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Preface 

Section 205(a)(2) of the Department of Energy 
Organization Act (Public Law 95-91) requires the 
Administrator of the Energy Information 
Administration PIA)  to carry out a central, compre- 
hensive, and unified energy data information program. 
EIA's responsibility is to provide timely, highquality 
information and to perform objective, credible 
analyses in support of deliberations by both public and 
government decisionmakers. 

consumption has declined. Furthermore, U.S. 
electricity use is projected to continue increasing, cap 
turing a much larger share of U.S. energy markets. 

The Annual Outlook For US: Electric Power 1985 
provides a history and projections of U.S. electric utili- 
ty markets. It includes summary information on the 
production of electricity, its distribution to end-use 
sectors, and on electricity costs and prices. Further, 
this publication describes the ownership structure of 
the industry and the operations of utility systems and 
outlines basic electricity generating technologies. The 
historical information covers the period from 1882 
through 1984, while projections extend from 1985 
through 1995. 

Electricity is one of the major areas of concern for 
EIA. Electricity we plays a large and growing role in 
the U.S. economy, and continues to increase in every 
end-use sector. These increases have occurred despite 
rising prices and growing emphasis on energy 
conservation, over a period when total U.S. energy 
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The electric utility industry began in 1882, just over 
100 years ago. Today electricity is vital to virtually 
every aspect of the U.S. economy and is projected to 
continue to expand its role over the next decade. This 
Annual Ou’tlookfor US. Electric Po 
the U.S. electric utility industry over this 100-year 
period and projects major electric utility market 
characteristics through 1995. It also describes the own- 
ership structure of the industry, presents an operational 
overview of electric utility syst 

SUMMARY 

’History and Structure of the 
US. Electric Utility . I  Industry 

From the beginning of the 20th century to the’end of 
1984, net electricity generation has increased at an 
annual average rate of nearly 9 percent, almost triple 
the rate of growth of real Gr&s National Product 
(GNP) (Appendix B and Table 1). The more rapid 
growth in electricity consumption has been the result 
of both declining prices and changes in technology that 
increased demand. Price declines are attributed to 
growing technical efficiencies in electricity generation; 
demand changes have increasingly favored the use of 
electricity for producer and consumer goods and 

Pearl Street, New York City, 1882-generators of the first modern electricity generating station (120 kilowatts). 
. I  

. .  - I  
’ .  . .  . , . 

. .  
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services. Real residential prices have declined at just 
over 4 percent a year (Figure ESl and Appendix B). 

However, long-term electricity rates of growth and 
electricity growth rates compared to GNP have de- 
clined in recent years. A slowdown in electricity 
growth began in the 1970's, as electricity prices began 
rising in response to rapidly increasing utility costs. A 
general economic downturn in 1982 induced the first 
absolute decline in utility generation since 1945. Since 
1982, however, electricity generation has recovered, 
increasing to record highs in 1983 and 1984, although 
not at historically high rates of growth. 

1980's 

Reddy Kilowatt introduced electricity in the 1930'9, 
promoted increased use in the next 3 decades, and 
now encourages conservation and wise energy use. 

The U.S. electric power industry is a combination of 
private, Federal, and public nonprofit organizations. 
Private investor-owned utilities (IOU's) dominate the 

capacity, generation, number of customers, and sales 
to ultimate consumers. Other ownership groups play 
secondary roles. Federal power ranks second in capaci- 
ty and generation, while municipal utilities and cooper- 
atives rank second in number of customers and third 
in volume of sales to ultimate consumers. 

The electric utility industry is regulated at the local, 
State, and Federal levels. State regulation includes 
jurisdiction over electricity prices (rates), services, 
safety, and construction. The Federal Energy 

industry, for about 'three-quarters Of Regulatory &mmission (FERC) is the primary Feder- 

system is an integrat- 
ed group of facilities that generate, transmit, and 
distribute electricity to consumers. Its operations are 
unified and coordinated by an operations control cen- 
ter that is also interconnected with other utility sys- 
tems. Utilities also cooperate in bulk power sales and 
joint generation and transmission projects. Customers 
are classified into commercial, industrial, and residen- 

Figure ES1 . Residential Electricity Prices, 1902-1 984, Current and 1972 Dollars 
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Sources: 1902: U.S. Bureau of the Census, Historical Statistics of the United States, Colonial Times to 1970, Bicentennial 
Edition, Part 2 (September 19751, p. 827; 1907-1959 Edison Electric Institute, Historical Statistics of the Electric Utility 
Industty Through 7970 (1973), p. 165; 1960-1984: Energy Information Administration, Annual Energy Review 1984 (April 1985), 
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Consumption Under Alternate Economic ’ 

2.5 3.4 4.1 2.8 3.1 3.5 2.1 3.2‘ 3.8 Electricity Sales . >  

Gross National Product 2.1 3.1 3.9 1.9 2.3 2.9 2.0 2 7  3.4 

Consumption 0.7. 1.1 . 1.8 0.3 0.6 0.i 0.5 0.9 1.3 

GNP Growth .’ ’ 1.2 1.1 1.5 1.3 1.2 1.4 1.2 1.1 

OtherEnerOyGrovRh , 3.6 2.6 9.3 5.2 3.9 5.4 3.6 2.9 

Nonelectricity Energy 

Ratio, Electricity to r .  

Ratio, Electricity to 

Source: Energy Information Administration nergy Outlook 1984 (January 1985). p. 9, Tables A3, A l l ,  83,811, C3, 
c11. . .  

: 
. ,  

tial classes. They may a tegorized by their 
willingness to permit interruptions of electricity ser- 
vice. 

Large, “baseload” 
but economical to operate are used by electric utilities 
to meet the constant portion of electricity demand. 
“Intermediate” plants have higher operating costs and 
handle loads not covered by baseload plants. Smaller, 

eaking” plants are less expensive to build but are the 
st expensive to operate 

temporary loads. Utilities 

nents, the bulk power system and the power 
network. The bulk power system inte- 

r produced by utilities and Carries it at high 
ltages to substations for distribution; the power dis- 

tribution network then moves the power to electricity 
consumers. 

New YorWNew Jersey region and the highest in the 
Northwest (Appendix C). 

Table ES 1 presents expected growth rates of electrici- 
ty consumption, GNP, and nonelectricity energy con-, 
sumption for assumed low, base, and high econodc 
growth cases. Over the 1985-1995 period, electricity 
dimand is projected to grow from 10 to 40 percent 
more rapidly than GNP, with the base-case growth 
h t e  for 1985 through 1995 averaging more than three 
times that of nonelectricity energy consumption. Elec- 
tricity’s higher rate of growth reflects growing cus- 
tomer preference for its versatility, convenience, and 
price. 

electricity use is d to grow more 
rapidly than commercial or residential use over the 
1985-1995 period. Between 1985 and 1995, industrial 
energy use is projected to increase from 35 percent to 
39 percent of total electricity consumption, while the 
commercial and residential sectors’ shares decline but 
remain approximately equal to each other. Virtually 
all increases in residential energy consumption are pro- 

Outlook for -Electric Power, 

jected to be supplied by elect&ity. In the commercial 
sector, electricity is expected to increase from 39 per- 
cent of energy consumption in 1985 to 44 percent in 
1995, reflecting growing commercial consumer prefer- 
ence for electricity. Industrial electricity use is expect- 
ed to be particularly responsive to changes in overall 
economic growth. By 1995 industrial electricity use 

, accounts for 37 percent of total electricity consump 

high economic growth case, industrial use comprises 
more than 40 percent.’ 

ase case over the 1985-1995 forecast period, 
electricity demand growth is encouraged by a project- 
ed slight decline in electricity prices. Real electricity 
prices in 1990 are projected to be about 1 percent 
below 1985 levels, although slight increases occur 

1987; by 1995 they are projected to be about 

EIA projects that the growth rate con- tion in the low economic growth case, whereas in the 
sumption from 1985 through 1995 will increase at a 
faster rate than both GNP and all other energy use. 
Electricity’s projected US. average growth rate of 3.2 
percent a year over ‘that period is greater than the 2.1 
percent average growth rate experienced from 1980 
through 1984, but well below the average growth rate 
of almost 9 percent that has been observed since 1900. 
Demand growth also shows considerable regional 
variation, with the lowest projected increases in the 

‘Energy Information Administration, Annuul EnerKy Outlook 1984, DOE/EIA4383(84) (Washington, DC, January 1985). Tables Bll ,  C11. 
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3 percent below 1985 levels. These declines during the 
1985-1995 period occur while the average real price 
of all energy (including electricity) is projected to rise 
by almost 25 percent.* The projected electricity price 
declines are predicated on reductions in new generat- 
ing capacity construction over the forecast period, 
reducing the capital share of projected electricity 
prices. 

The forecasts also show that electricity prices are sensi- 
tive to the type of capacity used. In the high economic 
growth case, utilities could be forced to rely more 
extensively on higher cost oil- and gas-fired generating 
capacity. In this high growth case, increased fuel costs 
yield higher real electricity prices in 1995, more than 
1 percent above 1985 levels. Low economic growth 
assumptions, on the other hand, reduce dependence on 
oil- and gas-fired capacity, and result in 1995 real 
electricity prices more than 6 percent below the high 
economic growth case. 

Over the 1985-1995 forecast period, increasing depend- 
ence on nuclear and coal-fired generating capacity is 
expected, decreasing the generation share attributed to 
oil and natural gas (Table ES2). In the base case, 87.6 
percent of all projected new capacity is expected to 
be nuclear or coal-fired steam generating units. How- 
ever, both coal and nuclear capacity additions decrease 
in the early and mid-l990's, resulting in a partial recov- 
ery of the oil and gas generation share by 1995.' Overall 
the nuclear and coal-fired share of total generation is 
expected to increase from 72 percent in 1985 to about 
75 percent in 1995. 

Consumption of the marginal fuels in electricity gener- 
ation, oil and natural gas, is projected to be sensitive 
to the level of overall demand. In 1995 under low 
economic growth assumptions, oil- and gas-fired gen- 
erating units are projected to provide 14 percent of 
total generation; base-case assumptions yield a 16 

Fuel Type 

percent share; and assumptions of high economic 
growth result in nearly a 19 percent -oil and gas share 
(Table ES2). 

Total nameplate generating c (excluding out- 
of-service units or inactive reserves) is projected to 
increase from 663 gigawatts at the end of 1984 to 792 
gigawatts at the end of 1995, an average annual rate 
of increase of 1.6 percent a year. Reliability problems 
could occur in the 1990's as some regions, particularly 
the West and Northwest, are expected to be less able 
to meet unexpected demand or compensate for equip 
ment downtimes. The timing, location, and severity of 
these reliability problems depend on actual electricity 
demand growth and capacity additions, as well as on 
the ability of any alternate demand or supply measures 
to mitigate the need for additional capacity. If new 
coal-fired and nuclear generating units are not put into 
place as rapidly as currently projected, the Nation 
could become more dependent on oil- and gas-fied 
generation and incur increased oil imports, higher 
electricity prices, and decreased electricity supply reli- 
ability. On the other hand, conservation, imports, load 
mhnagement, or increased production from other 
sour- could mitigate these effects. 

Other factors may also affect electric power markets 
over the forecast period, including bulk power pur- 
chases and sales of electricity among electric utilities 
and life extension (refurbishment) of aging coal-fued 
steam capacity. Electricity produced by nonutility in- 
dustrial cogenerators could also contribute to reduced 
demand for new electric utility generating capacity. 
Sale of cogenerated electricity is now encouraged by 
the Public Utility Regulatory Policies Act of 1978 
(PURPA, P.L. 95-617) requiring utilities to buy 
cogenerated power. Possibly as much as 5 to 20 percent 
of U.S. electricity consumption could be provided by 
such sources in the future.' 

Low Economic 1995 High Economic 
Base Case Growth Case 

Quantity (%) Quantity (%) Quantity (%) Quantity (%) 

1985 
Base Case Growth Case 

'Energy Information Administration, Annual Energy Outlook 1984, p. 153. 
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Changes in utility construction financing methods may 
also affect future electricity prices. Wider use of the 
Cohtruction Work in Progress (CWIP) financing 
method would allow immediate addition of construc- 
tion costs to the rate base, thereby raising electricity 
prices in the short term but lowering them in the longer 
term by removing both some construction costs and 
all carrying charges from the long-term rate base. On 
the other hand, consequences of “rate shock 
raised electricity prices following the addi 
pensive new capacity to the rate base), including drops 
in electricity consumption or public utility commission 
disallowance of some costs, could discourage some 
utilities from building new capacity. 

Revisions to Federal tax law could also affect 
electricity prices. A proposal by the Department of the 
Treasury would reduce the corporate tax rate, allow 
a 10-percent tax deduction for dividend payments, and 
shorten depreciation schedules. At the same time, the 
proposal would eliminate the investment tax credit, 
require amortization of currently expensed interest 
costs incurred during construction, require repayment 
of tax benefits associated with the accelerated cost 
recovery system (ACRS) for depreciation, and impose 
a minimum corporation income tax of 20 percent. 
Overall the proposal, if enacted, is expected to lower 

ost utilities‘ Federal tax liabilities and lower electrici- 
prices to ratepayers. 

Proposals to reduce sulfur dioxide emissions from coal- 
fired generating plants could raise future electricity 
prices by requiring expensive emissions control mea- 
sures. Under all proposals examined by the Energy 
Information Administration, electricity prices could be 
increased between 3 and 5 percent as utilities install flue 
gas desulfurization (FGD) equipment costing $ 10 to 
$26 billion, pay higher fuel costs, and incur increased 
operating and maintenance expenditures. Regional 
coal markets could also be affected as utilities switch 
coal types to meet legal requirements. 

Finally, problems of temporary disposal of spent nucle- 
ar fuel from commercial nuclear power plants could 
induce higher electricity rates. However, some utilities 
may not be able to store all spent nuclear fuel until 
Federal storage begins in 1998. These utilities could 
be forced to develop new storage pool facilities, trans- 
port the spent fuel to other sites, develop other storage 
techniques, seek temporary Federal storage, or cease 
operations altogether--all expensive alternatives. 

These factors as well as others will almost certainly 
influence electricity markets over the 1985-1995 fore- 
cast period. Nevertheless, based on presently known 
trends, electricity markets should enjoy moderate 
growth over the next 10 years. 



L 

1. HISTORY OF THE US. ELECTRIC UTILITY 
INDUSTRY 

The history of the U.S. electric utility industry is one 
of rapid growth (Figure 1). Until recently, electricity 
demand growth consistently exceeded the rate o f .  
growth of Gross National Product (GNP). Electrici- 
ty's growth rate from 1900 through 1980 was almost 
triple the rate of real GIW growth (Table I).' Its 
growth from 1900 through 1984 was almost uninter- 

aging almost 9 percent a year (Appendix 
sion can be attrib nsumer prefer- 

ence for electricity over other forms of delivered ener- 
gy and to its steadily dropping price over most of its 
history. Nevertheless, as recent years' price increases 
show, the industry appears t6 have undergone changes 
in its cost structure during the 1970's and 1980's. 

This chapter traces the history of the U.S. electric 
utility industry and the development of its present 
structure. 

Figure 1. Net Generation by US. Electric Utilities, 1902-198 

1970 (1973), p. 24; 
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b’le 1. Historical and Projected Ratios, Av .li 
ge Ratios, Average Annual 

Rates of Growth of U.S. Net Electricity Generation 
to Real Gross National Product, 1900-1996 

4.2 5.7 4.8 4.3 3.6 3.4 3.2 2.9 2.7 
10.2 5.4 4.5 3.4 3.2 2.9 2.7 2.5 

3.0 2.8 2.4 2.5 2.3 2.1 2.0 
2.4 2.1 2.3 2.2 2.0 1.8 

1940 1 .9 2.2 2.1 1 .9 1.8 
1950 2.7 2.2 1.9 I .7 

1970 1.3 1.1 
1980 0.9 

1960 1.9 1.6 1.4 

Sources: .Net Generation 1900-1980, Appendix B. Net generation for 1900 was assumed to be approximately 2 billion kilowatthours, and for 1910, ’ 

approximately I O  billion kilowatthours. rReel Gross National Product: 1900-1980, U.S. Department of Commerce, Bureau of Economic Analysis, 
1972 ~ 100. rProjected 1990 ratios are derived from these sources and from the Energy Information Administration, Annual Energy Outlook 1984 (Jarni- 

1985). 

Beginnings: 1882-1900 

The modem electric utility industry began in the 
1880’s. It evolved from gas and electric carbon-arc 
commercial and street lighting systems. Thomas 
Edison’s Pearl Street electricity generating station, 
phich opened September 4, 1882, in New York City, 
A .  gtroduced the industry by featuring the four key ele- 
cents of a modem electric utility system. It featured 
&liable central generation, efficient distribution, a suc- 
cessful end use (in 1882, the light bulb), and a competi- 
tive price. A model of efficiency for its time, Pearl 
Street used one-third the fuel of its predecessors, bum- 
ing about 10 pounds of coal per kilowatthour (kWh), 
a ‘‘heat rate” equivalent of about 138,000 Btu per kWh.5 
,Jnitially the Pearl Street utility served 59 customers for 
about 24 cents per kWh.6 In the late 1880’s, power 

mand for electric motors brought the industry from 
mainly nighttime lighting to 24-hour service and dra- 
matically raised electricity demand for transportation 
and industry needs. By the end of the 1880’s, small 
central stations dotted many U.S. cities; each was l i t -  
ed to a few blocks’ area because of transmission ineffi- 
ciencies of direct current (dc). 

The hydroelectric development of Niagara Falls by 
George Westinghouse in 1896 inaugurated the practice 
of placing generating stations far from consumption 
centers. The Niagara plant transmitted massive 
amounts of power to Buffalo, New York, over 20 miles 
away. With Niagara, Westinghouse convincingly dem- 
onstrated both the general superiority of transmitting 
power with electricity rather than by mechanical 

means (the use of ropes, hydraulic pipes, or compressed 
air had also been proposed) and the transmission‘ supe- 
riority at that time pf alternating current (ac) over dc. 
Niagara set a contemporary standard for generator 
size, and was the first large system supplying electricity 
from one circuit for multiple end-uses (railway, light- 
ing, power). 

