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REGIONAL PROJECTIONS OF NUCLEAR AND FOSSIL 
ELECTRIC POWER GENERATION COSTS 

G. R. Smolen 
J. G. Delene 
L. C. Fuller 
H. I. Bowers 

ABSTRACT 

The total busbar electric generating costs were estimated 
for locations in ten regions of the United States for base 
load nuclear and coal-flred power plants with a startup date 
of January 1995. A complete data set is supplied which speci-
fies each parameter used to obtain the comparative results. 
When the comparison is based on reference cost parameters, 
nuclear- and coal-flred generation costs are found to be very 
close in most regions of the country. Nuclear power is fa-
vored in the South Atlantic region where coal must be trans-
ported over long distances, while coal-flred generation is 
favored in the Central and North Central regiona where large 
reserves of cheaply mineable coal exist. In several regions 
small changes In the base parameters could cause either option 
to be preferred. The reference data set reflects recent elec-
tric utility construction experience. Significantly lower 
nuclear capital Investment costs would result if regulatory 
reform and improved construction practices were instituted. 
The electric power generation costs for base load oil- and 
natural gas-fired plants were also estimated. These plants 
were found to be noncompetitive In all regions for those sce-
narios most likely to develop. Generation cost sensitivity to 
changes in various parameters was examined at a reference lo-
cation. The sensitivity parameters Included capital Invest-
ment costs, lead times, capacity factors, costs of money, and 
coal and uranium prices. In addition to the levellzed life-
time costs, year-by-year cash flows and revenue requirements 
are presented. The report concludes with an analysis of the 
economic merits of recycling spent fuel In light-water reac-
tors. 

1. INTRODUCTION 

The rising prices of oil and natural gas, and the effect on the 
balance of trade and the U.S. economy of large and unstable Imports of 
oil, Indicate that the only practical alternatives for new base load 
electric power generation through the end of the century are light-water 
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reactor (LWR) and coal-fired plants. The competitive edge that nuclear 
power has enjoyed over the years Is eroding due to rapid escalation of 
capital Investment costs and because of a stagnant economy which has 
weakened coal demand resulting in low coal prices. The question of how 
the nuclear option' will fare economically In the future as a viable al-
ternative for producing base load power is addressed in this report. 
This report examines the comparative cost of power from the nuclear and 
coal options for plant startup in January 1995. The reference data set 
reflect* recent electric utility construction experience. Significantly 
lower nuclear capital Investment costs would result if regulatory reform 
and Improved construction practices were instituted. Expected electric 
generation costs from oil- and natural gas-fired units are also esti-
mated. 

Levelized power generation costs were estimated for locations in 
each of ten regions of the United States. The regional breakdown corre-
sponds to the one used by the Energy Information Administration (EIA) In 
their Midterm Energy Forecasting System. Future coal prices are pro-
jected by EIA for each of the ten standard federal regions. Variations 
in capital investment and coal costs are accounted for in the computa-
tions. A reference city was selected in each of the ten regions to pro-
vide a basis for estimating regional power plant capital Investment cost 
differences. Since coal prices can vary widely even within a given re-
gion, these results must be thought of as typical. 

The levelized power generation costs that are presented in this 
report are used to compare the relative economics of options based on 
lifetime costs. However, these costs provide no insight Into how the 
power costs of options compare throughout the operating life of the 
plants. An examination of the year-by-year cash flow and revenue re-
quirements (powtr costB) was made for each of the base load options in 
region 5 (Midwest). These results can be used to examine the problem of 
initially high nuclear power costs resulting from the large capital in-
vestments required, commonly referred to as rate shock. 

In addition to the estimation of the cost of power at a reference 
set of parameters and unit price projections, this report also examines 
the sensitivity of the results when alternative parameters and prices 
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are applied. The sensitivity analyses apply specifically to region 5 
(Midwest) but trends are applicable to all regions. Alternate capital 
investment cost assumptions, plant lead times, capacity factors, uranium 
and fossil fuel price projections, and other nuclear fuel service costs 
were investigated. The results from these analyses can be used to ad-
dress the issue of what could be done to improve the competitive stance 
of the nuclear option. 

Finally, the question of whether it is economically prudent to pro-
ceed with recycling of spent fuel in light-water reactors Is examined. 
This alternative may allow reductions of nuclear fuel costs which will 
enhance the competitive position of nuclear power. 

This report relies on a companion report entitled, Nuclear Energy 
Coat Data Base — A Reference Data Baee For Nualea" and Coal-Fired Power 
Generation Cost Analysis,1 which documents most of the technical param-
eters and the methodology used in this report. This report will be re-
ferred to hereafter as the Nuclear Energy Cost Data Base. The present 
report can be read as a stand alone report; however, if questions arise 
regarding the data parameters and/or methodology, then the companion 
report should be consulted. 
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2. SUMMARY AND CONCLUSIONS 

Comparisons were made of future power generation costs for new base 
load nuclear and fossil fuel-fired power plants beginning operation in 
1995. These costs were compiled for each of the ten standard federal 
regions, based on a reference set of parameters. The reference data set 
reflects recent electric utility construction experience. Significantly 
lower capital Investment costs would result if regulatory reform and im-
proved construction practices were instituted. Using the discounted 
cash flow method, levelized costs are computed and are expressed in con-
stant 1982 dollars. The results are used as a figure of merit to allow 
comparisons of competing plant types. Two alternative measures of proj-
ect merit, revenue requirements and cash flow, are also used In this re-
port. 

The levelized 30-year costs for nuclear and coal-fired plants, based 
on reference parameters, are presented in Table 2.1 and Fig. 2.1. 
Numerical results are given for each of the major cost categories that 
comprise the total power generation cost. In addition to the capital 
investment, O&M, and fuel costs, nuclear plants incur an additional cost 
to pay for decommissioning. This cost is small (0.4 mills/kWh) comprising 
less than IX of the total power generation costs for nuclear plants. 
The decommissioning cost is included in Fig. 2.1 as part of the capital 
investment costs. The capital investment cost Is the predominant cost 
component in the cost of power from nuclear plants, making up about 70% 
of the total levelized cost. Although capital investment cost is impor-
tant for coal plants (35-60% of total cost), the cost of coal la gener-
ally the overriding cost consideration. 

At reference conditions, 30-year levelized power generation costs 
of nuclear plants were found to be competitive with those of coal-fired 
plants in all regtuns except the North Central region. Uncertainties in 
Che various cosc parameters could cause shifcs in the economic choice in 
most regions. 

The result? of this analysis are presenCed graphically in Fig. 2.2. 
In this figure each region is shaded aa Co how Che options compare baaed 
on their 30-year levelized co«ts. If the levellzed cost of one option 



Tabic 2 . 1 . Rational power generation costs 
( • i l l s / U h . 1982 dol lars) 

Region 

1 2 
w - w 

3 
Nid-Atlabtic 

4 
South 

Atlantic 

5 
Midwest 

6 
Southwest 

7 
Central 

8 
North 

Central 

9 
Vest 

10 
Northwest Satioai 

average 

Nuclear 
Capital 37.5 38.9 34.5 33.4 36.7 34.9 35.6 34.9 40.4 37.b 35.9 
MM 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 
Dacotais slotting 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0 .4 0.4 0.4 0.4 
Fnel 11.1 11.1 11.1 11.1 11.1 11.1 11.1 U . l 11.1 11.1 11.1 

Total 54.7 56.1 51.7 50.6 53.9 52.1 52.8 52.1 57.6 55.0 53.1 

goal 
Capital 24.2 24.2 22.3 21.6 23.3 22.6 22.6 22.3 25.8 24.0 23.0 
MM 4.6 4.6 4 .6 4.6 4.6 3.4 4.6 3.4 3.4 3.4 4 .2 
Fuel 29.2 25.7 22.S 30.2 22.3 30.1 19.8 11.7 28.1 29.1 26.0 

— — — 

Total 5S.0 54.5 49.7 56.4 50.2 56.1 47.0 37.4 57.3 56.5 53.2 

"National averages ar« weighted average values band oa projected regional e l e c t r i c i t y generation l e v e l s u 1995. Soarcc: 19dl 
Annual Report to Cbngress. D0E/EIA-0173(81)/3(S-2). pp. 345-356. 
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Fig. 2.1 Regional power generation costs for nuclear and coal-fired 
plants at reference parameters. 
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I I I ECONOMIC ADVANTAGE FOR NUCLEAR PLANTS 
W i (>10% LESS EXPENSIVE THAN COAL) 

ECONOMIC ADVANTAGE FOR C O A L - F I R E D PLANTS 
(>10% LESS EXPENSIVE 7HAN NUCLEAR) 

| | ECONOMIC ADVANTAGE OF EITHER PLANT IS <10% 

Fig. 2.2 Delineation of the United States by base load generation 
plant type yielding the lowest levelized power costs for startup in 
1995. 

Is less than the other by at least 10%, then it is assumed to have a 
clear economic advantage. Neither option was judged to have a signifi-
cant 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 nuclear plants are much lower than those for 
coal-flred plants in the South Atlantic region. In this region de-
livered coal prices are high since coal must be transported over lung 
distances. In the Central and North Central regions, levellzed power 
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costs of coal-fired plants are projected to be more than 10% lower than 
thoae for nuclear plants but only In the North Central region are coal-
fired plant costs substantially lower. Large reserves of cheaply mine-
able coal are located in these two regions which serve to hold down the 
price of minemouth coal. Also, transporting the coal to the generating 
plant site is less costly due to proximity of the mines In these 
regions. In the remaining seven regions the cost of power from either 
option is projected to be within ±10%, so that both options could be 
considered economically competitive In these regions. The results, 
based on a weighted average for the nation, restates the fact that both 
nuclear and coal-flred plants will remain competitive as sourres of base 
load power in the future. 

The comparison of nuclear and coal-fired generation costs was also 
performed using the range of delivered coal prices in each region. Coal 
prices will vary within a region because of different transportation re-
quirements and shipping modes. The results of this comparison are pre-
sented in Fig. 2.3. In all regions except 7 and 8, the comparison be-
tween nuclear and coal-fired generation costs depends on the specific 
location within a region. In regions 7 and 8, coal-fired generation 
costs are less than nuclear generation costs even at remote sites in 
these regions. 

The electric power generation costs from base load oil- and natural 
gas-fired plants are estimated for region 5 (Midwest). Natural gas— 
fired power costs are about twice as expensive, w.ille oil-fired power 
costs are about three times as expensive, as the costs from either the 
nuclear or coal options. At the reference set of parameters, oil and 
natural gas fuel costs alone are greater than the total power costs of 
the nuclear or coal-flred plants. 

Annual revenue requirements and cash flow techniques were also used 
to evaluate the economic merits of the coal and nuclear options. These 
techniques provide valuable insight into how these options compare on a 
year-by-year basis. Nuclear and coal-fired plant revenue requirement8 
for plants constructed In region 5 are shown In Fig. 2.4, in constant 
1982 dollars. Initially, the revenue requirements for the nuclear plant 
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Fig. 2.3 Regional power generation costs reflecting regional vari-
ations in coal prices. 
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YEAR OF PLANT OPERATION 
Fig. 2.4 Constant dollar revenue requirements for nuclear and 

coal-fired plants. 

are higher than those for the coal-fired plant because of the higher 
capital Investment cost. This nuclear disadvantage decreases rapidly as 
the capital investment is amortized. The revenue requirements for the 
coal option do not decrease as rapidly since fuel costs, which comprise 
•a large portion of the total coal-fired plant power cost, are escalating 
above the Inflation rate. The revenue requirements for the nuclear 
pLant become equal to those of the coal-fired plant during the thir-
teenth year of operation, becoming increasingly smaller thereafter. 
This break-even point will vary from region to region. 

Tire cost parameters that were used in the analysis involve large 
uncertainties since projections had to be made over the next 50 years in 
4OIK c.aa^h. The sensitivities to changes In some key parameters were 
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investigated to examine their Impact on the comparison. In general, 
those parameters that affect capital charges have a greater impact on 
nuclear generation costs while those that affect fuel costs impact coal-
fired generation costs more. For plants coming on line at a specific 
date, uncertainties in basic construction costs, cost escalation rates, 
cost of money and plant capacity factors are particularly Important for 
the capital investment cost. For the nuclear plant on a once-through 
fuel cycle, uranium and enrichment price are the cost factors whose un-
certainties would have the most effect on fuel cost. Variations in the 
regional price of coal and its future escalation rate are the overriding 
cost considerations affecMng this comparison, however. 

The economic incentive for reprocessing spent reactor fuel was ana-
lyzed. The economics of recycling fuel Is strongly dependent on uranium 
ore and enrichment prices. At the reference set of price projections, 
the recycling option resulted in fuel costs that were about 5% less than 
those Eor the oncu-through option. Under a low uranium price escalation 
projection, recycling spent fuel yields about the same fuel cost as the 
throw away option. Under the high uranium price projection, and at high 
enrichment price projections, recycling spent fuel becomes very attrac-
tive, with fuel costs reduced by nearly 20%. 

The general conclusions of this study are as follow: 
1. New base load nuclear power plants were found to be competitive 

with coal-fired plants in most regions of the country. 
Based on current cost trends in seven of the ten regions of the 
United States, the levelized cost of power from either the coal or 
nuclear option is projected to be within 10%. 
Nuclear power costs were found to be significantly less (10% or 
more) than coal-fired power costs in the South Atlantic region due 
to proximity to low cost coal. 
Coal-fired plants were found to have a significant economic advan-
tage (10% or more) over nuclear plants in the Central and North 
Central (northern Rocky Mountain states) regions. 
2. Uncertainties in future costs of materials, services, or fi-

nances will affect the economics of both nuclear and coal significantly, 
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so Chat, depending on the circumstances, either one could produce power 
at the lower cost in any of the regions. 

3. Oil- and natural-gas plants are not competitive for base load 
power generation. 

4. Recycling spent fuel in light-water reactors could offer cost 
savings for the nuclear option. 
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3. METHODOLOGY 

The methodology used to calculate the levelized power generation 
costs In this report is consistent with discounted cash flow treatments 
and utility revenue requirements' methods. 

Basically the sum of the present worth of the revenue requirements, 
PWRR, Is calculated over the life of the plant using the discounted cash 
flow method, 

N R n PWRR - T (3.1) 
n-1 (1 + X)n 

(see Appendix A for definition of terras). The HrfRR must be equal to the 
present worth of the revenues produced by the sales of electricity In 
order for the utility to pay all expenses, taxes, and amortization of 
the investment. The revenues produced In a period are equal to the 
sales, Sn, times the price, Pn, so that 

N P S 
PWRR - V n n . (3.2) 

n-1 (1 + X)n 

In the levelizatlon technique, an equivalent single price is sought 
which will produce the same present worth of revenues as the stream of 
actual year-by-year prices. This single price may be defined as one 
which remains constant over the life of the project In as-spent dollars 
(current dollar levelized price, "p), 

N 

n?i (1 + X) 

P S„ N 
— - I 

P„ Sn n n 
n-1 (1 + X) 

(3.3) 

An example of such a price Is a standard mortgage where the payment re-
mains constant. 
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Alternatively an equivalent price may be expressed in dollars which 
are indexed to a reference year's buying power* This constant dollar 
price, Pq, is multiplied by a factor expressing the projected rate of 
inflation to give the actual number of dollars paid. Hence, the dollars 
paid, or received, each year have the same buying power. The present 
worth of the revenues produced by this price structure must also be the 
same as produced by the original set of year-by-year prices, 

N P ( l + i ) n S N P S 

E £ " " • (3.4) n-1 <1 + X)n n-1 (1 + X)n 

Constant and current dollar levelized prices are t̂ o different ways 
of expressing the same value. They are both figures of merit (equiva-
lent prices) and do not represent actual prices. In either case the sum 
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 require-
ments. 

