METHODS OF ESTIMATING NUCLEAR
POWER COSTS

It is obvious that the large-scale development of
atomic power will depend on its economic merits,
which again will be mainly determined by the cost of
the power produced. There is widespread interest
in obtaining cost data on established types of nuclear
power stations, The International Atomic Energy
Agency has been collecting technical and cost infor-
mation ondifferent types of power reactors and making
it available to its Member States. A report on the
current state of nuclear power costs was presented
to the Agency's General Conference last year, and a
revision of this report is being prepared this year.

Some of the Agency's Member States have expe-
rienced difficulties inextrapolating costdata obtained
from other countries to their own situations. Apart
from the fact that the factors which have a bearing on
cost are often widely different from one country to
another, the methods of ¢osting are not identical in
all countries. The Agency, therefore, has consid-
ered it one of its major tasks to help in establishing
consistent bases for the costing of nuclear power so
that the available cost information can be evaluated
and used in different contexts,

Aninternational panel of experts* appointedhy the
Agency's Director General, after examining costing
methods indetail, has recently produced a report en-
titled "Introduction to Methods of Estimating Nuclear
Power Generating Costs'. The report is intended to
help the Agency's Member States, particularly those
which are less-developed in nuclear technology, in
making a preliminary economic assessment before
the construction of a nuclear power station. It gives
a description of the different cost items involved in a
nuclear power project, some suggestions as to the
extrapolation of available data, and an evaluation of
different methods of allocating the costs to the units
of energy produced.

It is pointed out that the determination of elec-
tricity generating costs for a single station is only a
first step in the evaluation of the merits of nuclear
power. If the station is operated within a power sys-
tem acomparisonbetween coststothat system arising
from a nuclear and a conventional power plant will be
necessary. Besides, if a country contemplates a
comprehensive nuclear power program, the indirect
costs to the whole national economy must alsobe taken
into account and placed against possible alternatives.
These wider aspects of economic evaluation call for
separate studies;the purpose of the present report is
tohelp countries considering the possibility of nuclear
power to arrive at an estimate of the cost of electric-
ity or of process heat produced by nuclear reactors.

* The members o£ the panel were from Canada, France, Hungary, India
Italy, lapan, Sweden, the United Kingdom and the United States.

Three Costs Categories

In principle, the costing of nuclear power would
appear to be no different from that of conventional
electricity. In both cases, the purpose is to deter-
mine a unit generating cost onthebasis ofthe capital,
fuel, and operation-and-maintenance and other costs.
But the complexity of reactor types, the unique fea-
tures of nuclear fuel and the limited experience in the
operation of power reactorsmake costing more com-
plicated for nuclear than for conventional power sta-
tions. In an introductory chapter the report reviews
some of the special features of nuclear power costs in
the three categories mentioned above,

The difference in capital costs isthe most marked
feature of all economic comparisonsbetween nuclear
and conventional power, particularly inthe small size
range. Most of the difference is due to the high cost
of the reactor and associated equipment and provisions
for safety.

For fuel also, there is a large difference in the
necessary investment. The totalvalue of the working
stock of fuel for a power reactor (including the reactor
charge) can amount to ten times as much as that
needed for a coal-fired station. Moreover, the fuel
cost per unit of power produced is much more sensi-
tive to variations in plant size for nuclear than for
conventional power, Another special feature of nu-
clear fuel is that at present it can be obtained only
from a few countries, while conventional fuels are
widely available. Furthermore, if the spent fuel from
a nuclear reactor is to be put to subsequent use, the
transportation and processing of this fuel would rep-
resent a significant cost item.

As regards operation - and - maintenance, it is
pointed out that in view of the radiationhazards, spe-
cial health and safety precautions are necessary in
nuclear power plants and, at present, make for higher
operation-and-maintenance costs for nuclear plants
than for the conventional ones.

The cost items under these three headings are
discussed in detail in the next three chapters of the
report. The first of these chapters is devoted to
"station construction costs’, which mean the total
cost of building a power station (also referred to as
"capital cost" or "plant cost').

Station Construction Costs

A detailedbreakdown of constructionitems, which
permit their identification, is important for the esti-
mation of the plant cost. A comprehensive listing of
construction costs facilitates the intercomparison of
various nuclear power stations.