Electric utilities spread rapidly in the 1890’s. Munici- 
pally owned utilities predominantly supplied street 
lighting and trolley services and reached their peak 
share of total generation, about 8 percent, at the turn 
of the century.’ Privately owned multiservice utilities 
controlled the rest of the industry, aggressively com- 
peting for central city markets. Competition and tech- 
nological improvements served to lower electricity 
prices steadily, with nominal residential prices falling 
to less than 17 cents per kWh by the beginning of the 
20th century (Appendix B). 

Era of Private Utilities: 
1901-1932 

From 1901 through 1932, growing economies of scale 
hastened growth and consolidation in the electric utili- 
ty industry, as well as the beginnings of State and 
Federal regulation. Larger, more efficient steam 
turbine-powered generators quickly replaced recipro- 
cating steam engines; average heat rates dropped from 
92,500 Btu per kwh in 1902 to 20,700 Btu per kWh by 
1932.* As a direct consequence of those growing 

kharles E. Neil, “Entering the Seventh Decade of Electric Power, Some Highlights in the History of Electrical Development,” reprinted 

6Abram John Foster, The Cbming of the Electrical Age to the United States (New York Arno Press, 1979), pp. 120, 123, 181. 

from Edison Electric Institute Bulletin (September 1942), p. 6. 

‘Edison Electric Institute, Historical Statistics of the Electric Utility Industry Through 1970 (New York, NY), p. 24. 

*Charles E. Neil, “Entering the Seventh Decade of Electric Power,” from Edison Electric Institure Bulletin (September 1942), p. 6. 

2 ANNUAL OUTLOOK FOR U.S. ELECTRIC POWER 1985 
Energy Information Admlnlstratlon 



rafor size and efficiency. 

by one supplier) subject to Federal 
regulation; second, the Federal Government owned 
most of the Nation’s hydroelectric resources; and third, 
Federal economic development programs accelerated, 
including electricity generation. In 1906, Congress 
authorized the sale of surplus Federal power from 
western irrigation projects, giving sale preference to 

. The Federal Water Power Act of 1920 
codified Federal powers and established 
ower Commission (FPC) to issue hydro- 

electric development licenses revokable after 50 years. 
Is 1928 Congress authorized the Boulder Canyon Pro- 
ject for irrigation, flood control, and electricity pro- 

01 to 1932, electric utility capacity and genera- 
tion grew at annual average rates of about 12 percent 
a year, despite a 1Cpercent absolute drop in generation 
from 1929 to the Depression-era low in 1932 (Appendix 
B). Both the number of municipal utilities and their rates, financing, and service, and to establish utility 

accounting systems. 

The foundations for strong Federal inv 
electricity industry were established between 1901 and 
1932, based on three factors: fmt, the electric power 
industry became recognized as a natural monopoly in 
interstate commerce (producing a product most e%- 

share of total generation dropped steadily, as munici- 
pals were overwhelmed by larger, more efficient pri- 
ate systems. By 1932 municipals contributed only 5 
ercent of total generation. At the same time, State- 
wned utilities and Federal systems, however, grew 

noticeably, together contributing over 1 percent of 
’ 

total generation. Private utilities provided the remain- 
, I  

ition, Vol. 22 (New York 3mericana Corporation, 1977), p. 769. 

ANNUAL OUTLOOK FOR US. ELECTRIC POWER 1985 
Energy Information Administration 

3 



ing 94 percent.'O Electricity prices dropped, with nomi- L. 74-605) established 
nal residential electricity prices falling to 5.6 cents per 
k W h  in 1932, a level about one-third their price at the 
beginning of the century (Appendix B). In 1907, only 
8 percent of all dwellings were using electricity; by 

for government help in obtaining electric power." 

The Federal Government became a regul rovided additional low- 

ty Act Of 1933 (P.L. 73-17), 
1933-1950 period was 
growth of the indust 
interconnection, and mcreasmg 

The Federal Government moved quickly in the mid- power installations. By the end of 1941, public power 
1930's to regulate private power and, where opportuni- contributed 12 percent of total utility generation, with 
ties appeared, to produce and distribute less expensive Federal power alone contributing almost 7 percent.I3 

uced electricity to preference custom- 
participation was hastened by widespread During the pre-World War I1 years, electricity gener- 
ption of private utility abuses and national ating systems continued to grow in size and efficiency. 

Maximum turbine sizes and pressures doubled, and 
steam temperatures increased; generator cooling by 

First, the Federal Government moved to regulate pri- pressurized hydrogen was introduced, resulting in 
vate utilities. To counter utility abuses beyond State higher generator outputs. Average heat rates dropped 
control, the Public Utility Holding Company Act of to 18,600 Btu per kWh. by 1941.14 Improvements in 
1935 (PUHC, P.L. 74-333) provided for the regulation transformers, circuit breakers, protection and 
of utility holding companies by the Securities and Ex- reclosing devices, and transmission and distribution 
change Commission (SEC). The Federal Power Act systems also continued, increasing both the efficiency 
of 1935 (Title I1 of PUHC) established FPC regulation and the reliability of electric utility 
of utilities involved in interstate wholesale transmission 
and sale of electric power. Electricity prices continued to decli 

dential electricity prices fell to 3.73 cents per k W h  in 
Second, the Federal Government encouraged the 1941, a drop of about one-third from 1932. Demand 
growth of rural electricity service by subsidizing the for electric power grew steadily from 1932 to 1941, 
formation of rural electric cooperatives. The Rural 

r ts  to overcome the Depression. 

'OEdiSon Electric Institute, Historical Statistics of the Electric Utility Industry Through 1970, p. 24. 

"U.S. Bureau of the Census, Historical Statistics of the United States, Colonial Times to 1970, Bicentennial Edition, Part 2 (Washington, DC, 

''U.S. Bureau of the Census, Historical Statistics of the United States, p. 827. 

'3Edison Electric Institute, Historical Statistics of the Electric Utility Industry Through 1970, pp. 2, 24. 

''Charles E. Neil, "Entering the Seventh Decade of Electric Power," from Edison Electric 

1975), p. 827. 
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appliance shows encouraged growth In household 
ity use throughout the mid-20th Century. 

generation irowth averaging over 
year, although capacity increased less than 2.5 percent 

year (Appendix B). 

1942-1950 

1945, Federal capacity growth averaged 21 percent a 
year, and generation grew by 27 percent. By the war's 
end, Federal elqtricity generation had grown to over 

U.S. generation.ls Total U.S. generation 
age rate of over 7.5 percent 
with capacity increasing at an 

annual average fate of almost 4.5 percent (Appendix 
B). 

Both residential and commercial end use of electricity 
grew rapidly from 1941 to 1945, despite the war. Al- 
most one-half ,of all farm dwellings were electrified by 
1945. Growth in demand was helped by continuing 
technological improvements, yielding overall heat 
rates below 16,000 E)tu per kWhI6 and residential elec- 
tricity price drops averaging over 2 percent a year 
(Appendix B). 

Public and Federal power continued to grow, and 
terms of public sale improved. Generating capacity 
built for defense was directed to public sale. The 1944 
Pace Act (Department of Agriculture Organic Act, 
P.L. 78-425) extended REA indeftnitely, dropped 
REA long-term interest rates below market rates, and 
authorized additional dam' construction. The Flood 
Control Act of 1944*(P.L. 78-534) gave the Secretary 
of Interior jurisdiction over Corps of Engineers' elec- 
tric power sales and extended public preference to all 
Corps power. The Southwestern Power Adminiitra- 
tion (SPA) and the Southeastern Power Administra- 
tion (SEPA) were established in 1943 and 1950, respec- 
tively, to market Federal power to preference custom- 
ers. The First Deficiency Appropriation Act of 1949 
(P.L. 81-71) in effect authorized TVA construction of 
thermal-electric power plants for commercial electrici- 
ty sale. By 1950, Federal generation contributed over 
12 percent of total U.S. generation, while cooperatives 
and other public power provided almost 7 percent." 
In settling the Hope Natural G& &e-(Federal Power 
Commission vs. Hope Natural Gas Company, 1944), 
the Supreme Court closed 
allowing either original or 
ing in utility ratemaking, so long as just and reasonable 
rates result. 

Following a brief decline at war's end in 1945, overall 
demand for electricity continued to grow. From 1945 
through 1950, generation growth averaged over 8 per- 
cent a year and capacity over 6.5 percent (Appendix 
B). Residential electricity consumption grew most rap 
idly, almost 14 percent a year, and the share of farms 
electrified rose to almost 80 percent.'* Growth was 
encouraged by continued efficiency improvements; by 
1950 heat rates had below 15,000 Btu per kWh.19 
Drops in nominal ntial electricity prices aver- 
aged 3 percent a year (Appendix B). 

' IsEdison Electric Institute, Historical Statisrics of the Electric Utility Zndustry Through 1970, p. 24. 

Iity Industv fhmugh 1970, p. 

"U.S. Bureau of the Census. Hhtorical Statistics of.the United States, pp. 827-8328. 

19Derivcd from Edison Electric Institute, EEZ Pockethk of Electric Utility Industry Statistics (1983), p. 21. 
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Utility Prosperity: 1951-1970 

The era following the end of World War I1 through 
1970 marks a time of essentially uninterrupted prosperi- 
ty for the electric utility industry. Demand for electric- 
ity grew rapidly, consistently, and predictably, while 
electricity prices continued to fall, The arrival of com- 
mercial nuclear power held the’promise of an even 
more prosperous future. At the same time, problems 
that were later to affect the industry dramatically 
either did not exist or were not yet serious. 

The 1950’s 

Three major characteristics mark the electric utility 
industry in the 1950’s: robust growth, the introductian 
of cdmmercial nuclear power, and other public power 
expansion replacing Federal power growth. 

From 1950 to 1960, generation grew by an average of 
over 8.5 percent a year, led by strong increases in 
residential electricity demand and near completion of 
rural electrification. Capacity grew slightly more r a p  
idly than generation, averaging almost 9.5 percent an- 
nually. . With generating efficiencies still improving, 
electricity prices continued to decline, as evidenced by 
drops in nominal residential electricity prices averag- 
ing about 1 percent a year (Appendix B).” 

Commercial nuclear power was introduced in the 
1950’s. The Atomic Energy Act of 1954 (P.L. 83-703) 
allowed private development of commercial nuclear 
power, and the Price-Anderson Act (P.L. 85-256) 
reduced private liability by guaranteeing public com- 
pensation in the event of a commercial nuclear catas- 
trophe. The Nation’s first central station commercial 
nuclear reactor, located in Shippingport, Pennsylva- 
nia, began operation in 1957. 

Finally, during the 1950’s new Federal power plant 
construction slowed, but the slowdown was offset by 
more rapid growth of other public power capacity. 
Both the “no new starts” policy of the Eisenhower 
Administration and a lack of additional major hydro- 
electric sites checked major new Federal development. 
Nevertheless? projects begun earlier continued to 
come on line, and Federal generation reached its high- 
est share of total generation, over 17 percent, in 1957. 
TVA added thermal capacity, by 1960 becoming pre- 
dominantly a thermal rather than hydroelectric sys- 
tem. Non-Federal public power grew rapidly in the 
1950’s, led by cooperatives, power districts, and State 
projects. Generation from non-Federal public power 
plants and cooperatives increased from over 6.5 per- 

Shippingport, Pennsylvania, 1957-the Nation’s first commercial 
nuclear power plant (100 megawatts) 

cent of total generation in 1950 to almost 8.5 percent 
in 1960.** 

The 1960’s 

During the 1960’s high electricity growth rates contin- 
ued, paralleled by growth in nuclear power generation. 
During the period, however, signs of future difficulties 
in the electric power industry appeared, including de- 
creasing efficiency gains, escalating costs, and environ- 
mental concerns. 

Vigorous growth continued throughout the 1960’9, 
prompted by overall economic growth, declining real 
energy prices, and growing consumer preference’ for 
electricity because of its convenience, versatility, and 
price. Generation and capacity growth averaged al- 
most 7.5 percent a year (Appendix B), predominantly 
from increases in petroleum and gas-fired generation. 
Cooperatives accelerated capacity additions, and by 
1970 non-Federal public power contributed well over 

%&dentid price declines for 1950 to 1960 are derived solely from Edison Electric Institute data. See footnote d, Appendix B. 

zlEdison Electric Institute, Hktorical Stotistics of the Electric Utili@ Industry i9rough 1970, p. 24. 
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10 percent of total utility generation.22 Demand grew 
nesrly 7.5 percent a year, helped by annual declines 
of over 1.5 percent in residential and commercial elec- 

ced during this period includ- 
omated controls and computers. Technological 

advpces during the 1960’s were led by the g 
commercial nuclear power. Facing continua 
mand growth and encouraged by performance of small 

lities, utilities began ordering many more 
its of far greater size‘ and still 

contrast to the 837 

1960’s, 86,596 M W  were 
MW per unit.” Generati 

electric utility industry began to appear. First, environ- 
mental requirements became a noticeable component 
of electric utility costs. Coal-fired power plants began 
to experiment with emission control equipment to de- 
crease the amount of sulfur dioxide ( SO2) emitted into 

tmosphere. Tall emission stacks were introduced 

the average size of therm 
ed. Heat rates, on the other 

er kWh.26 Finally a major Northeastern power black- 
ut in 1965 raised concerns about the reliability of the 

huge interconnected, interdependent power networks, 
response to the blackout included formation of region- 
al reliability councils, and the North American Elec- 
tric Reliability Council (NERC) to promote the reli- 
ability and adequacy of bulk 
ter 2,. tility Organ 

Years of Challenge: 1971-1984 
, . .  . 

. .  

The ‘1970’s 

utility industry moved 
unit costs and rapid growth to one of 

increasing unit costs and slowed growth. Among the 
major factors affecting the electric utility industry dur- 
ing the period were general inflation, increases in fossil- 
fuel prices, environmental concerns, conservation, and 

in the nuclear power industry. 

tric utilities with ambitious capital expansion 
programs heavily frnanced by borrowing were partic- 
ularly affected by inflation. As technical and regulato- 
ry requirements increased construction lead times, the 

Petroleum costs more than doubled in 1974 alone and 
increased an average of over 26 percent a year for the 
1970-1980 period. Natural gas prices, accelerated by 
decontrol under the Natural Gas Policy Act (NGPA, 
P.L. 95-621), rose by over 23 percent a year, with the 
largest increases occurring after 1978. Coal price in- 
creases averaged t a year.17 

Third, during the vironmental legislation in- 
creased the costs of building- and operating electric 
utility (particularly coal-fired) power plants. The 
Clean Air Act of.1970 (CAA, P.L. 91-604) and its 
amendments ,in 1977 (P.L. 95-95) required utilities to 
reduce pollutant emissions, particularly SO,, causing 
increases in capital, fuel, and operating costs. The Act 
also limited use of taIl stacks to disperse emissions. The 
Federal Water Pollution Control Act of 1972 ( “Clean 
Water Act,” P.L. 92-50) limited utility waste dis- 
charges into water. In addition, the Resource Conser- 
vation and Recovery Act of 1976 (RCRA, P.L. 94-580) 
directed standards for disposal of both hazardous and 

utilities from wider use of natural gas and petroleum. 
onmental Coordination 

- ”  

Outlook. DOEEIA-0315 
(Washington, DC, March 1982). p. 10 

ZsEnergy Information 

26Energy Information Administration, Thermal-Electric Plant Construction Cost and Annual Production Expenses--I979, DOE/EIA-0323(79) 

27Energy Information Administration, “Fuel Choice in Steam Electric Gener 

(Washington, DC, May 1982), p. 10. 

tros alysis,” Volume 1, Overview, Draft 
Report, Table 2. 
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Act of 1974 (ESECA, P.L. 93;319) allowed the Federal 
Government to prohibit electric utilities from burning 
natural gas or petroleum. The 1978 Powerplant and 
Industrial Fuel Use Act (FUA, P.L. 95-620) succeeded 
ESECA and extended Federal prohibition powers. 
The National Energy Conservation Policy Act of 1978 
(NECPA, P.L. 95-619) required utilities to provide 
residential consumers free conservation services to 
encourage slower growth of electricity demand. 

4 high electricity demand growth did not ma- 
terialize in the 1970's. Instead, capacity growth began 
to outrun increases in demand. For the first time in the 
history of U.S. electric power, electricity prices rose 
consistently, with nominal price increases averaging 11 
percent a year. Consequently, demand and generation 
growth moderated to just over 4 percent a year. How- 
ever, capacity growth continued at a rate of 6 percent 
a year (Appendix B). Slackened demand growth, cou- 
pled with completion of expensive new capacity, left 
utilities with excess capacity and without new revenues 
to pay for it. As a result, some electric utilities suffered 
financial setbacks and incurred declining investor con- 
fidence. 

The commercial nuclear power industry expanded rap- 
idly but also met serious reverses. From 1971 through 

4, 131 new nuclear units were ordered, at an aver- 
capacity of about 1,100 MW?8 Inflation and real 
r and materials cost increases quickly affected con- 

n costs of nuclear power plants, while high 
rates raised financing costs. Capital costs rose 

from about $150 per kwh in 1971 to over $600 after 
1976.29 Utilities building commercial nuclear facilities 
faced financial difficulties in justifying and meeting 
these increased costs. Safety concerns increased. First, 
in February 1979 the Nuclear Regulatory Commission 
(NRC) shut down five operating reactors following 
concerns about durability during earthquakes. Then, 
on March 28, 1979, the Nation's most significant 
commercial nuclear accident occurred at the Three 
Mile Island Number 2 reactor near Harrisburg, Penn- 
sylvania. These events heightened public concerns and 
spurred opposition to commercial nuclear power. 

As a result of higher costs, slackening electricity de- 
mand growth, and public concern, demand for nuclear 
power plants dropped quickly in the mid- and late- 
1970's. After 1974, new orders plummeted and cancel- 
lations accelerated. No new reactor orders were placed 
after 1978. Moreover, 63 units were canceled between 
1975 and 1980.m 

The Early 1980's 
I 

The early 1980's were marked by almost no growth 
in the U.S. electric utility industry. In 1982 total gener- 
ation dropped more than 2 percent, the first absolute 
decline since 1945 (Appendix B). In the mid-19803, 
however, the industry appears to have returned to 
moderate if unspectacular growth. 