The relationship between the actual year-by-year price, Pn, the 
current dollar levelized price, P, and the constant dollar levelized 
price, I? (1 + i)n, is illustrated in Pig. 3.1. The assumed actual o 
price, in then-current dollars during a 15-year period from 1982 to 1997 
is shown by the cross marks. The constant and current dollar levelized 
prices were calculated using: X, the reference cost of money, at 9.4%/ 
year; 1, the Inflation rate at 6%/year; and a constant rate of produc-
tion (Sn - constant). The current dollar levelized price remains con-
stant in time, in then-current dollars, at about $45/unit. The constant 
dollar price remains constant in dollars of January 1982 purchasing 
power at $30.15/unit. It therefore increased in terms of then-current 
dollars each year during the 15-year period at the rate of inflation. 

Further details on the mathematical basis of the method and the 
relationship between constant and current dollar levelizatlon are found 
In the supporting Nuclear Energy Cost Data Base. Although the expres-
sion of results in either constant or current dollars will produce con-
sistent comparisons, the constant dollar form is preferred. The advan-
tage of constant dollar prices is that inflation is effectively removed 
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from the results. These prices then can be related to present day con-
ditions. 

The methodology from the data base report deals solely with level-
ized costs and does not include year-by-year revenue requirements or 
cash flow analysis. A year-by-year analysis Is presented In Sect. 
5.2. The mathematical basis for this type of analysis Is given In Ap-
pendix A. 
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4. DATA BASH PARAMETERS 

The reference set of technical parameters that was utilized to ob-
tain the power generation costs is derived from the Nuclear Energy Cost 
Data Base <ind is given in Tabic 4.1. The financial parameters are 
given in Table 4.2. 

Table 4.1. Reference technical parameters 

Plant size, MW(e) 
Nuclear 1 x 1200 
Coal (single-unit) 1 x 600 
Coal (twin-unit) 2 x 600 
Gas'oil 2 x 600 

Locations 
(See Table 4.4) Various 

Capacity factor, % 65 
Heat rate, average annual Btu/kWh 

Nuclear 10,700 
Eastern high-sulfur coal 9,900 
Western low-sulfur coal 10,200 
Gas 9,600 
Oil 9,400 

Licensing and construction lead times, years 
Nuclear 12 
Coal 8 
Gas/oil 7 

Enrichment plant tails assay, % 0.2 
Startup year 1995 

4.1 Capital Investment Costs 

Reference capital investment cost estimates are summarized in Table 
4.3. These costs are for a plant site in the vicinity of Chicago and 
are different from those given in the Nuclear Energy Cost Data Base. 
The Chicago site was chosen since the sensitivity analysis uses the Mid-
west region as a reference. This region is centrally located and many 
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Table 4.2. Reference financial parameters 

Plant economic life, years 30 
Reference year "i 
Inflation rate, %/year 6 
Escalation rate in excess of inflation rate 2 
for power plant construction, %/year 
Capitalization, % 

Debt 51 
Preferred equity 12 
Common equity 37 

Return on capitalization, %/year 
Debt interest 10 
Preferred equity return 10 
Common equity return 15 

Average cost of money, %/year 11.9 
Federal Income tax rate, %/year 46 
State income tax rate, %/year 4 
Tax adjusted cost of money, %/year 9.4 
Local property tax rate,a %/year 2 
Tax depreciation method TEFRA^ 
Tax depreciation life, years 

Nuclear 10 
Fossil 15 

Investment tax credit rate, % 8 
Interim replacement/backfitting rate,0 1 
%/year 
Decommissioning cost, millions of 1982 dollars 

Fossil 0 
Nuclear 120 

Interest rate on decommissioning fund, %/year 8.5 
Fixed charge rate, %/year 18.4 

"Based on initial Investment with no escalation 
due to Inflation or decrease due to depreciation. 

^Tax Equity and Fiscal Responsibility Act of 
1982. 

"Percent of initial Investment in constant dol-
lars, escalating at general rate of inflation. 
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other studies have compared the nuclear and coal options here. The eco-
nomic ground rulcB used in obtaining these estimates) i.e., unit sizes, 
lead timas, escalation rates, and interest rates, were listed previously 
in Tables 4.1 and 4.2. 

For the economic ground rules aswumed, 8%/year escalation rate, 
9.4%/year after tax cost of money, and Jnnuary 1982 design basis, it is 
estimated that for first commercial operation in 1995, a nuclear plant 
at i e Chicago site will cost $470U/kW(e), a two-unit coal-fired plant 
$300U/kW(e), a single-unit coal-fired plant $320U/kW(e), a rebidual oil-
fired plant $25UU/kW(e), and a natural gas-fired plant $!700/kW(e). 
The capital cost estimate for the coal-fired plants applies to plants 
burning either high-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 prior to commercial operation la nearly double the 
so-called "overnight" 1982 estimated construction costs. 

The cumulative cash flow curves for the single-unit nuclear and 
twin-unit coal-fired plantH are shown in Figs. 4.1 and 4.2. The large 
contribution that escalation and allowance for funds used during con-
struction (AFUDC) makes toward the total Investment cost is apparent in 
these figures. Also, it is important to note the impact of the long 
design and construction period (12 years) assumed for the n< jlear 
plant. If the plant is to be completed by 1995 capital outlays of 
nearly $1400 million would be required by 1990, before the construction 
permit for the coal-fired plant had been issued. The overnight direct 
and indirect costs for both plant types comprise 35% of the total 
investment cost. For the nuclear plant, the Investment balance is 
composed of 30% escalation and 35% AFUDC, whereas this balance is 40% 
escalation and 25% AFUDC for the coal-fired plant. Escalation of 
construction costs is a large fraction of coal-fired plant Investment 
because construction outlays begin and peak at later times than those of 
the nuclear plant. 

The estimates for coal and nuclear plants are based on the detailed 
estimatea developed by United Engineers & Constructors (UE&C) for the 

2 
Engineering Economic Data Base (EEDB) Program, Phase V, adjusted for 
plant size. The EEDB-5 costs are for plants conforming to safety and 
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fig. 4.1 Cumulative construction cash flow for a 1 x 1200 MU(e) 
LWR nuclear plant. 

environmental regulations in effect in January 1982. Therefore they do 
not reflect design changes due to regulations put in effect since Janu-
ary 1982. Also, it is Important to recognize that the EEDB-5 cost esti-
mates represent a composite of plants currently operating and of those 
nearlng completion reflecting both the best and worst of plant construc-
tion experience. They also do not reflect the effect on costs of any 
licensing reform. Theae plants can be built in less time and for less 
money so that future investment costs may be much less than those pre-
dicted using the EEDB-5 models. Both the eastern high-sulfur bituminous 
coal-fired plant and the western low-sulfur sub-bituminous coal-fired 
plant designs Include flue-gas desulfurlzatlon (FGD) equipment. The 
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Fig. 4.2 Cumulative construction cash flow for a 2 x 600 MW(e) 
coal-ftred plant. 

estimates for oil- and gas-fired plants are based on costs of plants 
recently completed or nearing completion. 

Capital Investment cost factors were estimated for various cities 
3 

using the CONCEPT computer code. These factors are given in Table 4.4. 
A specific city was chosen for each of the ten standard federal regions 
for the purpose of estimating regional capital investment cost differ-
ences. 
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Table 4.4. Regional variations in power 
plant capital Investment cost 
estimates for 1995 commercial 

operation 

Cost factors'2 
Region City Nuclear Coal 

1. New England Boston 1.02 1.04 
2. New York/New Jersey New York 1.06 1.04 
3. Mid Atlantic Baltimore 0.94 0.96 
4. South Atlantic Atlanta 0.91 0.93 
5. Midwest Chicago 1.00 1.00 
6. Southwest Dallas 0.95 0.97 
7. Central Kansas City 0.97 0.97 
8. North Central Denver 0.95 0.96 
9. West San Francisco 1.10 1.11 
10. Northwest Seattle 1.03 1.03 

aFractlon of reference capital Investment cost esti-
mate (see Table 4.3). 

4.2 Nonfuel Operation and Maintenance Costs 

The nonfuel operation and maintenance (O&M) cost estimates for coal 
and nuclear plants, given In Table 4.5, are based on calculations made 

t* 
with the most recent update of the ONCOST operation and maintenance 
cost computer program. However, some costs In the administrative and 
general category were adjusted downward to reflect more recent data. 
Specifically, the "other A&G" costs, which are determined as a percent-
age of the total direct costs, were reduced from 30 to 15% for nuclear 
?Unts and from 30 to 103! for coal-flred plants. OMCOST data, as well 
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Table 4.5. Nonfuel operation and maintenance costs for 
base load power plants (1982 dollars) 

Fixed cost Variable cost Total cost13 
[$/kW(e)/year] (mills/kWh; (mills/kWh) 

Nuclear plant (LWR) 31 0.2 5.7 
Eastern coal-fired plant with FGD 
Twin-unit 18 1.5 4.6 
Single-unit 25 1.6 5.9 

Western coal-fired plant with FGD 
Twin-unit 16 0.6 3.4 
Single-unit 22 0.7 4.6 

Oil-fired plant with FGD 8 0.5 1.9 
Natural gaB-flred plant without FGD 3 0.3 0.8 

aAt 65% capacity factor. 

as the data for oil- and gaa-fired plants, are derived from actual ex-
perience in the electric utility industry. T'->r- -eP'.ct significant 
increases in staffing, training, engineering, .m.! insurance requirements 
for nuclear power plants since the Three Mile Island accident. These 
O&M cost estimates are applicable only to base load plants. They are 
separated in*:o a fixed component that does not vary with plant output 
and a variable component that Is dependent on the energy cenerated. The 
total O&M costs at a 65% capacity factor are also given. Th„ O&M costs 
were assumed to be constant among regions, although there are some re-
gional variations in labor and material costs. 

4.3 Uranium Prices 

The most Important contributor to the overall nuclear fuel cost Is 
t-he price of uranium. The price of uranium is sensitive to future 
supply/demand conditions to a greater extent than any other unit cost 
for the nuclear fuel cycle. A r*nge of uranium price projections is 
shown in Fig. 4.3. The low price projection assumes a stagnant nuclear 
Industry. Even under such conditions, uranium prices are assumed to 
escalate at 2%/year In constant dollars from the early 1982 spot market 
exchange price of about $25/lb. The two higher price projections assume 
a moderate to healthy recovery In nuclear plant orders. In the lower of 
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these two curves, the pre—1990 projection (solid line) is based on DOE's 
S 

annual market survey. These "average contract prices" were adjusted to 
remove inflation (6%/year) to obtain prices in constant 1982 dollars. 
This projection assumes that prices will escalate at a rate of 3%/year 
above the Inflation rate after 1990. This price projection is used as 
the reference uranium price projection in this report. The higher of 
these two projections follows the inflation adjusted "average floor 
price" series from DOE's annual market survey until 1990. After 1990, 
the uranium price projection escalates at 5%/year above Inflation. 

The range of uranium prices enclosed by the above three projections 
is representative of future expectations based on conditions as they now 
exist in the nuclear and electric utility industries and is the basis of 



25 

the sensitivity analyses in Sects. 7 and 8. It does not, however, in-
clude all possible uranium price scenarios. Resolution of nuclear re-
lated issues together with large coal price increases and/or restric-
tions on coal-fired generation expansion could cause rapid increases in 
nuclear plant orders leading to higher uranium prices as damand in-
creases . 

/ 

4.4 Other Nuclear Fuel Coat Components 

A summary of the prices and escalation tates (and ranges) for the' 
components of the nuclear fuel cost are given in Table 4.6. 

Table 4.6. Nuclear fuel cost parameters 
(cost/unit, 1982 dollars) 

Reference Range 
Component prices 

U308, $/lb a a 

Conversion, $/kg U 8 
Enrichment, $/SWU 130 130-170 
LEU fabrication, $/kg HM 180 160-210 
M0X fabrication, $/kg HM 600 350-900 
Spent fuel shipping, $/kg HM 

LEU fuel 25 20-60 
M0X fuel 30 20-60 

Waste disposal, mills/kWh 1 
Reprocessing, $/kg HM 420 250-600 

Escalation rates, %/year 
Uranium price 
Enrichment price 
Other cos ts 

0 
0 

a 

0-3 

aSee Fig. 4.3 for details. 
^Real escalation rates over and above the 6%/year 

general inflation rate. 
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Conversion. Uranium hexafluorlde (UF&) la required for feed to the 
enrichment process. This conversion process from U3O8 to UF6 is well 
established commercially. The $8/Kg U figure is representative of the 
current market price. 

Enrichment. Uranium used in LWRs must be enriched in the U-235 
isotope. Currently this is done by government-owned facilities in the 
United States using the gaseous diffusion process. The $130/SWU refer-
ence price is based on an early 1982 price for a fixed-commitment en-
richment contract of $130.75/SWU. The reference enrichment price is 
assumed to increase at the rate of inflation. The upper range of 
uncertainty on enrichment price escalation assumes that the diffusion 
process remains dominant and electric prices increase at higher rates 
than expected. 

The Department of Knergy is currently reassessing its enrichment 
market strategy, thus uncertainty exists that is not reflected In this 
data base. Also, external factors are now having a major effect on en-
richment prices because of large existing inventories and because of 
competitively priced foreign sources of enrichment. These market forces 
should mollify future price increases. 

LEU fuel fabrication. The fabrication of low-enriched uranium 
(LEU) fuel assemblies is a well established commercial process. A price 
of $180/kg HM is representative of current market conditions. Since LEU 
fuel fabrication is a well, established commercial process, its price is 
assumed to escalate at the rate of inflation. The price range of $160 
to $210/kg HM reflects the current range of prices. 

Recycle fuel fabrication. The cost of fabricating mixed uranium/ 
plutoniutn oxide (MOX) fuel is not a commercially established operation 
so that cost projections involve greater uncertainty. The estimated 
price of $600/kg HM is based on an analysis of costs for a remotely op-
erated, contact maintained plant. The range of uncertainty in this cost 
is estimated to be $350/kg HM on the low end and $900/kg HM on the high 
end. 

Waste disposal. The charges for waste disposal differ from those 
given In the reference data base. Previously the costs of disposing of 
either spent fuel or reprocessing waste were estimated by applying a 
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unit price to a quantity of waste. Now the cost of waste disposal has 
been determined by legislative mandate via the Nuclear Waste Policy Act 
of 1982. The Act prescribes a fee of 1 mill/kWh for electricity gener-
ated after April 7, 1983. This fee will be reviewed annually and ad-
justed, if necessary, to accommodate changes in program costs due to 
inflation and program shifts. It was assumed that the fee would rise 
annually at the rate of inflation. The fee will cover the coBt of 
transportation and packaging of spent fuel or high level radioactive 
waste. 

Spent fuel shipping. The Bpent fuel shipping cost Is estLmated at 
$25-30/kg HM depending on whether LEU or MOX fuel is shipped. These 
costs do not apply to a once-through fuel cycle because the waste dis-
posal fee includes transportation of spent fuel to the waste disposal 
site. However, reprocessing nuclear fuel will require spent fuel to be 
shipped to the reprocessing facility. The range of cost uncertainty 
depends on transport distances, transport modes (truck or train), regu-
latory uncertainties as they impact the carrier, cask costs, and whether 
special trains will be required. The spent fuel transport cost is ex-
pected to range from $20 to $60/kg HM. 

