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ABSTRACT

In the long term, the sources of energy may be a
combination of fusion, solar, wind and geothermal,forces,
However, it is in the'ihterim period, from the present to the
time when natufal‘energy Sourcesvéan be harnessed, that is
germane tqithis theSis, Coal and uranium are the primary
energy sources discussed in‘the'analysis. At present, the
price trend of other fossil fuels (e.g. oil and gas) offsets
an economic advantage, and they are not within the scope of
this paper. Coal and uranium are compared as alternative but
not necessarily mutually exclusive sources of energy for
electrical power‘generation.

The first section spells out the criteria used to
structure author in the analysis. Plant type, conversion
rates, and escalatioh fétes.are discussed in this section.

The following three sections (e.g. Capital Costs,
Operating and Maintenance, and Fuel Cycle) delineate\the
cost componénts of both a nuclear-fired power plant énd
a coal-fired power plant and estimate which plant type has an
economiC-advantage. This diStinction leads to a comparison

of annual generation costs which in turn points out the
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comparative advantage of a nuclear-fired power plant over a
coal-fired power»plantvproviding the latter'type installs
scrubbers. - The actual dollar difference on capital cost
between a nuclear plant and a coal plant using only tall .
stacks 1is highly dependent»on interest and esCaLation rates.
Fuei cost differences aiso greatly impact the final economic
’decision, but future fuel'prices afe difficult to predict.

4Afte; establishing current economic cost for both fuel
'sources for electrical power generation, attention is then
focused on an analysis of thejfuel supply picture and on
electricity demand trends. This is done in the following
section where it.is shown that the_supply outlook.for uranium
to the year 2000»is;qdestionable due to the.high“degree of
uncertainty of technclogical substitution (e.g. liquid metal
'breeder reactor for light water reactors) and to the scarcity
of known reCoverable reserves. Coalkdoes'hotvshare this
problem, but coal suffersAﬁrom~other uncertaipties such as
low labor productivity, stringent_envifonmental regulations
and expensive transpcrtation costs.

An examination of the present and future demand by the
utility industry for nuclear and coal reactors is then
presented. 1In spite of uranium's economic advantage, the
number of nuclear power plént orders for the next decade has

dropped dramatically since 1975. In the conclusion, it is
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postulated that this trend reflects factors such as the
unreliable supply picture of uranium fuel and political
unpertéinties. Even with éteady uranium production the
availability of supplies after year 2000 seem questionable,
and any orders téken now for nuclear plants mean that a plant
would be dependent”onfa uranium fuel supply through year
2015. Whether or not the uranium will be thére is a moot
point. The situation with coal-fired power plants is also
ﬁq£~very encouraging if environmental regUIations become more
stringent (e.gq. requiting‘SOx remova1 equipment) or if,thé

real cost of fuel increases significantly.
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' INTRODUCTION

Over the hext,twenty—five years, coal and uranium pose
significantly as two major fuel sources for electrical energy
prodgction. 0il and gas are expensive alternatives, and the
commerciai_developmént of solar, wind, fusion and geothermal
resources is still distant. By limiting the scope of this
proposal to an economic analysis of coal and uranium as fuel
sources for base-load utility plants, some conclusions may be
.drawn regarding the mix anﬁ.typegqf power plants that are
economically preferable. No in-depth consideration willkbe
given to the environmental arguments concerning both fuel
alternatives other than to mention their indiregt impact on
such items as plant construction time.

To make a valid economic comparison of the two fuel
alternatives, the projected costs and expenses of mining,
fuel supply, capital, and electricél generation must be
compared in constant dollars. To of fset the differences in
construction times‘between coal and nuclear (i.e. light water .
reactors), a11 costs have to be present-valued. Cufrent
literature on the subject often fails to sufficiently

document cost estimates and escalation projections.
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The common denominator in this analysis is the impact of
‘erlVsupply,»construction and operating costs on total_annual
electrical generation costs measured in mills per kilowatt-
hour. A standard, lOOO.megawatt,'base-load powervplént that
is adequate for an urban population ofvonevmillion will serve
as the hypothetical modei.

Fuel costs'analyzed in terms of minemouth production,
processing, transportation,-storage, thermal efficiency,
disposal and reprocessing.

‘Capital costs includeAdirect and indirect construction
expenditures, cost of capital, and escalation adjustments.

Operating expenses and capacity factors are reviewed to
the extent that they impact overall generating costs.

A final picture of projected electrical supply ana
demand are anaiyzed relevent to present industry orders for
-nuclear and coal-fired power plants over the next decade.
This trend may give some insight into how the utility
indqstry is responding to electrical costs and to anticipated
electrical demand with regard to ufanium and coal-fueled

plant alternatives.,
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PARAMETERS

It is easy to establish enough constraints on an
analysis such that the analysis no longer resembles reality.
It is equally difficult to'evoid that situation when working
with significant technical differences as is the case with
coal-fired and nuclear~fired'power plants. Perhaps this is
an exaggeration. Afterall, the end product is electricity.
’Much,effqrt has been teken to equaliZe'the basis of
comparison so that cost components of both types of power
plants are analyzed fairly. The following discussion of

parameters is critical to the conclusion of this paper.

TIMING AND METHODOLOGY:

Because it is difficult to compare capital investment
costs over different periods of time, present 1976 costs are
escaleted and then discOuntednyrvihflation and for rate of
return calculations. The reason for doing this is that a
coal-fired pdwer plant nbrmally takes seven years from
conception to operatidn while 5 nuclear-fired power plant
usually takes nine years. Depending on the plant type and on
the technology involved, the -actual periods could be longer
or shorter. <Coal power plant technOlogy reflects years of

experience and construction delays are less likely than the
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nuclear counterpart. Nuclear power plants often'involve new
teéhnOlogy and ‘are subject to a'proportionately larger number
of fedéral and state restrictions. Thus, a.nine’year period
for construction planning, engineering and obtaining permits
is assumed for nuclear plants. Similarly, a seven year
building period is assumed for coal plants.

Although each utility company has a different method of
financing the initial capital investment, it is assumed in
this paper that short-term interest rates for construction
wouidiaverage 9 percent given a grace period for the
conStruction period with first payments being due in the
'initiél year of operation.

A common estimate for capital cost with plant
construction beginning in 1976 is $1 billion for a light
water reactor,$800 million for a coal plant with scrubbers
and $700 miliion for a coal plant with tall stacks. Since
the projections are iu the future and the plants have varying
construction timeé, it is essential for comparison purposes
to discount the cost estimate for uuclear (in 1985) and coal
(in'1983) to 1976 constant dollars.

To calculate the uninflated 1976‘value of future costs,
a discount rate of ten percent has been assumed. Five
percentage points_are attributed to annual inflation and five

percentage points are»attributed to real rate of return.
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This is not unreasonable since a common utility industry rate
of réturn (ROR) is 10 percent, and this figure incorporates
inflation. These issues will be analyzed in ﬁhe conclusion
of this paper.

Since capitéi investment costs are expected to escaléte‘
at 7.5 percent for five years and 5 percent for four yéars;*
the 1976 cost of coal and uranium fuel is also escalated to

1983 and to 1985 respectively.

PRICING AND PROFITS:

This anaiysis concentrates on the investment cost
involved in the coal versus nuclear power plaﬁt,decision.
Unlike most industries, the utility industry is a federally
restricted monopoly and rates of return as well as pricing
policies are governed by both the Fedé%al Power Commission
(FPC) and by‘state public utility‘commiésions. Although
regionaliincomes4may vary, it is generally assﬁmed that most
electrical utility compaﬁies make a 10 percent rate of
return.

What makes the electrical»uﬁility companies'different
frqm most industries is the huge capital investment required

-

"For a coal-fired plant, assume an escalation rate of 7.5 percent
for four years and 5 percent for the remaining three years. Of
the initial 7.5 percentage points, five points are directly
attributed to inflation. Escalation includes inflation
and any increase in real rate of growth. '
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to produce the final préduct. Generally speaking, plant and
‘equipment average 90 percent of total portfolio assets in the -
utility industry. Correspondingly, long-term debt is high,
averaging 43 percent of total liabilities and stockholder
equity (see Table’l). This paper assesss which type of power
plant (e.g; coal/scrhbbers, coal/tall stacks, and
»nuclear/Light Water Reactor) has an economic advantage, It

" is assumed that all three plants would receive équal revenues

for equal amounts of electrical output.