Cost and price increases continued to slow the growth 
of electric power in the early 1980's. Costs of new 
nuclear power plants increased to over $1,200 per kW 
of capacity in the early 1980'~.~' High inhtion ensured 
increases in other financial and operating costs. As a 
result, electricity prices rose sharply. Average end-use 

(nominal) increased by almost 19 per- 
cent in 1980,15 percent in 1981, and 12 percent in 1982. 
End-use electricity consumption responded to rising 
prices and a sluggish economy by increasing only 1 
percent in 1980 and 2.5 percent in 1981. Demand then 
dropped almost 3 percent in 1982, because of a decline 
in industrial electricity use of nearly 10 percent, as part 
of that yeat's severe economic downturn.32 

However, other factors also slowed cost increases in 
the early 1980's. Growth hi Federal fuel use restrictions 
slowed. The Omnibus Budget Reconciliation Act of 
1981 (OBRA, P.L. 97-35) reduced Federal authority 
to issue oil- and natural gas-use prohibitions. Addition- 
al Clean Air Act amendments were considered but not 
enacted. Despite the accelerat.4 decontrol of petrole- 
um prices, worldwide oil surpluses in the early 1980's 
resulted in lower utility oil costs and provided some 
relief. Finally, while the recession of 1982 undoubtedly 
hurt electricity sales, it lowered the rate of overall 
inflation, resulting in lower interest rates and lowered 
rates of increase in other capital, operating, and mainte- 
nance costs. 

Electricity generation increased in 1983 to a record 
high of 2,3 10 billion kilowatthours. Capacity, howev- 
er, grew by little more than 1 percent over 1982, the 
smallest increase since 1956. Industrial electricity use 
grew most rapidly among end-use sectdrs, rebounding 
from its 1982 decline. The average price of electricity 
increased by 2.6 percent, less than the rate of inflation. 

In 1984, electricity posted its largest single-year in- 
crease in generation since 1976, 4.5 percent. Though 
not large by historic standards, the growth rate reflect- 
ed a healthy economy, generally increasing preference 

z8Encrgy Infomation Administration, U S  Commetcial Nuclear Power (March 1982), p. 10. 

29Energy Information Administration. 1983 Survey of Nuclear Power Plant Construction Costs DOE/EIA-0439(83) (Washington, DC, December 
1983). p. 8. 

%ncrgy Information Administration, U S  Commercial Nuclear Power (March 1982), p. 10. 

31Energy Information Administration, Survey of Nuclear Power Plant Construction Costs 1984, DOE/EIA-0439(84) (Washington, DC. November 
1984). p. 15. 

32Energy Information Administration, Annual Energy Review 1984, pp. 179, 187. 
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for electricity, and a decline in electricity’s price rela- 
tive ,to other forms of energy. Capacity grew by 2.1 
percent in 1984, led by coal-fired and nuclear-powered 
additions. Electricity prices increased at the rate of 
inflation, leaving real prices unchanged. 

From 1980 through 1984, net electricity generation 
grew an average of a mere 1.4 percent annually. Gross 
National Product grew at twice that, yielding a GNP 
ratio of only 0.5. End-use sales grew by only 2.1 per- 
cent a year, the slowest rate of growth since the early 

3. 

years of the Great Depression. Capacity, however, 
increased 2.3 percent a year, further raising reserves 
available to meet unexpected demand. Nuclear capaci- 
ty additions entering commercial service, despite the 
absence of new orders, led the rate of new capacity 
growth, increasing by 6.1 percent a year. Prices rose 
by approximately 8 crcent a year. Commercial elec- 

aging almost 4.5 percent a year; industrial end use grew 
less than 1 percent a year.” 

tricity use increased $I ore than any other end use, aver- 

33Energy Information Administration, Annual Energy Review 1984 pp. 171, 179, 181, 187 and the U.S. Department of Commerce, Bureau of 
Economic Analysis. 
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2. THE STRUCTUR .S. ELECTRIC UTILITY 

. .  

Economi& of scale, capital availability, and social pref- 
erence &e three important factors in determining the 
form of ownership of an electricity producer or distrib- 
utor. Private investor-owned utilities (IOU's) dominate 
the US. electric ustry. Historically, IOU's 
have been most SUC in serving large consolidat- 
ed markets where generation economies-of-scale af- 
forded the lowest prices. Federal, municipal, coopera- 
tive, and other publicly owned utilities played a secon- 
dary role. Where markets were too small for major 
economies-of-scale, the access of local governments or 
nonprofit organizations to government capital markets 
or to preference in purchase of less expensive Federal 
power allowed municipal, cooperative or other public- 

ow 
This chapter describes the ownership structure, regula- 
tion and interactions of the U.S, electric utility indus- 
try, and identifies the major organizatio 
the industry. 

in i983 U.S: electric utility generating 
658.2 gigawatts (million kilowatts), generating 2,3 10 
billion kilowatthours (kwh) of ele 
consumers purchased 2,15 1 billion k 
cost of 6.0 cents per kWh (Tables 2 and 3).' However, 

4.7 .130.2 . 5.6 ' 
100.0 2,310.3 100.0 

Note: Totals may not equal sum of Components because of independent rounding. 
Sources: otnstalled capacity and generation data. Edison Electric Institute, Statlstlcal Yearbook of the Electric Utllity Industry (1983) pp. 8. 20; 

ltnvestorswned utility data, Energy Information Administration, (February 1985). pp. vii, 32; 
~Cooperatives, municipals and other public entities data, Electrlcal World Dlrectory ot Electrlc Utilltles, McGraw-Hill Publications CO. (is&$); Rwd Else 
trification Administration, 1983 Statlatical Report, Rural Electric Borrowers, Bulletin 1-1; Tennessee Valley Authority, Annual Report of the Tennessee 
Valley Authorlty, Volume It, 1983 (April 1984); Bonneville Power Administratibn, 1983 Program and Financial summary (March is&$); Southwestern 
Power Administration, 1983 Annual Report; Western Area Power Administration, 1983 Annual Report (March 1984); Alaska Power Administration, "Annual 
Report of Public Electric Utilities" (1983) Form EIA-412; Southeastern Power Administration, Annual Report 1983 (1984); unpublished data from the Bureau 
of Indian Affairs a 

flnanclal Statlstlcs of selected Electrlc Utllitles 1983 

estem Area Pow,er Administration. 

ts 1983 rather &I 1984 data because sufficient 1984 data are not yet available. 
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Table 3. U S .  Electric Utility Revenue From Sales 
to Ultimate Consumers, 1983 . 

Cooperative 9.5 7.3 6.40 
13.8 10.6 5.17 
1.8 1.4 3.22 
2.0 1.5 3.89 

130.0 100.0 6.00 (average) 

Municipals 
Federal 
Other Publlc Entities 
Total 

Derived from revenue data In this table and energy sales data in Table 2. 
Sources: .Data for investor-owned utilities, Energy Information Administration, Financial Statlstlcs of Selected Electrlc Utlllties 1983 

(February 1985); @All other data taken from or derived from Rural Electrification Administration, 1983 Statlatlcal Report, Rural Uectrlc Bor- 
rowen, Bulletin 1-1; ElecMcal World Mrectory of Uectrlc Utllitles, 1984-1985, McGraw Hill Publications Co. (1984); Publlc Power, January- 
February 1985; Tennessee Valley Authority, Annual Report of the Tennessee Valley Authorlty, Volume I I ,  1983 (1984); Bonneville Power 
Administration, 1983 Program and Flnanclal Summary (February 1984); Southwestern Power Administration, 1983 Annual Report; Western 
Area Power Administration, 1983 Annual Report; and unpublished data from the Bureau of Indian Affairs. 

Owned Utilities 

Investorswned utilities (IOU's) account for about 
threequarters of all U.S. electric utility capacity, gen- 
eration, sales, and revenue. In 1983, these utilities, with 
an installed capacity of 506 gigawatts, generated 1.76 
trillion k w h  of electricity (Table 2). In 1983, ultimate 
consumers paid an average of 6.26 cents per kwh for 
privately produced power (Table 3). 

IOU's are privately owned, profit-seeking businesses 
granted service monopolies in certain geographic areas 
with the obligation to serve all customers. Like all 
private businesses, the fundamental objective of a pri- 
vate utility is to produce a return for its investors. 
Indeed, management is subject to lawsuits from inves- 
tors and stockholders if it fails to seek adequate profits. 
Nevertheless, as monopolies in the public interest, 
IOU's are required to charge reasonable prices (based 
on efficiently incurred costs), to charge similar prices 
to similar customers, and to give customers access to 
services under similar conditions. 

they control (hold) groups of operating companies. As 
of mid-1983,9 electric utilities were organized as hold- 
ing companies under the Public Utility Holding Com- 
pany Act of 1935,3s and 60 other holding companies 
exempt from the Act also provided some electrical 
services." 

Most IOU's are organized as corporations. Further- 
more, they are extremely capital-intensive. To finance 
their continued development, IOU's rely on internally 
generated funds, issue common and preferred stock, 
and sell long-term debt. Internally generated funds are 
composed of retained earnings, depreciation reserves, 
deferred taxes, and investment tax credits, of which 
depreciation reserves is the most significant. At the end 
of 1983, 41 percent of IOU's capital was attributable 
to common stock, 11 percent to preferred stock, and 
48 percent to long-term debt (Table 2)." 

IOU's operate in all States except Nebraska; Hawaii 
is the only State in which all electricity is supplied by 
private power companies. 

Most IOU's are operating companies that provide basic 
services of generation, transmission, and distribution 
of electricity. Most IOU's perform all three functions. 
Some companies have assumed additional functions 
related to their businesses, such as energy development 
or other electricity-related activities, although such 
activities overall are minor. Moreover, most IOU's 
serve a single, geographically contiguous territory. 

There are major exceptions to these general patterns. 
Holding companies are major utility businesses that do 
not generate, transmit, or distribute electricity; instead, 

Federal Power 

The U.S. Government is the second largest producer 
of electricity in the United States. In 1983 Federal 
installed capacity totaled 63 gigawatts and generated 
258 billion kWh, or 11.2 percent of U.S. electricity 
(Table 2). Ultimate consumers of Federal generation 
paid on average only 3.22 cents per k w h  in 1983, the 
lowest rate among the ownership types (Table 3). 
Government-financed power (particularly hydroelec- 
tric) is primarily responsible for these low rates. 

3sSecurities and Exchange Commission, Division of Corporate Regulation, Financial and Statistical Summary, Registered Public Utility Holding 

36Energy Information Administration, Historical Financial Analysis of the Investor-Owned Electric Utility Industry, DOE/EIA 

Cbmpany Sptems (Washington, DC, December 21, 1982), p. 1. 

DC, February 1984), p. 13. 

"Energy Information Administration, Financial Statistics of Selected Electric Utilities 1983. DOE/EIA-0437(83) (Washington, DC, February 
1985), p. xvii. 
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Table 4. Sources of Capital in the US. Electric Utility 
Industry, by Ownership Type 

Rwal Other 
Municipals 

Entities 

Federal 

Debt capital Capital 
markets I 

Corporate 
parent 

, Other 

Equity capital Ratepayers 
Investors 

FFB REA Capital Capital 
Federal CFC markets markets 
aPPr0P. FFB 

BFC 

Ratepayers Ratepayers Ratepayers Ratepayers 
Members Governing Governing 

body body 

Note: REA -Rural Ekcbifiition Adminiitration. 
CFC==NationBI Rural Utilities Cooperative on. 
FFB gederal Financing Bank. 
BFCrBank for Cooperatives. 

Source: Lawrence J. Hill and Richard C. Tepel. “Regulation. Pricing, and Comparative Performam in the U.S. Electric Utility Industry by Owner- 
ship Type,” Oak R i i e  National Laboratory, final draft report submitted to Energy Information Administration (September 1Q 

In contrast to the IOU’s, et is not generat- 
ed for profit. The goal of all Federal power producers 
is to provide power at the lowest possible cost consis- 
tent with sound business principles, giving preference 
to public bodies and cooperatives in the sale of electric- 
ity. Power production often occurs in support of or 
along with other Federal objectives such as irrigation, 
navigation, flood control, defense, or economic devel- 

ment. The Federal Government‘s first involvement 
th the electric power industry began with the sale 
surplus power from western irrigation dams. Later, 
wer was sold from multiple-use dams built to im- 

prove navigation or to control floods. The Tennessee 
rity (TVA), the largest Federal power 

also chartered to improve navigability, 
s, facilitate reforestation, 

velopment of the Tennessee 
~ t i o n a l  defense. 

ederal Government is primarily a generator and 
esaler of electricity, rather than a ,distri 

ultimate consumers. In 1983, it sold only 21 
of its generation, or 53.7 billion kuth, to uItimate .con- 
sumers (Table 2). Thes 
industrial customers, o 
tomers of the Bureau 
generation is wholesaled to municipal electric ’utilities, 
cooperatives, and other nonprofit preference custom- 
ers, as required by law (see Chapter 1). Although TVA 
is a wholesaler, it is responsible for meeting electri 
power demand in its area. 

Federal electricity generation reaches consumers in 34 
States. The power marketing administrations generally 
operate in all but the Northeast,.uppe 
Hawaii (Figure 2). Besides the special 
power organizations, the Ala 
tion operates its own dams and 
them, and the Bureau of Indian 

and sells power to direct consumers. Also, the Depart- 
ment of Defense operates pbwer plants for several of 
its installations scattered throughout the Nation. Four 
of the five power marketing administrations own 
transmission lines; only the Southeastern Power Ad- ~ 

ion owns none. 

power marketing administrations are part of the 
Department of Energy. The Bureau of Reclamation 
and the Bureau of Indian Affairs are part of the Depart- 
ment of Interior, The Army Corps of Engineers is part 
of the Defense Department. The TVA, however, is not 
part of a Federal department, but is instead a Govern- 

vate capital, Federal power producers must compete 
for funds in the Fedeqd budget process. The power 
marketing administrations are obligated to repay the 
capital costs, plus operating and maintenance costs 
invested by the Government in water projects, within 
50 years. Bonneville and TVA may also issue bonds, 

nerate the least 

share>of customers, sales, and operating revenues of the 
five ownership groups. In 1983 municipals generated 
73 billion k w h  and sold 259 billion kwh (Table 2). In 
1983,72 percent of municipals’ sales were made up by 
purchases of Federal, private, h d  other public power. 

38Bonneville Power Administration, 1984 Annual Report, DOE/BP-385 (February 1985). p. 40. 

3gTcnnessee Valley Authority, 1984 Annual Reprt, Volume 11, Appendices (March 1985), p. 11. 
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Figure 2. Power Marketing Administration and Tennesee Valley Authority Areas 
1 

Bonneville 
Power Administration 
220.000 square miles 

/ 

Southeastern Power Administration‘s area includes that of the Tennessee Valley Authority 

Source Energy Information Administration. Electric Power Division 

Average revenue per k w h  sold in 1983 was 5.17 cents 
(Table 3), about 1 cent per k w h  less than power from 
private utilities. This difference is the result of exemp- 
tion from local, State, and Federal taxes, access to less 
expensive capital via public financing, access to less 
expensive Federal power, and no requirement to pay 
dividends. 

Municipal electric utilities are nonprofit local govern- 
ment agencies established to serve their communities 
and nearby customers at the lowest possible cost. Most 
municipal utilities simply distribute power, although 
some larger ones generate, transmit, and distribute. 
More than half of the public utilities are under the 
direct control of a governing legislative body such as 
a city council. Most of the rest are under the control 
of an independent utility board. In recent years, munic- 
ipal utilities have formed joint action agencies to ex- 
ploit economies of scale in generation and transmission, 
making joint purchases, and exchanging power. More 
than 50 joint action agencies are in operation.40 

a 

Municipal electric utilities obtain their financing from 
municipal treasuries and from revenue bonds secured 
by proceeds from the sales of electricity. In 1983 about 
68 percent of the capital in the largest municipal sys- 
tems came from revenue bonds.41 

Municipal utilities operate in all States except Hawaii 
(Figure 3). Three-fourths of municipal utilities operate 
in communities with populations of l0,OOO or fewer 
persons. More than 60 percent of their sales occur in 
the Southeast and on the Pacific Coast, primarily be- 
cause inexpensive Federal hydroelectric power is 
available in these areas.42 

Cooperatives 

Rural electric cooperatives rank third in number of 
customers, sales; and operating revenue (Table 2). In 
1983 the cooperatives generated almost 85 billion kwh, 

%awrence J. Hill and Richard C. Tepel, “Regulation, Pricing, and Comparative Performance in the U.S. Electric Utility Industry by 
Ownership Type,” Oak Ridge National Laboratory, draft report submitted to the Energy Information Administration (September 1984). p. 2-7. 

41Energy Information Administration, Financial Statistics of Selected Electric Utilities 1983, p. 9 13. 

“Lawrence J. Hill and Richard C. Tepel, “Regulation, Pricing, and Comparative Performance,” p. 2-6. 
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Figure 3. Location of Municipal and other Public Electric Utilities 

enefits of Public Power (May 1984), pp. 6-7. 

Rural Electrification .Administra- 
ced the cooperatives, was 

ric energy to persons in rural 
areas who lacked electric utility service. Cooperatives 
are of two kinds: generation and transmission coopera- 
tives and distribution cooperatives. There are current- 
ly 58 generation and transmission cooperatives, which 
are usually controlled by and provide electricity to 2 

any of the five ownership types (Table 3). Higher rates 
resulted from the cooperatives' large construction pro- 
grams of the 1970's. 

