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THE ECONOMICS OF NUCLEAR pOWER

Thermal nuclear power stations will
continue to provide economic electri
~city until the cost of uranium rises
to several tiies its present level,
fast reactors could then stabilise
the cost of electricity. By Hugh Hunt
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THE ECONOMIC OF NUCLEAR POWER

Nuclear power stations throughout the world zre now providing
consuners with substantially the cheapesﬁ‘electricity, except
in areas with extensive hydro-power or cheap, clean, local coal.
Thermal nuclear power stations will continue to provide economic
electricity until the cost of uranium fises to several times

the present level; fast.reactbrs‘have the potential to continue
to-stabilise the cost of electricity and by moderating demand
for other fuels will keep down their cosﬁ alsﬁ. >These‘are con-
clusions to the study presented here, by‘HughAHunt énd Gerry

Betteridge*

The historical perspective

Looking back over a hundrel years we see a close relationship
betwaen useful energy consumption and standards of living.
This is not surprising, since it is largely external. energy
that has enabled man to produce much more during his limited
life-span Lhén he could unaided, and rescued him from & short
and brutish exis£ence. However, it is not only by using more
energy that living standards have beeﬁ improved but als» by
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progressively using sources of energy which require less

resources (particularly of labour) for their extraction, trans-
port and processing, Thus, as illustrated in:Figure'l releting‘
to the USA; wood . gave way to coal, and coal to oil and gas.

In the world as a whole (excluding the Centrally Planned
Economies) between 1945 and 1974, the propoftion of enefgy
(measured in terms of primary fuel input) provided by 511 fuels
increased from 25.to 54 per cent, and that of natural gas from
10 to 18 pef cent.,  During the same period the share ef solid
fuels fell from 60 to 19 per cent. This means that in a period
when overali energy demand has been growing at about 5 per cent
p.a.,, both 0il and gas have been rising by 8 per cent p.a. |

In this progression, each sueceeding fuel has had a higher
energy content per unit weight than its predecessor (Table 1)
Moreover, liquid and geseous fossil fuels have largely supersed-
ed solid fuels because they are 2lso more easily extracted and
trensported in bulk and are unore efficientjin end use., Natural
gas 1s perhaps the ultimate fuel for many purpeses in belng
conveyed from source to consumer with little intermediate handli-
ing or processing, and if it was in unlimited supply the story
could end here.

Uranium is the latest addition to this sequence. If fully



fissioned, natural uranium has a specific energy content some
?.5 million times that of coal. However, urahium ore, as
mined, typically’contains only about 0.1 per cent uranium.
Also, in prdctice, not more than about 1.0 per ceﬁt of the
potential energy in natural uranium can be extracted using a
moderated (so-called 'thermal neutron' or simply "thermal!)
reactor, aithough up to 6O pef cent using unmoderated .(1fast
neutron' or simpley ‘faét’) reactor. Afcer making &llowance
for this we get thé scéle of speéific‘energies for the various
fuels per ton of useful méterial extractgd shown in Table 1.

The step-change from féssil to nﬁclear fuel is such as is
rarely encountered in the evoiution of a technologzy. Although
nucleaf fuel reguires mucﬁ more pfocessin; than other fuels
before it is inva uéablé form; its higher‘energy contegnt more
than offsets this, It can be eﬁonomically concentreted to an
almost pure form ﬁear the noint of mining, so saving consider=
able on subseguent transport and storage c§$ts comparedbwith
fossil fuels,

Energy costs genersally have been further reduced by improv-
ing the efficiency of appliances in which fuels are consumedz,

e. g.
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(a) by moving from reciprocating steam engines to steam

(o)

(c)

turbines in electriqity‘generation; to intemal combus-
tion engines for road transport; and to gas turbines for

air transport where power to. weight ratio iS'important.