PLANT TYPE:

NUCLEAR
Originally the author-chose to use the High Temperature, Gas-
Cooled Reactor (HTGR) as a prototype because it was the moSt
te¢hnologically advancéd reactor in the United States. It
uses considerably less uranium than the Light Water Réactors
(e.qg. Boiling Water'Reactbr anvafessurized Water Reactor),
and it is more reliant on thorium (i.e. which sells for $8.00
per pound or $30.00 a pound less than uranium in 1976) than
uranium bj a’factor'of 18 to 1. One of the first HTGR plants
built is located near Denver»(330 mega-watt base-load reactor
at Fort St. Vrain). -Unfortunately, the economics look much
bétter on the surface than in actual practice. ‘According to .
the U.S. Bureau of Mines, all orders in the United States for

commercial HTGRs were cancelled or delayed in 1975, and the
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primary manufacturer, General Atoﬁic Company has ceased
producing them. A combination of economic factors and
'méchanical difficulties during tésting of the fiést
commercial HTGR resulted in the collapse of the market.
Finally, inflation and lower demand for electricity in the
1974-76 period made the economicsvof_HTGR‘bperations
questionable.

The beauty of the HTGR unlike'the Light Water Reactors
(LWR) is that the thorium-uranium fuel combination super
‘heats helium gas-to a temperature of 1400°F which in turn
heats water to steam to run the turbine (see Appendix). Both
types of LWRs directly heat water rather than helium gas, and
the'temperature_limit_is around 550°F. The sUper-heated 
‘helium gas can be recirculated and used again with only
marginal energy input to ‘raise its temperature. Steam, on
the other hand, is cooled and precipitéted so that it would
require an equal amount of energy input»és originally
required in the beginning of the cycle.

The difference between the BOiling—Water Reactor (BWR)
and the PreSsufized-Watef Reactor (PWR) is the méthod in
which water is boiled or kept from boiling by high pressure.
In a BWR, which is the most common nuclear reactor in the
U.S., water is used as the coolant (i.e. it absorbs the

fissioned heat). The watervis brought into the reactor and
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is allowed to boil. It is then expelled from the reactor
vessel as saturated steam, which drives a turbine to produce
electrical power.

Typically, a BWR operates at a pressure of about 1,000
p.s.i and produces steam at about 550°F. Although it is a
simple system, it requires a large core for cboling,
something a PWR does not.

The PWRﬂkeeps’the,water from‘boiling.,‘Instead, water is
pumped through the core and removed at the top as a heated
‘liquid. The water is then circulated through a heat
" exchanger, where steam isvproducéd from water in a Secondary
1oop. The steam drives the turbine, and the cooled water in
primary loop is returned to the reaétor,to again cool the
core.

" The PWR‘primary_loop operates at a’preSéure of 2,000
p.s.i. and at an average ﬁemperature’of 590°F. The coolant
in the PWR core (i.e. unlike some of the BWRs) does not
-directly contact the turbine, so the turbine area remains
uncontaminated with radioactive maferials. Also, the virtue
of the high pressure reactor is that it allows a smaller
surface area for the core.

Both types of LWRs are considered in this paper.
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COAL

A typical 1,000 Megawatt, steam generated, coal base-
load power plant has been‘selected for this paper. Capital
costs in 1983 have been derived from industry data and
discounted for inflation to ascertain 1976 costs.
Construction costs are primarily based on an Ebasco Company
study completed for the utility industry in mid-1975. Costs
for items such as scrubbers, coal and ash storage facilities,
earthwork, etc. have all been escalated to 1976 in order to
achieve time and location_parity'for thevl,OOO megawatt power
plant prototype used in the:analysis.

Two .types of coal plants are used. »A plant with
scrubbers is presented, and should‘be cdnsidered essential
'giVen the recent federal Clean Air Act. The second type of
coél power plant is without scrubbers, but it uses
traditional tall stacks to limit the amount of fly ash in the
atmosphere. |

As this study indicates, the impact of regional fuel
costs are reflected in the type of coal plant (e.g. scrubbers
or tall stacks) employed, A power plant utilizing tall
stacks is more likely to be found in the Midwest or Mountain

States where low-sulfur coal is plentiful. The coal is



T 2065 11

usually cheaper for a variety of reasons, however, the
hauling distance to a point of consumption might offset any
savings in price due to the high quality of the coal. A
plant utilizing scrubbers will most likely be located in
either New England or the Mid-Atlantic States where the
quality»of the coal is primarily high  sulfur. These
distinctions and their bearingvon electrical generation cost

will be analyzed in the "Fuel Cycle" section of this péper.‘

FUEL EFFICIENCIES:

Although not analyzed in'thiskpapef, a discussion of
fuel efficienciesvis important to'anyone attempting to
understand the economics_of power plants: The basic premise
is that only one-third of the total gquantity of thermal heat
(i.e.measured in Btus)’derived from either the'bufning'of |
coal or from fissoning U-235 is convertedvinto electrical
energy (i.e. measured in Kilowatt-hours). In physics, ;he
thermal efficiency factor is defined as the ratio of useful
kwork‘to the hea£ absorbed (or "what you get" divided by "what

.you pay for").

Thermal Efficiency = W . ('l 0 0 )
Q
H

Because of friction losses, the useful work delivered by an
engine is less than the work "wW", and the overall efficiency

©is less than the thermal efficiency.
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Assuming a boiler temperature of 415°F, a superheat of
65°Fbabovébthis temperature (i.e. 480°F, and not‘550°F
because there is not as much pressure) and -a condehser
temperature of 102°F, the efficiency of an ideal cycle (i.e}
Rankine cycle) is about 32 percenfa Efficiencies of actual steam
engines are, of course, considerably.Iower. _ﬁoweVer, many
power plants utilize additional pressure or recycle steam so
as to achieve higher efficiency ratios.

Typical thermal efficiencies for coal and nuclear power
plants (i.e. as are used ih'this,study) are 35 percent and 33
percent respectively. The HTGR has a thermal efficiency of 39
pércent according to the Colorado Public Service Company in
regard to its HTGR plant at Fort St. Vrain. Since the thermal
efficiencies of the LWR and the coal steam generator are
relatively the same, no effort to adjuét'generating‘éost will
be made. This, of course, would not be true if an HTGR were
the chosen protétype.

‘Typical thermal efficiencies of the LWR and the coal
steam generator are relativély the‘same, no effort to adjust
generating cost is made. This, of course, would not be true

if an HTGR were the chosen prototype.

CONVERSION FACTORS:
For the purposes of this paper, it is assumed that a

1,000 Mw capacity power plant would be adequate to service an
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urban area with a population of one million. This is‘a
common assumption that is used in many other studies in
~calculating power plant generating efficiencies and capital
‘cost components. It is further assumed that the urban center.
has a normal distribution oflcommercial,'indUStrial and
residential electrical consumers.

vTo have any significance, the plant rating (i.e.
kilowatt capacity) must be considered against actual, annual
Oupput“of'of electricity measured in kilowatt-hours.
Estimates of average kwh.per_capita consumption are skewed.
Research into recent M.I.T., Stanford Research Institnte,
American Nuclear Society and other power plant'studies failed
to produce any reference to average kwh»production‘or
consumption. Finally, a range of 6,000 kwh to 9,000 kwh per
capita was-ascertained‘from numerous other Abstracts on the
subject matter*. The deviation in range is due in part to
plant capacity factors and to methods of statistical
measurement. An average per capita consumption figure may
not perfectly represent the average electrical>output pet-
vtype of ufility, but it should give an.approXimanion. As a
matter of interest, per capita energy consumption by selected

user nations is shown in Figure 1.

Other Estimates are taken from:
1. ENERCOM, Energy Resources, 1977/78, Denver, 1977,
2. Edison Electric Institute, New York, Feb.1978,.
-3+ "Q and A,Nuclear Power and The Environment," v
' American Nuclear Society, Hinsdale, Illinois, April 1976,




14

T H44N9514

‘rz-d ~mﬁlhhmﬂ 119aUBg ! -oul ‘sooxnossy Abisudg ‘WODYINA :90anos
saTem
pue so3e3ls Auruxog
pueTbug SPuEId pa3TuUn ISoM

L

Z09%

006L

9L6T sgzx ur Kxauno)d Ag cOHu&ESmcou_
Abasug eatde)d I9d

[000T
[ 0002
000¢
C000¥
0005
0009
-

000L

0008




T 2065 . I5

Working backwards from a mediéh per capita figure of
7,900 kwh, an urban population of one million wouid:use a
total of.7.9 billion kwh per year. This translates into a
plant capacity of approximately'900 million kw‘assuming 365
days and 24 hours.per day operation annually. This is not
too far from the original 1,000 Mw estimate. If the median
per capita usage were 6,000 kwh, then total plant electrical
generationbwould be closer to 650,000 kw or a 65 perceﬁt
capacity factor as opposed to a 90 percent factor using the
median per ca@ita estimaie. In fact, based on past records,
.nuclear and coal plants havela capacity rating ranging from
60 percent to 70 percent. Apparently, the 900 million kwh ,
figure is high; although both'estimates will be considered
”throughout'thiébpaper. The issue of plant capacity is

discussed later.
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CAPITAL COSTS

‘Projécting‘capital investment cost requires considerable
foresight given recent high inflation rates and escalated
production costs. Add to this, the pervasive effect of
inflation.on construction'and interest costs, and the end
result can only be an order of magnitude estimate. It.is
also impossible to accurately compare coal and nuclear power
plants if thebaverage construction time for the former is
seven years compared to nine years for the latter. In this
paper, construction time, ioosely defined, meahs from the
date the architect-engineer is authorized to start preparing
‘specifications for equipment (i.e._1976) to the date of
initial operation_(i.e. 1985 for nuclear and 1983 for coal).