I 
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or more distribution systems, and 878 distribution co- 
operative~.~~ 

Cooperatives are owned by their members. They are 
incorporated under State law and are usually directed 
by an elected board of directors. The board in turn 
selects a manager. Cooperatives conduct their business . 
much the same as other electric utilities. The Rural 
Electrification Administration, ‘the National Rural 
Utilities Cooperative Finance Corporation, the Feder- 
al Financing Bank, and the Bank for Cooperatives are 
the most important sources of cooperatives‘ debt fi- 
nancing. Distribution cooperatives rely more on mem- . 
bership and patronage capital (34 percent) than do 
generation and transmission cooperatives, for whom 
debt comprises 96 percent of capital.“ 

Rural electric cooperatives are currently doing busi- 
ness in 46 States. Cooperatives in the Southeast, togeth- 
er with cooperatives in the Midwest, the Plains States, 
and Southwest, sell almost 90 percent of the electricity 
marketed by co~peratives.~~ 

Other Public Entities 

::In 1983, other public entities generated 130 billion 
$ kWh, with an installed capacity of almost 3 1 gigawatts, 
and sold over 49 billion kWh to ultimate consumers 
(Table 2). The difference between generation and 
direct sales was in sales to municipalities and 
cooperatives. Ultimate consumers paid 3.89 cents per 

’ kWh in 1983 for electricity from these entities, the 
@;second lowest of any of the ownership types (Table 

3). Relatively low costs result from generation with 
‘ inexpensive hydroelectric power, Federal tax exemp- 

.‘: tions, access to relatively inexpensive capital, and no 
requirement to pay dividends. 

Other public entities include a variety of State or sub- 
sidiary ownership categories, including public power 
districts, State authorities, irrigation districts, and other 
State organizations. Public power districts and pro- 
jects are concentrated in Nebraska (which has no pri- 
vate electric utilities), Washington, Oregon, Arizona, 
and California. Unlike cooperatives and municipal util- 
ities, these entities may transcend rural and urban 
boundaries. About half of the other public entities only 
distribute electricity. About a fourth only generate and 
transmit power. The remaining fourth generate, trans- 
mit, and distribute power.46 

Other public entities are governed in a variety of ways. 
Voters in a public utility district elect commissioners 
or directors to govern the district, independent ofany 
municipal government. State authorities, like the New 
York Power Authority or the South Carolina Public 
Service Authority, are agencies of their respective 
State Governments. Irrigation districts may have still 
other forms of organization. In the Salt River Project 
in Arizona, for example, votes for the board of direc- 

t tors are apportioned according to the size of 
landholdings. 

The capital structure of the power districts and pro- 
jects is much like that of the municipal utilities; financ- 
ing is obtained from the treasury or from revenue 
bonds secured by proceeds of electricity sales. 

Regulation of Electric Utilities 

The electric utility business is directly regulated at 
local, State, and Federal levels. All investor-owned 
electric companies, as well as some public power or- 
ganizations, are regulated. In addition to direct regula- 
tion, other types of Federal regulation also affect pow- 
er producers and distributors. 

The Federal Energy Regulatory Commission , w R C )  
is the primary Federal regulator of electric atilities. It 
regulates wholesale electricity rates and power transfer 
arrangements, and licenses private hydroelectric pro- 
jects (FERC has no authority over Federal dams or 
the TVA). Minor functions include regulation of utility 
mergers and interlocking directorates. FERC also a p  
proves rates for the Bonneville Power Administration 
and reviews the rates of the other four power market- 
ing administrations. FERC is composed of five com- 
missioners appointed by the President with the advice 
and consent of the Senate. The President appoints one 
member as chairman. All commissioners serve 4-year 
terms. 

At the State level, public service commissions, public 
utility commissions, or similarly named bodies regulate 
utilities. While Federal regulation is significant, the 
States have the primary role in electric utility regula- 
tion. States regulate rates, service, safety, and construc- 
tion or abandonment of plants. Although public utility 
commissions are primarily concerned with regulation 
of private utilities, some also have jurisdiction over 
municipal utilities and cooperatives. Utility commis- 
sions have from one to seven members, and terms in 

4)Rural Electrification Administration, 1983 Statistical Repart, Rural Electric Borrowers, Bulletin 1-1, Table 3, p. xiii; Electrical WorM Dimtory 

44Rural Electrification Administration, 1983 Statistical Report, Bulletin 1-1, Table 22, p. mix. 

45Lawrence J. Hill and Richard C. Tepel, “Regulation, Pricing, and Comparative Performance,” pp. 2-10 and 2-11. 

&Edison Electrical Institute, Evolution of the Various Ownership Segments of the Electric Power Industty (New York, NY, 1973). p. 2. 

of Electric Utilities 1984-1985 (New York: McGraw-Hill, 1984). 
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office vary from 4 to 10 years. Commissioners are by public utilities claiming preference in the 
usually appointed by overnor with the approval relicensing process. 

ectric Utilit 

rganizations sehre di 
utility industry: the American Public Power Associa- 
tion, the Edison Electric Institute, the Electric Power 
Research Institute, the National Association of 
Regulatory Utility Commissioners, the National Rural 
Electric Cooperative Association, and the North 
American Electric Reliability Council. 

The American Public Po ation (APPA) was 
founded in 1940. It represents more than 1,750munici- 
pal and other .local public power systems. APPA 
services include lobbying; research, training, insur- 
ance, a weekly newsletter and a bimonthly journal, and 
several specialized newsletters. 

The Edison Electric Institute (EEI) is an association 
of 180 investor-owned electric utilities, organized in 
1933 to succeed the National Electric Light Associa- 
tion. EEI acts as the spokesperson for investor-owned 
electric utilities, lobbies, does policy research, works 
with government agencies, prepares advertising and 
promotional materials, and produces a quarterly jour- 

power transactions are wholesale purchases of power 
from other utilities. Through bulk power transactions, 
utilities try to cut costs by substituting lower cost pur- 
chases from other utilities for electricity from their 
own higher cost plants. Transactions also allow utilities 
mutual support in the face of high demand or equip- 
ment failure. A power pool is an agreement by two or 

tilities to coordinate their power generation. 
pools range from informal agreements (loose 

ded in 1889, is composed 
in utility and trans- 

more than 1,OOO m 

-0049 (Washington, DC, December 1981), p. 9. 

‘*Lawrence J. Hill and Richard C. Tepel, “Regulation, Pricing, and Comparative Performance,” p. 3-8. 

49Federal Energy Regulatory Commission, Power Pooling in the United States, p. 10; Energy Information Administration, Inventory ofpower 
Plants in the United Stcltes, 1981 Annual. DOE/EIA-0095(81), Table 8; 1982 Annual, Table 11; 1983 Annual, Table 17. 
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RESEARCH INSTITUTE ELECTRIC POWER 

EDISON ELECTRIC 
INSTITUTE 

NORTH AMERICAN ELECTRIC RELlABlllT 
Electric utility industry organizations i 

The North American Electric Reliability Council 
(NERC) was formed in 1968 to promote the adequacy 
of the bulk power supply throughout the continent and 
to promote the reliability of the electric system. NERC 

has nine regional councils (Figure 4), comprising near- 
ly all the electric utility sys the continental 
United States and Canada. 

i ' , I  

Figure 4. North American Electric Reliability Council Regions 

€CAR 
East Central Area Reliability Coordination Agreemen 

ERCOT 
Electnc Reliability Council of Texas 

MAAC 
Mid-Atlantic Area Council 

MAIN 
Mid-America Interpool Network 

MAPP 
Mid-continent Area Power Pool 

NPCC 
Northeast Power Coordinating Council 

SERC 
Southeastern Electric Relidbility Council 

SPP 
Southwest Power Pool 

wscc r 
Western Systems Coordinating Council 

AFFILIATE 

ASCC 
Alaska Systems Coordinating Counctl 

. '  

.~ 
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. 3. OPERATIONAL OVERVIEW OF ELECTRIC 
TILITIES . -  

, 

Introduction Classes of Customers 

electric utility system is a group of generation and 
transmission facilities, which are integrated to provide 
.electricity to meet customers’ requirements (Figure 5). 
It &ust meet ‘all these demands at eve@ moment with 
adininterrupted flow of electricity. Because electrici- 
tfis generated and consumed instantaneously, a utility ~ 

plans to meet the highest instant rate of usage by all 
i6 customers and still retain additional reserve capacity I 
to k d l e  the unexpected. 

a utility’s service territory are gener- 
ally grouped into class-of-service categories such as 
residential, commercial, industrial, governmental, rail- 
way, and other classes as defined by the pertinent regu- 
latory agency and/or utility. Utility service territories 
are geographically distinct and are usually composed 
of many different combinations of customer classes. 

ing to the amount of 
electricity they’consume, the delivery voltage and rate, 
any special utility equipment needed in the delivery, 
end-use applications, and other social or economic 
characteristics. These classifications allow grouping .of 
particular requirements for the convenience of the cus- 

electric utility industry operat 
authorized to approve util- 

charges. Customer sentices provided ” 
utility must be available for all in a 

and at a justifmble cost. 
covered by rate sched- 

each utility that take into accow’t the cost 
Each class is generally distinguished by its parallel 
usage of similar services and by similar hourly patterns 
of usage. Other customer classes may have quite differ- 
ent .needs for service over the day. Patterns of usage 
in adjacent service territories may also differ. On some 
occasions, one‘or more customer classes will experi- 
ence their grehtest need for electricity service, called 
peak load, at the same time. This peak load may come 
at different timei of the day, at particular seasons of 
the year, and from various locations within the service 

ansactions occur. 

they plug in an appliance, turn a switch, or open a 
refrigerator. The electric utilities, on the other hand, 

service, or “full requirements” service, where the utili- 
fy is required to meet all customer needs. The second, 

categories differently in order to modify customer their service territories, 
. .  

8 

%e convergence of peak load requirements has an even greater impact on utility planning if the customer classes have similar seasonal 
&terns of demand. Differing patterns of demand may be advantageous to the utility and are taken into account in planning the amount of expected 
capacity needed to serve its current and future customers. 
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tion and Dispatch of 

cut-off switches, the utility has greater flexibility in 
meeting its service obligation during critical high- 
usage periods. 

These classes of service also provide utilities with the 
means to adjust customers' bills. For example, utilities 
may pass along certain varying costs, such as fuel costs, 
that make up the total price of electricity. These adjust- 
ments allow utilities (1) to recover approved costs until 

currently minor sources of power 

Another set of plants, referred to as intermediate 
plants, serves a more variable customer load not cov- 
ered by the baseload plants. They are usually older and 
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more expensive to run, and are used after all the avail- 
able baseload units are dispatched. Other plants, called 
peaking plants, handle only the highest peak loads. 
These plants are usually equipped with turbine units 
or combined cycle units; they are quick-starting but 
very expensive to run. Other types of peaking plants 
include hydroelectric pumped storage plants and some 
conventional hydroelectric units. Appendix A de- 
scribes the various kinds of plants that a utility may 
have available to meet customer load. 

Utilities also have reserve or stand-by plants. These 
plants are usually older, less efficient, and more expen- 

sive to run; they operate if there is an unexpected in- 
crease in customer load or to support the electrical 
system during a plant or transmission line outage!. 

The Electric Utility System 

An electric utility must balance its customers‘ demands 
for electricity continuously with the most economical 
operation of its system. The utility must try to use the 
lowest cost generating capacity available to meet the 

Figure 6. Typical Generation Dispatch, Summer Peak Day 

- 
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Source: Task Force No. 4 of the Electric Power Research Institute, Edison Electric Institute, American Public Power 
Association, and the National Rural Electric Cooperative Association for the National Association of Regulatory Utility 
Commissioners, “Comments on Two Costing Approaches for Time-Differentiated Rates,” Electric Utility Rate Design Study, 
(March 8, 1977), p. 83. 
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changing load by adjusting the mix of generating 
in use or by purch 

Economical system gene 
the type and size of the actual customer load. A,large 
load affects the thermal efficiency of a plant by allow- 
ing the plant to run at its optimal production level. This 
affects the economical operations of the whole electri- 
cal system, because it is far more efficient to have 
power plants running at favorable cost levels than to 
have underutilized available capacity. In an efficient 
system, the most economical plants are kept operating 

the power available from its system; balances the unit- 
generation costs with buy-or-sell opportunities with 

examines what plants must be dispatched to avoid tech- 
nical system problems or undue economic costs; and 
accounts for system power losses. It also projects de- 
mand requirements in order to determine how much 
capacity will be needed and when. These projections 
may be done hourly, daily, weekly, or at longer inter- 

& other utilities; coordinates the interutility transactions; 

center is designed to load auto- 

he system. Any of these changes can 
ew or action by the control center. must be paid whether the pla 

costs are recovered by the 

It must maintain the sys- 
senme territory by watching its 

electrical systems, and many of the increasing and de- 
creasing load changes cancel out or offset each other, 
so that the effect on the entire system is 1ess.than it 
would be on an individual utility. Also, each generat- 
ing unit in the system is freed from the necessity to 
make continual large changes in production levels. 

The power flow, in alternating current electrical sys- 
tems, is over the existing lines, so the transfer of energy 
from the generating facility to a final end-user takes 
any/all electrical paths available. 52 Controlling and 

and increases its generation to meet the load increase; the other electrical systems then reduce their generation accordingly. The resulting inadvertent 
net balance of each utility is handled under t, are identified, and the mon 

th of least tesistance o with the design and length of the lines, and conductor 
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This system control center coordinates the electricity needs of the seven-State American Electric Power System. 

- Transmission Systems 

‘Transmission and Distribution 
* 

The electric utility industry designed and built its large 
transmission system principally to provide an efficient 
and reliable electrical transfer system to its own cus- 
tomer base. The system was also designed to enhance 
system dispatching and stability, and to provide alter- 
nate connections to load centers. 

The types of transmission and distribution voltages 
used range from the extra-high alternating current and 
direct current lines to the service lines that connect to 
residential homes. Many types of voltage and lines are 
used by the electric power industry to handle different 
operating conditions and to minimize overall cost. Util- 
ities try to keep the number of voltages to a minimum 
in both the transmission and distribution system in 
order to reduce the changes from ‘one voltage level to 
another. The coordination and maintenance of these 
lines and equipment entails extensive planning for cost 
control and service to the customer. Transmission costs 
rise rapidly with distance, and transmission systems 
have a very high associated capital cost because of the 
expensive terminal and substation equipment. 

The electrical transmission system is separated into 
two different segments. One segment is the bulk power 
system, sometimes called the transmission system; the 
other is called the distribution system. The transmis- 
sion system handles major movements of energy from 
the points of generation and the interconnections with 
other utilities to the points where electricity is usually 
transformed to a lower voltage for delivery in a service 
territory. The distribution system is the portion of the 
system and facilities that has been separated from these 
higher voltage bulk power transfers and is dedicated 
to delivering electrical energy to the end users. 

24 

In planning for the upkeep of current lines and for 
additional lines, utilities must balance cost, practicality, 
and system reliability. Utilities take into account the 
rural, suburban, and urban routes; the environmental 
and the aesthetic impacts of the lines and equipment; 
the expected power flows; and the concentration of 
lines in urban areas and transmission rights-of-way. 
They also must avoid cascading faulting (a multiple 
failure of system components). Finally, they must con- 
tend with climatological and geographical conditions 
that affect the lines and equipment, and the future 
magnitudes of power transmission needed to meet 
planned customer load. 
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Interutility sactions 

Development of lnterutility 
Transactions 

Interutilit ctions or exchanges are ush  by elec- 
tric utilities to share reserves and to provide mutual 
assistance in time of potential and actual needs. They 
allow the utility systems to take advantage of each 

ore beneficial mix of 
They also allow each utility, to 

sources, to share'the benefits of 
reduced operating costs with its customers, to r e v e  
emergency energy support from other utilities, ahd to 
reduce the cost n operating reserve require- 

reduced or avoided pro- 
est the utilities in energy 
energy involved is often 

far less valuable to a utility than the benefits achieved 
from not producing the energy within its own system. 
It is very advantageous to avoid building expensive 
additional capacity solely in order to handle occasional 
peak loads. Similarly, a utility benefits from being able 
to delay or stagger construction of additional baseload 

An integrated transmission system allows a utility to 
use all the generating resources available more eco- 
nomically, to reduce its dependency on reserve capaci- 
ty by the use of other external sources, and/or to man- 

e its own load more efficiently. It also allows the 
f-small customer loads into larg 

use of the high social and commercial costs of an 
e, the electric system must be able to operate in 

y normal condition and be able to recover rapidly 
from forced outages. The reliability and the stability 

ectrical systems are very critical to 
on system as a marketing vehi- 

cle for electricity transactions came about secondarily, 
generally after the interconnection system was de- 

ed and built. As a result, most transmission lines 
ly wholesale transactions 

f the line capacity. 
balanced by the con- 
al system reliability *a 

control. Often these 
for line capacity with 

(1) reliable high-speed connection and 
ements that open and close the circuits sa 

losure equipment that will restore a faulted segment 
as rapidly as possible; and (3) relaying equipment that 

entify and isolate the fault without bringing 
the entire system. Other protection elements 

include equipment that regulates the voltage; equip- 
ment that handles the immediate short-term effects 
resulting from electrical impulses that are lightning- or 
system-induced; and general insulation control stan- 
dards for all lines and equipment. 

Electric utilities continually review the status of the 
entire system. These studies enable utilities to provide 
for adequate flexibility in controlling power flows and 
to identify restricted power flow problems; to establish 
better ways to handle emergency conditions; and to 
detect the possible use of inappropriate and costly line 
and terminal equipment, and obsolescence in lines and 
equipment. 

the best mix of available economic capacity. 

Wholesale Transactions 

The Federal Energy Regulatory Commission (FER0 
is responsible for regulating interstate wholesale trans- 
actions. Utilities file proposed rate schedules for trans- 
mission services and charges, and for the wholesale 
transactions. FERC must approve the filings before it 
allows the utilities to engage in these interutility sales, 
purchases, exchanges, or provide support to other utili- 

53The price of the interutility transaction must be high enough to overcome the cost for transmission losses incurred over long distances. 
During emergency conditions, the cost of transmitted energy is less important than avoiding a forced outage and even less critical when the stability 
of the whole electrical system is involved. 
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ties upon request. Other special transactions are some- 
times negotiated for very large energy sales and ex- 
changes that are to happen over a longer time. These 
special contracts are usually reviewed by FERC and 
other regulatory agencies that oversee the service terri- 
tories affected by the agreement. 

