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ABSTRACT 

Electricity demand should continue to grow at about the same rate as GNP 

creating a need for large amounts of new generating capacity by the year 2000. 

Only coal and nuclear at this time have the abundant domestic resources and 

assured technology to meet this need. However, large increase in both coal and 

nuclear usage will not be acceptable to society without solutions to many of 

the problems that now deter their increased usage. For coal the problems 

center around the safety and environmental impacts of increased coal mining and 

coal combustion. For nuclear the problems center around reactor safety, radio­

active waste disposal, financial risk, and nuclear materials safeguards. The 

fuel requirements and waste generation for coal plants are orders of magnitude 

greater than for nuclear. Technology improvements and waste management prac­

tices must be pursued to mitigate environmental and safety impacts from elec­

tricity generation. 
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LONG- TERM NEED FOR NHi GENER~TlNG CAPACITY 

EXECUTIVE SUMMARY 

Obsolete generating capacity and the growing demand for electricity is 

placing this nation closer to an energy crisis. New baseload capacity, beyond 

that already under construction, 111ill be needed in large amounts between 1992 

and 200~ (recent trends point to the late 1990s) to meet projected electricity 

demand. 

Currently, generating capacity is in surplus, but new power plant comple­

tions are projected to fall below 4 GW per year in 1990--a 40-year low (nuclear 

co1npletions will fall to zero), The national long-term growth rate is pro­

jected to be near 2.5% per year--a growth rate that will generate a cumulative 

need for 11\JO GVi on new baseload capacity by the year 2035 (Table S,lJ, A 

rapid recovery frol'l this low point is needed, with new plant completions reach­

ing 30 G~J per year by the year 2000 (give or take a few years depending on 

electricity demand). Orders for new capacity should start by 1990, given the 

lead tir1e required for new baseload construction. 

Only the coal and nuclear options have the abundant domestic resources and 

assured technology at this til'le to meet this need. Oil and gas probably have 

sufficient resources, but they are expected to be more costly and more valuable 

for uses other than baseload generation. Other electricity generation techno­

logies either do not have sufficient resources or require technological break­

throughs to become competitive on a large scale. 

The need for new baseload capacity could be entirely met by either coal 

or nuclear. The required growth rates for either option are low; the capacity 

TABLE S.l. Future Need for New Baseload Capacity 

Cumulative Need, G~l 

Probable Rounds, GW 

2U05 

190 

11J-4UO 

v 

2015 

49U 

150-~0U 

2U35 

1100 

6U0-2000 



of the individual steps in either the coal or nuclear fuel cycles should b-" 

expandable as needed without encountering supply constraints. The long le~j 

time step (8 to 10 years) in the coal fuel cycle is the expansion of mine :~pa­

city. The long lead time steps in the nuclear fuel cycle are the addition ,Jf 

enrichment capacity (6 to 8 years) and the expansion of mine capacity (l:l tCl 

10 years). Since the lead times for these steps are about the same as the 'ead 

time for power plant deployment, sufficient time for orderly expansion shotld 

be available. United States enrichment capacity and uranium mining capacity 

are currently in surplus. but under scenarios of high nuclear growth and inport 

restrictions new capacity would be required in 20 to 30 years. 

Although coal could replace existing nuclear plants over a period of 

years, an immediate shutdown of existing nuclear capacity would lead to pow2r 

cutbacks and would severely disrupt the economies in several reyions. Nucl1~ar 

currently generates almost 20"1a of the electricity nationally, and up to 351. in 

some regions. Replacing existing nuclear electricity generation ~1ith coal 

would require a 30% increase in coal mining and transport, and subsequently 

lead to a large increase in emissions. The reserve margin would fall below ?01, 

in five of the nine NERC regions. Thus, load restrictions entailing economic 

and social costs would probably be required in some regions. 

The forces that drive the growing need for new generating capacity are the 

growing demand for electricity and the need to replace obsolete capacity. T1e 

long-term demand for electricity is driven by growth in population, economic 

growth, and the substitution of electricity for other energy sources; all of 

these are projected to increase during the time span of this study. There a-,~ 

over 600 GW of installed capacity at present; most of this will be replaced 

over the 50-year time span of this study. The need for new capacity to repli·ce 

obsolete capacity is about 2 G~l/year today but should increase to over 20 GW,1 

year by 2010. 

Electricity demand should continue to grow over the long-term because its 

usage is closely tied to economic activity. National policies encourage eco­

nomic growth. From its beginning about 100 years ago, electricity has steadily 

penetrated the economy with new and diverse uses. Until 1973, electricity 

usage grew at twice the rate of gross national product (GNP). Since 1973, 
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electricity usage and GNP have increased at about the same rate. The consen­

sus of numerous forecasts is that electricity usage will grow at a rate between 

1.1J and 3. 51, per year, or about the same as GNP. 

The decline in the growth rate of electricity usage since 1973 led to a 

current surplus of generating capacity. Capacity expansion plans, geared to 

higher historic growth rates, adapted too slowly to the new conditions even 

though many plants were cancelled and the construction schedules of others were 

stretched out. However, the surplus capacity should be gradually absorbed 

through growth, and shortages in some regions may develop in the early 1990s 

unless new capacity is added. 

As the demand for electricity continues to grow, the need for new power 

plants will become r~ore evident than it is today. Coal and nuclear, which pro­

vide nearly three-fourths of current electricity generation, will be caller! on 

to meet most of the need for new capacity. However, large increases in both 

coal and nuclear usage will not be acceptable to society without solutions to 

many of the problems cited helow. Given the long lear! time for research anrl 

technology development, planning decisions must he undertaken nm~ on R&D pro­

grams needed to assure that acceptable technology will be available to meet the 

future needs. Solving these problems should be approached with a sense of 

urgency. Today's surplus will soon disappear. To follow wi1l be der1anrls for 

new "acceptable" generating technology on a large scale. 

Despite their huge potential, both coal and nuclear plants face a number 

of problems that threaten their future. For coal, the problems center around 

the safety and environmental inpacts of increaserl coal mining and coal combus­

tion. Notable issues are acid rain, the greenhouse effect, acceptable emission 

limits, occupational health and safety, mine reclamation, and acid mine drain­

age. For nuclear, the problems center around reactor safety, radioactive v1aste 

disposal, financial risk, and nuclear materials safeguards. Notable issues 

include liability limits, nuclear proliferation, spent fuel disposal, radiation 

exposure, licensing simplification, quality assurance, and construction costs 

and schedules. Resolution of these problems and others will require both tech­

nological improvements and institutional innovation to attain the vast energy 

potential of these resources. 
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Changing conditions could limit coal production and usage and cause a 

rapid shift from coal to nuclear. These might include 1) new coal mining 

regulations related to health and safety, land usage, reclamation, and mine 

waste; 2) decreased reliability of supply caused by natural or man-made disJs­

ters, public opposition, legal actions, labor disputes and other factors; 

3) cost increases in mining and rail transport; and 4) new regulations rela>:>d 

to gaseous emissions and solid waste disposal. The much larger quantities ,l .. 

fuel requirerl on a continuing basis make coal plants 1110re vulnerable to futtt:"e 

supply disruptions and future cost increases than nuclear plants. 

For reasons of national energy security, ir1proving the viability of 

nuclear energy, as one of the two large options currently available, is vital 

to meeting future electriclty growth. New orders for nuclear plants depend 

primarily on reducing the financial risks now associated with construction and 

rate-making, but other conrlitions are also irrtportant to the future viability of 

the nuclear option. These include resolution of the nuclear waste disposal 

issue, improvements in the licensing process, irrtprovements in technology, 

increased public and political support, and improvements in the design, con­

struction and operation of nuclear reactors. 

The fuel consumption in a coal-fired power plant is roughly 100,000 timP'i 

greater than in a nuclear plant. That is, about 100,000 tons of coal are cort­

sumed for every ton of uranium to generate the same amount of electricity. 

Therefore, the transportation requirements to the power plant are also about 

100,000 times greater for coal than for uranium. However, only about 20 tons 

of coal must be mined for every ton of uranium ore mined. ~lost of the uraniurr 

ore remains as tailings at the mill site and llllCh of the uranium concentrate 

shipped from the mills remains as tailings at the enrichment plant. Typical 

yearly fuel cycle requirements and waste generation for a 1000-M~Je power plan~ 

are summarized in Table 5.2. 

Coal-fired power plants with scrubbers produce about 12,000 times as muc!1 

solid waste on a weight basis as nuclear plants for the same power output. A 

small fraction of the fly ash and scrubber sludge is used as by-products, but 

the majority is buried in landfills. Although coal plants yenerate much 
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TABLE S.2. Annual fuel Cycle Requirements, Electricity 
Generation, and Waste Generation per 1000 t1~Je 

( 1 Gvl) Capacity 

Coal Nuclear 

Mining, tons mined 

Mine and Mill Waste 
(cubic yards) 

Mine Shipf'lents (tons) 

Uranium Enrichment 
(f'lillions of separative 
work units) 

fuel Fahrication 
(equivalent number of PWR 
fuel assemblies) 

2,900,000 

390,000 

2,500,000 

None 

None 

Electricity Generation (TWh)(a) 6.1(b) 

Fuel Consumption by VJeight 2,500,000 
(tons coal or uranium) 

Nonradioactive Waste 
{cubic yards) 

Low-Level Radioactive \~aste 
(cubic yards) 

High-Level Radioactive ~Jaste 

(cubic yards) 

Gaseous Emissions (tons) 

so21c) 
NO I c) 

X 

C0 2 
F 

{a) TWh =one billion kWh. 
{b) 70% capacity factor. 
(c) Based on emission limits. 

i X 

780,000 

0 

0 

4,900 

16,000 

7,200,000 

0 

170,000 

120,000 

210 

0.10 

47 

23 

47 

82 

14 

0 

0 

0 

0.04 



greater quantities of waste than nuclear IJlants, comparatively low-cost tedno­

logy is in place to l'leet existing disposal regulations, Therefore, solid 11cste 

disposal should not deter increased coal usage under existing regulations. 

Nearly all of the coal converts into gaseous products of combustion, 

predominately co2 • 

pheric warming (the 

Although co2 emissions are not presently regulated, atmJS­

yreenhouse effect) is a potential concern in the long-

term. About 3 tons of co2 are produced for every ton of coal burned. Coal 

combustion also produces so2 and NOx· SOz and NOx emissions are regulated nw, 

and more stringent regulations are a potential concern, In contrast, nucle,t~ 

fission produces no co2, no so2 , no NOx, and a negligible quantity of gaseow, 

emissions. 
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GLOSSA~Y 

Base 1 oarl Capacity: The generating equipment normally operated to serve 1 cads 
on an around-the-clock basis. 

Boiliny-VJater Reactor {BWR): A light-water reactor in which water, 
both coolant and moderator, is allowed to boil in the reactor core. 
resulting steam can be used directly to drive a turbine. 

used as 
The 

Capability: The ~axi~um generating capacity available at a given instant of 
time, usually the summer peak. The capability is often less than the rated 
capacity because of deratings caused by high cooling water temperatures in the 
heat rejection system and other factors. 

Capacity: The load for which a generating unit is rated, either by the user or 
by the manufacturer. 

Capacity Factor: The ratio of the electricity produced by a generating unit, 
for the period of time considered, to the energy that could have been produced 
at continuous full-power operation during the sa~e period. 

Nameplate Capacity: The nominal electrical output of a generator, as specified 
by the manufacturer. 

Elasticities of Demand: The proportionate change in the quantity of energy 
demanded resulting from a proportionate change in price. The income elasticity 
of demand is defined similarly for changes in income. Elasticities are 
calculated as the ratio of the respective proportionate changes. 

Generation (Electricity): 
forms of energy; also, the 
watthours (Wh). 

The process of producing electric energy from other 
amount of electric energy produced, expressed in 

Gross Generation: The total amount of electric energy produced by 
generating units in a generating station or stations, measured at the 
generator terminals. 

Net Generation: Gross generation less the electric energy consumed at the 
generating station for station use. (Energy required for pumping at 
pur1ped-storage plants is regarded as plant use and is subtracted from 
gross generation or from hydroelectric generation.) 

Gigawatt (GW): One billion watts. 

Gross National Product (GNP): A measure of the final output of goods and 
services by citizens of a country, whether living at home or in foreign 
countries. GNP comprises GOP and factor incomes from abroad accruing to 
residents, less the income earned in the domestic economy accruing to citizens 
of other countries. 
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Intermediate or Load-following Capacity: 
an intermediate (between the baseload and 

Generating capacity that operates on 
peaking capacities) basis. 

Kilowatt (kW): One thousand watts. 

Kilowatthour (kWh): One thousand watthours. 

Light Water: Ordinary water (H 20), as distinguished form heavy water or 
deuterium oxide (020). 

Light-Water Reactor (LWR): A nuclear reactor that uses water as the primary 
coolant and moderator, with slightly enriched uranium as fuel. There are two 
types of commercial light-water reactor--the boiling-water reactor (BWR) and 
the pressurized-water reactor (PWR). 

Load Following: Regulation of the power output of electric generators within a 
prescribed area in response to changes in system frequency, tieline loading, or 
the relation of these to each other, so as to maintain the scheduled systen 
frequency and/or the established interchange with other areas within pre­
determined 1 imits. 

Megawatt (MW): One million watts. 

~1egawatthour (f~I-Jh): One rni 11 ion watthours. 

NERC (North American Electric Reliability Council): An organization of th3 
electric utility industry founded to promote the reliability of bulk power 
supply in the electric utility systems of North America. 

Nuclear Power Plant: A single- or rrulti-unit facility in which heat produ,:ed 
in a reactor(s) by the fissioning of nuclear fuel is used to drive a steam 
turbine(s). 

Nuclear Reactor: An apparatus in which the nuclear fission chain can be 
initiated, maintained, and controlled so that energy is released at a speciFic 
rate. The reactor apparatus includes fissionable material (fuel) such as 
uranium or plutonium; fertile material; moderating material (unless it is ,J 

fast reactor); a heavy-walled pressure vessel; shielding to protect personnPl; 
provision for heat removal; and control elements and instrumentation. 

Peaking Capacity: 
meet peak demands 

Generating capacity operated 
on a daily or seasonal basis. 

for short periods of time t1J 

Peak Demand: In this report peak demand ustJally refers to the highest ann ,11 
national demand: This is the sum of the peak annual demands in each region. 
The regional peaks are non-coincident. There are daily peak demands and 
seasonal peak demands for which peaking capacity is required, 
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Plutonium (Pu): A heavy, fissionable, radioactive, metallic element (atomic 
number 94). Plutonium occurs in nature in trace amounts. It can also be 
produced as a byproduct of the fission reaction in a uranium-field nuclear 
reactor and can be recovered for future use. 

Pressurized-Water Reactor (PWR): A nuclear reactor in which heat is 
transferred from the core to a heat exchanger via water kept under high 
pressure, so that high temperatures can be !Tidintained in the primary system 
without boiling the water. Steam is generated in a secondary circuit. 

Reliability: The degree to which the performance of the elements of a bulk 
power electric system results in power being delivered to consumers within 
accepted standards and in the amount desired. 

Reserve r~argin: The installed capacity above the peak demand, defined as, 
(capacity less peak demand)/peak demand, and expressed in percent. 

Separative Work Unit (SWU): A measure of the effort expended to separate a 
quantity of uranium of a given assay into two components, one having a higher 
percentage of uranium-235 and one having a lower percentage. 

Summer Capabi 1 i ty: The gross elect rica 1 output measured at the output 
terminals of the turbine generator(s) at the summer peak. 

Terawatthour (HJh): One trillion (lol2) watthours. 

Uranium (U): A heavy, naturally radioactive, metallic element (atomic 
number 92). Its two principally occurring isotopes are uranium-235 and 
uranium-238. Uranium-235 is indispensable to the nuclear industry, because it 
is the only isotope existing in nature to any appreciable extent that is 
fissionable by thermal neutrons. Uranium-238 is also important, because it 
absorbs neutrons to produce a radioactive isotope that subsequently decays to 
plutonium-239, an isotope that also is fissionable by thermal neutrons. 
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I NTROOUCTI ON 

Much controversy surrounds the future demand for electricity, the future 

need for large generating stations, and the future need for nuclear power. 

Generation capacity is currently in surplus in most regions. Construction of 

1nany large power plants, both coal and nuclear, has been cancelled in recent 

years. Yet the Senate recently held hearings (Senate 85) on the "potential for 

serious regional shortages of electric power ••• by the early 1990s." Such 

shortages could develop from an unanticipated increase in demand. At the pres­

ent time, uncertainty in the size of the future demand for electricity is 

high. Price increases, conservation, and shifts in the economy have sharply 

reduced the growth rate in electrical demand from 7% per year prior to 1973 to 

2,5% per year since 1973, This drop in growth rate, coupled with lengthening 

licensing and construction periods, have added to the uncertainties in planning 

capacity additions. 

ln this study, we examine the potential demand for electricity over the 

long-term to the year 2035. This 50-year period was selected partly because of 

the lony time required to deploy new yenerating technology and partly to pro­

vide a sufficient time span in which to consider the impacts of retiring most 

of the current capacity. The objectives of this study are to 1) estimate the 

potential need for new baseload generating capacity; 2) evaluate some of the 

implications of meeting the need with coal plants only, with nuclear plants 

only, and with a combination of coal and nuclear plants; and 3) provide a per­

spective for long-term research and development planning needs for developing 

improved technology and avoiding potential supply problems. 