There areyseverai ways fo}compare capital costs.
Stanford Research Institute (Sr1)l simply took 1975 estimates
based on a utility industryfsurvey} Their estimates were
based on 1,000 Mw coal and nucléar power‘plants beginning
operations in 1985. Reconstructing their capital cost
estimates in inflated dollars and their minimum ROR, an
approximate value of $1 billion was reached for a nuclear
~plant with a corresponding value of $800 million to $700
million fqr a coalvaWer plant depending on whether or not

scrubbers were used. Other estimates by M.I.T.2 and by
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Hardie and Chamberlin3 writing for Nuclear Technology were

fairly closé, although bdth parties assumed 1evelized

dollars through 1985 and again from 1985 to 2014, implying a
thirﬁy—year.life.* Hardie and Chamberlin were the only ones
to disCount 1985 costs for ihflation and for a minimum rate
of return (ROR) in order to attain present values in 1976.
However, Hardie and Chamberlin ignored the fact that a coal
plant would begin Qpefations in 1983 and not in 1985. Théy
assumed that both a coal and a nuclear plant have equal
construction times (e.g. 1976-1985), .while this is dbviously
not the case for a coal-fired plant.

Table 2 indicates the inflated cost based on what major
utility companies estimate to be the 1985 cost of a nuclear
power plant conceived in 1976. The escalation rate is 7.5
percent (i.e. 1976-1981) and 5 percent (i.e. 1981-1985) based
on consensus from utility industry annual reports. Direct
costs are made up of structures, sité improveménts, reactor,
turbine and electfic plant equipment, and miscellaneous plant
accounts, 1Indirect éosts include fhe owner's general,
‘administrative and payroll costs during the design and
construcﬁion phésesyof the plént plus architect-engineer and

construction administration costs.

*The term "levelized" refers to a constant dollar amount that
would recover all operating and capital expenses.
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chet indirect costs include such items as travel
expense, liability insurance, construction pefmit.fees,
operator training and start-up costs, taxes and insurance
during contruction.

Interestvduringvconstruction is 9 percent and is
calculated at the beginning of;the first draw—dbwn of funds
in 1976. For clarity, the amount of funds used over the nine
year construction'peridd is levelized through 1985.
Contingency funds are not ‘included as:interest bearing debt
since during the éonstruction phase a utility éompany?S~net
working capital can be assumed to be above average. This
higher than average liquidity (see Table 1) would normally be
available.for contingency- funding should the need arise.

Although not ‘included in capital cost calculations,
initial start-up cost of fuel is shown in Tables 2 and 4.
The cost of 450 short tons of uranium fuel is escalated at 8
percent from its 1976 price to its projected price in 1985.
It ié also assumed that the utility éompany would purchase a
futures contract in 1976 for delivery in 1984-1985.
Presently, futures contracts for’l981_yellowbcake-range from
$44.00 to $43.00 per pound depending on the type of contract
(see Tabie 25 in Appendix for United Nuclear's éontract

pricing).
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The decommissioning cost of $25 million is extrapolated
from a 1976 American Nuclear Society pub1ication4 which based
its estimates on a small nuclgar’plant (i.e. Hallam nuclear
power plant) that was. converted to a fossil-fuéled power
station at a cost of $6 million. Deébmmissioning costs for
v/coalvand'nuclear plants have a 1976 cost of less than one

percent after discounting at.ailo'percent rate of return over -

the plant's lifetime.

Capital investment costs for coal are.presentedbin Table

3. . The diétinction between a plant utilizing scrubbers and a
”plant res6rting to tall stacks is included because the high
capital cost 0f a S0, scrubber should be isolated for
comparative purposes in an analysis. Whether or not a
scrubber is used in a coal-fired plant.is dependent on the
sulfur content of thé steam coal. Scrubbers would only be
employed if the snlfur content exceeded 0.8 percent. This
means that most western coal would be acceptable while
eastern coal would not. Unfortunately, WeStern coal is
significantly distant from the_Nornheast where the
concentration of consumer demandnforvenergy is the greatest.
The impact of scrubbers and transportation on fuel costs is

presented in'more‘detail in the next section of this paper.
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For comparative~reasons, Table 4 uses the equivalent cost of
one years supply of coal” (i.e. compared to an initial
éurchase of 450 tons of uranium for a nuclear plant). Tabie
2 levelizes the initial fuel‘purchase.in the analysis since
450 tons of uranium actually exceeds the required demand for
a onq year supply. A one year supply of coal is estimated to
be 2.3 million short tons at an escalated 1983 price of
$26}OO per ton fr¢m a 1976, f.o.b. price of $15.00 per ton.
The total cost including transportation (i.e. 500 miles from
the minemouth) is $87.40 million. This cost is allocated from
the end of 1582 to half way through the first year’qf
Operation in 1983.

Direct construction costs by 1983 are $360 million for a
coal plant with scrubbers and $270 million for a coal plant
with tall stacks. The contribution of scrubbers to the
total, direct cost is 31 percent.

A contingency fee is set at 10.percent which is less
than the nuclear contingency fee of 15 percent due to the
fact‘that.there is less time delayvfor_coél plants based on a
proven, well-developed, historical construcfion tract record.

Table 5 is used to compare capital cost in constant

"In reality most electrical generating power plants only
stockpile an average 42-day supply. The TVA had a 72-day
supply just prior to the 1977-78 coal strike. A 42-day
supply would cost approximately $10.05 million including
transportation costs. ‘ '
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dollars for year 1976 when poth plants are presumed to be in

the planning stage. This analysis isbimportant‘given the

wide discrepancy in reported capital costs. For example,
Washington Public Power Supply Syétem reports a cést of
approximately’sl,OOOVmilliongfor a 1,000 Mw plant-in 1984

while Commonwealth Edison estimates costs ranging from $425
million to $450 million for a nuclear plant of the same scale

for the same time. Taking;a hypothetical $1,000 million

plant and discounting to 1976 from 1985 using a 10 percent discouht
‘rate yields approximately $426 million.

The $426 million figure'mentioned in -connection with
Washington Public Power‘aﬁd Commonwealth Edison reflects:
present Qalue capitél cost at a 10 percent rate of return on
afcommonlf accepted 1985 future value capital cost estimate
of $1,000 million. Table 2 shows a 1976 cost of $523 million
which is higher than the $425 to $450 million estimate for
two,reasozs. First, the»iower estimate is derived from a
future coét of $1,000 million, and its discount rate is the
escalation rate(i.e. 7.5 percent) father than the cost of
capital rate of 10 percent. «Second,,Commonwealth Edison's
estimate precedes the author'spestimate by one year (e.g.
-1975~-1984 rather ﬁhan 1976-1985) so that a year difference
~ will obviously contribute to some discrepancy,in the two

" estimates.
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~An analysis of comparative plant eosts.shOWSrthat
current 1976 dollar capital cost of a nuclear plant exceeds
the cost of both a coal plant with and one without scrubbers
by $73 million and‘$153 million res?ectively (see Tables 2
and 3). What really creates the cost difference between the
two types of power plants are escalation cost, interest cost
and the size of the contingency fee (i}e; 15 percent for
nuclear and 10 percent for coal).

As mentioned eaflier, the 1976 nuclear plant capital
- cost estimate is based on a mix of actual andlestimated plant
costs. The statistical validity of actdal plant costs would
be weak because of the limited number in the sample (e.g. 63
‘operating, nuclear power plants).

