
NEA Update 

Status and trends of nuclear power plant 
performance data 

M. Crijns 

Recent statistics show that, in many countries, 
nuclear reactor performance is improving. Perfor­

mance indicators reflect the technical reliability of the plant 
systems and components and of the operations manage­
ment. Futhermore, the economic efficiency of energy 
production is increased if the production of electricity can 
be modulated according to demand (what the specialists 
cail/oad-fol/owing mode). 

Plant performance is frequently measured in terms 
of load factors , or the energy actually produced compared 
to the maximum that could be produced during the period 
measured . For example, if the demand for electricity 
decreases , the output of the power plant can be decreased 

M.J. Crijns is a member of the NEA's Nuclear Development 
Division. 
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accordingly, although its potential production level would 
remain the same. Therefore, to achieve a more exact 
measurement of plant performance , a different 
measurement, called an energy availability factor, is used 
to reflect the plant's technical capabi lity for energy 
production . The energy avai lability factor measures the 
energy that could have been produced on demand, 
whether it was produced or not, compared to the maximum 
possible production during the period measured . Thus, 
while load factor statistics are stil l used for various 
resource and cost studies, utilities are gradually shifting to 
the use of energy availability factors to report plant 
performance statistics. 

ln the majority of countries , the an nuai energy 
avai lability factors are above 70 per cent and most nuclear 
plants in the world are expected to gradually achieve a 70 
to 75 per cent level. This level would already indicate good 
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This graph shows the increase in the en erg y availability factors in certain OECD cou nt ries between 1977 and 1985. 
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performance. Energy availability lactors 01 80 per cent and 
higher on a sustained basis indicate a level 01 excellence 
which is being reached by some countries and utilities and 
is being used as a target by the others. Some countries 
have already achieved this level 01 perlormance over a 
period 01 several years. 

Programmes to improve plant performance are 
usually designed to achieve economic and reliable energy 
production with a high level 01 salety and environmental 
protection . Improvements in plant performance can lead, 
among other things, to increased energy availability and 
can reduce the amount 01 time the reactor is out 01 service, 
the number 01 times it is automatically shut down, and the 
exposure 01 operating personnel. 

Good performance is olten characterised by close 
co-operation 01 ail parties involved in nuclear energy use: 
plant operators, suppliers 01 equipment, regulators and 
research bodies. Comparisons show that much depends 
on operator skills and on quality control during the 
construction 01 the plant. Furthermore, analysis shows that 
good performance records, once achieved , are usually 
maintained in subsequent years. 

Presently a number 01 organisations are using their 
own data bases to report performance statistics. The 
results 01 these different data bases have been used to 
explain the differences in plant performance between 
countries and between utilities. This is olten not easy, and 
sometimes even impossible, due to differences in delini­
tions and reporting practices . 

For good comparisons to be made between plants 
or countries, the current method 01 performance reporting 
needs to be improved. Experts lrom 12 countries and 
4 international organisations have reviewed the present 
status 01 performance reporting and have drawn some 
conclusions on these difficulties. The lindings 01 the joint 
NEAlIAEA Working Group are contained in a report 
entitled Status and Trends of Nuclear Power Plant 
Performance Data', which includes a number 01 recom­
mendations and suggestions lor lurther work. In particular , 
the report suggested that the practices of reporting 
performance data be further harmonised, including the 
adoption of a consistent set of definitions and terminology. 
These must be strictly followed in order for international 
comparisons to be valid .• 

* Available on request. 

Performance indicators reflect the technical reliability of plant systems and components such as this turbine at the Hunterston 
'B' Nuclear Power Station in Scotland and therefore the ability to supply electricity when needed. 
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Extending the life of nuclear plants: 
sorne safety aspects 
N.R. McDonald 

T he planned operational life for which a nuclear plant 
is designed and licensed is generally between 20 

and 40 years. Several plants in OECD countries are 
approaching the time when a decision must be made either 
to extend the service of the plant beyond its originallifetime 
or to decommission il. This decision usually involves 
comparing the cost of maintaining old equipment in a safe 
operating condition and replacing worn out components to 
the co st of a complete new facility . Although the choice will 
depend upon the specific conditions and requirements of 
each plant, in many cases it appears to be economically 
justifiable to undertake the steps which will enable 
continued safe operation beyond the original lifetime. 