In 1986, electricity in the United States was generated mostly by coal 

{561~). follov1ed by nuclear (18%), hydro (10/'o), natural gas (11%), petroleurn 

{4~!,), and other sources (1%),{a) The generating capability at the summer peak 

was 636 GVJ. The surruner peak demand was 475 GW, and the reserve margin was 34%. 

The North American Electric Reliability Council (NERC) annually makes 

10-year forecasts of electricity demand and capacity, In the period from 1986 

(a) October 1986 forecast by NE~C (NEKC 86, p. 33). Final 1986 data not 
available at time of writing. 
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to 1995 most of the new capacity installed will be coal and nuclear. Coal 

capacity is scheduled to increase 33 GW from 272 GW in 1985 to 305 GW in ll)5. 

Nuclear capacity is scheduled to increase 36 GW, from 71 to 107 GW. Hydro 

capacity is scheduled to remain about the same at 70 GW. Natural gas capa~ity 

is scheduled to drop 2 GW to 42 GW. Oil capacity is scheduled to drop 3 G,-J to 

57 GW. Other types of capacity (geothermal, wind, solar, cogeneration, anj 

biomass) is scheduled to increase from 3 to 18 GW. Dual (oil/gas) fuel cancity 

is scheduled to increase 2 GW to 89 GW. Retirements of 12 GW in the perioj to 

1995 are planned; these are primarily small petroleum and natural gas units 

{NERC 86). The above capacities refer to the summer capability. 

In this study, we treat electricity demand from a national standpoint 

because our primary concern is with the aggregate need for new capacity in the 

U.S. over the long term. Historically, the national electricity demand is 

stron9ly related to the gross national product, which is used as a predictor in 

most forecasts. Although utilities plan and add capacity on a regional basis, 

there is much commonality between regions in the supply options and in the 

economic factors that determine demand. The differences between regions i1 the 

supply options are primarily related to the transportation costs of fuel a~d 

the availability of indigenous alternative energy resources. 

The primary focus in this study is the need for baseload generating capa­

city. Baseload capacity operates over extended periods of time without inter­
ruption. Load-following plants operate intermittently, usually cycling or a 

daily basis. Peaking plants operate for short periods of time, hours or nlin­

utes, during the peak loads. Baseload plants produce about 80% of the pow~r 

generated. 

The base year for this study was 1984. At the time of initiation thi-> was 

the latest year for which complete data were available. ~tore recent data, ilow­

ever, is provided where available. Data for 1985 show an increase in elec· 

tricity demand of 2.2% over 1984, and an increase in the summer peak demaflJ of 

2.1% over 1984 (NERC 1986, pp. 10 and 15). 

The remainder of this report is organized in five sections. The firs~ 

section, Projections of Electricity Demand, analyzes recent long range proj~c­

tions and discusses the factors that affect electricity demand. The seconi 
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section, Projections of the Need for New Generating Capacity, estimates the 

long-term needs for new capacity under three scenarios. The third section, 
Supply Options, discusses the current electricity supply and summarizes future 

options. The fourth section, Resource Consumption and Waste Generation, com­
pares coal and nuclear fuel cycles currently and under the three long-term 

scenarios. In the fifth section, Discussion and Conclusions, the implications 

of the data are presented. 
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PROJECTIONS OF ELECTRICITY DEMAND 

SUMMARY 

The economic and social costs of inaccurate near-term electricity demand 
projections can be large because of the importance of electricity generation in 

our society. In retrospect, utility planning was inadequate to react accu ­

rately to the oil embargo in 1973 resulting in an installed national capacity 

base that now leads projected needs by about 4 years . 

Current capacity expansion plans bring forecasted capacity in line with 

projected need in 1994. However, these plans are based on growth projections 

that tend to be low compared to most. This suggests the possibility of short­

ages within the next decade. Because of the assumed low growth rates now used 
for planning, the potential for new large excesses in capacity to emerge is low 

in the absence of a prolonged decline in demand. 

Nearly all sources project electricity demand to grow at an annual rate 

between 1. 5% and 3.5%. Growth in electricity demand is closely tied to yrowth 
in the GNP. Projections of the ratio of growth in electricity demand to growth 
in the GNP range from 0.6% to 1.4% with an average of about unity. 

NATIONAL PROJECTIONS 

Numerous organizations project electricity demand (Appendix A). Nearly 

all of the recent projections fall within a range of growth rates varying from 

1.5% to 3.5% per year, using 1983 as a base year (Figure 1) . On the low side 
are a few outliers that would require negative growth rates . On the high side 

are a few outliers that would require growth rates up to 4.5% . These projec­
tions are used in this study to estimate the probable bounds for electricity 

demand in the near term and are extrapolated to estimate the bounds out to the 
year 2035 . 

Most of the projections are derived from imputed relationships between 

electricity demand and economic activity. Gross national product and dispos ­

able income are measures of economic activity usually used to project electri ­
city demand. Price elasticity , expressed as either real electricity prices or 
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as the ratio of electricity prices to other energy prices , enters some econo­

metric models on which projections are based . Some projections are simply 

based on historic trends, and others are based on per capita consumption . 

Forecasting methods gaining increased use are based on the end uses of elect•' ­

city; these methods estimate changes in the consumption of electricity by 

specific consumers such as the aluminum industry or the residential sector . 

The end use forecasts are then aggregated (Senate 85, pp. 57-280; Hy 85, 

pp . 94-102; DOE 85, pp . 28-37; DOE 83; NRC 86; Se 85; OTA 84, pp . 29-41; 

DOE 84 , pp . 5- 28) . 
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REGIONAL PROJECTIONS 

Different parts of the nation are expected to grow at different rates. 

Recent projections (NERC 85) of peak loads and electricity demand by NERC 

region are shown in Table 1.(a) Compare the projected annual growth rates in 

energy demand (the last four columns in Table 1). Note that the growth rates 
projected by three other forecasters (last three columns) are on average, 

higher than the NERC forecasts . Because of the slight difference in geograph­
ical boundaries, the forecasts are not exactly comparable . Since the NERC 

capacity projections reflect individual utility plans, this raises the possi ­

bility of regional and national energy shortages if the other forecasts are 

correct. 

IMPORTANCE OF LONG-TERM AND NEAR-TERM PROJECTIONS 

The economic and social costs of inaccurate projections(b) could be large 

because of the importance of electricity generation in our society . New base­

load capacity, using existing coal or nuclear technology, now requires a lead 
time of 8 years or more for licensing and construction. The lead time from 

initial research and development to commercialization of a new generating tech­
nology can exceed 20 years. 

Long-term projections of electricity supply needs are important to provide 

a basis for making business decisions by industries and utility organizations 

involved in energy supply as well as industrial consumers. In addition, they 

(a) The NERC projections and planned capacity additions are an aggregation of 
individual utility system projections and plans. 

(b) The ability to make accurate projections depends on the predictability of 
future events. In cases involving stable systems, as for example the 
solar system, long range predictions, such as eclipses, can be made with 
great accuracy. In systems involving human activities, the ability to 
predict future events is far more uncertain. The events surrounding the 
rise and fall in the price of petroleum over the last decade provide ample 
evidence . In many cases, long term economic projections are more accurate 
than short term forecasts since short term vagaries are eliminated . How­
ever , when dislocations occur in the long term trend, as occurred in 1973 
for electricity demand, long term projections made prior to the disloca­
tion can be far off. 
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TABLE 1. Projected Regional Growth Rates in Electricity Demand and Peak Load 

NERC Projections 
Peak Load Energ~ Demand Other Projections 

Annual Billions of Annual Energy Demand 
GW Growth kWh Growth (Ann)al Gr?wth Rate , %~ 

NERC Regions(a) 1984 1994 Rate, % 1984 1994 Rate, % DOE(b DRI c) Wharton c) 

ECAR 65 .9 81.2 2.1 383 465 2.0 3 .0 2.9 2.7 

ERCOT 36 .9 52 .4 3.6 185 267 3 .7 3 .6 2.7 3.2 

MAAC 35 .4 39 .3 1.1 186 220 1.7 3 .1 2.9 3 .0 

MAIN 35 .2 40 .5 1.4 171 207 1.9 3.0 2.9 2. 7 

MAP P-US 20 .7 26 .5 2.5 105 136 2.6 2.6 2 .0 2 .1 

NPCC- US 38 .1 45 .5 1.8 217 256 1.7 (d) 3. 2 (d) 

SERC 93 .4 121.9 2. 7 503 654 2. 7 3 .5 2.8 (d) 

SPP 45 .6 59 .4 2.7 226 288 2. 5 3 .6 2. 7 3 .2 

ex: wscc 80 .0 100.1 2.3 469 588 2.3 3.5 3 . 5 2.6 

NERC- US Total 451.2 566 .8 2.3 2446 3081 2.3 3 .2 2.9 2.8 

SUBREGIONS 
New York(e) 21.9 25 .1 1.4 124 141 1.3 2.1 2.3 

New England(e) 16 .3 20 .4 2.4 93 115 2.1 2.3 2.9 
TVA (f) 18 . 5 24 .9 3.0 111 138 2.2 1.9 
SERC<TVA (f) 74.9 97 .0 2.6 391 516 2 .8 3 .4 

(a) NERC Regions are shown in Appendix H. 
(b) Middle case to 1995 . 
(c) Senate 85, pp . 125 , 151. 
(d) Projected by subregion below. 
(e) Subregions of NPCC - US . 
( ~' Subr~~ions vf ~L~~. \ ' I 



are necessary to plan and perform research and development activities necessary 

to yield a high probability that future needs can be met at low costs with 

minimum impact to the environment . 

The absolute accuracy of long-term projections is not as important as 
for near-term projections assuming that projections are frequently updated and 

that energy supply strategies and associated R&D programs are appropriately 

re-evaluated to reflect changes in projections . However, it must be recognized 

that if there is a large mismatch between long-term projections and realiza­

tions, then strategies developed for meeting long -term needs may not be appro­

priate. For example, over-prediction of electricity demand growth rates in the 
early 1970s led to supply strategies that would have led to an early introduc­

tion of both nuclear breeder reactors and recycling of uranium in light-water 
reactors (LWR) . In the future , under-prediction of demand could similarly 

result in non-optimum supply strategies . 

Accurate near- term projections are ossential in order to avoid disruptions 

in economic and social activity that can be caused by eithe r shortages of effi ­

cient generating capacity or by an excess capacity of capital-intensive plants . 

Inaccurate near-term projections on the low side could result in suppliers 

having to utilize inefficient high cost power sources or in consumers experi ­
encing power shortages . Inaccurate projections on the high side could result 

in over-building , and subsequent underutilization, of capital-intensive plants. 
As demonstrated in the recent past, over- building can threaten the financial 

viability of the utilities involved and can have a dramatic impact on rates 
charged to the consumers . 

Assumptions about the future are necessary for today•s business decisions 

and provide a basis for planning activities. Therefore, long -term projections 
are important , but not in an absolute sense since plans can be periodically 

revised . Long - range planning is required to efficiently meet projected demands 

at lowest cost, particularly taking into consideration the long lead time 

required for power plant construction and licensing . Further , the time from 

the initial R&D work through the introduction and commercialization of a new 
generating technology can easily exceed 20 years . 
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The electric utility industry through the NERC annually makes a 10-yecr 
forecast of peak demands (NERC 85). The inability of utility planning to r(•act 

accurately to the oil embargo in 1973 and subsequent events is illustrated · n 

the series of 10-year planning projections since 1974 (Figure 2). Each year 

NERC reduced the projected growth rate about 10% from the previous year. ~fter 

10 years, the peak load projections finally aligned with the post 1973 actu al 

trend. An EPRI report summary concluded that "the overoptimism of the industry 

forecasts after 1974 was due to the unanticipated slowdown in the growth of the 

economy, the unexpected continuation of high electricity prices, and an und~ r ­

estimation of the full extent of load sensitivity to price" (EPRI 85). 

Orders for new capacity were based on projections of peak load. As th(~ 

projections of peak demand were gradually reduced, the utility systems adjus t ed 

through cancellations and stretch outs of construction projects. In 1984, the 

i nsta 11 ed capacity was 604 GW, about 100 GW be 1 ow the forecast peak demand made 

Average Annual 
Growth Rate (%) 

Projecting 10 Years 
800 

1974-7.6% 
!!! 1975-6.9% -(tJ 

1976-6.4% ~ 
(tJ 1977-5.7% 0) 600 CD 1978-5.2% ~ - 1979-4.7% 0 
II) 1980-4.0% 
"C 
c 400 1981-3.4% 
(tJ 
II) 1982-3.0% ::l 
0 1983-2.8% .c ..... 1984-2.5% 

200 

0~----~~----~------~------~------~------~--~ 
1960 1965 1970 1975 1980 1985 1990 

FIGURE 2. NERC Summer Peak Demand Projections--Comparison 
of Annual Ten-Year Forecasts for the United States 

Source: North American Electric Reliability Council, Electric Power Supply 
and Demand, 1984-1993, published 1984, p. 5. 
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in 1974. The actual peak demand in 1984 was 451 GW, about 250 GW below the 

forecast made in 1974. The 1984 installed capacity was sufficient to meet 1988 
peak load projections assuming a 2.5% growth rate and a 20% reserve margin. 

Thus, on a national basis, the surplus of installed generating capacity was 
about 4 years of capacity growth. Some regions are not in surplus, and, as 

discussed later, the appropriateness of a 20% reserve margin has been ques­
tioned. Also, 18% of the capacity was fueled by petroleum and 14~ was fueled 

by natural gas. Past policies (e.g., Fuel Use Act, Public Law 95-620) gen­

erally discouraged use of these energy sources for electricity generation . 

Until 1973, electricity demand grew rapidly (DOE 85a , pp. 60-61) and 

excesses in capacity, if any, could be worked off quickly . After 1973, demand 

slowed abruptly but capacity expansion did not (Figure 3). Excess capacity 

quickly developed and persists to this day. Capacity expansion plans have been 
revised downward bringing forecasted capacity in line with projected need by 

about 1994 . This sets up a potential shortfall situation if demand increases 

abruptly. On the other side, the potential for new large excesses in capacity 

to emerge is now low unless a prolonged decline in demand develops . 

FACTORS AFFECTING ELECTRICITY DEMAND 

One reason for the decline in growth rate since 1973 is the increase in 
real electricity prices (Figure 4) . Prior to 1972 real electricity prices 

steadily declined . The residential price and the weighted average price for 
all classes are shown in Figure 4 (DOE 85a, pp . 60-61). The weighted average 
price for all classes of services is about 12% below the residential price. 
Steep increases in electricity prices followed the large increases in petroleum 

prices by the Organization of Petroleum Exporting Countries (OPEC) . Over the 

short term price elasticity is relatively low (-0.2) and electricity usage is 
little affected by price changes. However, over the long-term, price elastic­

ity approaches unity and electricity usage responds inversely to price changes 

(Hy 85 , p. 41) . 

Econometric studies link electricity demand to economic activity (real GNP 
and real disposable income, see Figure 5} and climate (heating and cooling 

degree days) in addition to price. Electricity demand and real GNP have grown 
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Note: Different scales are used for the three sectors to highlight the 
linearity of the electricity use-economic output relationship within sectors . 
Based on data from Edison Electric Institute, Statistical Yearbook of the 
Electric Utility Industry, various issues; U.S. Department of Commerce, Bureau 
of Economic Analysis, The National Income and Product Accounts of the United 
States , 1929-76, Statistical Tables; and Survey of Current Business, various 
issues. Dollar values are shown for Disposable Personal Income (DPI) and Gross 
Product Originating (GPO) . 

Source: Compilation and figure by Energy Study Center, Electric Power Research 
Institute, Palo Alto, California. This figure is taken from NRC 86 , p. 28. 

consistently over time (Figure 6). The growth in electricity demand exceeds 
GNP growth by a factor of two through 1973. Since 1973, electricity growth 

generally matches GNP growth (Figure 7). Studies of the relationship between 
electricity demand and GNP show a positive correlation with an elasticity of 

0.5 for the short run and 0.8 for the long run (Hy 85, p. 44) . Recent projec­

tions (Appendix B) of the ratio of electricity growth to real GNP growth range 

from 0. 6 to 1.4 . As noted earlier, many econometric models use forecasts of 

GNP to project electricity demand . 

Weather strongly affects electricity demand (DOE 85b, pp. 18- 20) . Peak 

loads usually coincide with temperature extremes . Air conditioning , common in 
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most parts of the nation , is a major contributor to the summer peak . Electric 

heating, common in some regions , contributes to the winter peak . Since yEcrly 
weather variations are not predictable , allowance fo r abnormal weather must be 

included in the reserve margin . 
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PROJECTIONS OF THE NEED FOR NEW GENERATING CAPACITY 

SUMMARY 

The need for new generating capacity derives from growth in peak demand , 

the need for reserve capacity, and the replacement of obsolete capacity. 