The 1985 plant capital'cost estimate is based on what
various sources now think it wili take to build a plant for
operation by that date. These are typical of the estimates
used by industry for their future analysis. Clearly, the
estimates vary, but as shown previously, a typical escalation
rate of 7.5 percent for five Years'end 5 percent for the
remaining four years represents‘an average estimate in 1976
for‘1985vCOs£s,

Nevertheless, the message from these ‘analyses is clear.
Although capital costs of nuclear poWer plants are expected

to double by 1985, the main factors driving up the costs aree
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interest and escalation. 1Interest and escalation rates are
essehtiélly uncontfollable, but-Eime to constrﬁct is not, and
thefe appears to be ample room for'improvement in terms}of
construction StahdardizatiOn'and efficient,‘prediétablev
regulatory decisions by the Nuclgar Regulatory Commission
(NRC) .

The escalation rate and the inflation rate remain the
same for all three prototypes. The escalation rates of 7.5
percent and 5 percent reflect industry averages. The 10
percent discountlrate reflects the minimum cost of capital to
a utility company. Although the debt or equity costs may be .
lower than 10 percent, the author féels that the lO.percent
figure accutatélY’represents‘a utiiity’s opportunit§ cost of
capital based on FPC fihdings and -industry annual reports.
Table 1 shows the large proportion of long-term debt for

portfolio averages of utility companies (e.g. 43.3 percent).*

It appears that the difference in capital cost between
nuciear and coal power plants is substantial. While coal
plant capital costs are obviously sensitive to the scrubber
option, nuclear capital costs are sensitive to time delays

and corresponding increases in the cost of money.

*Tn reality, a utility company might finance through equity
expansion or through other non-equity debt instruments.
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There are many other variables which have been assumed
in this paper that would almost certainly change the impact
of capital costs. For example, a thifty year life has been
assumed for both types of plant. Clearly, if the lifetime of
a nuclear plant exceedédvthirty yéars, the amortized capital
cost over the operating life of the plant would be reduced.
Of course the same would be true for a coal-fired plant.
Case studies on nuclear plants are fairly limited, so it is
difficult to project actual plant lifetimes.

Another factor that would impact the magnitude of
capital cost would be a change in the discount rate frqm 8
‘percent to 10 percent to 12 percent. The M.I.T. study.
employed both of these‘factors (i.e. increased lifetime and
reduced discount rates) and found that given a 40 year
lifetime (i.e. at 10 percent cost of capital) the capital
cost of a nuclear power plant -decreased by a factor of 2
mills per kwh or approximately $16 million per year more than
that of aICOmparable coal plant. ‘At a 10 percent‘COst of
money, the LWR plant capital cost deCreased_at a rate of
approximately 3 mills per kwh or $23.7 million more~annually
than a coal=fired plant‘given a thirty year lifetime. It is
difficult to directly incorporate these figures into this
paper without some qualification since the M.I.T. study used

different plant ratings and different component costs; but
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they do reflect the sensitivity of capital costs of both
pewer plant models to lifetimes and to cost of-capiﬁel.

For purposes of comparison, Table 7 and Figure 2 show
capital cost with variable lifetihes and discount rates‘
derived from Tables 2 and 3.

It does seem clear that.capital costs of nuclear plants
are favored by an extended lifetime of 40 years and by a
reduced cost of capital. The benefit is illustrated by the
conetant difference between the nuclear line and the fossil
fuel lines in Figure 2. Actually this fact seems intuitively
obvious given the sensitivity of nuclear capitel cost to
longe: construction periods (i.e. nine'yearsvversus seven for
coal) and to construction delays reflected in higher
contingency fees (i.e. 15 percent versus 10 percent for
coal). All of these costs are detailed in Tables 2 and 4.

Working on the premise that an increase in nuclear
capital cost is proportionate to an increase in coal capital‘
cost, then any significant comparative economic advantage
between the two systems requires an analysis of other

component costs.
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OPERATIONS AND MAINTENANCE

Again, there are numerous estimates regarding operations
and maintenance (0/M) costs for nuclear and coéi—fired power
plants. Even two LWR plants with the same'megawatt capaqity
might have different O/M costs. For the éurpose of
-consistency, this paper will discuss estimates from other
sources, but will only use the author's own generated cost .
estimates. Also, to be precise, it should be stated that O/M
costs are a summation of labor, mainteﬁanCe and insurance
costs to the utility company and are usually measured inv
mills per kwh.

Other source estimates for a 1,000 megawatt HTGR or LWRs
may vary from approximately 0.5 mills pér Kwh to 3.0 mills
per kwh. In this paper, a value Qf 1.44 mills per Kwh for a
nuclear plant was derived. An average O/M cost for a coal
.plant 1is generally assumed to range from 1.0 to 2.5 mills pet
kwh with an additional cost of'O.B‘mills per kwh for
scrubbers. The M.I.T. study used an average 0/M cost of
almosf twice the prevailing average due to peréonnelvtraining
cost involved with the typical high turnover. in the Defense
‘Department.

The author's estimates are as follows:
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TABLE 8

: 1976
Operation and Maintenance

’Costs for a 1,000 Mw Plant

(mills/kwh)
v Coal (Tall
Nuclear Coal Scrubbers Stacks)
~Maintenance 0.30 1.25 1.00
Labor 1.01 1.50 0.92
Insurance. 0.13 . 0.04 _ ’0.05
Total. 1.44 2.79 1.97

0/M costs for a coal plant with scrubbers are
significant considering the lower 1.97 mills per kwh, tall
stack alternative. In total dollar cost, assuming an average
.annual output of 7.9 billion kilowatt-hours, a coal plant
with scrubbérs is $10;67 million per year more expensive than
a nuciear plant. A coal plant without scrubbers is $4.19

million per year more expensive than a nuclear plant.
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"FUEL CYCLE

Just as nuclear-fired power plants are supposed to be
sensitive to capital costs, fossilffired powér plants are
supposedly sensitive to fuel costs. To'measure‘fuel
senéitivities, several ground rules must be established.

First, the type of fuel must be selected. For coal,
this could franslaté ihto,anything from lignite to
anthracite. The type of uranium used will be yellow cake
(U308) which sells on the LME (1977) spot market at an
approximate price of $42.00 per pound. A 1976 price of
$38.60 per pound is assumed for the calculations in this
section since 1976 is the base year. ‘The following table
derived from 1976 Keystone Coal quustry‘lndex'indicates the
fuel conversion factors:and facté which are a prerequisite to

making any fossil fuel/uranium comparisons.
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Fuel Conversion Factors

Product Unit Btu

Bituminous Coal & Lignite:

Consumption Average S.T. 24,050,000
Electric Generation S.T. 23,750,000
U30g - Pound 200,000,000
vNuclear_Power* kwh 10,660

Fuel Conversion Facts

Product "Approximate Heat Value
1 Ton of Bituminous Coal '50.72 grams (0.112 1b.) U530
1 Pound U30g in Concentrate, 8.9 Tons of Coal

(yellow cake)

Now to determine the actual f.o0.b. cost of fuel, several
assumptions must be made. First, regafding.a coal-fired
plant, two site locations are considered. The firét plant
site is located at the coai minemouth thereby reducing ﬁigh
transpprtation cost, but ihcurring other costs such aé
transmission line capital costs and transmission
inefficiencies over long distances. By assuming a 500 mile
distance of the plant from‘a central power consumption point,

the transmission line loss would be approximately 0.05 mill

*Output of nuclear power is converted to theoretical energy
‘inputs (i.e. thermal energy) calculated from national
heat rates for fossil-fueled steam-electric plants.
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per kwh according to the SRI study. The alternative cost of.
train transportation. would be 15.0 mills per ton-mile or
’$17.25~million'pef year based on'an‘average annual
consumption of 2.3]millionvshort'tons, In reality, the cost
is even greater because one, forty unit—car train hauling
'160,000 tons every twenty-five days loses approximately 1
percent of its payload to wind forces by the time it reaches
its destination.

Another alternative is transportation by slurry line. AA
slurry line is estimated to be 20 percent more efficient than
train tranSportation.5"In spite of the savings, slurry lines
"have confronted strong political opposition'ftOm the railroadb
industry. 1In addition, this eétimaté ignores the cost of
water loss or returning.the water to its source,‘namely the
dry regions of*westerh United States.

Once the coal ié at the plant, it must be stored. After
the coal is burned, the waste ash must also be stored or
'dumped-ét a pre-selected site, ideally not too far from the
plant. The projectéd capital cost'for stotage £acilities‘ahd
for ash dumping grounds are estimated to be $35.45 miliion.
This figure does not include labor'and equipment which would
probébly_run*an additional $5vmillion per annum (i.e.
including dépreciétion). It shouldlbe pointed out that the

utilization of a scrubber would reduce generation efficiency
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by G.percent necessitating a 6.38 percentiincreasefin Btu
(thermal) input. This would cost as much as $3.00 million and
would include additional coal and transportation costs.