Reprocessing. The reprocessing of the spent fuel to recover un-
burned uranium and plutonlum Is an alternative to permanent disposal of 
the spent fuel assemblies. The recovered uranium and plutonlum may be 
used in LWRs, or the plutonlum may be saved for use in breeder reactors. 
The estimated unit price of $420/kg HM for reprocessing LEU fuel was 
based on a new plant similar to the Barnwell Nuclear Fuel Plant de-
sign. 

4.5 Coal Prices 

Fuel costs comprise the largest component of levelized power gener-
ation costs for fossil fuel-fired plants. The competitiveness of coal-
fired plants often hinges on the projected price of coal. A summary of 
coal prices used In the analysis Is given in Table 4.7. These projec-
tions are based on EIA simulations for each of the ten federal regions 
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Table 4.7. Levelized fossil fuel price projections 
for deliverlas beginning in 1995 

($/MBtu, 1982 dollars) 

Reference 
Oil 15.30 
Natural gas 10.05 

Region 
Fuel a. type Reference Range 

1. Northeast HB 2.95 2.60-3.10 
2. New York-New Jersey HB 2.60 2.30-2.90 
3. Mid Atlantic HB 2.30 2.20-2.65 
4. South Atlantic HB 3.05 2.05-3.20 
5. Midwest HB 2.25 2.05-2.65 
6. Southwest LS 2.95 1.35-3.10 
7. Central HB 2.00 1.80-2.30 
8. North Central LS 1.15 0.85-1.35 
9. West LB 2.75 1.35-2.90 
10. Northwest LS 2.85 1.30-3.10 

aFuel types: HB • high sulfur bituminous coal: LB 
low sulfur bituminous coal; LS • low sulfur subbituminous 
coal. 

in support of their 1981 Annual Report to Congress*5 The prices com-
puted by EIA are estimates of long-term coal contract prices applicable 
to production jeginning in a given year. They are annuity prices level-
ized over the life of the contract and include a provision for real es-
calation above inflation. 
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A range In coal prices Is also provided since delivered prices vary 
considerably within each region depending on the transportation require-
ments. The price ranges were computed by combining the levelized FOB 
coal prices for the various major supply regions with a minimum and max-
imum transport distance to locations in each of the demand regions. The 
levellzed FOB coal prices for various sulfur content coal types are 
given in RIA's 1981 Annual Report to Congreaa for coal mines beginning 
production in 1995. The transportation costs were developed by applying 
average unit train tariffs for eastern and western coat shipments to 
estimated shipping distances from the centroid of the coal supply region 
to closest and most distant locations in a given region. The delivered 
coal price for each location represents the combination of coal source 
and transport requirement yielding minimum price. 

Regional price escalation rates are given In Table A.8. These 
rates vrere derived from real Increases In ETVs 1985 and 1995 estimates 
of delivered coal prices for each region. A I.v.re detailed explanation 
of how these rates w?re determined and used to provide year-by-year 
prices is given in Appendix B. The variation In the escalation rate for 
each region Is 1% below, and 2% above, the reference escalation rate. 

4.6 Oil and Natural Gas Prices 

Oil price. The levellzed oil price shown in Table 4.7 and its es-
calation rate shown in Table 4.8 were derived from EIA estimates.6 EIA 
midpoint scenario estimates show an oil price In 1985 of $33/bbl in 1980 
dollars, escalating to $67/bbl in 1995, for an average annual escalation 
rate of ~7.3%/year. The projected price continues to rise to $90/bbl 
in 2020, for an average post 1995 escalation rate of ~1.2%/year. The 
equivalent January 1982 dollar reference oil price of $30/bbl ($5.20/ 
MBtu) was obtained by adjusting for actual Inflation between mid-1980 
and January 1982 (about 152) and extrapolating back from mid-1985 to 
January 1982 using the 7.3%/year escalation rate. 

Natural gas price. The levellzed natural gas price and^its escala-
tion rate were also derived from EIA estimates.6 EIA projects a 1980 
dollar price of industrial natural gas of $4.38/MBtu in 1985, escalating 

\ 
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Table 4.8. Fossil fuel price escalation rates 
(Si/year)* 

Oil 
1982-1995 
Post 1995 

Reference Range 

7.3 
1.2 

1 -10 
1-4 

Natural gas 
1982-1995 5.8 1-10 
Post 1995 1.2 1-4 

Region Fuel-
type Reference 

1. Northeast HB 1.7 
2. New York-New Jersey HB 1.6 
3. Mid Atlantic KB 1.5 
4. South Atlantic HB 2.0 
5. Midwest HB 1.5 
6. Southwepr. LS 2.1 
7. Central HB 2.2 
8. North Central LS 1.1 
9. West LB 2.1 
10. Northwest LS 2.1 

aKeal escalation rate over and above 6%/year 
general inflation rates. 

^Fuel types: HB - high sulfur bituminous coals 
LB • low sulfur bituminous coal: LS » low sulfur sub-
bitrainous coal. 

cRange varies regionally, from -1%/yr to +2%/yr 
from reference region value. 

to $7.65/MBtu in 1995, for an average annual escalation rate of ~5.7%/ 
year. The post-1995 escalation rate Is assumed to be the same as that 
estimated for oil, 1.2%/year. 
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5. COMPARISON OF COSTS AT P' K PARAMETERS 

This report Investigates the ..elatl .mics of nuclear and 
coal-flred plants as well as other fo^ful . a«. L-flred base toad options 
using 30-year levellzed power generation costs as a figure of merit. 
The power costs of each option were evaluated with a data base which 
projects costs through extrapolations o': existing data. Since the pro-
jections encompass such a long time period a considerable degree of un-
certainty exists in each of the data parameters. The sensitivity of the 
capital and power costs are examined in Sects. 6 and 7. The Important 
point to remember regarding these comparisons Is that they represent the 
level of competitiveness of each option based on extrapolations and pro-
jections of data, and that these data can be easily altered by unfore-
seen events. Also, technological progress and regulatory reform may 
Impact the basic cost parameters, perhaps changing the comparison to a 
significant 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 analysis per-
formed using the reference set of technical, financial, and cost param-
eters described in Sect. A. Regional comparisons are made of the level-
lzed power generation costs for single-unit nuclear end twin-unit coal-
flred plants beginning operation in 1995. Annual revenue requirements 
and cash flows are estimated for the nuclear and coal options In one 
region (Region 5, Midwest). The competitiveness of base load oil- and 
natural gas-fired generation Is also evaluated In this region. 

5.1 Regional Power Costs 

The estimated power generation costs for nuclear and coal-flred 
plants in each of the ten standard federal regions are listed In Table 
5.1. The levellzed costs are shown in constant 1982 dollars for a plant 
with an Initial commercial operation date of Jauuary 1995. Expected 
electricity generation levels for each region were used to compute the 



Table 3 .1 . Regional power gcaeratioa coats 
(ail ls/kVh. 1982 dol lars) 

Region 
1 

Northeast 
2 

NT-NJ 
3 

Nid-Atlaatic 
4 

Soath 
Atlantic 

S 
Midwest 

6 
Soathwest 

7 
Central 

8 
North 

Central 

9 
West 

10 
Northwest Sa; :ow Itcli}! 

Unclear 
Capital 37.5 38.9 34.5 33.4 36.7 34.9 35.6 34.9 40.4 35.3 
ObH 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 3.7 5.7 
Decoeaiitioaiag 0.4 0.4 0.4 0.4 0.4 0.4 0 .4 0.4 0.4 0.4 0.4 
Fuel 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 

Total 54.7 56.1 51.7 SO.6 53.9 52.1 52.8 52.1 57.6 55.0 53.1 
Coal 

Capital 24.2 24.2 22.3 21.6 23.3 22.6 22.6 22.3 25.8 24.0 23.0 out 4.6 4.6 4.6 4.6 4.6 3.4 4 .6 3.4 3.4 3.4 4.2 
Fuel 29.2 25.7 22.S 30.2 22.3 30.1 19.8 11.7 28.1 29.1 26.0 

Total 58.0 54.5 49.7 56.4 50.2 56.1 47.0 37.4 57.3 56.5 53.2 
aNational averages are weighted average values based oa projected regional e l e c t r i c i t y generation l e v e l s in 1995. Soarcc: 1981 

Aaaaal Report to Congress. DOE/EIA-0173(81)/3<S-2). pp. 343-336. 



33 

lavelized costs Cor a national average* These averages are shown in the 
last column of Table 5.1. The numerical results are given for each of 
the cost categories (i.e., capital investment, O&M, and fuel costs). 
There 1s an additional cost category, plant decommissioning, for nuclear 
plants. This cost is small, comprising less than 1% of the total gener-
ating cost. The regional power generation costB are also shown graphi-
cally in Fig. 5.1. In this figure, reactor decommissioning costs are 
Included with the capital charges. 

The levellzed power costs for the nuclear plants range from 51 to 
57 mllls/lcWh while those for the twin-unit coal-flred plants range from 
34 co 58 mills/WWh. Since the cost results from the two options over-
lap, and vary so greatly, esper'ally for coal-flred plants, specific 
regional results are necessary to examine how these options compete geo-
graphically. 

The levelized power costs of nuclear plants are substantially lower 
In the South Atlantic region. In this region delivered coal prices are 
high since the coal must be transported over long distances. In the 
Central and North Central regions levelized power costs of the coal op-
tion are projected to be substantially lower than those for nuclear 
plants. Located in these two regions are large reserves of cheaply 
mineable c o a I which serve to hold down the price of minemouth coal. 
Also, transporting the coal to the generating plants is less costly due 
to the proximity of the mines in these regions. In the remaining seven 
regions the cost of power from either option is projected to be within 
10%, so that both options could be considered economically competitive 
in these regions. Power costs from both options in these seven regions 
are estimated to range from 50 to 58 mills/kWh. The results, based on a 
weighted average for the nation, restates the fact that both nuclear and 
coal-flred plants will remain competitive as sources of base load power 
in the future. 

In the past, nuclear power has had a substantial economic advantage 
over coal-flred plants. A survey by the Atomic Industrial Forum found 
that In 1981, for moat utilities with nuclear plants, the average elec-
trical generating cost of nuclear plants was 27 mllls/kUh whereas their 
coal-flred plants averaged 32 allls/kWh.7 Another survey administered 
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y 
by DOE also documents this nuclear advantage. Large increases in the 
capital investuent costs of nuclear plants relative to those of coal-
flred plants Is eroding this nuclear advantage. If recent trends per-
sist, the cost of constructing a nuclear plant for commerclul operation 
in 1995 is estimated to be nearly 60% more expensive than the cost of 
building a twin-unit coal-fired plant with the same plant capacity, as 
shown in Table 4.3 and 5.1. The nuclear option is able to remain eco-
nomically viable because of its low fuel costs. The capital investment 
cost is the predominant cost component of nuclear plants, comprising 
nearly 70% of the total levelized cost. Instituting changes that will 
reduce this capital investment cost will serve to greatly improve the 
competitive stance of this option. If the projected capital Investment 
costs listed in this report are realized, tnen the level of coal price 
escalation controls the relative economic results. This is apparent 
from the results listed in Table 5.1. Where coal prices are high, nu-
clear power remains the economic choice. 

Although capital investment cost is important for coal plants (35-
60% of total cost), the cost of coal is generally the overriding cost 
consideration. There are regional variations in capital investment 
costs caused by differences in labor rates and delivered material 
prices. However, much larger variations occur within a given region In 
the price of coal. An estimation of these regional coal price varia-
tions was given in Table 4.7. These differences result from plant and 
coal mine locations (affecting transportation requirements), type of 
delivery (e.g., train, truck, barge), and contractual differences. The 
range in regional fuel costs for coal-fired plants is provided in Table 
5.2. The power generation costs resulting from this range are illus-
trated in Fig. 5.2. Coal-fired plant costs at reference parameters are 
also Indicated in this figure. These results Indicate that except in 
region 7 (Central) and region 8 (North Central) either nuclear or coal 
could be the economic choice, depending on plant location within the 
region. The nuclear option has great difficulty in competing with coal-
fired plants only in region 8 where a large supply of easily mined coal 
is available to all locations within the region at low prices. Fuel costs 
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Table 5.2 Regional range of levelized fuel 
COBCS for coal-fired plants 
(mllls/kWh, 1982 dollars) 

Region Fuel 
typea Coal prices 

1. Northeast HB 25.7-30.7 
2. New York-New Jersey HB 22.8-28.7 
3. Mid Atlantic HB 21.8-26.2 
4. South Atlantic HB 20.3-31.7 
5. Midwest HB 20.3-26.2 
6. Southwest LB 14.0-31.6 
7. Central HB 17.8-22.8 
8. North Central LS 8.7-13.8 
9. West LB 13.8-29.6 
10. Northwest LS 13.3-31.6 

aFuel types: HB - high sulfur bituminous 
coal: LB » low sulfur bituminous coal; LS -
low sulfur sub-bituminous coal. 

could be minimized in other regions if the coal-fired plant were located 
at or very close to a mine. This situation can occur in all regions 
where coal reserves are present (regions 3—10). However, load centers 
are usually distant from coal mines, precluding utilities from taking 
advantage of the transportation cost savings. The sensitivity of the 
comparison to variations in other Input parameters is discussed in Sect. 
7. 

The comparison of regional costs between the coal and nuclear op-
tions involved a twin-unit coal plant. Through sharing of some systems 
a twin-unit plant will have lower unit capital costs ($/kWe) than those 
for a single-unit plant, if the unit capacities are equal. At the ref-
erence location, this savings amounts to $230/kWe. A utility's choice 
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may be to either build a single-unit coal-flred plant by themselves or 
enter into a partnership to build a larger nuclear plant. If regional 
comparisons were made using single-unit coal-fired plants, then the cap-
ital investment roi»l would increase by about 8% over the cost of a twin-
unit plant. Sharing of facilities and maintenance personnel also re-
duces the O&M costs of a twin-unit plant by about 22%. The net Impact 
of using a single-unit coal-fired plant for comparisons in region 5 is 
to increase levelized power costs by about 6%. The levelized power 
costs of a single-unit coal-fired plant is shown in Table 5.3. In this 
region nuclear power costs were found to be greater than those for a 
twin-unit coal-flred plant by 7%. However, if a comparison is made us-
ing the costs of a single-unit coal-fired plant, then the power costs of 
both options are virtually equal. Although not analyzed In this report, 
multiple nuclear units would result in substantial savings to the util-
ity through sharing of systems. 

Table 5.3. Power generation costs of base load 
plants located in region 5 (Midwest) 

(mills/kWh, 1982 dollars) 

Nuclear Single 
coal 

Twin 
coal Gas Oil 

Capital 
O&M 
Fuel 

37. la 
5.7 
11.1 

25.1 
5.9 
22.3 

23.3 
4.6 
22.3 

13.2 
0.8 
96.3 

19.9 
1.9 

143.7 

Total 53.9 53.3 50.2 110.3 165.5 

^Nuclear capital cost Includes decommission-
ing cost. 