The transmission filings can be divided into f m  carry- 
ing capacity, interruptible carrying capacity, third- 
party transfer capacity, and an “other” category. 
Wholesale transaction fdings can be grouped into ca- 
pacity sales, energy sales, energy exchanges, and an 
“other” category.% Wholesale electric transactions are 
further divided by duration of the sale, and the type 
of capacity and energy sold. The length of the sale can 
be for one hour, one day, one week, a month or several 
months, a season, several years, or some combination 
of these time periods. The “other” categories usually 
cover the utilities’ responsibilities to one another dur- 
ing normal and emergency conditions, operating re- 
serves support, diversity exchanges, and unscheduled 
or inadvertent energy flows. 

&pacity sales are usually considered f m  sales in 
which the associated energy must be taken, or paid for 
if not taken; and the delivery is scheduled during nor- 
mal system operating conditions. This capacity may be 
made available from the entire system or from an iden- 

.-tifled generating unit. The capacity offered in these 
transactions may be available only during a set period 
of seasonal diversity, an off-peak time of the day, or 
from a particular fuel-fwed generation capacity that is 
currently not fully utilized. The energy associated with 

is capacity sale, if acquired, has a separate cost sched- 
le from the capacity charge attached to each kilowatt 

e energy, economy, or interruptible sales are often 
based on splitting the benefits gained by the parties 
involved. They are used to gain operational savings, 
such as avoiding the use of expensive fuels, and selling 
electricity generated by the spillage of excess reservoir 
water. 

Energy exchanges involve transfers of energy to other 
systems at no cost. The energy must be returned in kind 
at a later date agreed upon by both parties, otherzlvise 
the receiving party pays for the energy received. The 
incidental miscellaneous transfer of energy and inad- 
vertent flow are also handled in the same manner. 

These wholesale transactions have become very im- 
portant tools used by the U.S. electric utility industry 
to reduce costs and avoid expensive new capacity. The 
U.S. utilities have also taken advantage of being able 
to enter into international wholesale trade agreements 
to acquire power and/or the associated energy from 
Canada and Mexico. These agreements allow for 
mutual system protection. They cover diversity sales, 
economy power sales, and sales of geothermal and 
inexpensive hydroelectric power. The benefits from 
these international transactions also include the ability 
to buy inexpensive energy, to delay expensive capital 
construction, and to ~ acquire additional emergency 
protection. 

Summary 

The goal of the electric utility is to balance its entire 
system to achieve the lowest cost of service. This re- 
quires constant review and planning to bring together 
all the highly integrated economics of production, con- 
trol, transmission, and distribution of electric energy 
at a cost the customer accepts. 

The transmission lines are used by the operations con- 
trol center to tie each operating segment of an electric 
utility into an integrated electrical system. The utility’s 
control and dispatching of this flow of electricity from 
the generation facilities and other utilities to the load 
centers is the key factor in matching customer demand 
with the least-cost electrical generation or with pur- 
chased power. The utility watches its transmission sys- 
tem in order to meet changes in operating conditions, 
to control its own customer loads better, and to prepare 
for the future needs of its customers. 

,%urther information on these fitings is available from the Division of Public Information, the Federal Energy Regulatory commission, 
Washington, DC. 
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OUTLOOK F LECTRIC POWER, 198511995 

The outlook for the electric utility industry throu'gh 
1995 depends on several factors, including the level of 
economic growth, the price and availability' of fuels, 
the price of electricity relative to other competing 
energy sources, and the quantity and types of new plant 
construction. As with any attempt to predict future 
trends, these factors are surrounded by considerable 
uncertainty. This chapter presents a range of projec- 
tions for electricity supply, demand, and prices from 
the Annual Energy Outlook 1984. Included are a base- 
case forecast and alternate projections under assump- 
tions differing from the base case. These projections 
are intended to illustrate potential outcomes and 
trends. 

. Most of the projections are provided at 
' - level. Some results are described at the level of the 
! Federal Regions, but these projections are inherently 

more uncertain than those at the national level because 
of a lower level of aggregation for each fuel and sector 
(Appendix C). 

The base case, also known as the 
growth case, incorporates explicit assumptions about 
economic growth and world oil prices-as well as im- 

assumptions embodied in the I representation of 
ectric utility industry and related energy markets. 
g economic growth is expected to continue 

through 1995 although the economic expansion is ex- 

d in this report because .the 
impact of lower and higher prices on utility oil and 
natura1,gas use is almost negligible, as utilities have 
shifted away from these fuels since the oil embargo in 
1973. . 

The results of the projections can be particularly sensi- 
tive to the input assumptions, but several general trends 
emerge from the base case and sensitivity cases. The 
recent upturn in electricity demand growth is expected 
to continue during the forecast period. Although the 
projected growth rate d& not approach the rates 
observed during the 1960's-and early 1970's, electricity 
demand is expected to grow more rapidly than in the 
decade following the embargo, The electricity demand 
growth'is expected to exceed the GNP growth during 
the forecast period Wause consumers prefer electrici- 
ty ovei other energy sources. The projected relation- 
ship between electricity demand and GNP is similar 
to the pattern bbserved prior to 1980, but it represents 
a reversal of the trend that has occurred in the 1980's. 

Electricity has become an increasingly important ener- 
gy source over time, and this trend is reinforced by real 
electricity prices that are expected to remain stable or 
even to decline slightly through 1995. This projected 
price path for electricity is based on assumptions of 
stable or declining fuel costs in the early years and 

sion programs h - the  later 

are projected to be adequate 
period, although difficulties in meet- 
s could occur if economic growth 
y demand growth that is higher than 

ed, or if unanticipated delays and cancellations 
capacity occur. The shift away from 
ral gas is projected to continue as 

new nuclear and coal-fired capacity, which account for 
almost 90 percent of the scheduled capacity additions 
during the forecast period, become available. Investor- 
owned utilities are expected to continue to dominate 
electric utility capacity, generation, sales, and revenue 
as they control more than 70 percent of the scheduled 
capacity increases during 1985-1995. 

pected to occur at a slbwer 

base case also assumes 

tions under low, high, and base case economic growth 
assumptions. Although world oil prices are surrounded 
by considerable uncertainty, no alternative oil price 

- 1  ~ .I. 
. #  

$'Energy Information Administration, Annual Energv Outlook 1984, p. 7. 
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Base Case 

Demand 

Although the GNP growth rate has exceeded the elec- 
tricity demand growth rate in the early 198O's, this 
trend is expected to be reversed during the forecast 
period. Electricity demand is projected to increase by 
3.4 percent per year between 1985 and 1990, compared 
to an assumed growth rate in GNP of 3.1 percent per 
year. For 1991 through 1995, electricity demand is 
expected to grow by 3.1 percent per year as the growth 
rate in GNP slows to 2.3 percent per year. Electricity, 
as a share of total end-use energy consumption, is pro- 
jected to be 14 percent in 1985,15 percent in 1990, and 
17 percent in 1995 (Table 5). 

Historically, the industrial sector has been the largest 
consumer of electricity. This trend is expected to con- 
tinue as industrial demand for electricity is projected 
to increase from about 35 percent of total end-use 
electricity demand in 1985 to 39 percent in 1995. The 
distribution of electricity consumption among the end- 
use sectors is not expected to change significantly dur- 
ing the forecast period. Residential and commercial 
electricity demand is projected to increase absolutely 
during the forecast period, but the growth is expected 
to be less rapid than in the industrial sector, and the 
respective shares could decline slightly. The residential 
share is projected to account for about 34 percent of 
the total electricity demand in 1985 and to fall to about 
32 percent in 1995, while the commercial share is ex- 
pected to be about 31 percent in 1985 and 30 percent 
in 1995. 

Despite the projected decline in the residential and 
commercial shares of total electricity demand, elqric- 
ity is expected to be an increasingly important energy 
source in both sectors. Electricity is expected to ac- 
count for nearly all the projected increase in residential 
energy consumption over the forecast period. Electric- 
ity, as a percentage of total commercial energy de- 
mand, is projected to increase to 39 percent in 1985 and 
44 percent in 1995. 

The electricity demand growth is expected to have 
considerable regional variation. The average annual 
growth rate between 1985 and 1995 is projected to 
range from 2.1 percent in the New York/New Jersey 
Region to 3.9 percent in the Northwest Region 
(Appendix C). The South Atlantic, Southwest, North 
Central and West Regions are also expected to have 
demand growth rates above the national average. 

Generating Capacity 

Completion dates for new generating capacity are 
based on data reported by utilities. All new nonnuclear 
units are assumed to begin operation as currently 
scheduled. Some projected nuclear units that have ex- 
perienced construction stoppages or severe fmancial 
difficulties are assumed to be delayed beyond the utili- 
ty estimates. It is assumed that all new units currently 
projected by utilities will be completed and will enter 
the ratebase. 

It is assumed that licensing and construction take about 
3 years for a turbine, 5 years for a hydroelectric unit, 
8 years for a coal-fired steam plant, and 10 to 15 years 

Table 5. Total End-Use Energy Consumptlon and Electricity 
Sales, Selected Years 
(Quadrillion Btu per Year) 

Sector 
Middle Economic 

Growth Case History 

1973 I 1978 I 1983 I 1984 1985 I 1990 I 1995 

End-Use Energy Consumption' 
Residential 
Com~rc ia l  
Industrial 
Transportation 

Total End-Use Consumption 

Electricity Sales by End-Use Sector 
Residential 
Commercial/OtheP 
Industrial 

Total Electricity Sales 

9.89 9.99 8.58 8.58 8.97 9.42 9.55 
5.88 8.04 5.65 5.90 6.24 6.93 7.30 

25.93 24.66 19.56 21.15 22.19 25.35 27.01 
18.58 20.57 19.12 19.84 19.18 19.24 20.08 
60.28 61.25 52.91 55.46 56.58 60.93 63.94 

1.98 2.30 2.56 2.66 2.88 3.01 3.43 
1.53 1.82 2.13 2.25 2.46 2.82 3.21 
2.34 2.76 2.65 2.87 2.78 3.51 4.22 
5.84 6.89 7.34 7.79 7.92 9.34 10.86 

' Include electricity sales but not electrical energy losses. 
Other includes street lighting and the transportation sector. Transportation electricity use accounts for about 0.01 quadrillion Btu 

per year. 

1984 (March 1985). .Projected consumption data are from the Energy Information Administration, Annual Energy Outlook 1984 
(January 1985). 

Note: Totals may not equal sum of components because of independent rounding. 
Soums: .Historical consumption data are based on the Energy Information Administration, Monthly Energy Review, December 
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for a nuclear unit. Because of long leadtimes, all- of the 
nuclear units and most of the coal-fired plants expected 
to bd completed during the forecast period are already 
under construction. Some coal-fired units beyond 
those currently planned could begin operation by 1995 
if the orders are placed very early in the forecast period 
and no delays occur. Hydroelectric capacity additions 
are assumed to be limited to re 

Capacity additions total 
jected capacity additions incl 
60 gigawatts from 1986 
from 1991 through 19 
turbines wd hydroele 
added during the forecast period, projected coal-fired 
and nuclear units account for about 88 perce'nt of these 
capacity additions. Significant nuclear capacity is pro- 
jected to be added through 
ing off thereafter. 

Total generating capacity, e 
ly out of service or in inactive reserve, is expected to 
increase from 664 gigawatts at the end of 1984 to 792 
gigawatts at the end of 1995-an average increase of 
1.6 percent per year. Capacity additions are projected 
to decline considerably during the latter half of this 
period. From 1985 through 1990, the projected aver- 
age annual rate of capacity growth is 2.0 percent. From 
1991 through 1995, the corresponding growth rate is 
projected to be 1.2 percent, the lowest sustained capac- 
it$ growth since the early 1930's. Projected capacity 
additions include 10 gigawatts not currently planned 
or under construction that are expected to be required 
by 1995 to meet the projected level of electricity de- 

clude some coal-fired 

steam capacity but is expected to consist primarily of 
gas turbines, which have relatively short construction 
periods and require much less capital than other types 
of generating capacity. 

Reliability problems could occur in the 1990's in light 
of the continued absence of new construction an- 
nouncements and the projections that electricity de- 
mand will grow faster than the additions of new gener- 
ating equipment. Consequently, utilities are projected 
to have less unused capacity relative to demand, there 
by reducing their ability to respond to unexpected 
demands or equipment downtime. 

everity of the reliability problems 
electricity demand growth and the 

s actually brought into service, and 
considerably by region (Appen- 
of electricity supply is projected 
e forecast period in all regions 

because the projected growth in demand is expected 
to exceed the corresponding growth in generating ca- 
pacity. Particular areas of concern are the West and 
Northwest Regions, which are expected to require 
additional generating capacity by I 1995 beyond that 
currently planned by utilities. In both regions, the pro- 
jected growth rate for electricity demand is consider- 
ably higher than the expected growth rate for generat- 
b g  capacity. Because of its reliance on hydroelectric 
power, the Northwest could also experience reliability 
difficulties if adverse water conditions occur, such as 
drought. However, capacity shortages could also be 
mitigated by conservation, load management, electrici- 
ty imports, or contributions to electricity supply from 
noncentral-station sources. Noncentral- station sources 

~ 

d. This capacity 

Table 6. Electric Utility Capacity and Generation 

Capacily and Generatio 

,206 2,310 
~ ~~ 

Historical data for nameplate capacity include capacity out of service or in inactive reserve; projected capacity data exclude 
capacity out of service; IX in inactive reserve, which totals about 9 gigawatts. 

wood, waste, solar energy, and wind. 

jected data dre from the Energy Information Administration, Annual Energy Outlook IS84 (January 1985). 

This category includes other renewable sources such as geothermal power, wood, waste, solar energy, and wind. 
this category includes conventional and pumped storage hydropower and other renewable sources such as geothermal power, 

Note: Totals may not equal sum of components 
Sources: Historical data are based on the Energy Information Administration, Annual Ene 

se of independent rounding. 
Revlew 1984 (April 1985). Pro- 
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Figure 7. Sources of Electricity Supply, 1970-1995 
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Note: “Other” includes renewable resources such as geothermal, wood, waste, solar, and wind. 
Source: Energy Information Administration, Annual Energy Outlook 7984 (January 1983, p. 40. 

are considered to be plants not owned or operated by 
electric utilities. 

Net imports of electric power to the United States from 
Canada and Mexico are assumed to rise from 1.6 per- 
cent of U.S. generation in 1985 to 2.3 percent by 1990. 
This projection assumes that electricity imports to the 
United States will continue to grow to supplement 
domestic production, with Canada being the major 
source of these imports. Net electricity imports (in 
fossil-fuel equivalents) are projected to grow from 0.4 
quadrillion Btu in 1985 to 0.7 quadrillion Btu in 1990. 
In the post-1990 period, net imports are projected to 
remain nearly constant. These projections are predicat- 
ed on the carrying capacity of existing and planned 
transmission lines and utility contracts, and they as- 
sume that both Mexico and Canada will remain net 
exporters to the United States. 

Other means of meeting projected electricity require- 
ments, such as conservation, load management, and 
noncentral generation, are not explicitly represented 
in the projections. Technology -driven conservation or 
enhanced load management would reduce the quantity 
of electricity demand without diminishing energy 
services operated by regulated utilities. Such facilities, 
which include cogenerators and small power produc- 
ers, are encouraged by the Public Utilities Regulatory 
Policies Act of 1978 (P.L. 95-617) to produce and sell 
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electric power to improve overall energy production 
efficiency. Noncentral generating stations would in- 
crease the available supply of electric power. 

Electric Utility Fuel Use 

Major changes in the fuels used to generate electricity 
have occurred since the 1973 oil embargo. Utilities 
instituted programs to use less expensive coal and nu- 
clear fuels to decrease dependence on more expensive 
oil and natural gas (Figure 7). Over the forecastperiod, 
coal-fired and nuclear power plants are projected to 
be the principal sources of electricity generation. By 
1990, electricity from coal is expected to constitute 55 
percent of total generation, about the same as its cur- 
rent share, while nuclear-powered generation is pro- 
jected to grow from 15 percent of total generation in 
1985 to 20 percent in 1990. The share of electricity 
from oil and gas is expected to decline and supply only 
16 percent of total output in 1985 and 15 percent in 1990 
although total oil and gas consumption increase abso- 
lutely over this period. The shares of generation from 
hydroelectric power and other s 
to decline over the forecast pe 
slower projected rates of capacity growth. 
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In contrast, oil- and gas-fired generation is expected 
to increase in relative importance after 1990. Although 
the ,share of total electricity produced by coal-fired 
generation could increase slightly as more 
begin operation, the proportion of electricit 
by nuclear plants is expected to decline by about 1 
percentage point between 1990 and 1995 because of 
the tapering off of nuclear capacity additions. To com- 
pensate for this decline and the continued decrease in 
the share of generation from hydroelktric and other 
plants, oil- and gas-fired generahon is expected to in- 
crease slightly to about 16 perce 

Current regional fuel consumpt 
exlkcted to change dramatically during the forecast 
period because the projected slowdown in capacity 
additions is expected to result in a greater reliance on 
existing capacity. Throughout the forecast period, oil- 
fired generation is expected to account for the largest 
share of total generation in the New England and New 
York/New Jersey Regions (Appendix C). Gas-fired 
generation is expected to continue to be most prevalent 
in the Southwest and West Regions. 

Electricity Prices 

The real price of electricity is expected to decline 
slightly over the forecast period, at a rate of about 0.2 
percent per year from 1985 to 1990 and 0.4 percent per 
year from 1990 to 1995 (Table 7). 

The projected price patterns are primarily a result of 
the interaction between capital and fuel costs. The 
projected slowdown in new power plant construction 
is expected to result in a lower growth rate for generat- 
ing capacity than for electricity demand, thereby re- 
ducing the capital cost per unit output, especially in 
the later years of the forecast period. Higher utility fuel 

and increased consumption of oil and gas are not ex- 
pected to offset the projected declines in capital costs. 

