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NUCLEAR ECONOMICS 2000:
DETERMINISTIC AND PROBABILISTIC PROJECTIONS
OF NUCLEAR AND COAL ELECTRIC
POWER GENERATION COSTS
FOR THE YEAR 2000

K. A. Williams
Je G. Delene
L. C. Fuller
H. I. Bowers

ABSTRACT

The total busbar electric generating costs were esti-
mated for locations in ten regions of the United States for
bate-load nuclear and coal-fired power plants with a startup
date of January 2000. For the Midwest region a complete
data set that specifies each parameter used to obtain the
comparative results is supplied. When based on the refer-
ence set of input variables, the comparison of power genera-
tion costs is found to favor nuclear in most regions of the
country. MNuclear power is most favored in the northeast and
western regions where coal must be transported over long
distances; however, coal-fired generation is most competi-
tive in the north central region where large reserves of
cheaply mineable coal exist. In several regions small
changes in the reference variables could cause either option
to be preferred. The reference data set reflects the better
of recent electric utility construction cost experience (BE)
for nuclear plants. This study assumes as its reference
case a stable regulatory environment and improved planning
and construction practices, resulting in nuclear plants
typically built at the present BE costs, Today's BE
nuclear-plant capital investment cost model {e then being
used as a surrogate for projected costs for the next genera-
tion of light-water reactor plants. An alternative analysis
based on today's median experience (ME) nuclear-plant con-
struction cost experience is algso included. In this case,
coal is favored in all ten regions, implying that typical
nuclear capital investment costs must improve for nuclear to
be competitive.

To investigate the effects of uncertainties, power geu-
eration cost sensitivity to changes in key input variables
was examined for the midwest region. Both single-variable
and multivariable sensitivity studies were performed. A
Monte Carlo methodology was used to perform the multivari-
able probabilistic uncertainty analysis, which using the
capital-cost range for the BE nuclear plants implies that
nuclear Llife-cycle costs have a 74% chance of being less



than those for coal. For the ME nuclear plants, nuclear
life-cycle costs have only a 72 chance of being more
economic than coal.

1. INTRQDUCTION

The effect on the balance of trade and the U.S. economy of large
and embargo-susceptible imports of oil iudicates that the only practical
alternatives for new base-load electric power generation through the end
of the century are light-water reactor (ILWR) and coal-fired plants. The
competitive edge that nuclear power enfoyed in the late 1960s and 1970s
has eroded mainly because of rapild escalation of capital investment
costs and, to a lesser extent, because of a slow-growth energy
economy. For similar reasons coal demani also has weakened, resulting
in decreasing coal prices. This report, which is an update of a previ-
ous Oak Ridge National Laboratory (ORNL) analysis prblished in 1983,1
provides analysis in support of the thesis that nuclear can be a viable
option for future base-load power generation and identifies through
sensitivity analyses those areas that have a strong impact on costs.
The comparative cost of power from the nuclear and coal options 1is
examined for plant startup in the year 2000. It is assumed that new
base~-load generating capacity will need to be oﬁerational in the post-
2000 era.

The reference data set reflects the better cf recent electric
utility nuclear plant construction cost experience (BE). If a stable
regulatory environment and improved plamning and construction practices
exist, then plants can be built at today's BE construction costs. How-
ever, if current trends, as represented by today's median construction
cost cxperience (ME) continue,lthen the nuclear option will not be com-
petitive., For its reference case this study assumes that a stable regu-
latory environment and tmproved planning and construction practices will
be achieved. The BE cost model then is being used as a surrogate for
the projected costs of the nexg‘generation of IWR plants.

In the reference set of assumptions, the next generation ME

nuclear-plant investment costs are assumed to be consistent with today's




BE. In an alternate set of assumptions, the competitiveness of future
nuclear and coal-fired plants was examined by assuming that improvements
are not made to reduce nuclear-plant capital costs.

Levelized power generation costs were estimated for locations in
each of ten federal regions of the contiguous United States. This
regioral breakdown corresponds to the one used by the Energy Information
Administration (EIA) in their energy forecasting system and is defined
in DOE/EIA-0095(85).2 Since very little coal or nuclear electric power
is generated in Alaska or Hawaii, these two states are not included in
the federal regione used in this report. Coal prices for each of the
ten EIA regions were projected based on current costs from the EIA Elec-
triz Power Quarterly3 and a 1%/year real price increase. Variations by
region in capital investment and coal costs are accounted for in the
levelized cost computations. A reference city was selected in each of
the ten regions to provide a basis for estimating regional power—plant
capital investment cost differences. Because coal prices and construc-
tion costs can vary widely even within a given region, these results
must be thought of as typical. '

The levelized powe:r generacion costs that are preéented in this re-~
port are used to compare the relative economics of options btased on
lifetime costs; however, levelized costs provide little insight into how
the power costs of the two options behave throughout the life of the
plants. An examination of the year-by-year cash flow and revenue re-
quirements (annual power costs) was made for both the nuclear and coal
options in the reference midwest region. These results can be used to
examine the problem of initially high power costs resulting from the
large capital {nvestments required, commonly referred to as 'rate
shock."

In addition to the estimation of the cost of power at a reference
set of variables and unit price projections, this report also examines
the sensitivity of the results when alternative financial parameters and
costs are applied. The sensitivity analyses apply specifically to the
reference midwést region, but trends are applicable to all regions. Al-

ternate capital investment cost assumptions, plant lead times, capacity



factors, coal and uranium price projections, and other nuclear-fuel ser-—
vice prices were investigated. Because one-variable-at-a-time sensitiv-

ity analysis can be wused to {identify the key power generation

cost=driving variables, the results from these analyses can be used to
focus attention on those areas for which changes can be made to improve
the competitive stance of the nuclear option.

An important feature of this report is the inclusion of probabi-
listic analysis as a methodology for multivariable sensitivity or uncer-
tainty studies (MVSS). Probabiliry -anges and distributions have been
chosen for the key input variables aftecting busbar cost, and a Monte
Carlo code 1s used to sample from these input distributions, repeatedly
run the LEVCOST power generation cost model, and analyze the output
statistics for the levelized cost of power that is the figure-of-merit
in the analysis. This powerful technique sllows the assessment of the
relative busbar cost risk associated with the coal and nuclear options.

This report relies on a companion report entitled Muclear Energy
Cost Data Base: A Reference ata Base For Nuclear and Coal-Fired Pover
Generation Cost Analyaié’ (NECDB), which documents most of the technécal
parameters and the methodology used in this report. The present report
can be read as a stand-alone report; however, if questions arise regard-
ing the data parameters or methodology, then the companion NECDB report
should be coasulted.

The conclusions pertaining to the relative projected economics of
nuclear power vis-a-vis coal-fired power are supported by detailed
analysis. The sensitivity studies identify those factors that carry the
most leverage on the relative economics+ This report deals only with
the financial and economic factors impacting the competitiveness of nu-
clear plants. Institutional factors are bot addressed;

Chapter 2 provides a summary of the study and cod;luaions for those
readers who do not wish to delve into thé justifications for the inputs
to the analysis but are interested oniy in the reéults and conclu-~
sions. Appendix A contains a list of nomenclature that 1is specific to

this report.



Detailed discussion of the mathematical methodology involved ir
probabilistic uncertainty analysis is omitted in the body of this re-
port. Appendix B gives a more-detailed discussion of how the uncer-
tainty analysis was performed and what its mathematical underpinnings
are. Chapter 3, however, contains a very brief description of the
rationale and methodolngy used and discusses the economic analysis
methodology used in the LEVCOST model.

Chapters 4 and 5 deal with the input and results of the determin-
istic analyses. Chapters 6—8 deal with the sensitivity studies and
probabilistic analyses.

Finally, uncertainty ranges are not applied to entities that cannot
be readily represented in numerical form. Examples of such entities
would be political and institutional factors, such as whether regulatory
reform has or has not been implemented or whether improved construction
practices have or have not been instituted. Any attempts to predict the
probabilities of these events would go well beyond the forecasting and

~ analytical capabilities of this report's authors.



2. SUMMARY AND CONCLUSIONS

P1‘jections were nade of future power generation costs for new
base-1oad nuclear and coal-fired power plants beginning operation in
2000. Based on a reference set of variables, these costs were estimated
for each of the ten EIA regions. The reference nuclear data set is
based on regulatory and nuclear-plant construction improvements being
implemented such that the expected average construction cost of these
future nuclear plants is equal to today's BE. Coal-fired plant con-
struction has not experienced many of the factors that have driven up
the investment costs of nuclear plants in recent years. Although some
future improvements in coal-fired plant investuwent costs may be ex—
pected, there are other factors, such as acid-rain legislation, that may
increase costs. In thisg study, it is assuwmed that today's coal-fired
plant investment costs will be typical of future plant investment
costs. Alternatively, the competitiveness of auclear and coal-fired
plants is also estimated as though nuclear-plant construction improve-
ments are not made and today's ME nuclear construction costs prevail. A
major conclusion is that nuclear wmust reduce its capital investment
costs to compete with coel.

Using the discounted revenue requirements method, levelized power
generation costs are computed and are expressed in constant 1986 dol-
lars. These busbar cost reaults are used as a figure—of-merit to allow
comparisons of competing plant types. Two alternative measures of proj-
ect merit, annual revenue requirements and cash flow, are also used for
the reference cases in this report.

The levelized 30-year costs for BE nuclear and coal-fired plants,
based on reference parameters, are presented in Fig. 2.1. Results are
given for each of the major cost categories that compose the total power
generation cost. In addition to the capital investment, operation and
maintenance (O&M), and fuel costs, both nuclear and coal plants incur an
additional cést to pay for deconmissioning. This cost is small, compos-
ing <0.2 and 1.5% of the total power generation costs for the reference
coal and nuciear plants, respectively. The capital investment cost is

the predominant cost component in the cost of power from nuclear plants,
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Fig. 2.1. Regional power generation costs for BE nuclear and coal-
fired plants at reference parameters.

making up ~64% of the total levelized cost for the BE reference plant
constructed in the midwest region. Although capital investment cost is
important for coal plants {44X of total cost in the reference case for
the midwest region), the cost of coal is generally of equal or greater
importanc=.

At reference conditions based on 30-year levelized power genaration
costs, nuclear plants were found to b: cheaper than coal-fired plants in
all regions except the north central. Uncertainties in the various cost
parameters, especially the capital investment cost and price of coal,

could cause shifts in the economic choice in most regions.



The results of this analysis =are opresented in wmap form in
Fig. 2.2. ©Each region is shaded acccrding to how the options compare
based on their 30-year levelized costs. If the total levelized power
generation cost of one option s lesz than the other by at least 10Z,
then it is assumed to have a c’ear ecuromic advantage. Neither option
was judged to have a significant economic advantage in those regions
where the power costs of both options were found to be within 10%. As
can be seen from Fig. 2.2, the levelized power costs of BE nuclear
plants are much lower than those for coal-fired plants in eight of the
ten regions. In most of these regions, rdelivered coal prices are high,
caused by high mine-mouth prices, high transportation costs for coal
that must be hauled over long distances, or btoth. 1In the north central
region, levelized power costs of coal-fired plants are projected to
be ~5Z lower than those for BE nuclear plants, but the economic advan-
tzge 1s not clear. The advantage for BE nuclear power, 4.5%, in the
central region is also not clear (i.e., the levelized costs are within
102). Large reserves of cheaply mineable coal are located in or near
these two regions, thus holding down the price of mine-mouth coal.
Also, transporting the coal to the generating plant site is less costly
because of proximity of the mines. In the central and nsrth central
regions the cost of power from either option 1s projected to be within
104 so that both options could be considered economically competi-
tive. These results, used in a weighted average for the entire nation,
support the contention that if BE nuclear costs can be achieved as a

standard for the future, nuclear plants will have a clear economic

advantage ert coal-fired plants as sources of base-load power in the
future.

For the reference case the comparison of nuclear and coal-fired
generation costs was also performed using the range of delivered coal
prices in each region (Fig. 2.3). Coal prices will vary within a region
because of different transportation requirements and shipping modes. 1In
the southwest, central, north central, and west regions, the comparison
between BE nuclear and coal-fired generation costs depends on the spe-
cific location within a reginn. 1In the northeast, New York-New Jersey,

mid-Atlantic, south Atlantic, midwest, and northwest reglons, BE nuclear



oM
ML-DWG 06C-4784
m

ADVANTAGE
MDEWCLEARM S
EXPENSIVE THAN COAL)

0% LESS

ECONOMIC PLANT
AD
VANTAGE OF EITHER ‘
1S <10%

e
o
.m..n
tt
e e
ei
s 5
- ey
o &
9 a
Ot
Sa
bu2
80)
a* o
= o
—
P
225
o 3
w9 F
Ty
trE
-
e
w8 §
pn
- %
g
ooy
ang
£ o
S5—= ©
o
0?28
£00
s e
fr.s
osr
2w
e2g
cog
.llm
= o
s o5
eha
£w &
ha IO
REE
EE



10

ORNL-DWG 86C-4782 ETD

'g YEAR 2000 BE NUCLEAR COAL
s HEFERENCE HIGHEST COST
R # nereneucs .
; ] LOWEST COST
€ 60 |- —
§ N N
< 60 N \ .
e BN \ N N
= N N N
el B Z\ A It
= | A 3 Zs N TN
& /§ N Z8 N | "
8 20 |- ¢§ 3 Z N Y
2 LA U NI
3 - g§ 3 A 1 n
F4 N C 3:\ ) A
2 LA YO IN N IR -
S N 3 ZREEN y
g %X ZR ZREZXEAREENEAN

I v v Vi Vi Vi ) & X

EIA REGION

e

Fig. 2.3. Regional power generation costs froe cial-fired plants
reflecting regional variations in coal prices vis-a-vie power generation
costg from BE nuclear plants.

generation costs are less than éoal-fired generation costs even at these
regions' least expensive coal sites.

The levelized power generation costs (vis-3-vis coal) for the case
with new nuclear capital invesﬁment costs typical of today's ME plants
are presented in Fig. 2.4. Here the coal option 18 favored by a sig-
nificant (>10%) margin in all tén regions. Only the capital portion of
the levelized cost is altered. :The 0&M, fuel, and decomm{saioninglpor-
tions of the levelized cost are assumed the same as for the BE nuélear

reference cage. Even when the:highest coal prices in each region are
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Fig. 2.4. Regional power generation costs for ME nuclear and coal-
fired plants.

considered (Fig. 2.5), coal-fired plants are more economic than ME
nuclear plants in nine of the ten regions.

The coal and BE nuclear options were also compared based on annual
revenue requirements and cash flow. This information provides valuable
ingight into how the options compare on a year-by-year basis. The
annual cost of power based on revenue requirements for BE nuclear and
coal-fired plants constructed in the midwest region is shown in Fig. 2.6
in constant 1986 dollars. Initially, the revenue requirements for the
BE nuclear plant are slightly higher than those for the coal-fired plant

because of the higher capital {nvestment cost. This nuclear
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Fig. 2.5. Regional power generation costs for coal-fired plants
reflecting regional variations in coal prices vis—-a-vis power generation
cogts from ME nuclear plants.

disadvantage decreases rapidly as the capital investment is amortized.
The revenue requirements for the coal option do not decrease as rapidly
because fuel costs, which compose a large portion of the total coal-~
fired plant powar cost, are escalating above the general inflation rate
(1% above for the reference case). The revenue requirements for the BE
nuclear plant become equal to those of the coal-fired plant during the
second year of operation 1in the example shown, becoming increasingly
amaller thereafter. This break-even point will vary from region to

region.
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Fig. 2.6. Constant-dollar revenue requirements for BE nuclear and
coal-fired plants.

Figure 2.7 shows a comparison of coal and BE nuclear based on
nominal-dollar annual cash flows. (In Chap. 3 the basis for the cash-
flow calculation 1is given.) Although coal has a smaller cumulative
capital expenditure than nuclear, the magnitude of the negative cash
flows is similar because coal-plant capital =xpenditures are spread over
a shorter load time (i.e., 6 vs 8 years for nuclear). For both optiomns,
positive cash flows start during the first year of plant operation
(i.e., when revenues are collected). Each positive cash flow experi-
ences a sharp drop after the plant is fully depr=ciated for tax purposes
(10 years for nuclear and 15 years for coal under the 1982 tax law).
The discontinufities in the nuclear cash-flow curve result because the

nuclear fuel {s on a 13-month reload cycle; thus, the costs incurred for
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and BE nuclear. !

the purchase of fuel-cycle services are not the same in every calendir
year.

The cost parameters used in the analysis 1involve large uncettai&r
ties because projections had to be made over the next 50 years in som§
cases. The sensitivities to changes 1in some key parameters we:e in-
vestigated to examine their impact on the comparison. Table 2.1 sum%
marizes the result of these one-variable-at-a-time sensitivity studies
for the midwest region. In general, those parameters that affect capi;
tal charges have a greater impact on nuclear generation ccsts; thos¢
that affect fuel costs affect coal-fired generation costs more
severely. For plants coming on-line at a specific date, uncertaintieé

in base construction costs, cost escalation rates, cost of money, plant
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Table 2.1. Changes in projected BE nuclear and cosl-fired power ;-nergttou
costs with assumed changes in finan:ial and technical parsmeters®

Financisl or technical a for cosl 8 tor
- A C z nauclear z
paraseter (wills/kWn) (o1 11s/x)C
Overnight cost capital {nvestsent cost reduce by 10I -2.06 -6. 14 -2. 63 -6. &
Inflation rate teduced by 1/2 percentage point (frow -0.13 -0.26 -0.23 -0.57
5 to 4.51)
Capacity factor increased by 5 percentage points -1.63 =315 -2.28 -5.5
(from 70 to 752)
Desig: ané construction period reduced i year with -0.5%) -1.12 -0.79 -1.9
year of first commercfal operation fixed (coal
changed from 6 to 5 years, nuclear changed from 8
te 7 years)
Desigr and construction period decreased 1 year -0.74 -0.16 -0. 82 -2.0
with steam—supply order date fixed
Real cost of woney reduced by | percentage point -2.89 ~6.1 -4. 47 -10.19
(3.8 to 2.82)
O&M coat escalation rate increased 1 perceutage 1.82 3.8 2.26 5.15
point (0 to 12)
Coal cost escalation rate increased 1/2 percrentage 3.03 6.5
point (1.0 to 1.5%)
Coal cost escalation rate decreased 1/2 percentage -2.63 ~5.6
point (1.0 to 0.5%)
Resl escalation during construction increased 1| 2.44 5.2 .72 6.6
percentage point (0 to 1.0%)
Change from 30- to 20-year analysis period with 3.15 6.7 4. 94 12.6
- plant 1i{fe constant at 40 years
Change from 30- to 40-year analysis period with -1.56 -3.3 -2.80 -6.8
plant life constant at 40 years
- Change from 40- to }0-yeasr plant lifetime with 0.37 0.78 0.49 1.18
analysis period constant at 30 years
Change from 40- to S0~yesr plant lifetime with -0.22 -0.47 -0.29 -0.71
analysis period constant at 30 years
Urenium enric'ment cost increased by S10/SWU (from 0.25 0.60
$60 to $70/S5WU)
Uranium enricheent cost decreased by $10/SWU (fcom -0.25% -0.60
$60 to $50/SWU)
U304 price escalation rate increased by 1/2 0. 50 1.2
percentage point (1.0 to 1.5%)
U;0g price escalation rate decressed hy 1/2 -0,43 1.0

percentage point (1.2 to 0.72)

%For sidwest region, best-experience nuclear.

b‘l'otal generstion costs are expressed in mills/kWh, based on constant 1986 dollsrs.

“Base power generation costs in mills/kilowatt hour: coal, 47.3%4; nuclear, 41.29.

lead times, and plant capacity factors are particularly important for
the capital investment cost. FPor the nuclear plant, the uranium ore and
enrichment prices are the cost factors whose uncertainties would have
the most effect on fuel cost. Although the capital investment cost un-

certainties are {important, variations 1in the reglonal price of coal
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(which includes transportation) and uncertainty in coal's future escala-
tion rate are the overriding cost considerations in the uncertainty of
the cost of power from coal-fired plants.

A multivariable probabilistic uncertainty analysis was also per-
formed. Twenty-two input probability distributions were accessed by the
Monte Carlo simulator. Four of these were for financial variables
(applicable to both coal and nuclear), 11 for nuclear only, and 7 for
coal only. The actual input distributions used appear in Chap. 8, which
also discusses the individval output distributions for the power genera-
tion cost for both coal and BE nuclear (midwest region) resulting from
1000 executinns of the LEVCOST model by the Monte Carlo simulator. The
statistical parameters for the output probability distributions are
given in Chap. 8, and the locations of the reference deterministic cases
on the busbar cost axis are shown. Although the BE nuclear power gen-
eration cost distribution generally lies in a lower-cost region than the
coal distribution, it has a higher standard deviation or dispersion,
thus indicating the greater uncertainty associated with nuclear costs.
Most of this greater dispersion is the result of a high uncertainty in
the overnight capital investment cost for nuclear, a key input variable.