The electric power generation costs from base load oil- and natural 
gas-fired plants were also estimated. These costs were estimated only 
in region 5 and are Included only for reference purposes since it is not 
expected that new oil- or gas-fired plants will be built for base load 
electric power generation. The results for these two generating options 
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are also provided In Table 5.3. The leveltzed power cost for the oll-
and gas-fired generating plants are found to be much higher than either 
coal-fired or nuclear generation costs. Natural gas-fired base load 
electric generation is shown to be about twice as expensive, while oll-
flred generation Is about three times as expensive, as the costs from 
either the nuclear or coal-flred options. The additional factor of fuel 
supply vulnerability makes It even more unlikely that base load genera-
tion from oil- and gas-fired plants will be considered in the future. 
The comparative results for region 5 are Illustrated in Fig. 5.3. Even 
If fixed costs (capital charges) are excluded from the oil and gas op-
tions (e.g., the plant has already been fully depreciated, and no other 
fixed costs exist) so that only the production costs apply, these two 

lOOfi PLANT STARTUP 
REGION 6 (MIDWEST) 

Nuclear Coal-1 Coal-2 Gas Oil 

Fig. 5.3 Power generation costs for all base load generation op-
tions at reference parameters. 



40 

options still have much higher levelized costs than either nuclear or 
coal-fired generation. 

5.2 Annual Cash Flow and Revenue Requirements 

The previous section of this report examined economic comparisons 
of coal-flred and nuclear plants on the basis of 30-year levelized 
costs. This method of comparison is very useful when comparing the 
overall economics of these plants. The AIF survey that was discussed in 
Sect. 5.1 lists generating costs of currently operating base load 
plants. These costs are a snapshot of the overall economics of these 
plants indicating current average generating costs. They are invaluable 
when comparing what present-day consumers are paying for the electricity 
from the various options but should not be used to judge the future eco-
nomic viability of any option. A more Informative comparison of future 
plants should Involve one-to-one comparisons of projected year-by-year 
power costs and cash flows of competing plants. Annual power costs are 
determined from the computed revenue requirements, whereas cash flow 
measures actual cash transactions to the utility. These types of analy-
ses and comparisons are more Important to utilities than those based on 
levelized costs. The revenue requirements and cash flow methods are 
described in more detail in Appendix A. 

The annual revenue requirements are 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. Comparisons of the revenue re-
quirements for the coal and nuclear options in region 5 are shown In 
Fig. 5.4 in current dollars. 

The cost categories which comprise the overall revenue requirements 
are illustrated in Fig. 5.5 for the nuclear plant and Fig. 5.6 for the 
coal-fired plant. The values used to generate these plots are shown in 
Appendix A, Tables A.2 and A.3. In these plots, all cost categories 
below the O&M curve are referred to as capital-related costs. 

Because of the high capital-related costs, the revenue requirements 
of capital Intensive projects, such as nuclear plants, are initially 
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Fig. 5.4 Current dollar revenue requirements for nuclear and coal-
fired plants. 

very high. Even when expressed in current dollars, annual revenue re-
quirements decrease in the early years since the capital-related charges 
dominate. The capital-related charges are reduced because of amortiza-
tion of the plant. Eventually, increasing O&M and fuel costs will domi-
nate causing revenue requirements to increase. For the nuclear option 
the required return on capital comprises the largest portion of the cap-
ital related charges, but becomes less important as plant investment 
costs are amortized. The revenue requirements necessary to pay for 
backfitting are seen to be almost as large as the total O&M require-
ments. The relative insignificance of the cost of decommissioning is 
apparent in Fig. 5.5. Initially, fuel costs for the nuclear plant com-
prise only 10% of the total revenue requirements, but toward the end of 
life they account for nearly 50% of this total. 
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Less capital intensive projects, like coal-flred plants, exhibit 
lower initial revenue requirements, but because of escalation of fuel 
costs, the annual revenue requirements can monotonically increar* at a 
rapid rate. This behavior is shown in Fig. 5.6. In this regii u, the 
coal costs comprise about 25% of the first year revenue requirements and 
rapidly increase their contribution. At the end of plant life coal 
costs make up nearly 75% of the total revenue requirement. This fact 
points out that coal-fired plants are subject to a greater degree to 
uncertainties in the price of fuel. Therefore the electric rates of 
those utilities with coal-fired plants are more vulnerable to changes in 
the price of fuel. 

The comparison of revenue requirements of the two options, as ex-
pressed in constant 1982 dollars, is shown in Fig. 5.7 for region 5. In 
this region, the first year revenue requirements are about 26% less for 
the coal-fired plant. The differential decreases rapidly so that during 
the ninth year of operation the revenue requirements from both options 
are within 10%. After break-even occurs, the annual power costs of the 
nuclear plant become increasingly lower than those of the coal-fired 
plant. 

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 impact on the overall economic comparison of 
these plants. 

The annual revenue requirements of newly constructed oil- and natu-
ral gas-fired plants are plotted in Fig. 5.8. The revenue requirements 
for both the oil- and gas-fired plants are higher than those of the nu-
clear plant even during the first year of operation. The differential 
between the revenue requirements of these two plants and those of the 
nuclear and coal-fired plants increases throughout the 30 years of 
operation. During the tenth year of operation the revenue requirements 
of the gas-fired plant are nearly twice those of the coal and nuclear 
options, and those of the oil-fired plant are three times as great. 
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Fig. 5.7 Constant dollar revenue requirements for nuclear and 
coal-flred plants. 

The revenue requirements which result only from the fuel costs of 
the oil- and gas-fired plants are plotted along with the total revenue 
requirements of the coal-flred and nuclear plants in Fig. 5.9. The rev-
enue requirements of the former pair of plants steadily Increase since 
oil and gas prices are projected to escalate at rates greater than the 
Inflation rate. The oil-fired plant's production costs are much greater 
than all other options during every year of operation. However, the 
production cost for the first year of operation of the gas-fired plant 
Is equal to the total revenue requirements of the coal-flred plant. 
They remain lower than the revenue requirements of the nuclear plant 
over the next 3 years of operation. Rapidly declining capital-related 
costs of the nuclear option and escalating natural gas prices, however, 
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result In micli higher gas-fired plant production costs several yearn 
after tills early advantage. 

A cash flow analysis provides valuable information regarding the 
actual year-by-year nut cash transactions that are projected to occur. 
The Impact of high fuel and operating expenses are not revealed by this 
analysis since theHe expenses do not constitute nut cash flow transac-
tions but are instead expensed or flowed through the utility. Therefore 
this cash flow plot does not portray the Impact of a particular power 
plant on the consumer. An examination of annual cash flows discloses 
Information regarding the utility's financial position at any point in 
t Ime. 

Cash receipts result in positive cash flows and cash payments re-
sult In negative cash flows. Net cash flows are negative during the 
construction period when capital investment payments are made. Invest-
ment tax credits reduce taxes and therefore result In positive net cash 
flows. The net cash flow becomes positive after plant startup since 
revenues In excess of expense" are being collected to provide for return 
on and return of capital. 

The annual cash flows for the nuclear and coal options in region 5 
(Midwest) are shown in Fig. >̂.10 In current dollars. This information 
can be used to assess the financial risk of constructing a project. In 
this plot both plants have a net positive cash flow at plant startup 
because the full investment tax credit is taken at this time. For both 
plants the investment tax credit is larger than the cash outlays that 
occur in the year prior to plant startup. The spikes that occur in the 
nuclear plant cash flow curve are due to the uneven distribution of nu-
clear fuel investments. The steep decrease In the cash flow curves dur-
ing the eleventh year of operation for the nuclear plant and sixteenth 
year for the coal-fired plant corresponds to the time at which each 
plant completes its depreciation for tax purposes. The larger cash flow 
requirements of a nuclear plant during construction may be difficult to 
manage due to the long lead time before revenues are received. After 
startup, the nuclear plant has a greater annual positive cash flow than 
that of a coal-fired plant. The peak negative cash flows for both 
plants are about the same magnitude. The advantage of reducing the lead 
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Fig. 5.10 Annual cash flows for nuclear and coal-flred plants re-
sulting from capitalized costs such as nuclear fuel and Initial plant 
Investments. 

time Is twofold. First, the total capital investment will be reduced as 
a result of man-hour/kW(e) and other savings as Is discussed In Sect. 
6.4. Also, and perhaps even more important, would be the effect of 
reducing the overall financial risk by shortening the time between 
Initial cash outlays and the time when revenues are received. 
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6. CAPITAL INVESTMENT COST SENSITIVITY 

The sensitivity of nuclear and coal-fired plant capital investment 

computer code. These parameters include unit size, site labor produc-
tivity, lead time for design and construction, cost escalation rates, 
cost of funds used during construction, and date of initial commercial 
operation. As each parameter was varied, all other parameters were held 
constant at their reference values. In this manner, the sensitivity of 
total estimated plant capital Investment costs to each parameter WBS 
developed. Sensitivities were examined only for the nuclear and coal-
flred plants. 

The unit capital Investment cost ($/kWe) may be scaled to alternate 
unit sizes using the scaling relation 

Capital Investment costs for a 1995 startup were estimated for single-
unit nuclear plants for unit sizes from 800 through 1200 MW(e) and for 
both single and two-unit coal-flred plant s for unit sizes from 400 
through 900 MW(e). The cost scaling factor, a, was estimated to be -0.5 
for nuclear plants and -0.4 for coal-flred plants. Thus nuclear unit 
costs are more sensitive to unit size over this range. The unit capital 
investment costs presented in Fig. 6.1 ULustrate the importance of the 
cost-scaling effect with increasing unit size. 

costB to changes in individual parameters vras examined using the CONCEPT 3 

6.1 Unit Size 

6.2 Interest Kate 

Utility Investors must be compensated for the use of both their 
debt and equity Investment capital during the period between the time 
funds are spent for construction of the unit and the time the unit goes 
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Fig. 6.1 Power plant capital Investment costs as a function of 
unit size. 

Into operation. Allowance for funds used during construction (AFUDC) is 
a charge made against construction work in progress to compensate these 
investors. In this analysis, these funds are capitalized and Included 
In the utility's rate base at the time of commercial operation. During 
operation the utility will recover these funds from its customers 
through depreciation charges. The FERC Uniform System of Accounts seg-
regates AFUDC Into two components, borrowed funds and other funds. The 
reference average annual Interest rate during construction, which Is the 
tax-adjusted cost of money, is 9.4% per year. 

As shown in Table 4.3 estimated Interest during construction, or 
AFUDC can be very large. The nuclear plant's AFUDC amounts to &1.9 bil-
lion dollars by the time of commercial operation or about one third of 
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the total plant Investment costs. The AFUDC for the coal-flred plant 
amounts to $900 million dollars or one quarter of the total investment 
costs. The smaller quantity for the coal-fired plant, relative to the 
nuclear plant, is due to the lower direct and indirect costs and the 
shorter design and construction period. 

Figure 6.2 shows the sensitivity of the total capital investment 
costs to variations In the Interest rate. The total capitalized invest-
ment costs for the nuclear and coal-flred plant are estimated to change 
about 4.6% and 3.1%, respectively, for each one percentage point change 
In the interest rate, compounded annually. Coal-flred plant costs are 
less sensitive to changes In Interest rates than nuclear costs because 
of the shorter design and construction period. 

INTEREST RATE (PCT./YR) 

Fit*. 6.2 Sensitivity of capital Investment costs to Interest rate. 
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6.3 Escalation Rate 

The sensitivity of the estimated capital investment costs to 
changes in the escalation rate for construction costs during the pre-
operation period is shown in Fig. 6.3. This sensitivity to escalation 
rate is quite pronounced. The total capitalized costs for the nuclear 
and coal-fired plant are estimated to change about 7.7% and 9.2%, re-
spectively, for each one percentage point change Ln the escalation rate, 
compounded annually. Capital investment costs for the coal-fired plant 
are more sensitive to escalation rate because the capltnl expenditures 
occur later in time, relative to a nuclear plant, for a common operation 
date. In Fig. 6.3, Interest rate was held constant (at 9.4% per year) 
while the escalation rate was varied. 

[)MNL llrtl, HJ '.n',4 I tl) 

4 B 0 7 S 9 1 O U 1 2 
ESCALATION BATE (PCT./YR) 

Fig. 6.3 Sensitivity of capital Investment costs to escalation 
rate. 
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Figure 6.4 illustrates the effect of simultaneously varying inter-
est rate and escalation rate with the interest rate always greater than 
the escalation rate by 1.4 percentage points. There was no significant 
difference between the results for nuclear and coal-fired plants, there-
fore, only one curve was plotted. 
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Fig. 6.4 Sensitivity of capital investment costs to both Interest 
and escalation rate. 

6.4 Lead Time 

Figures 6.5 and 6.6 Illustrate the sensitivity of capital invest-
ment costs to length of the design and construction period under two 
sets of assumptions. In Fig. 6.5 the year of steam supply purchase (or 



80-1 
OflM DAG 83-5656 ETO 

40-

U X u 
M O 

U 
m 
5 oi 

E S -10-
— -wH J 
fS 
«e -ao-u 

-40 

1068 NUCLEAR STEAM: SUPPU' ORDER 
1967 COAL STEAM SUPPLY ORDER 

COAL./ 

/ 
/ 

' / 

/ 

/ N U C L E A R 

/ 

« 5 « 7 8 » l O U 1 2 I 3 ; - t 
DESIGN & CONSTRUCTION PERIOD (YR) 

Fig. 6.5 Sensitivity of capital investment 
costs to length of licensing, design and con-
struction period, with steam supply purchase 
date held constant including manhour and other 
cost changes associated with lead time. 

90 

10 

30 

ORNL 0*GB3 5AS7 ETD 

ad 
W 
at •j x. 
ra io-

f-
W 
f-t/1 SI 

-10-

- -30 H 
£ 
% -30-

-to 

-w 

1896 PLANT STARTUP 

NUCLEAR 

U> 

4 9 6 7 8 0 1 0 1 1 1 2 1 3 
DESIGN CONSTRUCTION PERIOD (YR) 

Fig. 6.6 Sensitivity of capital investment 
costs to length of licensing, design and con-
struction period, with the year of commercial 
operation held constant including manhour and 
other cost changes associated with lead time. 



5 4 

beginning of project) was held fixed while the design and construction 
period was varied. A one-year change In design and construction period 
under these conditions produces about a 10% change In the total esti-
mated costs of nuclear and coal-flred plants. In Fig. 6.6, the year of 
first commercial operation la held fixed (January 1995) while the steam 
supply order date (beginning of project) and construction permit date 
are varied. Under these conditions capital Investment cost Is less sen-
sitive to lead time. The coal-flred plant capital cost Investment 
changes about 1% for each one-year change In the design and construction 
period, and the nuclear plant changes about 3%. The savings in capital 
Investment costs that would result from a one-year reduction In lead 
time would amount to about $170 million for a nuclear plant and about 
$25 million for a coal-flred plant (as spent dollars). 

The principal changes In costs resulting from lengthening or short-
ening the design and construction period result from changes In escala-
tion and allowance for Eunds used during construction (AFUDC), which are 
directly related to the length of the design and construction period and 
the year of commercial operation. The analysis also Includes estimates 
of changes In engineering, construction management, equipment leas' g, 
and other Indirect costs and of changes In utilization of the construc-
tion work force. Figures 6.5 and 6.6 Include changes In Indirect costs 
In 1982 dollars amounting to $20 million per year for the nuclear plant 
and $7 million per year for the coal-flred plant. These figures reflect 
changes of construction labor content of 2 man-hours/kW(e) for the nu-
clear plant and 0.5 man-hour/kW(e) for the coal-flred plant for each 
year of lead time change. 

The nuclear sensitivity results compare favorably with those of a 
recently completed study regarding regulatory reform by Los Alamos Na-

9 

tlonal Laboratory. This report indicates that nuclear plant lead times 
could be reduced to 7.5 years If certain regulatory reforms are 
Implemented. 
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6.5 Year of Commercial Operation 

Figure 6.7 shows the sensitivity of estimated capital Investment 
costs to year of first commercial operation. The curve in Fig. 6.7 wan 
developed by varying the year of firHt commercial operation while main-
taining a constant design and construction period of 12 years for the 
nuclear plant and 8 years for the coal-fired plant. Only out? curvo is 
shown since the overall escalation rate used for both nuclear nnd coal-
fired plants was 8£/year. Capital investment costs will double for both 
plant types in approximately nine years. 

