, and only 10% in 
OECD. At present around 50% of world gas consumption occurs in OECD countries, and 
independent forecasts project increases in global demand of some 40% by 2010. World 
reserve to production (R/P) ratios for gas currently s tand at 58.7 years, compared with 43.4 
years for oil, 239 years for coal including lignite (Ref. 11) and about 100 years for uranium 
based on reserves and production outside the former centrally planned economies (Ref. 12). 
The latter would rise by a factor of 50 to about 5 000 years, with the eventual deployment of 
fast breeder reactors. The \W ratios for gas, which increased steadily from 1965 to 1983, 
have since flattened off (Kef. 7). (It should be noted that reserves are limited to currently 
known economically recoverable resources and tha t further quantit ies of all fuels will be 
added to reserves in (he future as exploration and exploitation continue.) 

Gas is expensive to t ranspor t to locations whore transmission by pipeline is 
impracticable, and liquefaction and sea t ranspor t is required. Its cleanliness and the 
simplicity and low cost of gas fired plant arc major attractions for users within and outside 
the electricity supply industry, so t ha t as indicated above, demand is widely projected to 
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grow rapidly in the developed world. These factors combine to make price predictions more 
risky than those for the more abundant coal, and price fluctuations cannot be ruled out if 
new supplies fail to be developed at adequate rates or if supplies are disrupted by conflict or 
political actions. 

Because gas fuel costs are such a major part of the generation cost, the attractiveness 
of gas fired base load generation will be sensitive to any swings or trends in gas prices in 
the future. 
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ANNEX II 

Factors Influencing Future Costs of Electricity Supply Options 

a) Environmental concerns 

(One major unknown at the present time is how attitudes to environmental protection i 
will evolve. Nuclear power is already heavily regulated, with allowable emission levels in 
OECD countries set to ensure negligible risks to the work force and public, and design 
criteria that call for the risks and consequences of accidents to be reduced to levels that are 
in economic terms very small compared with direct generation costs. A recent study 
undertaken by the NEA (Ref. 13) indicates that nuclear environmental costs are effectively 
internalised and reflected in generation costs. The study also suggests that the external 
costs associated with residual low level emissions and accident risks are small relative to 
the overall costs cf electricity production. 

This is not true for many existing coal fired stations, which emit environmentally 
damaging gases; sulphur dioxide and nitrogen oxides which have health effects and 
contribute to corrosive and ecologically harmful acid rain; and the greenhouse gases, 
carbon dioxide and nitrous oxide, which could contribute to global climate change. However, 
most of the coal fired plants for which costs are included in this study incorporate effective 
technologies for reducing gaseous sulphur and nitrogen oxide emissions to levels at which 
any residual environmental damage is small in relation to the direct generation costs; 
thus, environmental costs for new fossil fuelled plants are largely internalised (Ref. 13). 

The big uncertainty surrounds the effects of greenhouse gas emissions, which are an 
.unavoidable product of combustion of all fossil fuels. Nuclear power and most renewable 
sources contribute very little to atmospheric carbon dioxide or sulphur and nitrogen oxide 
levels. Apart from waste incineration technologies, which may have overall beneficial 
effects compared with conventional disposal methods, the only emissions are those 
associated with the use of fossil fuels in material extraction, processing and transport. 

There is at present no clear way of evaluating the costs of greenhouse gas effects and 
estimates of control or amelioration costs are also very tentative. The likelihood is that 
decisions on greenhouse gas control will be made on the basis of scientific and political 
judgement rather than via economic assessment and welfare optimisation (Ref. 13). 