Within each of the 1000 cases executed by the Monte Carlo simula-
tor, the financial conditions for coal and nuc¢lear were held the same,
and a nuclear-minus-coal power generation cost figure-of -merit was cal-
culated. The cumulative distribution for this nuclear-minus-coal cost
is shown on Fig. 2.8. The BE nuclear-plant cost distribution shows that
in 74% of the cases run, nuclear was more economic than coal; however,
there was a 26% chance that coal will be more economic than nuclear. If
the alternate, ME cost distributions for the nuclear-plant overnight
cost and nuclear lead time are substituted for the BE distributions for
these two variables and the simulation is repeated, a vastly different
result 1s observed. Figure 2.9 shows the nuclear-minus-coal power gen-
eration cost figure-of-merit and the fact that nuclear has only a 7%
chance of belng more economic than coal for the ME nuclear scenario.
Chapter 8 discusses the relative probabilities for both coal and ME nu-

clear and thelr statistical parameters.
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Fig. 2.8. Probabilistic MVSS analysis for reference uncertainty
scenario: output cumulative probability histogram for difference
between BE nuclear and coal-fired busbar power costs.

The following are this study's general conciusions.

l. For the reference case new base~load nuclear power plants were
found to have an economic advantage over coal-fired plants in most
regions of the country 1f the cost reductions from a more certain
regulatory environment and improved design and construction practices
can be achieved. Based on the reference parameters, the levelized cost
of power from the BE nuclear option is projected to be less than coal by
a 10% or greater margin 1in eight of the ten regions of the United
States. BE nuclear power was found to have the greatest economic ad-
vantage over coal-fired power in the northeast region where coal costs
are high, Coal-fired plants were found to have a slight economic advan-

tage (<10%) over nuclear plants in the north central region.
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2. If nuclear plant construction costs are not I{mproved and
today's ME costs prevail, nuclear loses its advantage over coal in all
regions. Improvements in the construction, regulation, and licensing of
nuclear plants will be needed for nuclear to regain {ts historic com-
petitiveness.

3. The results of this analysis show that based on the reference
assumption of {improved regulatory environment and construction prac-
tices, there is a 7h% probability that the coal-fired-plant power gener-
ation cost will be less than the reference nuclear-plan:t power genera-

tion cost in the midwest region, even though the deterministic analysis
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showed nuclear to be ~13Z cheaper than coal (a 6.l-wills/kWh differ—
ence). There is a larger range of uncertainty for nuclear-plant invest—
ment cost than for coal-fired plants, which leads to a greater spread or
dispersion in the nuclear power generation cost probability distribution
than for coal. 1f improved regulatory and construction practices are
not realized (the ME case), the probabilistic analysis indicates that
nuclear will have only a 72 chance of being more <conomic than coal.

4. Uncertainties in future costs of materials, services, and fi-
nances will aifect the economics of both nuclear and coal significantly
so that, depending on the circumstances, either option could be the

lower—cost power producer in any of the regioas.
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3. METHODOLOGY

3.1 LEVELIZED REVENUE REQUIREMENTS

Given in detail in the NECDB,% the methodology used to calculate
the levelized power generation costs in this report is basically a year—-
by~year, revenue-requirements procedure, together with levelization over
the plant's economic life.

Revenue-requirements methods are used extensively by public utili-
ties for both rate making and project evaluation. These methods deter—
mine the necessary year-by-year revenues needed by the utility to pay
operating costs, taxes, return on undepreciated capital investment, and
capital investment depreciation. In theory, the utility's rates will be
adjusted to meet these revenue requirements so that the revenues re-
ceived equal the revenue requirements for any given year.

These annual revenue requirements Rn in year n are given by

R.=X V. +D°+0_ +T (3.1)

n "1 n n n n’ *
where

Xl = rate of return on rate base;

Vn = rate base;

Dg = book depreciation;

0, =operating costs, including fuel, O&M, decommissioning fund,
and insurance;

Tn = taxes.

The year-by-year cost of power P, may be obtained by dividing the
annual revenue requirements by the power produced Sn in that year:

Rn
L (3.2)

n

n
The sum of the pre -t worth of the revenue requirements (PWRR) is a
measure of the overall lifetime cost of a project. 1In effect, it i3 a
single amount of money equivalent to the string of annual revenue

requirements. The PRR 1s obhtained by discounting the annual revenue
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requirements to the year of plant startup by using the effective cost of
money and summing
N R

PWRR = ), ———— (3.3)

n=1 (1 + )"

(see Appendix A for definition of terms).

In the levelization technique an equivalent single price that will
produce the same present worth of revenues as the stream of actual year—-
by-year prices is determined. Levelized power generation cogts can be
expressed in either constant or nominal dollars. The nominal-dollar
levelized price is an equivalent price that remains constant over the
life of the facility in then-current, as-sgent dollars even though the
buying power of the dollar may be changing with time. An example of
such a price is a standard mortgage payment. Alternatively, a constant-
dollar 1levelized price is an equivalent price indexed to a given
reference year's purchasing power so that its value in terms of the
reference year's purchasing power does not change.

Constant- and nominal-dollar levelized prices are two different
ways of expressing the same value. They are both figures-of-merit
(equivalent prices) and are not actual prices. 1In either case the sum
(PWRR) of the present worth of revenues produced by these prices must
equal the sum of the present worth of the actual year-by-year revenue

requirements. 1In nominal-dollar terms

NP S
PWRR = ) - — . (3.4)
n=] (1 + X)

In nominal-dollar levelization an equivalent price ?} which does

not change with time, 1s found:

Because P is constant, it may be removed from the summation; rearrang-

ing,
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S . (3'5)

Because inflation may occur during the operating period; the buying
power of the dollar will change; thus, this nominal-dollar levelized
price is in dollars of no single year's buying power.

The constant-dollar levelized price is defined such that it keeps
its buying power in terms of a reference year's dollars. The equivalent

nominal-dollar, year-by-year price structure becomes

P =P (1 + )"
° (3.6)

Fa+nta+n”

where
F; = levelized price in reference year's dollars,
m = number of years between n and reference year o,
L = period in vears between reference cost year and year of com

metcial operation.

In the constant-dollar levelized approach, therefore, the year-by-
year price is assumed to rise in nominal-dnllar terms at the rate of
inflation. 1In other words, the price in nominal dollars is indexed to
the rate of inflation. The present wnrth of the revenues produced by
this set of prices is also equal to the PWRR. Substituting into
Eq. (3.4),

N J—
P 1+ )"
(1 + pt Z 2
n=1 (1 + x)n

= WRR . (3-7)

Because ‘3; {s a constant, it may be removed from the gimmmation.
Rearranging and noting that (1 + 1) (1 + Xo) = (1 + X), vwhere X, is the

real cost of money,

Pomae Tt AR (3.8)

— e -

n
n=1 (1 + XO)
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Constant—- and nominal-dollar levelized prices are two different
ways of expressing the same value. They are both figures—of-merit
(equivalent prices) and are not actual prices. In either case, the sum
of the rresent worth of revenues produced by these prices must equal the
sum of the present worth of the actual year-by-year revenue require-
;ents.

Further details on Ehe mathematical basis of the method and the
relationship between constant- and nominal-dollar levelization are found
in the supporting NECDB.* Althcugh the expression of results in either
constant or current dollars will produce consictent comparisons, the
constant—dollar form is preferred. The advantage cf constant-dollar
prices is that inflatior is effectively removed from the results. These
prices then can be related to present conditions.

The revenue requirements' approach is an accounting procedure that
allocates costs over time. Some of the components of the revenue re-
quirements do not represent actual cash payments in the period in which
they are recorded. The actual money transferred is called "cash flow.”

Cash flow 1is a measure of how much money must be raised by the
utility (negative cash flow) or is available to repay investment and
provide for internal growth (positive cash flow). Cash flow may be
defined in several ways depending on its use. For this report, it is
defined as the difference between the revenue (as calculated from
revenue requirements) and the actual money paid for plant investment,
operating costs, fuel investment or costs, taxes paid, interest paid on
debt, preferred stock dividends, and common stock dividends.

CI"m=Rm-—Im——0m—-Tm-—Bm—Fm-C

(3.9)

n H
where

n = period or year;
CF_ = cash flow;
R_ = annual revenue;
I = {investment in plant or nuclear fuel;
0_ = operating costs that are expensed for tax purposes, including
J6M, property taxes, coal costs, interim rerlacements,

insurance, and decommissioning fund paymenfts;
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taxes paid;

o
B
]

interest paid (bond interest);

preferred stock dividends paid;

(o I
B

o = common stock dividends paid.

The cash flow is negative during the construction period, and money
must be raised to meet obligations. The cash flow is normally positive
during plant operating life, and this money is then available to repay
borrowed money or fund other projects. The interest and dividends paid
are sometimes excluded from Eq. (3.9); however, the utility must pay its

interest and dividends to be viable, so these items are included.

3.2 UNCERTAINTY ANALYSIS: A BRIEF DESCRIPTION

This section provides a short, general description of a MVSS method
for quantifying the uncertainty in a power generation cost estimate.
More-detailed discussion of the mathematical methodology appears in
Appendix B. With this method, a probability distribution for total
levelized power generation (i.e., busbar) cost can be obtained based on

the probability distributions of the input variables.

3.2.1 Rationale for Uncertainty Analysis

Chapter &4 of this document deals with the ground rules necessary
for developing a single-point power generation or busbar cost
estimate. Estimates of this type are called "determinigtic" and provide
a single value generally representing a projection of the most-likely
cost outcome. Of course, cost influencing factors (input variables)
cannot be known with complete certainty. Probably, the actual future
values of the input variables will differ from what is used in the de-
terministic estimate today. The deterministic method gives no quantita-
tive measure of this uncertainty., However, a probabllistic analysis can
quantif} the uncertainty by providing a probability distribution of the
expected total power generatlion cost from a given type of power plant.
With such a distribution, one can then state, for instance, that there
is an 80% probablility that the power generation cost from a given type

of power plant will not be greater than a certaln value or that there is
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a 902 probability that the actual power generation cost will be between
amounts x and y. With a probability distribution for each power-plant
technology alternative, a decision maker can assess the relative
economic risk or uncertainty associated with each alternative, as well
as know quantitatively the 1likelihood of one alternative being less

costly than another.

3.2.2 Methodology

The starting point for the uncertainty analysis 1is the deter-
ministic procedure or model used to calculate the single-point levelized
power generation cost estimates. Throughout the uncertainty analysis,
this deterministic model (LEVCOST) is callied upon to provide single-
point estimates for different input values, starting initially with the
"most-likely,” reference, or baseline values for the various input
parameters.

After the initial most-likely case, all of the input variables with
values that are thought to be uncertain are listed. Each variable is
assigned, subjectively, a rtange of values that it might possibly
assume. At this time, no probability is assigned to the variable having
a glven value within the range because the purpose of this step is only
to rank the variables in order of their effects on the figure-of-merit
(in this case, levelized power generation cost). The procedure consists
of alternately entering each of the variables (one at a time) at thelir
low and then high values into the model while the other variables are
entered at their reference value. Thus, only the effect on the model
output of changing a single variable at a time is observed. This step
is called a single-value sensitivity analysis or study (SVSS).
Chapter 7 discusses the results of the SVSSs.

After all variables have been individually entered into the model
at their low and high values, the difference in the unit power genera-
tion ccst at the low and high value is calculated for each variable.
The variables are then ranked in order of this difference. Knowing what
impact each variable can make on the power cost and which of the input
variables are the significant cost drivers, the probabilistic portion of

the analysis can be started.
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Using the data developed in the SVSSs, a decision can be made
regarding the number of variables that will be assigned a probability
distribution. Generally, there are a few variables that have a much
greater impact than the others on the results. These high-leverage
variables are assigned probability distributions. The remaining
variables are then entered in the cost calculations at their most-likely
or baseline value.

The assigning of the probability distributions is one of the most-
crucial and difficult steps in the entire uncertainty analysis because
the worth of the overall analysis can only be as good as the quality of
the data used in the study. Individuals knowledgeable about the
possible values of the sensitive input parameters are used to help in
the assigmment of the probability distributionms. Through careful
analysis and questioning, experts provide the probabilities or likeli-
hood of various values occurring for each variable. This information is
converted into probability distributions that serve as input to the next
step, the "simulation” or the Monte Carlo analysis procedure for per-
forming a MVSSs.

In the Monte Carlo procedure, the values of the sensitive input
variables are randomly selected within the ranges defined by their
probability distributions. Figure 3.1 shows a flowsheet for the Monte
Carlo process. Thes= values are entered into the LEVCOST model to ob—
tain a point estimate of total cost for that specific set of inputs.
The process of value selection and cost calculation 1s repeated many
times (usually several hundred) until statistically significant samples
of possible inputs and corresponding outcomes have been generated. Then
by grouping the outcomes and accumulating the frequency of occurrences,
a probability distribution for the total power generation cost that can
be used to quantitatively assess the uncertainty assocliated with the two
power—-plant alternative will be obtained. Chapter 8 discusses the
results of the probabilistic MVSSs.

The Monte Carlo method of performing MVSS: has been used success—
fully for many financial/eccnomic and research and development (R&D)
applications. A recent application5 within the U.S. Department ¢
Energy (DOE) was {ts use as an analytical tool in support of a major R&D
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funding decision between the atomic vapor laser isotope separation
(AVLIS) and advanced gas centrifuge (AGC) methods for uranium enrich-
ment. A discussion of the applicability of the Monte Carlo method is

given in Refs. 6 and 7, and a discussion of its mathematical basis is

given in Appendix B and Ref. 6.



4. TECHNICAL AND ECONOMIC DATA

This section (1) describes the reference power plants and

(2) tabulates the economic data for the deterministic reference cases.

4.1 TECHNICAL AND FINANCIAL DATA FOR THE REFERENCE CASE

The reference set of technical parameters used to obtain the power
generation costs is derived from the NECDB* and is given in Table 4.1.

The financial parameters are given in Table 4.2,

Table 4.1. Reference technical parameterdz

Plant size, MW(e)

Nuclear (LWR: single-unit PWR) 1 x 1,100
Coal (twin unit) 2 x 550
Capacity factor, % 70
Heat rate, average annual Btu/kWh
Nuclear (LWR) 10,200
Eastern coal 9,900
Western sub-bituminous coal 10,200
Licensing and construction lead times,
years
Nuclear 8
Coal 6
Enrichment plant tails assay, % U-235 0.20
Startup year 2000

Apor various locations gee Table 4.5.

4.2 CAPITAL INVESTMENT COSTS

Reference capital 1investment cost estimates are summarized in
Table 4.3. These costs are for a plant site in the vicinity of Chicago
and are based on cost information given in the NECDB.“ The Chicago site
was chose~ because the sensitivity analysis uses the midwest region as a

reference. This region s centrally located, and other studies have
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Table 4.2. Reference financial parameters

Plant life, years 40
Analysis period, years 30
Reference year 1986
Inflation rate, I/year 5
Escalation rate in exceas of inflation 0
rate for power-plant construction,
2/yesr
Capitalizstion, 2
Debt 50
Preferr<d equity 10
Common equity 40
Return on capitalizstion, I/year
Debt interest 9.7 (5.5)%
Preferred equity return 9 (J.B)a
Common equity return 14 (8.6)%
Fraction of com.n equity return 0.6
paid as dividends
Average cost of money, 1/year 11.3 (6.1)%
Federal income tax rate, I/year 46
State income vtax rate, I/year 4
Tax-sd justed coat of money, I/year 9.0 (3.8)2
Local property—tax rnte,b 1/year 2
Tax depreciation method TEFRAS
Tax depreciation life, years
Muclear 10
Fossil 15
Investmwent tax credit rate, I 8
Interim replacement/backfitiing r.te,d 0.5
I/year
Decosmissioning cost, millions of 1986
dollars
Fosail 22
Nuclear 140

Nominal interest rate on decoamigsioning 6.5
fund,® %/yesr

Fixed charge rnte,f X/year

Coal 16.6 (9.61)%
Nuclear 16.4 (9.54)%

alcll. inflation-adjusted value {n parentheses.

bhate is applied to #n initial {nvestment with no
eacalation because of inflation or decresse hecause of
depreciation.

®Tax Equity and Fiscal Responsibility Act of
1982.

dPercent of i{nitial investment in constant doi~
lars, escalating st general {nflation rate.

®Interest rate on tax exenmpt, highest grade, state
and locsl bonds.

fhnled on normalized tax sccounting.
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3. Power-plant capital investment cost estimates

for a midwestern locationa for commercial

operation in 2000

Power-plant type

(sM)
Cost category
BE Nuclear Coal
1 x 1100 MW(e) 2 x 550 MW(e)
Direct (January 1986 dollars)
Land and land rights 5 5
Structures and improvements 180 115
Reactor/boiler plant equipument 285 435
Turbine plant equipment 205 200
Electric plant equipment 70 70
Miscellaneous plant equipment 40 35
Main heat-rejection system 45 35
Subtotal 330 895
Indirect (January 1986 dollars)
Coustruction services 195 105
Home office engineering and services 200 40
Field office engineering aud services 100 35
Owner's costs 130 110
Subtotal 625 290
Total
Direct and indirect costs (January 1455 1185
1986 dollars)
Contingency allowance (January 1986 145 120
dollars)
Total direct and indirect costs 1600 1305
(overnight costs) (January 1986
dollars)
Allowance for escalation (as-spent 1020 965
dollars)
Allowance for interest (as-spent 1070 590
dollars) e
Plant capital investment cost at
commercial operation (as-spent
dollars)
Millions of dollars 3690 2860
Dollars per kilowatt 3350 2600
1986 dollars per kilowatt 1690 1310

aChicago area.
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compared the nuclear and coal options here. The economic ground rules
used in obtaining these estimates (i.e., unit sizes, lead times, and
escalation rates) are also listed in Tables 4.1 and 4.2,

For the economic ground rules assumed; a 5%/year escalation rate; a
9.0%/year after—-tax, nominal cost of money; and a January 19286 cost
basis, it is estimated that for first commercial operation in 2000, a
nuclear plant at the midwest site will cost $3350/kW(e), and a two-unit,
coal-fired plant, $2600/kW(e). The capital-cost estimate for the coal-
fired plants applies to plants burning either high- or medium-sulfur
bituminous coal or low-sulfur sub-bituminous coal. An inspection of
Table 4.3 shows that the sum of the escalation and interest costs before
comsercial operation is significantly larger than the so-called "over-
night,” 1986-dollar, estimated construction costs.

Escalation and allowance for funds used during construction (AFUDC)
make a large contribution toward the total investment cost. Also, note
the impact of the length of the design and construction period (8 years)
assumed for the nuclear plant. If the nuclear plant is to be completed
by 2000, capital outlays of abci* $250 million (as spent dollars) would
be required by 1994 before the construction permit for the plant had
even been issued. The overnight costs (sum of the direct and indirect
costs) for both nuclear- and coal-plant types compose ~43 and 467,
respectively, of the total investment costs. For the nuclear plant, the
investment balance is composed of ~27%7 escalation and 29Z AFUDC; how-
ever, this balance 1s ~34% escalation and 20% AFUNDC for the coal-fired
plant. Escalation of construction costs is a larger fraction of coal-
fired plant investment because construction outlays begin and peak at
later times than those of the nuclear plant for the same operation date.

The estimates for the overnight nuclear-plant and coal-fired-plant
costs were obtained using the CONCEPT8 computer code and are based on
detailed cost models developed by United Fngineers & Constructors (UE&C)
for the Energy Economic Data Base Program, Phase VII (EEDB-VIYT).% The
FEDB~-VII cost models, which are in January 1984 dnllars, were adjusted
to January 1986 by using industry escalation factors. Escalation rates

after .January 1986 were assumed to be 57%/year for all plant types. The
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coal-fired plant design includes flue gas desulfurization (FGD) equip-
ment but does not include the cost effect of possible future regulations
affecting NO_ control. The allowance for escalation and the allowance
for interest were calculated using the computer code discussed in
Appendix C of the 1986 NECDB report.“

The refereuce capital investment costs for nuclear plants are based
on the better of today's plant construction experiences and reflect the
potential effects of proposed improved construction practices and nu-
clear regulatory and licensing reforms. UE&C developed nuclear-plant
investment costs based on both current ME and on an average of the cur-
rent BE. The BE cost estimate (referred to as "best industry cost
experience” in the most recent energy economic data basel0) is represen-
tative of the range of base construction costs for a small group of
single-unit nuclear power plants currently entering service whose costs
are at the low end of the current range of costs. The EEDB ME cost
estimate is representative of the range of base construction costs for
those single-unit nuclear power plants currently entering service that
have costs near the middle of the current range of costs. Neither the
BE nor ME cost estimates should be considered as being the cost of a
single specific nuclear power plant. The BE cost estimate shiould not be
considered as the cost of the single~unit nuclear power plant that has
the lowest possible cost or shortest pogssible schedule attainable. Com-
pared with the ME cost estimate, the BE cost estimate reflects »50%
fewar craft labor, engineering, and field supervision manhours (in toto)
and 2 or more years shorter construction schedule. The BE compusite is
the basis for the reference cost estimate in Table 4.4. A comparison of
the EEDB-VII costs for the reference BE nuclear-plant investment cost
estimate vis-;-vis the current ME cost estimate reflects a reduction
from 26 to 14 manhours/kW(e) 1in craft labor and a reduction in the
indirect costs resulting from plant standacrdization and decrease or
elimination of engineering required for regnlatory, mandated backfit-
ting. 1In addition, the contingency allowance was reduced from 15 to 107
to reflect assumed increased cost certainties. The l4d-manhours/kW(e)
requirement used for the reference plant costs s somewhat higher than

the pre~Three Mile Island, EEDB-I (Ref. 11) estimate of ~12 manhours/
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Table 4.4. Estimated nuclear—power-plant
capital Investment costs based on median
and better current experience®

Capital cost

(sM)
Cost category
Median” Better’
(ME) (BE)
Direct (January 198¢F dollars)
Land and land rights 5 5
Structures and improvements 270 180
Reactor/boiler plant equipment 330 285
Turbine plant equipment 230 205
Electric plant equipment 100 70
Miscellaneous plant equipment 55 40
Main heat-rejection system 50 45
Subtotal 1040 830
Imdirect (January 1$86 Aollars)
Construction services 340 195
Home office engineering and services 370 200
Fleld office engineering and services 395 100
Owner's costs 215 130
Subtotal 1320 625
Total
Direct and indirect costs (.January 2360 1455
1986 dollars)
Contingency allowance (January 1986 350 145
dollars)
Total overnight costs 2710 1600
(Januvary 1986 dollars)
Allowance for escalatfion (as-spent 1460 1020
dollars)
Allowance for interest (as-spent 2410 1070
dollars) _— .
Plant capital invegtment cost at
commercial operation (as-spent
dollars)
Millfons of dollars 6580 3690
Dollarg per kilowatt 5980 3350
1986 dollars per kilowatt 31020 1690

TYear 2000 startup in Chicagn area.

hTwelve~year design and construct{on lead time and 26 craft
manhours/kW(e).