Current 10-year utility planning is based on an average annual growth in peak 

demand of 2.3% and an average annual growth in generating capacity of 1. 7% . 
This will reduce the reserve margin, on a nationwide basis, from a current 

v~lue of over 34% to a value closer to optimum of about 26% in 1994. Utility 

f recasts predicted summer peak demand of 567 GW in 1994 and a summer generat­

ing capacity of 712 GW . Most of this new capacity is currently under construc­

tion. Of the 108 GW of planned capacity additions between 1985 and 1994, 50 GW 

will be supplied by coal units and 50 GW will be supplied by nuclear units . 

The average lifetime of power plants and the average age of operating 

plants is increasing. Through 1985, the average age of plants at retirement 

is 36 years . Plants slated for retirement through the year 2000 will have an 

average age of 37 years; however, more plants will continue to operate beyond 
that age . The average age of installed capacity will reach 30 years in 1995 , 

up from the 24 years currently . 

The long-term need for new generating capacity is estimated for three 

scenarios . The scenarios were selected to represent the projected "most 

likely" situation and high and low extremes . Taking into account currently 
scheduled capacity additions, additional (currently unscheduled) baseload 
capacity is required by 1992 under the high scenario , by 1995 under the middle 

scenario, and by 2005 for the low scenario. In all scenarios, once reserve 
margins reach target values, annual requirements for new capacity additions 

increase substantially . 

CAPACITY PLANNING 

The need for new generating capacity is derived from three sources : 

1} the growth in peak demand, 2) the replacement of obsolete capacity, and 
3} the need for reserve capacity . Generating capacity is added, as needed , to 

meet the projected peak demand, adding a reserve margin to ensure reliability . 

19 



Peak Load 

The peak load and the annual energy demand are the important variable~ for 

capacity planning. The peak load is more difficult to forecast than energ~ 
demand because of its greater sensitivity to weather and end- use patterns . 

However, over the long run the national peak load and annual energy demanc~ 

track each other rather closely (Figure 8) (Hy 85 , p. 50) . Although the ~~ eak 

load determines the amount of capacity needed, the annual energy demand, cS 

reflected by the load duration curve, determines the type of capacity neec~d to 

meet reliability standards and achieve the lowest cost . 

The need for each type of capacity is determined by the shape of the load , 

duration curve . A typical load duration curve is illustrated in Figure 9. The 

three types of capacity (base , intermediate , and peak) are shown on the right 

vertical axis . The boundaries between each type are somewhat arbitrary . 

Assuming that the area, M, under the line ABC represents the electricity gener­
ated by the baseload capacity, then the average capacity factor for the base­

load capacity is M/(M+N). Similarly, assuming that the area Pis generated by 

the intermediate load capacity, then the average capacity factor for the i,ter­
mediate load capacity is P/(P+Q) . Correspondingly, the average capacity f3ctor 

for the peak load capacity is R/(R+S) . Collectively, the average capacity 

factor of the entire system is (R+P+M)/(R+P+M+S+Q+N) . The fraction of ele:­
tricity generated by the baseload capacity is M/(M+P+R); this is typically on 

the order of 80% in many systems . Note that if outages occur in the baseload 
capacity, particularly during the hours from A to B, the baseload capacity 

would not be able to supply M amount of energy . The deficit in that case .wuld 

be made up by the other capacity. The area N is mainly used for scheduled out­
ages of base load capacity . 

The distribution of the need for baseload or peak load capacity is pr( ­

foundly impacted by the shape of the load duration curve . This is easily 

illustrated by two hypothetical extreme examples (Figure 10). In Figure Ha, 

the need for peaking capacity far exceeds the need for baseload capacity. In 

Figure lOb, the reverse is true . 
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Reserve Margin 

The reserve margin is the installed capacity above the peak load, expressed 

in percent, as (Capacity - Peak)/Peak. The margin allows for scheduled out­

ages, forced outages, deratings, and higher than projected peak demands. To 

meet reliability criteria, 20% is the rule-of-thumb for the reserve margin.(a) 

Some suggest a target value of about 25% (EW 85 , p. 56). A study (EPRI 78, 

pp. S8-S11) for EPRI indicates that the optimum reserve margin for some util­

ities may be about 30%. However, the optimum reserve margin for a specific 

utility system depends on the characteristics of that system. On the other 

hand, load management, time-of-day pricing, and expanded regional interties may 
enable utilities to operate with lower reserve margins. The lowest reserve 

margin, nationwide, since 1953 was 16.6% in 1969 (Hy 85, pp. 85, 103). Reserve 

margins between 1946 and 1952, however, ranged between 6% and 14% (Hy 85, 

p. 85). Thus, discounting the low reserve margins in the post World War II 

years, 15 to 30% probably covers the optimum range for the national reserve 

margin . 

The term 11 reserve margin .. may be a little misleading. A large fraction of 

the capacity included in the reserve margin is typically unavailable (out-of­
service) at the peak load. The ,.available .. reserve capacity at the peak is the 

critical measure of reliability at the peak load. A recent article on reli­

ability (EPRI 86 , p. 10) showed that 15 to 18% of capacity was unavailable at 

the peak load (Table 2). In 1983, for example, the capacity margin(b) was 
25%. However, at the peak 6% of the capacity was down for maintenance, 6% was 

down for forced outages, and 3% was not available because of partial outages 

and derating . Thus, 15% of the capacity was unavailable at the peak, leaving 

an operating margin (available reserve capacity) of 10%. This is illustrated 
in Figure 11. Note that the percentages shown in Table 2 refer to the capacity 

margin and not to the reserve margin. 

(a) The 20% rule-of-thumb for the reserve margin derives from a report by the 
Federal Power Commission (FPC), titled 11 The 1970 National Power Survey ... 
The FPC concluded that a 20% reserve margin industry wide, might be advis­
able (Senate 85, pp . 1243-1244). This rule-of-thumb value was devised 
over 15 years ago before the construction of 1000+ MWe power plants. 

(b) The capacity margin is expressed in percent as (capacity - peak)/capacity. 
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TABLE 2. U.S . Capacity and Operating Margins(a) 

1976 1977 1978 1979 1980 1981 1982 1 9~3 -- --
Demonstrated U.S. 485 506 531 544 558 572 586 j96 
capacity, GW 

Reserve capacity, GW 125 119 135 146 131 144 171 148 
Peak demand, GW 360 387 396 398 427 428 415 44~ 

Capacity margin, % 26 24 25 27 23 25 29 2!> 
Maintenance, % 4 4 5 5 5 5 5 6 
Forced outages, % 6 7 6 8 7 7 7 6 
Partial outages 5 5 6 5 5 !> 5 3 
and deratings, % 

Unavailability, ~ 15 16 17 18 17 17 17 15 
Operating Margin, fo 11 8 8 9 6 8 12 10 

(a) EPRI 86, p. 10. 

RETIREMENT OF OBSOLETE CAPACITY 

The need for new capacity additions also depends on the retirement of 
obsolete capacity, which in turn depends on the average service life of t1e 

power plants . The average service life of plants retired since 1970 is 

36 years. However, service life can often be extended to 40 or 50 years Jr 
more. Utilities are currently undertaking plant life extension and upgrajing 

programs that could cost a fraction of the cost for new capacity. 

The need for replacement capacity in future years can readily be cal :J­

lated for various service life assumptions . The variation in capacity re. i re­
ment schedules for existing U. S. generating plants under different servic• life 

assumptions is shown in Table 3. The retirement schedules depend on the c.Jpac­
ity installed years earlier. For instance, 31 GW of new capacity was add~1 in 

1974. Assuming a 30-year life, this same 31 GW would be retired in 2004. 

Assuming a 40-year life, this 31 GW would be retired in 2014 . Note for t1e 

example years, 2004 and 2014, shown in Table 3, how the capacity retired 11ries 

with the assumed service 1 i fe. As noted 1 ater, the assumed service 1 i fe .wses 
some irregularity in capacity projection trends . Historical data on the 

installed capacity and net capacity additions are provided in Appendix I. 
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Note: Providing reliable electric service requires having reserve capacity 
actually available when needed. A distinction must therefore be made between 
the theoretical capacity margin usually quoted and the operating margin 
provided by readily available plants. During 1983, for example, demand for 
electricity reached only 75% of utilities demonstrated capacity, but 15% of 
capacity was sometimes unavailable because of preventive maintenance, forced 
outages, and other causes leaving an actual operating margin as low as 10% 
during the summer demand peak . 

( a) EP R I 86 , p. 10 • 
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TABLE 3. Variation in Capacity Retirements for 
Service Life Assumptions 

Year of Retirement 
Caeacit~ 

Year 

1954 

1964 

1974 

1984 

Installed Service Life 2 
30 GW 

10 1984 

11 1994 

31 2004 

12 2014 

Caeacity Retired, GW 
Service Life 2 Years 

Year 30 40 50 

2004 31 11 10 

2014 12 31 11 

40 

1994 

2004 

2014 

2024 

Years 
50 

2004 

2014 

2024 

2034 

Selected 

Nearly 1800 units with a total capacity of 23 GW were retired througt the 

end of 1985. These units had a mean age of 36 years, weighted by capacity . An 

additional 400 units with a capacity of 5.3 GW have also been retired, but the 

startup and/or retirement dates for these units were unknown . The averag£ 

capacity of the retired units was 13 MW. The largest unit retired to date was 

200 MW. About 800 steam-electric units comprised most {19 GW) of the retired 

capacity . The average age at retirement was 38 years, weighted by capacity, 

for the steam electric units . Most of the retired capacity (13.1 GW) had ~een 

fueled by oil and gas. Only 200 MW in over 100 small hydro units were retired; 

their average age was 54 years . The average age of the retired units has 

remained nearly constant over the past 15 years. Planned retirements by util­

ities to the year 2000 are 17 GW with an average age of 37 years. The cha~ac­

teristics of the retired plants are summarized in Appendix D. 

The recent retirement schedule, i.e . , 1981-1985, is consistent with 

replacing 35- to 40-year old plants (Table E.4) . However, the planned retire­

ment schedule , through 1995 , is more consistent with replacing 50 year old 

plants . Although the average age of the units to be retired through 1995 is 

projected to be 36 years, the rate of retirements is less than the install 1tion 

rate of new capacity 36 years earlier . Thus, the planned retirement sched1le, 
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if it holds, reflects overall aging and is consistent with plant life extension 

programs. The average age of installed capacity would reach 30 years in 1995, 

up from 24 years currently. 

NERC FOREC~STS TO 1994 

The NERC annually forecasts annual demand, peak demand, and capacity for 

the next 10 years. The forecast is an aggregation of individual utility system 

forecasts. NERC represents virtually all of the power systems in the United 

States anrl Canada. 

The 198J NERC forecast (NERC 81)) is for an average annual growth in the 

summer peak demand and electricity consumption of 2.3% and an average annual 

growth in generating capacity of l.H (Table 4). The reserve margin at the 

summer peak demand was 34% in 1984, and is projected to decrease to 26'16 in 

1994. Mter 1995, when the current excess capacity has been reduced to normal 

levels, new generating capacity will be needed at a rate to k0ep pace with the 

growth in peak demand. NERC projects the U.S. peak demand to be 567 GW in 

1994. The U.S. capacity at the peak is projected to be 712 GW in 1994. 

In the period from 1985 to 1994, 125 GW of new capacity and 17 GW in 

retirements are planned for a net addition of 108 GW. Of the 108 GW, increase 

coal capacity is forecast to increase by 50 GW and nuclear capacity is forecast 

to increase by 50 GW. Planned retire111ents are concentrated in units using 

petroleum (7 GW) and gas (7 GW) (DOE B5c, p. 54), 

TABLE 4. NERC Forecasts for Selected Years 

Peak demand, GW 

Electricity 
Requirements, 
8i ll ions of kWh 

Summer capability, GW 

Reserve Margin, % 

1984 
Actual 

451 

2,446 

604 

34 

1985 

465 

2,499 

617 

33 

17 

Forecasts 
1990 

52() 

2,816 

676 

30 

1994 

567 

3 '081 

712 

16 

Average Annual 
lncrease 

1984-1994, ,, 
" 

2.3 

2.3 

1.7 



LONG-TERM PROJECTIONS TO 2035 

Over the long-term, electrlclty demand is expected to track the econJny. 

The economy, as measured by real GNP, has typically grown at the rate of;! to 

4% per year with the long-term average near 3%. Real GNP should continue ~o 

grow in response to increased population and productivity. 

We have projected the peak demand to the year 2035, assuming growth r·ctes 

of 1.5, 2.5, and 3.5% (Table 5). The base year is 1984. Using NERC 1 s fore­

casted installed capaclty in 1994 of 712 GW {from Table 4), the projected 

reserve margin in 1995 ranges from 181 GW (34%) at the 1.5% growth rate to 

53 GW (8%) at the 3.5% growth rate. The projected reserve margin is 130 Gl~ 

{22%) at the 2.5% growth rate. The growth rate assumption is obviously 

critical to the projected peak demand and the need for new capacity; the peak 

demand is 300 GW higher in 2005 at the 3.5% growth rate than at 1.5%. 

Scenarios for Estimating Long-Term Capacity Needs 

Three scenarios were developed to study the range of probable demands for 

new capacity. The scenarios vary the peak demand growth rate~ the reserve 

margin~ and the retirement schedule since these factors determine the need 'ur 

new generating capacity. The middle scenario reflects our view of the most 

likely scenario. The high and low scenarios, which combine the worst case 

values in each direction. reflect our view of the most likely extreme or 

boundary conditions. As noted before, the reserve margin applies to the peak 

TABLE 5. Projected Peak Demand to 2035 

Assumed ( GW) 
Growth Rate 1995 2005 2015 2025 2035 

1.5% 531 6!7 7!6 83! 964 

2.5% 592 758 970 !242 1589 

3.5% 659 929 131! 1849 2608 
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demand. The baseload demand and the need for baseload capacity are not 

affected by the reserve margin. The three scenarios are as follows: 

• Mi gh-Oemand Scenario 

Peak Demand Growth 

Reserve Margin 

~verage Service Life 

• r~iddle-Oemand Scenario 

Peak Demand Growth 

Reserve Margin 

~verage Service Life 

• Low-Demand Scenario 

Peak Demand Growth 

Reserve Margin 

Average Service Life 

Total Capacity Requirements 

3.5% per year 

25'1 

30 years 

2.51, per year 

40 years 

1.5% per year 

151 

50 years 

The capacity requirements for each of these scenarios were calculated out 

to the year 2035 {Table 6; see Appendix J for the complete year-by-year 

tabulation). By 1995, the difference between the high and low scenarios will 

grow to 150 GW. The planned capacity in 1994 by NER.C is 712 GW. This capacity 

is required 1n 1991 for the high scenario, in 1994 for the middle, and not 

until 2004 for the low scenario (Table 7). Under the high scenario, construc­

tion would need to be accelerated for plants now under construction, and new 

TABLE 6. Capacity Requirements (GW) 

Scenario 1984(a) 1995 2005 2015 2025 2035 

High Demand 

Middle Demand 

Low Demand 

604 

604 

604 

(a) ~ctual capacity. 

823 

720 

674 

29 

1161 

909 

716 

1638 

1164 

823 

2311 

1490 

955 

3260 

1907 

1109 



TABLE 7. Year in Which Curr(e~tly Planned 
Capacity Required a) 

Scenario 

High Demand 

t~i ddl e Demand 

Low Demand 

Year 

1991 

1994 

2004 

(a) The currently planned capacity 
is 712 GW in 1994. 

capacity commitments would need to be made soon(a) for the post-1991 opera­

tion. The middle scenario corresponds closely to current capacity expansiJn 

plans. Under the low scenario. current capacity expansion plans would nee.j to 

be stretched out about 10 years. 

The incremental capacity additions to meet projected load growth for Pach 

scenario over the 712 GW currently planned for 1994 are summarized in TablE 8. 

For the middle scenario, an additional 197 GW are required by 2005. Forth· 

TABLE 8. Incremental (a) Capacity Requirements (GIJ) 

Scenario 1995 2005 2015 2025 2035 

High Demand 111 449 926 1599 2548 

Middle Demand 8 19 7 452 778 1195 

Low Demand (38)(b) 4 111 243 397 

(a) Incremental to 712 GW already planned for 1994. 
(b) Parentheses indicate negative value. 

(a) Since new baseload capacity requires a lead time of eight to ten years, 
additional capacity requirements prior to 1995 would have to be smaller 
units, such as gas turbines, that could be installed when needed. Other 
possibilities for the near term are up~rades of existing plants, power 
purchases, and phase-ins of combined cycle plants. The recent growth rate 
has been about in line with the middle scenario, indicating that a pick up 
in the orders for new baseload capacity should occur within the next tw(l 
years. 
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high scenario, an additional 449 GW are required by 2005. For the low scenario, 

only 4 GW more are required by 2005, but an additional 111 GW is required by 

2015. 