by increasing the size of generating units: (e.g. in the

UK from 1 MY in 1900 to 660 M# by 1974, In the US4,

1000 MW generating sots are in use). This, as well as

other interdependent technical factors, has'played a

big part in reducing unit capital costs =nd in improving
the best attainable thermal efficiency from 20 per cent

in 1948 to 35-40 per cent today. Average thermal effic-

‘iency in: the UK system has increased from 8 per cent

. in 1900 to ebout 31 per cent today and will increase

towards 40 .per cent as npw-piaht takes over (?ig. 2).
The’intfoduction of the distribution grid has reduced’
the overall generating cepacity required ﬁb pré§ide a
reliable service by a factor of 2 cdmpéred‘with what

would be required if separate individual local power

 stations were used-. Increasing the grid voltage has

also greatly reduced distribution costs;  The combined
result of these improvements is that today some 137
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power stations in Englénd and Wales produce almost 40

times as much electricity &as 438 stations in 1925,

Table 1
Specific energy content
therms per ton
Wood 160-180
Coal 230-300
0il 4L20-4140
Gas 500

Uranium ore refined and fissioned
to 0.6~1 per cent in a thermal

reactor 4L860-8000

Uranium ore refined and fissioned
to 60 per cent in a fast reactor 480 000
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Source: Historical Statistics of the United States Bureau of
the Census; US Bureau of Mines, 1974.

It is by such means zs these that, until 1973, the cost of
energy has been reduced in real temms déspite the considérable
iacrease in the cost of inputs ‘to the energy industries.-

41thouch the price of electricity is ﬁeveral times that
of other fuels in terms of simple heat cﬁtput, it can command

this price on the open merket in competition with other fuels
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because it is a hizh grade energy source of great versatility,
cleéhliness, convenience and efficiency in end-use. Clearly,
these virtues are highly valued by consumers. Moreover, it

makes use of 1ow-grédé fuels (power station coal, residual oil

and uranium) which have 2t present little other use and could’

of UK electricity generation

thermal effici

Fig. 2 The average themal efficiency of generating elect-
tricity in the UK. From 1960 excluding nuclear stations.
(Source: UK Energy Statistics),
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not be burnt as efficiently, if at all, locally. For some
applications electricity is the only practicable form of energy.
The five-fold increase in oil prices in 1973, although not

completely passed on to consumers, gsve us a foretaste of the

effect of increasing energy costs. It brought about sudden press
pressures for change in economic relativities and accustomed
life-styles in oil-consuming countries. Although resisted,

theée pressures persist and theilr repercussions are a major
cause of current world depression and unemployment. A con-
tinuation of rising fossil fuel prices due to the increased

cost of exploiting more expensive sources will have a more
gradually debilitating but more permanent effect.

In these circumstances conservation msasures, to the extentk
that they zre economic, will become‘more important, but cannot
by themselves meat the heeds of an expanding world population.
The need remains for a large new economic source of energy.
Uranium with its much higher energy content and no other large-

scale uses is the front runner, particularly when used in fast

reactors.



Methods  of comparing nuclear and fossil generating costs

In electricity production it is especially complex to allocate
costs between onz type of station and another in a strictly
comparable and consistent manner, since within a large system

stations are operated in merit order of variable operating

cost to meet a,cgntinua7ly fluctuating demand,

The Qconomics of any particular désign of power station
can be looked at in terms of

(a) its own generating cost in comparison with an alter-
ngtive design ussd for the same purpoée;

(b) the effect of one station on the tectal generating cost
Qf the wh)le system in which it has been or is assﬁmed
to be, usead;

(c) the effect of a series of stations of one ty>e on the
total system cost.

Where load-factors Qn.élternative.types of station are not
very different, a direct comparison &t thé same load factor
can be madg. A more complex method involving analysis of
total system cost is necessary if the two stations to bé com~
pared will operate at different average load factors over their

lives and will affect differently other stations operating in
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the system, A third even more complex method of systems analysis
is needed to calculate the long-term mix of stations which will
produce minimum total system generating costs over a period of

decades.,

Historical comparisons of UK nuclear and fossil generating costs

The development of- nuclear power first assumed importance in
the early post-war period when coal output was inadequate.
The Suez crisis of 1956 added urgency to the task of finding
an alternative fuel, but when, with ‘expanding cheap Middle
East supplies and an oil import ban by the US, 0il became
plentiful outside the US, nuclear power seemed less necessary;
The subsequent rapidly expanding oil imports of the USA, Japan
and Burope changed all that. In the wake of the oil crisis of
1973 the foresight of the nuclear pioneers became apparent, and
it is fortunate that in the UK, the original long~term goal of
developing nuclear powéf as a cheaper sﬁbstitute for imported
0il and deep-mined coal was not abéndoned simply because, for
a while, oil became the cheapest fuel.