The real p lectricity also declined in the 1960's, 
but this d resulted from declines in both the 
capital and fuel cost components. However, the histori- 
cal decrease in capital costs was due to economies of 
scale in the design of power plants rather than a slow- 
down in new plant construction. The decline in utility 
fuel costs observed in the 1960's resulted from falling 
fuel prices and improved plant efficiencies. 

the real price of electricity, at the national 
level, is expected to decrease between 1985 and 1995, 
it is projected to increase slightly in the New England, 
Southwest, West, and Northwest Regions (Appendix 
C). In each of these regions, the projected decrease in 
the capital cost component is not expected to be 
sufficient to offset the increase in fuel costs. The real 
price of electricity is projected to vary widely among 
regions. Throughout the forecast period, the electricity 
price in the Northwest Region, which is dominated by 
publicly owned hydroelectric plants, is expected to be 
less than half the prices in the New England and New 
York/New Jersey Regions, which are projected to 
have the largest shares of oil-fired generation. 

Sensitivities 

Some of the factors likely to have the greatest impact 
on the outlook for electric power are also surrounded 
by the greatest uncertainty. Of particular importance 
are the effects of changes b economic growth and 
generating capacity growth rate assumptions on elec- 
tricity supply, demand, and prices. Alternate outcomes 
based on low and high economic growth, reduced 
nuclear and coal-fired generating additions, and chang- 
es in the level of economic growth coupled with re- 

capacity additions are examined and compared 

The operation and maintenance (O&M) component includes all nonfuel costs necessary to operate and maintain generation, transmission. 

All prices are from model simulations and represent average revenue per kilowatthour of demand for the total electric utility Industry. 
and distribution capacity used to deliver electricity to end-use sectors. 

Revenue requirements are projected from the financial information contained on the Federal Energy Regulatory Commission FERC Form 1, 
"Annual Report of Major Electric Utilities, Licensees, and OtherS' and on the Energy Information Administration Form EIA412,"Annual Report of 
Public Electric Utilities," and predecessor forms. 

Note: Totals may not equal sum of ComEnents because of independent rounding. 
Source: Energy Information Administration. Annual Energy Outlook 1984 (J 
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to the base case. In each alternate case, individual as- 
sumptions pertaining to the sensitivity are varied while 
all others remain unchanged from the base case. 

Economic Uncertainty 

Economic growth is one of the most important factors 
determining energy consumption. The net effect of 
higher economic growth is to increase energy con- 
sumption. In periods of high economic growth, con- 
sumers purchase more goods and services, including 
energy for use in equipment such as highway vehicles 
and consumer appliances. The overall increase in ener- 
gy demand resulting from higher economic'growth is 
dampened, however, as energy prices are bid up in 
response to the higher levels of energy consumption. 
At higher energy prices, the cost of the higher energy- 
using services increase, and consumers reduce energy 
consumption. In addition, higher economic growth 
tends to accelerate improvements in the average effi- 
ciency of energy-using equipment, because the average 
age of such equipment declines as more new equipment 
is purchased. 

Although electricity demand growth tends to be high- 
, er in periods of strong economic growth, the relation- 
.ship between the two has varied widely. Historically, 
the electricity demand growth rate has generally ex- 
ceeded the GNP growth rate, but the ratio has been 
declining in recent years. In the 1950's, electricity de- 
mand grew at a rate of 9.8 percent per year,s6 while 
,real GNP grew at a rate of 3.9 percent per year.s7 From 
*e1960 until the Arab oil embargo at the end of 1973, the 
electricity demand growth rates averaged 7.2 percent 

e', per year, but the GNP growth rate rose slightly to 4.0 
',percent per year. 

Since the oil embargo, the average annual growth rates 
for both electricity demand and real GNP have de- 
clined considerably. Between 1973 and 1980, the aver- 
age annual growth rates for electricity demand and 
GNP were 2.9 percent and 2.3 percent, respectively. 
For 1981-1984, the historical trend was reversed, as the 
GNP growth rate of 2.7 percent per year exceeded the 
electricity demand growth rate of 2.2 percent per year. 

The decline in demand growth over the past decade, 
coupled with escalating construction costs, interest 
rates, and fuel prices, has contributed to many of the 
trends and difficulties currently confronting the elec- 
tric utility industry. The low demand growth has exert- 
ed upward pressure on electricity prices, because the 
rising fixed costs resulting from the completion of new 
plants with higher per-unit costs had to be distributed 
among smaller electricity sales. The low demand 
growth and completion of new plants also led to an 
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excess of generating capacity, which resulted in post- 
ponements and cancellations of other new plants in 
various stages of construction and licensing. However, 
a benefit of lower demand growth has been lower 
utility consumption of expensive oil and natural gas, 
the marginal fuels for electricity generation. 

The rate of growth of electricity demand, a major 
source of uncertainty confronting the electric utility 
industry, has a significant role in utility decision- 
making, as it influences electricity production, the type 
and quantity of fuel consumed, capacity expansion, 
reliability, financing, and end-use electricity prices. 
The effects of various levels of economic activity on 
electricity demand are examined in the low, middle 
(base case), and high economic growth cases. Between 
1985 and 1995, real GNP is assumed to grow by an 
average of 2.O.percent per year in the low case, 2.7 
percent per year in the middle case, and 3.4 percent 
per year in the high case. The average annual rates of 
electricity growth during the forecast period in these 
cases are 2.7 percent, 3.2 percent, and 3.8 percent, 
respectively. The end-use consumption of electricity 
for each of these cases is dominated by growth in the 
industrial sector (Figure 8). 

Higher growth rates of electricity demand increase the 
total available capacity required to ensure reliable elec- 
tricity supplies. Across all economic growth scenarios, 
capacity additions above those currently planned are 
required to meet demand levels ranging from 3 
gigawatts in the low economic growth case to 24 
gigawatts in the high economic growth case. 

In all three economic growth scenarios, coal-fired and 
nuclear plants are projected to supply most of the elec- 
tricity (Figure 9). Because of low operating costs, nu- 
clear plants are expected to operate at their assumed 
maximum rates, and total nuclear production is pro- 
jected to remain constant across the economic scenari- 
os. The share of total generation provided by nuclear 
power is projected to grow substantially in the base 
case, increasing from 13 percent of total generation in 
1983 to over 19 percent in 1995 as new nuclear power 
facilities are completed. The nuclear share of total 
generation in 1995 ranges from 20 percent in the low 
economic growth case to 18 percent in the high eco- 
nomic growth case. Total coal-fired generation in 1995 
is projected to increase by about 9 percent between 
the low and high economic growth cases. However, 
the corresponding increase in total generation is pro- 
jected to be about 12 percent, so that the share of total 
generation in 1995 supplied by coal-fired plants is pro- 
jected to fall from 56 to 55 percent between the low 
and high economic growth cases. 

Because existing oil- and gas-fred plants have the high- 
est operating costs, they are used to meet the electricity 
demand that cannot be satisfied by nuclear, coal-fned, 

%nergy Information Administration, Annuul Energv Review 1983, DOE/EIA-O384(83) (Washington, DC, April 1984), p. 197. 

s7cOuncil of Economic Advisors, Economic Report of the h i d e n t  (Washington, DC, 1985). 
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Figure 8. End-Use Electricity Consumption: Comparison of Economic Growth 
Scenarios, Selected Years n 
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tion Administration, Annual Enefgy,Ou 

tric plants. Since the demand growth over 
the forecast horizon is projected to exceed the planned 
capacity additions, even in the low economic growth 
case, utility consumption of oil and natural gas is pro- 
jected to increase absolutely across all economic 

wth cases compared to 1984 levels. In 1995, t 
and gas-fired generation is projected to increase 

about 50 percent between the low and high cases, and 

fric Power Monthly (February 1985), p. 39; Projections: Energy 
(January 1985), p. 149. 

(O&M) cost could also decrease as demand increases 
because the share of electricity produced by oil- and 
gas-fired plants, which have relativelylow O&M costs 
compared to -coal-fired and nuclear plants, is expected 
to rise. However, the per-unit increase in fuel costs is 

gigawatts in'the low economic growth case to 24 
gigawatts in the high economic growth case. In the 
base case, currently planned capacity additions were 
expected to meet the demand growth during the entire 

except in the West and Northwest Re- 
high economic growth case, the New 
hwest, and Central Regions are also pro- 

tial capadty shortages. The need 
capacity additions could be 

d by conservation, greater electricity 
imports, or production from sources other than the 
domestic supplies included in these projections. , 

the low and high economic growth cases because utili- 
ty consumption of expensive oil increases 
increases. In 1995, electricity prices could 
percent higher in the high economic growth 
in the low economic growth case (Table 8). 
capital expenditures are expected to increase wi 
mand, the capital cost per unit output cou 
because the higher costs are spread over a larger base 
of sales. The per-unit operation and m 
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Figure 9. Projected Sources of Electrical Supply: Comparison of Economic Growth 

LOW 
Cost 
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_ -  
Scenarios, Selected Years 
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Note: “Other” includes renewable resources such as geothermal, wood, waste, solar, and wind. 
h m e :  Energy Information Administration; Annual Energy Outlook 7984 (January 19851, P.150. 

coal-fired capacity, representing about 88 percent of 
the projected capacity additions during this period. 
The remaining capacity additions are gas- and oil-fired 
turbines, pumped storage, conventional hydroelectric, 
and other capacity. 

Reduced Generating Capacity 
Additions 

Unanticipated reductions in electricity demand growth 
or unexpected fmancial difficulties could result in the 
cancellation of some of the projected capacity addi- 
tions included in the base case. The “reduced capacity 
additions” case examines the impact on electricity sup- 
ply, assuming that some of the projected capacity addi- 
tions will be canceled. In the base case, 106 gigawatts 
of net capacity are projected to be added between the 
end of 1985 and the end of 1995. These plants include 
36 gigawatts of nuclear capacity and 57 gigawatts of 

In the reduced capacity additions case, assumed nucle- 
ar plant cancellations include those units that are cur- 
rently less than 40 percent complete, or are experiac- 
ing severe financial difficulties, or where construction 
work at the site has stopped. Under these assumptions, 
nuclear capacity would be 77 gigawatts in 1985, com- 
pared to 80 gigawatts in the base case; in 1990, capacity 
would be 104 gigawatts, compared to 110 gigawatts 
in the base case; and by 1995,105 gigawatts rather than 

Total Electridty Price 61 .O 62.4 65.0 

Source: Energy Information Administration, Annual Energy Outlook 1984 (January 1965). 
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and coal-fired plants could be produced instead by 
other new plants that were not projected to be built 
in the base case, or by existing capacity that was pro- 
jected to be unused in the base case. Oil- and gas-fired 
units are generally the marginal sources of electricity 
supply because they use the most expensive fuels. The 

case is the same as in the base case, cancel- 
kanned coal and nuclear 

mands and equipment problems. In the reduced qpaci- 
tjl additions case,' 14 gigawatts of capacity currently 
neither planned nor under construction by utilities will 
be needed bv 1995 to ensure adeauate electricitv SUD- 

tions, which determine 
plants are allowed to generate electricity. Capacity 
utilization for both coal-fired and nuclear plants is pro- 
jected to increase significantly between :1983 and 1995 
despite the aging of the capital stock. The total systerfi 

j . '  utilization rate is projected to grow from 41 percent 
in 1983 .to 49 percent in 1995 in the base case. Many 
individual coal-fired and nuclear plants are currently 
operated at or above the level projected for 1995. High 
utilization rates are evident today in regions dependent 
on other more 'expensive fuels for electricity genera- 
tion. For example, in New England the average utiliza- 
tion .rate for coal-fned plants was 84 percent in 5983 
while the average utilization rate for nuclear plants was 
67 percept.s* Nuclear and coal-fired plants are project- 

could have coal plants that do not operate continuously 
because the demand is not expected'to require full 

all coal capacity. In the reduced capacity 
additions case, cancellations could decrease the avd-  
able coal and nuclear capacity by about 3 percent in 
1995. However, the accompanying decline in nuclear 
and coal-fired generation is projected to be only about 
2 percent; the l&s of this generating capability could 
be partially offset by increases in the utiliition of the 
remaining coal-fired plants, and by other new coal- 
fired plants projected to be built to replace some of the 
canceled nuclear and coal-fired plants. 

I itions case, the share of 
total generation in 1995 produced by oil- and gas-fired 
plants is expected to increase to replace generation not 
available from coal-fned and nuclear plants. Total oil- 
and gas-fired generation could increase by about 10 
percent in this case. The projected increased utilization 
of oil- and gas-fired plants could increase the real price 
of electricity in 1995 by about 0.7 percent from the 
base-Fe level. The relatively small increase in price 
is expected to occur because the capital and O&Mcosts 
are projected to be lower than in the base case. The 
capital costs are expected to decline because of lower 
capital expenditures resulting from the scaled-back 
construction plans. The decrease in O&M costs could 
oc~ur~because oil- and gas-fired plants have lower 
Q&M costs than coal-fired and nuclear units. The sum 
of these cost reductions would be more than offset by 
the increase in fuel costs. 

. 

national level, the aggregate projections of elec- 
y generation for the reduced capacity additions 

case are similar to the base case. However, the project- 
ed impacts have wide regional variations. For instance 
the South Atlantic could actually experience a slight 
decrease in electricity prices, compared to the base 
eke, because it is projected to have unused coal-fried 
capacity that could replace some or all of the canceled 
capacity. The resulting increase in fuel costs could be 
relatively small compared to the decrease in capital 
costs. Conversely, some areas, particularly the New 
England, New York/New 'Jersey, Southwest, West., 
and Northwest Regions are expected to have reliability. 

riCes' if some of the planned coal- 
additions are canceled. 

ected to compensate for the 
on existing oil- &d gas- 

dditional capacity that is 

ed io continue to produce most of .the electricity & the 
United States.'In the base+me, nuclear and coal-fired 
generation is expected to supply about 75 percent of 
the total elkctricity in -1995, compared to 67 .percent 

and nuclear .plant capacity data are shown in Energy Information Administration, Inventoy of Powrplants in fhe United States 1983. 

(1) 
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Reduced Capacity Additions 
~ pled' Wifh Low/Hlgh Demand 

y in the growth rate of 
importance of demand in 

capacity expansion decisions, a range of implications 
of reduced capacity additions can be observed by com- 
bining the electricity demand growth rates for both the 
low and high economic growth cases with the cancel- 
lation of nuclear and coal-fired plant additions. At lev- 
els of higher demand, lower capacity could have a 
proportionately greater effect on electricity supply, 
prices, and reliability. The ability of the electric utility 
industry to compensate for capacity reductions could 
decrease as demand increases, because there would be 
less underutiliied capacity available to produce addi- 
tional electricity. Gas- and oil-fired plants would have 
to supply electricity at higher prices than those 
charged by utilities with new coal-fired and nuclear 
plants. 

In the low economic growth case with reduced capaci- 
ty additions, coal-fired generation could increase 
slightly by 1995, as some regions have existing coal- 
fired plants that are not projected to operate at their 
maximum levels and could more than offset the loss 
-of the canceled coal-fired plants. In 1995, the rest of 
the electricity that would have been produced by the 
, canceled plants is expected to be supplied by existing 
oil- and gas-fired plants, resulting in an 1 1-percent in- 
crease (about 50 billion kilowatthours) in utility oil- 
and gas-fwed generation compared to the low econom- 
ic growth case without reduced capacity additions. 

e high economic growth case, the available coal- 
units are already projected to be operating near 
maximum rates, and the additional electricity that 
be produced by these plants could only partially 

offset the electricity that could have been provided by 
the canceled coal-fired plants. The rest of the canceled 
coal-fired and nuclear plants could be replaced by 
existing oil- and gas-fired plants or new plants that are 
not currently scheduled to be built. If some new coal- 
fired plants are built, total 1995 coal-fired generation 
could increase slightly, and the increase in oil- and 
gas-fired generation could be about the same as in the 
low economic growth case. Otherwise, the increase in 
oil and gas use by utilities could be substantially higher. 

Because there is projected to be more unused capacity 
in the low economic growth case than in the high 
economic growth case, the impact of the cancellations 
on the ability of the industry to provide reliable elec- 
tricity supplies would increase as the electricity de- 
mand increases. In the low economic growth case, 
about 2 gigawatts of the canceled capacity would have 
to be replaced, by either unplanned capacity additions, 
conservation, cogeneration, electricity imports, or effi- 
ciency improvements. In the high economic growth 
case, about 8 gigawatts of the canceled capacity would 
have to be replaced. 

36 

The increase in electricity prices between 1985 and 
1995 caused by the reduced capacity additions is pa& 
jected to range from 0.3 percent in the low economic 
growth case to 1.0 pe the high economic 
growth case. In both c apital and O&M cost 
components are projected to decrease because of the 
canceled nuclear and coal-fired plants, which have 
relatively high capital and O&M 

e in fuel costs, particular1 
ed to be large enough to outweigh the decline 

in capital and O&M costs. 

, -  

Summary 

The projections described in this chapter are based on 
assumptions about whether past relationships can be 
expected to conti or change and are designed to 
illustrate possible re trends. They are not intended 
to represent a comprehensive set of outcomes; rather, 
they are designed to illustrate that there is uncertainty 
associated with some of the underl$ng 
economic growth and cap 
outcomes are likely if the underlying factors are 
changed. 

The projected trends for electricity de 
and supply indicate that the forecast period will be 
unlike any era in the history of the electric power 
industry. The growth rate of electricity demand is not 
expected to approach the robust levels observed prior 
to the Arab oil embargo; nor is it expected to decline 
rapidly as it did in the postembargo period. The real 
price of electricity is expected to be relatively stable, 
characterized by small increases and decreases instead 
of the steady decline that occurred before the embargo 
or the comparatively large increases that have oc- 
curred since the embargo. The projected economic 
conditions and electricity demand growth seem likely 
to result in fewer delays and cancellations than in the 
late 1970's and early 1980's, yet the expected capacity 
growth rate is much lower than in any historical peri- 
od, including the postembargo era. 