The total new capacity requirements to meet both load yrowth and the need 

to replace plants are obtained by adding the retirements to the incremental 

capacity require111ents shovm in Table 8. The retirements of obsolete capacity, 

after the planned capacity of 712 GW is reached for each scenario, are shown in 

Table 9. Recall that the retirements are based on the average service life 

(30, 40, or 50 years) assumed for the high, middle, and low demand scenarios, 

respectively. The table illustrates the potential effect of extending plant 

life on the need for new capacity; that is, if a 50-year life is assumed for 

the high demand scenario, the cumulative retirements to 2035 would be 519 GW, 

the same as the low demand scenario. The total new capacity requirements 

(Table 10) are obtained by adding Tables 8 and ~. 

The need for new baseload capacity (Table 11) is estimated to be about 60% 

of the total new capacity requirements (see footnote p. 34). The need for new 

baseload capacity determines the potential need for new nuclear or coal plants. 

The cumulative need for new baseload capacity to year 2035, over and above the 

TABLE 9. Cumulative Retirement of Obsolete Capacity (GW) 

Scenario 1995 2005 2015 2025 2035 

High Demand 50 295 455 661 999 

Middle Demand 11 120 365 525 628 

Low Demand 0 11 120 365 519 

TABLE 10. Cumulative Need for New Capacity(a) (GW) for Both 
Load Growth and Replacement of Obsolete Capacity 

Scenario 1995 2005 2015 2025 2035 

High Demand 161 744 1381 2266 3547 

Middle Demand 19 317 817 1303 1823 

Low Demand 0 15 231 608 916 

(a) Above the currently planned capacity of 712 GW. 
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TABLE 11. Cumulative Need for New Baseload Capacity (GW) 

Scenario 

High Demand 

l~i ddl e Dernand 

Low lJemand 

!995 

93 

II 

u 

2005 

429 

!90 

9 

20!5 

795 

490 

145 

2025 

1302 

782 

381 

2035 

2043 

!094 

5 74 

712 GW capacity already included in NERC plans through 1994, ranges from 57~ GW 

in the low scenario to 1094 GW in the middle scenario to 2043 GW in the hi Jl 

scenario.The need for new (in addition to currently scheduled) baseload cap.Jc­

ity occurs in 1992 under the high scenario, in 1Y95 for the middle scenario, 

and in 2005 for the low scenario. 

ANNUAL REQUIREMENTS FOR NEW CAPACITY 

Turn now to the annual requirements for new capacity to meet load growth, 

retirements, and reserve ~argins. For perspective, consider the steep decline 

in the annual additions to capacity and the prospects for recovery (Table 12). 

The largest additions to capacity, 44 GW, occurred in 1973. Since then the~·'! 

has been a general decline. The decline, using NERC 1986 projections,(a) i·; 

forecast to bottorr1 out in 1990 at 4 GW, a slow pickup to 9 GW in 1995 is pro­

jected. Under the middle demand scenario (Table 12), the annual additions til 

capacity, above those projected by NERC, would increase rapidly to 31 GW in 

1998. However, the retirements under the 40-year service life assumed in th 

middle demand scenario are much higher than the retirements planned for the 

10 preceding years. Thus, if longer service lives did prevail and plant 

retirements were lower, the annual capacity additions would be smaller than 

shown. Nonetheless, annual capacity additions woulrJ increase to over 20 G~/ lJ 

the year 2000. 

The annual requirements for the three scenarios are summarized for 

selected years in Table 13. For example, 67 GW of new capacity are required ·n 

the year 2005 under the high denand scenario. Keep in mind that approximate!} 

(a) The 1936 projections used here became available after the preceding 
analysis was complete. The preceding analysis used the NERC 1985 
projections. 
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TABLE 12. Annual Additions to u.s. Generating Capacity (GW) 

EIA Historic 8ata (1973 1 ~84) 

Annual 
Year Additions 

1973 44 
197 4 37 
1975 31 
1976 24 
19 77 30 
1978 20 
1979 20 
1980 17 
1981 24 
1982 18 
1983 11 
1984 17 
1985(b) 26 

NERC 1986 Projections 

1986 16 
1987 17 
1988 10 
1989 4 
1990 4 
1991 8 
1992 7 
1993 5 
1994 7 
1995 9 

Middle Scenario (1996 

1996 
1997 
1998 
1999 
2000 

14 (a) 
26 
31 
32 
30 

Retirements 

( 1986 -

- 2000) 

1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
2 

1995) 

1 
1 
1 
1 
1 
1 
1 
2 
1 
1 

6 
7 

11 
13 
10 

Net Additions 

43 
36 
30 
23 
29 
19 
19 
16 
21 
15 
8 

14 
14 

15 
16 
9 
3 
3 
7 
5 
3 
6 
8 

8 
19 
19 
19 
20 

(a) An additional lU GW over the NERC projections would 
be required in 1995 under the middle demand scenario 
to replace retired plants that were originally brought 
online in 1955. 

(b) Based on preliminary ElA data for 1985. 
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TABLE 13. Annual New Capacity Requirements(a) (GW) 

Scenario 1995 2005 2015 2025 2035 

High Demand 40 67 68 106 150 

Middle Demand 19 35 56 49 55 

Low Demand 3 15 25 42 23 

(a) For growth and replacement of reti1~ed plants. 

67 GW are also required in 2006, 2007, etc., since these are annual requirE·~ 

rllents. The annual requirements are somewhat erratic in that the retirements in 

a given year reflect historical plant additions. For instance, the peaks in 

2015 and 2025 for the middle and low scenarios, respectively, are caused by 

replacing plants that began service in 1975 according to the assumed 40- anj 

50-year retirement schedules, respectively, for these scenarios. Plant addi­

tions in 1975 were unusually high compared to additions in 1965 and 1985. ·-he 

total new capacity requirements include the need for peaking capacity, load­

following capacity, and baseload capacity. 

We estimate the annual need for new baseload capacity (Table 14) to be 

approximately 60%(a) of the total new capacity requirements previously shown in 

Table 13. The annual need for new baseload capacity is used below to arrive at 

an estimate of the maximum plant size that would be needed on a regional basi;. 

Regional Capacity Needs 

There is a potential demand for new large baseload units or multiple sm1! 

units in all NERC regions under all scenarios. We estimated the need for ne~ 

baseload capacity in each NERC region (Table 15) for the middle demand scenario 

by distributing the total national der!land. The distribution was prorated ba~<:>d 

(a) Assume that the shape of the load duratioll curve remains constant; i.e., 
that the baseload grows proportionally to the peak demand. With a 20~~ 
reserve margin, assume 60% of new capacity is baseload. Adjust the 60~~ 
slightly for the higher and lower reserve margins since the reserve margir 
does not change the shape of the load duration curve. 
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TABLE 14. Annual Need for New Bafe)oad Capacity 
(GW) in Selected Years a 

Scenario 1995 2005 2015 2025 2035 

High Demand 23 39 39 61 86 

Middle Demand 12 21 34 30 33 

Low Demand 2 9 16 26 14 

(a) For load growth and replacement of retired 
plants and assuming baseload capacity is 
0.72 times peak demand. 

TABLE 15. Annual Need (MWe) for New Baseload Capacity by 
NERC Region for the Middle Demand Scenario 

NERC Region(a) 1995 2005 

ECAR 1,700 3,000 

ERCOT 1,100 2,000 

MAAC BOO 1, 500 

MAIN BOO 1,500 

MAP P-US 600 1,000 

NPCC-US 1 ,000 1, 700 

SERC 2,600 4,600 

SPC 1 ,200 2,200 

wscc 2,100 3,700 

NERC-US TOTAL 12,000 21,000 

2015 

4,900 

3,200 

2,400 

2,400 

1 '600 

2,700 

7,400 

3,000 

6,000 

34,000 

(a) See Appendix H (p. H.1) for NERC Region 
Explanations. 
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on projected summer peaks in 1994.(a) Under the middle scenario, there i) a 

need in 1995 for large baseload capacity in each region, beyond that alre<~jy 

planned. The need, of course, is even greater and sooner for the high scr•­

nario. Under the low scenario, new capacity, beyond that already planned, 1s 

not required until 2005, but a potential need for new large baseload unit~ 

occurs in each region at that time. The need can be met by either large single 

units or multiple small units. 

Planning Uncertainties 

The differences in capacity requirements between the high and low sce­

narios are enormous. ·Translated into dollars, the differences reach i"nto the 

hundreds of billions. The high and low scenarios, we believe, bound the r11nge 

of future capacity demands and illustrate the magnitude of the uncertainties 

facing capacity planners. 

can he adjusted as events 

Fortunately, planning horizons are shorter and ~lans 

unfold. But, as we have seen, adjustments to abrupt 

changes in demand, such as occurred in 1973, can take a long time. 

Planning uncertainties deal with demand projections and what drives th·~m. 

Apparent drivers are GNP, price elasticity, and inter-fuel competition. Under­

neath lies a web of complex relationships, constantly changing with economic 

and social activity. 

One of the obvious factors that affects uncertainty is the length of t~t 

lead time between the capacity addition decisions and plant startup. The rdte 

of divergence (2% per year) between the low and high projections provides a 

measure of the relationship of uncertainty to lead time. For instance, for 

each year the lead time is shortened or lengthened, the uncertainty in the 

capacity requirements for a future target year is reduced or increased, resp<'•:­

tively, about two percent, or about 14 GW currently. 

(a) This distribution assumes that post-1994 regional growth rates would 
correspond to the national average (2.5~1.) and that plant retirements could 
also be prorated on the same basis. In Table l the projected regional 
growth rates to 1994 varied from 1.1 to 3.6% per year for the peak load. 
This range nearly corresponds to the growth rates for the three scenar­
ios. Our purpose is to point out that a potential should exist for larg'' 
plants in all or nearly all regions by 2005, especially if the needs for 
two consecutive years can be combtned. 
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SUPPLY OPT! ONS 

SUMMARY 

Nearly all (95%) of the electricity generated in 1985 came from coal 

(56.8%), nuclear (15.5%), hydro (11.4%), and natural gas (11.7%). The 

remaining 5% came from petroleum (3.7%) and other sources (1.1%). ln 1984, 

4366 active power plants generated electricity, but 90% of the electricity 

produced was generated by only 12% of the plants. 

During the next decade, about 100 GW of new baseload capacity and 20 GW of 

other capacity is scheduled to be added. Most of this new baseload capacity 

will be comprised of either coal or nuclear plants. By 1994 the installed 

capacity represented by nuclear plants will have increased to 16% from 10% in 

1984. If additional capacity is required, beyond that currently planned, it 

will most likely consist of small blocks of peaking capacity that can be 

brought on-line quickly (e.g •• gas turbines). 

It is expected that for several decades beyond the mid-1990s, electricity 

supply will continue to come from many sources, but that the primary sources 

will continue to be baseload coal and nuclear plants. Only coal and nuclear 

have the extensive domestic fuel reserves and proven technology to reliably 

provide large blocks of power at low costs. While the relative contribution of 

hydro and petroleum is expected to decrease, the contribution of alternative 

energy sources is expected to increase. 
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EXISTING CAPACITY AND GENERATION 

At the end of 1985 there were 10,904 generating units with a total n,Jr1e­

plate capacity of 696 GW(a) in the United States. Their sizes ranged fror1 

10 KW to 1372 MWe or 6 orders of magnitude (Table D.l). In general, most ,Jf 

the older units were smaller and were installed originally to meet local 

demands. The newer units were generally larger and were installed to meet 

regional demands. The age and size distribution is summarized in tables Lr2-D6 

in Appendix D. 

The large units typically provide baseload capacity, and smaller units 

usually provide intermediate and peak load capacity. The large units take 

advantage of economies of scale in design and operation and have the lowest 

unit electrical generation cost when operated at high capacity factors. Peak­

ing units, on the other hand, are able to startup quickly and usually have the 

lowest cost at low capacity factors. Many older units, originally operate,j as 

baseload units, are converted to intermediate or peak load operation when -:~1eir 

variable (operating and fuel) costs exceed those of new baseload units. Tf11! 

boundaries between peak load, load-following, and baseload are not clear-CLit. 

Rather, the units in a system represent a continuum with the operation of each 

unit selected to minimize total generation cost while reliably meetiny the 

total demand. 

In l9e4, 4366 ''active'' power plants generated electricity out of a total 

of 5692 ''active'' and inactive power plants. A power plant consists of one Jr 

more generating units. For example, Wanapum Dam, a power plant of 1:131 M~J. ::Jn­

sists of ten 83.1 MW units (turbine/generators). However, 24% of the elect~i­

city was generated by only 46 (l!o) power plants that, on average, generated 

(a) This is the EIA 1985 year-end capacity based on a data tape available ,, 
February 1986. The 1984 rJERC capacity of 604 GW, used previously, is 
based on summer ratings at the sum1ner peak. The NERC summer capacity 
figure is about 10 percent below the year end nameplate capacity repor~f·d 
by the EIA. In 1984, EIA reported a year-end capacity of 672 GW. Sevr,r·al 
factors account for the difference. EIA includes Alaska, Hawaii, and 
Puerto Rico. NERC includes virtuallj all power systems in the contiyu(:LS 
states only. The NERC capacity is based on the derated capacity, part'y 
due to higher summertime temperatures of the cooling water, rather than 
the nameplate capacity. EIA includes capacity added after the summer 
peak. 
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over 10 billion kWh each (Table 16). Over half of the electricity was gen­

erated by 4% (158) of the active power plants, and 90% of the electricity was 

generated by only 12% of the active power plants . Thus, based on percentage, 

comparatively few power plants generate nearly all of the electricity. Con­

versely, 88% of the active plants generated only 10% of the electricity.(a) 

The rows in Table 16 were based on power plants generating over 10, 5, 3, and 

1 billion kWh in 1984. Keep in mind that over 1300 plants were inactive in 

1984 . 

In 1985 (NERC 86) , coal-fired units had the largest capacity {272 GW), 

followed by dual (oil/gas) (87 GW), nuclear (71 GW), conventional hydro {70 GW), 

oil (60 GW), gas (44 GW) , and other (17 GW) (Figure 12). Other includes pumped 

storage, geothermal, solar, refuse, and wood. By energy generation (Figure 13), 

coal ranked first (57%), followed by nuclear (16%), natural gas (12%), conven­

tional hydro (11%), oil (4%), and other (1%) . (Totals add to 101% due to 

rounding . ) The capacity data represents the summer capability. 

The current situation is one of surplus capacity. From 1985 through 1995, 

87 GW of new capacity is scheduled to be added. Most of this new capacity is 

TABLE 16. Power Generation in 1984 by Type of Power Plant 

Cumulative 

Cumulative Percentage Cumulative Number of Plants 
Generation of Plants Generation Natural Fuel 

(%) (%) Per Plant(a) Total Coal Nuc I ear ~ Gas 011 Geotherma I 

24 >10 46 30 10 4 2 

56 4 >5 158 99 34 10 11 .3 

71 6 >.3 258 165 47 16 24 5 

90 12 >1 511 292 60 41 84 33 

(a> Bl I lions of kWh. 

(a) Based on information contained in computerized data base of United States 
Power plants compiled by DOE , Energy Information Administration, February 
1986. 
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FIGURE 12 . Generating Capacity by Fuel Type (1985) 

Note: Dual uses either natural gas or petroleum. 

Nuclear 
(16%) 

Other 
(1%) 

FIGURE 13 . Electricity Generation by Fuel Type (1985) 

Note: Totals equal 101% due to rounding . 
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comprised of coal (31 GW) and nuclear {30 GW) plants. Nearly all of the new 

capacity is currently under construction. Should additional capacity be 

required, smaller blocks of peaking capacity, such as gas turbines, would be 

brought in quickly, perhaps as part of a staged-construction, combined-cycle 

plant (EO 86, p. 1). 

Conservation has not played as important a role in electricity usage as in 

overall energy usnge. A crude measure of conservation is the productivity of 

electricity as measured by the ratio of real GNP to electricity generation. 

There has been only a slight increase (3%) in this ratio over the last decade. 

ln contrast, the ratio of real GNP to overall energy consu~ption has increased 

about 30% over the same period (Hy 85, p. 101). The slight increase in elec­

tricity productivity could he caused by shifts in the econo111y away from elec­

tricity consuming industries. However, decreases in electricity consumption 

per unit of output did occur in the top four electricity intensive industries, 

chemicals, paper, pri1nary metals, and food processing. Conservation was also 

i!Tlportant in the residential and commercial sectors. Over the last four years 

electricity de111and in these sectors declined although the sectors grew at a 

faster rate than GNP (DOE 8\b, pp. 21-39). 