-The actual amount of cbal_consumption and waste ash
generated by a coal-fired plant in comparison toia nuclear-
fired piant is shown in Table 9.

The'price of'coal,_uniike that Of uranium, 1is far'more
sensitive to geographic location. For the purposes of this
paper, an f.o.b. coal price of $15.00 per ton with_an average
‘Btu content of 11,182 per1pound_has beenkselected. Cleafly,
some coa14fired plants have purchased or inventoried coal for
less such as Texas Utilities Company's $0.30 per million Btus
purchase of Texas lignite twenty years ago. Their purchase
falls well below the curreﬁt market price as shown in Table
11. For analytical purposes; coalAcosts aré assumed to
reflect more recent contract prices of coal.

To gét some ideé of the ;egional impact on coal prices,

the following table is presented:



39

wnTuRIN SUO} QLT

6 dTI9YL

9.6T TTady ‘A3oT00S IBOTONN cmwouwﬁm; :390IN0S

- (xeak zad
*9'7) uoT3dunsuco 96eI9AR JO S3BWTISO S,I0U3NE I03F po3Isnlpy

suogx

sSuo3

suo3

suo3x

suol

suo3l

QGT

ST

0LT

0000€2

ST

000‘00€‘T

Tenuuy

T
*sSAT 08§ - sqT 0° ¥ @3seM IL2U30
*sSqT 19 *sSqT 9°¢ o3seM
o 310oNpPOoId UOTSSTJA
19497 YLBTH
*SAT 0¥%9 *sqT LT (Te3ol) umTuean
Suol (€8 *SqT 00069 (seyse) TeOD

UOT1ONpPOIg 91SeM

"SAT ¥L S8qT1 € .ESH:muD
suo3} 00€‘8 *sqT 000069 TR0D
uoT3zdunsuo) Tong

XiteRd KTanon

(3UeTd MW 000°T)
93seM pue uoT3dunsuo) [ondg

T



T 2065 40

- Table 10

1976 f.o.b. Coal Prices

Plant Location Coal Prices ($ per ton)
Northeast 30.00
East, North Central‘ 17.00
South Atlantic 25.00
West, South Central 4.00
Mountaih 6.00
Pacific . . o 9.00

1877 Coal Haek, 1oT0 ¢ 15Y6. T | onelont, Mamheril,
The above table cleariy illustrates the comparative advantage
of a coal-fired péwer plaht»in the Mountain, West, and Soﬁth
Central states. The Northeast is another story particularly
since it is highly reliant on imported oil rather than
domestic coal. .Thus, in this paper it-is‘prudent'to
distinguish whether or not one is comparing high (Northeast),
low (Mountain) or average coal prices with uranium prices.
Further, the use or non-use of scrubbers must be clearly:
stated in all’calculations.

A summary of the coal fuel cycle cost is shown in Tables

11, 12 and 13 assuming different operating plant capacities.
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Generally speaking, the low cost,of western, low sulfur
~coal is adversely affected by the high cost of rail
transportation. High sulfur eastern coal is more expensive
due to high production cost in spite of its close‘proximity
to coal power plants.

Table 12 shows the wide price disparity to be highly
dependent on transportation costs and regional costs. Tables
12 and 13 also show the economic impact of plant capacity
given a 90 percent to 60'percen£ range. Greater treatment of
this cost variation will be presented in the "Generation
Cost" section. The estimate of 9.08 mills/kwh reflects the
high cost of eastern coal. The fuel cost attributable to
-scfubbers (i.e. 0.35 mills/kwh) is relatively modest. This
is because the component costs of scrubbers are attributed
not to the‘fuel cyéle costs but to O0/M and capital costs.:
.Even7though West and South Central coal (e.g. Texas lignite)
or the Mountain States' low sulfur coal is rélatively cheap,
the hypothetical cost of 500 miles ofbtrain_transportation to
thé eastACoast more than offsets;tﬁe low f.o.b. coal price.
By comparison, these costs point out the cost efficiency of
transporting uranium due to its light weight and high Btu to
volume ratio. “

Component nuclear fuel costs»dq not parallel those of

~coal. While uranium is less cumbersome and easier to
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transport, it is costly to fabricate and to enrich, and it
has its own slew of processing-and disposal problems.

Assuming the éost of urahium transportationAto be
negligible, a breakdown of other nuclear fﬁel cycle costs is
shown in Table 14.

In the_fuel cycle, uranium appears to be more sensitive
to changes in the price of yellow cake than to other costs;
although its sensitivity to price hardly reflects the
magnitudé of coal's sensitivity to its corresponding price
and transportation cost55

On a mill/kwh basis, the u:anium fuel cycle (i.e. 2.81
mills/kwh) cost 1ess‘than all four examples of the coal fuel
cycle. According to Table 11 on a mBtu basis, the price of
U30g is considerably less than all other energy sources.
1983 escalated costs for coal transported 500 miles to the
plant are $13.62 million more than 1985 fuel costs for a
nUclear'plant; However,-this difference becomes further
exaggerated when allowing for the high initial requirement of
'U—235 (i.e. 450 tons) and for the‘discrepancy in the year of
initial operation. If prices for both coal and enriched
uranium were discounted for escalation (i.e. 8 percent) back
to 1976, the coal and uranium price~wou1d be $15.00 per ton
and $63.25 per pound of U-235 (or $38.00/pound U30g)

respectively.
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‘GENERATION COSTS

From the information developed in.the preceeding
'anaiysis, it is now»ppssible to compare énﬁual generatibﬁ
costs for nuclear and cOal—fired'power ?lants. The
cémparisons'which are denominated in mills per kilowatt-hour,
are shown in Tables 15 and 16. The sensitivity of total
generation cost to changes in component costs and invcapacity
factors is outlined in Table 17 and Figure 3. Table 17
indicaﬁes'the percent change in component cost necessary to
raise total generation costs by one mill (i.e. in 1983 for a
coaiéfired plant and inv1985 for a nuclear-fired plant).

Generation costs fdr'nucléar power plants are especially
sensitive to capital costs. 1In fact, it would take only a
1.54 percent increasé in 1eveiized capital cost to raise the
generation cost by oné'mill. This strqng senSitivity is due,
no doubt, 'to the large initial éapital investment required to
license, plan, and construct a nuéiear power plant. Since
the major capital cost components are interest and
escalation,; the seriousness of reducing constructioh timé'to
the date of initial commercial operation is obVious.

Generation cost will increase at a smaller rate than

capital cost. Capital cost almost doubles from 1976 (e.g.
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$523 million) to 1985 (e.g. $994 million) while total
generation cost increases by a factoerf 65 percent for every
100 percent  increase in capipal cost. Of all the sensitivity
variables analyéed, nuclear capital cost affectsrtqtai
generating‘the most intensely.

Nuclear generation costs are not so seVerely tied to
fuel cost. A 3.85 percent increase in the cost of fuel would
raise generatioﬁ cost one"mill/kwh. This means that a 100
percent increase .in fuel cost would incur a:25 percent
increase in total generation costs. A capacity factor of 60
percent} however, has the same impact as capital cost. A 60
percent factor represents the low end of the scale for the
average range of operating nuclear power plants. Clearly,‘if
a higher factor were used, then the efficiency of nuclear
power plants would be significantly-enhanced by the same 100
percent to 65 percent (i;e.‘capacity éhange.to generation
coét change) ratio found in capital costs.

| " Other fuel cycle costs such as enrichment, fabrication
and reprocessing are not inciuded in the énalysis because
‘their impact on totél generation cost is significantly lower.
Based on other son..lrcAes,'6 it would take an increase of
anywhere from 100 pefcent to 300 éercent'in these-fuevaYCle
costs to raise the.total generation cost by 5 percent td 10

percent.
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‘Unlike the degrees of sensitivities in nuclear plant
capital cbsts,‘fuel cost ahd‘capacity,faétor'variableé all
seem to have a similar’impact on totalrgenerating costs.

Coal power plants utiiizing tallvstacks:have-already‘been
shown to cost significantly less than power plants with SO,
scrubbérs.» As previously mentibned, coai prices vary‘by
Aregional'location, and it is in the Northeast where higher
coal prices prevail and Where 504 removal devices are
required. 1In other regions suéh‘as the Middle Atlantic, Mid-
West énd Pacific areas, coal is cheaper (i.e. f.o.b. price)
and SO, removal equipment is not mahdated. These regional
differences are reflected in Table 18. 1In the sensitivity
analysis, fuel costs in either type of coal power plant must
increase by approximately 2.25 percént;tb raise the total
ﬂgenétating cost by one mill. While this is a difference bf
only 0.79 percentage points over the 3.04 percentifactor>for
nuclear fuel, it is ‘an increase of 26 percent when comparing'
the two fuel types. Thus, if coai prices rise from only
$20.00/ton to $20.50/ton, the totai generating cdst'will_rise
by one mill.