“E{ght-year design and conctruction lead t{me and 14 craft
man~hours/kW(e),
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kW(e) and regflects post-Three Mile Island add-onms. The reference
nuclear-plant indirect costs, excluding owner's costs, are ~59Z of the
direct costs, compared with 105% for the ME plant. The fraction for the
"BE” reference plant is still ~1.4 times larger than it was in the pre-
Three Mile Island, EEDB-1 cost estimate and indicates that there is
still room for improvement.

Capital investment cost factors (Table 4.5) were estimated for
various cities by using the CONCEPT? computer code. To estimate
regional capital investment cost differences, a specific city was chosen

for each of the ten EIA federal regions.

4.3 NONFUEL OPERATION AND MAINTENANCE COSTS

The nonfuel O0&M cost estimates for coal and nuclear plants

(Table 4.6) are based on calculations made with the most recent update

Table 4.5. Regional variations in power-
plant capital investment cost
estimates for commercial
operation in 2000

Cost factorsZs?

Region City Nuclear Coal

I. New England Boston 1.02 1.04
IT. New York/New J rsey New York 1.06 1.06
[T[. Mid Atlantic Baltimore 0.96 0.97
IV. South Atlantic Atlanta 0.91 0.92
V. Midwest Chicago 1.00 1.00
V1. Southwest Dallas 0.96 0.98
VIT. Central Kansas City 0.97 0.98
VIITI. North Central Denver 0.98 0.99
IX. West San Prancisco 1.09 1.14
X. Northwest Seattle 1.03 1.04

AFraction of reference capital investment cost estimate
(see Table 4.3).

hIncludes labor and material unit cost differences
only. Does not include site—-specific differences, such as
seismic and atmnspheric conditionsg, or differences {n lahor
productivity.



36

Table 4.6. Nonfuel upcvatior and maintenance (O&M) costs for
yagse-i10ad power plants

Fixed cost Variable cost Total costb

Base-load power plant type [$/kW(e)/year] (aills/kWh)  (mills/kWh)

Nuclear (LWR), 1 x 1100 MW(e) 43 0.3 7.3

Coal-fired with FGD (3.5 S,
region V: reference case)

Twin unit, 2 x 550 MW(e) 24 2.1 5.9
Coal fired with PGD (1.5 S,

regions I, II, III, IV)

Twin unit, 2 x 550 MW(e) 25 1.3 4.9
Coal fired with FGD (0.5 S,

regions VI, VII, VIII, IX, X)

Twin unit, 2 x 55C MW(e) 22 0.8 4.1

21986 dollars.
bAt 702 capacity factor.

of the OMCOST!Z? OgM-cost computer program. These estimates are
separated into a fixed component that does not vary with plant output
and a variable component that is dependent on the energy generated. The
total O&M costs at a 70% reference capacity factor are also given. The
0&M costs for coal plants were assumed to vary somewhat among regions,
depending on the sulfur content of the predominant coels burned. The
O&M costs for coal include the management of ash waste and purchase and

disposal of the chemicals, such as lime, used in the scrubber system.

4.4 URANIWM PRICES

A major contributor to the overall nuclear fuel cost is the price
of uranium ore, which 1s sensitive to future supply/demand conditions to
a8 greater extent than any other unit cost for the nuclear fuel cycle. A
range of uranium price projections is shown in Fig. 4.1, The low price
projections assume a stagnant nuclear industry in which there is no real
escalation 1in ore price. For the reference case uranium prices are
assumed to escalate at 1%/year in constant dollars from the early 1986

average delivered price of about $34/1b, The high price projection
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Fig. 4.1. Uranium price projections. Source: WNuclear Erergy Cost
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assumeé a moderate-to-healthy reco?ery in nuclear plant orders. These
projections are discussed in more detail in NECDB.“

Tﬁe range of uranium prices enélosed by the above three projections
is representative of future expectations based on conditions as they now
exist in the nuclear and electric' utility industries. Resolution of
nucleaﬁ-related issues, together w#th large coal price increases and/or
restrictions on coal-fired generation expansion, could conceivably cause
rapid }ncreases in nuclear—-plant :orders, leading to higher uranium
prices 'as demand 1increases. A coﬁtiuuation of large, rich ore finds,
howeveg, such as in Northern Canada, and a lack of new nuclear-plant

orders ‘could result in depressed oré prices well into the next century.

v
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4.5 OTHER NUCLEAR FUEL COST COMPONENTS

A summary of the prices and escaiation rates (and ranges) for the
components of the nuclear-fuel cost are given in Table 4.7. A once-
through, extended burnup, enriched-uranium fuel cycle is assumed (i.e.,
no plutonium recycle or reprocessing is assumed). Justificatioms for

the ranges given in Table 4.7 are deferred to Chap. 6.

4.5.1 Conversion

Uranium hexafluoride (UFg) is required for feed to current enrich-

ment processes., This conversion process from U303 to UFg is well

Table 4.7. Nuclear-fuel cost parameters:
once~through fuel cyclea

Cost parameter Reference Range

Component prices

U30g, $/1b 34 15-50°
Conversion, S/kg U 8 5-10

Enrichment, $/SWU 110% (60)¢  30-110%
LEU fabrication, $/kg HM 240 160-300

(extended burnup)

Waste disposal, mills/kWh 1 0.75-2.0

Esealation rates,® %/year

Uranium price 1 0-2
Enrichment price 0
Other costs 0

TCost/unit, 1986 dollars.
bSee Pig. 4.1 and Chap. 6 for details.
CFY 1987 price for 100% U.S. contract.

dAverage SWU price Iin the post-year-20(00
perfiod.

fReal escalatlon rate over and above the
5%/year general [nflation rate.
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established commercially. The $8/kg of U figure is representative of

the current market price. No real escalation is assumed after 1986.

4.5.2 Enrichment

Uranium used in IWRs must be enriched in the U-235 isotope. Cur-—
rently in the United States, this is done by government-owned facili-
ties using the gaseous diffusion process; however, foreign eniichment
is playing an increasing role in supplying U.S. utility demands. The
new AVLIS enrichment process being developed in the United States is
projected to lead to lower future enrichment costs.

The reference projection in Fig. 4.2 shows the U.S. enrichment
price at $110/SWU in 1987 and then assumes that the price of enrichment
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will decrease by 3.4%/year in real terms (corresponding to an inc.ease
of 1.5%/year in nominal dollars, including a 5%/year reference inflation
rate) to an enrichment price in the year 2005 of z2bout $60/SWU, after
which it remains constant (i.e., no real escalation, only a: increase at
the general rate of inflation). The $60/SWU price is consistent with
DOE projections and is at the upper end of the range of projected costs
from AVLIS.

4.5.3 LEU Fuel Fabrication

The fabrication of low-enriched uranium (LEU) fuel asseablies is a
well-established commercial process. A price of $240/kg of heavy metal
(HM) is representative of current market conditions and assumes extended
burnup fuel (50 Mwd/kg HM). The fabrication price 1is assumed to

escalate at the rate of inflation (no real escalation).

4.5.4 Waste Disposal

The cost of high-level waste digposal has been determined by
legislative mandate via the Nuclear Waste Policy Act of 1982, which

prescribes a fee of | mill/kWh for electricity generated after
April 7, 1983, This fee is reviewed annually and adjusted, 1f neces-

sary, to accommodate changes in program costs as a result of inflation
and program shifts. The fee 1s assumed to rise annually at the rate of
inflation (no real escalation). The fee will cover the cost of trans-

portation and packaging of spent fuel and high—level radioactive waste.

4.6 COAL PRICES

Fuel costs are the largest component of power generation costs for
coal-fired plants. The competitiveness of coal-fired plants often
hinges on the projected cost of coal. The nonuniform distribution of
coal resources in the United States and variations 1in production cost
result 1in wide variations in delivered coal prices. The average
regional price of coal (including transportation) to electric utilities
in the fourth quarter 6f 1985 (Ref. 3) as a function of coal sulfur
content 18 shown in Taﬁle 4.8. A map of the Unfted States subdivided
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Regional average coal prices
for October-December 1985

Average

Sulfu:zgontent for all

Region sulfur

levels

0-1 1-2 2 ($/MBtu)
I. New England 2.34 (22)&  2.00 (55) 1.94 (23) 2.06
II. New York/New Jersey 1.80 (18) 1.79 (46) 1.62 (37) 1.73
ITI. Mid Atlantic 1.71 (25) 1.57 (40) 1.49 (35) 1.58
IV. South Atlantic 2.09 (33) 1.71 (35) 1.62 (32) 1.81
V. Midwest 2.03 (40) 1.65 (14) 1.59 (46) 1.77
VI. Southwest 1.70b (77)  1.182 (23) 1.58
VII. Central 1.31 (57) 1.86 (6) 1.49 (37) 1.41
Viil. North Central 1.03 (99 0.85 (1) 1.03
IX. West 1.46 (100) 1.46
X. Northwest 1.64 (69) 1.50 (31) 1.60
Average 1.68 (48) 1.60 (23) 1.57 (28) 1.63

ANumbers in parentheses are percent of total purchases (Btu basis) in
each sulfur-content category.

bExcludes lignite.
®Texas lignite, sulfur 0.5 to 2.0%.

into these ten EIA regions was shown in Fig. 2.2. Generally, the price
of coal increases as the sulfur content decreases. The percentage of
coal sales in each sulfur content category is also shown.

Reference coal price projections are shown in Table 4.9. The
January 1986 coal prices for the mo;t part follow the actual 1985 fourth
quarter values rounded up to the ﬁearest $0.05/MBtu. The most widely
used coal for each region was chosen in most cases. This choice may
underestimate future coal prices bécause utilities may be required to
burn lower-sulfur (and more-expensive) coal 1in the future. The
reference coal prices for the southéest and west regions are the average
fourth quarter 1985 prices with thelmine-mouth power plants (Salt River
Project's Navajo plant and the Pour Corners plant in New Mexlco) re-
moved. Future power plants are préjected to be located closer to load

centers, and growth in the southwest region 1s expected to predominate



Table 4.9. Average coal prices for the predominant
coal type within each region for the
fourth quarter of CY-1985

Price
Reglon Coald ($/MBtu)
type
Referencebs¢ Range
I. New England MSB 2.05 1.90-2.50
11. New York/New Jersey MSB 1.80 1.35-2.15
III. Mid Atlantic MSB 1.60 1.20-2.05
IV. South Atlantic MSB 1.75 1.20-2.50
V. Midwest HSB 1.60 1.35-3.45
Vi. Southwest LSS 1.80 0.95-2.25
VII. Central LSS 1.35 1.05-2.30
VIII. North Central LSS 1.05 0.65-1.70
IX. West LSB 1.90 0.95-2.25
X. Northwest LSS 1.65 1.50-2.00
AMSB = high-sulfur, bituminous coal
HSB = medium-gsulfur, bituminous coal
LSS = low-sulfur, sub-bituminous coal
LSB = low—sulfur, bituminous coal

51986 dollars.

€Coal is assumed to escalate at 1%/year in constant
dollars with a range of 0 to 27/year.

along the Texas Gulf coast. Mine-mouth, lignite-fired plants were also
excluded in the southwest and central regions.

A coal price escalation rate of 1.0Z/year, assumed for the refer-
ence case, is the rate implied from projected coal prices in the recent
Rational Energy Policy Plan,13 This is the same escalation rate used in

this report for the reference uranium ore price.

4.7 DECOMMISSIONING COSTS

The $140 million (1986-dollar) total decommissioning cost recommen—
dation for the nuclear-plant data base was obtained by escalating the
$100 millifon 1984~dollar Nuclear Regulatory Commission (NRC) estimatel®
to 1986 dollars by using an 8% escalation rate for 2 years and then
adding a 207 contingency to allow for future cost escalation In excess

of {nflation. A nuclear decom~issioning cost of 0.6 mill/kWh i3 assumed



on a levelized cost basis. The $22 million cost for decommissioning a
coal-fired plant is based on a recent studylS by Arkansas Power and
Light. A decommissioning cost of 0.1 mill/kWh is estimated on a
levelized cost basis.

The reference decommissioning costs in 1986 dollars are assumed to
escalate in nominal dollars at the reference 5%/year inflation rate (no
real escalation). Decommissioning costs are ass:med to be accumulated
in an external sinking fund over the plant life, earning interest at a
rate equal to that for highest-grade, tax-free state bounds.

The reference long-term rate for these bonds is assumed to be
6.5%/year in nominal dollars or ~l.4%/year real (inflation component

removed) .
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5. COMPARISON OF COSTS AT REFERENCE PARAMETERS:
DETERMINISTIC ANALYSIS

This chapter includes a deterministic cnalysis of the relative
econnmics of future nuclear and coal [ired plants by using 30-year
levelized power generation costs as 1 figure-of-merit. Although the
current BE plants represent the refer<nce nuclear cost model, an alter-
nate case using the ME nuclear cost model is also inclvded to indicate
the relative competitiveness of nuclear with coali-fired generation 1if
projected improvements are not made in nuclear-plant construction and in
the regulatory environment. The power costs of each option were evalu-
ated with a data base that projects costs through extrapolations of
existing data. Because the projections encompass such a long time, a
considerable degree of uncertainty exists 1in <each of the data
parameters. The sensitivity of the capital and power generation costs
to these uncertain parameters are examined in Chaps. 6-8. The important
point to remember regarding these comparisons is that they represent the
competitiveness level of each option, based on extrapolations and pro-
jections of data, and that these data can be altered by unforeseen
events. Also, technological progress and regulatory reform may affect
the basic cost parameters, perhaps changing the comparison to a sig-
nificant degree. The comparison results presented in this section are
based on characteristics of recently completed plants and depend on
industry experiences in building, maintaining, and operating these types
of plants.

This section describes the results of the comparative deterministic
analysis performed using the reference set of technical, financial, and
cost paramet:z:is described in Chap. 4. Reglonal comparisons are made of
the levelized power generation costs for single-unit nuclear and twin-
unit, coal-fired plants beginning operation in 2000. (The character~
isticse of each region are described in Appendix C.) Annual revenue
requirements and cash flows are estimated for the reference BE nuclear
and coal options in one region (region V: Midwest) and are tabulated in

Appendix D,
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5.1 REGIONAL POWER COSTS

The estimated power generation costs for nuclear and coal-fired
plants in each of the ten EIA regions are listed in Table 5.1. The
levelized costs are shown in constant 1986 dollars for a plant with an
initial commercial operation date of January 2000. Results are given
for total cost and for each of the cost categories (i.e., capital in-
vestment, 0&M, and fuel and decommissfioning costs). The regiomal power
generation costs are also shown graphically in Fig. 5.1, which indicates
that decommissioning costs are so small that they are barely noticeable
on the bar chart.

The levelized power generation costs for the reference BE nuclear
plant range from 38.9 mills/kWh (south Atlantic region) to 43.6 mills/
kWwh (western region); those for the coal-fired plant range from 38.5
mills/kWh (north central region) to 53.1 millis/kWh (western region).
Because the cost results from the two options overlap and vary so
greatly, especially for coal-fired plants, the examination of specific
regional results is necessary to examine how these options compete geo—
graphically.

The levelized power costs of the reference BE nuclear plant are
substantially (i.e., >10%) lower than for a coal-fired plant in all
regions except the Central and North Central. In these other eight
regions, delivered coal prices may include significant coal transporta-
tion charges or higher underground mining expenses. In the north cen~-
tral region levelized power costs of the coal option are projected to be
slightly lower than those for nuclear plants, and in the central region
nuclear has only a slight advantage over coal. Large reserves of
cheaply mineable coal are located in these two regions, thus holding
down the price of mine-mouth coal. 1In the other eight regions the cost
of power from the BE nuclear option is projected to have a >10%
advantage. In the central and north central regions both options could
be considered economically competitive, and power costs from both op-
tions in these two regions are estimated to range from 38.5 to
42.4 mills/kWh. The results restate the fact that nuclear plants, if

planned, constructed, and operated in a manner commensurate with the



Table 5.1. Reference case: reglonal power generatlion costs for
coal-fired plants and better-experience planta

fl‘{} \J\T.; 2y
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Region
tUnit (m{lls/kWh}
cast 1 I i v v vl VIl Vit 1x X
component
South North
Northeast NY-NJ Mid-Atlantic Midwest Southwest Central West Northwest
Atlantic Central
Yualear
Capital 26.9 271.9 25.3 24.0 26 .4 25.3 25.6 25.8 2R.7 271.2
D&M 13 133 7.3 7.3 7.3 2.3 7.1 7.3 7.3 7.3
Fuel 7.0 7.0 7.0 1.0 7.0 7.0 7.0 7.0 7.0 7.0
Decommissioning 0.6 0.6 0.6 0-6 0.6 0.6 0.6 0.6 0.6 0.6
Total 41.8 42.8 40.2 Ja.9 41.3 4042 405 40,7 43,6 42,1
Coal
Capital 2:.4 21.8 20.0 18.9 20.6 20.2 20,2 20.4 231.5 21.4
04N 4.9 4.9 4.9 4.9 5.9 4.1 4.1 4.1 4.1 4.1
Fuel 26.6 233} 20.7 22.7 20.17 24.0 18,0 14,0 25.4 22.1
Decommissioning 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total 53.0 5041 45.7 4646 47.3 48.4 42.4 38.5 53,1 47.7
romparigon
Lower-coat alter- Nuclear Nuclear Nuclear Nuclear Nuclear Nuclear Nuclear Coal Nuclear Nuclear
native
Margin, % 21.1 14,7 12.0 16.5 12.9 16.9 4.5 5.1 17.9 11.7
Is margin signi- Yes Yes Yes Yes Yes Yes No No Yes Yes

flcant (L.e.,)
102)? -

9y
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Fig. 5.1. Regional power generation costs at reference parame~
ters: BE nuclear plarts and coal-fired plants.

present BE plants in this country, will maintain an economic advantage
over coal-fired plants as sources of new base-load power in the future.
In the past, nuclear power has had a substantial economic advantage
over coal-fired plants. A 1982 survey!® by the Atomic Industrial Forum
(AIF) found that in 1981, for most utilities with nuclear plants, the
average electrical generating cost of nuclear plants was 27 mills/kWh;
their coal-fired plants, however, averaged 32 mills/kWh. A recent AIF
aurvey17 shows that this advantage has reversed in favor of coal, w.th
power generation costs for 1985 of 43 miils/kWh for nuclear and
Ao

.
' .
.
.
a
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34 mills/kWh for coal. Increases in the capital investment costs of
nuclear plants relative to those of coal-fired plants are continuing to
enhance the c¢oal advantage. This trend was also documented in the
regional pover generation cost study! before this one (December 1983).
In that report, ME nuclear plants had an econcmic advantage over coal-
fired plants Iin only one region. In this report, the same comparison
using ME nuclear-plant capital investment costs shows that coal would be
the economic choice in all regions (Table 5.2 and Fig. 5.2). 1If recent
capital-cost trends persist, the cost of constructing even a BE nuclear
plant for commercial operation in 2000 in the midwest region 1s
estimated to be ~28% more exrensive than the ccst of building a twin-
unit, coal-fired plant with the same plant capacity (Tables 4.3 and
5.1). The BE nuclear option is able to remain economically viable be-
cause of 1ts low fuel costs. The capital investment cost is the pre-
dominant cost component of nuclear plants, composing ~64% (in the mid-
west region) of the total levelized cost. Instituting changes that will
reduce this capital investment cost will serve to greatly ifimprove the
competitive stance of the nuclear option. 1f the reference projected
future capital investment costs listed in this report are not realized
and today's ME nuclear-plant costs prevail into the future, the nuclear
option is not competitive with coal in any region. Even where coal
prices are high, coal-fired power would remain the economic choice.
Although capital investment cost is important for coal plants (44%
of total cost in the reference case), the cost of coal 18 generally the
overriding cost consideration. There are regional variations in capital
investment costs caused by differences 1in labor rates and delivered
material prices. However, much-larger variations occur within a given
region In the price of coal. An egtimate of these regional coal price
variations was zZiven in Table 4.8. These differences within a region
result from plant and coal mine locations (affecting transportation
requirements), type of delivery (e.g., train, truck, or barge), and con-
tractual differences. The range in the fuel-cost component of the power
generation cost for coal-fired plants 1s provided in Table 5.3 for each
reglon. The power generation costs resulting from these ranges are