FUTURE SUPPLY OPTIONS 

The future electricity supply is expected to come from many sources, but 

only coal and nuclear currently have the extensive dmnestic reserves and proven 

technology to reliably provide large blocks of low cost power. Therefore, 

under present conditions the future electricity supply is expected to be gener­

ated primarily by coal and nuclear baseload plants and existing ldrge hydro­

electric plants. Baseload plants are expected to comprise about 60% of future 

capacity and produce about 80% of the electricity. The remaining 40% of capac­

ity is expected to be load-follm~ing, non-firm, and peak load plants. Hydro­

electric, natural gas, oil, solar (wind, photovolatics, solar-thermal, biomass, 

etc.), coal, geother1nal, and cogeneration are expected to provide most of this 

capacity and will produce about 20% of the electricity. Canadian imports are 

expected to increase and become an i1nportant supply, particularly in the North­

east. I~ 20 to 40 years, breakthroughs in fusion and breeder reactors could 
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lead to the commercialization of these technologies. Since new developmtrts 

frequently alter the competitive situation. pursuing diverse energy options is 

advantageous and avoids dependency on a single option. 

42 



RESOURCE CONSUMPTION AND WASTE PRODUCT GENERATION 

SUMMARY 

This section estimates the resource consumption and waste generation for 

the coal and nuclear fuel cycles for three scenarios. One scenario assumes the 

phasing out of nuclear and its replacement with coal over the long-term. The 

opposite scenario assumes the phasing out of coal and its replacement with 

nuclear. The middle scenario assumes a 50/50 split in new baseload capacity 

between coal and nuclear. These scenarios cover the extreme ranges of coal 

and nuclear usage expected over the long-term. The 50/~0 split corresponds to 

recent experience and planned construction through 1994. 

Even under the extreme scenarios, domestic coal and domestic uranium 

resources are sufficient to meet the projected demand. However, exclusive use 

of domestic resources does result in a significant depletion of those reserves 

by 2035: 

PERCENT OF DOMESTIC RESOURCES CONSUMED THROUGH 2035 

Su 1 Scenario 
A11 A11 5Dio Co a 1 , 

Resource Co a 1 Nuclear 50% Nuclear 

Coa11a) 25 R 16 

Nuc1earlb) 9 56 33 

(a) Based on estimated recoverable coal reserves of 24S billion 
tons. 

(b) Based on estimated total recoverable u3u8 of 7.U7 million 
tons. 

No supply problems will necessarily occur in any part of either fuel cycle 

because the required growth rates are low and lead time for capacity expansion 

of critical fuel cycle services are exceeded by the lead times required for 

power plant construction. Under the all-nuclear scenario, demand will equal 
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the current United States uranium enrichment capacity (including a non­

operating facility currently on "standby") in about 2005. Under the 50% 

nuclear scenario, demand is projected to equal enrichment capacity in 201'J. 

The fuel requirements and waste generation from coal plants are huge (Om­

pared to nuclear. These requirements make coal generation more susceptib ·~to 

future supply disruption (in mining and transportation) and inflation thar1 

nuclear. Low-cost technology is available to handle the coal supply and 11aste 

generation under existing regulations. However, changes in these regulations 

in response to environmental concerns could lead to restrictions on coal .1sage 

and large cost increases. 

I NTROOUCT!ON 

Previous sections of this report clearly identify the need for new bc,se­

load electricity generation plants, beyond those already scheduled, beforE the 

year 2000. Based on current experience, coal and nuclear technologies arE 

unique in their proven ability to provide low cost electricity using domestic 

fuel reserves and in their potential for significantly increased utilizaticn. 

It is apparent that both technologies will play a role in the future; however, 

the relative roles of the two technologies is subject to questions. 

Aside from meeting the pure demand requirements, other factors influence 

decisions on the relative roles of nuclear vs. coal technologies. These fac­

tors include economics, reliability of the fuel supply, waste product gene~a­

tion and disposal, environmental and health concerns, and public acceptability. 

The purpose of this section is to assess the requirements for critical 

resources and to estimate the quantities of wastes generated for future suJJly 

scenanos involving various mixes of coal and nuclear plants. Projections 1f 

resource requirements and of impacts in terms of waste generated provides 1 

perspective for formulating long range research and development plans to 

improve technology, mitigate adverse impacts, assure the availability of citi­

cal resources, and to increase the utilization of potential by-products. 

Comparisons in fuel requirements, transportation and processing needs. and 

waste generation and disposal are made for three scenarios that assume that 
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most new baseload power plants are: 1) all coal, 2) all nuclear, and 3) 501; 

coal, 50)~ nuclear. The assessments are based on utilization of existing 

technologies. 

Two important effects, health and safety, are beyond the scope of this 

analysis. Legislation and regulations prescribe the acceptable levels of risk 

to society for a technology. The acceptable levels of risk attempt to strike a 

proper balance between the benefits and costs to society. The ALARA, "as low 

as reasonably achievable," principle applied to radiation protection reflects 

society's desire for a proper balance, for example. 

Past work on health and safety risks of the coal and nuclear fuel cycles 

are not conclusive. In a May 1984 study (Fi 84) Sandia National Laboratories 

evaluated the literature on coal and nuclear fuel cycle risk comparisons. They 

concluded that 1) the inadequacies in existing analyses could be removed with 

better data on health effects of the coal fuel cycle, 2) more appropriate met­

rics were needed to compare the coal and nuclear fuel cycles, 3) health effects 

models for the coal fuel cycle were simplistic compared to those for the 

nuclear fuel cycle, 4) the lack of rigor among analysts 1n precisely defining 

the aspect of the fuel cycle being addressed made co1nparisons difficult, 5) the 

credibility and acceptability of existing comparisons was questionable, and 

6) additional work was required in the areas of socioeconomic and sociopoliti­

cal impacts assessment to obtain more creditable/acceptable risk comparisons. 

ASSUMPTIONS USED IN THE SCENARIOS 

We assumed that the proportion of coal plus nuclear generation to the 

total generation in 1984 would remain constant. In 1984, 68% of the total 

electricity generation was coal plus nuclear.(a) We assumed that the 

generation would grow at the rate of 2.5% per year. We assumed that the 

(a) By implication we assume that 32 percent of the future electricity genera­
tion will come from other fuels. We expect those to be hydro, natural 
gas, oil, geothermal, solar, etc. Current trends point to a decline in 
the percentage of hydro, natural gas, and oil. If the trends continue, 
this ac: 'JII'Jtion would imply substantial growth in the alternative 
generac., .J,, technologies. 
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nuclear plants under construction would be completed by 1994 according to ~ERC 

plans. We further assumed that the nuclear plants would increase their a1~rage 

capacity factor from 60% in 1984 to 65% in the year 2000. For simplicity, all 

steps of each fuel cycle were assumed to occur in the same year as power 

production. 

In the all-coal scenario, no new nuclear plants are ordered. The codl 

generation is calculated by subtracting the nuclear generation from the total 

coal plus nuclear generation. The nuclear plants are retired 40-years aLt~r 

startup; nuclear generation reaches zero in 2035. 

In the all-nuclear scenario, coal yeneration is calculated in 1994 as 

above. This generation is reduced to zero in 2035 in proportion to the genera­

tion capacity retired, assuming a 40-year plant life. The nuclear ':)eneration 

is then obtained by difference. 

The impacts of the half-coal/half-nuclear scenario were estimated to be 

midway between the all-coal and all-nuclear scenarios. 

DESCRIPTION OF COAL AND NUCLEAR FUEL CYCLES 

A brief description of the steps in each fuel cycle is presented bel<:~·t, 

The assumed values are representative of current technology for eaCh fuel 

cycle. 

Coal Fuel Cycle 

Coal is produced from underground and surface mines. Most of the unctr­

ground production (65%) is in the eastern United States (NCA 85, p. 30). lhe 

western mines which produced 35% are primarily surface mines. Most reservE-s 

are in the West; the proportions of production in the West should graduall) 

increase. Eastern coal is generally higher in sulfur content and heating value 

than western coal. Underground mining is mostly room and pillar with some long 

wall mining. 

Coal varies widely in properties important to its use as a utility fuel. 

The sulfur content may range from 0,6 to 6.0%. The ash content usually ranges 

from 8 to 12%, although much higher values are possible. The heating values 

range from 6,000 Btu/lb for lignite to 14,000 Btu/lb for bituminous. As n1ined, 
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coal is diluted wHh additional impurities. Coal preparation plants, located 

near the mine, remove most of the mine waste. Mine waste can range from neg­

ligible amounts to 30% or more. The coal composition and utilization assump­

tions used in this study are summarized in Table 17. 

After mining, the coal is sorted, cleaned, and sized. The mine waste is 

dumped in waste embankments. Some is returned to the mine for back fills. The 

111aste frequently contains a large fraction of low-grade coal and other carbona­

ceous material. Disposal practices must guard against potential combustion and 

structural instahility of the embankments. Coal handling near the mine is 

usually by truck or conveyor, 

After cleaning, the coal is transported to the power plant. Several 

methods are used: unit trains, mixed trains, barges, trucks, and slurry pipe­

lines. Train haulage is most common. Coal haulage by barye, truck, conveyor, 

and slurry pipeline r1ake up the 36~/, not hauled by rail. Barging is generally 

the lowest cost if access to waterways is convenient. Trucks are used for 

short haulage. Only a few slurry pipelines have been built and operated. 

At the power plant, the coal is stored in stock piles. Nominally, a 

60-day supply is maintainerl as a precaution against supply disruptions. 

The con1bustion of coal produces fly ash, bottom ash, so2 , NOx, and C02 • 

Fly ash is collected by filters and electrostatic precipitators; bottom ash 

collects at the bottom of the furnace. so2 is removed by flue gas desulfuri­

zation (FGO) processes, and in the future, by fluidized bed combustion tech­

niques. The NOx emissions are reduced by scrubbing and control of the combus­

tion conditions. co2 emissions are not controlled. 

Ash and sludge from the FGO process are disposed of in land fills, 

although some is utilized in by-products. 

\,JHh present technology and emission standards, coal plants are roughly 

equal to nuclear plants on a unit cost of power basis. Coal plants cost less 

to build but require higher fuel costs than nuclear plants. Electricity from 

coal plants is thus more susceptible to future escalation of fuel costs than 

nuclear plants. 
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TABLE 17. Assumptions Used in Coal Fuel Cycle Analysis 

Composition 

Heating value of as-burned coal: 21,000,000 Btu/ton, 10,500 BttJ 1lb 
8,500 Btu/kWh (heat rate) 

Sulfur Content: 2.0% 

Ash Content: 10.0% 

Mine Waste: 16.0% 

Mine Waste Properties(a) 

Dry Density 
Wet Density 
Specific Gravity 

= 90 ft 3 

I 06 ft 3 

1.95 

Sludge from Coal 

Dry Density 
Wet Density 
Specific Gravity 

Preparation Plants(b) 

= 54 n 3
3 = 78 ft 

= 1.36 to 1.66 

Coal Transport 

90 tons coal/carload 
100 cars/train; total length - 5,500 feet 
Average speed = 10 miles/hour 
Average distance= 1,CWO miles round trip 
Fraction hauled by rail = 64% 
Coal car utilization= 2,160 hours per year 

(hauling coal and returning) 

Power Plant Waste Products (EPRI 84, pp. 3-50 to 3-53) 

Solid Waste 
Total ash = Coal consumption x 0.10 
Total fly ash = Total ash x 0.8 
Fly ash collected in precipitator= Total fly ash x 0.9 
Total bottom ash = Total ash - Total fly ash 

(a) Wi 75, p. 398 
(b) Wi 75, p. 400 
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TABLE 17. (contd) 

Power Plant Waste Products (contd) 

A 

ll 

c 
ll 

Fly ash collected in scrubber = Total fly ash x (0.997 - 0.900) 

Weight of Caso4 . ZH 20 = Co a 1 consumption X % s X 0.9 X 0.2 X 172 
--:rz129 Weight of CaS04 . 1/ZHzO = Coal consumption 

Weight excess reagents as CaCU3 = 

Coal consumption x "/, S x 0.9 x ~ 
Total solids weight= A+ B + C + D 

X 0.2 

Weight of water = i& solids weight 

X ,, ,, S X 0.9 

Total weight of sludye 

x Total 
100 = 60 x Total solids weight 

Bulk Density 

Fly ash = 90 ft3 

Bottom ash = 80 ft 3 

Dry FGD sludge = eo ft3 

Atmospheric Emissions 

C02 = 44/12 Carbon content 

X 0.8 X ~ 

SOz = 0.4 lb per million Btu assuming a scrubber efficiency of 

90%. The emission standard is 1.2 lb per million 
Btu (Max)(a) 

Particulates = 0.03 lb per million Btu (Max)(a) 

NOx = 0.6 lb per million Btu (Max) for bituminous coal(a) 

0.5 lb per million Btu (Max) for sub-bituminous coal(a) 

(a) 40 CFR 6U.41a 
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Nuclear Fuel Cycle 

The assumptions used in the nuclear scenarios are shown in Table 18. 

In the United States, uranium is produced from underground and surfd,:e 

mines. The urani urn content in the ore is 1 ow, about 0.2% for underground and 

about 0.1% for surface. Uranium is also produced as a by-product of oth,,~ min­

ing operations. The uranium is concentrated in mills located near the mi 1es. 

Mill tailings are ponded near the mill; some are returned to the mine as ·1ack­

fill. Disposal practices must guard against excessive radon releases fr,li:J mill 

tailings to nearby populations. Uranium imports are substantial in rela:ion to 

domestic production. In 1984, net imports were 60% of United States prodJCtion 

(DOE 85f, pp. 49, 77). 

The mill concentrate, as ammonium diuranate, is transported by true< or 

train to a conversion plant where it is converted into UF 6 • The UF 6 is ~rans­

ported by truck or train to an enrichment plant where the 235u content is 

increased three-to-five fold. Depleted uranium tails are produced and s:ored 

at the enrichment plant. 

The enriched UF 6 is transported by truck or train to a fuel fabrica:ion 

plant. There it is converted to U02 and fabricated into fuel assemblies. The 

fuel assemblies are transported by truck to the reactor site. 

After irradiation and cooling at the reactor site the fuel assembli~; will 

be transported by train or truck to a national waste disposal site. 

TABLE 18. Nuclear Fuel Cycle Assumptions 

Ore Grade 0.14:% 308u 

Mine Dilution 10.0'i6 

Milling Losses 

Enrichment 

Tails Composition 

Fuel Exposure 

Capacity Factor 

10.0% 

3.S% Z35u 

o.zs1, 235u 
37,500 MWd(th)/metric ton 
65/, 
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COMPARISON OF THE COAL AND URANIUM FUEL CYCLES 

The coal and uranium fuel cycle requirements and waste generation for 

producing 1 billion kWh of electricity are summarized in Table 19. One billion 

kWh is roughly the electricity generation required annually by a city of 

100,000. A 1000-MWe coal plant (two 500-M~J units), operating at a 68% capacity 

factor, would consume each year six times the coal requirements shown in 

Table 19. The waste production correspondingly would be six times higher. 

Similarly, a 1000-MWe nuclear plant would consume six times the fuel and pro­

duce six times the waste shown in Table 19. One PWR fuel assembly in reaching 

the reference exposure generates electricity equivalent to six 100-car trains 

(Figure 14). 

ANNUAL FUEL CYCLE REQU!REI1ENTS AND WASTE GENERATION FOR THE COAL AND NUCLEAR 

SCENARIOS 

In 1984, coal generated 1317 billion kWh and nuclear generated 324 billion 

kWh (NERC B5, p. 37),(a) The coal consumption in 1984 was 664 million tons 

(DOE 85d, p. 43),(b) Nuclear fuel consumption was about 1300 metric tons 

(U content in fuel assemblies) (DOE 85e, p. 63). For comparison, the actual 

consumption and waste generation in 1984 is compared with the projected con­

sumption and waste generation in 2035 for the all coal and all nuclear sce­

narios (Table 20). The fuel consumption and waste generation for intermediate 

years for all three scenarios are shown in Appendix G. The fuel requirements 

and waste generation were determined using the assumptions shown in Tables 17 

and 18. 

Under the all-coal scenario, coal consumption would increase about four­

fold and reach 2.3 billion tons in 2035; nuclear fuel consumption would drop to 

(a) Slight differences occur between NERC and EIA reported yeneration. EIA 
reports 1342 billion kWh for coal and 328 billion kWh for nuclear. 

(b) The actual coal consumption in 1984 (664 million tons) was higher than 
would have been calculated using our long-range heat rate assumptions. We 
assumed 8500 Btu/kWh, which applies to state-of-the-art steam plants. The 
average heat rate experienced in 1984 was 10,400 Btu/kWh. Likewise. 
actual nuclear fuel consumption in 1984 was about 200 metric tons (U con­
tent in fuel assemblies) higher than would have been calculated since the 
average fuel exposure was about 20 percent less than the assumed fuel 
exposure. 