Except for the reactor and associated facilities,
the costitems for anuclear plant are inmany respects
similar to those of a conventional plant. The main
cost items of a nuclear plant, aslisted in an appendix
to the report, are (1) land and land rights, (2) site
preparation and structures, (3) reactor and auxiliary
equipment, (4) primary circuit heat exchangers and
auxiliary equipment, (5) steam heat equipment,
(6) secondary circuit and electricity generating sys-
tem, (7) miscellaneous equipment, and (8) associated
costs. A further breakdown of each of these items
would show the costs of (a) material and equipment,
(b) transport, (c) taxes, (d) labor and installation,
and (e) the total installed cost.

The eight principal items of station construction
costs can alsobe brokendown into more specific cost
components in order to enable precise identification
and comparison. For example, in the breakdown
given inthe report, "'reactor and auxiliary equipment"
includes (a) the reactor itself, (b) reactor cooling,
heating and auxiliary systems, (c)fuel handling equip-
ment, (d) instrumentation of reactor and auxiliary
equipment, (e)moderator, (f) reflector (if different
from moderator), (g) moderator circuit and compo-
nents, (h)other items(such aslaboratory equipment),
and (i) spare parts. Similarly, "associated costs"
include (a) engineering, design and inspection costs
(in connection with preliminary investigations, etc. ),
(b) indirect costs, (e.g. for general administration,
etc.), (c) commissioning costs (e.g. for inspection
and acceptance tests), (d) miscellaneous fees (e.g.
legal fees), (e) interest during construction, and
(f) contingency.

These examples would indicate the nature of the
costbreakdown necessary for any useful extrapolation
of cost data from one country to another; the more
detailed the breakdown the greater will be the useful-
ness of the data.

Fuel Costs

Noting the high capital cost of nuclear power, the
report points out that the promise of economic nuclear
power lies essentially in improved fuel performance
and a reduction in over-all fuel costs. Describing
the various fuel cycles, it notes that natural uranium
reactors are of considerable importance because their
fuel is cheaper and more easily available. But it is
also pointed out that while enriched uranium is more
expensive, it permits a wide choice in the cladding
and composition of the fuel material, which can result
in better fuel performance and hence in an over-all
reduction of the unit capital cost. A fuel cycle,
therefore, must be evaluated not by itself but in the
light of its over-all effect on the cost of the power
produced.

The reportlists the economic and technical factors
determining the nuclear fuel component of the power
generating costs. The first is the cost of the fabri-
catedfuel as charged inthe reactor. Secondly, there
is the value of the spent fueldischarged from the re-
actor, i.e. the value of the fissile and fertile mate-
rials in the irradiated elements less the cost of
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transport and insurance of the irradiated fuel and the
cost of itsprocessing. A thirdfactor is the fuel per-
formance, i.e. the amount of heat obtained from a
given weight of nuclear fuel before it is discharged
from the reactor and reprocessed. Another factor
is the fuel management (including the method of fuel
procurement, the reserves of fuel required, the han-
dling of the fuel after discharge, etc.). A fifth con-
siderationisthe specific power of a reactor, measured
by the number of kilowatts of thermal power per kilo-
gram of fuel. Yet another factor is the thermal effi-
ciency of the plant, which determines the number of
units of electric energy produced by one unit of heat.
The rate of interest and plant utilization are further
important factors, because of the large amounts of
money immobilized in nuclear fuel. The plant life
can also influence the estimation of the fuel component
of the unit generating cost.

Operation -
and - Maintenance and Other Costs

The report groups all costs other than those of
capital and fuel in the third category. The cost of
the day-to-day operation of nuclear as well as con-
ventional plants consists of items such as labor and
supervision charges, cost of supplies or consumable
stores, and maintenance and miscellaneous costs. A
breakdown of these costs is given in an appendix to
the report.

Until further operating experience is gained, it is
likely that nuclear power stations will require spe-
cialized staff especially for nuclear engineering and
health and safety. This is likely to keep up the cost
of operation. Supervision charges may also tend to
be higher in a nuclear than in a conventional power
station.

As for maintenance, the costs in respect of the
conventional equipment of a nuclear power stationcan
be assessedby reference tothe costsincurred in con-
ventional power stations. For the nuclear portion of
the plant the costs are likely to be higher because of
factors associated with radiation hazards; for exam-
ple, it may be necessary to carry out some mainte-
nance by remote control.