During the forecast period, the relationship between 
the expected growth rates for klectricity demand and 
generating capacity is primarily responsible for many 
of the projected trends. Most regions are expected to 
have adequate supplies of electricity through 1995 be- 
cause they have sufficient existing capacity to meet the 
incremental electricity that cannot be provided by new 
capacity. The increasing reliance on existing units is 
expected to result in higher consumption of oil and 
natural gas by utilities. However, there is some uncer- 
tainty whether aging existing units 
ly characterized by lower operat 
er O&M costs, and higher outage rates, could provide 
an increasing share of the total electricity: If not, the 
need for capacity additions would be further increased. 
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The impact of dwindling capacity expansion programs 
may not be fully realized until the post-1995 period. 
If the electricity demand growth continues to exceed 
the growth in generating capacity, a trend that is ex- 
pected to intensify after 1990, all regions could experi- 
ence considerable difficulty providing reliable and 
economical electricity supplies. 

In addition to supply adequacy, the aging of existing 
capacity, and an increasing dependence on oil- and 

gas-fired plants, other areas of concern include: the 
financial condition of electric utilities, environmental 
and safety concerns, and the role of nuclear power. 
Each of these issues contributes to the uncertainty 
about the outlook for electric power and could be 
afTected by factors that have not been discussed in this 
chapter. The next chapter addresses some of these fac- 
tors and their potential impacts. 
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ncreased bulk power trans- 

baseload coal-fired or nuclear generating capacity than 
they currently need, other utilities must either rely on 
expensive oil- or gas-fired generation or build addition- 
a1 new baseload capacity. Increasing transactions be- 
tween utilities could allow more efficient use of exist- 

y 1995 more than 30 percent of the coal-fired steam 
generating capacity in operation in 1984 will be more 
than 30 years old; about one-third of this older capacity 
will be plants of greater than 200 MWcapa~ity.~~ With 
the expected construction cost of new coal-fired capac- 
ity well over $1,200 per kilowatt@ compared to antici- 
pated renovation costs of less than one-half that 
amount, utilities are increasingly interested in extend- 
ing the life of older units by another 20 to 30 years. 
Utilities are dso investigating life extension programs 
for hydroelectric, oil-, and gas-fired and other power 
plants. Older plants can be refurbished in about 2 y k ,  
while 6 to 8 years are needed to license and'construct 
a new plant. Life extension (refurbishment) of older 
power plants rather than new construction could be 
an attractive option 

Plant life extension w reexamination of 
overall utility system needs and involve a thorough 
review of plant design, equipment, performance, and 
operating and maint prgcedpres, all subject to 
cost-benefit analysis ultant life extension pro- 
gram, if chosen, changes -in operations, 
changes in maintenance procedures, or selective re- 
placement of plant components. Replacement may be 

for requiring utilities to wheel (transmit) power from 
competitors to potential customers, particularly if the 

59Energy Information Administration, Generating Unit Reference File (GURF) (Washington, DC). 

60Derived from Energy Information Administration, hjected Costs of Electrici~ fmm Nuclear and Fired Power Phnts, Vol. 1, 
DOE/EIA-0356/1 (Washington, DC, August 1982), p. Xi. 
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Adding hydroelectric plants to existing dams and retrofitting older facilities will contribute to hydroelectric capacity growth over 
the forecast period. 

.chosen either because the existing plant is worn out or 
ecause of the greater efficiency of new equipment. 

New technologies could make the refurbishment op- 
tion technically or economically unfeasible. Possible 
changes in Clean Air Act requirements could necessi- 
tate installation of flue gas desulfurization (FGD) 
equipment in rehrbished power plants, making the life 
extension option less attractive. Furthermore, the life 
extension option has not been demonstrated to be cost- 
effective. Yet, refurbishment may offer utilities oppor- 
tunities to avoid constructing high-cost new capacity 
to meet growing electricity demand. 

bined production of both electric power and heat from 
one energy source. Many industrial processes that use 
heat can also generate electricity; they can produce 
both at lower cost than doing each separately. 
Cogeneration is encouraged by the Public Utility Reg- 
ulatory Policies Act of 1978 (PURPA, P.L. 95-61>, 
which requires utilities to buy the power offered for 
sale by cogenerators. FERC requires-utilities to pur- 
chase power from qualifying cogenerators at mutually 
agreeable prices or at utilities' avoided dosts, that is, 
the energy and capacity costs a utility avoids by pur- 
chasing from the cogenerator. However the cost of 
generating electricity is increasing. 

Possibly as much as 5 to 20 percent of U.S. electricity 
consumption could be supplied by nonutility sources 
by the year 2000.61 However, the development of ex- 
tensive noncentraliized generation depends on many 
other factors, including the level of economic activity, 
relative attractiveness of investment in cogeneration 
and small power facilities, the mix of industrial activity, 
the prices of alternative energy sources, and the h t s  
of additional means of generating 

Cogeneration 

Electricity produced by nonutility cogenerators could 
also reduce theneed for new utility generating capaci- 
ty over the forecast period. Cogeneration is the com- 

61Energy Information Administration, Annual Energy Outlook 1984, DOE/EIA-0383(84) (Washington, DC, 1984), p. 153. 
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ironmental control equipment oc a large part of new coal-fired electricity generating plants. 

greater risk is associa 
nancial costs a Construction Work In Progress 
these two costs are ‘reduced Ad  the financing require- 
ments for a project could beilower. The CWIP method 
offers consumers a “pay as you gb“ policy for new 
construction, by which they’pay now for benefits re- 
ceived later. Current electricity consumers pay for 
plants that will bene 
method represents 
sumers do not pay 

owing u 
construction in the current price of electricity could 
reduce electricity prices in the longer run. Under cur- 
rent regulatory practice, the carrying charges incurred 
during utility construction are capitalized for later re- 
covery from ratepayers during a plant’s operating life. 
The practice of deferring recovery is known as the 
AFUDC method, that is, allowance fo 
during construction. An alternative meth 
ery is to include the cost of construction work in pro- 
gress (CWIP) in the current rate base, thereby passing 
these carrying costs to current ratepayers. Under 

as done in the AFUDC method, increases the costs of 
new facilities and causes two problems for utilities: 
first, the growth of unrecovered financial costs means 
that greater debt is acquired; and second, because 

Current regulato 
among the individual States. Generally, States allow 
a small percentage of CWIP accounts to enter the rate 
base. The FERC may permit up ‘to 50 percent of financ- 

tion of new generating capacity in the future. “Rate 
shock” refers to the large increases in electricity prices 

62Energy Information Administration, Annual Energv Outlook 1984, pp. 157-159. 
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caused by introducing expensive new capacity into the 
rate base. While rate shock is not a nationwide phe- 
nomenon, some utilities completing or contemplating 
high cost new construction could experience negative 
consequences. Rate shock could result in decreases in 

, including loss of major indus- 
trial customers. On the other hkd,  public utility com- 
missions (PUC's) could disallow some construction 
costs from the rate base or delay full recovery of these 
costs. Both decreases in el+ricity consumption and 
PUC disallowances would penalize electric utility in- 
vestors and could result in utilities facing increasing 
difficulties in raising investment capital. 

ral Tax Law 

law, if implemented, could 
affect electric utilitik si@ficantly. A revision pro- 
posed by the Department of the Treasury would re- 
duce the corporate tax rate, allow a 10-percent tax 
deduction for dividend payments, and shorten depreci- 
ation ~chedules.6~ At the same time, the proposed revi- 
sion would eliminate the investment tax credit, require 
amortization of currently expensed interest costs in- 
curred during construction, require repayment of tax 
benefits associated with the accelerated cost recovery 
system (ACRS) for depreciation, and impose a mini- 
mum corporation income tax of 20 percent. Overall it 
is believed that the proposal would lower most utilities' 
Federal tax liabilities and lower electricity prices to 
ratepayers. However, it could also reduce the cash 
flow to electric utilities and negatively affect the fman- 
cial condition of investor-owned utilities. 

The effects of the proposal on cash flow would result 
from the elimination of the investment tax credit, lower 
tax rates, and from repayments of depreciation bene- 
fits. Removal of the investment tax credit would deny 
a source of cash to utilities, since current tax benefits 
are retained by the' utilities in deferred tax accounts. 
Ratepayers recover these tax benefits through lower 
rates over the long run. Similarly, repayment of ACRS 
depreciation benefits reduces the deferred tax accounts 
and cash flow. 

Reductions in cash flow could cause difficulties for 
utilities in securing funds at the most favorable rates. 
Lending institutions could perceive greater risk associ- 
ated with utility debt and require higher interest rates 
to compensate e additional risk. These higher 
costs could be on to ratepayers as part of the 
ratemaking process. On the other hand, if electricity 
prices were lower as a result of the legislation, then 
demand for electricity could increase. The magnitude 
of the impacts on electricity prices and cash flow 

63Executive 
1985). 

42 

of the President. The President's Tax Proposals to the 

would depend on both the provisions of the legislation - 
and fut 

1 

sulfur dioxide ( S a  emissions 

cipal source of acid rain in eastern North America and 
southeastern Canada. Numerous proposals to reduce 

roduced in Congress. 
sals typically call for 
electric utility in S a  

emissions from 19801evels (estimated at 16 to 17 million 
tons) early 1990's. Control methods include 
requir to install flue gas desulfurization (FGD) 
equipment or to switch to lower sulfur coal. Some 
proposals dictate only goals; others specify both goals 
and compliance methods. Costs of compliance may be 
borne directly by individ ties' customers or by 
both direct customers 
lation. 

posals studied, electricity prices would be increased 
between 3 and 5 percent, as utilities would spend $10 
billion to $26 billion to install FGD equipment, pay 
higher fuel costs, and incur increased operating and 
maintenance expenditures. Price increases would be 
particularly significant in coal dependent regions 
bordering or east of the Mississippi River. It is likely 
that electricity demand would be reduced as a result 
of the expected higher prices. Depending upon the 
requirements of the specific proposal enacted, coal 
markets could be significantly affected, with low- 
sulfur coal regions of the country gaining if coal 
switching is allowed (Central Appalachia and the 
Northern Great Plains, for example) and less expensive 
high-sulfur coal regions maintaining markets if FGD 
installation becomes mandatory (such as Northern Ap- 
palachia and the Midwest). 

Disposal of Spent Nuclear Fuel 

Problems of disposal of spent nuclear fuel from com- 
mercial power plants could also increase utility costs 
over the forecast period if satisfactory temporary stor- 
age methods are not found. The Nuclear Waste Policy 
Act of 1982 (P.L. 97-425) directs the U.S. Department 

Congress for Fairness, Growth, 
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of Energy (DOE) to develop permanent disposal sites 
for spent fuel from commercial nuclear power plants. 
Thfee potential sites for the first repository have been 
identified and are currently being analyzed: (1) in bed- 
ded salt in Deaf Smith County, Texas; (2) in basalt on 
the Hanford reactor site near Richland, Washington; 
and (3) in volcanic tuff in the Yucca Mountains on the 
boundaries of the Nevada Test Site, in Nevada. Devel- 
opment of permanent disposal sites is not expected to 
influence siting or operations of commercial nuclear 
power plants over the 1985-1995 forecast period. Actu- 
al disposal of spent fuel will not begin until 1998, and 
costs of the disposal program are already being im- 
posed on nuclear power plant operators via a l-mill- 
per-kilowatthour fee for all  electricity generated by 
nuclear plants. 

Until 1998 utilities must be able to store all the spent 
fuel they generate. Some new temporary storage for 
spent nuclear fuels must be found during the forecast 
period, or some individual utilities may face significant- 
ly higher costs. Some utilities' storage pools may reach 
capacity and be unable to accommodate all the spent 
fuel at current operating rates until 1998. These utilities 
would then be forced to develop new pool facilities 
on site, to transport spent fuel to other sites, to develop 
alternative storage techniques (rod consolidation or 
dry storage), seek temporary Federal storage, or cease 
operations altogether. All alternatives appear expen- 
sive. Spent fuel storage pools are very expensive; trans- 

portation is considered hazardous and requires the 
availability of alternate storage facilities; new storage 
technologies, such as dry storage in casks, are not yet 
proven or licensed. Stopping operations implies substi- 
tution of higher cost fossil-fueled electricity for less 
expensive nuclear power. 

Conclusion 

The projections in Chapter 4 assume the continuation 
of recent trends. Chapter 5 presents specific factors 
that may modify these trends over the forecast period. 
In addition, efficiency gains may be found as a result 
of reducing Federal and State regulation of electric 
utilities and by increasing the role of the competitive 
marketplace in guiding electric utility operations. In- 
creased regulatory disallowances of new power plants 
from the rate base as unneeded excess capacity may 
discourage utilities from building new capacity in an- 
ticipation of future demand. Finally, increases in elec- 
tric utility diversification into other fields, such as ener- 
gy development or real estate, may signal reduced 
attractiveness of electric power investment and de- 
creased growth in electric power services. These fac- 
tors, plus many other known, suspected, or yet to be 
discovered, will undoubtedly influence electric power 
over the next decade. 
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Appendix A 

TECHNOLOGIES OF ELECTRIC POWER 
GENERATION 

. ., 

ries of blades mounted on a shaft against which fluids 
are forced, rotating the shaft connected to the genera- 
tor. The turbine converts the kinetic energy of a mov- 
ing fluid (either liquid or  gas) to mechanical energy 
(Figure Al). The fluids most commonly used in tur- 
bines are steam, hot air or combustion products, and 
water. 

Principles of Electric 
Generation 

According to the laws of physics, energy canno 
created or destroyed; it can only be converted from 
one form to another. The conversions needed to yield 
useful energy for any particular application vary with 
the beginning form of energy and the form of energy 
desired. For electricity, present-day technology almost 
always relies on two basic conversion devices: the 
electric generator and the prime mover. 

. >  , .  
The Electric Generator 

The electric generator is a de 
chanical energy to electric 
based on the relationship between magnetism and elec- 
tricity. When a wire or any other electrically conduc- 
tive material moves across a magnetic field, an electric 
current occurs in the wire. The large generators 
by the electric utility industry have a stationary 
ductor. A magnet attached to the end of a rotating s 
is positioned inside a stationary conducting ring that 
is wrapped with a-long, continuatis piece of ’wire. 
When the magnet rotates, it induces-a small electric 
current in each section of wire as it passes. Each section 
of wire constitutes a small, separate electric conductor. 
All the small currents of individual *sections add ’up to 
one current of considerable size. This current is what 
the utility uses to fill the publid’s .demand for electric 
power. .Figure A1 is 
electric generator. 

‘ 

The Prime Mover 

The prime mover is a turbine, engine, waterwheel, or 
other machine that drives the generator. Most prime 
movers producing electricity today are turbines, a se- 

Steam Turbines 

With fossil fuels--coal, for example--the heat produced 
by burning fuels must be transferred to a moving fluid 
that is cleaner than the combustion gases to reduce 
corrosion of the turbine blades. The fluid of choice is 
usually steam. In a steam turbine, the coal or other fuel 
is burned to heat water in a boiler, and the resulting 
steam then turns the blades of the turbine. 

by far the most common-type of 
turbine used in electricity generation; steam turbines 
provide ecotiomical baseload electricity generation. In 
1984, steam turbines produced over 85 percent of the 

Gas Turbhes 

In a gas turbine, combusti 
fuel bums   pass directly through the turbine. .This cy- 
cle, in using combustion gases directly, is fundamental- 
ly different from,that of the steam turbine where the 
combustion heat is transferred to steam, ‘which then 

efficiency than the steam turbine used for baseload 
power. Inefficiency is reduced when the gas turbine 
is coupled with a steam’turbine in a “combined-cycle” 
unit (Figure A2). At about 1,900 degrees Fahrenheit, 
the combustion gases of a gas turbine are much hotter 
than the steam used in a steam turbine (1,OOO degrees 
Fahrenheit). Even after they have passed through the 
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Figure Al .  Coal-Fired Steam Electricity Generation 

Boiler 

Source: Electric Power Research Institute, Electricity, Today’s Technologies, Tomorrow‘s Alternatives (1982), p. 30. 

ese combustion gases are still about 1,OOO 
Fahrenheit. The combined-cycle system 

he hot gases (which have already spun one 
or) into a “waste heat recovery” steam 
they heat water in the boiler tubes to 

steam that can produce electricity by running 
generator. Two generators are able to pro- 

duce electricity from one initial fuel input. 

Hydroelectric Turbines 

Hydroelectric power is the eventual product of a pro- 
cess in which flowing water is used to spin a turbine 
connected to a generator. The two basic types of 
hydroelectric systems are those based on falling water, 
and those based on the natural river current. In the fust 
system (Figure A3), water accumulates in reservoirs 
(or forebays) created by damming natural watercours- 
es. This water then falls through conduits (called 
penstocks) and is pushed against the turbine blades. In 
the second system, called a run-of-the-river system, the 
force of the river current (rather than falling water) 
pushes the turbine blades. Run-of-the-river systems do 
not usually have reservoirs and cannot store substantial 
quantities of water. Power production from these sys- 

seasonal changes and stream flow. 

48 

‘ i  

A third kind of hydroelectric generation is referred to 
as a “pumped storage” system. This method uses elec- 
tricity produced at other baseload generators most 
effciently left running even during off-peak hours to 
pump water from a lower to higher reservoir. Later, 
the water is allowed to flow back down through the 
turbine-generator during periods of high electricity 
demand. In effect, pumped storage systems save a 
portion of surplus electricity produced off peak by 
baseload generators. 

Generating electricity from water power has several 
advantages. The major advantage is that water 
resources are renewable. In addition, because there is 
no fuel combustion, there is little air pollution in com- 
parison with fossil-fuel plants and limited thermal pol- 
lution in comparison with nuclear plants. Like other 
energy sources, hydroelectric generation has its limita- 
tions. These include environmental impacts caused by 
damming rivers and streams, which affects the habitats 
of the local plant, fish, and animal life. 