OHM Dftli H I M|*|H Mil 
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YEAR OF COMMERCIAL OPERATION 

Fig. 6.7 Sensitivity of capital investment costs to commercial op-
eration date. 
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6.6 Labor Intensity 

The EEDB-5 capital Investment cost models used In this analysis 
Include estimates that construction of a single-unit 1200~MW(e) LWR 
plant will require about 20.4 man-hours of construction labor per kilo-
watt of electrical capacity and construction of a two-unit 600-MW(e) 
coal-fired plant will require about 11.6 man-hours/kW(e). 

The effective productivity of construction labor varies signifi-
cantly even within a region depending on factors such as the general 
economy, project management, labor relations, job conditions, avail-
ability of equipment and materials, and weather. Figure 6.8 shows esti-
mated plant costs for nuclear and coal-flred plants as a function of 

OHNL lirti. HI Ml!>9 t TU 

SITE LABOR (MAN-HOUR/KVH) 

Fig. 6 .8 Sensitivity of capital Investment costs to construction 
labor requirements. 
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construction labor requirements. The construction labor requirement was 
varied over a range of 8 to 16 man-hours/kW(e) for coal-flred plants and 
12 to 26 man-hours/kW(e) for nuclear plants, assuming a 40-h work week 
with no overtime pay. Total plant investment costs increase about 1.5% 
and 2.2% for each additional man-hour per kilowatt ot electrical capac-
ity for nuclear and coal-flred plants, respectively. 
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7. POWER GENERATION COST SENSITIVITY 

The reference electric generatlcn costs given In Sect. 5 for each 
region were calculated using a specific set of parameters. There are, 
however, large uncertainties In many of these values. The range of 
these uncertainties is such that a fortuitous combination could cause 
either the coal or the nuclear option to bu the economic choice in any 
region. 

The combination of parameters to be used In a consistent cost com-
parison are not altogether Independent. For example, a large increase 
of nuclear plants In operation could create rapid escalation of uranium 
prices. At a given electricity growth rate, the commissioning of high 
numbers of nuclear units will result In fewer coal-fired plants. The 
consequent reduced demand for coal could hold down coal prices allowing 
coal-fired generation to be more economically competitive. On the other 
hand, capltaL Investment costs for alternate systems are influenced by 
many of the same factors. A change In construction lead time, cost es-
calation rates, or cost of money for a nucloar plant could also be ex-
perienced by a coal-flred plant so that under normal circumstances the 
investment cost of the different systems should more or less maintain 
the same relationship. 

An alternative way in which to view this situation Is that as long 
as there are significant numbers of coal-flred and nuclear plants oper-
ating, rmnoralc factors will tend to exert forces that will keep the 
costs trom both sources In a competitive range. The generation of elec-
tricity Is the primary source of demand for both uranium and coal, and 
this is unlikely to change unless synthetic oil and gas are produced in 
large quantities from coal. By the 1990s, coal and nuclear together are 
projected to provide about 80% of our electric supply and coal by itself 
more than 50% of the total. Thus there is a strong economic Incentive 
to achieve some balance In the supply of coal and nuclear power to keep 
the costs of both competitive and to keep the cost of electricity low. 

The actual costs for capital, O&M and fuel will vary from the esti-
mates given at the reference parameters. Figure 7.1 shows how the power 
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Fig. 7.1 Regional range ir. nuclear and coal-fired power generation 
costs including overall uncertainties in capital, O&M, and fuel cost 
parameters. 
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generation coats for each region vary over a range of uncertainty In the 
reference parameters. The capital Investment and O&M costs were varied 
±25% from their reference values while the nuclear decommissioning cost 
was varied over an uncertainty range of $60-240 million in 1982 dollars. 
The nuclear fuel cost variation results from the low and high uranium 
price projections as shown in Fig, 4.3. In each region coal prices were 
varied according to the range of escalation rates as given in Table 4.8. 
The escalation ranges were applied only to the reference prices as given 
in Table 4.7. An even greater range In fuel prices for the coal-fired 
plants would have resulted IT the range in regional coal prices were 
used. 

It Is evident from Fig. 7.1 that the range of costs for either op-
tion overlaps in all regions. Therefore, either option could be econom-
ically competitive depending on which set of costs prevails. The spe-
cific values at each end of the range, for each power cost component, 
are given in Table 7.1. It is Important to note that the range of re-
gionally-weighted national average power generation costs for both 
options are nearly equal. Since the comparisons were made using para-
meters that had to be projected over such a long time period, it is 
difficult to make conclusive judgments. What seems apparent though is 
that both plant types should remain competitive as base load power 
options in the future. 

The range in total power costs for all base load generation options 
in region 5 (Midwest) Is shown in Fig. 7.2. The capital and O&M costs 
for the gas- and oil-fired plants are also varied ±25% from their refer-
ence values. The range in gas and oil fuel escalation rates is given in 
Table 4.8. The broad range in power generation costs is due to the 
large uncertainty in the gas and oil projections since the prices of 
these commodities are xtremely volatile. Also, the fuel cost component 
comprises a large porti i of total generation costs for these plants. 
Only under very optimistic gas and oil price projections do these two 
options become coiwetlcive with nuclear and coal-fired plants. However, 
over most of the uncertainty range power costs from gas- and oil-fired 
plants are uch to. high to be considered for future base load power. 



Table 7-1. Range In regional power generation coses 
{•llls/kUh. 1982 dollars) 

IX 

. VJH. . J 

VI 

Region Northeast 
2 

SY-SU 
3 Mld-

Atlantlc 

4 South Atlantic 
5 

Midwest Southwest Central 
? 

Sorth 
Central 

9 •est 1C r̂thwest SaMcr.al 
average" 

nuclear 
Capital O&M 
Decoaalsslonlng 
Fuel 

Total 
Coal 

Capital O&M 
Fuel 

Total 

28.1-46.9 29.2-48.6 25.9-43.1 25.1-41.8 27.5-45.9 26.2-41.6 26.7-44.5 
4.3-7.1 
0.2-0.8 
9.9-14.7 

18.2-30.1 
3.5-5.8 
22.2-50.0 

4.3-7.1 
0.2-0.8 
9.9-14.7 

4.3-7.1 
0.2-0.8 
9.9-14.7 

4.3-7.1 0.2-0.8 
9.9-14.7 

.3-7.1 
0.2-0.8 
9.9-14.7 

4.3-7.1 
0.2-0.8 
9.9-14.7 

18.2-30.3 
3.5-5.8 
19.4-43.7 

16.7-27.9 
3.5-5.8 
17.1-38.7 

16.2-27.0 
3.5-5.8 
22.7-51.5 

17.5-29.1 
3.5-5.8 
17.0-38.4 

4.3-7.1 

9.9-14.7 

42.5-69.5 43.>i-7l .2 40.3-65.7 39.5-64.4 41.9-68.5 40.6-66.2 41.1-67.1 

17.0-28.3 
2.6-4.3 
23.0-52.0 

26.2-43.6 
4.3-7.1 
0.2-0.8 
9.9-14.7 

17.0-29.3 
3.5-5.8 
14.7-33.4 

30. 
4. 0. 
9. 

3-50.5 

2-o.8 
9-14.7 

23.4-47.3 
4.3-7-: 0.2-:-.8 
0.9-14.7 

16.7-2.'.9 
2.6-4.3 
9.4-21.1 

19.-.-32.3 [3. >»">.? 
2>-4.3 2-6-4-3 
21.0-4'.7 21.9-49.9 

43.9-86.1 41.1-79.8 37.3-72.4 42.4-84.3 38.0-73.3 42.6-34.6 35.2-67.5 23.7-53.3 -.3.0-8-.3 

r.c>-44.» 3-7.I 
9-5-14." 

4fi.6-*6.2 44.7-,3.I <2.5-69.9 4!.4-6*.5 

17.3-23.8 
3.2-5-3 
19.7-44.5 

4-"1. "*—73 

"National averages are weighted average values (used on projected regional electricity generation levels In 1995. Source: 1931 Annual to Con-
gress, rOE/EIA-0173(81)/3(S-2). pp. 345 356. 



6 2 

MO 

s 300 

200 

g P 

H 100 

fi * s 

OMNt llrt'ilH MWI Ml' 

IMS PUNT STARTUP 
REGION fi (MIDWEST) 

SINGLE TWIN 
UNIT UNIT 

i 
Nuc lea r Coa l - i Coa l -2 Gas Oil 

Fig. 7.2 Range in power generation costs for nuclear and fossil-
fired plants Including overall uncertainties In capital, O&M, and fuel 
cost parameters. 

The specific values at each end of the range, for each power cost compo-
nent, are given In Table 7.2. 

The impact on power generation costs of changes in specific param-
eters Is discussed In the following sections for the nuclear and coal-
fired plants only. This sensitivity analysis was performed for region 
5, although similar trends will exist In other regions. Region 5 was 
chosen for the sensitivity analysis because of its central location. 
When evaluated at the reference parameters, the nuclear power costs are 
about IX more expensive than those for coal-fired plants In this region. 
In this section the generation costs for the coal-flred plant reflect 
the use of high sulfur, bituminous coal since this coal type resulted In 
the lowest costs at the reference parameters for the region. 
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Table 7.2. Range In power generation costs of bnsc loud 
plants located in region 5 (Midwest) 

(mills/kWh, 1982 dollars) 

Nuclear*1 Single 
coal 

Twin 
coal Gas Oil 

Capital 27.7-46.7 18.8-31.4 17.5-29.1 9.9-16.5 14.9-24.9 
O&M 4.3-7.1 4.4-7.4 3.3-5.8 0.6-1.0 1.4-2.A 
Fuel 9.9-14.7 17.0-38.4 17.0-38.4 51.3-241.0 63.7-299.3 

Total 41.9-68.5 40.2-77.2 38.0-73.3 61.8-258.5 80.0-326.6 
aThe nuclear capital investment cost includes decommissioning 

cost. 

7.1 Sensitivity to Capital Investment Cost 

The sensitivity of nuclear and coal Investment costs to a variety 
of parameters was examined in Sect. 6. Figure 7.3 Illustrates the Im-
pact on power generation cost from changes In the total Investment cost 
tor both options. A change In the Investment cost of these power plants 
could result from changes In any of the parameters that were discussed 
in Sect. 6 or for other reasons such as generic design changett resulting 
from new environmental or safety regulations. Nuclear costs are more 
sensitive to Investment cost variations since nuclear plants are more 
capital Intensive than coal-flred plants. The sensitivity of power 
costs to each percentage point change In Investment cost is 0.30 mills/ 
kWh for nuclear and 0.22 mills/kWh for :oal. These sensitivities can be 
used to study how changes in investment cost affect the comparison. For 
example, if nuclear capital Investment costs were 10% lower while coal 
plant Investment costs remained at its reference value, then the genera-
tion costs in region 5 from the coal and nuclear options would be equal. 

7.2 Sensitivity to Plant Lead Time 

The long lead times now experienced for constructing a nuclear 
plant have worked to the detriment of this option. Although the indus-
try is vastly more knowledgeable today after two decades of building and 
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operating these plants, lead times for design and construction have in-
creased from about 5 years to current estimates of 12 years. A recent 
Los Alamos National Laboratory report indicates that nuclear plant lead 
times could be reduced to 7.5 years if certain regulatory reforms are 

1 0 

implemented. The sensitivity of capital investment cost to lead time 
was discussed in Sect. 6.4. In this section, the sensitivity of power 
generation costs to plant lead time for both nuclear and coal-flred 
plants is analyzed. The impact of alternate lead times on the compari-
son between these two plant types is illustrated in Fig. 7.4. At the 
reference lead times, 8 years for coal-flred plants and 12 years for 
nuclear plants, the levelized cost of the nuclear plant was estimated to 
be 7% higher than that nf the coal-fired plant in region 5. If the nu-
clear lead time could be reduced to 9 years, then it is estimated that 
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the levelized costs of both options would be equal. From this figure it 
is evident that the power generation cost of coal-fired plants is rela-
tively insensitive to plant lead time as compared to the sensitivity 
exhibited by the nuclear plant. 

7.3 Sensitivity to Capacity Factor 

Figure 7.5 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. By definition, base load plants are depended upon to 
provide the bulk of the load because of their low production costs. 
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Fig. 7.5 Sensitivity of nuclear and coal-fired power generation 
costs to unit capacity factor. 

This requirement necessitates that these plants have high availability 
factors. Since base load plants are dispatched early in the loading 
order, capacity factors of 50% or more should be expected. Therefore, 
comparisons of future base load plants should be made at this lower 
limit of capacity factor or higher. The nuclear and coal-fired options 
in region 5 produce identical power costs when both systems have a ca-
pacity factor of 84%. Nuclear is the economic choice at capacity fac-
tors above this level while coal is the choice if the capacity factor Is 
below this level. The break-even point for the capacity factor will 
vary from region to region. 
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7.4 Financial Parameters 

The computation of generation costs for power plants Involves both 
technical and financial parameters. Many of the financial parameters 
ascribe specific costs/prices to specific services (e.g., enrichment) 
and resources (e.g., coal). A financial parameter that pervades the 
analysis is the cost of money. It is difficult to ascertain the cost of 
financing future construction projects, so it is important tc examine 
how changes in the cost of money affect the comparison of competing 
technologies. The sensitivity of the power costs to a range of both the 
coat of money and the fixed charge rate will be examined In the fol-
lowing two sections. 

7.4.1 Sensitivity to 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 money since costs related to fuel assembly preparation 
are capitalized. The sensitivity of the power ĉ »st to the cost of money 
for both options In region 5 Is Illustrated in Fig. 7.6. The nuclear 
option is affected more by a change in the cost of money since it is the 
most capital intensive. A one percentage point increase in the effec-
tive cost of money will cause a 6.7 mlll/kWh Increase in the projected 
cost of nuclear power and a 3.5 mill/kWh Increase In the cost of power 
from coal-flred plants. 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 riskier than the other. For example, If the nu-
clear option has a 0.5% higher after tax cost of money than coal, then 
nuclear generation costs would increase by about 6% over the reference 
value. Figure 7.7 shows how a change In the cost of money affects the 
fixed charge r.ite. This figure can be used to analyze the impact on 
capital charges due to alternate fixed charge rates. 
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7.4.2 Sensitivity to fixed charge rate 

The fixed charge rate when multiplied by the initial Investment 
cost yields a levellzed cost over the life of the plant. Since the 
fixed charge rate directly effects the capital component of the power 
generation cost, changes in Its value affects the nuclear option to a 
greater extent than coal. The fixed charge rate Is comprised of several 
components as depicted in Table 7.3. The cost of money is an important 
constituent of the fixed charge rate. The sensitivity of generation 
costs to the cost of money was discussed In the previous section. Fig-
ure 7.8 shows how generations costs are affected by alternate fixed 
charge rates. This figure can be used to translate how changes In non-
cost-of-money constituents of the fixed charge rate alter the compari-
son. A one percentage point change In the fixed charge rate will cause 
the nuclear power generation costs to change by 2.0 millc/kWh and the 

Table 7.3. Levelized fixed charge rate breakdown 
(%/year) 

Coal Nuclear 

Return*2 (effective interest rate) 11.9 11.9 
Sinking fund depreciation 0.4 0.4 
Income tax 3.3b 3.5ft 

Property tax 2.0 2.0 
Interim replacement/backflttlng 1.8 1.8 

Subtotal 19.4 19.6 
Less Investment tax credit 1.0 1.2 

Total 18.4 18.4 

•^Capitalization 51% debt at 10%/year: 12% pre-
ferred at 10%/year; 37% common at 15%/year. 