The effect on geﬁerating costs of the changing relativities
Between the costs of altsrnative fuels is illustrated by the

L

following comparisons™ of historic generating costs of CEGB
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nuclear and fossil stations., To increase comparability the
comparison is limited each year to stations built during the
preceding 12 years. Nevertheless differences in evailability

of individual stations can affect the comparisons,

Table 2

Generating cost (p/KWh)
of stations constructed
during previous 12 years
(in current money terms)

Nuclear Coal 0il

1971/2 0.43 0.43‘ 0.39
1972/3 0.48 0,49 o.aQA
1973/4 0.52 9.53 0.55
197475 0.48 0.74  0.88
1975/6 0.67 0.97  1.09
1976/ 0.69 ‘ 1,07 | 1.27
1977/8 (provisional) o076 1.23 1.42

N.B. Transmission and distribution costs more than double the
cost of electricity to final consumers.
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The breakdown between fuel costs, other operating costs,
and capitaiwchargés of nuclear, ééél and;oil—fifed stétions,
again up to 12 years old for the three years 7&/5 75/6 and
76/7 is as shown in Table 3, 5 | |

The figures for the last few years are not comparable year
to year, since the figures for 1974/5 are confined to current
costs, while those for later years allow for commitments which
will fall to bg‘met in future years. In general, UK generating
boards use'aﬁ'fabsorption cost! system, i.e. costs actually
borne during_tﬁe year have beeHISpread over electricity generat-
ed daring the year. Depreciation has been charged on the cost
of construction of the station in egual increments over the
1ife of each station, but interest at the Boards' average
worrowing rate for each year is charged on the residual valdé.
of the station, which has generally resulted in a falling
interest charge year by year. For example, with a life of 25
years and an interesﬁ rate of ld per cent p.a.; annual capital
charges (depreciation plus interest) fall from 14 per cent to
L per cent of initial capital cost over the life of the station.
Utilities in some other countries; notably the USA; use an
annuity or building society amortisation methnd. This results

in a constant capital charge (11 per cent p.a. for the example
16~



glven above) containing a rising proportion of capital and a
falling proportion of interest. Ovér the 1life of the station
the results are the same, but the UK method gives higher |
generating costs at the beginning and lower at the end;’and‘
direét compafability in any given year is then ndt possible,
at least without correction,

These historic comparisons of UK generating costs are based
on standard accounting conventions used generally throughout
industry. Such accounting conventions are an entirely adeguate
way of presenting the actual current costs to utilities and
to electricity consumers. Ordinarily the interest rates include
an element reflecting the current rate éf inflatior. In times
if rapid inflation ‘this element may not be large enéugh and
this-then gives a temporary advantoge to borrowers (i.c. utilities
utilities),‘ Conversely, in a period of falling inflation,"
fixed interest rates may over—compensate investors. In the
lorig-term, however, utility average borrowing rates are a
re&sonable'reflection of the market value of mohey‘and are
the reward nécessary to persuade lenders to forgo presert
consumétion. The'adOption'of Current of‘Replacement Cost ‘

Accounting (in one form or another) is now proposed, to ensure
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adequate accumulstion of funds for replacement of capital
assets, stocks, etc. As recently adopbed by the generating
boards (in the form of a 40 per centrincrease in depreciation
provisions); Reblaceméht Cost Accounting has apparently narrow-
ed (but not eliminated)vthe gap between historic costs of
hucleaf and fossil stations (because of the higher capital cost
of nuclear stations) simply by charging current consumers more.
and future consurers less.,

On the basis of acunal costs borne by the generating boards,
nuclear staﬁions were in l971/7é, generating at the same cost
as those burning ﬁKycoal; Using cheap (but taxed) oil,
generating.costs of 0il stations were at.that time 20 per cent
lower than either chI 5r nuclear stations. Today, with ihe
ris¢ in fossil fuel costs. to nearer replacement cost leveis,v
nuclear geﬁeratinq costs zre some 3Y peér cent below those of
coal stations, and 46 per cent below those of oil stations.