{1lustrated 1{n bar-chart form In Pig. 5.3. Coal-fired plant and BE



Table S.2. Alternative case: reglonal power pgeneration costs for coal-fired
plants and medlan-experience nuclear plants

Region
'nit (mills/kWh)
cost 1 11 1 v v VI VIl VITI Ix X
component
South North
Northeast NY-NJ Mid-Atlantic Atlantic Midwest Southwest Central Central West Northwest i;
Nuelaaw
Capltal 51.2 53.2 4B .2 45,7 SN2 4R .2 48,7 49,2 S4e7 5147
08 73 7.3 7.1 7.3 7.1 7.3 7.3 7.3 7.3 7.3
Fuel 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Neconnmissioning Cuh 0.k 0.6 0.6 0.6 0.6 0.6 Oeh O.h Oeh
Total 66.1 68.1 6.1 60.6 65.1 63.1 63.6 64.1 69.6 66.6
roal
Capital 2144 21.8 20.0 18.9 20.6 20.2 20.2 20.4 23.5 21.4
08N 4.9 4.9 4.9 4.9 5.9 4.1 4.1 4.1 4.1 4.1
Fuel 26.6 233 20.7 22.7 20.7 24,0 18.0 14 .0 2%.4 22,1
Decommi ssioning 0.1 0.1 0.1 0.1 0.1 0.! 0.1 0.1 0.1 0.1
Total 53.0 50.1 45.7 46.6 47.3 48.4 42.4 38.5 53.1 47.7
Comparitaon
Lower-cost alter- Coal Coal Coal Coal Coal Coal Coal Coal Coal Coal

native
Margin, 19.8 26.3 27.6 2.1 27.3 23.3 33.3 40.2 23.7 28.4
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Fig. 5.2. Regional power generation costs for ME nuclear and coal-
fired plants.

nuclear plant costs at referencec parameters are also indicated in this
figure. These results indicate that in region 6 (Southwest), region 7
(Central), region 8 (North Central), and region 9 (West) either nuclear
or coal could bhe the economic cholce based on coal price variation
alone. The nauclear option has the most difficulty in competing with
coal-fired plantg in reglion 8 (North Central) where low-priced coal is
available at most locations within the region. [Fuel costs could be
minimized in other reglions 1if the coal-fired plant were located at, or
very close to, a mine. This sf{tuation can occur in all reglions where

significant coal reaerves are present (regions 3 through 10). However,
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Table 5.3 Regional range of levelized
fuel costs for coal-fired plants?®

Range on
Region coal prices
(mills/kWh)

I. Northeast 24.7-32.5
II. New York-New Jersey 17.5-27 .8
ITI. Mid Atlantic 15.5-26.5
IV. South Atlantic 15.6-29.5
V. Midwest 17.5-44.6
VI. Southwest 12.7-30.0
VII. Central 14.0-30.7
VIII. North Central 8.7-22.7
IX. West 12.7-30.1
X. Northwest 20.1-26.8

1986 dollars.

load centers are usually distant from coal mines, precluding utilities
from taking advantage of the transportation cost savings.] In regions 1
through 5 and region 10 the reference BE nuclear plants have lower pro-
jected power generation costs than coal-fired plants even at the lowest
coal-cost locations within these regions. The opposite is true if the
ME (alternate or ME) capital investment costs persist for the nuclear
option. These results (Fig. 5.4), using the same range of coal costs as
before, indicate that in all but one region, even the highest-price coal
cases are more economic than ME nuclear.

Table 5.4 compares the power generation costs (in both nominal and
congtant dollars) for only the reference case (region 5) and shows a

6-mil1ls/kWh (constant dollars) advantage for BE nuclear plants.

5.2 ANNUAL CASH FLOW AND REVENUE REQUIREMENTS

The previous section of this report examined the economics of coal-
fired and nuclear plants on the basis of 30-year levelized costs. This
method of comparison {s very useful when comparing the overall economics
of these plants. An informative comparison of future plants, however,

should also {nvolve comparisons of projected year-by-year power costs
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Pig. 5.3. Regional power generatlon costs for coal-fired plants
reflecting regional variaticns in coal prices vis-a-vis power generation
costs from BE nuclear plants,

and cash flows of competing plants. Annual power costs are based on the
revenue requirements; cash flow measures actual cash transactionsg of the
utility. These types of comparisons are sometimes more important to
utilities than those based on levelized éosts. Annual revenue require-
ments and cash flow methods were dis?ussed in Sect. 3.1 and are
described in detall in the NECDB,“

The annual revenue requirements aré defined as the year-by-year
revenues needed by the utility to pay all costs resulting from the proj-

ect, including the return on investment and return of investment.
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Fig. 5.4. Regional power generation costs for coal-fired plants
reflecting regional variations in coal prices vis—-a-vis power generation
costs from ME nuclear plants.

Comparisons of the revenue requirements for the coal and BE nuclear
options 1in the midwest region are shown in Fig. 5.5 in nominal dollars
and in Fig. 5.6 in constant dollars.

Tables D.1-D.3 in Appendix D give the revenue requirements break-
down for BE nuclear plants in both nominal and 1986 constant dollars.
Tables D.4-D.6 give the same revenue requirements breakdown for coal-
fired plants., These data are for the midwest reference case.

Because of the high capital-related costs, the revenue requirements

of capital-intensive projects, such as nuclear plants, are initially
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Table 5.4. Power generation costs
of base-load plants located
in region 5 (Midwest)?

BE nuclear Twin—-unit coal
Unit cost
component Constant . Constant
1986 $ Nominal $ 1986 $ Nominal $
Capital 26.4 89.9 20.6 70.2
0O&M 7.3 24,9 5.9 20.1
Fuel 7.0 23.9 20.7 70.8
Decommissioning 0.6 2.2 0.1 0.4
Total 41.3 140.9 47.3 161.5
IM111s/kWh.
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Fig. 5.5., Nominal-dollar revenue requirements for reference case
power plants: BFE nuclear and coal.
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Fig. 5.6. Constant-dollar revenue requirements for reference case
power plants: BE nuclear and coal.

very high. FEven when expressed in nominal dollars, annual revenue re-—
quirements decrease 1in the early years because the capital-related
charges dominate. The capital—re;ated charges are reduced because of
amortization of the plant. Eventually, increasing O&M and fuel costs
will dominate, causing revenue r@quirements to 1Increase. For the
nuclear option the required return on capital composes the largest por-
tion of the capital~related chargeé but becomes less important as plant
investment costs are amortized.

Less capital-intensive projecés, like coal-fired plants, exhibit
lower {nitial revenue requirements; but because of escalation of fuel
costs, the annual nominal-dollar revenue requirements can {ncrease at a

more rapid rate than the nominal-dollar revenue requircments for nuclear




n
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(FPig. 5.5 and Tables D.3 and D.6). In the reference midwest region, the
coal costs compose ~29% of the first—year revenuz vequirements and
rapidly increase their contribntion. At the end sf plant life, coal
costs make up ~66% of the total revenue requirement, compared with a
fuel rost of 48 for nuclear. This fact points out that coal-fired
plants are subject to uncertainties in fuel price to a greater degree
than nmuclear. Therefore, the electric rates of those utilities with
coal-fired plants are more vulnerable to changes in fuel price.

The comparison of revenue requirements of the two options, as ex~
pressed in constant 1986 dollars, is shown in Fig. 5.6 and Tables D.3
and D.6 for the midwest region. In this region, the first-year revenue
requirements are ~4% less for the coal-fired plant. The differential
Jdecreases rapidly so that during the second year of operation, the
revente requirements from both options are equal. This break-even point
will be different in other regions, however. After break—even occurs,
the annual power costs of the BE nuclear plant become increasingly less
than those of the coal-fired plant. By the thirtieth year the revenue
requirements for BE nuclear are 31% less than thogse for coal.

To ease the impact on customer rates of placing a nuclear or coal-
fired plant into the rate base, some public utility commissions are con-
sidering a gradual phase-in of the plant investment. This will lower
the power costs in early years but raise them later. In other words,
the gradual phase-in of a nuclear plant will mitigate the rate shock
phenomenon but will not affect the overall economic comparison of these
plants 1if the phase-in is done in a manner consistent with engineering
economic principles.

A cash-flow analysis provides valuable information regarding the
actual year-by-year net cash transactions that are projected to occur.
While the year-by-year revenue requirements indicate the impact of the
plant on rates and, therefore, the consumer, the year~-by-year cash flow
indicares the effect of the plant on the cash requirement of the util-
ity.

Cash receipts result in positive cash flows, and cash payments
result in negative cash flows. Net cash flows are negative during the

construction period when capital 1{investment payments are made.
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Investment tax credits reduce taxes and, therefore, result in positive
net cash flows. The net cash flow becomes positive after plant startup
because revenues in excess of expenses are being collected. Negative
cash flow indicates a need to raise capital, and a positive cash flow
shows money is available for debt repayment or internal growth.

The annual cash flows for the BE nuclear and c¢oal options in
region V (Midwest) are shown in Fig. 5.7 in nominal dollars. The
tabulated data appear in Appendix D in Tables D.7 and D.8 for both BE
nuclear and coal, respectively, in nominal dollars. This information
can be used to assess the financial risk of constructing a project. In
Fig. 5.7 both plants show a decrease in net cash requirements just

before plant startup because the full investment tax credit is taken at
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this time. The spikes that occur in the nuclear—-plant cash-flow curve
are due to the uneven distribution of nuclear fuel investments. The
large cash—flow requirements of either type of plant during construction
may be difficult to manage because of the long lead time before revenues
are received; this 1s especially true for nuclear plants with long lead
times. The advantace of reducing the lead time is twofold. First, the
total capital investment will be reduced as a result of manpower and
other savings. Also, and perhaps even more important, would be the
effect of taducing the overall financial risk by shortening the time be-

tween initial cash outlays and the time when revenues are received.
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6. POWER GENERATION COST SENSITIVITY STUDIES: JUSTIFICATION
FOR LEVCOST MODEL INPUT VARIABLE RANGES

As a prelude to both types of sensitivity analysis (SVSS and MVSS),
plausible uncertainty ranges for each input variable must be defined.
Appendix C explains the mathematical methodology that uses these ranges,
and Chaps. 7 and 8 present the results for, respectively, thc SVSS and
MVSS analyses.

6.1 DEFINITION OF RANGES

A range is essentially defined by 1its boundaries (i.e., by a low
and high value). These end points (low and high) can be thought of as
the most-optimistic and most-pessimistic (or vice versa) input values
for each parameter.

The low, reference, and high values for the probability distribu-—
tion for each variable considered for the nuclear and coal-fired plant
models are shown in Table 6.1. Financial variables, such as inflation
rate and cost of money, are assumed to have the same ranges for each
technology.

The ranges of values shown in Table 6.1 are the current opinion of
the authors and have their basis in the {nformation contained in the
NECDB.%* A discussion of these input variables follows. The variables
are classified into three categories: financial, nuclear plant, and

coal plant.

6.2 FINANCIAL VARIABLES

6.2.1 Inflation Rate

The reference long-term average inflation rate is estimated to be
5%/year. Although the inflation rate may temporarily fall below 2%, as
was experienced during the recent rapid decline 1in oil prices, it is
highly unlikely that the long-term average rate will be less than the 2%
rate last seen in the early 1960s. The average inflation rate between

1973 and 1981 was ~8%/year; this was a period of rapid oil price
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Table 6.1. Uncertainty input ranges

Ll
Pinancial
Inflation rate, Z/year 2 5 8
Real cost of money, Z/year 1 3.8
Real escalation during comstruction, 1.5 0 2
Z/year
Real 0&M cost escalation, Z/year —1 0 2
BE nuclear plant®
Overnight cost, $M 1100 1600 2700
Capacity factor, Z 55 70 85
Fuel cost components
Ore, $/1b U304 15 34 50
Real ore escalation, %/year 0 1.0 2
Conversion, $/kg U 5 8 10
Enrichment, $/SWU 30 60 110
Fabrication, $/kg HM 160 240 300
Waste disposal, mills/kWh 0.75 1.0 2.0
O&M cost, mills/kWh 4 7.3 12
Decommissioning cost, mills/kWh 0.3 0.6 1.5
Project lead time, years 5 8 12
Coal plant®*
Overnight cost, $M 1000 1305 1600
Capacity factor, % 55 70 85
Fuel cost (coal), $/MBtu 1.40 1.60 2.20
Real coal-cost escalation, Z/year 0 1.0 2.0
O&M cost, mills/kWh 3 5.9 8
Decommissioning cost, mills/kWh 0 0.1 0.2
Project lead time, years 3.5 6 8.5

ap11 input costs in constant 1986 dollars.
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increases. It 1s highly unlikely that inflation will proceed at this
rate or higher on a long-term, sustained basis. A range of 2 to 8Z,

symmetric at ~5%/year, was selected here.

6.2.3 Real Cost of Money

The real, long-term, after-tax (tax-adjusted) cost of money to be
used in analyses for electric utilities was estimated to be 3.8%/year
for the reference case. This rate is 9%/year, including the 5% infla-
tion rate (nominal cost of money). There are differences of opinion on
what this rate of return should be, and there are variations from util-
ity to utility. The 1 to 7Z/year range represents the outer ramnge of
what a utility should receive in the long run to keep economically sound
while, at the same time, provide 1its customers power at a reasonable

price.

6.2.4 Real Escalation Rate During Construction

The rate of change, or escalation rate, in power—-plant construction
costs can be divided into three cowmponents: the contribution as a
result of the general inflation rate as measured by the gross national
product (GNP) implicit price deflator; the contribution as a result of
real changes in the costs of labor, equipment, and materials; and the
contribution as a result of changes in scope, resulting from regulatory
requirements and design changes. Inflatior. 18 removed 1in the real
escalation rate. Cost Increases caused by future regulatory changes are
not included because regulatory reform is expected to reduce changes in
scope to a minimum. Since 1980 the average rate of change in the market
basket or mix of commodities used for coal-fired and nuclear plant con~
struction has been about the same as, or slightly less than, infla-
tion. This is the basis of the 0%/year baseline value for the real
escalation rate during construction. The low value of =-1.5%/year
assumes that improvement in productivity will be made. The 2%/year high
value assumes that construction labof rates rise faster than warranted
by 1inflation and productivity increases and that commodity prices also
increase faster than inflation, as océurred during the 1970s. The upper

range doeg not include any major reguiatory ratchetting.
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6.2.5 Operation and Maintenance Cost Real Escalation Rate

The O&M cost escalation rate is assumed to be the same for both
nuclear and coal-fired plants. In the recent past, O8M costs have been
rising at a rate greater than inflation. The baseline value of zero
real escalation rate is consistent with the basic premise of the analy-
sis that the current problems in the nuclear industry will be solved.
Under such circumstances there is no reason why nuclear O&M costs should
escalate faster thaa inflation. The low range of -1Z/year assumes
gradual productivity and management improvements. The 2Z/year upper

rate assumes real cost increases for labor and materials.

6.3 NUCLEAR PLANT VARIABLES

6.3.1 Nuclear Plant Overnight Capital Investment Cost

The baseline or reference capital investment cost is for the pres-
surized water reactor (PWR) BE plant developed for the EEDB-VII® by
UE&C. The UE&C costs were adjusted to 1986 dollars, an 1100-MW(e) plant
size, a Chicago vicinity site, and the inclusion of land and owners'
costs. This is the reference nuclear plant cost for the 1986 NECDB."

The BE plant is a step in the right direction but does not include
many of the innovations and productivity improvements that could reduce
costs further. [These are being considered in current studies by
Department of Energy (DOE), Electric Power Research Institute (EPRI),
and others.] The low value of $1100 million is speculated to be close
to a minimum overnight cost for large PWRs. The $2700 million maximum
is the cost of an ME PWR from EEDB-VII, as adjusted for the 1986 NECDB."
We estimate that this would be the upper cost range if things go wrong,

even with regulatory reform.

6.3.2 Capacity Factor

Although nuclear-plant capacity factors today are averaging ~60%,
the resolution of operating and regulatory problems being experienced
today should result in routine capacity factors of 704 or better by the
year 2000. The 55 to 85% end points span the range from the low aveﬂage
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values for the last few years to the best of today's U.S. and foreign

experience.

6.3.3 Uranium Price

The current contract price for uranium is about $34/1b of uranium
ore (U30g), the baseline price in the analysis. The spot market price
has gone as low as $15/1b, and this is taken as the minimum price. The
$50/1b ore price used as the high price is near the maximum price
reached by uranium ore in the late 1970s. Projections of ore-price

costs are shown in Fig. 4.1 and discussed in detail in the NECDB.*

6.3.4 Uranium Ore Price Escalation

A 1Z/year real uranium ore price escalation is recommended as the
baseline or reference value. This escalation rate assumes some deple-
tion of ore reserves and recovery of the current depressed market. The
low value of 0%/year assumes continuing discovery of uranium reserves,
together with only moderate to negligible nuclear orders. The high
value, 2%/year, assumes a moderate to strong nuclear power recovery

and/or limited new ore discoveries.

6.3.5 Conversion Price

A primary market price for conversion of $8/kg 1s used as the base-
line or reference cost. The $5 to $10/kg low-value-to-high-value range
is slightly wider than the $6 to $9/kg range indicated in a utility sur-
vey [Stoller Corp. for Electric Power Research Institute (EPRI)],!8
adjusted to 1986 dollars.

6.3.6 Enrichment

The baseline, average enrichment price in the post-year-2000 period
is estimated to be $60/SWU in 1986 dollars, based on DOE projections
(Fig. 4.2). The low value of $30/SWU is based on the low range of the
projections of enrichment costs from the AVLIS process. The high value
of $110/SWU assumes that DOE's currently announced prices for the U.S.
contract are not reduced further. Enrichment prices are assumed to

escalate at the rate of Inflation (zero real escalation rates).
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6.3.7 Fuel Assembly Fabrication

The $240/kg baseline nuclear fuel fabrication cost is for high
(50-MWd/kg) burnup fuel. It is the reference cost in the NECDB" and is
consistent with the range of current fabrication costs with a slight
surcharge for the extended burnup. The $160 to $300/kg range from low
to high value is consistent with the Stoller surveyl!8 for LWR fuel with

a slight surcharge for extended burnup.

6.3.8 Waste Disposal

The current waste disposal charge, 1 mill/kWh, is subject to de-
tailed periodic analysis and may be adjusted from time to time, subject
to congressional review, to meet projected program costs. The baseline
value is taken as the 1 mill/kWh current charge. It is assumed that
these charges during the post~2000 period could be as low as 75% of the

baseline or as high as double the baseline cost.

6.3.9 0&M Cost

There is a wide distribution in 0&M costs of existing plants. The
reference baseline value of 7.3 mills/kWh was calculated using the
OMCOST, O&M costing procedures. Four to 12 mills/kWh 1is the range
observed from reported 1983 0&M costs for 17 single—unit nuclear plants
after adjustment for capacity factor and plant size [reference size =
1100 MW(e)] and to 1986 dollars.

6.3.10 Decommissioning Cost

The baseline decommissioning cost of 0.6 mill/kWh is based on a
$140 million (1986 dollars) cost for decommissioning a nuclear plant.
The 0.3-mill/kWh low value factors in both a lower cost for the actual
decommissioning and improvements in the tax treatment of the decommis-
sioning fund. The high value of 1.5 mills/kWh contains provision for
sharply higher decommissioning costs of $250 million and for adverse

decisions on the nature of the sinking fund.
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6.3.11 Nuclear Project Lead Time

The baseline BE total 1licersing and construction lead time is
8 years, as recommended in the NECDB as an intermediate goal." This
figure represents what could be done omn a consistent basis if regulatory
reforms are enacted and construczion practices improved, which 18 a
ground rule for this study. The 5-year low value is consistent with
vhat is now being done in some foreign countries and is a reasonable
lower limit, considering increased modularization and factory fabrica-
tion, standardization of design, and improved construction practices.
The l2~year upper limit is typical of today's plant construction ex-

perience.

6.4 COAL PLANT VARIABLES

6.4.1 Coal-Fired Plant Overnight Capital Investment Cost

The coal-fired plant costs are for two 550-MW(e) units on the same
site. This gives the same net capacity (1100 MW(e)] as the single-unit
nuclear plant with which it is being compared. The costs are based on
the EEDB-VII cost models developed by UE&C for high-sulfur, coal-fired
plants." The reference overnight cost is $1.305 billion (1986 dollars)
for the two 550-MW(e) units. Coal-fired plants are a mature technology
showing less variation in cost among plants than nuclear plants show. A
range between low- and high-cost values of $1.0 to $1.6 billion (:}31)

is assumed for the coal-fired plant overnight costs.