Conversely,'a 100 percent increase in capital cost would
increase total generating costs by 44 percent as opposed to_a
65 percent increase in nuclear, capital induced generating

costs.
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In regard to regionalism, the impaet of different cost
indices should be inclUded in the generation cost analysis.
Nuclear power plant estimates were based .on a "natiehal"‘
prototype because it was asSumed that the cost Qf'uranium-
fuel would be indifferent to ‘location given to minimal cost
of transportation. ConStruction costs do vary by region and
‘have a measurable impact on nuclear capital cost. Using a
Depertment of Commerce statistical index for construetion

cost with a national index of 100, the index would be as

follows:
TABLE 18
Construction Cost Indices - 1976
Region Index
New England, Middle Atlantic 105

East & West North Central .

& Mountain

South Atlantic, East South 88-93
Cenﬁ:al} West South Central

& Pacific

National Average 100

The regional fuel costs for coal have already been

introduced (see Table 10) and coal capital costs Undergolthe
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same regional variances as nuclear capital costs. An
important and a distinguishing,feature.between the two
~alternative power plant prototypes is the latitude given for
improvement, Clearly, nuclear technology will undergoimany
changes before the construction-and engineering'of a LWR can
be systematized much like a coal—fired‘plantbis todayi' The
margihal improvements,available to coal-fired power plants
are minimal in comparison. .Furthefmore, a major cost
contributer that might be looming in the future is SOX_
removal eqdipment,~and it has been shown that the cost of
scrubbers seriously affects the economic viability of coal-
;fired power”plants,,particularly in regions with sulfur laden

coal.
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FUEL SUPPLY & ENERGY DEMAND

URANIUM

The problems of adequate U368 supplies, enrichment
capaciﬁy and nuclear waste recovery/disposal are dependent on
technical,.political and economic considerations.  Technical
problems'are-resolvable, and it appears that with time many
previous engineering and fuel processing difficulties will be
overcome. Political problems are preeminent in any nuclear
power considerations. Costly construction delays due to
either opposition‘oq environmental grounds or federal
regulatory bottlenecks have forCed,mény utilities and nuclear
plant manufagturers to restrict or stop development of
nuclear-powered generation facilities. Lack of definitive
governmental polic§ has created uncertainty among utility
‘companies regarding large capital-intensive investments in
nuClear'plaﬁts. Government portibns on breeder reactor
development, waste disposal proceaures,rand gas diffusion
enrichment must be clearly stated in order for new
investments in nuclear generatng capacity to be forthcoming.
Finally, economic problems must also be addressed,
particularly in regard to capital costs and to the nuclear

fuel cycle. The impact of the latter two cost elements has
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already been discussed with regard to their contribution to
total generation costs. An explanation of major cost
contributions to the nuclear fuel cycle (e.g.'mining,~
milling, UF¢ production, fuel reprocessing, waste management,
etc.) is presented_in the Appendix. Other significant
economic factors such as fuel supply and demand projections,
enrichmenticapacity, and reactor fuel coverage for the next
twenty-five years are presented along with a similar‘
discussionlof coal supply and demand economics in the

following analyses.

Adequacy of Future Uranium Supplies:

‘The amount of yellow cake needed to meet projected
demand requirements_between'1976 and 2000 was forecast by
Energy Research and Development Agency‘(now Department of
Energy) to range broadly betweenvl,Ols,OOO tons and 1,480,000
. tons. Present known reserves which eouLd be produced at
costs under $30.00 per pound are 640,000 tons. This creates
a significant .shortfall and requires that substantial
exploration and development‘work be undertaken to increase
supplies between now and the year 2000, and beyond.

These supply resources are physically present and can be
~developed at a price. In an environment'where substantial
-additional supplies sre clearly needed, the long term

fundamental pressure on the price structure of uranium will
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be for higher prices to usher forth incremental supplies

which would be produced at:higher-costs.

Adequacy of Enrichment Capacity:

Enrichment,capacity'is critical to nuclear—fired.power
plants. Not Only‘is enrichment capacity_important,‘but so is
the cost which could have a direct bearing on the final
generated product.

The Supplyvavailability of enrichment.capacity, or lack
of iﬁ, has a direct bearing on the demand for uranium.
Although U.S. utilities have received little government
assurance that adequate enrichmen£ capacity will be
available, enrichment capacity can be purchased in otherA
nations at prices approximately'éo percent to 50 percent
higher than rates éresently charged.by‘the'Department of

Energy.

Fuel. Inventory and Reactor Coverage:

Up to now, government estimates regarding the
availability of uranium have emphaeized the future .
introductidn of the‘liquid metal breeder reactor which would
-markedly reduce dependence on uranium. Given today's
political and environmental climate, too great a dependence

on the breeder reactor as an energy source may be optimistic.
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To get some idea of potential uranium demand, some
perspectivé of nuclear power plant orders for the next decade
is necessary. The map and directdry in Fighre 4 is from the
Atomic Industrial Forum, Inc. as ovaUneVBO, 1977.

. Based on the total number of megawatt capacity (i;e.
214,000 Mw) as shown‘in the directory, the author éétimates
that the quantity of uranium demanded over a thirty year
plant lifetime would range from 867,000 tons to 1,090,000
tons. This is a rough estimate, and it is based on
conversions used in the text of this paper. For ekample, a
low estimate assumes a previous ten to twe;ty years of
operation for the existing 67 reactors and a thirty year life
for all new or planned reaétors with_an average annual fuel

consumption of 170 tons of U30g. Other researchers have used

different variables. A Society of Mininhg Engineers article
used the inventory'requifeméntsishown in_Table 19. . If the
lifetime were forty years, then the cumulative amoﬁnt of U30g.
demanded would have a range of 1,156,000 tons to 1,455,000
‘tons. This amount would have tO'bé’available'over a fifty to
fifty-five year period beginning in 1976. What these
estimates do not take into‘account is the posSibility of

A additional nuclear power plants beiﬁgvordered beyond what has
been prpjeéted’as'of 1976. It alsb excludes foreign demand

for uranium (see Table 20), although there is a possibility
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‘that several Common Market nations and Japan may be willing
to and éapable of -developing a liguid metal breeder reactor.
This would, of course, lessen foreign demand for uranium.
Because of these uncertainties, it is difficult to'estimate
the highest possible national and world demand level for
uranium although a low-lével demand is forecast.

In 1975, ERDA projected a potential U.S. nuclear
generéting capacity of 800,000 Mw for’year‘QOOOQ' This
estimate assumed that plutonium would be recycled in 75
'pércent of reactors by 1983 with‘Sufficient plutonium:set
aside for a bréeder program affer 1983. If the 800,000 Mw
estimate were to be taken seriously and plutonium excluded
from the system, then the amount of uraniuﬁ_fuel-required,
assuming thirty year plant lifetime, would be approximately
4.08 million tons! Convérsely, if plutonium is included in
the system then only 1.66 million tons of uranium would be
needed (see Table,21).

Perhaps a more realistic estimate done in 1977 fbr'1990
by the U.S. Department of Energy ié shown below and is also:

indicated in Figure 5.
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Forecast of U.S. Nuclear Power
"Electric Generating Capacity .

Installed Nuclear Capacity at End of Year (MW)

1985 1990

Low 100,000 160,000
Probable - VllQ,OOO 180,000
High o 120,000 , L 200,000

Source: Energy Information Administration, U.S. Department
of Energy, 1975.

'Using"the.probable,amount of 180,000 Mw for 1990, and again
assuming an average uraﬁium.demand of 170 tons per year per
reactor (i.e. the‘the fact that an HTGR would require an
average of only 103 tons per yéar) theﬁ 1990 cumulative
demand would be épproximately‘918,000 tons given a 30 year
plant lifetime. | |

A summary of the impact of nuclear plant growth,
‘estimated Mw generation ahd the corréSponding supplies‘of'

U30g will be presented in the conclusion.
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COAL

The coal supply and demand ptoblem is not one of
physical scarcity like that of uranium.v Few experts contest
the fact that there are enough coal reserves to meet future
power needs for several hundred Years. Thé critical question
thas to do with the costs of extraction and transportation and
the ensuing environmental entanglements.

Recent legislation (e.g. Clean Air Act of 1977) has
caused considerable alarm in the coal industry because of the
high capital cost of scrubbers which are estimated to be $80
million and the associated 6 percent loss of thermal energy.
In additibn, scrubbers add incremental.cost to overall
operations such that whatever advantage they may have over
nuclear plants in terms of capital cost might be lost.