Those (mainly’Magnbx) nuclear power stations already operétf.
ing in the UK, althcush only 9 per cent of total installed
capacity, are generating about 14 per cent of electricity
produced and, in comparison with fossil-fuelled stations built
over the same period, are currently reducing oii imports by

some 250m per annum, of which 100m is a saving to the



electricity consumer. When the remaining AGR* nuclear stations
now under construction are operating, the nuclear proportion
of total output will rise to 20 per cent (from 14 per cent of
total capacity). It has been éstimated6 that each AGR station
will, when fully commissidned,'reduce the generating boards!
overzll costs by 1im a week, This will add sevings of 375m
a year to the savings from existing vagnox stations, Had these
additional stations been available sooner, the total savings
would of course have been preater, but it is impossble to know
the extent to which this could have been achieved using any
generating system novel to the UK. Mistakes 11 the execution
of the.AGR progfémme are now Self~evi&ent, but this should not
be ellowed to detract from thelr competitivity when completed,
The high additional cost of providing substitute power at the
mottent results from the high operating cost of mid-merit fossil
plant in current use. As the proporiion of nuclear capacity
increases, this cost will fzll.

It is not only in the UK, that nuclear power is decisively
competitive with fossil stations. Utilities throughout the

world have testified to the large réductions in consumers'

e

¢ AGR ~———Advancq@ Gas-Cooled Reactor,
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Fuel costs
Other operating costs

Capital charges

Table 3

p/KWh
1974/5 1975/6 1976/17
Nuclear oomH 0il zconmH, Coal 0il zcou,mm,w, Coal 0il
0.13  0.55 0.7L  0.25 0.75 0.87  0.34 0.86 1.06
0.09 0.07 0.05 0.4 0.08 0.07 0.11 0.09 0.08
0.26 0.12 0.12 0.2 0.1 0.15 0.2k 0.12 0.1
0.43 0.7k 0.88  0.67 0.69

0.97 1.09

1.07 1.27
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Fig.3. Net UKAEA expenditure on nuclear R & D &s a percentage
of value of Great Britain electricity sales 1955-1978.

(Sources : Generating Boards and UKAEA Annual Reports).

electricity bills which have already been made possible by the
use of nuclear stations, For iﬁstance; in sﬁrvey7 of US
generating costs in 1977; the US Departmént of Energy recorded
average generating costs of nﬁéleaf stations as being 155perb
cent lower thian those of coal-fired stations. Allowidgrfbr
different coal costs in the USA, this figure is campa}able with
those for the UK.

The gas-cooled reactors now operated by .BNFL benefited from
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the original small fuel fabrication and reprocessing plants
built for military purposes. However, Magnox stations operated
by the generating boards have borne their appropriate share of |
the cost of modernising and adding to these plants, and this
cost is charged to current nuclear generating costs. The
electricity consumer has theréfore benefited to a small extent,
But nuclear power is not unique in this respect. Many other
civil technologies have been launched on the results of military
research. Coal-fired power stations benefit from the huge
capital write~offs allowed to the coal industry; from subsidies
for burning high-cost coal in Scotland and Wales; and for
stockpiling surplus output.