51 



TABLE 19. Comparison of Typical Coal and Uranium Fuel Cycle Requiremer~•:s 

and Impacts to Produce 1 Billion kWh of Electricity 

Mining 

Mine and Mi 11 
Waste 

Transportation 
from Mine or 
Mi II 

Co a I 

482,000 tons 

77,000 tons 

405,000 tons 
4500 coal cars (90-ton) 
45 unit trains (100-car) 

Urani urn Not required 
Conversion, 
Enrichment, and 
Fabrication 

Electricity 

Solid Wastes 
from Power 
Plant 

Atmospheric 
Emissions from 
Power Plant 

1,000,000,000 kWh 

40,000 tons ash 
36,000 tons dry sludge 

4,5oo,ooo lb No,(a) 
250,000 lb 

particulates(•)( ) 
10,000,000 lb SO a 
1,300,000 tons to2 

Uranium 
--------~~~---------
27,800 tons 

-27,800 tons 

35 tons of ammoni urn di uranate 1 n 
56 drums (50 gal) 
1 or 2 truckloads 

13.5 yg3 of low level waste 
7.8 yd non-radioactive waste 

14 lb fluoride to atmosphere 

• 3.41 metric tons uranium 
fabricated and spent fuel 
generated 

• 7.6 PWR assemblies based on 
450 kg/assembly 

• 2.25 cubic yards high-level 
waste (HLW) if no rod 
consolidation 

• 0.63 HLW shipments assuming rail 
• 3.8 HLW shipments assu1ning :~uck 
• 3.44 metric tons of U as 5.Jj 

tons enriched UF5 shipped tJ 
fabrication in 3 cylinders, 
30-in. diameter by 7-feet 1 )19 

• 16,300 separative work units 
• 24 metric tons of U as 39 t)1S 

UF6 shipped to the enrichment 
plant in 3 cylinders, 48-in:nes 
diameter by 13-feet long 

1,0UU,UUO,OOO kWh 

7.6 PWR fuel assemblies 
(-6 tons total assembly weight) 

Negligible 

(a) Regulatory limits, actual releases may be lower. 
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TABLE 20. Fuel Cycle Requirements, Electricity Generation, 
and Waste Generation in 1984 and 2035 

Mining 
(tons mined) 

Mine and Mill Waste 
(cubic yards) 

Mine Shipments (tons) 

Coal 

770,000,000 

100,000,000 

664,000,000 

Uranium Enrichment None 
(millions of separa-
tive work units) 

Fuel Fabrication None 
{Equivalent number of 
PWR fuel assemblies) 

Electr.(i~ity Generation 1,317 
( TWh) a J 

Non-Radioactive Waste 170,000,000 
(cubic yards) 

Low Level Radioactive 0 
Waste (cubic yards) 

High Level Radioactive 0 
Waste (cubic yards) 

Gaseous Emissions 
(thousands of tons) 

so2 

NO (b) 
X 

1,100 

3,400 

1,600,000 

0 

TWh = one billion kWh . 
Based on emission limits. 

1984 
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2035 
All Coal All Nuclear 

Nuclear Scenario Scenario 

11,000,000 2,800,000,000 160 ,001) ,000 

7,000,000 370,000,000 120,000,000 

13,000 2,300,000,000 200,000 

94 6 

2,500 

324 

3,000 

4,400 

700 

0 

0 

0 

0 .002 

0 

0 

5,782 

739,000,000 

0 

0 

4,600 

15,000 

6,900,000 

0 

44,000 

s .n~2 

45,000 

78,000 

13,)00 

0 

0 

0 

O.Ol2 



zero. The annual growth rate in coal consumption would increase gradually to 

4% in 2015 and then decrease to 3·,~ in 2035. At these low growth rates, no 

supply restrictions(a) should be encountered under existing regulations. 

However, there already is concern over the environmental impacts of existing 

coal plants. Increased coal combustion could exacerbate these impacts and lead 

to more stringent environmental control standards. More stringent standards, 

in turn, could result in lower fuel efficiency, which could lead to supply 

problems. The equivalent requirements and waste generation for other steps in 

both fuel cycles for the all coal scenario are summarized in Appendix G. 

Under the all-nuclear scenario, coal consumption would drop to zero in 

2035. Nuclear fuel requirements 

(as fuel elements) in 2035. The 

would increase to 20,000 metric tons uranium 

annual growth rate in nuclear 

ments would reach 7% per year in 2005 and drop to 3% in 2035. 

fuel require­

The equivalent 

requirements and waste generation for other parts of both fuel cycles are 

summarized in Appendix G for the all nuclear scenario. 

Under the 50% coal/50% nuclear scenario, coal consumption would increase 

to 1.4 billion tons 

ric tons U in 2035. 

and nuclear fuel requirements would increase to 10,000 met­

The coal consumption growth rate varies between 1 and 3% 

per year. The nuclear fuel requirements growth rate increases to 5% in 2005 

then gradually decreases to 3% in 2035. The equivalent impacts on the other 

parts of both fuel cycles are summarized in Appendix G. 

In order to compare the waste generation in more familiar terms, we con­

verted the waste generation and resource requirements into per capita data 

(Table 21). Comparing the 1984 solid waste generation, coal plants produced 

about five garbage cans full of ash and sludge per person; nuclear plants pro­

duced less than one-quarter cup, most of which was radioactive. In 1984, coal 

produced about four times as much electricity as nuclear. The comparisons in 

2035 are based on the all-coal and all-nuclear scenarios. In 2035, the 

(a) Although coal could be phased-in to replace existing nuclear capacity over 
a number of years, an immediate shutdown in nuclear capacity and replace­
ment with coal could cause severe economic disruptions in at least five of 
the nine NERC regions (Table 0.7). The reserve margins in these five 
regions would fall below 20%. Nuclear generated between 20 and 32% of the 
electricity in these regions in 1985; this was estimated to have increased 
to 22 to 35% in 1986. 
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TABLE 21. Per Capita Waste Generation and Resource Requirements 

Solid \Jaste 

Mine and r~li 11 Waste 

Nonradioactive Waste 

Low-Level ~Jaste 

High-Level Waste 

Gaseous Emissions 

COz 

SOz 

No (a) 
X 

F 

Resource 
Requirements 

0 re 11i nerl 

Electricity 
Generation 

Kilowatt Hours 
Produced 

Coal 

l cup 

S yarbage 
cans 

1984 

Nuclear 

4 teaspoonfuls 

2 teaspoonfuls 

2035 
All Coal All Nuclur 
Scenario Scenaric' 

4 cups l cup 

15 garbage 1/2 cup 
cans 

None 3 teaspoonfuls None 3/4 cup 

None 1/2 teaspoonful None 6 teaspoonfuls 

8 tons None 21 tons None 

9 lb None 29 lb None 

29 lb None 92 lb None 

Negligible 0.00003 lb Negligible 0.0004 lb 

6,000 lb 67 1 b 17,000 lb 1,000 lb 

5,500 1,400 ld ,000 18,000 

(a) Based on emission limits. 

all-coal scenario would produce about 15 yarbage cans full of sludge and aS!l 

and 21 tons of gaseous emissions, mostly co 2; the all-nuclear scenario would 

produce about 2-1/2 cups of waste of which one-eighth cup would be HLW. ThP 

population is assumed to grow from 237 million in 1984 to 321 million in 20.!·i 

(Bureau of Census most likely projection to 2025, extrapolated to 2035), 
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CRITICAL RESOURCE REQUIREMENTS 

Under the all-coal scenario, 61 billion tons of coal. cumulative, would be 

required through 2035; this is 25% of the United States recoverable coal 

reserves of 245 billion tons (NCA 85). Under the 50% coal scenario, 40 billion 

tons of coal are consumed, and under the all nuclear scenario, 19 billion tons 

of coal are consu~ed. Much of the coal reserves in the West are on federal 

lands. These lands would have to be opened to leasing and mine development. 

Mine development is the critical path step in the expansion of coal produc­

tion. However, low growth rates in the all-coal scenario coupled with the lead 

time for power plant construction should be sufficient for adequate mine 

development. 

Under the all-nuclear scenario, 4 million tons of u3o8 would be required 

through 2035; this is 56% of the mean estimate of total United States recover­

able u3o8 of 7.07 million tons (Pi 81, p. ii). It is estimated that 4 million 

tons of u3o8 could be recovered at production costs under $100 per pound u3os 

(Pi 81, p. 3.4). u3o8 at $100 per pound would increase generation costs by 

less than 1-cent per kWh compared to current u3o8 costs of $20 to $30 per pound. 

Under the 50% nuclear scenario, 2.3 million tons of u3o8 would be required 

through 2035--about 33% of the domestic recoverable u3o8 . The costs for recov­

ering 2.3 million tons of u3o8 were estimated to be under $70 per pound {Pi 81, 

p. 3.4). Under the all coal scenario only 0,66 million tons, 9% of the recov­

erable u3o8 , is consuned. 

Mine development is also a critical path step in the expansion of uranium 

production. The current capacity of United States uranium mines is unknovm. 

r~any mines have been shut down because of the depressed state of the indus­

try. If all of the ore requirements in the all-nuclear and half-nuclear sce­

narios were met by domestic mines, United States uranium production would reach 

new peaks about 1997 under both scenarios {uranium ore production peaked at 

17 million tons in 1980) {ODE 85f, p. 48). The amount of uranium imports, 

which is a major factor in the domestic supply, will determine the need for 

domestic mine development. The long lead times for power plant construction 

and the availability of imports should provide sufficient time for expanding 

ore production to meet the growing needs. 
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Under the all-nuclear scenario, the United States capacity for separat·ve 

work (currently 27 million separaUve work units) (DOE 85e, p. 40) is reacr't'd 

about 2005. At this time, new enrichment capacity or plutonium recycle wo,.-d 

be required to maintain the reference fuel exposure, assuming no imports oi 

enrichment services. Under the half-nuclear scenario, the separative work 

capacity would be reached about 2015. 

The other parts of the nuclear and coal fuel cycles, except HLW disposal, 

are not as capital or energy intensive as enrichment. In addition, they 

require shorter lead times for capacity expansion than enrichment. These 

should present no supply constraints under the low growth rates resulting from 

the scenarios studied. 

The federal government, through the nuclear waste policy act, is comm-Itted 

to providing nuclear waste repositories for HLW. Time tables have been estab­

lished for spent fuel disposal that should not constrain nuclear power growth. 

Reprocessing of spent nuclear fuels prov1des a potential alternative ·~0 

expanding enrichment capacity and ore production. Reprocessing is capital 

intensive and requires a lengthy lead time. However, reprocessing is curr1~ntly 

not included in fuel cycle planning; and, therefore, lack of capacity will not 

constrain nuclear power growth under current plans. 

Thus, save for enrichment capacity, no critical fuel cycle constraints 

should be encountered for the scenarios evaluated. 
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DISCUSSION AND CONCLUSIONS 

Growth in electricity demand has historically been closely linked to 

growth in GNP. For the first three-quarters of the twentieth century, a period 

of declining real electricity costs, the electricity demand grew faster than 

the growth in GNP, Since the 1973 oil embargo, real electricity costs have 

increased and the growth rate of electricity consumption has been approximately 

the same as that of the GNP. 

During the next decade electricity demand is likely to increase at a 

slightly faster rate than real GNP growth because the real price of electricity 

is expected to decline over this period. There are several reasons for 

expected reductions in the real price of electricity: 

• Energy supplies should remain abundant during most of the decade 

because of current over-capacity. 

• Completion of new power plants will slow markedly, resulti1, in fewer 

additions to utility rate bases. 

• Falling interest rates are permitting refinancing of existing utility 

debt, thus lowering fixed charges. 

• Current surplus capacity will be eliminated through growth, thus 

increasing the overall system capacity factor. 

• The potential exists for increased competition between electricity 

suppliers in the future. 

Over the longer term, the potential exists for continued reductions in the 

real price of electricity through technology improvements, continued low 

interest rates, construction cost decreases resulting from the utilization of 

standardized plants, shorter construction periods, and increased regulatory 

stability. If the real price of electricity declines, electricity demand will 

probably increase at a rate faster than that of the real GNP. 

On the other hand, several factors could result in increasing prices of 

electricity and slower growth rates over the long-term. Some possibilities 

are: 
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• Introduction of more stringent limits on emissions resulting from 

coal combustion has the potential for significantly increasing the 

costs of power generated by coal plants. 

• Over-reliance on a single technology would decrease the competitive 

environment that now exists between technologies (e.g., coal and 

nuclear). 

• Utilities could choose to use higher cost technologies for baseload 

capacity because of shorter lead times and reduced financial risks 

(e.g., gas turbines). 

• Under-estimating growth in demand would cause increased utilization 

of higher cost, short lead time technologies. 

Most forecasts of electricity demand project an average growth rate 

between 1.5 and 3,5% per year over the next three decades. Utility plans will 

result in a capacity expansion rate averaging 1.7~ per year through 1994. This 

is based on an assumed average annual growth rate of electricity demand of 

2.3%. This difference between the capacity expansion rate and the assumec 

growth rate in demand will be absorbed by current excess capacity, resultirg in 

a near-optimum reserve margin in the mid-1990s, 

It is believed to be more likely that current utility planning will r·l!sult 

in shortages in generation capacity in the mid-1990s rather than in surpluses. 

Growth projections currently used by utilities tend to be slightly lower than 

many forecasts. Current excess capacity is primarily a result of forecastc., 

that were based on historical trends prior to 1973. Those projections for· 

unrealized high growth rates resulted in commitments for excess capacity t11~fore 

recognition was made of the dramatic changes that were occurring in the 

market, Current growth rates used for planning new capacity additions art~ so 

low that, in the absence of negative growth rates in demand, significant 

unplanned increases in the reserve margin are highly unlikely. 

Existing surplus generation capacity is expected to be absorbed by 

increased demand during the next ten years. At that time new plants will )e 

required for the 

30 GW per year. 

following five years at a ''best estimate'' annual rate of 1bout 

This is comparable to the 33 GW per year that was added iJring 
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the 1973-1977 time period and is significantly more than the planned addition 

of about 7 GW per year during the 1991-1995 time frame. 

It is important to recognize that, although the scenarios considered 

indicate a wide range in the need for new capacity in the 1996-2000 time frame 

(7 GW to 50 GW per year), once the current surplus capacity no longer exists, 

10-25 GW per year will be required to meet growth needs alone (excluding the 

need for replacement of obsolete capacity). 

The requ i reme nts for replacement of obsolete capacity have a significant 

impact on the need for building new plants. The average age of the current 

installed capacity in the United States is now 24 years and is projected to 

reach 30 years in 1995. Through 1985, the average age of plants at retirement 

was 36 years and plants slated for retirement though the year 2000 will have an 

average age of 37 years. Depending on the average age at retirement, during 

the 1995-2005 time frame, somewhere between 10 and 250 G~! of capacity wi 11 have 

to be replaced for lifetimes ranging from 30 years to 50 years. Thus, the 

average annual requirement for replacement of obsolete capacity during that 

time frame wi 11 range from 1 G\~ to 25 GW. 

The range of potential annual requirements for replacing old plants 

demonstrates the incentive for extending the lifetimes of these plants. This 

should give planners some sense of urgency of the need to pursue plant life 

extension efforts. 

Based on current experience, only coal and nuclear technologies have the 

abundant indigenous resources and demonstrated capability to economically meet 

new growth requirements. In 1984, coal and nuclear plants generated 68% of the 

electricity; this is projected to increase to 76% in 1988. Planned additional 

new baseload capacity during the next 10 years is about equally divided between 

coal and nuclear plants. For a number of decades beyond that time frame, 

sufficient indigenous resources exist such that either coal or nuclear 

technologies alone could meet growth requirements. However, because of con­

cerns over each energy source and because of benefits associated with utilizing 
both technologies, an over-dependence on either should continue to be avoided. 

Significant concerns and benefits are summarized below. 
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• The continuing fuel requirements and waste generation associated with 

coal plants are orders of magnitude greater than for nuclear plants. 

Nothing can change this. There are already concerns over the risks 

and environmental consequences of the existing level of coal usage. 

These concerns will probably limit future increases in coal usage. 

Research is needed to determine acceptable emission limits relevant 

to acid rain and possibly, in the future, to co2 emissions. Also 

needed will be the technologies to meet future emission limits and 

handle the solid waste residues. 

• Many concerns over the safety and economic viability of nuclear power 

have increased public opposition and eroded utility support. These 

concerns threaten the future of nuclear energy and will probably 

limit its rate of growth until many of these concerns are resolved. 

Measures are needed to reduce financial risk to utilities, simplify 

licensing, reduce reactor construction times and costs, resolve 

nuclear waste disposal concerns, and alleviate public concerns about 

nuclear safety. 

• Reliance on a single technology would lead to a less competitive 

environment, probably resulting in higher electricity prices, A 

measure of the economic success of a particular nuclear power plant 
design is its ability to compete economically with coal plants. 

• Although we have large domestic coal reserves, 25% of it will be 

consumed in the next 50 years if we were to rely exclusively on coal 

for new baseload capacity. It is probably not in the long-term 

national interest to deplete this resource at that rate. Large seal~ 

utilization of imported coal is not a viable option. However, utili­

zation of large amounts of imported uranium is feasible. Compared t:1 

coal, the transportation requirements are orders of magnitude 

lower. Additionally, nuclear power still holds the promise for 

extending domestic uranium reserves for several centuries through tht: 

use of breeder reactors. 
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All of the foregoing data point to the general conclusion that new base 

load plants must and will be constructed. It is in the best interest of the 

United States and the world to develop and apply the best technology to make 

maximum use of limited resources to meet future energy demands, notably elec­

tricity. Technology improvements and waste management practices obviously must 

be pursued and implemented to mitigate environmental impacts from electricity 

generation. Improvements in safety over the entire fuel cycle are always moti­

vating factors and considerations in technology development and application. 