Actually, the impact of scrubﬁers on ¢apital cost is not
nearly as significant_as'the impact of fuei and
transportation costs. As indicated in Table 16; the
additional mills per kwh attributed to actual fuel cost far
exceed any impact from othervgenerating cost'Components.
Thus, the factors that affect the price of coal will also
have a tremendous affect on the viability of coal-fired power

plants utilizing scrubbers.
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In the last fite years, coal has been making significant
pngress in capturingAa.larger percentage of.the electric
utility power generation market. Table~22, produced by the
National,Coal Association Economics Committee, shows that
while'coallproduction was predicted to increase 2.9 percent
in 1976, coal consumption by utility companies increased 9.9
percent. According to the table, electric utilities may
utilize two-thirds of the coal produced in 1976. It was
announced that the Federal Energy Administration had ordered
48 new électfic'utiiity plants to incorporate coal burning
facilities that will require 84 million tons of coal.

Under the Carter prégram, coal production is expected to
double, rising to more than a billion tons by 1985 from 665
millions tons in 1976. That would inqrease coal's‘share of
thégtotal energyrpicture to 29 percent from718bpercent. The
National Coal Association's most recent figures show that by
1986 utilities are expected to build 259 new coal-fired
plants, bringing total coal consumption by utilities uptto
850 million tons from todéy's 448'ﬁillion tons.

Whether or not the production capacity for coal will be
adequate is dependent.upon_labor productivity, transportation
efficiency (i.e.;possibly the use slurry lines). and the
demand for coal. If the‘priceﬂof coal exceeds the inflation
‘rate then it could easily affect the real cost of electricity

produced.
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CONCLUSION

Now that generation costs have been derived for nuclear

and coal-fired plant protOtypés, several cdncluSions can be

drawn.

Capital coét had.the greatest impact on annual
generation costs. Capital cost represented two-thirds the
total generation costs for a nuc1ear power plant and one half
the total generation costs for both types of coal plants.
Generation costs were'extremely sensitive to capital cost in
fthe-nuclear'power plant example. A 100 percent increase in
capital cost would raise total generation cost by 65 ?ercent,
while a coal power plant would impact generation costs by
approximateiy 45 percent. This différence is not surprising,
given'the magnitude of escaiaﬁion and interest expenses due
to the extended time period required to build a nuclear power
plant. |

Regional factors influence thé capital construction cost
of power plants. It was shown that construction costs in New
England were appfoximatély 15 percent greater than
~construction cost in such areas as Texas or South, Central
United States. A 15 percent decrease in construction cost

would decrease generation cost by 1.75 mills per kwh to 2.24
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‘mills per kwh for 1985 coal-fired power plants (i.e. tall
‘stacks and scrubbers,”respectively)‘and by 3.02 mills per kwh
for 1985 nuclear-fired powef plants. Although a 3 mill per
kwh reduction does not make nuclear generation costs lower
than that of a coal plant without SOy removal equipment, it
lessens the economic margin between the two plant
alternatives by almost 50 pércent.

Since capital costs are primarily-a function of elapsed
construction time( any decrease in cénstruction time could
greatly improve the economic disposition of nuclear plants;
If, for example, predictable regulatory ptOcedures were
enforced or if engineering plans for LWRS could be
standardized, then the front end capital cost factors would
. be reduced. Conversely, any additional delay in construction
time, such as an additional year, would increase capital cost
.by'as much as 15 percentvto 20 peftenty

Fuel cycle costs are probably the most difficult to
project. Mining, milling fabricating and enrichment proceéses
for uranium are not just dependentlon the supply and demand
market cnditions, but they are also-dependent én poiitical
postures of domestic and foreign governments. Alleged
cartels, uranium embargoes;.federal enrichment and waste
dispsal plans are just a few examples of political over;ones}

Coal suffers a similar plight given the sensitivity of coal
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’production to strikes and corporate’intransigence. Invfact,
several utility companiés such as Duquense Light Company of
‘Pennsylvania claim that their interest in nuclear power was
to create a hedge against coal strikes.

Nuclear fuel has a significantly smaller impact on total
generating cost. .In fact, nuclear fuel cost would have to
change by a magnitude of 60 percent more than a change in the
cost of coal in order to have the same impact as coal on
totai generation costs. To state the comparison in another
manner, a 20 percent increase in the price of U;0g would
increase genération costs by only 5.2 percent. A 20 percent
increase in the price of coal would increase generation cost
anywhere from 8.4 percent to 8.8 percent depending on fuel
.aﬁd plant type (i.e. tall stacks or scrubbers).

Clearly, SOX.rembval equipment conéiderably changes the
‘désirability of the éoal-fired power plant alternative.

Based on the hypothetical models, a coal-fired power plant
that is operationable in 1983 is‘cheaper'than either the
nuclear or coal-fired power plant atilizing,scrubbers. This
is an important difference and reflects the ongoing economic
controversy ovér which alternative is the most efficient.
Since generation costs are more sensitive to coal prices than
to uranium .prices, there is some doubt -about the economic

advantage of non-scrubber (i.e. clean coal) coal-fired power
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plants. -However, it is especially important to realize that
the choices are not mutually exclusive and that the non-
scrubber power plant alternaﬁive is limited only to those
regibns whefe energy demand and eiectrical generation are
close to low sulfur coal deposits.

Capacity is another important economic variable, and is
often used as an argument against proponents of nuclear
power. This is so becauSe»nuclear power plants have had a
capacity average of 60 percént while coal power plants have
often rated 10 percentage pbints'higher. Generation costs
are very sensitive to capacity ratings. A decrease in
nuclear plant capacity by 10 percent would increase
generation costs by 6.25 percenﬁ.while a 10 percent decrease
in coaliplant capacity would increase generation cost by 4.30
percent.i In effect, a nuclear plant is almost 33 percent
more sensitive to changes in capacity than a coal plant. Of
course, this type of sensitivity works both ways and if a°
nuclear power plant can operate‘at 70 percent to 80 peréent
capacity then its economic efficieﬁcy exceeds that of a coal
pbwer plant. Based on industry estimates, a nuclear capacity
factor of 55 percent to 60 percent represents the break even
’point_witﬁ a standard coal-fired plant using the same

rating.8
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Table 23

Total Generating Costs (mills/kwh)

1976 1983 1985

Nuclear 15.23 -= 30.72
Coal
Scrubbers (S0,) 19.83 - 33.52 -
Tall Stacks only 15.17 25.33 -

Nuclear-fired power'plants have an econoﬁié»advantage
over coal-fired poWer plants that use SOx.equipment. Any
real rise in coal cost (e.g. f.o.b. or c}i.f.) or any
reduction in capital cost of nuclear plants could make
nuclear power plants more economical than coal power plants
without S04 équipment. If capacity factors increase from 60
percent to 70 percent for nuclear power plants, then the

economic advantage is further enhanced.
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TABLE 24

Sensitivity Analysis 1983/85

% Increaée/decrease % Change in

in Cost Variable Factor. Generating Costs
+50 - Nuclear Capital Cost = +32.5
+50 ~— Coal Capital Cost -~ +23.4
+50 - Nuclear Fuel Cycle Cost - +13.10
+50 - Coal Fuel Cycle Cost - +21.6
-20 - Nuclear Capacity - +12.5
-20 - Coal Capacity -~ + 8.6
Note: T. 1983 costs are for a coal-fired pdwer plant with

construction beginning in 1976. 1985 costs are
for a nuclear-fired power plant with construction
beginning in 1976.

2. -The_genérating costs for both types of coai power
plants are averaged for purposes of clarity. '

The Tennessee Valley Authority, which has the country's
largest committmeht»to nuclear power, has consistently posted
lower nuclear generated power cost than coal generated power
costs.  Although, TVA's nuclear costs are below the national
average, the utility estimates tha£ the total cost of
generating power in itsvlz coal plants is 14 mills per kwh,
compared tQ 6.1 mills per kwh for itszrowns Ferry nuclear
plant. |

In spite of TVA's enthusiam and the low generation cost

ascribed to the nuclear pbwer plant prototype in this. paper,
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there has been a minimal demand by utilities fqr nuclear
power plants. .Although many of the reaééns for this slack in
demand transcend economics, economic factors do have a strong
bearing on many of them.

Figures 6Vand 7 indicate the cyclical nature of nuclear
power plant orders. During the period from 1970 to the
middle of 1974, there were over one hundred orders. There
. were only four new orders in 1977 and three in 1976. While
order :backlogs make it likely that the total megawatts
supplied by nuclear power will grow, the lack of orders now
could mean a levelling off or even a decline invnucléar's
share of the total energy mix when backlogs are exhausted

(see Figure 8).