A symposium was organised in February, 1986 by 
the NEA in co -operation with the IAEA to identify the 
important factors influencing life extension , such as plant 
design , maintenance practices and the physical properties 
of components, to review the experience to date, to study 
economic viability and to indicate the future direction of 
work in this area*. Although safety issues were not 
discussed in detail , one of the reports presented con­
cerned the broad technical issues involved in assessing 
the long-term integrity, and hence the ultimate service life , 
of the components of light water reactors that must retain 
the hot, pressurised coolant water and steam. The safe 
operating condition of the reactor pressure vessel , contain­
ing the nuclear core, is the principal limiting factor in the 
nuclear power plant , as it would probably be impractical to 
replace il. For the other pipes and components of concern , 
repair or replacement is feasible , and the key considera­
tions are the timing and cost of such action . 

The report discussed several important interacting 
factors which must be considered when determining the 
capability of a component to continue to function safely 
and effectively. To make this determination , one must 
identify: 1) the phenomena causing a loss of safety 
margins or component function ; 2) the information needed 
to assess the state of the components ; 3) the ability to 
physically get that information or otherwise determine the 
state of the component ; and 4) the criteria to be used in 
determining how much, if any, degradation of a component 
can be accepted. 

Among the important phenomena which can cause 
the degradation or malfunction of a component are loss of 
toughness through neutron irradiation and ageing , the 

N.R. McDonald is a member of the NEA's Nuclear Safety 
Division. 

An article on incentives and luture directions 01 Plant Lile 
Extension will appear in the next issue 01 the Newsletter. 
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development of cracks through fatigue , corrosion , etc. , and 
the effect of repair and maintenance work. A number of 
research programmes at the NEA and in Member 
countries are devoted to the detection and study of these 
phenomena. 

To determine the exact state of components , one 
must first examine the original records and design 
information . This may not be easily available for older 
plants , which were built before the study of life extension 
measures began. Other important information includes 
ordinary operational data such as temperature, pressure, 
water chemistry, etc. and unusual operational data from 
reports by licensees on incidents occurring at their 
reactors. Certain information on the physical state of the 
component can only be obtained by actually inspecting it , 
which poses additional problems of access to the equip­
ment in highly radioactive areas or areas which are 
physically difficult to reach . 

ln addition to this information , other measures must 
be taken to assess the degradation or loss of function of a 
component. For example, models are being used to 
understand the basic and long-term behaviour of the 
components , benchmark exercises and other means are 
available to understand crack growth and fracture mecha­
nics , and skilled and experienced personnel are important 
to perform the necessary assessments with the required 
level of confidence. 

The approach adopted in deciding how much, if any, 
degradation of inherent structural integrity can be accepted 
toward the end of service life of a component will be 
specific to each country depending on its laws, regulations 
and procedures. However, to obtain the measure of 
confidence needed to permit specific decisions based on 
integrity assessments will require progress on a number of 
technical issues such as those mentioned above. 

Although no specific technical limitations have been 
identified which would rule out life extension for structural 
integrity reasons, there are a number of areas in which 
more understanding and better data will be required for 
assessment purposes, if the necessary confidence in the 
safe operating condition of the nuclear power plant 
components is to be obtained. Experts in fracture mechan­
ics and non-destructive examinations, together with reg­
ulatory authorities, should work to achieve a better mutual 
understanding of the technical issues involved and the 
basis for national approaches. This is the objective of 
several activities in the programme of NEA's Committee on 
the Safety of Nuclear Installations . • 
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The cost of nuclear and coal electricity 

T he NEA report Projeeted eosts of generating e/eetrieity from nue/ear and eoa/-fired power stations for eommissioning 
in 1995 was reviewed in an article published in the NEA News/etter, Vol. 4, No. 1, Spring 1986, (E/eetrieity 

generation eosts). An energy consulting company in the United Kingdom , Cambridge Energy Research Ltd. (CER) , has 
recently published a report on Nue/ear Economies and the Priee of Goa/ in which ail the original data have been taken with 
due acknowledgement from the NEA report. However, the assumptions made - and therefore the conclusions reached -
differ significantly from those of the NEA. Professor P.M.S. Jones (United Kingdom), Chairman of the NEA Group of 
experts which produced the NEA report , presents below his critical review of the CER work. 