Additions in generating capacity and improvements in the quality of yenerating 

technology are not options but imperatives. 
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APPENDIX A 

PROJECTIONS OF ELECTRICITY DEMAND 



TABLE A.1. Projections of Electricity Demand 

Average 
Annua 1 Fore- Forecast 

Base Base Value,la) Growth Cast Value,ia) 
Source Year billions kWh Rate. % Year billions kWh Reference 

DOE-EIA I High) 1985 2492 3 .8 1995 3618 1 

DOE-EIA (Low) 1985 2492 2.7 1995 3252 2 

DDE-EIA (Base) 1985 1492 3.2 1995 3401 3 

Siegel/Sillin 1983 2310 4.5 2000 4881 4 

DOE-E!A 1983 2310 3.3 1995 3410 5 

Data 1983 1310 3.1 2000 3881 6 
Resources, 
Inc. 

DOE 1982 2141 1.8 2000 3683 7 

Elect rica 1 1983 2310 2.8 2000 3693 8 
World 

Dept. of 1983 2310 1.5 2000 3514 9 
Commerce 

Ntl. Coal 1982 2241 2.3 1995 3011 lU 
Assoc. 
Wharton 1983 2310 3 .o 1994 3197 11 

GRI I 983 1310 2.4 1000 3457 12 
Co naco, Inc. 1982 2241 2. I 2000 3257 13 
R.W. Sant, 1981 2286 1.5 2000 3078 14 
et a 1 • 

National 1980 2286 -0.8 2000 1946 15 
Audubon 
Society 

(a) All values converted to net generation. Net generation is assumed to be 
9% greater than end use consumption. 
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TABLE A.l. ( contd) 

Average 
Annua 1 Fore- Forecast 

Base Base Value,(a) Growth Cast Value,(a) 
Source Year billions kWh Rate, % Year billions kWh Refererce 

NERC 1983 1310 1. 7 1993 3015 16 

Chemical Bank 1982 1141 1.9 2000 3749 17 

NERC 1984 2445 2.35 1994 3080 18 

Wharton 1984 1413 1.8 1994 3180 19 

DR! 1985 2499 (NERC) 2. 9 1995 3325 10 

Koomanoff 1983 2310 0.5 !990 1391 2! 

DDE-CPPA !982 2241 4.5 !985 2600 12 
Scenario B 3 .1 1990 2900 

3 .0 !995 3300 
2 .8 1000 3700 
2 .5 2005 4500 

Scenario A !982 114! 4.5 !985 1600 23 
2. 9 !990 2800 
1.4 !995 3!00 
2 .2 2000 3300 
1.! 2005 3600 
!.9 20!0 3800 

Scenario C !982 2241 4.5 !985 1600 24 
3 .4 !990 2900 
3 ,! !995 3300 
2. 9 2000 3700 
1. 7 2005 4100 
2 .6 10!0 4700 

low GNP !981 1241 2 .6 1985 2400 2~1 

2. 5 1990 2700 
2 .o 1995 2900 
2.0 1000 3200 
2 .o 1005 3500 
!.9 20!0 3800 

(a) All values converted to net generation, Net generation is assumed til be 
9% greater than end use consumption. 
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TABLE A .1 • (contd) 

Average 
Annual Fore- Forecar) 

Base Base Value,(a) Growth Cast Value, a 
Source Year billions kWh Rate, % Year billions kWh Reference 

High GNP 1982 2241 5 .8 1985 2700 26 
4.5 1990 3200 
3.7 1995 3600 
3.4 2005 4100 
3 .2 2015 4600 
3.0 2010 5200 

Roles 1980 2286 3 .5 1990 3200 27 
Reference 3.0 2000 4100 
Cases 3 .I 2010 5700 

Roles 1980 2286 3.4 2010 6300 28 
(Enhanced) 

Oil Co. A 1982 2241 3 .1 2000 3800 29 

Oil Co. D 1982 2224 2.4 2000 3400 30 

AGA 1982 2241 1.9 2000 3100 31 

GRI 1982 2241 2.7 2000 3600 32 

OR! 1982 2241 2.8 2000 3600 33 

AES 1982 2241 1.8 2000 3000 34 

ORAU 1982 2241 2.3 2000 3300 35 

(a) All values converted to net generation. Net generation is assumed to be 
9% greater than end use consumption. 

Reference: 

1-3 DOE, Energy Information Administration. "Annual Outlook for U.S. 
Electric Power 1985." OOE/EIA-0474 (85). 

4-17 From William W. Hogan, "Energy Demand and the Outlook for 
Electricity." July 1985 in hearings before the Committee on Energy and 
Natural Resources, United States Senate, July 23 and 25, 1985. SHRG 
99-253. 

15 The Audubon forecast assumed the adoption of certain energy 
conservation policies that did not occur. 

A.3 



TABLE A.l. (Reference contd) 

18 North American Electric Reliability Council. "1985 Electric Power 
Supply and Demand." Princeton, New Jersey. 

19 Mark W. French. SHRG 99-253, p. 129. 

20 Stephen A. Smith. SHRG 99-153, p. 148. 

11 As reported in Siegel and Sillin, ''Revitalizing Nuclear Power. 
Case for Deregulation." Public Utilities Fortnightly, January 
1986 0 

Th•o 
13, 

22-26 DOE, Office of Policy, Planning and Analysis. "Energy Projection-:; to 
the Year 1010'' OOE PE-0029/1. October 1983. 

27,28 DOE, Assistant Secretary for Nuclear Energy," The Role of Nuclear 
Power." DOE/NE-0054. July 1984. 

29-35 Derived from data in DOE/PE-0029/2, p. 7-18. 
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APPENDIX B 

PROJECTIONS OF THE RATIO OF ELECTRICITY DEMAND 

GROWTH TO GNP GROWTH 



TABLE 8 .1. Projections of the Ratio of Electricity 
Demand Growth to GNP Growth 

Number Source Period Ratio 
1 Siegel 1983-2000 1.29 
2 AEO 1983-1995 1.14 
3 Data Resources, Inc. 1983-2000 1.07 
4 DOE 1982-2000 1.00 
5 Electrical World 1983-2000 0.97 
6 Dept. of Commerce 1983-2000 0.93 
7 National Coal Assocication 1982-1995 0.92 
8 Wharton 1983-1994 0.91 
9 GRI 1983-2000 0.86 

10 Conoco, Inc. 1982-2000 o. 75 
11 R.W. Sant 1980-2000 0.58 
12 National Audubon Society 1980-2000 -0.32 
13 OR! 1985-1995 1.00 
14 Roles-Reference 1980-2010 1.15 
15 Roles-Enhanced 1980-2010 1.13 
16 DOE-OPPA 

Scenario 8 1982-2010 o. 96 
17 Scenario A 1982-2010 0.79 
18 Scenario c 1982-2010 1.04 
19 Low GNP 1982-2010 0.87 
20 High GNP 1982-2010 1.06 
21 OOE-EIA (Middle) 1985-1990 1.10 
22 DOE-EIA (Middle) 1991-1995 1.35 
23 DOE-EIA (Middle) 1985-1995 1.19 
24 DOE-EIA I Low) 1985-1995 1.35 
25 OOE-EIA (High) 1985-1995 1.12 
26 Oi 1 Co. A 1982-2000 1.11 
27 Oi 1 Co. 8 1982-2000 1.00 
28 AGA 1982-2000 0.66 
29 GRI 1982-2000 1.04 
30 DR! 1982-2000 1.00 
31 AES 1982-2000 0.69 
32 ORAD 1982-2000 0 0 7 9 

Mean 1.03* 
Median 1.00 

Median wjo DOE 0.93t 
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TABLE 8.1. (contd) 

Notes: 

1-12 Hogan op. cit., p. 96 

!3 Smith op. cit., p. 149 

14-15 DOE, Assistant Secretary of Nuclear Energy, op. cit. 

16-20 DOE, Office of Policy, Planning and Analysis, op. cit. 

11-25 DOE, EIA- 0474 (85) op. cit. 

26-32 Derived from DOE (PE-0019/2, pp. 7-13 and 7-18) 
* excluding Audubon projection 
t excluding all DOE projections 
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APPENDIX C 

COMPARISON OF EIA AND NERC CAPACITY AND 
ELECTRICITY GENERATION INFORMATION 



TABLE C.l. Comparison of EIA and NERC Reported 
Capacity and Generation 

1984 

NERC - Summer Capabi1 i ty 604 GW 

EIA - Nameplate Capacity 672 

NERC - Net Generation - u.s. 2,379 

Net Imports 66 

Net requirements for load 2,446 

E !A - Net Generation 2,413 

All figures are for contiguous states. 
Sources: NERC 85 and DOE 85a. 

C.1 

GW (Dec, 

Billion 

Billion 

Billion 

Billion 

31) 

kWh 

kWh 

kWh 

kWh 





~PPENDlX D 

SUMM~RY OF EXlSTlNG U.S. POWER PL~NTS 



TABLE 0 .l. Existing U.S. Power Plants, 1985 

Units Total Average 
T e Number Size Ran9_e, MW Ca~acit,t, GW Ca2ac i t,t t 

Steam 2,660 0.5 to 1300 467.3 176 

Hydro 3,504 0.03 to 700 84.8 24 

Nuclear 91 50 to 1372 81.4 894 

Gas Turbine 1,378 0.8 to 206 4 7 • 7 35 

Combined Cycle 132 1 to 340 8.5 65 

Internal Combustion 3,093 0.02 to 42 5.2 2 

Geothermal 23 3 to 140 1.7 72 

Wind, solar 23 0 .01 to 12 <0 .1 1 

TOTAL(a) 10,904 0.01 to 1372 695.5 54 

(a) Does not include 16 units with a total capacity of 5.7 GW that are 
completed but not yet in commercial operation. 

Source: EIA data tape, February 1986. 

Service Date 

-1920 

1921-1940 

1941-1950 

1951-1960 

1961-1970 

1971-1980 

1981-1985 

Unknown 

TOTAL 

TABLE 0.2. Inventory of Steam Power Units 

Number 

20 

176 

403 

930 

564 

403 

102 

62 
266u(a) 

Tot a 1 
Size Range, MW Capacity, GW 

1 to 35 0. 2 

1 to 160 3,5 

0.75 to 153 15.4 

0,5to496 90.0 

2.5 to 1150 126.5 

1 to 1300 183.6 

o.s to 1300 46.3 

2 to 90 1.7 

0,5 to 1300 467.3(a) 

Average 
Capacity, MW 

12 

20 

38 

97 

224 

456 

454 

27 

176 

(a) Does not include 2 units (0.9 GW) which are completed but not in 
commercial operation. 

Source: EIA data tape, February 1986, 

0.1 
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TABLE 0.3. Inventory of Nuclear Power Units 

Total Average 
Service Date Number Size Range, r1W CaEaCitJ:', GW Caeacit~, Mh 

-1970 11 75 to 860 50 9 536 

1971-1980 58 50 to 1216 50.0 862 

1981-1985 22 850 to 1372 25.4 1157 

TOTAL 91 50 to !372 81.4 894 

Source: EIA data tape, February 1986. 

TABLE 0.4. Inventory of Hydro Power Units 

Tot a 1 Average 
Service Date Number Size Range~ MW CatJ:acit.z, GW CaQacity, Mfl 

-1920 892 0 .04 t 0 24 2.6 3 

1921-1940 994 0.05 to 83 7 .5 8 

1941-1950 286 0.06 to !29 5.3 18 

1951-1960 455 0 .I to 90 14 .7 32 

1961-1970 450 0.1 to 204 24.5 54 

19 71-1980 219 0.2 to 700 23.6 108 

1981-1985 208 0.03 to 351 6.8 33 

TOTAL 3504 0.03 to 700 84 .9 24 

Source: EIA data tape, February 1986. 
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TABLE 0.5. Inventory of Gas Turbine Power Units 

Tot a 1 Average 
Service Date Number Size Range, MW caeacit,:t, GW CaEac ity, MW 

-1960 11 1 to 12 0 .1 6 

1961-1970 602 0.8 to 146 14.1 23 

1971-1980 739 0.8 to 206 32.0 43 

1981-1935 25 1.5 to 170 1.6 65 

Unknown 1 20 30.0 0 -
TOTAL 1378 0.8 to 206 4 7 • 7 35 

Source: EIA data tape, February 1986. 

D .3 



TABLE 0 .6. Age of Existing Capacity 

Number 
Years of Ca[!acit_l, GW 

of Startu[! Units Total Cumulative 

-1900 33 0.03 0 

1901-1910 310 0 .6 1 

1911-1920 574 2 .2 3 

1921-1925 462 2.4 5 

1926-1930 414 3. 7 9 

1931-1935 195 1.7 11 

1936-1940 441 3.5 14 

1941-1945 353 6. 7 21 

1946-1950 933 14 .6 35 

1951-1955 1128 48.7 84 

1956-1960 921 57 .o 141 

1961-1965 989 64.2 205 

1966-1970 1525 109.2 315 

1971-1975 1402 183 .1 498 

1976-1980 602 115 .6 613 

1981-1985 557 81 .7 695 

Unknown 61 1.7 697 

Testing 18 6. 9 703 

Average Age of Units: 31 years 

Average Age of Capacity: 24 years 

Source: EIA data tape. February 1986. 
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TABLE 0.7. Region a 1 Nuclear Capacity and Generation 
( NERC 86, pp 26, A-2) 

1985 % 
1985 Nuclta) Total Tot a 1 Electricity 
Capacity, a Capacity, Capacity, Generation 

Re~ion GW ), GW by Nuclear 

ECAR 4.4 4 0 7 93.0 5 .5 

ERCOT 0 0 43.8 0 

MAAC 9.4 19.9 47.2 25.6 

MAIN 9.9 22.2 44.6 31.7 

MAPP 3 0 7 12 .9 28 0 7 19.5 

NPCC 7 0 9 15.4 51.3 23.2 

SERC 25.1 19.1 131.4 24.2 

SPP 3.8 6.1 62.2 8.4 

WSCC 6.9 5.8 119.4 7 0 2 

u 0 s 0 Total 71.) b) 11.5 621.6 (b) 15.1 

(a) Summer. 
(b) Totals may not add due to rounding. 
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APPENDIX E 

SUMMARY OF RETIRED POWER PLANTS 



TABLE E.l. Retired Capacity by Type through 1985 

Total Average Averaye 
Tne Number caeacity, GW caeacity, MW Life, .l'rs 

Steam 7 59 19 o2 25 38 

Gas Turbine ;1 1.1 21 14 

Nuclear 6 1.0 161 21 

Internal ~35 Oo9 1 27 
Combustion 

Combined Cycle 11 0 o3 31 46 

Hydro 112 0 o2 2 54 

~Jind Turbine 2 0 oD 2 4 

TOTAL(a) 1776 22 0 7 12o8 36 

(a) Excludes 414 units (5.3 GW) with unknown startup or retirement 
dates. 

Note: Tables E.l through £.4 were generated by the authors using 
an EIA data tape, dated February, 19860 

TABLE Eo2 o Retired Steam Capacity through 1985 

T ota 1 Average Average 
T~~e Number Caeaci ty, GW Cae:acit,t, MW Life, yrs 

Coal 242 5 o9 24 37 

Oil 235 BoO 34 39 

Gas 258 5 o1 20 38 

Other 24 0 o2 7 42 

E o1 



TABLE E .3. Retirement by Year of Startup 

Startup Number Capacity Average Cumulative 
Period Retired Ret i red , GW CaeacitJ:', MW Retirement caeac·[~ 

1900-1910 21 0.05 2 21 0 .')) 

1911-1920 83 0.07 8 104 0.1)1 

1921-1930 358 5.4 15 462 6. ;: 

1931-1940 331 3 .1 9 793 9.:1 

1941-1950 626 7.4 12 1419 16 • ; 

1951-1%0 328 4 .H 15 1747 21 J 

1961-1970 200 2 .1 11 1947 23 .( 

1971-1980 70 0.7 10 2017 24.3 

1981-1985 10 0.1 9 2027 24 .3 

Unknown 163 3.7 23 219u(a) 28.0 

(a) Includes 27 units ( 0 .13 GW) sold to non-utilities, and not 
currently operating. 