The generating cost comparisons just made include current R &
D expenditure of the generating boards and (in the cost of
nuclear fuel) the current expenditure of British Nuclear Fuels
Ltd. on R & D, and on wastec storage and reprocessing. They do
not, however, include costs being borne by the Exchequer for
national reasors, such as AEA research into atomic energy. As
in other countries, such research is carried out as part of
national energy strategy, to provide the nation with additional

energy sources.
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Although it is difficult to attribute particular results of
R & D to particular expenditure in view of the inter-dependence
of technologies, the annual reports of the UKAEA contain a
broad allocation, of R & D expenditure to major reactor systems.
The total cost of all energy R & D ought, logically, to be
compared with‘the revenue of all the energy industrics.
However, at a lower level some perspective on the scale of
nuclear power R & D can be obtained by comparing its cost with
electricity revenue, as in Figure 3 covering the period 1955~
1978, |

This shows that the cost of the Authority's nuclear R & D
(including underlying basic reseirch) rose to just about 10
per cent of electricity revenue for a brief period 1961-3 and
has since declinel steadily to the current level of 2.5 per cent
( 116m on 4BA R & D against 4822n in electricity sales).
This is & measure of the extra cost to clectricity consumers
if they had to pay directly for ABA nuclear R & D. In total
this is of course much more than has been spent on developing
any other new energy source. But this scale of expenditure
is justified because it is matched by the enormous gquantity of
additional energy made available by exploiting nuclear tech-

nology, .nd the consequent large potential saving in generating
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costs.
Waste storage and decommissioning

Aléc now included in nuclear generating costs are the future
cost of weste storage and decommissioning, In 1977-78 the
CEG's provisisn for such costs was 0.06 p/kWh:generated.by
nuclear stations. This is much less than the.margin of

advant2ge of nuclear over fossil fuels,

Future changes in costs

It cannot be expected that the margins in generating costs
beiween thermal nuclear ahd fossil-fired stations will remain
unchanged. Indeed, it is an economic truism that in a free
market the prices of perfect substitutes will tend eventually
to converge. 1In this case the presence of nuclear power will
moderate the prices of fossil fuels, particularly‘those suit-
able only for electricity generation, andvany assessment of
thglbenefits,qf5puclear pover should allow for this,

. S¢ far as capital costs are concemed, the past few years
are little guide to what may be expected in future. During
ﬁhe recent period of_répid inflatiosn the cost of all large

capital projects increased much more rapidly than prices

~24 -



generally., This was mainly because attempts to simultaneously
accelerate expansion of several major world economies resulted
in an exceptional incresse in commodity pfiqes. However,
studies of capital costs over a long period show that they in-
crease at about 1 per cent p.a, above the general rate of
increase in prices partly because of their high labour content,
and such an allowance is currently made in forécasts of gen-.
erating s%ation capital costs.

Increases in nuclear fuel fabricatiosn, reprocessing and
waste treatment costs will occur, to accommodate the cost of
new plants. However, these factors at present account for
about 15 per cent of total costs, and the increase in costs
would have to be very large to affect generating costs decisively

As for fuel costs, power station coal prices in the UK now
average about 25 per ton, A 20 per cent increase in coal
price to 30 a ton by l985k(in 1978 money) does not appear
unlikely in view of greatly-increased levels of investment and
thg trend in wages.

Uranium bought under existing contracts costs about $20/1b.
Néw contracts for uramium are being let at around $40/1b, so
thet by 1985 this mey represent (in 1978 money) the cost of

most supplies. The price of uranium, too, will continue to



rise. Lower grade, less accessible deposits will have to be
exploited, and therc may be difficulty in expanding production
by a fadtor of 10 by ﬁhe,end of the century to match the desired
raﬁeiof’WOrld growth in nuclear power capacity. Unless major
deposité"ére discovered elsewhere, this appears to mean that
Eﬁfope aﬁdﬁJapdn wiilrbéxheavily dependénﬁ on N. America,
tustralia and Africa for a sharc of limited low-cost uranium
supplies, All this implies an increasing cost of uranium and
uncertainties of supply. Although this factor is at present‘

a much small§rfproportion of(nuclear generating cost than that
represented by the fuel cost of a fossil—fired siation,»there
will be an increasing incentive to take advaﬁtage*of*the large
reduction in uranium'requiremohts possible through ‘the use of
fast reactors. It is for this reason that it is important for
the dé§éiOpmeﬁtrdf Fast reactor techrology to proceed to the