The CER authors have used the NEA data without 
amendment to conduct a number of sensitivity analyses 
which are presented graphically (country by country) and 
in tabular form. In the NEA study the results were 
presented mainly in terms of generation costs (U.S. 
milis/kWh) and cost ratios , with separate sensitivity 
analyses by country showing the break-even values for 
important parameters like nuclear capital costs , nuciear 
fuel costs , plant load factors and coal prices . CER, on the 
other hand, have chosen to present ail their analyses in 
terms of break-even levelised coal prices. Their report 
makes some question able assumptions and adopts a 
presentation that could mislead the casual reader as 
outlined below. 

The Cambridge authors opted very sensibly to have 
ail fossil plant costs based on new units fitted with flue gas 
desulphurisation. They therefore added a sm ail correction, 
based on data in the NEA report , to the coal-based 
generation costs provided by France, the United Kingdom, 
Italy and Spain . Their assumptions that operating costs 
would nevertheless remain unchanged lead them to 
under-estimate the likely extra cost of coal-fired electricity 
by some 2 to 3 mills/kWh for France and the United 
Kingdom. While this is small , it can lead to a significant 
error in break-even coal prices, in the region of 10-20 per 
cent. 

For their sensitivity analyses , they have adopted 
their own ranges which differed from the NEA best 
estimates. Some of these ranges are unrealistically 
pessimistic. For example , plant lives are varied down to 
10 years from the already conservative 20 to 25 years 
adopted by NEA. Levelised nuclear fuel costs are varied 
over a range of 40 per cent , weil outside the range 
considered plausible in the detailed analysis of the nuclear 
fuel cycle published by NEA in 1985. Not surprisingly, if 
one chooses a wide enough range, one can conclude that 
a selected parameter has signifieant impact on relative 
costs . 

The two biggest weaknesses in the CER presenta­
tion concern their treatment of exchange rates and 
discount rates. As successive NEA working groups have 
pointed out , exchange rates are a major factor in 
international comparisons. They can lead to big differ­
ences in apparent co st relativities between countries , 
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depending on the base dates selected for the comparison , 
even when no real changes have occurred . NEA opted to 
use ratios of coal/nuclear generation costs as a compara­
tor since this ratio is significantly less sensitive to the 
selected base date than are absolute costs . 

CER have illustrated this sensitivity in the case of 
coal by recalculating break-even levelised coal prices in 
1986 money. This in itself is quite legitimate but two things 
have to be stressed: firstly that the costs are levelised 
projected costs covering the period 1995-2020 and not 
current prices ; and secondly, that they include any 
allowance countries have made for long-term currency 
adjustments. For example, in the case of the Sizewell 
inquiry, Sir Frank Layfield agrees with CEGB that the L will 
depreciate against the U.S.$ by about 25 per cent in real 
effective terms between 1982 (the Sizewell data base 
date) and 2000. Real sterling price increases have to be 
built into the forward cost estimates where reactor 
components or fuel will be purchased in world markets. 
This could increase both nuciear capital (slightly) and fuel 
costs and be reflected in higher break-even coal costs 
measured in sterling . Five per cent higher might be a 
reasonable projection. These, on conversion to U.S. 
dollars at the current higher exchange rates , give rise to a 
set of break-even coal prices that cannot be directly 
compared with current market prices. 