6.4.2 Capacity Factor

The reference capacity factor and capacity factor range for the
coal-fired plants were assumed to be the same as for nuclear plants.
Historically, coal-fired plants have shown a slightly better availabil-
ity than nuclear plants. Some of the improvements resulting in higher
capacity factors for nuclear ﬁlan:s should be applicable to coal-fired
plants and vice versa, theréby closing the gap and giving similar

capacity factors for both types of units.
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6.4.3 Coal Cost

The baseline coal cost is derived from the average cost of high-
sulfur coal in the midwest region for the fourth quarter of 1985. The
low-to~high-value range is the approximate range of prices paid for all

coal in the region.

6.4.4 Real Coal Cost Escalation Rate

The reference value for the real coal cost escalation rate is
1Z/year, based on projected coal prices for the year 19902010 given in
the Natiomal Energy Policy Plan Projections to 2010.13 This rate is
very important in estimating costs from future coal plants because the
fuel cost can be the principal contributor to the power generation
cost. Typically, the projected value of the coal price escalation rate

falls in the range from 0 to 22/yéar, which we use in this study.

6.4.5 Coal-Fired Plant Operation and Maintenance Costs

The baseline 0&M cost of 5.9 mills/kWh 1is derived from the OMCOST
code for high-sulfur, coal-fired plants. There i1s a wide variation in
the O&M costs for existing coal-fired plants. Because most existing
plants do not have scrubbers, their 0&M costs are considerably lower
than those calculated by OMCOST, which includes both scrubber costs and
a general and administrative cost, not usually reported under 0&M for

existing plants. A range of 3 to 8 mills/kWh 18 assumed.

6.4.6 Coal Plant Decommissioning Cost

The baseline decommissioning cost for coal-fired plarts is based on
an Arkansas Power & Light study.!5 This cost contributes ~0.1 mill/kWh
to the levelized power cost with a range of 0 to 0.2 mill/kWh assumed.

6.4.7 Coal-Fired Plant Project Lead-Time

The most probable baseline licensing and construction lead time is
6 years, as recommended {n the NECDB.“ This is typical of large, coal-
fired-plant projects. As with nuclear plants, there is a vatiatiod in
the length of the design and construction time of a coal-fired plant.: A

value range from low to high of 3.5 to 8.5 years {3 assumed.



7. POWER GENERATION COST SINGLE-VALUE SENSITIVITIES

7.1 POWER GENERATION COST AND CAPITAL INVESTMENT
COST SENSITIVITIES: FINAWCIAL VARIABLES

The sensitivity of nuclear-plant and coal-fired-plant power genera-
tion and capital investment costs to r~hanges in individual financial
parameters was examined using the LEVCOST computer code. These parame-
ters include inflation rate, cost of money, cost-escalation rate during
construction, and escalation of 0&M costs. As each parameter was varied
over the end points of its range (Chap. 6), all other parameters were
held constant at their reference values, including the BE overnight cost
for nuclear. Capital investment cost sensitivities are considered for
the cost-of-money and escalation-during-construction variables only.

Unless indicated, all costs are expressed in 1986 constant dollars.

7.1.1 Inflation Rate

The general inflation rate is assumed to apply to all costs and is
the variable used to convert between nominal and constant dollars. If a
cost escalates at a rate different than the general inflation rate, the
real escalation rate applicable to that cost is such that the total

escalation rate is expressed as
(1+g)=(l +r) (1 +1),

where

g = the overall rate of cost change (including inflation),

r = the real or differential cost escalation rate,

{ = the general inflation rate as measured by the GNP implicit

price deflator.

Figure 7.1 shows the senaitiviﬁy of constant dollar power genera-
tion costs to the general inflation rate for both coal and nuclear
plants. As one would expect, the cﬁrve 18 relatively flat because of
the use of constant dollars on the ordinate scale. The small slope that
appears {s attributable to the faét that depreciation 1is based on

inttial capital {investment and {s :not inflated. (Tax depreciation
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Fig. 7.1. Sensitivity of constant-dollar power generation costs to
general inflation rate for BE nuclear and coal-fired plants.

schedules are calculated in nominal-dollar terms.) Because nuclear 1is
more capital intensive and nuclear fuel is also capitalized, the depre-
clation-related effect is more pronounced, thus the greater sensitivity
when compared with coal.

If the ordinate scale 18 expressed in nominal dollars, as in
Fig. 7.2, the effect of inflation becomes starkly evident (i.e., power
generation costs show an exponential rise with the inflation rate). The
rate of 1increase 18 nearly the same for both cnal and nuclear. The
small difference can again be explained by the noninflation of deprecia-

tion and the relative capital intensity of each power nption.
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Fig. 7.2. Sensitivity of nominal-dollar power generation costs to
general inflation rate for BE nuclear and coal-fired plants.

7.1.2 Interest Rate (Cost of Money)

A change in the cost of money will make an impact on the capital
investment costs through its effect on the fixed charge rate and the
interest rate during construction. Nuclear-fuel costs are also affected
by the cost of morey because costs 1elated to fuel procurement and
fabrication are capitalized. Because it 1s the more capital intensive,
the nuclear option 1is affected more by a change in the cost of money
than is the coal-fired option.

Utility investors must be compensated for the use of both their
debt and equity {investment capital during the construction period.
AFUDC 18 a charge made against construction work in progress to compen-—

sate these investors. 1In this analysis, these funds are capitalized and
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included in the utility's rate base at the time of commercial opera-
tion. During operation the utility will recover these funds from its
custaomers through depreciation charges. The Federal Energy Regulatory
Commission (FERC) Uniform System of Accounts segregates AFUDC into two
components, borrowed funds and other funds. The rveference average
annual interest rate during construction contains both a return on
borrowed and equity funds and is the tax-adjusted cost of money,
9.0Z2/year (nominal) or 3.8%Z/year (real).

As shown 1in Table 4.3, estimated interest during construction (or
AFUDC) can be very large. The nuclear plant's AFUDC amounts to
$1.1 billion by the time of commercial operation or ~29% of the total
plant investment costs. The AFUDC for the coal-fired plant amounts to
$600 million or 20Z of the total investment costs. The smaller quantity
for the coal-fired plant, relative to the nuclear plant, is due to the
shorter design and construction period.

Figures 7.3 and 7.4 show the sensitivity of the constant-dollar
power generation cost and the coanstant-dollar total capital investment
costs to variations in the interest rate, both nominal and real. The
power generation costs for the nuclear and coal-fired plant are esti-
mated to change ~11 and 6%, respectively, .or each one percentage point
change in the interest rate, compounded annually. The total capitalized
investment costs for the nuclear and coal-fired plant are estimated to
change ~3.9 and 2.6%, respectively, for each one percentage point change
in the 1interest rate. Coal-fired plant costs are less sgensitive to
changes in interest rates than nuclear costs because of the shorter
design and construction period.

Investment risk, as perceived by the financial community, affects
the cost of money for a project. These figures can be used to quantify
the impact on the comparative results if one project is perceived as
being riskler than the other. PFor example, 1if the nuclear option has a
0.5% higher after-tax cost of money than coal, then nuclear generation

costs would increase by ~67% over the reference value.

7.1.3 Escalation Rate During Construction

The sensitivities of the estimated power generation costs and esti-

mated capital {nvestment costs tn changes in the escalation rate for
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Fig. 7.3. Sensitivity of constant-dollar power generation costs to
cost—of -money for BE nuclear and coal-fired plants.

construction costs during the preoperation period are shown in Figs. 7.5
and 7.6, respectively. As expected, this sensitivity to escalation rate
is more pronounced for the capital costs alone (Fig. 7.6). The total
capli-alized costs for the nuclear and coal-fired plants are estimated to
change ~10.4 and 11.8%, respectively, for each one percentage point
change in the escalation rate, compounded annually. Power generation
costs change by ~6.,6 and 5.2%, respectively, for the same one-
percentage-point chaﬁge. Capital investment costs for the coal-fired

plant are more sensitive to escalation rate because the capital
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Fig. 7.4, Sensitivity of constant-dollar rapital investment costs
tn cost-of-money for BE nuclear and coal-fired plants.

expenditures occur later in time, relative to a nuclear plant, for a

common operation date (year 2000).

7.1.4 Escalation Rate for Operating and Maintenance (0&M) Costs

Figure 7.7 shows the sensitivity of constant-dollar power genera-
tion costs to the real escalaticn rate for both coal and nuclear-plant
0&M costs., This financial parameter does not affect capital investment;
therefore, no capital-cost sensitivity is shown. A percentage-point

change in the O&M real escalation rate (from {its reference value of 0%
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Fig. 7.5. Sensitivity of constant-dollar power generation costs :o
escalation rate during construction for BE nuclear and coal-fired
plants.

for both options) results in a 5.5 and 3.87 change in the power genera-
tion costs for both nuclear and coal, respectively. Because the O&M
cost component constitutes a slightly greater fraction of the total
levelized power generation costs for nuclear, the sensitivity of the

puclear option to an increase in 0&M escilation is slightly greater.
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to escalation rate during construction for BE nuclear and coal-fired
plants.

7.2 POWER GENERATION CGST AND CAPITAL INVESTMENT COST
SENSITIVITIES: COST COMPONENTS COMMON TO BOTH
OPTIONS AND CONSTRUCTION SCHEDULES

This section examines the effects on the total power generation
costs of changes in the cost components common to both options. The ef~-
fects of altering the lead times (licensing, design, and construction
period) for each option are also considered. Capital-cost sensitivities

are pregented for Lhese srhedule-related SVSSs only.
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7.2.1 Overnight Cost

Figure 7.8 {illustrates the impact on power generation cost from
changes 1in the overnight cost for both options. An increase 1in the
overnight costs of these power plants could result from technology-
driven reasons, such as generic design changes resulting from more-
stringent environmental or safety regulations. Nuclear costs are more
sensitive to investment cost variations because nuclear plants are more
capital intensive than are coal-fired plants. The sensitivity of power
. costs to each ten—percentage-point change in overnight cost is 6.4% for
: nuclear and 4.47 for coal. These sensitivities can be used to study how

' changes 1in investment cost affect the comparison. For example, if the
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Fig. 7.8. Sensitivity of constant-dollar power generation costs to
overnight plant costs for BE nuclear and coal-fired plants.

nuclear overnight cost 18 237 higher than its reference BE value and the
coal plant overnight cost remains at its reference value, then the

generation costs in the midwest region from the coal and nuclear options

would be equal.

7.2.2 Sensitivity to Capacity Pactor

Figure 7.9 shows how variations in the average plant capacity fac-
tor affect the power generation cost of coal and nuclear plants. Lower-
capacity factors work to the detriment of the more capital-intensive
generation option ({i.e., nuclear). As higher-capacity Ffactors are
achieved, the difference hetween the coal and nuclear power generation

cost increases, making nuclear even more favorahle, The cost leverage
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Fig. 7.9. Sensitivity of constant-dollar power generation costs to
plant capacity factor for BE nuclear and coal-fired plants.

of capacity factor 1s very high for both options. A five-percentage-
point improvement in capacity factor decreases the coal and nuclear

pover generation costs by 3.4 and 5.5%, respectively.

7.2.3 O&M Costs

Figure 7.10 shows how altering the coal and nuclear O0&M costs from
their reference values affects the power generation costs. Because the
reference nuclear 0&M costs constitute a higher fraction of the overall
levelized cost than for coal, a given percentage variation in nuclear

0&M costs has a slightly greater effect on the nuclear power generation
costs than for coal. '
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7.2.4 Decommissioning Costs

Decommissioning costs represent very small fractions (0.2 and 1.5%,
respectively) of the reference power generation costs for both coal and
nuclear. For this reason, the sensitivity curves (Fig. 7.11) for both
are rather flat, The nuclear curve shows a greater slope because
decommissioning costs constftute a2 larger fractic., of the overall power

generacion cost for miucliear than for coal.

7.2.5 Fuel-Price Fgcalation Rate

The sensitivities of power generation coatg t., both real coal price
and real price es-alation are given In Fig. 7.12. Uraiaium and coati

price trends may move 1In opposite dirertions {f one option becomes
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Fig. 7.11. Sensitivity of constant-dollar power generation costs
to decommissioning cost component for BE nuclear and coal-fired plants.

dominant: however, general economic conditions should cause the escala-
tion rates of coal and uranium to move in unison. Figure 7.12 deﬁon-
strates that coal-fired-plant power costs are more sensitive ‘Fhan
nuclear-plant power costs to fuel-price escalation. A 1/2X increase 1in
the escalation rate causes the nuclear power generation cost to 1ncr§ase
by 1.72% and the coal vower generation cost to increase by 6.4%. This
behavior is explainable by the fact that fuel costs constitute a lafger
fraction of the overall coal-fired-plant power generation co?ts.
Because of the {mplications of Fig. 7.12, the nuclear option represents
an excellent hedze against possible large fossil-fuel price esc#la-
tion. 1Future uncertainties that affect the price of coal include
possible:revtsion to the Clean Air Act, passage of regulaﬁion aimea At

reducing acid rain, and the resolution of the NO, and CO; problems.
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Fig. 7.12. Sensitivity of constant-dollar power generation costs
to real escalation in fuel costs for BE nuclear and coal-fired plants.

7.2.6 Plant Lead Times

The long lead times now experienced for constructing a nuclear
plant have worked to the detriment of this option. Although the in-
dustry 1s vastly mrre knowledgeable today after 2 decades of building
and operating these plants, lead times for design and construction have
increased from ~5 years to current experience (ME) of 12 years or
longer. Recent experience, however, indicates that nuclear-plant lead
times of 8 Qears or less (BE) are achievable on a regular basis {f cer-
tain regula@ory reforms are implemented.

Figures 7.13-7.16 I1llustrate the sensitivity of both nominal- and

constant-doilar power generation costs and capital {investment costs to
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Fig. 7.13. Sensitivity of power generation costs to length of lead
time (licensing, design, and construction) with the year of commercial
operation held constant.

length of the design and construction period under two sets of assump-
tions. All of these cost sensitivities to lead time are much more
apparent when presented in nominal dollars; thus, both constant- and
nominal-dollar changes are plotted in Figs. 7.13-7.16.

In Figs. 7.15 and 7.16 the year of steam—supply purchase (or begin-
ning of project) was held fixed while the design and construction period
was varied. A l-year change 1in design and construction period under
these conditions produces about a 7% change (in nominal dollars) in the
total estimated costs of nuclear and coal-fired plants (Fig. 7.16).

In Pigs. 7.13 and 7.14 the year of first commercial operation 1is
held fixed (January 2000) while the steam—-supply order date (beginning
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Fig. 7.14. Sensitivity of capital investment costs te lead time
with the year of commercial operation held constant.

of project) and construction permit date are varied. Under these latter
conditions, capital investment cost in nominal dollars is less sensitive
to lead time. The coal-fired-plant, capital-cost investment changes
slightly over 1Z (in nominal dollars) for each l-year change in the
design and construction period, and the nuclear-plant investment cost
changes ~2%. The savings in capital investment costs that would result
from a l-year reduction in lead time would amount to about $66 million
for a nuclear plant and about $45 million for a coal-fired plant
(nominal dollars).

At the reference lead time, 6 years for coal-fired plants and
8 years for nuclear plants, the levelized cost of the nuclear plant was

estimated to be 12.7% lower than that of the coal-fired plant {n the
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Fig. 7.15. Sensitivity of power generation costs to length of lead
time with steam supply order date held constant.

midwest region. If the nuclear lead time were increased to 14 years,
then it 18 estimated that the levelized costs of both options would be
equal, provided bLuuin plants are brought on-line at the same time. This
assumes thaL the longer—-schedule nuclear plant can be built with the
same amount of labor as the shorter—-schedule plant, which may not be
so. For Fig. 7.13 it {s evident that the power generation cost of coal-
fired plants is less sensitive to planc lead time, compared with that of
nuclear plants.

The principal changes in costs resulting from lengthening or short-
ening the design and construction period result from changes in escala-
tion and AFUDC, which are directly related to the length of the design

and construction period and the year of commercial operation. Other
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Fig. 7.16. Sensitivity of capital investment costs to lead time
with steam supply order date held constant.

factors include estimates of changes in engineering, construction man-
agement, equipment leasing, utilization of the construction work force,
and other indirect costs.

Figure 7.17 shows the sensitivity of estimated nominal~dollar
capital investment costs to year of first commercial operation. The
curve in Fig. 7.17 was developed by varying the year of first commercial
operation while maintaining a constant design and construction period of
8 years for the nuclear plant and 6 years for the coal-fired plant.
Only one curve is shown because the overall escalation rate used for
both nuclear and coal-fired plants was 5%Z/year. Capitsl {investment

costs will double for both plant types in slightly under 14 years.
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Fig. 7.17. Sensitivity of nominal-dollar capital investment costs
to commercial operation date for BE nuclear and coal-fired plants.

7.3 POWER GENERATION COST SENSITIVITIES:
NUCLEAR FUEL-CYCLE COMPONENTS

The sensitivity of the power generation cost to variations in the

cost of various components of the nuclear fuel cycle are presented here.

7.3.1 Uranium Ore Price

0f the five major fuel-cycle cost components (ore, conversion, en-
richment, fabrication, and waste disposal) of the enriched-uranium fuel
cjcle. ore price makes the greatest contribution to the levelized power
generation cost. A $10/1b U30g price increase from the reference $34/1b
Ujoe would cause a 2.51:increase in the power generation costs (derive-
able from Fig. 7.18).
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Fig. 7.18. Sensitivity of constant-dollar power generation costs
to price of uranium ore (BE nuclear plants).

7.3.2 Enrichment Price

The price of enrichment services has the second largest effect on
the power generation cost of the five components mentioned above.
Figure 7.19 shows this sensitivity. A $10/SWU increase in the enrich-

ment price would increase power generation costs by 0.6%.

7.3.3 oOther Fuel-Cycle Components

Figure 7.20 shows the relative effects of the costs nf conversion,
fabrication, and waste disposal on the power generation cost. Note the
expanded scale in Fip., 7.20. The costs in order nf decreasing power
generation cost sengitivity are waste disposal, fabrication, and conver-

sion,
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Fig. 7.19. Sensitivity of constant-dollar power generation costs
to price of uranium enrichment services (BE nuclear plants).

7.4 POWER GENERATION COST SENSITIVITIES:
PRICE OF COAL

As shown In Fig. 7.21 the price of coal has a major effect on the
cost of power, as would be expected from an option where approximately
one-half of the levelized cost is contributed by the fuel costs. A
$0.10/MBtu change in the price of coal causes a 2.7% change in the power

generation :ost.

7.5 UNIT CHANGE SENSITIVITIES

Table 7.1 shows the major sensitivities in tabular form where the

power generation cost differentials are expressed in terms of mills per
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Fig. 7.20. Sensitivity of constant-dollar power generation costs
to prices of conversion, fabrication, and waste disposal fuel-cycle
services (BE nuclear plants).

kilowatt hour and percent of change. The variations from the reference
case are changes that might be considered typical or probable. The
"rules of thumb” available from this table can be very useful to the
decision maker or analyst.

Included in Table 7.1 1is the sensitivity of the power generation
cost to the levelization period used in the analysis. This is not an
economic pa~ameter, like inflation, that varies in the future; thus, it
i8 not used as an input to the MVSS. A given organization ch&oses its
levelﬁzation period dependent on the anticipated project risk. High
risk genetally causes the desire to recover capital faster; therefore, a
shorter 1levelization period 1s used. Throughout the ptobébiliatic
analyéis the levelization period is held at 30 years.
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Table 7.1. Changes in projected BE nuclear—plant and coal-fired-plant power, generation

costs with assused changes in financial and technical parameters™

a,b

For coal For nuclear
Financial or technical power (-“l./“.h)c 4 (-lllllklﬂ\)c } 4
Overnight cost capital investment cost reduce by 102 -2.06 -4.14 -2.63 ~6. 4
Inflation rate reduced by 1/2 percentage point (from -0.13 -0.26 -0.23 -0.57
S to 4.5%)
Capacity factor incressed by 5 percentage points -1.63 -3. 14 -2.28 -5.5
(from 70 to 75X)
Design and construction period reduced 1 year with -0.53 -1.12 -0.79 ~1.9
yesr of first commercial operstion fixed (coal
changed from 6 to 5 years; nuclear changed from 8
to 7 years)
Design and coastruction period decreased ! yeac -0.74 -0.16 -0. 82 -2.0
with steas—supply order date fixed
Real cost of woney reduced by 1 percentage point -2.89 -6.1 -4.47 -10.19
(3.8 to 2.82)
06M cost-escalation rate incressed 1 percenctage 1.82 3.8 2.26 5.15%
point (0 to 1X)
Coal cost-escalsation rate increased 1/2 percentage 3,03 6.4
point (1.0 to 1.51) :
Coal cost-escalation rate decrzased 1/2 percentage -2,63 -5.6
peint (1.0 to 0.52)
Real escalation during construction increased 2,44 5.2 2.7 6.6
! percentage point (0 ro 1.0%)
Change from 30~ to 20-year snalysis period with 3,15 6.7 4. 94 12.0
plant life constant at 40 years
Change from 30~ to 40-year period snalysis wvith -1.56 -3.13 -2.80 -6.8
plant life constant at 40 years
Change from 40- to 30-year plant lifetime with 0.37 0.78 0. 49 1. 18
analysis period cinstant at 30 years
Change from 40- to 50-year plant lifetime with -0.22 -0.47 -0.29 -~0.71
snalysia period constant at 3O years
Uranium enrichment cost increased by $10/SWU (from 0.25 0. 60
$60 to $70/SWU)
Uraniu enrichment cost decreased by $10/SWU (from -0. 25 -0, 60
$60 to $50/SWU)
U;0g price escalation rate increased by 1/2 0.50 l.2
parcentags point (1.0 to 1.52) :
U;0q price escalation rate decresaed by 1/2 -0.43 1.0
|

percentage point (1.2 to 0.72)

a'or sidwest region, best-experience nuclear.

b‘l’oul generation costs are expressed in mills per kilowatt hour based on constant 1986

dollars.