^Computed under the Tax Equity and Fiscal 
Responsibility Act of 1982 (TEFRA) with 10-year tax 
life for nuclear plants, 15 years for coal-flred 
plants. 
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coal power costs to change by 1.3 mills/kWh in region 5. These sensi-
tivity factors could be used to evaluate alternate backfitting and in-
terim replacement assumptions or the Impact of investment tax credits. 
For example, if backfitting and replacement costs were only half as 
large as those assumed In the reference parameters (e.g., a decrease of 
0.9 in the fixed charge rate), then nuclear and coal-fired plant power 
costs would be reduced by about 1.8 and 1.2 mills/kWh, respectively. 
Also, since the property taxes vary at each location, the figure allows 
comparisons to be made using site specific tax rates. 
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7.5 Sensitivity to Coal and Uranium Prices 

There are many uncertainties in the projection of future coal and 
uranium prices. These major uncertainties Include future mine and 
transportation costs. Information about future economic growth patternu 
is nlso required. Furthermore, resource price Involves the relationship 
between dc-nand and supply which is not well defined. With such a high 
degree of uncertainty Involved In these predictions and because fuel 
prices have such a large Impact on the power costs It Is Important that 
the sensitivity to alternate fuel price scenarios be examined. 

The EIA coal price projections used In this analysis represent typ-
ical or average prices for each region. Since the price utilities pay 
for coal contain transportation charges, coal prices can be expected to 
vary throughout the region. The expected range of coal prices for each 
region was given In Table 4.7. Also a range of escalation rates can be 
expected since transportation costs are oil Intensive operations, and 
the aize of the coal reserve base Is uncertain. 

The sensitivity of coal-flred plant generation costs to real coal 
price escalation is given in Fig. 7.9. In this figure, the range of 

I 

costs at a given escalation rate represent the range of the reference 
fuel prices within region 5 (as given in Table 4.7). The family of 
curves for the nuclear option represents each of the three uranium price 
projections shown in Fig. 4.3. Uranium and coal price trends may move 
in opposite directions if one option becomes dominant. On the other 
hand, general economic conditions should cause the escalation rates of 
coal and uranium to move In unison. This scenario is depicted In Fig. 
7.10 where the real price escalation rates of both fuel types change at 
the same rate. The range in nuclear generation costs at a given escala-
tion rate represents a range In current uranium prices ($20-40/lb for 
U30s). This figure demonstrates that coal-flred plant power costs are 
more sensitive than nuclear plant power costs to fuel price escalation. 
In view of the Implications from this figure, the nuclear option repre-
sents an excellent hedge against possible large fossil fuel price esca-
lation. Future uncertainties which affect the price of coal include 
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possible revisions to the Clean Air Act, passage of regulations aimed at 
reducing acid rain, and the resolution of the C02 problem. 

7.6 Sensitivity to Nuclear Fuel Service Prices 

Whereas coal requires little preparation other than crushing, pul-
verizing, and perhaps washing, nuclear fuel requires expensive prepara-
tion, with long lead times, before it can be utilized. Figure 7.11 
shows the contribution of each component of the fuel cycle to the total 
fuel cost. The contribution of uranium costs for each of the three ura-
nium price projections are shown. The cost of U3O8 comprises the .largest 
fraction of the nuclear fuel cost for all of the price projections. The 

OMNI uvvr, 83 WWO lit) 
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Fig. 7.11 Distribution by category of the levelized fuel cost for 
the nuclear plant with a once-through fuel cycle. 
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charge for enrichment services comprises the next largest component. 
Together, these two components make up 80% of the nuclear fuel cost at 
reference prices. The sensitivity of power costs to uranium price was 
discussed in Sect* 7.5. 

The sensitivity of the nuclear fuel cost to the enrichment price 
escalation rate Is depicted In Pig. 7.12. Lower enrichment price esca-
lation rates would tesult from significant market penetration of ad-
vanced enrichment technologies. If over the next several decades domes-
tic enrichment services continue to depend on the diffusion method and 
If electricity prices escalate at high rates, then higher enrichment 
price escalation could significantly Increase the cost of nuclear fuel. 

Fig. 7.12 Sensitivity of nuclear fuel cycle cost to real escala-
tion of enrichment price. 
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The sensitivity of nuclear fuel price to changes in enrichment and 
fuel fabrication Is Illustrated In Fig. 7.13. This figure can be used 
to reevaluate fuel costs based on different service prices for these 
parameters. 
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Fig. 7.13 Sensitivity of nuclear fuel cost to enrichment and fab-
rication prices. 
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8. COMPARISON OK ONCE-THROUGH TO RECYCLING 

As a result of parasitic fission product production and constrain-
ing burn-up levels, nuclear rcactors cannot utilize more than 70 to 75% 
of the fissionable material in the fuel elements. Burnup from ln-sltu 
production of fissionable plutonlum provides additional heat for power 
production. Significant quantities of this material are also discharged 
with the spent fuel. The once through fuel cycle is terminated by dis-
posing of these fuel assemblies. Recycling these valuable materials by 
reprocessing and refabrlcatif fueL assemblies would reduce the need 
for freshly mined uranium and die conHequent need for conversion and 
enrichment servlcen. The overall savings are reduced, however, since 
additional costs are Incurred to recover these discharged resources. 
Thetie additional costs are needed to pay for the reprocessing of the 
spent fuel and shipping of spent fuel assemblies to the reprocessing 
plant. The need to permanently store or dispose of the spent fuel as-
semblies Is eliminated; however, reprocessing waste disposal costs will 
be incurred. The fabrication of fuel assemblies containing plutonlum 
must he performed remotely, which Incurs additional costs. The economic 
merits of completing the nuclear fuel cycle by recycling Bpent fuel In 
light-water reactors Is discussed in the following sections. 

8.1 Reference Comparison 

The reference parameters used to estimate the power generation 
co3ts of uranium/plutonlum, self-generated recycle, were given In Table 
4.6. Self-generated recycle means that fissionable material from a 
given reactor Is recovered and returned to the same reactor. A lag time 
is required to perform the necessary operations on the spent fuel before 
che fissionable material can be utilized. Power from this fuel cycle Is 
chus derived from its own recycled spent fuel plus additional freshly 
fabricated fuel necessary for makeup and reactor startup. The fuel 

C3 cor both the once-through and the self-generated recycle options, 
icn ̂ L/en in Table ^.1. At the reference parameters, the savings from 
r<s<iur.£<i uranium and enrichment requirements Is greater than the added 
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Table 8.1. Once through and 
recycLe fuel coats 

(mllls/kWh, 1982 dollars) 

Onr>- hrough Recycle 

u308 5.81 4.00 
Conversion 0.26 0.18 
Enrichment 3.24 ' , 1 
LEU® fnhrIcat ton 1.07 i 
M0Xft fabrication 0.80 
Reprocessing 1.50 
Waste disposal 1.00 1.00 

11.4 10.8 
aLEU « low enriched uranium. 
^MOX • mixed uranium/plutonium 

oxide. 

costs required to recover the fissionable material from the spent fuel. 
Recycling spent fuel reduces the fuel cost by about 5% at reference con-
ditions. The savings amounts to about $100 million (1982 dollars) over 
the 30-year life of the plant. It is assumed that there will not be any 
additional capital or operation costs resulting from the use of mixed 
uranlum-plutonium fuel. 

8.2 Sensitivity to Nuclear Fuel Service Prices 

The costs involved in recycling spent fuel are very uncertain. The 
economic viability of this fuel cycle will depend on the magnitude of 
these costs as well as future uranium and enrichment prices. The fol-
lowing sections describe how the economic decision of whether to recycle 
or not to recycle spent fuel is affected by variations in uranium, en-
richment, reprocessing, and fabrication prices. 
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8.2.1 Sensitivity to uranium price 

The desire to reduce the need for limited mineral resources has 
been a driving force behind the attraction for recycling spent fuel. 
The recycle decision Is very Honaitl>/e to future uranium prices. Figure 
H. i1111lutes the sensitivity of power costs for the once-through and 

It* optloriH to each of the uranium price scenarios given in Fig. 
4.J. At the higher price projection, fuel costs are reduced by 14% when 
the fuel Is recycled, whereas these costs are nearly equal at the low 
price projection. A comparison of the fuel cost sensitivity to various 
uranium price escalation rates, with a base 1982 U3OB price of $32/lb, 
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Fig. 8.1 Fuel cycle cost for the once-through and recycle options 
at the three uranium price projections. 
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is given in Fig. 8.2. The once-through option is more sensitive to ura-
nium price escalation because of the greater uranium requirements for 
this fuel cycle. Thus as the demand for uranium increases, thereby 
ciusing high uranium ore price escalation, the advantage of recycling 
becomes greater. However, If recycling spent fuel becomes widespread 
the reduction In uranium requirements may result in a somewhat Lower 
uranium price. 

8.2.2 Sensitivity to enrichment price 

Recycling allows utilities to utilize fissionable materials in the 
spent fuel thereby reducing the requirement for enrichment services. At 
reference prices, enrichment costs comprise about 30% of the totaL fuel 
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recycle options to real escalation of enrichment price. 
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cost for the once-through option. Recycling spent fuel decreases these 
enrichment costs by nearly 25%. Future enrichment prices depend on both 
the demand for this service and the commercialization of technologies 
which lower production costs. These technology improvements include the 
centrifuge and advanced isotope separation systems. 

The sensitivity of the fuel cost for the once-through and recycle 
options to enrichment price is depicted in Fig. 8.3. A $1/SWU change in 
the constant dollar enrichment price will change the nuclear fuel cost 
by 0.025 milWkWh for the once-through option and 0.019 mills/kWh for 
the recycle option. 

Enrichment prices, at reference conditions, are assumed to increase 
at the general inflation rate (6%). Presently domestic enrichment is 
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Fig. 8.4 Sensitivity of nuclear fuel cost for the once-through and 
recycle options to real escalation of enrichment price. 
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performed by the gaseous diffusion process which is very electricity 
Intensive. Enrichment production costs could escalate at higher rates 
If electricity prices increase at higher rates than expected or If more 
electricity efficient enrichment methodo do not make significant pene-
tration over the next few decades. However, external factors are now 
impacting domestic enrichment contracts. The existence of large excess 
Inventories and competitively priced foreign sources of enrichment 
should minimize future price escalation. 

The economic Incentive for recycling spent fuel increases as en-
richment costs increase as shown In Fig. 8.4. This effect Is also dem-
onstrated in Fig. 8.5 for each of the three uranium price projections. 

Fig. 8.4 Sensitivity of nuclear fuel cost for the once-through and 
recycle options to real escalation of enrichment price. 
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REAL ESCALATION OF ENRICHMENT PRICE (%/yr) 
Fig. 8.5 Sensitivity of the recycling cost advantage over the 

once-through option to real escalation of enrichment price at the three 
uranium price projections. 

At any given installed nuclear capacity, the demand for enrichment ser-
vices would be reduced if significant recycling occurs, since this op-
tion is less enrichment Intensive. It Is conceivable that the introduc-
tion of recycling could result in higher enrichment prices since DOE is 
required to recover all its fixed costs. The effect would be to further 
Increase the economic advantage of recycling. 

8.2.3 Sensitivity to reprocessing price 

Although reprocessing of a limited number of spent fuel elements 
has been accomplished, a cost basis has not been established to accu-
rately predict the costs of reprocessing on a commercial scale. This 
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lack of historical basis results in a large uncertainty as to what fu-
ture reprocessing prices will be. The sensitivity of the fuel cost for 
the once-through and recycle options as a function of reprocessing price 
is given in Fig. 8.6. The cost advantage of recycle over the once-through 
option is given for each of the three uranium price projections. As 
would be expected, the cost advantage decreases as reprocessing prices 
rise. At the reference uranium price projection, recycling is still 
economically attractive even if a reprocessing price is 40% higher than 
the reference price. 

flHNL DWOHJ 'M (11) 30 | 
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Fig. 8.6 Sensitivity of the recycling cost advantage over the 
once-through option to reprocessing price at the three uranium price 
projections. 
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8.2.4 Sensitivity to MOX fabrication price 

The cost of fabricating mixed uranium/plutonium oxide (MOX) fuel is 
not a commercially established operation so that a great deal of uncer-
tainty exists in its future price projection. The reference price as-
sumes that the plant is remotely operated, but in contact maintained. 

The sensitivity of the recycle cost advantage over the once-through 
option to the MOX fabrication price Is shown in Fig. 8.7. Plots are 
shown for the high, low, and reference uranium price projections. Re-
cycling Is economically competitive even If the costs of fabricating MOX 
fuel assemblies is 70% higher than the reference price projection, when 
all other costs are evaluated at reference prices. 
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Appendix A 

ANNUAL REVENUE REQUIREMENTS AND CASH FLOW 

The major portion oC the report deals with comparison of the al-
ternatives on a levellzed cost basis. Presentation of results In this 
manner does not provide Insight Into the financial aspects <>f the proj-
ect at any point In time. Analysis of annual revenue requirements and 
cash flow can provide this valuable Information. 

Annual Revenue Requirements. Revenue requirements' methods are 
used extensively by public utilities for both rate making and project 
evaluation purposes. These methods determine the necessary year-by-year 
revenues needed by the utility to pay operating costs, taxes, return on 
undepreciated capital and capital depreciation. In theory, the util-
ity's rates will be adjusted to meet these revenue requirements so that 
the revenues received equal the revenue requirements for any given year. 

There are two methods used to determine revenue requirements. 
These are the flow-through accounting method and the normalized account-
ing method. Normalized accounting procedures are required by the 1982 
tax law If the utility is to take advantage of accelerated tax deprecia-
tion schedules. The normalized accounting method is used in this report 
to estimate annual revenue requirements. The two methods differ in the 
treatment of accelerated depreciation and investment tax credits. The 
basic equation used by both methods is, 

R - eEV + bBV + DB + 0 + T . (A.I) n n n n n n 

(see Table A.l for definition of terms). The difference between the 
methods is in the evaluation of the tax term, Tn, and the rate base 
term, V„. 