This effect and desulphurisation taken together 
would suggest that break-even levelised (1995-2020) coal 
prices for Sizewell wou Id be in the region of $42/tonne in 
June 1986 money rather than the $53/tonne quoted by 
CER , who compounded the problem by setting their figure 
alongside early 1987 spot ARA steam coal prices : steam 
coal actually supplied to EEC countries in the third quarter 
of 1986 averaged $47.3/tonne with a range of $36.5 to 
$60.4, the lower price being for South African coal. The 
United Kingdom average imported price was $53.6/tonne 
while Japan paid $42.4 with a range from $41 .8 to $44 .6. 
(Source : IEA Energy Prices and Taxes , OECD 1987) . 
Domestically-produced coal in the United Kingdom costs 
the CEGB around $60/tonne . (11 should be noted that NEA 
common assumptions for their comparison purposes were 
not identical with CEGB's expectations for Sizewell. The 
NEA basis is used here .) 
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The CER give equal weight to 5 per cent and 10 per 
cent discount rates in the presentation of their results and 
use an even wider range for sensitivity analysis (2-15 per 
cent). Whi le reporting the NEA view that a 5 per cent real 
rate is the most appropriate, based on practices in the 
OECD (where the majority of countries employ 4-6 per 
cent real rates of return), CER claim that current very high 
interest rates that may be obtained in financial markets in 
the Western countries make it likely that any pressure on 
discount rates in the future will be upwards. 

What is the situation? ln February 1987 the United 
Kingdom and Ital y have high monetary interest rates in the 
range of 10 to 12 per cent . For long-term bonds, which are 
perhaps an appropriate comparator for power stations, the 
rate is 10 per cent. In the United States it is 7.4 per cent , 
the Federal Republic of Germany 4.3 per cent , Japan 
4.2 per cent , France 8.5 per cent , Belgium 7.5 per cent , 
Switzerland 3.6 per cent and the Netherlands 6.1 per cent. 
But ail these make no correction for inflation which is 
currently running at 4 per cent in the United Kingdom and 
Italy, 3 per cent in the United States, 1 per cent in the 
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Federal Republic of Germany, 0 per cent in Japan, 2 per 
cent in France and 2 1/2 per cent per annum for the OECD 
as a whole. Thus a discount rate of 5 per cent in real terms 
could be argued to be too high rather than too low, 
particularly bearing in mind the fa ct that current real rates 
of interest in the United Kingdom are higher than they have 
ever been and the general world trend is downwards. 

The conclusion reached by the NEA that nuclear is 
likely to retain a sizeable economic advantage over coal in 
most OECD countries seems unassailable. The CER 
questioning of this conclusion based on uncertainties 
largely of their own making does not stand up to critical 
examination. Of course if world coal priees can be brought 
down en masse to the lowest current spot market priees of 
$36/tonne and maintained there for the next 30 to 40 years 
in the face of growing demand, some countries would not 
find nuclear competitive. The question is whether that is a 
likely scenario. 

The NEA report is available through OECD at t:9 . 
The CER report is available from CER Lld. at 5::95 .• 

UL' __________________________________________________________________________________________________ --__________ ~ 

Federal Republic of Germany: Gundremmingen reactor. The electric energy generated by just one of the fuel assemblies shown 
above is approximately equivalent to that from 3 500 tons of coal in a conventional power plant. 
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THE NUCLEAR POWER SITUATION 
IN OECD COUNTRIES 

1986 Situation 

l n the twelve-month period beginning in January, nuciear electricity generation in OECD countries rose by 8 per cent 
from 1 145 terawatthours (TWh) to 1 238 TWh. Nuciear power now accounts for some 22 per cent of electricity 

generated in the OECD area . In 1986, the number of nuciear power plants connected to the grid in NEA Member countries 
rose to 303 , with some 19 new reactors coming on line . The total instalied nuciear power capacity also increased by 8 per 
cent to 224 GWe . • 

Plants connected to the grid 
Nuclear electricity Nuclear 

Country Units Capacity generation share 
(GWe) (TWh) (%) 