If such judgements are taken, they may be implemented through direct regulation on 
emissions, through the introduction of tradable emission permits, or through the 
introduction of fiscal measures such as a tax on the carbon content of fuels. Any such 
measures would influence the effective costs of electricity production from fossil fuels. For 
example, IEA has estimated (Ref. 14) that a carbon tax of $130/tonne of emitted carbon 
would: treble the price of internationally traded coal by adding $90/t; add $16 per barrel to 
oil prices; and add $2/GJ to natural gas prices. Even this was considered likely to no more 
than reduce growth in OECD carbon dioxide emissions from 22% to 7% between 1990 and 
2005, and as such would not reach the goal of stabilisation tha t many countries have 
considered desirable..-Such a tax would add about 30 mills/kWh to coal fired electricity 
prices and 20 mills/kWh to gas combined cycle electricity. 

In practice, the costs of nuclear and renewable energy based electricity would also be 
affected through the effects of any restraining measures on the costs of fossil fuels used in 
materials extraction, transport and construction. However, these effects are small compared 
with the direct consequences for fossil fuel fired generation. 

A number of OECD Member Country governments already have taxes on fossil 
fuels, some of them ns large as the $130/t carbon used illustratively by IEA. At the present 
time, it is far from clear what actions governments will eventually take, if any, or to what 
extent they will favour overall energy conservation and improved efficiency routes (such ns 
combined heat and power plants) to attain their environmental goals. It has to be noted, 
however, that decisions which do impose differential costs oh the generation options could 
materially alter their relative economic attractiveness. The $130/t carbon emissions tax 
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would, for example, add some 50% to 100% to coal fired generation costs if it were to be 
adopted, and 25% to 50% to gas combined cycle generation. 

The imposition of taxes on fossil fuels should decrease demand and would therefore 
be expected to reduce basic fuel prices so that the full effect of the tax might be less than the 
values stated above. 

Nuclear power costs could be increased by any further tightening of emission and 
safety regulations or, relative to renewable sources, by any energy tax aimed at reducing 
the use of finite resources, although, logically, such a tax should also be applied to renewable 
sources to allow for the relatively large quantities of materials required for their 
construction. 

b) Technological development 

The costs of gas fired power generation have been significantly reduced by the 
development in recent years of combined cycle technology with its high thermal efficiency 
and low investment costs. 

Further improvements in thermal efficiency are predicted, which will help to 
maintain or even reduce costs in the future as gas prices rise. Smaller improvements are in 
progress using advanced coal burning technologies although only fluidized bed 
(atmospheric and pressurised) are expected by most countries to be commercially deployable 
around the turn of the century. Further development of integrated coal gasification 
combined cycle and other Coal based technologies may improve energy efficiency, but as yet 
there is no reason to suppose that these environmentally better processes will provide 
significantly cheaper electricity than the plants currently available. , 

Nuclear development is still concentrated on large scale plant with efforts to reduce 
the dominant specific investment costs, both by design improvements and improved 
planning and management of construction. Lesser gains are being sought from improved 
fuel cycles including higher burn-up. Some countries currently favour alternative design 
concepts, such as smaller plants with greater reliance on passive safety features, whilst 
others have been pressing ahead with the design and development of commercial fast 
reactors for deployment in the 21st century. However, there is as yet no reason to suppose 
that these new technologies will provide electricity at prices significantly below those of 
commercial designs that are currently available (Ref. 15). 

The considerable spread of investment and O&M costs for nuclear and fossil 
fuelled plants suggests that many countries have scope for reducing them. Investment costs 
are particularly significant for nuclear plants, and there is reason to believe that there is 
room for nuclear investment cost reductions in a number of countries which have so far 
failed to reap the benefits of replication, coherent construction programmes and systematic 
collocation of plants, which have marked the more successful nuclear investment 
programmes (Ref. 16). 

' Renewable and waste powered electricity generation are resource constrained and, 
apart from large scale hydropower, are likely to make only modest contributions-to overall 
base load generation in the foreseeable future. Those that prove economic and 
environmentally acceptable will be adopted, but there is as yet no sign that any radical or 
major breakthrough, resulting from technological development, is in the offing.. 

Overall there appears to be no immediate prospect of any major cost reductions in 
electricity supply, other than those arising from more efficient planning and construction 
programmes, where such improvements arc possible. 
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