Flow through accounting. In the flow-through accounting method the 
taxes in the revenue requirements' equation are the taxes actually paid. 
Benefits from accelerated depreciation and Investment tax credits are 
"flowed through" to the rate payer in the year received. The taxes, Tn, 
are equal to the tax rate times the taxable Income. Taxable income is 
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Table A. 1. Nomenclature 

b interest on debt 
B fraction of capitalization irom debt 
C cash flow 
D® book depreciation 

tax depreciation computed using straight line depreciation 
D^ depreciation for Income tax purposes 
e rate of return on equity investment (including preferred) 
E fraction of capital from equity 
I capital investment 
I0 total capitalized Investment at start of operation 
ITC Investment tax credits 
1 Inflation rate 
j index, signifying period of time 
m index, year relative to reference year 
n index, year relative to start of project 
N operating life of project 
0 other expensed costs, Includes O&M costs, fuel, 

interim replacement, property taxes, decommissioning fund 
P price 
"P current dollar levelized price 
"p constant dollar levelized price o 
R revenue or revenue requirements 
S quantity sold 
t Income tax rate 
T Income taxes 
Tc current Income taxes 
T^ deferred Income taxes 
V rate base or outstanding capital 
X current dollar effective cost of money 
Xa constant dollar effective cost of money 
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Che difference between revenues and deductible expenses. Deductible 
T 

expenses include depreciation for tax purposes, D^, interest paid on 
debt, bBVn, and operating costs 0n, 

T - t (R - D* - bBV - 0 ) . (A.2) n n n n n 

Substituting for annual revenue, Kn, from Eq. (A.l) and rearranging, the 
taxes paid during the period are 

T - ^ (eEV + DB - DT) . (A.3) n ( 1 _ t ) n n n 

The rate base (Vn) is equal to the initial investment reduced by the sum 
of the accumulated book depreciation, 

n-1 n 
B ( A . A ) 1 - I - V D° . 

n ° fal J 

Normalized accounting. The basic revenue requirements' equation 
for normalized tax accounting is the same as that for flow-through ac-
counting. The treatment of the taxes and the rate base differ from the 
flow-through method, however. The taxes allowed for normalized revenue 
requirements are the sum of the current and deferred taxes, 

T - T + TJ . (A.5) n c,n d,n 

where, Tc n represents the taxes actually paid 

T - t (R - DT - bBV - 0 ) . (A.6) c,n n n n n 

Substituting for R from Eq. (A.l) as before and for T from Eq. (A.5), 
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the taxes patd during the period nre 

T - (eEV + 0B - DT + T . ) . (A. 7) c,n (i _ t) n n n d'n 

Tj n represents the deferred taxes due to accelerated depreciation. The 
deferred taxes for a period are equal to the tax rate times the differ-
ence between the actual allowed depreciation and the depreciation which 
would have occurred If straight-line depreciation would have been used 
for tax purposes, 

T . t (DT - DSL) . (A.8) d, n n n 

The straight-line depreciation will not usually be equal to the 
book depreciation term. This is because book depreciation Includes the 
allowance for funds used during construction (AFUDC) whereas AFUDC Is 
not Included for tax depreciation. The return on equity Is not a tax 
deductible Item, and the effective cost of money during construction 
Includes the benefit of tax deduction on Interest paid. 

The deferred taxes are not a free source of capital for the utility 
since In most jurisdictions they are used along with the accumulated 
book depreciation to adj . rate base. The rate base In the absence of 
invesLment tax credits given by 

The sum of the deferred taxes over the life of the project should equal 
zero. 

Investment Tax Credits. According to the current tax law, depend-
ing on the option selected by the utility, the investment tax credit 
deferred balance nay be amortized "above the line" (in which case the 
deduction of the accumulated balance from the rate base is prohibited) 
or "below the line" (In which case rate base reduction is permitted but 
the expenses are not reduced by the amortization of the Investment tax 
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credit), but not both above and below the line. In the analysis pro-
cedure used In this report deferred Investment tax credits are normal-
ized below the line by reducing the rate base. The book depreciation in 
the rate base formula is then adjusted by the prorated portion of the 
tax credit, 

n—1 
V - (I - ITC) - Y 

jtl 

The value of the rate base at the end of project will equal zero. 
The annual revenue requirements can be used to estimate the cost of 

producing power from this plant on a year by year basis. This power 
cost is obtained by dividing the annual revenue requirements by the 
power produced In that year, 

P - M . (A. 11) 
n Sn 

Estimates of the power cost from the nuclear and coal-flred plants lo-
cated In region 5 are plotted In Fig. 5.4 and tabulated In the last col-
umns In Tables A.2 and A. 3. 

The power costs from these two options, In constant 1982 dollars, 
are plotted for each of the ten regions in Figs. A.l-A.10. In all re-
gions the power costs of the nuclear plant are Initially higher than 
those of the coal plant due to the larger capital Investment. Also In 
each of the regions, nuclear plant power costs decline at a faster rate 
than the power costs of the coal option. With the exception of region 8 
(North Central) where the reference year coal prices and escalation 
rates are very low, the annual power costs from nuclear plants will 
eventually be lower than those for coal plants. The year In which the 
power costs of these two options become equal, for each of the ten re-
gions, Is shown In Table A.4. Obviously, the shorter this time period 
the more competitive the nuclear option will be. Generally, this time 
period should be less than eleven years if the levellzed costs of the 
nuclear plant are to be less than the coal plant. These times exhibit 



Table A2. Annual Revenue Requirements For Nuc lear P lan t - Region 5 
( M i l l i o n D o l l a r s , Cu r ren t ) 

Book Return On Incoae Taxes Proper ty I n t e r i m 
Year Depr C a p i t a l Cur ren t Defer red Taxes Repl 

1995 186.3 627.7 309.7 82.3 111.8 59.3 
1996 186.3 597.0 187.7 188.0 111.8 62 .8 
1997 ' 8 6 . 3 553.8 200.1 152.8 111.8 56.6 
199B 186.3 511.8 211.7 117.5 111.8 70.6 
1999 186.3 180.0 196.2 >17.5 171.8 71.8 
2000 186.3 115.1 177.8 117.5 111.8 79-3 
2001 186.3 110.3 177.0 99.9 111.8 81.1 
2002 186.3 377.5 159.7 99 .9 111.8 89.1 
2003 186.3 311.7 112.3 99.9 111.8 91 .1 
2004 186.3 312.0 125.0 99.9 111.8 100.1 
2005 186.3 279.2 266.3 - 5 8 . 8 111.8 106.1 
2006 186.3 265.3 258.9 - 5 8 . 8 111.8 112.5 
200? 186.3 251.3 251.5 - 5 8 . 8 111.8 119.2 
2008 186.3 237.3 211.1 - 5 8 . 8 111.8 126.1 
2009 186.3 223.1 236.7 - 5 8 . 8 1 ; 1 .8 131.0 
2010 186.3 209 .1 229.3 - 5 8 . 8 111.8 112.0 
2011 186.3 195.5 222.0 - 5 8 . 8 1 1 1 . 8 150.5 
2012 186.3 181.5 211.6 - 5 8 . 8 1 1 1 . 8 159.6 
2013 186.3 167.5 207.2 - 5 8 . 8 111.8 169.1 
201* 186.3 153.6 199.8 - 5 8 . 8 111.8 179.3 
2015 186.3 139.6 192.1 - 5 8 . 8 111.8 190.0 
2016 186.3 125.7 185.0 - 5 8 . 8 111.6 201 .1 
2017 186.3 111.7 177.6 - 5 8 . 8 111.8 213-5 
2018 186.3 97.7 170.2 - 5 8 . 8 111.8 226.3 
2019 186.3 83.8 162.9 - 5 8 . 8 111.8 239.9 
2020 186.3 69.8 155.5 - 5 8 . 8 111.8 251.3 
2021 186.3 55.8 118.1 - 5 8 . 8 111.8 269.6 
2022 186.3 11.9 110.7 - 5 8 . 8 111.8 285.7 
2023 186.3 27 .9 133.3 - 5 8 . 8 111.8 302.9 
2021 186.3 11.0 125.9 - 5 8 . 8 111.8 321.1 

C a p i t a l Cecoa 0 & K Fue l l o t a l Pouer Cost 
Rev Re<j Fund Rev Req Rev Req Rev Req tt/KVh) 

1377.1 11.8 88 .1 168.5 1615.0 21 .1 
1333-7 11.8 93.7 160.5 1599-7 2 3 . 1 
1271.1 11.8 99-3 166.7 1519-2 22.7 
1215.7 11.8 105.3 178.1 1510.9 22.1 
1166.7 11.8 111.6 191.1 1181-1 21.7 
1117-9 11.8 118.3 201.6 1152-6 21.3 
1069-3 11.8 125.1 219.5 1126.0 20 .9 
1031.3 11.8 132.9 239.5 1108-5 20.6 
979.5 I T . 8 110.9 >56.5 1388-7 20.3 
935.1 11.8 119.3 2 7 6 . 3 1372-6 20.1 
891.0 11.8 158.3 297.0 1358.1 19.9 
876.0 11.8 167.8 318.7 1371-1 2 0 . 1 
861.1 11.8 177.9 312.3 1393-* 2 0 . 1 
817.2 11.8 1 8 8 . 6 367.7 H 1 5 . 3 20 .7 
833-5 11.8 199.9 391.7 1139.0 21 .1 
820.1 11.8 211.9 129.1 1172.9 21.6 
807.3 11.8 221.6 161.6 1505.3 22.0 
7 9 5 . 0 11.8 238.0 196 .1 1511.3 22.6 
783.2 11.8 252.3 533.8 1581.1 23 .1 
772.0 11.8 267.5 571.2 1625.5 23-8 
761 .1 11.8 283.5 617.7 1671.1 21.5 
751 .5 1 1 . 8 300.5 661.1 1727.9 25 .3 
712.2 11.8 318.6 718.6 1791.2 26.2 
7 3 3 . " 11.8 337.7 779 .0 1862.2 27.3 
725.9 . 1 . 8 357.9 8 3 6 . e 1931-5 28.3 
719.0 11.8 379 .1 903.3 2013-1 29.5 
712.9 11.8 102.2 973.3 2100.1 30-7 
707.7 11.8 126-3 1018.6 2191.4 32-1 
703.5 11.8 151.9 1129.1 2296.3 33-6 
700.3 11.8 "79 .0 1215.8 2106.9 35 .2 



Table A3. Annual Revenue Requirements For Coal- : 
( M i l l i o n D o l l a r s , C u r r e n t ) 

f i r e d P l a n t - Region 5 

Book Re tu rn On Incoae Taxes P r o p e r t y I n t e r i m 
Year Depr C a p i t a l Cu r ren t D e f e r r e d Taxes Repl 

1995 118.0 394.5 215-6 21 .2 70 .8 37 .5 
1996 118.0 378 .9 143.9 84.6 70 .8 39-8 
1997 118.0 355.7 144.3 71 .9 7 0 . 8 42 .2 
1998 118.0 334.0 145.6 59 .2 70 .8 44.7 
1999 118.0 313-8 147.6 46 .5 70 .8 47 .4 
2000 118.0 295 .2 137.7 46 .5 70 .8 5 0 . 2 
2001 118.0 276.5 140.5 33 .8 7 0 . 8 53 .2 
2002 118.0 259.3 131.1 33 .8 70 .8 56.4 
2003 118.0 242.2 122.3 33 .8 70 .8 59 .8 
2004 118.0 225 .0 113-3 33 .8 70 .8 63 .4 
2005 118.0 207.9 104.2 33 .8 7 0 . 8 67 .2 
2006 118.0 190.7 9 5 . 1 33 .8 70 .8 7 1 . 2 
2007 118.0 173-5 86 .0 33 .8 7 0 . 8 75 .5 
2008 118.0 156.4 76 .9 33 .8 7 0 . 8 80 .0 
2009 118.0 139.2 6 7 . 9 33 .8 70 .8 84 .8 
2010 118.0 122.1 134.9 - 4 2 . 3 70 .8 89 .9 
2011 118.0 113-9 130.6 - 4 2 . 3 7 0 . 8 95 .3 
2012 118.0 105.8 126.3 - 4 2 . 3 70 .8 101.0 

2013 118.0 97 .7 122.0 - 4 2 . 3 70 .8 107.1 
2014 118.0 89 .5 117.7 - 4 2 . 3 70.B 113.5 
2015 118.0 81.4 113-4 - 4 2 . 3 70.B 120.3 
2016 118.0 7 3 . 2 109.1 - 4 2 . 3 7 0 . 8 127.6 
2017 118.0 6 5 . 1 104.8 - 4 2 . 3 70 .8 135.2 
2018 118.0 57 .0 100.5 - 4 2 . 3 70 .8 143-3 
2019 118.0 48 .8 96 .2 - 4 2 . 3 70 .8 151.9 
2020 118.0 40 .7 91 .9 - 4 2 . 3 70 .8 161.0 
2021 118.0 32.6 87.6 - 4 2 . 3 70 .8 170.7 
2022 118.0 24 .4 83-2 - 4 2 . 3 70 .8 181.0 
2023 118.0 16.3 7 8 . 9 - 4 2 . 3 7 0 . 8 191.8 
2024 118.0 8 . 1 74 .6 - 4 2 . 3 7 0 . 8 203-3 

C a p i t a l Decom 0 & M F u e l T o t a l Power Cost 
Rev Req Fund Rev Req Rev Req Rev Req « / H h ) 

857.6 0 . 0 71 .2 284.8 1213.6 17.B 
835.9 0 . 0 75-5 306.4 1217-8 17-8 
802.9 0 .0 bO.O 329.7 1212.6 17.7 
772.3 0 . 0 84 .8 354.7 1211.8 17-7 
744 .1 0 . 0 89 .9 381.6 1215-6 17.8 
718.4 0 . 0 95.3 410.6 i ° ~ 4 . 3 17.9 
692 .9 0 . 0 101.0 441.7 W 5 . 6 18 .1 
669 .8 0 . 0 107.1 475.3 1252-2 18.3 
647 .0 0 . 0 113-5 511-3 1271.8 18.6 
624.3 0 . 0 120.3 550 .2 1294.8 18 .9 
601 .9 0 . 0 127.5 591-9 1321-3 19-3 
579.7 0 . 0 135.2 636.8 1351-7 19-8 
557. 0 . 0 143.3 685.2 1386.2 20 .3 
556.0 0 . 0 151.9 737.2 1425.1 20 .9 
514.6 0 . 0 161.0 793-1 1468-7 21 .5 
493 -1 0 . 0 170.6 853.3 1517.4 22 .2 
486.4 0 . 0 180.9 918.1 1585-3 23-2 
479.6 0 . 0 191.7 987-8 - 659 -2 24 .3 
473-3 0 .0 203-2 1062.8 1739-2 25 .5 
467.2 0 . 0 215.4 1143.4 1826.1 26 .7 
461.6 0 . 0 228 .3 1230.2 1920.2 28 .1 
456.4 0 . 0 242 .0 1323.6 2022.0 29-6 
451.6 0 . 0 256.6 1424.0 2132-2 31 .2 
447.3 0 . 0 27? .0 1532.1 2251.4 32 .9 
443.4 0 . 0 23 .3 1648.4 2380.1 34 .8 
440.1 0 . 0 305.6 1773-5 2519-2 36 .9 
437-3 0 . 0 323 .9 1908.1 2669-4 39 -1 
435.1 0 . 0 343.4 2053-0 2831.4 41 .4 

433.5 0 . 0 364 .0 2208.8 3006-3 44 .0 
432.6 0 . 0 385.8 2376.4 3194-8 46 .8 
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Fig. A.l Constant dollar revenue require-
ments of nuclear and coal-fired plants in region 
1 (New England). 
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Fig. A.2 Constant dollar revenue require-
ments of nuclear and coal-fired plants in region 
2 (New York-New Jersey). 
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Fig. A.5 Constant dollar revenue require-
ments of nuclear and coal-fired plants in region 
5 (Midwest). 
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Fig. A.6 Constant dollar revenue require-
ments of nuclear and coal-fired plants in region 
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Fig. A.9 Constant dollar revenue require-
ments of nuclear and coal-fired plants in region 
9 (West). 
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Table A.4. Year of operation in 
which nuclear and coal-flred 

plant power generation 
costs become equal 

Region Time (year) 

1. Northeast 9 
2. New York-New Jersey 11 
3. Mid Atlantic 11 
4. South Atlantic 7 
5. Midwest 13 
6. Southwest 9 
7. Central 16 
8. North Central a 
9. West 11 
10. Northwest 10 

aNuclear powe * costs are higher 
over the entire life of the plant in 
region 8. 

the same level of competitiveness between the two options, among the 
various regions, as do levelized cost figure of merit comparisons* 

Annual Cash Flow. The revenue requirements approach Is an account-
ing procedure which allocates costs over time. Some of the components 
of the revenue requirements do not represent actual cash payments In the 
period In which they are recorded. The measure of actual money trans-
ferred is called the cash flow. 