point where the UK has a practicablé option to use fast reactors

Criteria for future investment in nuclear power
It is clear that histcric costs give no direct guide to future

investment, although they do provide a base from which updated



estimates can be made,*

The overall criterion is total generating costé. Toobtain
these for the future, a method is required for adding capital-
ised costs (of construction including interest and initial fuel)
to running costs (mainly of fuel) which occur over,the life of
the station. This can be done either by calculating the'! annual
capital charges' arising from the construction cost, on a con-
ventional accounting basis in terms of depreciation and interest,
or amortisation, and adding them to the annual costs; or

alternatively by converting the life-time fuel costs into a

* A potential source of confusion in comparing estimates is
the tredtment of inflation. The UK practice is to quote costs in
constant money values related to one stated date with no allow-
ance for -inflation, but making allowance over the life-time of -
the station for any real changes in particular clements of costs,
compared with the general inflation rate.

Some other countries (notably the USA) make an allowance for
expected inflation and quote costs in_current.money terms for
each year. |

Both methods yield valid comparisons, from which the same con-
clusions would be drewn, but direct comparison between estimates

on the one basis with those on the other are not valid wikhout

correction for inflation. 27



tpresent worth' using a discount rate. 4 recent Government
White Paper3 recommended the use of 5 per cent (net of infla-
tion) as the rate for use in future to compare alternative
investments in the nationalised industries. Using this rate,
the ’present;worth' life-time total generating costs due to
both capital and operating costs of new nuclear and fossil
stations can be calculated, for any given load factor.

The latest estimates of the cost of constructing nuclear
stations in the UK (for commissioning in 1985) and their likely
fuel costs are contained in the report of thebNational Nuclear
Corporation submitted to and published by the Secretary of
State for Energyg.

Combining these NNC estimates and a CEGB estimate of coal
station éapital costslo gives a basis for deriving a comparisoh
of the generating costs of a new nuclear (AGR) and new coal
station,

Differences between the nuclear generating costs quoted above
and those given by NNC afe accounted for mainly by the use of
the new lower 5 per cent p.a. recommended discount rate instead
of the previous public sector discount rate of 10 per cent p.a.
used by NNC. The above figures are also not comparable with

the historic costs given earlier because they are computed using
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-a constant capital charge method andfhigher real fuel cost
assumptions,

Table 4 p:esents the situation of both a nuclear and a coal-
fired station operating at a 70 per cent base-load factor
over the whole of its life, Figure 4 then shows total zenerat-
ing cost over a range of load factors, :nd the effect of
higher capital costs and higher real fuel costs over the life
~ of the staiions. In the latter case, the load factor
represented is the discounted average life-time load factor.
(N.B. The effect of rising urenium costs on nuclear generating
costs is reduced —— and at low load factors iskmore than
offset —— by the discounted credit for the final fuel charge).
By far the most influential cost in the comparison is that of
coal; the second being the capital cost of the nuclear station.

These comparisons show that on the stated assumptions nuclear
stations based on AGRs would, when operating at a 70 éer cent
. load-factor, generate electricity some 30 per cent cheaper than
coal-fired power stations, snd that this cost cdvantage would
not be‘eli@inated until the load factor was only about 40 per
cent.

To minimise total system generating costs, the UK generating

systen is opérated on a merit-order basis in which the stations
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with lowest operating costs are operated in preference to
those with higher operating costs. The expected pattern (for

CEGB only) in 1982 is shown in Fig. 5.

Table 4

/X0 present worth at 70 per cent load factor
(1/1/77 prices)

AGR COAL
Construction cost 470 290
Interest durihg construction | __jgl _;@&’
Total station cost .SAO 334
Initial fuel or working stock 68 7
Final fuel" L —_—
Fixed operating costs 16 55
Total fixed cost 688 396
Replacement fuel 361 1183
Variable operating costs __§§_ 27
Total running cost 399 1210
Generating cost  /kiW{rounded) | 1100 1600

Generating cost p/kith 1.23 1.70

N.B. Other assumptions as stated on Fig., 4
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From this has been derived Fig. 6 which shows the relationship
between load factor, proportion of genefating capacity and
proportion of electricity generated. !'Base-load! stations
operating at 70 per cent load factor will then comprise some

50 per cent of total capacity and generate about two-thirds

of total output. Stations operating down to 40 per cent load
factor will comprise 70 per cent of total capacity and generate
90 per cent of total output.