Belgium 8 5.4 37.1 67.0 
Canada 18 11 .0 68.7 15.1 
Finland 4 2.3 18.0 38.4 
France 49 45.0 241.4 69.8 
Germany, F.R. 21 18.9 113.3 29.6 
Italy 3 1.3 8.4 4.6 
Japan 35 25.8 157.7 24.6 
Netherlands 2 0.5 3.9 5.9 
Spain 8 5.6 35.6 28.9 
Sweden 12 9.6 67.0 50 .3 
Switzerland 5 2.9 21 .3 39.2 
United Kingdom 38 10.2 51 .8 18.4 
United States 100 85.3 414.0 16.6 

Total DECO 303 223.8 1 238.2 21.8 

Data as of 27th April 1987. 

Estimates of nuclear electricity capacity to the year 2000 

Country 

Belgium 
Canada 
Finland 
France 
Germany F.R. 
Italy (b) 
Japan (a,c) 
Netherlands 
Spain (b) 
Sweden 
Switzerland 
Turkey 
United Kingdom (b) 
United States 

DECO Total 

(a) For fi scal year. 
(b) Secretariat's estimate . 
(c) Gross data converted into net. 
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Net GWe 

5.4 
13.6 
2.3 

57.3 
23.0 

1.3 
33.0 

0.5 
7.4 
9.8 
3.0 
00 

12.2 
105.0 

273.8 

1990 

Nuclear 
Share 

(%) 

38.0 
13.4 
19.7 
53.3 
23.0 

2.1 
18.3 
3.4 

16.8 
29.2 
19.5 
0.0 

18.6 
15.3 

17.4 

2000 

Nuclear 
Net GWe Share 

(%) 

6.8 43.6 
16.2 13.4 
2.3 16.3 

67.4 52. 1 
25.6 24.9 

8.1 10.9 
60.0 (c) 25.0 

2.5 (b) 15.4 
10.4 21 .5 
7.4 (b) 21 .1 
4.0 22.5 
0.7 1.8 

18.0 26.9 
111 .0 14.9 

340.4 18.8 
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New publications from the NEA 

Reducing the Frequency of Nuclear 
Reactor Scrams 
(Proceedings of an NEA Symposium) 

While reactor scrams are of vital importance in bringing the 
plant to a safe and stable condition in case of an 
emergency, too frequent scrams can have negative side 
effects on plant operat ions, both in terms of safety and 
economics. This report contains the proceedings of an 
international symposium organised by the NEA to analyse 
the reasons for differences in the frequency of reactor 
scrams observed in OECD countries and to discuss how 
these could be reduced in order to improve plant 
performance. 

ISBN 92-64-02937 -0 
Priee : s:: 22.00 US$ 44 .00 FF 220.00 

Nuclear Energy and Its Fuel Cycle 
- Prospects to 2025 

Nuclear power wi ll supply an increasing share of the 
world 's electricity but will expand more slowly than had 
been expected , and no shortages of uranium or other fuel 
cycle services are foreseen before the end of the century. 
Wh ile exploration for new uranium deposits should 
cont inue to ensure long-term supplies , advances in reactor 
design and enrichment and reprocessing techniques could 
achieve reductions in uranium demand. 

ISBN 92-64-12919-7 
Priee : s:: 15.00 US$ 30 .00 FF 150.00 
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Electricity, Nuclear Power and Fuel 
Cycle in OECD Countries - Main Data 

Free on request. 

Statistical data and projections up ta the year 2025 are 
provided based on figures from the end of 1986. 

Nuclear Law Bulletin No. 38 

ISSN 0304-341 X 
Priee : 52 12.00 US$ 24.00 FF 120.00 

Chernobyl and the Safety of Nuclear 
Reactors in OECD Countries 

This report assesses the bearing of the Chernobyl accident 
on the safety of nuclear reactors in OECD cou nt ries. Il 
discusses analyses of the accident performed in several 
countries as weil as improvements to the safety of RBMK 
reactors announced by the USSR. Several remaining 
questions are identified . 

ISBN 92-64-12975-8 
Priee: s:: 11 .00 US$ 23.00 FF 110.00 
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