°sese power generation costs in eills per kilowatt hour:

coal,

47.34; nuclear, 41,25,
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8. POWER GENERATION COST SENSITIVITIES:
MULTIVARIABLE ANALYSIS

8.1 INPUTS TO THE MVSS

Table 8.1 lists the ranges and types of distributions used for each
of the 22 variables considered. Table 8.1 also indicates whether the
low and high values are considered optimistic or pessimistic. Figures
8.1-8.3 are simple plots of the actual relative probability distribu-
tions used. Figure 8 1 is for the financial variables common to both
the coal and nuclear options, Fig. 8.2 1is for the nuclear-plant

variables only, and Fig. 8.3 is for the coal-plant variables only.

8.2 RESULTS AND INTERPRETATION OF MVSS

The input probability distributions described above were sampled,
and 1000 cases or 1iterations were considered. The output figures—of-
merit analyzed include the nuclear power generation cost, the coal power
generation cost, and their busbar cost difference (nuclear minus conal).

The results are more easily understood if presented in graphical
form. If the 1700 data points for each figure—of-merit are computer
sorted and placed in "bins” of appropriate width, a relative probability
distribution or "output histogram™ can be plotted for each. As a result
of the Central Limit Theorem of statistics, the output distributions
will have the basic appearance of a bell-shaped curve, which for cost
figures-of-merit is often somewhat rightward skewed., Figure 8.4 shows a
hypothetical output distribution and the locations of some of its impor-
tant statistical parameters. If the number of cases within the bins are
summed consecutively from left to right at each bin, a cumulative prob-
ability distribution can be constructed for each figure-of-merit. These
plots are useful for establishing percentiles (i.e., the probability
that a given figure-of-merit will have a value Y; or less within its
range).

In this chapter, two uncertainty scenarios are considered. The
fi}st scenario deals with the uncertainties about the reference or BE

case; regulatory reform and improved design and construction practices
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Table 8.1. Parastters for input varisdle uncertainty distributions:
devistions from reference scenario
Most-
Varisble v:::e (::::::::) ctize di:!::h::ion
value
Financial
Inflation rate, I/yesr 2 (0)% 5 8 (p)b Trisngular®
Real cost of money, I/year 1 (o) 3.8 7 (o) Tricngularc
Real eacalstion during coastruction, -1.5 (o) 0 2 (p) ll.to‘runc
X/year
Real O&M cost escslation, I/year -1 (o) 0 2 (p) !1|to¢r-°
Muclear plantd
Overnight cost (BE range), $M 1100 (o) 1600 2700 (p) Log-triangular®
Capacity factor, 2 55 (p) 70 85 (o) Trisngular®
Fuel cost components
Ore, $/1b U,0, 15 (o) 34 50 (p) Triangulsr
Real ore escalation, I/year 0 (o) 1.0 2 (p) Trisngalar®
Conversion, $/kg U S (o) 8 10 (p) Trisngulsr
Enricheent, $/SWU 30 (o) 60 110 (p)  Log trisngular®
Tabrication, $/kg MM 160 (o) 240 300 (p) Triangulsr
Waste dispossl, wille/kWh 0.75 (o) 1.0 2.0 (p) Log triangulac®
O8M cost, mills/kWh 4 (o) 7.3 12 (p) Log triangular®
Decommissioning cost, mille/kWh 0.3 (o) 0.6 1.5 (p) Log trianlﬂllt’
Project lead time (BE range), Yvears 5 (o) 8 12 (p) Log criaugularc
Coal plant®
Overnight cost, 1000 (o) 1305 1600 (p) Trisnguler®
Capacity factor, 2 55 (p) 70 85 (o) Triangularc
Fusl cost (cosl), $/MBtu 1.40 (o) 1.60 2.20 (p) Log trisngular®
%ssl coal cost escslstion, X/yesr 0 (o) 1.0 2.0 (p) Trisnguler®
084, aills/kWh 3 (o) 5.9 8 (p) Hi stograa’
Decommissioning cost, mille/kWh 0 (o) 0.1 0.2 (p) Trisngular®
Project lesd time, years 3.5 (o) 6 8.5 (p) Trisnguler®

%(0) indicates optimistic value.
b(p) indicates pessisistic vslue.

®Raference value located close to 50O percentile (wode = median).

d

All input costs {in constant 1986 dollars,.



REI ATIVE

e o
>

o

RELATIVE
PROBABIUTY

e

ORNL-OWG 00C-4022 €TD

T ! T T T j T §
> 1\ 4 DISTRIBUTION: > A DISTRIBUTION:
E 1\ SYMMETRIC wt NEARLY SYMMETRIC,
3 >3 SKEWED SLIGHTLY
: ' ce
- ! a8
o ' Yo
£ , P
/o) 1 e | |
0 2 4 o s 10 0 2 4 o s 10
%/YEAR %/YEAR
T T T T 0.4 T T T T
HISTOGAAM: HISTOGRAM:
s - 50% OF VALUES > 0_| 0.3 [ 0% OF vALues > 0
80% OF VALUES < 0 .;E 80% OF VALUES < 0
- \ =a L ) -
2 | - '52 0.2 H
: : :
1 : 1 0.1 - 0 =
J (o)
o K1 | — o0 1
-2 -1 0 1 2 3 2 -1 o 1 2 3
N/YEAR R/YEAR

Fig. 8.1. Input distributions for financial variables (same dis-
tributions for both coal and nuclear options). (g) Inflation rate (base
value = 5%), (D) real cost of money (base value = 3,82), (&) real
escalation during construction (base value = 0X), (d) real O&M cost
escalation (base value = 0X).

€6



RELATIVE RELATIVE
PROSABILITY PROBABILITY

RELATIVE
PROBABILITY

{ k]
L0G &
DISTRIBUTION
\
]
lre) '
! |
1 2 3 4
$ BILLION
1 1 1 | 1
A DISTRIBUTION:
(NEARLY SYMMETR!C,
SKEWED SUIGNTLY
LOW) \
!
\
|
el N O
10 20 30 40 80 60
$/1b U0,
T T T
A DISTRIBUTION:
SKEWED LOW
|
|
p |
“ \ |
. 0 8 10
$/xg V
Figc 8. 2.

(a) Overnight cost (base value

RELATIVE RELATIVE
PROBABILITY PROBABILITY

RELATIVE
PROBABILITY

OANL-DWG 06C-4023 ETD (PART A)

{ { I { {
4 OISTRISUTION:
SYMMETRIC

6/ /)

80 e0 70 1) %0

{
4 DISTRIBUTION:
SYMMETAIC

(a/

-1

- s e o e o -

2 3
% ESCALATION/YEAR

T [ [ | |
LOG A DISTRIBUTION:
80% > $60/SWU
50% < $§60/SWVU

H
l
“ | [ i | |

20 40 80 80 100 120 140
$/SWU

Input distributions for BE nuclear plant variables.
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(b) capacity factor

(base value = 70%), (¢) ore price (base value = $34/1b U30g), (d) real
escalation in ore price (base value = 1.0X), (@) conversion price (base
value = $8/kg U), (f) enrichment price (base value = $60/SWU), (g) fab-
rication price (base value = $240), (%) waste disposal charge (base
value = 1 wofll/kWh), (Z) O&M cost (base value = 7.3 mills/kWh),
(J) decommissioning cost (base value = 0.6 mill/kWh), (X project lead
time (base value = 8 years).
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‘are assumed instituted in the future. The second uncertainty scenario
revolves around the alternate or ME case in which the regulatory en-
vironment is assumed not to improve, and improved design and construc-
tion practices are assumed not instituted. No attempt to assign probd-
abilities to the occurrenre of regulatory reform or improved design and
construction 1s attempied. These events depend omn political and
institutional uncertainties that are extremely difficult to quantify.
In essence, however, we are 2s8signing a distribution of sorts to these
scenarios: a bimodal spike distribution representing "yes and no”
answers to the question of reform implementation. For the reference
(BE)-based scenario, a "yes” answer to the question of reform, a 100%
chance of the reforms cited above being implemented, is assumed. For
the alternate (MZ)-based scenario, a "no” answer, a OZ chance, 1is

assumed.
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8.2.1 Results of the Uncertainty Analysis Based ¢n
Deviations from the Reference Values

Table 8.1 shows the parameters and types of distributions used for
the uncertainty analysis, based on deviations from the BE nuclear
case., The mode or most-iikely values represent the values used to pro-
duce the reference deterministic case. For many of the 22 input distri-
butions, the mode is alsc equal to the median value (i.e., one-half of
the points drawn from these distributions will lie on either side of the
most-likely value).

Figure 8.5 shows the relative probability histogram for the busbar

or powver generation cost figure-of-merit for both coal and nuclear.
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This histogram resulted from the sampling and submission to the LEVCOST
code of 1000 points for each input distribution. As expected, two bell-
shaped curves result; the raggedness in each is a result of finite bin
size, statistical sampling error, and the fact that many of the
algorithms in the model are not continuous functions and involve step-
functions. Table 8.2 shows t.e statistical parameters calculated by the
Monte Carlo driver code for each busbar cost distribution. Also shown
in Fig. 8.5 are the locations of the deterministic or reference projec-

tions for both coal and nuclear within thelr respective uncertainty

envelopes. As expected, the base cases are very close to the mode
values for each distribution. This 1is not surprising because the
base-case value for each input value also represonts the mode value.
The most interesting information available frcm these plots deals with
the dispersion of the power generation cost for each option, because
dispersion (as meagured by the standard deviation) is an indication of
relative wuncertainty. The nuclear power generation busbar cost
distribution has a 607 higher dispersion assoclated with it relative to
the coal busbar cost distribution. The higher uncertainty for the
nuclear power generation cost can be attributed mainly to the greater
dispersion in the nuclear overnight cost input distribution relative to
the overnight cost distribution for coal. Figure 8.6 shows the same
coal and nuclear output histograms in cumulative probability form. The
format makes it easier to determine percentiles. From this curve, it
can be seen that ~362 of the 1000 cases in the simulation 1ad power
generation costs below the baseline (deterministic) values for both coal
and nuclear. This result implies that perhaps the reference cases were
somevhat on the optimistic side, which 1is often the case when the
deterministic analysis is performed first,

Figures 8.7 and 8.8 show the relative and cumulative probability
plots for the BE nuclear minus coal power generation cost figure~of-
merit. To ensure consistency in this analysis, the same input sample
was used for the financial variables (Fig., 8.1) for both coal and
nuclear within each iteration. This ensures that the coal and nuclear

power generating costs are calculated on the same financial basis (for a



Table 8.2. Statistics for output figures of merit?
Minimum Median Maximum
opeton IS (e SR (0 per- 2P (100 per- teds bia  Mean  Sterterd
centile) centile) centile) a
BE nuclear 41.3 21.7 31.7 43.6 64.9 89.6 42-44 45.4 10,4
(Figs. 8.5 and 8.6)
Coal 47.3 31.4 39.9 49.5 61.7 75.0 46-48 49.9 6.6
(Figs. 8.5 and 8.6)
Nuclear minus coal -6.0 -26.4 =-16.1 =5.1 8.89 30. 5 -6 to =12 =4.5 7.8

(Figs. 8.7 and 8.8)°

dPower generation costs in mills per kilowatt hour (constant 1986 dollars, midwcst region).
b8in wvidth i{s 2 mills/kWh; most-likely value is somewhere within this bin renge.

CNegative value indicates that nuclear has econoamic edge over coal.

10T
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pover generation costs for BE nuclear and coal-fired plants.

particular case) before calculation of the cost difference. Figure 8.7
shows that most of the area on the BE nuclear minus coal power genera-
tion cost envelope lies to the left of the line where coal and nuclear
costs are 1identical (zero-difference Lline). Use of the cumulative
histogram allows determination that BE nuclear has a 747 chance of being
less expensive than coal (i.e., for the given simulation, 74% of the
1000 cases turned out this way). From the same plot it can be
determined that there 18 a 247 chance that BE nuclear will be
10 mi118/kWh less expensive than coal. The probability for tﬁe base
cage difference of .1 millg/kWh is ~447.
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8.2.2 Results of the Uncertainty Analysis Based on
Deviations from the Alternate Case

The alternate (ME) case assumes that regulatory reform and improved
design and construction practices are not achieved and that today's
median plant cost experience prevails. Data for this scenario were pre-
pared by modifying two of the input nuclear distributioms on Fig. 8.2:
the overnight cost and the design and construction lead time. All other
distributions, 1nc1u;'ling those for cval, remained at their reference-
based parameters. Figure 8.9 shows the new input distributions altered
to reflect these ME-based deviations. The most-likely ME overnight cost
becomes $2.8 billion with low~ and high-range end points of $1.6 and
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$5.0 billion, respectively. The most-likely lead time is increased to
12 years with range end points of 8 and 16 years. Figure 8.9 also shows
the power generation cost relative prcbability histograms for this
scenario for both coal and nuclear. (Note that coal is unchanged from
the earlier reference-based uncertainty scenario.) For comparison the
reference BE curve for nuclear is superimpcsed on the figure; thus,
three curves appear. The statistical parameters for the ME nuclear
curve appear at the right of the figure. Most notable is the shift of
the nuclear curve to the right of coal, indicating higher power genera-
tion costs, and the greater disp:rsion of the ME nuclear curve compared
with coal and BE nuclear.

The dispersion of ME nu-~lear 1s nearly 3 times that for coal and

1.8 times that of BE nuclear. Figure 8.10 shows the cumulative power
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generation cost histogram for ME nuclear minus coal. ME nuclear has
only a 7% chance of being less expensive than coal and a <l1Z chance of
being 10 wills/kWh less expensive than coal.

The probabilistic analyses definitively augment the earlier conclu-
sion based on the deterministic analyses and stated in Chaps. 2 and 5:
if regulatory reforms and improved design and construction practices are
not implemented in the near future, the competitiveness of nuclear-

generated power compared with coal-generated power are very bleak.
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Appendix A

NOMENCLATURE

allowance for funds used during construction
atomic vapor lase: isotope separation
advanced gas centriluge

Atomic Industrial Forum

bond interest

best experience

common stock dividend

cash flow

book depreciation

U.S. Department of Energy

Energy Information Administration
Energy Economic Data Base

Electric Power Research Imstitute
preferred stock dividend

Federal Energy Regulacory Commission
flue gas desulfurization

gross national product

heavy metal

investment

inflation rate

period in years betweer reference cost year
commercial operation

low-enriched uranium

levelized power generation cost code
light~-water reactor

index (year relative to refecence year)
median experience

multivariable sensitivity studies

index (year relative to start of project)
operating life of project

Nuclear Energy Cost Data Base

U.S. Nuclear Reéulatory Commission

and year of



'y other expensed costs; includes O§M costs, fuel, interim .e-
placement, property taxes, and decommissioning fund

P price

i current-dollar levelized price

;a constant-dollar levelized price

PVR pressurized water reactor

P¥RR present worth of revenue requirements

R&D research and development

SYENS single-valve sensitivity study

UEsc United Engineers & Constructors
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Appendix B

DESCRIPTION OF MATHEMATICAL METHODOLOGY
FOR UNCERTAINTY ANALYSIS

B.l TWO-PRONGED APPROACH TO UNCERTAINTY ANALYSIS

Implicit in the reference scenario for this study are the assump-—
tions that (1) the factors that have contributed to the delays and cost
overruns in the present generation of nuclear power plants are behind us
and (2) nuclear plants will be built consistent with schedules and costs
experienced by the better of today's construction. As with any studies
that deal with the future, significant uncertainties are associated with
the assumptions involved.

A two-paft uncertainty analysis was performed as part of this
study. In the first part, called single-variable sensitivity studies

(SVSSs), each input variable is altered one at a time over a plausible

range that includes a minimum value, the reference value, a maximum
value, and other intermediate values desired to produce cost data points
for each 1input wvariable considered. (Justification for the chosen
ranges appears in Chap. 6.) The probability associated with each value
is not considered in this SVSS methodology. The SVSS method readily
identifies the individual variables that have the most leverage on the
economic figures-of-merit, in this case, the total investment cost and
busbar power generation cost fbr both coal-fired and nuclear plants.

In the second part, called multivariable sensitivity studies
(MVSSs), a probability distribution is defined for each of the key input
parameters. By the use of a distribution, a probability is associated
with any value lying between the minimum and maximum values for the
ranges chosen. (For this study, both the SVSS and MVSS procedures use
the same ranges.) These distributions are used as input to a Monte
Carlo simulation, which is used to calculate a probability distribution
for the figure-of-merit by simultaneously sampling all input variable
distributions and submitting these samples repeatedly to the LEVCOST
model., Unlike SVSS, MVSS requires definition of the probabilities

within each variable's range.
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Particular care needs to be taken in the selection of these input
ranges because as in a deterministic calculation, the input determines
the output. Chapter 6 describes the ranges used for each of the key
input parameters for both the SVSSs and MVSSs and includes a short nar-
rative providing some justification for the minimum, maximum, and refer-
ence (most-probable) value for each significant input variable. All
inconsequential variables are held constant at their reference values.
Justification for the MVSS distributions associated with the ranges 1is
given in Sect. B.4.

B.2 SvVSS METHODOLOGY

B.2.1 Cases Considered for each Curve

A SVSS for any variable consists of chree or more deterministic
cases for which a plot of the cost figure-of-merit vs the variable
values used is made. The points plotted are connected to produce a
smooth sensitivity curve. FPor most of these studies, four or five

points were plotted. The following were chosen as variable values:

1. the low end of the variable's range,

2. a value slightly below the reference value,

3. the reference or baseline value (the cost figures-of-merit produced
in this case have the same values as those in the deterministic case
discussed in Chap. 5),

4. a value slightly above the reference value, and

5. the high end of the variable's range.

The "slightly below™ and "slightly above” cases are based on changes
from the reference values that might be considered typical or highly
plausible because of current economic conditions or recent cost exper-
ience. These cases are given separate discussion in Sect., 7.5 and are
listed in Table 7.1,

B.,2.2 Sensitivity Plots: Scales, Comparisons, and
Interpretations

Identification of the variables with high-cost leverage requires

comparisons of the sensitivity plots and selection of those variables
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with the greatest average slopes about their reference values. For this
reason, the ordinate scales of Figs. 7.1—7.19 and 7.21, which represent
either the power generation cost or the total investment cost percent of
change, are the same for each plot unless otherwise indicated. The
abscissa scales for these figures, of course, vary depending on which
variable is being considered. An attempt was made to force each vari-
able's range to occupy a reasonably large fraction of the abscissa
scale, thus allowing greater comparability among plots. Wherever pos-
sible, both nuclear-plant and coal-fired-plant sensitivities are showm
on the same plot. The text to follow explains the significant differ-
ences observed i.. iLne sensitivities for each power production option.
Section 7.1 discusses th: sensitivities of both coal and nuclear to
changes in financial varishles. Section 7.2 discusses sensitivities to
various cost components and schedule changes common to both coal and
nuclear. Sections 7.3 and 7.4 discuss sensitivities to those variables
that are exclusively coal fired and exclusively nuclear related, respec-

tively.

B.3 MVSS SAMPLING METHODOLOGY

Based on the results of the SVSSs, 22 input variables were chosen
for use in the MVSS. Four of these are financial variables applicable
to both options, 11 plant-related variables apply to nuclear, and 7
plant-related variables apply to coal. It is;, therefore, necessary to
define 22 separate distributions for use by the Monte Carlo driver
code. When the probabilistic analysis or MVSS i{s started, the Monte
Carlo driver code uses a set of 22 different random numbers to sample
the 22 distributions. An ensemble of 22 sample values (1 value for each
input variable), known as the "return value vector,” is submitted to the
LEVCOST model just as any set of data would be for a deterministic
analysis. (Any low-leverage, non~MVSS variables are set at their
reference values.) Resulting from this first run (based on the first

input ensemble) 18 o set of numbers known as the first "figures-of-merit

vector,” which includes the total capital investment cost and the power
generation costs for both options. This vector 1is stored until the

analysis is completed. The above sampling, submigsion, calculation, and
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storage procedure is repeated 1000 times (with a different set of random
numbers for each of the 1000 iterations) such that the actual input
sasple distributions closely approximate the theoretical distributions
defined for each. After the LEVCOST model has been called 1000 times, a
set of 1000 figures-of-merit wvectors is available in disk storage. A
statistical analysis is performed on each separate figure—of-merit, and
its own distribution is plotted and analyzed. In this chapter, only the

pover generation cost figure-of -merit for each option is considered.