Nuclear stations operating or under construction in the UK
comprise about 14 per cent of the total capacity expected in
1981; they will have an output of 10 GW (e); and they are
expected on completion to generate about 20 per cent of total
cutput a£ that time. Thelproportion of nucleur capacity
could be increased by a factor of 4 before all base-load output

was from nuclear stations, and by a factor of 7 before the
break-even lozd factor was reached and minimum system generating
cost echieved. At this point the generating costs of the
dearest nuclear station would egual those of the cheapest coal
station (oil stetions being assumed by then to be more expensive
than either). Optimisation of the system would in practice be

unlikely to be taken quite this far, so as to preserve adequate
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Discount rate = 5% p.a.

Lifetimes: Coal 30y AGR 25y.
p/KWh Capital Costs: Coal £290/kW + 15% IDC.
AGR £470/kKW + 15% IDC. ,
Coal cost = £30/ton +5% handling charge
Uranium ore cost = $40/ib U305
30t
25}
20}
+5}
Uranium ore cost + 57 pa.

0 10 20 30 40 50 60 70 80
| Load factor?

Fig. 4 Comparative generating costs for coal and nuclear
stations in 1985, ' '
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Fig. 5 Estimatet mean system characteristics In 1982/83
(Source: S. Catchpole (CEGB), IAEA Salzburg Conterence, May, 1877).
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Fig. 6 Annual electricity generation from CEGB power plant.

diversity between fuels and flexibility to cater for unforeéee-

able changes in relative costs.

Alternative methods of comparison

Marginal analysis

The eomparison between nuclear and coal stations can be
investigzated in a number of other ways., For instance, usng.

the same basic cost estimates, both the Depazl'tment'of Energy]'o
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and the GEGBll have evaluated the marginel difference in life-
time‘system‘costs between using one nuclear station or one coal-fired
fired station as the next station in a system expanding by the
addition of a predominantly nuclear 'mix!., This is the so-called
Standardised System Cost method, described in these and other
references. The results can be expressed in various ways as

shown in Table 5.

Table 5
Index of comparison Syster cost advaptage of a
' ' nuclear station over a
coal station
Net effective cost1 +50/kW p.a.
Difference in economic worth on )
a 2 GW station . £100/m.p.a.
Return on extra capital cost of
a nuclear station -+ 20% p.a.
Payback time on extra capital co‘st. L years

1The 'prasent worth! extra system cost expressed as an annulty
per KW of capacity — see Ref 11.

2In this case a PWR,

Source, Reference12
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The sensitivity analyses included in these studies again
emphasise the dominant influence of coal costs. On the nuclear
side; capital cdstsjand availability are important, but less
influential on total generating costs thaﬁ coal costs,

It is evident from this that the return on the extra capital
cost of nuclear stations is higher than for much other in-
vestment in the public sector and justifies preferéhce‘for this
fqrm of energy investment,

All the combarisons so far have been in terms of discountéd

life-time costs. However the electricity consumer will be more
interested to know something about cash flows. For a generating

gtation of 1000 MW electrical output these are:-

Extra capital investment in nuclear
stetion (including interest during

censtruction and initial fuel) 270m total over 7-8°
years

Annual saving in operating cost. , 50m p.a.

Life-time saving in operating cost. 1250m over 25 years

Period of pay-back of investment. 5-6 years

N.B, This comparison takes no account of the substantizally
higher investment required to produce the annual fuel require-

ments of a coal station compared with a nuclear statioﬁ.