Positive cash flows to the utility company are associated with any 
revenues received and with Investment tax credits (a negative income 
tax). There are negative cash flows associated with the actual capital 



260 

Investment payments and with the various operating costs and taxes. 
Book depreciation, deferred taxes, and return on Investment are not cash 
flows. The equation for cash flow in any period m is given by 

C » R — 0 — T — I . m m m tn m 

The cash flows are negative during the construction period (m Is 
less than or equal to plant lead time) since the only term on the right 
hand side of the equation is the capital Investment payment. The cash 
flow is normally positive during plant operating life. The tax term, 
Tm, is the current taxes paid and is negative for Investment tax 
credits, which are taken at plant startup In this analysis. 

Information used to compute the annual cash flow requirements, at 
reference conditions, for the nuclear and coal-fired plants located in 
region 5 (Midwest) is shown in Tables A. 5 and A.6, rnpectively. The 
costs shown In these tables are In current dollars. 

The year-by-year revenues used in the cash flow umlysis were those 
calculated using the revenue requirements method with normalization of 
accelerated tax depreciation and an Investment tax credit equal to 8%. 
The tax depreciation schedules according to the 1982 tax law are given 
in Table A. 7. 
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Table A5. Annual Caah Flow For Nuolaar P lan t - Ra t ion 5 
( M i l l i o n D o l l a r s , Cur ran t ) 

C a p i t a l Currant I n t a r l a Property Daoon O I K Fuel T o t a l Cash 
f e a r Invaat Taxes ftapl Taxaa Fund Coat Coat Revenue Flow 

1963 17.1 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 - 1 7 . 1 
1964 2 * . 3 0 .0 0 .0 0 .0 0 . 0 0 .0 0 .0 0 .0 - 2 * . 3 
1965 38.9 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 -38 .9 
1966 89.7 0 .0 0 .0 0 .0 0 . 0 0 .0 0 .0 0 .0 - 8 y .7 
1987 91.5 0 .0 0 .0 0 .0 0 . 0 0 . 0 0 .0 0 .0 - 9 1 . 5 
1988 330.7 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 -330.7 
1989 587.3 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 -587.3 
1990 837.9 0 .0 0 .0 0 .0 0 . 0 0 .0 0 .0 0 .0 -837.9 
1991 776.0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 -776.0 
1992 «89.* 0 .0 0 .0 0 .0 0 . 0 0 .0 0 .0 0 .0 - * 0 9 . * 
1993 261.3 0 .0 0 .0 0 .0 0 . 0 0 .0 166.3 0 .0 -427.6 
199* 121.* -292 .8 0 .0 0 .0 0 .0 0 .0 37.8 0 .0 133.6 
1995 0 .0 309.7 59.3 111.8 11.8 88.4 159.5 16*5.8 905.* 
1996 0 .0 187.7 62.8 111.8 11.8 93.7 1*9.2 1599.7 982.7 
1997 0 .0 200.1 66.6 111.8 11.8 99.3 170.1 15*9.2 889.5 
1998 0 .0 21* .7 70.6 111.8 11.8 105.3 139-0 1510.9 857.8 
1999 0 .0 196.2 7 * . 8 111.8 11.8 111.6 199.0 1*81.1 775.9 
2000 0 .0 177.8 79.3 111.8 11.8 118.3 217.* 1*52.6 736.2 
2001 0 .0 177.0 8 * . 1 111.8 11.8 125.* 1*2.0 1*26.0 77* .0 
2002 0 .0 159.7 89.1 111.8 11.8 132.9 2*6 .6 1408.5 656.6 
2003 0 .0 1*2.3 9 * . * 111.8 11.8 1*0.9 269.7 1388.7 617.7 
200* 0 .0 125.0 100.1 111.8 11.8 1*9.3 265.7 1372.6 6 0 8 . e 
2009 0 .0 2 (6 .3 106.1 111.8 11.8 158.3 233.1 1358.1 470.7 
2006 0 .0 258.9 112.5 111.8 11.8 167.8 328.8 137* . * 382.7 
2007 0 .0 251.5 119.2 111.8 11.8 177.9 363.2 1393-4 358.0 
2008 0 .0 2 * * . 1 126.4 111.8 11.8 188.6 392.6 1415.3 3*0 .0 
2009 0 .0 236.7 13* .0 111.8 11.8 199.9 235.3 1439.8 510.4 
2010 0 .0 229.3 142.0 111.8 11.8 211.9 4*8 .2 1472.9 317.9 
2011 0 .0 222.0 150.5 111.8 11.8 2 2 * . 6 4*6 .0 1505.3 338.6 
2012 0 .0 21* .6 159.6 111.8 11.8 238.0 521.3 15*1.3 2 8 * . 2 
2013 0 .0 207.2 169.1 111.8 11.8 252.3 442.4 1581.1 386.5 
201* 0 .0 199.8 179.3 111.8 11.8 267.5 598.5 1625.5 256.9 
£015 0 .0 192.* 190.0 111.8 11.8 283.5 659-3 167* . * 225.6 
2016 0 .0 185.0 201 . * 111.8 11.8 300.5 366.1 1727.9 551.2 
2017 0 .0 177.6 213.5 111.8 11.8 318.6 751.1 1791.2 206.8 
2018 0 .0 170.2 226.3 111.8 11.8 337.7 810.4 1862.2 194.0 
2019 0 .0 162.9 239.9 111.8 11.8 357.9 824.1 193«.5 226.1 
2020 0 .0 155.5 25* .3 111.8 11.8 379.4 771.3 2013.* 329.3 
2021 0 .0 1*8.1 269.6 111.8 11.8 402.2 1015.0 2100 1 1*1.7 
2022 0 .0 1*0.7 285.7 111.8 11.8 426.3 1118.* 2194." 99.6 
2023 0 .0 133.3 302.9 111.8 11.8 451.9 1226.6 2296.3 58.0 
202* 0 .0 125.9 321.1 111.8 11.8 479.0 618.6 2*06.9 738.7 
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Tabic A6. Annual Caah Flow For C o a l - f l r a d p l a n t - Aaglon 5 
( M i l l i o n D o l l a r a , Cur ran t ) 

C a p i t a l Currant I n t a r l n Proper ty 
Utr i n v a a t Taxaa Rapl Taxaa 

1983 0.0 0 .0 0 .0 0 .0 
1984 0 .0 0 .0 0 .0 0 .0 
1985 0 .0 0 .0 0 .0 0 .0 
1986 0 .0 0 .0 0 .0 0 .0 
1987 14.5 0 .0 0 .0 0 .0 
1968 12.0 0 .0 0 .0 0 .0 
1989 56.1 0 .0 0 .0 0 .0 
1990 438.6 0 .0 0 .0 0 .0 
1991 814.3 0 .0 0 .0 0 .0 
1992 B08.4 0 . 0 0 .0 0 .0 
1993 369.9 0 .0 0 . 0 0 .0 
1994 121.3 - 2 1 0 . 8 0 . 0 0 .0 
1995 0 .0 215.6 37 .5 70.8 
1996 0 .0 143.9 39.8 70.8 
1997 0 .0 144.3 42.2 70.8 
1998 0 .0 145.6 44.7 70.8 
1999 0 .0 147.6 47.4 70.8 
2000 0.0 137.7 50.2 70.8 
2001 0 .0 140.5 53.2 70.8 
2002 0 .0 131.4 56.4 70.8 
2003 0 .0 122.3 59 .8 70.8 
2004 0 .0 113-3 63.4 70.8 
2005 0 .0 104.2 67 .2 70.8 
2006 0 .0 95.1 71 .2 70.8 
2007 0 .0 66.0 75 .5 70.8 
2008 0 .0 76 .9 80.0 70.8 
2009 0 .0 67-9 84.8 70.8 
2010 0 .0 134.9 89.9 70.8 
2011 0.0 130.6 95.3 70.8 
2012 0 .0 126.3 101.0 70.8 
2013 0 .0 122.0 107.1 70.8 
2014 0 .0 117.7 113.5 70.8 
2015 0 .0 113.4 120.3 70.8 
2016 0 .0 109.1 127.6 70.8 
2017 0 .0 104.8 135.2 70.8 
2018 0 .0 100.5 143.3 70.8 
2019 0 .0 96.2 151.9 70.8 
2020 0 .0 91.9 161.0 70.B 
2021 0 .0 87.6 170.7 70.8 
2022 0 .0 83.2 181.0 70.8 
2023 0 .0 78 .9 191. B 70.6 
2024 0 .0 74 .6 203.3 70.8 

Daoon 0 i H Fual T o t a l Caah 
Fund Coat Coat Ravanu* Flow 

0 .0 0 . 0 0 .0 0 .0 0 . 0 
0 .0 0 .0 0 .0 0 .0 0 .0 
0 .0 0 .0 0 . 0 0 .0 0 . 0 
0 .0 0 .0 0 .0 0 .0 0 . 0 
0 .0 0 .0 0 .0 0 .0 - 1 4 . 5 
0 .0 0 .0 0 .0 0 .0 - 1 2 . 0 
0 .0 0 .0 0 .0 0 .0 - 5 6 . 1 
0 .0 0 .0 0 .0 0 .0 -438 .6 
0 .0 0 .0 0 .0 0 .0 -814 .3 
0 .0 0 .0 0 .0 0 .0 -SOB.4 
0 .0 0 .0 0 .0 0 . 0 - 3 6 9 . 9 
0 .0 0 . 0 0 .0 0 .0 89.5 
0 .0 71 .3 284.8 1213.6 533.7 
0 .0 75. ' ) 306.4 1217.8 581.5 
0 .0 80 .0 329.7 1212.6 545.6 
0 .0 84.8 354.7 1211.8 511.2 
0 .0 89.9 361.6 1215.6 478.4 
0 . 0 95.3 410.6 1224.3 459.7 
0 .0 101.0 441.7 1235.6 428.4 
0 .0 107.1 475.3 1252.2 411.2 
0 .0 113.5 511.3 1271.8 394.0 
0 .0 120.3 550.2 1294.B 376.9 
0 .0 127.5 591.9 1321.3 359.7 
0 .0 135.2 636.8 1351.7 342.5 
0 . 0 143.3 685.2 1386.2 325.4 
0 .0 151.9 737.2 1425.1 308.2 
0 .0 161.0 793.1 1468.7 291.1 
0 .0 170.6 853.3 1517.4 197.8 
0 . 0 180.9 918.1 1585.3 189.6 
0 . 0 191.7 987.8 1659.2 181.5 
0 . 0 203.2 1062.8 1739.2 173.4 
0 . 0 215.4 1143.4 1826.1 165.2 
0 . 0 228.3 1230.2 1920.2 157.1 
0 . 0 242.0 1323.6 2022.0 148.9 
0 . 0 256.6 1424.0 2132.2 140.6 
0 . 0 272.0 1532.1 2251.4 132.7 
0 . 0 288.3 1648.4 2380.1 124.5 
0 . 0 305.6 1773-5 2519.2 116.4 
0 . 0 323.9 1908.1 2669.4 108.3 
0 . 0 313.4 2053.0 2831.4 100.1 
0 . 0 364.0 2208.8 3006.3 92 .0 
0 . 0 385.8 2376.4 3194.8 83 .8 
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Table A. 7. Recovery per-
centages for Income tax 
purposes according 

to TEFRA^ 

Year 

Applicable 
for class 

percentage 
of property 

Year 
Nuclear 
plants 

Fossil 
plants 

1 10 5 
2 14 10 
3 12 9 
4 10 8 
5 10 7 
6 10 7 
7 9 6 
8 9 6 
9 9 6 
10 9 6 
11 6 
12 6 
13 6 
14 6 
15 6 

^ax Equity and Fiscal 
Responsibility Act of 1982. 



1 0 5 

Appendix B 

ANNUAL COAL PRICES 

The reference coal prices used in the analyses in this report were 
derived from EIA estimates of long term coal contract prices for produc-
tion beginning in a given year. They are annuity prices levelized over 
the life of the contract. Prices presented in this manner are adequate 
if levelized power costs at reference assumptions are all that is re-
quired. However, year-by-year coal prices were needed in order to form-
ulate annual cash flow and revenue requirements and to evaluate the sen-
sitivity of the results to alternate coal price escalation rate assump-
tions. This appendix discusses the procedure used to obtain the annual 
coal prices which are equivalent to EIA's levellzed coal prices. 

An equation is derived in Sect. 3 relating the constant dollar 
levelized price, P , to current dollar year-by-year prices, Pn. If the 
quantity sold is constant, Eq.. (3.4) can be simplified to 

•!, T ( 1 A Pn 

These year-by-year coal prices will have the same present worth as 
the levelized price 

reported by EIA. These year—by—year prices may be 
expressed in terms of a reference year price, PQ, and an escalation rate 

Pn - Po (1 + r)L+n , (B.2) 

where L is the period between the reference year (1982) and the year of 
plant startup (1995). The escalation rate, r, Includes the inflation 
rate, 1, and the real escalation rate, e, so that 

(1 + r) - (1 + i) (1 + e) . (B.3) 
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A real escalation race, was derived from the rate of Increase In EIA 
coal pries projections between 1985 and 1995. These rates have been 
tabulated previously in Table 4.8 for each of the ten federal regions. 

The constant dollar cont of money, XQ, is related to the artual 
current dollar cost of money, X, by the inflation rate 

<1 + X) - <1 + i) (1 + Xq) . (B.4) 

Substituting Eq. (B.3) into Eq. (B.2) and then Eq. (B.2) and Eq. 
(B.4) into Eq. (B.l) and rearranging, the reference year fuel price for 
the year-by-year analysis is given by 

_ CRF fell, Ml 
P - P , (B.5) 
0 ° CRF (Xq, N) 

where CRF is the capital recovery factor given by 

CRF(d,N) - d C H t ) N . (B.6) 
(l+d)N - I 

A tabulation of the calculated reference year coal prices for year-by-
year comparisons Is given in Table B.l. 

The year-by-year coal prices In current dollars (including infla-
tion) for any year, n, after plant startup can be computed using Eq. 
(B.2). Coal prices computed in this manner were used in the cash flow 
and revenue requirements' analyses. The values for the real coal price 
escalation rate, e, were varied in the analysis to examine the sensi-
tivity of power costs to the coal price escalation rate. 

A plot of year-by-year coal prices for region 5 is shown in Fig. 
B.l. The horizontal curve represents EIA's constant dollar annuity pro-
jection for 1995. Also shown in this figure is the annual price path 
which reflects a 1.53!/year real escalation rate of coal prices that was 
derived for this region. Comparisons of power costs based on levellzed 
costs as a figure of merit are independent of price path. However, 
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Table B.l. Reference year regional 
coal prices for year-by-year 

comparisons 
(3/MBtu, 1982 dollars) 

Region Fuel 
typea Coal prices 

1. Northeast HB 1.86 
2. New York-New Jersey HB 1.67 
3. Mid Atlantic HB 1.52 
4. South Atlantic HB 1.76 
5. Midwest HB 1.51 
6. Southwest LB 1.68 
7. Central HB 1.08 
8. North Central LS 0.90 
9. West LB 1.54 
10. Northwest LS 1.61 

aFuel types: HB - high sulfur bituminous 
coal; LB • low sulfur bituminous coal; LS " 
low sulfur sub-bituminous coal. 

year-by-year comparisons based on the escalating price path was assumed 
to more accurately represent the behavior of actual coal prices. 
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