B.4 SELECTION OF MVSS INPUT DISTRIBUTIONS

In Chap. 6 the ranges for each i.,ut variable were defined, listed,
and justified. For the MVSS it is necessary to te able to associate a
probability of occurrence for any value within the defined range. It is
also useful to define the probability of the reference value relative to
other possible values within the range. For these reasons, this report
deals mainly with relative probability distributions (sometimes called
"probability density functions" by statisticiams). Because future pro-
jections rather than historical data are being considered, it 1is not
possible to construct an input distribeiion directly from a set of
data; Because the forecasting process 1s highly subjective, defining
simple distributions based on a minimum number of easily understood
defining parameters 1s desirable. To wmaintain simplicity, most dis-
tributions will be defined by three parameters:

1. A low value: This will represent the most optimistic (or pessimis-
tic for the capacity factor) value deemed plausible for this vari-
able. The probability of variable X; having this value or any below
it 1is zero.

2. The reference or mode variable: 1In this study, it is assumed that
the reference case value chosen for any variable is also its most
likely or mode value. On a relative probability plot the reference
value would represent the peak or maximum on the curve.

3. A high value: This will represent the most pessimistic (or optimis-
tic for the capacity factor) value deemed plausible for this vari-
able. The probability of X; having this value or any above it is

Zero.
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In the histogram, the other type of distribution used, the cumulative
probability over all of the bars must total 1.0. The fraction of the
area under the relative probability curve envelope between the low value
and a given value within the range is known as the "cumulative probabil-
ity.” The cumulative probability assocliated with the mode or baseline
value is important because it essentially gauges the analyst's degree of
optimism concerning the reference value. As an example, consider a com-
modity cost: a variable with a baseline (and mode) value selected close
to the low value (i.e., with a cumulative probability <€D.5). Even
though this reference value Is considered most likely, any other values
for this cost could be said to have a very high probability {(i.e., 1.0
minus the cumulative probability) of coming in at over this reference
cost; In essence, the analyst has been very optimistic in the selection
of his baseline value. For the distributions defined by three points,

two types are used:

1. The triangular distribution: The high and low values define the end
points, and the apex is defined by the reference (i.e., most-likely)
value. The skewness of the triangle (i.e., the relative location of
the apex value to the location of the end points) is an indicator of
the relative optimism or pessimism associated with the reference
value. An 1soceles or symmetric triangle represents the special
case in which 50% of the area (and, therefore, ~507 of the value
sampled) lies on each side of the reference value. In this special
case, the mode is said to equal the median, the latter defined as
the 507 cumulative probability point or 50th percentile. Figure B.l
shows some example triangular distributions.

2. The log-triangular distribution: Many cost distributions display

"rightward skewness (i.e., there 1s a long tail associating low rela-
tive probabilities with possible high costs). The reference value
will usually lie much closer to the low value than to the high value
at the end of ¢t rightward tail. However, associating median
behavior (i{.e., a 50th percentile location) with the reference (and
most—likely):value is often desired. The log-triangular distribu-
tion has the attribute of forcing this type of behavior onto a
righrward—skéwed triangular distribution and 1s ucilized for all
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variables for which simulating long tails (such as the high end of
the overnight capital investment cost) without significantly dis-
torting the median probability point 1is desired. For leftward-
gskewed triangular distributions the log-triangle modificatinn is wnot
applicable. These cases are better defined by histograms, as are
several variables in this study. PFigure B.l shows the appearance of

a typical log-triangular distribution.
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Appendix €

DESCRIPTIONS GF THE TEN REGIONS

For the reader to better understand the results of tuis study, it
is necessary that the authors provide a short discussion of each par-
ticular region's attributes that affect the energy-related economics of
either power gereration option. The regional breakdown corresponds to
that used by the Energy Information Administration (EIA) in its fore-
casting system.

The states within each region are shown on the map in Fig. 2.2.
The power gemeration fuel mix for each region is given below for the
first quarter of CY-1986 (second quarter, FY-86) and is calculated from
data in the EIA's Electric Power Quarterly: Jan-Mar 1985.1 Note that
the category "other” includes geothermal, wind, wood, waste, and solar-

power generation.

Region 1 (New England)

Region I includes the states of Connecticut, Maine, Massachusetts,
New Hampshire, Rhode Island, and Vermont. This region has nc indigenous
fossil fuel resources and relies heavily on imported oil and, to a
lesser degree, coal transported a considerabie distance from northern
Appalachian coal fields. For these reasons, nuclear power gained early
acceptance among the utilities in the 1960s and 1970s, and several of
these early power plants continue to provide a significant percentage of
the region’s electric power needs. Small hydro and imported Canadian
hydro provide a small percentage. The breakdown ol power production
methods (by power produced rather than capacity in places) in the first
quarter of 1986 is coal fired — 18.6%, hydroelectric — 5.5Z, gas
fired — 0.3%, nuclear — 26.8%, oil fired — 48.6%, and other — 0.2Z.

Region II (New York and New Jersey)

This heavily populated a2nd heavily industrialized region has very
small indigenous fossil fuel resources. Transportation costs for coal

are less than for the New England region because of the closer proximity
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of the Appalachian coal fields (see Fig. C.l1 for locations of coal
fields in the contiguous 48 states); thus, coal-fired electric genera-
tion is wore competitive than in Region 1. The fact that many power
plants are located in heavily populated areas forces some utilities to
burn gas and oil to corply with air-quality regulations. New York has
been obtaining an 1increasing amount of its power from hydroelectric
resources in both the United States and Canada. Nuclear units in these
tw states provide an amount of electricity comparable to oil-fired
units alone. The breakdown of power production methods is coal fired —
16.92, hydroelectric — 19.7% (does not include Canadian imports), gas
fired — 7.32, nuclear — 27.5%, oil fired — 28.6%, and other — 0.0Z.
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Region ITI (Mid Atlantic)

This mixed agricultural/industrial region includes the states of

Delaware, Maryland, Pennsylvania, Virginia, and West Virginia. Three of
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these five states (Pennsylvania, Virginia, and West Virginia) are major
coal-producing states; thus, coal transportation costs are lower than in
Regions I and 11. Sowme of the coal is of the medium or high-sulfur
grade and at times is not suitable for use in the heavily populated
areas of the eastern seaboard; thus, a small amount of oil-fired
capacity exists. The region also has a significant commitment to
nuclear power with much of it brought on-line during the 1970s. The
breakdown for power production is coal fired — 72.1Z, hydroelectric —
1.7%, gas fired — 0.17, nuclear — 22.6Z, oil fired — 3.5%, and
other — <<0.1%Z. ‘

Region IV (South Atlantic)

This mixed agriculturzl/industrial region includes most of the
Southeastern states of Alabama, Florida,'bborgia, Kentucky, Mississippi,
North Carolina, South Carolina, and Tennessee. The Appalachian states
in this group are major producers of coal and also have significant hy-
droelectric production capability. Coal 1is by far the largest producer
of electric power. With the exception of heavily populated southern
Florida and the Gulf Coast, transportation costs for coal are reiatively

low. Nuclear power will supply a growing percentage of power 1in

Region IV as the Tennessee Valley Authority’'s nuclear operating and con-
struction problems are resolved. Much of:the small amount of switchable
gas/oil capacity is located in south Florida. The breakdown for power
production for this region is coal fired:—-69.7z, hydroelectric — 4.4%,
gas fired — 3.3, nuclear — 19.7%, oil f%red — 2.9%, and other — 0.0%.

Region V (Midwest)

Proximity of this region (Illinois, Indiana, Michigan, Minnesota,
Ohio, and Wisconsin) to the Appalachian @nd north central coal fields,
plus indigenous coal resources in Illinois, Indiana, and Ohio, makes
coal-fired plants the primary electric: power source. Nuclear power
plays a significant role with some u@ilities, such as Commonwealth
Edison in Illinois, heavily committed to nuclear power. Less than 1% of

the power 1in this region 1is contributed:by the burning of oil or gas,
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The breakdown for this region is coal fired — 82.0%, hydroelectric —
0.92, gas fired — 0.27, nuclear — 16.5Z, o1l fired — 0.3%, and other —
0.1Z.

Region VI (Southwest)

This region (Arkansus, Louisiana, Oklahoma, New Mexico, and Texas)
includes the two states that provide almost two—-thirds of the natural
gas available in the United States; therefore, 1t is not surprising that
this clean and easily transportable fuel supplies a fraction of power
production that is much higher than in any other region. Coal is the
major electric-power fuel source with significant amounts available from
indigenous resources in Texas and New Mexico. MNuclear, hydro, and oil
provide only small fractions in this region. The breakdown 1s coal
fired — 53.12, hydroelectric — 2.1%, gas fired — 38.4%, nuclear — 6.2%,
oil fired — 0,17, and other — 0.1%.

Region VII (Central)

This primarily agricultural region includes Iowa, Kansas, Missouri,
and Nebraska. The presence of some indigenous coal and its proximity to
low-cost coal from Regions VIII and V account for the fact that nearly
three-quarters of that region's power is generated by coal. At >21%,
nuclear power 1is playing an increasing role. The breakdown is coal
fired — 74.5%, hydroelectric — 3.3%, gas fired ~ 0.7%, nuclear — 21.3%,
and oil fired — 0.2%.

Region VIII (North Central)

This sparsely populated region includes Colorado, Montana, North
Dakota, South Dakota, Utah, and Wyoming. Most of these states are coal
producers, with much of the coal being low cost, strip mined, low
sulfur, and sub-bituminous. This region has the largest coal generation
fraction, ~83%7, of all the regions. Hydroelectric capacity, some of it
tmported from the Pacific Northwest, provides nearly zll of the remain~
ing power. This iz the region in which there s the smallest nuclear
electric power generation capacity (i{.e., one plant, Fort St. Vrain, in

Colorado). The bhreakdown of power actually produced in CY-1986, first
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quarter, 1is coal fired — 83.1%, hydroelectric — 16.3Z, gas fired —
0.3%2, nuclear — 0.02, oil fired — 0.1Z, and other — 0.22.

Region IX (West)

This region includes Arizona, California, and Nevada, all hydro-
electric producers. Thus, along with hydro imports from Region X and
Canada, hydro accounts for the largest fraction in Region IX. Small
indigenous coal resources, plus coal from neighboring regions, make coal
second at »21Z (California has no coal-burning plants, however). Coastal
California relies heavily on o0il- and gas-fired capacity, especially
because of air—quality problems in Southern California. WNuclear power
is playing an increasing role in this region as new plants in Califormia ‘
have come on-line. This region is the only one to utilize a significant
fraction of generation resources in the category called "other.” These
inclvude several wind-farm, geothermal, and solar projects. The break~
down is coal fired — 21.4%7, hydroelectric — 32.7Z, gas fired — 20.8%Z,
nuclear — 14.3%, oil fired — 5.02, and other — 5.82.

Region X (Northwest)

The three states of Idaho, Oregon, and Washington compose Region X.
The Columbia River and its tributaries provide a tremendous, low-~cost,
hydroelectric capacity that accounts for ~85Z of this region's power
generation. Nuclear power accounts for most of the balance. This
region has the lowest dependence onm coal at only ~3Z. The breakdown is
coal fired — 3.1%Z, hydroelectric — 84.87, gas fired — 2,07, nuclear —
9.87, oil fired — 0.2%, and other — 0.1%.

Other Observations

The present relatively low prices for residual fuel oil and natural
gas are causing some utilities to increase the fraction of this fuel in
their power generation mix. It 1is unlikely, however, that significant
new oil-fired capacity will be added. Coal and nuclear account for ~74%
of the power generation in the continental United States and will

account for an even greater fraction of any new capacity brought on-line
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in the next Z0 years. Por these reasons, this report will deal only

with coal and nuclea~ power generation costs.
REFERENCE

1. Electr. Powver Q.: Jan-Mar 1985, DOE/EIA-0397(86/1Q), Energy Infor-
mation Administration; Washington, D.C., April 1986.
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Appendix D

‘REVENUE REQUIREMENTS AND CASH-FLOW
TABLES FOR REFERENCE PLANTS
(MIDWEST REGION)



Table D.l. Annual revenue requirements (BE nuclear plant located in
region 5: capital comporaznts)

IRXITIAL INVESTRENT = $ 3087.
TAX DEDUCTXILLE PRACTION OF ILMITIAL INVESTARNT = 0.7103

RALE  RRETURRN ON BOOK TAX IRCOHE .2XES PROPERTY INTERIR REVEROE REQR. CEUTS/REH
YRAR BASE CAPITAL DEPR DEPR CURRENT DEFERRED TAXES REPL MONINAL $ 1986 $§ MNOANI. $ 196b §
2000 3877.9 394.2 92.2 209.5 165.8 69.4 3.7 19.4 814. 84 391.7 12.07 S.81
2001% 3321.6 376.5 92.2 366.7 80.1) 1s.1 73.7 20.) 788.2 361.1 11.68 5.35
2002 3089.6 350.2 92.2 318.3 91.5 119.8 13.7 2.3 788.9 326.7 11.10 4.84
2003 2882.8 326.8 92.2 261.9 108.3 98.6 13.7 22.8 T14.0 296.7 10.59 4.80
2004 270V.2 306.2 92.2 261.9 93.3 98. 6 73.7 23.3 681.6 270.5 10.13  4.01
2065 25197 285.6 92.2 261.9 82.13 98.6 73.7 8.7 653.2 246.2 .68 3.65
2006 2333.1 265.0 92.2 235.7 88.0 82.0 73.7 25.9 622.9 223.6 9.23 3.3
2007 2169.2 285.9 92.2 215.7 73.8 82.0 73.7 2T7.2 5964.9 203.4 8.82 3.0t
2008 2000.2 226.7 92.2 235.7 63.6 85.0 73,7 28.6 566.9 184.6 8.40 2.74
2009 18313 207.6 92.2 235.7 53.% 82.0 13.7 30.0 536.9 167.1 7.99 2.48
2010 1662.8 188.4 92.2 9.0 156.7 =35 3.7 N.5 511.1 150.9 7.58 2.28
2001 1607.0 182.2 92.2 0.0 153.4 -31.5 73.7 3.1 503.0 1m1.5 7.46 2. 10
2012 1551.5 175.9 92.2 9.0 150.0 -31.5 73.7 34.8 995.1 132.6 7.38 1.97
200 1996, 1 169.6 92.2 0.0 186.7 =31.5 T3.7 36.5 487.2 128.3 7.22 1.84
2014 180.7 163.3 92.2 0.0 1483.3 -3t.5 13.7 38.) 879.4 116.5 7.1 1.73
2015 1385.3 157.0 92.2 0.0 Wwo.o0 =35 3.7 80.2 471.7 109.1 6.99 1.62
2016 1329. 9 150.8 92.2 0.0 136.7 -31.5 73.7 42.3 4648.1 102.3 6.88 1.52
2017 1274.5 184.5 92.2 0.0 133.3 -31.9 3.7 .0 836.5 95.8 6.77 1.82
2018 1219. 1 138.2 92.2 0.0 130.0 -3%.5 73.7 46 .6 % 9.1 89.8 6.66 1.33
2019 1163.7 131.9 92.2 0.0 126.6 -31.5 73,7 48.9 831.8 84.1 6.55 1.25
200 1908.2 125.6 S2.2 9.0 123.3 -31.8% 73.7 S1.4 834.7 78.8 6.44 1.17
2021 1052.8 119.3 92.2 0.0 119.9 -31.9 73.7 53.9 §827.6 73.8 6.34 1.09
2022 T8 113.1 92.2 0.0 116.6 -31.8 73.7 56.6 820.7 69.2 6.24 1.03
2023 9%2.0 106.8 92.2 0.0 1.2 -31.5% 13.7 59.5 %139 64.8 6.14 0.96
2028 886.6 100.5 92.2 0.0 109.9 -31.5 1.7 62.4 807.2 60.7 6. 04 0.90
2025 831.2 %2 92.2 6.0 106.5 -31.3 13.7 65 .6 8006.7 56.9 5.94 0.8%
2026 775.8 87.9 92.2 0.0 103.2 -31.9 13.7 68.8 394.4 53.4 3.85 0.79
2027 720.4 81.7 92.2 0.0 99.8 -31.3 13.7 12.3 300.2 $0.0 5. 7% 0.78
2020 664.9 75.8 92.2 0.0 9.5 -31.% 73.7 75.9 382.2 46.9 5.67 0.70
2029 - -609.S - - 69.1 92.2 " - 0.0 93.2 -31.8% 73.7 1.7 376.3 45.0 "e58 0.65

S¥a OrF TAR PRESEBEY SORTH OF THE REVENUE REQUIRRHENTS TO STARTOP =

[
on
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Table D.2. Annual revenue requirements (BE nuclear plant located in
reglon 5: all cost components)

$35028 08 54048 0S8 NN COSTS IN NOHINAL SE*s9sss sesesss il COSIS IN 1906. CONST $nseesse
SESREBEL LS 1S SL 0L AR ESXE S S ERB 0SB S SR 2SS0 S SEE 2L AR08 00800 82008880 2200 22000808

STEARSSCAPITAL PU. . 0%R DECOHA®*TOTAL* *CAPITAL PFOEL O8N  DECONA TOIALse
SESRESES R LU SEEERLSE AR RE SRS SRR SRS SESL S IS CS 0000808085 20848 2888 S84

2000 6818.3 108.9 102.4 8.3 1038.1 391.7 52.4 89.2 8.0 A97.%
2001 788.2 88.7 107.5 8.8 993.2 361.1 0.6 89.2 8.0 4&55.0
2002 788.9 85.0 112.9 9.3 956.0 325.7 37.1 49.2 8.0 817.1
2003 7180 89.0 118.5 9.7 931.3 296.7 37.0 89.2 8.0 387.0
2008 683.6 97.2 1284 10.2 915.84 270.5 38.5 89.2 8.0 362.3
2005 653.2 108.3 130.6 10.7 903.0 286.2 80.8 49.2 8.0 380.3
2006 622.9 117.9 137.2 1.3 889.3 223.6 82.3 89.2 8.0 319.2
2007 598.9 125.8 184.0 1.8 876.6 203.% 83.0 49.2 8.0 299.7
2008 566.9 133.5 151.2 12.8 868.0 188.6 83.5 89.2 4.0 281.3
2009 538.9 150.9 158.8 13.1  851.7 167.1 83.7 89.2 8.0 268.1
2010 S511.1 188.8 166.7 13.7 880.3 150.9 13.9 89.2 8.0 268.1
2011 S03.0 157.0 175.1 .4 849.5 181.5 .1 89.2 4.0 238.9
2012  495.1 165.5 183.8 5.1 859.6 132.6 \8.3 89.2 4.0 230.2

2013 %87.2 178.6 193.0 15.9 870.7 12¢.3 .S 49.2 5.0 222.1
2018 879.% 188.1  202.7 16.7 882.9 116.5 8.7 89.2 8.0 2185

2015 &71.7 195.0 212.8 17.5 897.0 109.1 85.1 89.2 8.0 207.6
2016 .68.1 205.8 223.% 18.4 911.6 102.3 85.3 89.2 8.0 200.9
2017 456.5 217.1 234.6 ¥.3 927.5 95.8 85.6 89.2 4.0 198.7
2078 a89.1 229.0 2%86.3 20.2  9NN.7 89.8 85.8 49.2 8.0 188.8
2019 as1.8 281.6  258.7 21.3  963.% 8.1 46.0 89.2 4.0 183.8
2020 838.7 258.9 271.6 2.3 983.5 78.8 86.2 §89.2 8.0 178.3

2027 8427.6 268.9 285.2 23.4 1095.1 73.8 86.4 89.2 8.0 173.5
2022  820.7 283.7 299.% 25.6 1028.% €9.2 86.7 89.2 4.0 169.1

2023 813.9 299.3 31a.4 25.8 1053.% 64 .8 86.9 89.2 8.0 165.0
2028 407.2 315.8 330.i 27.1 1080.3 60.7 87.1 89.2 8.0 161.1
2025 400.7 13,2 3586.6 28.5 11.9.C 56.9 47.3 §9.2 4.0 157.5
2026 394.8 5=1.9% 365.0 29.9 1139%.¢ 53.% 47.6 49.2 4.0 184,2
2027 388.2 170.v 382.2 31.84 1172.¢ 50.0 47.8 89.2 8.0 151.1
2028 382.2 43,3 401.3 3.0 1207.7 846.9 48,0 89.2 8.0 148,2

2029 376.3 s1..% 821.3 34.6 1245.1 8.0 48,2 89.2 8.0 145,5
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Annual revenue requirements (BE nuclear plant located in
all unit cost components)

ssesonss o5 ANN COSTS IN NONIBAL CIS/KwHséses sse¢lNE CUSTS IF 1986. CGEST CTS/Kwiesss
Y R Y Y YT PR o e o A T L Ty L R R T P e e e

STEARCSCAPITAL PFUEL
S84 508880083051 00 LSS SRS ERSLE0RCESSE 0080  CHE0SSE RN ESS80SSESS00000 480 SRESR 00

2000
2001
2002
2003
2008
2005
2006
2007
2008
2009
2010
20191
2012
2013
2018
2015
2016
2017
2018
2019
2020
2021
2022
2023
2028
2025
2026
2027
2028
2029

12.07
11.68
11.10
10.59
10.13
9.68
u.a
8.62
8.40
7.99
7.58
7.46
7.3%
7.22
7.11
6.99
6.88
6.77
6.66
6.55
6.4
6.38
6.28
6. 18
6.03
5.9
5.85
5.75
5.67
5.58