Asregards special coolants and moderators, such
as heavy water or organic liquids required for some
types of nuclear power stations, the cost of initial
charges of suchmaterials is classified in this report
as capital expenditure, but the cost of any additional
supplies would be an operating expense. Some other
types of special material may also be necessary in
the course of operation. As regards miscellaneous
costs, an important item is the cost of premiums for
insurance tocover thirdparty liability in the event of
a nuclear accident. The report points out that there
is nohard and fast rule for the allocation of operating
charges to various categories. What is important is
to ensure that no chargehas been ignored in arriving
at the final result.

Estimation of the Generating Cost
Once the costs of construction, fuel and operation-
and-maintenance have been identified and allocated,



the task is to determine the cost of the unit of energy
produced. Accurate generating cost figures for a
single plant would permit an economic comparison of
two reactors with different cost structures in respect
of capital, fuel, and operation-and-maintenance, pro-
vided they are expected to perform roughly the same
services over the same period of time within the same
power system.

The report, however, points out that these figures
should not be used indiscriminately for comparisons
between conventional and nuclear power stations.
Nuclear plants will be introduced within power sys-
tems whose whole operation will be affected by them
and the determination of the real cost to the system
of operating a nuclear station must involve an eco-
nomic analysis of the system as awhole over aperiod
of years.

The methods of determining generating costs can
be grouped in two categories: the steady state meth-
ods and the present worth method. The steady state
methods, while varying in their details from country
to country according to the fuel procurement system
in force, have one basic common feature. They are
based on equilibrium conditions under which the main
costing parameters, such as average irradiation of
the fuel and the plant factor, are assumed to be con-
stant, Suitable adjustments are then made to take
into account the variations which these parameters
may undergo during the life of the reactor. The pre-
sent worth method, on the other hand, is designed to
deal systematically with any reactor type under any
fuel supply system. Under this method all expendi-
tures expected during thelife of the reactor arelisted
and their present value determined. This value is
then equated to the present value of the energy ex-
pected tobe producedby the plant toyield a generating
cost figure.

In the steady state methods, the cost of the kilo-
watt-hour (the unit of energy produced) is regarded
asthe sum ofthe costs of capital, fuel, and operation-
and-maintenance and other items. The total capital
cost component at the time of start-up is determined
by totaling all capital cost items and adding a charge
for interest during construction. An annual capital
charge is obtained by taking into account the annual
interest onthe total investment, a depreciation charge
(computed by determining the annual amounts of money
which, if set aside each year, will add up at the end
of the life of the plant to the total capital cost initially

incurred), and taxes and property insurance where
applicable. The annual capital cost component is ob-
tained by dividing the annual capital charge by the
number of kilowatt-hours produced during the year.

So far as the fuel cost component is concerned,
the report describes the methods used in Canada, the
United Kingdom and the United States and then points
out that the allocation of the fuel cycle costs to the
kilowatt-hours produced may involve the separate
computation of a series of components: a fuel lease
charge, a fuel depletion charge, a fabrication charge,
a chemical processing charge, a shipping charge, a
uranium conversion charge, a plutonium conversion
charge and a plutonium credit.

As regardsthe component arising from operation-
and-maintenance, all the cost items included under
thisheading canbe expressed as an annual charge per
kilowatt of capacity installed. The generating cost
is therefore simply obtained by adding them up and
dividing the total by the number of kilowatt-hours
annually produced per kilowatt of capacity.

The steady state methods have the advantage of
permitting rapid calculations and yielding results
whose accuracy is more than sufficient when com-
pared tothe uncertainty of the present and future val-
ues of the data. They are however subject to some
limitations; for example, different generating cost
figures will be obtained for different years if the op-
erational or economic parameters, such as the plant
factor or fuel costs, vary during the reactor's life.

These difficulties may be resolved by resorting
to what is described asthe present worthmethod which
is used in various countries for general economic
evaluations. Asbriefly explained before, the method
involves the preparation of a timetable (say, year by
year)listing all capital, fuel, operation and other ex-
penditures andcredits connected with the operation of
the reactor duringits whole life as well as the amounts
of energy it is expected to generate. A charge per
kilowatt-hour isthendetermined, such as would make
the present worth value of the total energy expected
to be generated by the reactor equal to the present
worth value of all expenditures at the time of start-
up. The present worth method is particularly appli-
cable when complex fuel cycles are involved, when
the period of approach to equilibrium is relatively
long or when future variations of relevant costing pa-
rameters can be accurately forecast.
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