Total system cost analysis

To investigate the effect of introducing different proportions
of nuclear stations (both thermal and fast reactors), the dis-

counted total generating costs of the system for the various

mixes hos to be calculated (allowing for changes in load

factor) and compared. From these compirisons the 'mix! with

the minimﬁm system cost can be selected, However, because

many assumptions have to be made about relative changes in

future capital énd fucl costs over a'-long period, this method
ofteﬁ produces @ wide range of answers. These are valuable for
strategic purposes (e.g. for R & D and long-term generating
system planning) rather than tactical purposes (e.g. for deciding
what stations to add to the system in the short term).. Such
exercises, if regularly updated, cnsure that tactics end strategy

remain broadly compatible,

The economics of fest reactors

Liquid metal-cooled fast reactor power stations will cost more
to build than thermal reactor power stations, because of their
greater complexity. To offset this, their,fuelling cost per

unit of output will be lower, despite the higher unit cost of



fabricating and reprocessing plutonium-bearing fuel. This is
because they avoid the cost of buying and enriching natural’
uraniumiand, as a higher fuel burn-up is achieved, a smaller
quantity of fuel has to be processed per unit of electricity
sent out compared to current thermai reactors.-

The break-down of thermal and fast reactor generating costs
given in Table 6 shows their approximate sensitivity to changes
in each major component., |

" These figures illustrate the importance of nuclear capital
costs, particularly for fast reactors. Because thermal reactors
will over their life—ﬁime have to bear increasing prices for
uranium and enrichment adequate to encourage expansion of
supply, fast reactors could cost more than thermal reactors
and still be competitive, FEarly fast reactors are likely to
exceed the economic level of capital costs, but>furthor
development based on manufacturing and operating expérienée of
commercial-scale reactors should enable construction costé to
be brought within the regquired margiﬁ.

A complete economic analysis of the effect of the introduc-
tion of fast reactors would have to allow for their effect on
the world price of uranium ore. A large fast reactor component

in the world (or even the prospect of it) with an anticipation



of a reduced demand for ore compared with allthermal systems
will help stabilise the price of ore and with it themmal
reactor generating costs. With large numbers of thermal
reactors still operating at the end of the century, this would
create a powerful economic incenti&e for fast reactors which
is not reflected in the comparison between single station
generating costs, or even in a study of the generating system

of a single country.

The ultimate role of fast reactors

Fast reactors will be introduced into the electricity generating
system before they are currently competitive with thermal
reactors or fossil-fired stations. Electrical utilities will
develop a preference for fast reactors as soon as they perceive
a like-lihood of high uranium prices during the life-time of
stations being ordered. Th¢ rate of their introduction will
depend on requiremncnts for new generating plant and on
plutonium availability. Once introduced their 1ow.operating
costs will put them naturally at the top of the merit dfdér;
meeting the base-load. The proportion of faét reactors which it
is eventually economic to employ will then be determined by

their capital and operating costs compared with those of

-39-



Table 6

IIIustrative break-down of thermal and fast reactor generating
costs.

Thermal Fast

- (Comnissioning date 1998)

% %
Construction Costs _ 55 67
Fuel Cycle Costs
Uranium 13 -
Enrichment 7 -
Fuel fabrication ‘and
reprocessing 15 22
(incl. Pu value) - o35 22
Other operating costs : 10 11
100 100

Source : Reference 13,

thermal reactors, and it is quite possible that the most econ-
omic course will be to operate fast and thermal redctors to-

gether indefinitely.

c =40 -



Cpnqlusiog

Mankind has progressed by using increasingly efficient fuels in
increasingly efficient appliances. Uranium is the latest of
these fqelq'used in nuclear power stations. Nuclear power
statlons are, throughout the world, now providing consumers
with substantially the cheapest electricity, except in'aréas
with extensive hydro-power or cheap, clean, local coal,  Thermal
nuclsarvpower stations will continue to provide economic
electricity until the cost of uranium rises to several times
the present level. Fast reaetors, if fﬁlly developed by then,
have the potential to continue to stabilisé tiie cost of
electricity and, by moderating demand for other fuels, will

keep down their cost also.
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