1.69
1.37
1.32
1.38
1. 50
1.68
1.83
1. 95
2.07
2.18
2.30
2.43
2.56
2.70
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3.02
3.8
3.36
3.54
.n
3.95
8. 16
4.39
8.63
4,89
5.1%
Dehy
Lol
Lald

el

otn

1.52
.59
1.67
1.76
1.843
1.9%
2.03
2. 1%
2.28
2. 35
~..d
2.60
2.73
2.86
3.00
3.15
3.31
3.a8
3.65
3.83
8.03
8. 23
a.00
8.66
4.89
5. 18
5.80
5.67
5.9
6.25

0.2
0.13
0.14
0. 18
0.15
0. 16
0.17
0. 18
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0.19
0.20
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0.22
0. 2%
0.25
0.26
0.27
0.29
0.30
0. 32
0.33
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0. 36
0. 38
0.50
0. 82
0.84
0.487
0.49
0.5¢%

DECOBA**TOTAL®
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13.86
13.68
13.%6
13.26
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5.9
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- 15.08
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lésob
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17.62
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loede
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A. 88
8. 80
§.0t
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N. g
2-28
2. 10
1.97
.88
1.73
1.62
1.52
.82
1.33
1.25
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1.09
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°. °.
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0.78
0.70
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¢CAPITAL PUEL

0.81
0.63
9.57
0.57
0.60
0.63
0.66
0.67
0.67
0.68
0.686
0.68
0.69
0.69
0.69
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0.7%
0.71
0.71
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0.72
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0.73
6.73
Q.Nu
Ge74
Coln
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otn

0.73
0.73
0.73
0.73
0.73
0.73
0.73
0.73
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%.06
9. 06
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8.20
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3.,
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Table D.5. Annual revenue requirements (coal-fired plant located in
region 5: all cost components)

8880484 S22 SSL ) COSTS IN PORINAL ShAsvssss ssensss AlN COSTS IF 1986. CONST Syseses
ZIBEEISE SR SSE SR EREE 4G $SEE SRRBE SRS SRR PR RSSO0 00 SE SFR S S0 0540000008080 0R 00 S80S

STEAR®SCAPITAL FUEL 0t  DECONNS*TOTAL® SCAPITAL TYUEL 063 DECOBE T0TALS*
SESRI08E 2020843080080 S3 000080 2R 02450888008  $808800 0500840082000 00 050000000 0000088 8

2000 623.3 290.% 82.7 1.4 998.3 299.8 139.9 39.8 0.7 880.2
2001 607.6 305.% 86.9 1.5 1001.8 278.% 139.9 39.8 0.7 A58.8
2002 562.5 320.7 91.2 1.5 99%.0 254.2 139.9 39.8 0.7 &38.6
2003 559.8  336.7 95.8 1.6 993.5 232.8% 139.9 39.8 0.7 A&12.8
2008 538.1 353.6 100.6 1.7 3%9%.0 213.0 139.9 39.8 0.7 393.»
2005 518.9 3n.z 105.6 1.8 997.5 195.6 139.9 39.8 0.7 375.9
2006 4899.6 3689.8 110.9 1.9 1002.2 179.3 139.9 39.8 0.7 35%.7
2007 8482.3 B09.3 116.5 2.0 1010.0 168.9 3139.9 39.8 0.7 385.3
2008 465.1 829.8 122.2 2.7 1019.2 151.8  139.9 39.8 0.7 3.8
2009 M87.9 451.3 128.3 2.2 1029.7 138.9 139.9 39.8 0.7 319.3
2010 830.86 873.8 138.8 2.3 1081.6 127.2 139.9 39.8 0.7 307.6
2011 3.7 897.5 181.5 2.5 1055.1 116.8 139.9 39.8 0.7 296.7
2012 396.7 522.84 148.6 2.5 1070.2 106.3 139.9 39.8 0.7 286.7
2013 379.8 S588.5 156.0 2.6 1086.9 96.9 139.9 39.8 0.7 217.3
201% 362.9 575.9 163.8 2.8 1105.% 88.2 139.9 3s.8 0.7 268.6
2015  3a6.1 608.7 172.0 2.9 1125.7 80.1 139.9 39.8 0.7 260.5
2016 330.8 635.0 180.6 3.1 1159.4 75.1 139.9 39.8 0.7 255.5
2017 335.5 666.7 189.6 3.2 1195.0 70.8 139.9 39.8 0.7 250.8
2018 330.3 700.0 199.1 3.5 t1232.8 66.0 139.9 39.8 0.7 246.%
219 325.2 735.0 209.1 3.5 1272.% 61.9 139.9 39.8 0.7 282.3
2020  320.2 771.8 219.5 3.7 1315.3 58.1 139.9 38.8 0.7 238.5
2021 315.8 810.% 230.5 3.9 1360.1 58.8 139.9 39.8 0.7 238.8
2022 310.6 850.9 282.0 8.1 1807.5 51.1 139.9 39.8 0.7 231.5
2023  395.9 893.% 258.1 8.3 1857.7 87.5 139.9 39.86 0.7 228.3
2028 301.3 936.1 266.8 4.5 1510.7 4.9 139.9 39.8 0.7 225.3
2025 296.8 985.0 280.2 8.7 1566.7 82.2 139.9 39.8 0.7 222.6
2026 292.5 1034.3 298.2 5.0 1625.9 39.6 139.9 39.8 0.7 220.0
2027 288,2 1086.0 308.9 5.2 1668.3 37.1 139.9 39.8 0.7 217.5
2028  288.1 1180.3 328.3 5.5 1754.2 3.9 139.9 39.8 0.7 215.3
2029 280.2 1197.3 380.5 5.8 1823.8 32.7 139.9 39.8 0.7 213.1
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Table D.6. Annual revenue requirements (coal-fired plant located in
region 5: all unit cost components)

sS850 8 S0SA N COSTS IN NOHINAL CIS/EvVeessss ¢osAEE COSTS IN 1986. COEST CIS/Kwisoss
S840 0SS SR SESS S 0SSR ERSS 00 L2 E 0 00880 S0 4RSS0 0200 S84 S08 40500000 9S00SS L $2008 008

STEAR*SCAPITAL TUEL 06l  DECOMBSSTOTAL® ¢CAPITAL PUZL O88 DECOHE TOIAL®*
IR S S SE S EEEREL IR S S48 B S0 0 “e $ S8R SRS S S0 AL S PIERS LR R SRS S

2000 9.2% 4.31 1.23 0.02 14,80 8.0 2.07 0.59 9.01 T.12
2001 9.01 8.53 1.29 0.02 18.85 8. 13 2.07 0.59 1.01 6.80
2002 8.6% 8. 75 1.35 0.02 W.7M 3.7 2.07 9.59 .01 6.48%
2003 8.29 8.99 1.82 0.02 1a.73 3.585 2.07 0.59 .01 6.12
2004 7.98 5.28 1.9 0.03 8. 78 3.16 2.07 0.59 n.01 .83
2005 7.69 5.50 1.57 0.03 1.79 2.90 2.07 0.5% 9.01 5.57
2006 7.81 5. 78 1.68 0.03 18,06 2.66 2.07 0.59 9.01 5.33
2007 7.15 6.07 1.73 0.03 18.97 2.8% 2.07 0.5% 19.01 S.12
2008 6.90 6.37 1.81 0.03 15. 11 2. 28 2.07 0.59 9.01 8.92

2009 6.6% 6.69 1.90 0.03 15.27 2. 06 2.07 0.59 9.01 8.73
2010 6.39 7. 02 2.00 0.03 15.8% 1.89 2.07 0.59 9.01 8.56
2011 6.13 7.38 2. 10 0.08 15.64 1.73 2.07 9.59 9.01 4.80
2012 5.88 T7.78 2.20 0.08 15.87 1.58 2.07 0.59 9.01 8.25
2013 5.63 8. 13 2.3% 0.0 16. 11 1.8 2.07 0.59 .01 8. 19
2018 5.38 8.5 2.83 0.08 16.39 1. 31 2.07 9.59 9.0 3.98
2015 5.13 8.97 2.55 0.08 16.69 1.9 2.07 0.59 .01 3.86
2036 5.05 9.581 2.60 0.05 17.19 1. 11 2.07 0.59 9.01 3.79
2017 4.9 9.88 2.81 0.05 17.72 1. 08 2,07 0.59 09.01 3.72
2018 4.90 10. 38 2.95 0.05 18.28 0. 96 2.07 0.59 .01 3.65
2019 8.02 10-90 3. 10 0.05 18.87 0.92 2.07 0.59 92.01 3.59
2020 8.75 11.88 3.25 0.06 19.50 0. 86 2.07 0.59 9.01 3.5%
2021 8.66 12.01 3.82 0.06 20.16 0. 81 2.07 0.59 9.01 3.48

2022 8.60 12. 61 3.59 0.06 20.87 0.76 2.07 0.59 9.01 3.a82
2023 8.53 13.25 3.77 0.06 21.61 0.71 2.07 0.59 .01 3.38
2024 .47 13.91 3.9 0.07 22.80 0.67 2.07 0.59 9.01 i.n
2025 .40 14. 60 8.15 0.07 23.23 0. 63 2.07 0.59 2.01 3.30
2026 §.38 15.33 8.36 0.07 28.10 0. 59 2.07 0.59 .01 3.26
2027 §.27 16. 10 8.58 0.08 25.03 0.55 2.07 0.59 9.0t 3.22
2028 8. 21 16.90 4.91 0.08 26.01 0.52 2.07 0.59 9.01 3.19
2029 4.15 17.75 5.05 0.09 27.04 0.89 2.07 0.59 9.0t 3.16



134

[543

| 2e 1%
1°6€
G°6€
0°66

[ 4d ]
L1°60
£°9¢L
9°2¢i
1°Cs
L°9%
1°09
€°€9
0°99
8°69
t°9tL
€°nL
(R XA
L°6L
6°904
0°661
T°h0?
e°6LT
1ezst
9°022
6°6T
9°62
[ 414
gezot
6 167
h°681-
g L9~
6°6n9~-
N°ES9~
[*596~
E°LON~-
LA X4 B
6°Cl~

no1d
HSD 10X

1°6€~ Teont
0°Sh~- { 213
9°ih~ L°9¢L
Ve er- 6°LL
6°54 1°6¢L
1°sE- 4°00
s°ze- 9°i8
£°9~ e°te
$°89 I °48
zeze- [ ] ]
6°6Z~- s°9e
Lot~ e-te
L°sZ~ 0°68
6°€T~ 206
1°ZT- €°46
991~ L°té
9°61 - 6°€6
1°81- T°56
L9~ 8°96
T°6 9°LE
9°G6i - 6"z
S°al- [ 1% 4
9°Z~ L4
6°62 teozr
£*ol~ 6°Zn
0T~ 6°96Z
€1z~ 6°062Z
L[Nl 8°08Z
heg- T°LLE
(] 0°6€T
0°904 - ¥-€e-
1°09~ LoLbs~-
0°0 6°689~
0°0 ¥ ES9-
0°0 €°G96-
0°0 E*LON-
0°0 N LzZi-
0°0 6°Cli~

#07d HSD 1014
1a0d HED 4¥D

(6 uotBax uy poaedol jueld ies(onu Fg) SMOTF ysed [enuuy

0°Lin
L°Gly
9°6LN
coale
T 6Ty
[ 14
L°6EN
€Sy
0°ISe
0°LSY
L7E9%
b 69
8°SLY
N Zoh
To60Yy
0°96%
1 "E0S
T 016
w°LiS
8°02Z6
0°7s$
€°6LS
L°909
(4 13
0°%99
8°£69
8°€ETL
1°0sL

ATN
*d¥do ok

00
0°0
0°0
0°0
0°0
0°0
0°0
0°o

*Ga°IMIX
QlaAlQ

9°6€ L EL L°6L T°€6 00
o ¢t L°cL 6°SL $°96 00
1 213 Lte°ctL €°TL 8°66 00
6°6Z L°€EL 8°99 T°e0 0°0
scez L°EL 9°S9 $°901 00
17LT L°CL L34 6°601} 00
8°SZ L €L $°6S T°CI 00
$°e L €L 9°9S 9°9L4 00
N ET L €L 6°€S 6°6L 14 0°0
[ 344 L°CL L 23] (3143 00
[ 34 %4 L EL 6°0% 9°9Z1 0°0
t°oz L°EL 9°9n 0°0€EL 0°0
€61 L°EL L 1 [ 1%} 0°0
(3013 L cL €Tz. L 9€} 00
34 L°€EL (1] ] 0°0b1 0°0
L°9 L €L €°8€ €°enl [ ]
6°S\ L°cL S*9€ Lo 00
1Sk L°€L 8°0€ 0°0S\4 0°0
el Lo €L 1 €€ L 3 1) 0°0
L€ L°tL S*LE L°9si 0°0
\°EL L°CL 0°0¢ v es 0°0
Nz L €L 9°el 9°E9 0°0
81t L°cL LT 8 €L 0°0
E*L) LtecL 6°ST 0° 0°0
Lol LtecL L°n? L4 00
(a1} L EL S°€ET € c6 0°0
L°6 L°EL | 14 £°%01 0°0
€°6 L EL €T $°i6 00
e*8 L eL €°0 €08 0o
Ne L°EL n°61 Ns9l 0°0
0°0 0°0 0°0 g €Lz~ 1°LS€E
0°0 0°0 0°0 0°0 LoLYS
00 00 0°0 0°0 6°6V9
0°0 0°0 0°0 0°0 (334
0°0 0°0 0°0 0°0 €°s0s
0°0 0°0 0°0 0°0 €°LO0N
0°0 0°0 0°0 0°0 L 24
0°0 0°0 0°0 0°0 6°CiY
an nd SIIvl Ta38 S3xvl AND
SSINROD3A dJ4ona RI¥BAINT TRIvqNd TYiIavYD
0080°0 = NOIIDVHJ IIQIHD XVI ININISIANI

*L*4 °Tqel

0°6202
6-e20?
0°LTo0Z
0°9Z02
0°S202

0°€20Z
0°2202



™
——

[Sal
(5]

¢ ¢ ¢ ¢ % 5 g8 0 & s 0
VOOV OYONOHOHBNN

MAPNOVOARSET NMNODON
OIﬂQﬂN""OOShOIﬂQﬂ
-2 -]

L ]
=
~
-

9°9C1
6°8€1
€°inl
9°€Ent
0°9hi
£°ant
L°0S!
0°€si
5°991
1691
6°791
6°961
Y T4
9° 86l
L°96) -
L°9cL~-
0°06L~
h°9Ls -
n°6Cl ~
6°85~

4014
HSYO

0°982 8°6€ 8°S T°LS 6°L9 "9 0°o
9°682 ' L3 ) $°S TeLs 6°8S 8°69 0°0
§ E6T o°Lh z°s T°LS L°9¢ T°TL 0°0
n°L6t 9°0S 0°s LS L3 9° N 0°0
9°10¢ (4 1 L°n LS 6°0S ot 0°0
8°60€ B°Ls $°h LS S°*en 6L 0o
z°0l€ L} E°h TeLs T°9 Y 0°0
L°nieE 1°69 L°n T°LS 0 nh T 08 0°0
€°61LE L°89 6°€ ToLS 6°Le 9°98 0°0
0°nZeE €°2L L°c TLS 6°6€ 0°68 0°0
8°8Z¢€ 6°6L §$°¢ TLS 0°8¢t ®°16 0°0
L °ECE S°6L L38 3 TLS T°9€ 8°€é 0°0
L8EeE L1°€8 °t T°LS L343 Z°96 0°0
8 °E6E L-98 1°€ T°LS 8°tc 9° 86 0°0
0°6hE €06 6°C T°LS € 0°i01 0°0
L°69¢ 6°66 8"z T°LS 8°6T Lo 0°0
h°Z8¢E $°601 92 LS €8l L1°8h 0°0
T°66¢ 17648 sz T LS 0°LZ 8°0S 0°0
L°9Lh L8zl LKA T°LS L°sZ 8°09 0°0
L °EEh 139 14 3 €T ToLS -3 14 1°L9 0°0
L°0sh 6°thl A 4 LS 14 S°EL 0°0
T L9N S°LSi 1°z T LS [t X4 8 6L Q0
€°hoh el Qe T°LS [ ¥4 T°99 0°0
S°10§ L*oLL 6°L T°LS L°0Z 9°26 0°0
L°0ZS €°L01L 8- T°LS T-6l 9°08 0°0
6"6€S 6°L6L Ll T°Ls £°81 L°S6 0°0
0°49S h°60T7 9°1 Z°LS LA "6 0°0
| “n8s oreLe S*i T°LS 9°91 8*6e 0°0
L°609 9°s€e s°i T°LS 8°st 6°L8 0°0
L°nts Toant Lo4) LS 0°st € ont 0°o
0°0 0°0 0°0 0°0 0°0 oLz 6°CLY
0°0 0°0 0°0 0°0 0°0 0°0 L°9¢EL
0°0 0°0 0°0 0°0 0°0 0°0 0°06L
0°0 0°0 0°0 0°0 0°0 0°0 8°9LS
0°0 0°0 0°0 0°0 0°0 0°0 L1}
0°0 0°0 o°o 0°0 0°0 0°0 6°8s
Agd aund SIIVE 14449 SIXW ANI
TYI0L “Qd°ATd SSINRODIA doud WIYIINI LNIWND TYLIXIND

0000°0 = NOTLOYMd LIAIYD XVI LININISTANI

(¢ uotBea uy peaedo] JueTd Paifi-TBOD) SMOTJ YSEBD TRNUUY °*g°d ITqe}

0°6202
0°gtoz
0°LZ0Z
0°9Z02
0°szZoZ
0°h202
0°€TOT
0~2toz
01202
0°0zoz
0°6l02
0 giloT
0°L102
0°9102
0°Sioz
0° 8ol
0°EL0T
9°T10T
o°LioT
0°0102
0°6002
0°9002
0°L002
0°9002
0°500
0°%002
0°€c"z
0°zo0Z
0°100T
0°0002
0°6661
0°8661
0°L66L
0°96614
0°5661
0°%661

sYa X



l.

2.

3.
4-8.
9.
10-14.
15.

16.
17-21.
22.
23.
24.
25.
26.
27.

47.

48.
49.
50.
51.
52.

53.

54.
55.
56.
57.

58.

e
(7]
~4

ORNL-6368
Dist. Category UC-80

Internal Distribution

T. D. Anderson 28. J. D. McGaugh

H. W. Bertini 29. J. R. Merriman

T. M. Besmann 30. B. E. Prince

H. 1. Bowers 31. J. E. Rushton

T. E. Cole 32. R. B. Sheltomn

J. G. Delene 33. G. R. Smolen

D. M. Eigsenberg 34. H. E. Trammell

E. C. Fox 35. D. B. Trauger

L. C. Fuller 36-40. K, A, Williams

J. A. Getsi 41. ORNL Patent Office

D. L. Hanline 42, Central Research Library
R. L. Hoglund 43. Document Reference Section
C. R. Hudson II 44-45. Laboratory Records Department
J. E. Jones Jr. 46. Laboratory Records (RC)

P. R. Kasten

External Distribution

Office of Assistant Manager for Energy Research and Develop-
ment, Department of Energy, Oak Ridge Operatioms, Osk Ridge, TN
37831

R. E. Allen, EEDB Program Project Manager, United Engineers &
Constructors, Inc., P.0. Box 8223, Philadelphia, PA 19101

W. W. Brandfon, Sargent & lundy, 55 East Monroe, Chicago, IL
60603

Chaim Braun, Electric Power Research Institute, 3412 Hillview
Avenue, P.0. Box 10412, Palo Alto, CA 94305

J. H, Crowley, United Engineers & Constructors, P.0. Box 8223,
Philadelphia, PA 19101

F. X. Gavigan, NE 53:GIN, Department of Energy, Washington, DC
20545

J. C. Geidl, EI-50, BG~041, Energy Information Administration,
Forrestal Bldg., 1000 Independence Avenue SW, Washington, DC
20585

M. Grunspan, NE~44:GTN, Department of Energy, Washington, DC
20545 ¢

We. M. Hartman, NE~12:GTN, Department of Energy, Washington, DC
20545

Jo R. Humphreys, NE-452:H-411:GTN, Department of Energy,
Washington, DC 20545

E. F. Mastal, NE-12:GIN, Department of Energy, Washington, DC
20545

A. C, Millunzi, NE-531:GTN, Department of Energy, Washington,
DC 20545



59.
60.
61.
62-86.
87.

88.

89.

90.

138

R. G. Oehl, NE~44:GTN, Department of Energy, Washington, IC
20545

H. H. Rohm, NE-40; B-107, GIN, Department of Energy,
Washington, DC 20545

W. F. Savage, NE~44:GTN, Department of Energy, Washington, DC
20545

B. H. Shapiro, NE-12:GTN, Department of Energy, Washington, DC
20545

Stan Vejtasa, Electric Power Research Institute, 3412 Hillview
Avenue, P.0. Box 10412, Palo Alto, CA 94305

Rhonda Walker, lawrence Livermore MNatiomal Laboratory, c/o
Jeannette Morris, AVLIS Program, L-467, P.0. Box 808, Liver-
more, CA 94330

H. L. Walton, E1-532, BC-041, Energy Information Adainistra-
tion, Forrestal Bldg., 10C0 Independence Avenue SW, Washington,
DC 20585

R. Williams, NE-53:GIN, Department of Energy, Washington, DC
20545

Given distribution as shown in DOE/TIC-4500 under category
UC~80 (General Reactor Technology)