TABLE E.4. Retirement of Capacity by Time of Retirement 

Capacity Average 
Retirement Number Retired, Capacity, Cumulative A verc ~1e 

Period Ret i red GW MW Retirement Caeacit,:t Life,_~ 

-1940 3 0 .0 1 3 0.0 15 

1941-1960 18 u.o 1 21 0 .o 23 

1961-1970 19 o.o l 40 0 .u 27 

1971-1975 204 3.0 14 244 3 .0 3b 

1976-1980 501 6.3 11 74o 9 .3 38 

1981-1985 1031 13.5 13 1776 22.7 35 

1986-199o(a) 245 5 .9 24 2021 28.6 36 

1991-1995(a) 154 8.3 54 2175 36.9 36 

1996-2000(a) 4! 3.2 78 2216 40.1 39 

2001-2010(a) 66 8.9 135 2282 48.9 38 

(a) Based on projections. 
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APPENDIX F 

SUMMARY OF PLANNED ADDITIONS 



TABLE F.l. Planned Increases in Installed 
Capability to 1994 

Net Increase in 
Summer Capability 
Over 1984 (GW) Percent 

Coal 50 47 

Nuclear 50 47 

Hydro 4 4 

Geothermal 2 2 

Oil ( 2) ( 2) 

Gas ( 2) (2) 

Dual Fuel ( 2) ( 2) 

Other 9 8 

TOHL (a) 107 100 

(a) May not add due to rounding. 
Source: NERC 85, p, 17. 
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APPENDIX G 

ANNUAL WASTE GENERATION AND FUEL CYCLE REQUIREMENTS 
IN SELECTED YEARS FOR THE THREE SCENARIOS 



"' • 
~ 

TABLE G.l. Resource Requirernents for Electricity Generation and Waste 
Products for the Three Scenarios 

Electri\.!!~neration (Billions of kWh) 

All Coal Case 
Year coar-ni:JCTear 

50/50 Case 
Coal Nucl~ 

All Nuclear Case 
Coal Nuclear 

1984 1317 

1995 1568 

2005 2159 

2015 3135 

2025 4335 

2035 5782 

324 

586 

597 

393 

182 

0 

1317 324 

1568 585 

1725 1032 

1902 1627 

2299 2218 

289!. 2891 

1317 

1568 

1290 

668 

262 

0 

324 

586 

1467 

2860 

4254 

5782 

!·1i11ions of Tons of Coal or Ore 11ined 

All Coal Case 50/50 Case 
Year Coar--fiUCleaf Coil\ Nuclear 

1984 

1995 

2005 

2015 

2025 

2035 

635 

756 

1040 

1511 

2089 

2786 

9 

l6 

17 

ll 

5 

0 

635 

756 

831 

916 

ll08 

1393 

9 

l6 

29 

45 

62 

80 

All Nuclear Case 
Coal Nuclear 

635 

756 

622 

322 

126 

0 

g 

l6 

4l 

so 
llB 

161 

Thousands of Tons of Coal or Uranium Shipped 

All Coal Case 50/50 Case All Nuclear Case 
Year Coal Nuclear Coal Nuclear Coal Nuclear 

1984 533072 

1995 634667 

2005 873881 

2015 1268929 

2025 1754643 

2035 2340334 

ll 

21 

21 

l4 

6 

0 

533072 

634667 

698214 

769857 

930548 

1170167 

ll 

21 

36 

57 

78 

101 

533072 

634667 

522143 

270381 

106048 

0 

ll 

21 

51 

100 

149 

202 

Arn<ual Rate of Change in Generation for Selected 
Years (% Change from Previous Year) 

All Coal Case 
Year --c-oi-,--
1995 

2005 

2015 

2025 

2035 

3 

3 

4 

4 

3 

50/50 Case 
Co~ Nuclear 

3 

l 

2 

3 

2 

l 

5 

4 

2 

3 

All Nuclear Case 
Nuc 1 ear 

1 

7 

6 

3 

3 

Thousands of Cubic Yards of Nonradioactive Solids 

Year 
All Coal Case 
~ Nuclear 

1984 168356 

1995 200442 

2005 275991 

2015 400756 

2025 554156 

2035 739130 

3 

5 

5 

3 

0 

50/50 Case 
Coal Nuclear 

168356 

200442 

220512 

243138 

293888 

369565 

3 

5 

8 

l3 

17 

23 

All Nuclear Case 
Coal Nuclear 

168356 

200442 

164905 

85392 

33492 

0 

3 

5 

ll 

22 

33 

45 

Cubic Yards of Low Level Radioactive Waste 

All Coal Case 50/50 Case All Nuclear Case 
Year Coal Nuclear Coal Nuclear Coal Nuclear 

1984 0 

1995 0 

2005 0 

2015 0 

2025 0 

2035 0 

4374 

7911 

8060 

5306 

2457 

0 

0 

0 

0 

0 

0 

0 

4374 

7911 

13932 

21965 

29943 

39029 

0 

0 

0 

0 

0 

0 

4374 

7911 

19805 

38610 

57429 

78057 
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TABLE G.l. (contd) 

~1illions of Cubic Yards of Mine and Mill Waste CuLlic Yards of High Level Radioactive Waste-

Year 

1984 

1995 

2005 

2015 

2025 

2035 

All Coal Case c,-,-nilCTear 
84 

99 

137 

199 

275 

367 

6 

12 

12 

8 

4 

0 

50/50 Case 
coar-n~r 

84 

99 

109 

121 

146 

183 

6 

12 

21 

33 

44 

58 

A11 Nuclear Case 
Coal Nuclear 

84 

99 

82 

42 

17 

0 

6 

12 

29 

57 

85 

116 

Number of 100 Car Coal Trains 

Year 
All Coal Case 
Coal Nuclear 

1984 

1995 

2005 

30001 

35719 

49182 

2015 71415 

2025 98751 

2035 131714 

0 

0 

0 

0 

0 

u 

50/50 Case 
Coal Nuclear 

30001 

35719 

39296 

43328 

52371 

65857 

0 

0 

0 

0 

0 

0 

All Nuclear Case 
Coal Nuclear 

30001 

35719 

29386 

15217 

5968 

0 

0 

0 

0 

0 

0 

0 

Millions of Tons of Carbon Dioxide Released 

Year 
All Coal Case 
Coal Nuclear 

1984 1564 

1995 1862 

2005 2563 

2015 3722 

2025 5147 

2035 6865 

0 

0 

0 

0 

0 

0 

50/50 Case 
CoalNUCTear 
1564 

1862 

2048 

2258 

2730 

3432 

0 

0 

0 

0 

0 

0 

All Nuclear Case 
Coal Nuclear 

1554 

1862 

1532 

79!-

311 
0 

0 

0 

0 

0 

0 

0 

Year 
All Coal Case 
coar-nucrear 

1984 0 

1995 0 

2005 0 

2015 0 

2025 0 

2035 0 

729 

1319 

1343 

884 

410 

0 

50/50 Case 
Coiil Nuclear 

0 

0 

0 

0 

0 

0 

729 

1319 

2322 

3661 

4991 

6505 

All Nuclear Case 
Coal Nuc',ear 

0 

0 

0 

0 

0 

0 

729 

1319 

3301 

6435 

9572 

13010 

t~illions of Separative Work Units 
for Uranium Enrichment 

Year 
A 11 Co a 1 Case 
Coal Nuclear 

1984 0 

1995 0 

2005 0 

2015 0 

2025 0 

2035 0 

5 

10 

10 

6 

3 

0 

50/50 Case 
Coal Nuclear 

0 

0 

0 

0 

0 

0 

5 

10 

17 

27 

36 

47 

All Nuclear Case 
Coal Nuclear 

0 

0 

0 

0 

0 

0 

5 

IU 
24 

47 

69 

94 

Requirements* for Spent Fuel Shipments Assuming 
Rail Wul tiply __ by _Six _for _Tru~k) 

Year 
All Coal Case 
Coa 1 Nuc 1 ear 

1984 0 

1995 0 

2005 0 

2015 0 

2025 0 

2035 0 

205 

370 

377 

248 

115 

0 

50/50 Case 
COal Nuclear 

0 

0 

0 

0 

0 

0 

205 

370 

652 

1027 

1401 

1826 

All Nuclear Case 
Coal Nuclear 

0 

0 

0 

0 

0 

0 

205 

370 

926 

1806 

2686 

3651 

*f,;::tiiC shl~1;1c·ul~ uf ~pent tuel will not begin until 
a licensed facility becomes available. 
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TABLE G.l. (contd) 

Thousands of Tor1s of Sulfur Oxides Rele<~sed 
fA?sumi _!1_9_ 9Q~ Rec_o>~er_y in Scrubbers) 

Year 
All Coal Case 
Coal Nuclear 

50/50 Case 
CoalNuclear 

All Nuclear C<~se 
coar-~uclear 

1984 1054 

1995 1254 

2005 1727 

2015 2508 

2025 3468 

2035 4526 

0 

0 

0 

0 

0 

0 

1054 

1254 

1380 

1522 

1839 

2313 

0 

0 

0 

0 

0 

0 

1054 

1254 

1032 

534 

210 

0 

Cumuliltive Generation (billions of \:::Wh) 
from Coal Plus Nuclear Plants 

0 

0 

0 

0 

0 

0 

All Coal Case 50/50 Case All Nuclear Case 
Year_ ~ ~clea.!:_ Coal_. Nuclear Co~ Nuclear ------
1995 15239 5760 15239 5760 15239 5760 

2005 21003 6550 18271 9282 15539 12014 

2015 26330 5323 18132 13521 9934 21719 

2025 37597 2921 20883 19635 4169 36349 

2035 51500 367 26231 25636 962 50905 

Cumulative Consumption 
of Coal and U308 in Mill ions of Tons 

All Coal Case 50/50 Case All Nuclear Case 
~~ Coal Nuclear Coal Nuclear ~ Nuclear -----
1995 6168 0.18 6168 0.18 6168 0.18 

2005 14669 0 .39 13564 0.47 12458 0.56 

2015 25327 0.55 20903 o. 90 16479 1.24 

2025 40545 0.65 29355 l.!Jl 18166 2. 38 

2035 61390 0.66 39973 2.32 18556 3.98 

________ _cT,ocens of __ Fl_o_uride Rel_,,_,_ed __ T_o_c4'c'c_ ____ ___ 

Year 
All Coal Case 
'coal Nu~lear 

1984 0 

1995 0 

2005 0 

2015 0 

2025 0 

2035 0 

2 

4 

4 

3 

0 

50/50 Cilse 
Coal_ _!:!ucle<::_!:_ 

0 

0 

0 

0 

0 

0 

2 

4 

7 

12 

16 

21 

All Nuclear Case 
Coal Nuclf.af 

0 

0 

0 

0 

0 

0 

2 

4 

11 

21 

31 

42 

Thousar1ds of Tons of Oxides of Nitrogen Released 
l~sumi ~_g_M~x im_um ~!lo":!!!!Jl ~R~l ea~ 

All Coal Case 50/50 Case All Nuclear Case 
_year Co£}_ Nuclear_ Coal Nuclear Coal ~:!_0_~~ 
1984 3358 0 3358 0 3358 0 

1995 3998 0 3998 0 3998 0 

2005 5505 0 4399 0 3290 0 

2015 7994 0 4850 0 1703 0 

2025 11054 0 5862 0 668 0 

2035 14744 0 7372 0 0 0 





APPENDIX H 

NERC REGIONS 



NORTH AMERICAN ELECTRIC RELIABILITY COUNCIL 

ECAA SEAC 
East Central Area Rehabfhty Coord1nat1on Agreement Southeastern Electnc Rehabfhty Council 

EACOT SPP 
ElectriC Reliability Council of Texas Southwest Power Pool 

MAAC wscc 
Mid-Atlantic Area Council Western Sytems Coord1na11ng Counc11 

MAIN 
M1d-Amenca Interconnected Network 

MAPP 
Mld-<:ont1nent Area Power Pool 

NPCC 
Northeast Power Coord1natong Council 

H.l 





APPENDIX I 

HISTORICAL DATA: INSTALLED CAPACITY AND 

NET CAPACITY ADDITIONS 



TABLE !.I. Hi stori ca 1 Data: Installed Capacity and Net Capacity Additions 

Installed Net Installed Net 
Nameplate Capacity Nameplate Capacity 

Ca~acit~ 2 GW Addition, GW CaQaCit;t 2 GW Addition, GW 
1926 23 1956 121 6 
1927 25 2 1957 129 8 
1928 28 3 1958 143 14 
1929 30 2 1959 157 14 
1930 32 2 1960 168 11 

1931 34 2 1961 181 13 
1932 34 0 1962 191 10 
1933 35 1 1963 211 20 
1934 34 ( 1) 1964 222 11 
1935 34 0 1965 236 14 

1936 35 1 1966 248 12 
1937 36 1 1967 269 21 
1938 38 2 1968 291 22 
1939 39 1 1969 313 22 
1940 40 1 1970 342 29 

1941 42 2 1971 369 27 
1942 45 3 1972 399 30 
1943 48 3 1973 442 43 
1944 49 1 1974 478 36 
1945 50 1 1975 508 30 

1946 50 0 1976 531 23 
1941 52 2 1977 560 29 
1948 57 5 1978 579 19 
1949 63 6 1979 598 19 
1950 69 6 1980 614 16 

1951 76 7 1981 635 21 
1952 82 6 1982 650 15 
1953 92 10 1983 658 8 
1954 103 11 1984 672 14 
1955 115 12 

Source: DOE 85a, PP • 60-61. 
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APPENDIX J 

PROJECTIONS OF PEAK DEMANDS, CAPACITY, AND 
ANNUAL ADDITIONS FOR THE THREE SCENARIOS 



TABLE J.l. Projections (GW) for the High, Middle, and Low Demand Scenarios 

Projected Peak Demand Projected Ca~acit~ Annual Additions(a) 
Average Service 

Growth Rate Reserve Mar9i ns Life, Years 
YEAR 1.50% 2 • 501o 3.50% 15.00% 20.00% 25.00% 50 40 30 

1984 451 451 451 604 604 604 
1985 458 462 467 611 617 617 7 13 23 
1986 465 474 483 617 639 639 7 22 28 
1987 472 486 500 628 655 655 11 18 24 
1988 479 498 518 639 664 664 13 13 22 
1989 486 510 536 647 672 672 9 14 21 
1990 493 523 555 655 676 693 9 9 31 
1991 501 536 574 659 687 717 7 17 36 
1992 508 550 594 664 694 743 7 13 34 
1993 516 563 615 668 704 769 7 19 43 
1994 524 578 636 672 712 795 5 17 38 

1995 531 592 659 674 720 823 3 19 40 
1996 539 607 682 676 728 852 2 14 39 
1997 547 622 706 681 746 882 7 26 49 
1998 556 637 730 687 765 913 9 31 50 
1999 564 653 756 690 784 945 9 32 52 
2000 573 670 782 694 804 978 9 30 59 
2001 581 686 810 699 824 1012 11 32 59 
2002 590 704 838 704 844 1048 11 30 62 
2003 599 721 867 708 865 1084 12 39 76 
2004 608 739 898 712 887 1122 14 32 70 
2005 617 758 929 716 909 1161 15 35 67 
2006 626 777 962 720 932 1202 10 33 61 
2007 635 796 995 731 955 1244 18 43 68 
zoos 645 816 1030 742 979 1288 23 43 61 
2009 655 836 1066 753 1004 1333 24 44 62 
2010 664 857 1103 764 1029 1379 21 51 60 

2011 674 879 1142 776 1054 1428 23 50 67 

(a) Includes replacement of obsolete capacity based on service life 
assumptions. 
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TABLE J .1. (contd) 

Projected Peak Demand Projected Capacity Annual Additlo~s(a) 
Average Servi~ 

Growth Rate Reserve Margins life, Yean 
YEAR 1.50% 2.50% 3.50% !5.00% 20.00% 25.00% 50 40 ~ 

2012 684 901 1!82 787 1081 1478 21 53 64 

2013 695 923 1223 799 1!08 1529 29 66 bY 

2014 705 946 1266 811 1!36 1583 23 59 66 

2015 716 970 1311 823 1164 1638 25 56 68 

2016 726 994 1356 835 1193 1696 23 50 79 
2017 737 1019 1404 848 1223 1755 32 56 75 
2018 748 1045 1453 861 1253 1816 32 48 71 
2019 760 1071 1504 874 1285 1880 33 49 72 

2020 771 1097 1557 887 1317 1946 39 46 81 
2021 783 1125 1611 900 1350 2014 38 52 9'' ,, 

2022 794 1153 1667 914 1384 2084 40 48 9b 

2023 806 1182 1726 927 1418 2157 53 42 99 

2024 818 1211 1786 941 1454 2233 46 48 102 

2025 831 1242 1849 955 1490 231! 42 49 106 
2026 843 1273 1913 970 1527 2392 35 59 110 
2027 856 1305 1980 984 1565 2476 41 54 114 

2028 869 1337 2050 999 1605 2562 32 49 118 
2029 882 1371 2121 1014 1645 2652 32 48 122 
2030 895 1405 2196 1029 1686 2745 29 45 126 

2031 908 1440 2273 1045 1728 2841 35 53 130 

2032 922 1476 2352 1060 1771 2940 29 50 135 

2033 936 1513 2434 1076 1815 3043 23 55 140 

2034 950 1551 2520 1092 1861 3150 29 53 144 

2035 964 1589 2608 1109 1907 3260 23 55 150 

(a) Includes replacement of obsolete capacity based on service 1 i fe 
assumptions. 
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