Figure 8
Cumulative installed Nuclear's share of
175 nucleaxr capacity* 25 total electric capacity
| | Il
20
125 '
15,
100 B e e
75
e SR S T lo . .
50
. ” 5
25 o o [N
O v g bt d O
1977 '79 '8l '83 '85 '87 1977 '79 '81 '83 '85 '87
AThousands_éf megawatts A Percent of total capacity

Data: Atomic Industrial Forum

- *Assumes all plants on order or under construction
will’ be completed on current schedule



T 2065 79

To an extent,'a.backlog in orders has had an impact on.
thé'recent downturn in nuclear plant demand.' However, this
can be interpreted to mean thatvnuclear power's share of
total domestic electrical genenation will steadily decline
beginning in 1985 and that no viable, immediate economical
alternatives exist.

Capitai financing_has become a major obstacle given the
excessive costs of escalation and inflation. Banks have been
reluctant to commit large amounts of capital when the.payback
period and cash flows are so distant. Utility companies are
increasingly‘being forced to seek external funds since
internally generated funds‘(i.e. rate increaSeé which are
controlled by quasi-public regulatory agencieé) are not
sufficient. According to the Edison Electric Institute, 55 percent
of conétruction~financing will come from external funds
specifically in the;form of equity issues. Equity issues
(e.g. common stock and convertible debentures) seem to be the
'dnly financing alternative given the existing high cost of-
long-term debt.

‘The uncertainty of uranium supplies ié also a critical
question. It has already been shown how 1976 proven domestic
reserves will not be adequate for the numbet of nuclear
»plants.operating.in the year 2000. Qf course, if the breeder

reactor receives administrative consent, then domestic
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uranium sgpplies might be adequate. By the year 2000,
foreign uranium supplies will be offset by equally strong
foreign demand. Other dark areas such as protracted safety
deadlocks, spent reactor fuelAdisposal and lack of adequate
enrichment facilitieé by 1985 have augmented the degree of
uncertainty clouding the.futﬁre'ofbnuclear power.

Coal suffers hO'less a fate. Given the sensitivity of
‘generation cost to coal prices, any real price increases will
definitely have a deleterious affect on coal generation. In
addition, if S0, equipment is mandated, then the capital cost
advantage of coal power plants may soon'be lost.

In any event, the coal Qeréus nuclear power plant
alternative is more than just an economic debate, although
economics play a primary role in the decision-making process.
Although both alternatives are, at present, the cheapest
forms of electrical production with expansion potential,
future prospects do not guarantee continued, cheap power
production. Uﬁfortunately, the plethora of uncértainities,in
the future adversely affects the aécuracy of projected
economic comparisons. Nevertheléss, future economic
evaluapions are necessary for today's decisions regarding the

development of electrical poWer.
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Step

Mining

Milling

UFG productibn

Enrichment

TABLE 26,

Description

Underground mining and
surface mining of ore

Mechanically and chemically

refine ore to "yellow cake."”

Usually done near the mine

Convert "yellow cake" to
gas for enrichment

Concentrate natural uranium
content of U-235 at 0.7%

to between 2% and 4%
concentration

Current technology being
upgraded and new
technologies being tested

Modern plant with capacity of

83

Explanation of the NucleariFuel>Cycle

Amount Needed to
Serve 1,000 MWe
Reactor

263,000 tons per initial
core '
94,000 tons per reload

526 tons per initial core
187 tons per reload

420 metric tons uranium
(MTU) per initial core
150 MTU per reload

9 million SWU plant
serves about 125 power
plants

9 million separative work units

(SWU) requires about 2,500
MWevelectric plant to run



TABLE 26 (Cont'd.)
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Explanation of the Nuclear Fuel Cycle

Current Status (Cont'd)

Institution
Involved (Cont'd)

Expansion
Issues(Cont a)

1illion tons capacity

.000 tons capacity
000 tons production

1000 MTU capacity
.us 9,000 MTU coming
stream by 1977/1978

.sting capacity plus
inned upgrades could
3t until mid-1980s

Independent mlnlng
companies

Large resource
companies

Miners and chemical

companies

Chemical company

"Resource company

Federal Government
Private ownership
being encouraged

U.S. known and estimated
réserves are about 3.5

million tons of U,0
‘(ore mined today %as

about 4 pounds U per
ton of ore) at ug %o $30
per pound U,0

It takes abou% 8 years to
explore, find, and begin
mining ore

‘Major expansion effort

needed-could require be-
tween $1.5 billion and
$3+ billion in capital

Run out. of capacity at a
minimum by 1980, possibly
within 2 or 3 years

At minimum, no expansion
needed by 1980 if planned
expansion comes on stream
By 1985, minimum need is
for another 10,000 MTU
capacity

Accelerated program could

‘reguire 10,000 MTU ca-
. pacity by 1980

$30 million capital per
5,000 MTU block of ca-
pacity

A 9 million SWU plant cost
between $4 billion and $5
billion and takes up to

9 years from design to
start-up

Depending on foreign com-
mitments, capacity could
be short before mid-1980
which would require early
start at expansion



Step (cont.)

TABLE 26 (Cont'd.)

Explanation of the Nuclear Fuel Cycle

85

Amount Needed to
Serve 1,000 MWe

l .
rication

lity power
nt

te fuel

1
rocessing

te
agement

Description (cont.)

Convert enriched UF_. gas
to solid ans assembfe in
"burnable" fuel rod
elements

Converts energy in uranium
to electricity

"Burned" up fuel bundles
which if left in reactor
can significantly reduce
‘ability of reactor to
sustain chain reaction
needed to operate

Has concentration of
‘lightly less than 1%
.U-235 plus contains
-about 0.6% plutonium "bred"
in the reactor '

Objective is to recover
usable uranium and -
plutonium from waste

Problem is high-level
waste whether recycling
proceeds or not. Problem
"is safe waste management
essentially forever be-
cause of the level of
radiation and the long
life of the radioactive
isotope

Reactor (cont.)

90 MTU per initial core
25 MTU per reload

Not applicable

Produces ‘about 25
MTU per year, total
weight about 50 tons

See waste fuel above

One year's output

when reprocessed
produces about 10,000
gallons of waste which
when solidified and
mixed with inert
material take up about
70 cubic feet.
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Explanation of the Nuclear Fuel Cycle

rrent Status
(cont.) .

institution'

Expansion

rrent capacity about
500 MTU

plants with 36,000
'e capacity
out 150 plants on
‘der with at least 100
:coming operational
.fore 1985 .

000 MTU backlog in on-
te storage pools (tempo-
.ry storage at power
ant)

re backlog stored at
noperating reprocessing
cilities

, commercial operations
W

anned capacity about
300 tons by 1980

deral Government will
.cide how to manage
gh-level wastes

" Involved (cont.)

Nuclear steam system
suppliers, oil com-
pany,. others

Public utilities and

federally owned
utilities

Public utilities and
federally owned.
utilities

Private companies:
chemical and nuclear
service ‘

Issues (cont.)

Ultimate capacity and

nature of capacity depend
on whether plutonium
will be recycled

‘At minimum about 2,000

MTU more capacity needed
by 1985; maximum up to
8,000 MTU new capacity
requirements to 1985

To be discussed later
in chapter

What to do with it and
when:
O Reprocess
0 Temporarily store and
then reprocess it
‘0o Finally, permanently
manage

Expansion of temporary
storage will be needed
to handle waste fuel

Will reprocessing be
economic, i.e., will the
value of usable fuel
produced by recycling,
reenriching, fabricating,
etc., be greater than
the cost incurred to do
it-or should waste fuels

-be processed and sent

directly to permanent
waste management?

urce: Compiled from information in The Nuclear Fuel Cycle, June 1975

'ashington, D.C.: Atomic. Industrial Forum, Inc.)
ionomics of Electric Power. Generation:

and printed in "The
1975-2000," by Michael Murray,

blished in The Nuclear Power Controversy, Prentice-Hall, N.I., 1976.
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Footnotes
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3Chamberlin, J.H. and Hardie, R.W., "Analysis of Electrical Power
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American Nuclear Society, Hinsdale, Illinois, April, 1976.

> ENERCOM, Energy Resources, Denver, 1977/78.

60ther sources include: ,
Boyer, V.S., "The Economics of Nuclear Power," from
Electric Perspectives, June, 1976,.pp.8-11.
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Murray, Michael, Jr., "The Economics of Electric Power
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Prentice-Hall, New Jersey, 1976.

Twrhe Nuéleér Fuel Cycle", Atomic Energy Forum, Inc.,.
Washington, D.C., 1976.

8 Nucleonics Week, New York, N.Y., May 6, 1977, p.8.
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