Wind lurbhes 

Two basic types of wind turbines are on the market 
today--horizontal-axis and vertical-axis turbines. The 
horizontal- axis rotor turbines, with the rotor-shaft axis 
parallel to the ground, is the more prevalent. It consists 
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Turbine 

Exhaust 1 Water Gases 

-*- 
Source: Electric Power Research Institute, Hectrlclty, Today’s Technologies, Tomorrow’s Altefnafives (1982), p. 31. 

of power, the modest capacity of diesel units, together 
wth high fuel costs, remains a drawback for la rge-de  

rotor turbines are characterized 
blades attached to a vertical 

nonrenewable fuels used most often in generating elec- 
, and natural gas-and 

energy necessary to spin the generator 
uction. Diesel generators can be trans- 

ported easily and installed on very short notice. They 
also begin generating power the moment they start, 
which. is ideal for satisfying peak demand. Like gas 
turbines, diesel generators generally supplement large 
baseload units during periods of peak demand. Al- 
though a-number of units can be connected (either 
mechanically or electrically) to provide large blocks 

“fossil” fuels. They 
are the remains of plants and animals that lived on earth 
hundreds of millions of years ago. Fossil fuels are used 
to generate about 75 percent of all the electricity in the 
United States. 
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Figure A3. Hydroelectric Power System With 
Reservoir 

HEAD 

Source: U.S. Department of Energy, Energy Deskbook 

(June 1982), p. 188. 

A modem fossil-fueled steam electric power plant is 
large and complex (Figure Al). A typical large plant 
contains two to four generating units with capacities 
ranging from 30 to 1,300 megawatts per unit. Each 
plant includes fuel-handling facilities, boilers, turbines, 
generators, control stations, and a condensing water 
supply. Where coal is burned, pulverizers, coal stor- 
age, and solid-waste disposal facilities are also required. 
The boiler structures associated with the largest of 
these plants may be 20 stories high; an entire plant, 
including areas for coal storage, ash disposal, and cool- 
ing ponds, may cover several hundred acres. Boilers 
can be designed to bum any combination of these fuels. 

Coal is our most plentiful fossil energy resource. Coal 
is burned primarily in steam turbine baseload plants. 
When coal is delivered to a coal-fired power plant, it 
is first placed in a storage area. When it is needed to 
generate electricity, it is transported to a “crusher,” a 
machine that reduces the size of the coal pieces to an 
average of three-quarters of an inch. Next, the coal is 
transported to a pulverizing mill where it is ground to 
the consistency of fine powder for efficient burning. 
It is then mixed with air and burned in the boiler. The 
heat from the burning coal is transferred to water that 
circulates in a closed cycle in pipes around the boiler, 
changing the water to steam. The steam is used to turn 
the turbine connected to a generator. After passing 
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through the turbine, the steam is condensed to water 
and recirculated to the boiler for further use. 

A device called a “feeder” controls the amount of coal 
that enters the pulverizing mill and the boiler. This 
control is critical in the operation of an electric gener- 
ating unit because the generation of electric energy is 
a matter of rather delicate balance. The coal must 
produce the exact energy needed at a precise time. 
When demand for power increases, the coal feeder 
must let in more fuel. The amount of coal has to be 
matched by an increase in the amount of combustion 
air to produce the right amount of steam. When load 
is being reduced, less coal and air have to be fed into 
the boiler to avoid producing too much heat. 

One problem with coal is that its use adversely affects 
the environment. Surface mines result in huge open 
pits, and the sites must be restored once the mines have 
been exhausted. In addition, burning coal produces 
various emissions, including sulfur dioxide, nitrogen 
oxides, carbon dioxide, and particulates. Processes to 
remove pollutants before combustion or to remove the 
gases and particulates resulting from combustion in- 
crease the cost of using coal. Federal regulations re- 
quire sulfur dioxide scrubbers and extremely efficient 
particulate controls on all new power plants. While 
these two devices are not the only air pollution controls 
installed at power plants, they are the most significant. 
Together, they may add anywhere from 20 to 25 per- 
cent to the cost of building a power plant. 

The control of sulfur emissions from power plants is 
primarily by use of stack gas scrubbers. Stack gas 
scrubbing is a process in which the gases that result 
from coal combustion are passed through tanks con- 
taining a material, such as lime or limestone in a water 
slurry, that captures and neutralizes the sulfur dioxide. 
The sulfurous gases cannot escape into the atmosphere 
because they react with the lime or limestone solution 
to form a thick sludge. Scrubbers clean between 80 and 
90 percent of the sulfur dioxide from flue gases. Partic- 
ulate matter is removed from the combustion gases 
primarily by cleaning the gas with an “electrostatic 
precipitator” or filtering it in a “baghouse.” When the 
gases from burning coal are passed through an electro- 
static precipitator, the particles of dust and ash are 
given an electrical charge. This charge allows the par- 
ticles to be drawn off, as if by a magnet, 
rather than discharged into the 
baghouse on a power plant operates in a manner very 
similar to a household vacuum cleaner. The combus- 
tion gases are passed through a seriek of filter bags that 
trap the particles of dust and ash. Periodically, the bags 
are shaken in such a manner that the material collected 
falls into a bin and is removed. 

Generating electricity with oil and natural gas is far 
less complex than with coal. Delivery of oil and-gas 
is less difficult; both oil and gas are often relatively 
unobtrusively delivered by pipeline. Storage area re- 
quirements are smaller; natural gas is typically not 
stockpiled at all. Neither oil nor natural gas requires 
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the precombustion preparation required of coal, elimi- 
natin$ the need for cleaning, crushing, pulverizing, and 
other preparatory steps. Combustion involves the far 
simpler process of injecting the fuel, essentially in the 
same form in which it is delivered, into 
Finally, neither oil nor natural gas incurs 
costs for removing emission or postcombustion waste 
products incurred by coal. .Despite all these advantag- 
es, however, the much kigher cost‘of both oil and 
natural gas discourages their wide use in baseload 
plants today, and oil or natural gas generation is most 

1 

electricity generation in 1984, 13 
of 1984, 86 nuclear rea 
United States.* 

a furnace provides heat -to change water to high- 
temperature steam. In a nuclear power plant, the 
furnace is replaced by a reactor containing a core of 
nuclear fuel, primarily enriched uranium. Heat pro- 
duced in the reactor by splitting uranium atoms is use 

make the steam. The steam then passes through 
rbine generator to generate electricity, as in a con- 
ntional coal-fired generating plant. The only real 

rence between nuclear and fossil-fuel power plants 
is in the method of heating the water tomake the steam. 

In nuclear power reactors, the heat that accompanies 
rocess of splitting atoms, fission, is used to pro- 

which is used to gener- 
ranium consists principally 

cent) and uranium-235 (0.7 

releases heat, radiation, and two or three 
nder controlled condition 

er uranium-235 

(LWRs). These reactors have four major components: 
fuel rods, which contain pellets of uranium fuel; a mod- 

erator, which slows down the neutrons emitted during 
fission; control rods, which contain substances that 
absorb neutrons readily and therefore control the rate 
of heat production; and a coolant, which both qxAs 
the fuel rods and carries their heat to another part of 
the power plant, where used to produce power. 
Ordinary water (som ferred to as “light water” 
to differentiate it from “heavy water’’ containing neu- 
trons used in other types of ,reactors) serves as both 
the moderator h d  the coolkt in LWR’r. The fuel rods I 

are arrayed in assemblies that allow the water to circu- 
late between the rods. Groups of rod assemblies make 

Figure A4. Pressurized Water Reactor (PWR) 

transferred to the cooling water, which circulates 
through the core assembly at high pressure. The heated 
water flows from the reactor vessel in a primary loop 
that passes through a steam generator, where its heat 

*Energy Information Administration, Monthly Energv Review, DOE/EIA-0035(84/12) (Washington, DC, December 1984). pp. 78 and 87. 
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AS. Boiling Water Reactor (BWR) 

Source: Electric Power Research Institute, Electricity, 

Today’s Technologies, Tomorrow’s Alternatives (1982), p. 34. 

moves through tubing walls to the water in the steam 
enerator. Because the pressure is lower, the water in 
e steam generator then boils, and the resulting steam 
run through a secondary loop to a turbine to produce 
ectricity. In the BWR, the pressure in the reactor 
esse1 is low enough for the cooling water itself to boil. 

e steam is then piped directly from the’ top of the 
reactor vessel to a steam turbine, where it acts as the 
turbine’s working fluid. 

Renewable Fuels 

Renewable resources-sun, wind, rivers, heat from 
within the earth, organic wastes produced by natural 
and technological processes--are energy resources that 
are constantly replenished. Technology and cost are 
both obstacles to their expanded use, however. 

Hydroelectric Power 

Hydroelectric power, described in the section on 
hydroelectric turbines, is currently the leading renew- 
able energy source used to generate electric power. In 
the early 1980’9, hydroelectric power consistently av- 

eraged almost 13 percent of total U.S. electricity gener- 
ation. 

II 

thermai Po 

Geothermal power comes from heat energy buried 
deep beneath the earth’s surface. Most of this heat is 
concentrated at depths beyond the reach of current 
drilling methods. But in a few US. areas, magma (mol- 
ten rock) from these deep regions approaches the 
earth‘s surface through faults and .fractures and pro- 
duces steam that can be run directly through a conven- 
tional steam turbine generator to produce power. 

Geothermal steam resources are quite limited. The 
Geysers, about 90 miles north of San Francisco, is 
currently the largest geothermal generating plant pro- . 
ducing electricity in the United States. Because of their 
inherently slow startup time, U.S. geothermal steam 
plants are operated as baseload units. 

Environmental problems are associated with the use 
of geothermal energy. The steam must be vented to 
clear the lines and to test or protect wells. This venting 
releases quantities of hydrogen sulfide, ammonia, and 
radon, and can be noisy unless adequately muffled. 
Dissolved minerals in the steam create corrosion prob- . 
lems for pipes, valves, and the turbine. 

Wind Energy I 

Electric utilities are playing a major role in advancing 
wind power development, not only by conducting 
their own projects but also by using wind-generated 
electricity others have produced. California utilities 
lead the world in contracting to purchase power from 
wind farms and individual wind turbines. Contracts 
have been signed that will result in more than 1,OOO 
megawatts of generation in wind farms. 

Wind generation is expensive, although the wind itself 
is free. Despite the low operating costs for wind sys- 
tems, the capital costs of wind turbines are high. costs 
of wind-generated electricity are currently two to 
three times the cost of electricity generated by conven- 
tional thermal plants. These costs are the greatest 
barrier to the use of wind systems; costs must be re- 
duced to make wind energy competitive with other 
resources. Another major problem associated with 
wind generation is the intermittent nature of the wind; , 
wind energy must be used to produce electricity when 
the wind’blows, not when the electricity is needed, 
affecting power availability. Average wind speeds be- 
low about 8 miles per hour are not sufficient to produce 
power economically with the present technology. 

Solar Power 
Solar power is the conversion of sunlight directly into 
electricity or, indirectly, into heat that is converted 
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This Boeing 2.5-megawatt horizontal axis wind turbine 
illustrates new technologies In electricity generation. 

into electricity. Photovoltaic conversion generates 
, electric power directly from sunlight rather than using 

the sun’s heat. The unit that generates electricity is a 
photovoltaic, or solar, cell made from a semiconductor 
material, such as silicon. The first 1-megawatt commer- 
cial photovoltaic power plant to be built by a public 
utility, the “PV-1’’ unit in California, is now generating 
electric power as well as important performance data. 

Another promising indirect method of converting sun- 
light into electricity is a solar-thermal electric generat-* 
ing station, which uses the heat of the sun to produce 
steam to drive conventional steam or gas turbines. 
Solar thermal includes five technologies: solar ponds, 
hemispheric bowls, parabolic troughs, parabolic dish- 
es, and central receivers. Except for solar ponds, the 
concept is uniform: sunlight striking a flat or shaped 
mirror is focused on a central point and heats a working 
fluid (steam or air used to drive a turbine). Solar ponds 
are large bodies of water used to collect and store 
lower temperature solar energy (up to 290 degrees 
Fahrenheit). The absorbed and stored heat is then run 
through a heat exchanger to create turbine steam. The 
large volume of water enables the system to provide 
thermal or electric energy at all times. 

The central receiver concept is now considered the 
best for economic solar-thermal conversion; the light 
reflected from each mirror is focused on a thermal 

receiver at the top of a tower. The heat produced by 
the concentrated light then transfers from the thermal 
receiver to the working fluid, which is piped down the 
tower to a turbine for electricity generation. Central 
redeiver technolo has been successfully demonstrat- 
ed at the pilot-plant level by Solar One, a 10-megawatt 
plant in California. Solar One, in its first year of 
operation, produced over 2 million kilowatthours of 

lar-thermal electricity is the same 
as for the other solar power options: it is expensive, 
both to construct generating systems and to ensure 
their reliability (the ability to provide power whenever 
it is needed). The central receiver system, which is 
expected to be the lowest cost solar alternative €or 
utility use on a large scale, is still considerably more 
expensive than coal or nuclear power generation. In 
addition, the fact that the sun shines only during the 
day, and very little on some days, means that a solar 
generating station can operate only about one-half to 
one-third of the time. In addition, the energy cannot 
be stored. 

Biomass 

s is generally defrned as organic material that 
can provide heat. Biomass includes plants, marine al- 
gae, crop and forest leftovers, garbage and trash, and 
manure. All of these substances contain chemical ener- 
gy. When they decay or are burned, they release their 
chemical energy as heat useful for electricity genera- 
tion. Biomass systems are the only fuel-based renew- 
able energy source, allowing the fuel energy to be 
stored until electricity is needed. Consequently, there 
are no direct energy storage problems. 

y production is derived from 
the combustion of solid, liquid, or gaseous biomass 
fuels to create steam to run a turbine. Biomass resourc- 
es can be used to replace fossil fuels in utility boiiers. 
Currently, a substantial amount of biomass is used at 
electric utilities as a fuel source for generating electrici- 

rating plants have 
fuel. Several other 

not yet commercially available. Currently, the energy 
and costs they require are greater than the energy and 

y yield, but their potential may be 
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Clean Coal Combustion * 

New technologies are be developed to improve the 
a1 is used, either by burning it mo 

The Integrated GasificationKombined-Cycle (IGCC) 
power plant promises to p pollution emissions 
rates an order of magnitude current require- 
ments for new conventional coal-fired power plants: 
The combmed-cycle design offers greater efficiency 
than traditional technologies, so fuel costs will be low- 
er. In addition, the modular nature of combined-cycle 
units may allow utilities to add generating’capacity in 
smaller increments to meet actual electricity demand 
growth, thereby preserving utility capital funds and 
reducing utility investment. 

The industry‘s first IGCC, the 100-MW Cool Water 
plant (located in California’s Mojave Desert), began 
operation as a demonstration project on June 24,1984, 
and is expected to begin commercial operation in Janu- 
ary 1990. The plant’s environmental emissions have 
met the Federal new-source performance ’standards 
and the State’s strict pollution-control laws. Southern 
California Ediison Co. (SCE), as the only utility in a 
complex consortium of partners, played an integral 
role in developing the plant. SCE plans to purchase 
this facility after the initial testing and operation dem- 
onstration period ends in 1989. 

Fluidized-bed combustion (FBC) reduces harmful 
combustion emissions by controlling and modifying 
the various chemical reactions that are present during 
coal burning. Gases that might pollute the air or have 
other undesirable affects are prevented from forming 
or are converted to substances that do not pollute the 
air. 

In FBC, the crushed coal bums in a “fluidized-bed,” 
a concentrated suspension of crushed limestone parti- 
cles in a flow of hot gas, usually air. Although the bed 
is composed almost completely of solids, the move- 
ment of hot air causes the particles to boil like a turbu- 
lent fluid. As the coal burns, the limestone reacts chem- 
ically with the sulfur oxides normally created during 
coal combustion to form calcium sulfate. This waste 
is collected m the form of a dry, granular solid. Thus, 
because the sulfur oxides that can threaten air quality 
are captured during the actual coal burning, these sys- 
tems do not require expensive cleanup of stack gases, 
although they still produce waste that must be disposed 
of properly. 

Two types of FBC are atmospheric fluidized-bed 
combustion (AFBC), and pressurized fluidized-bed 
combustion (PFBC). With AFBC combustion the boil- 
er operates at atmospheric pressure and boiler size is 
approximately the same as a conventional boiler. The 
advantages of AFBC over the conventional boiler de- 
sign include elimination of a scrubber, more fuel flexi- 

bility, and inherently low nitrogen oxide production. 
The PFBC operates at high pressure, 10 or 15 atmo- 
spheres. This means the. boiler can be much smdler, 
one-fifth the size of a conventional boiler, and can be 
built in a supplier’s factory and shipped to the utility’s 
site on a barge, eliminating a substantial amount of field 
construction. Operation of the PFBC at high pressure 
makes it possible to integrate the boiler into a 
combined-cycle system and achieve higher efficien- 
cies. 

To date, three utilities have asked the Federal Govern- 
ment for money to retrofit aged power plants to burn 
coal in PFBC boilers. Several other utilities have in- 
vested millions of dollars in the construction of three 
AFBC demonstration plants, ranging in size from 100 
to 160 megawatts. Ultimately, as with most new tech- 
nologies, the future of FBC systems will depend on 
how their performance economies compare with 
those of other systems. 

Wave Energy Conversion 

The wind transfers some of its kinetic energy to the 
surface of the ocean in the form of waves. The rise and 
fall of the waves can be converted into hydraulic 
pressure by mechanical compression devices, and the 
pressure can drive a turbine generator to produce elec- 
tricity. However, wave motion is intermittent and con- 
sequently unreliable for baseload power generation. 
Wave systems are expensive and present major struc- 
tural problems. 

With one such conversion device, the waves push 
against a series of plates that flap as the water moves. 
The mechanical motion of the plates, which are hinged 
to small mechanical pumps, force the working fluid 
through the turbine, generating electricity. Another 
device consists of a line of floating rafts, with mechani- 
cal pumps located at the joints that connect them. As 
the rafts move up and down, the pumps compress the 
working fluid that spins the turbine generator to pro- 
duce electricity. 

Ocean-Thermal Energy 
Conversion 

Ocean-thermal energy conversion (OTEC) generates 
electricity by exploiting the temperature difference 
between the ocean’s relatively warm surface water, 
which is heated by the sun during the day, and the cold 
water more than a thousand feet below the surface-. 

One typical version of an OTEC plant consists .of a 
cylinder about 800 feet in diameter and 1500 feet high 
that floats vertically, with the top just above the sur- 
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face of the water. A low-boiling- point gas, such as 
ammonia, is pumped to the bottom of the cylinder, 
where it is condensed to liquid form by the cold water. 
The liquid is then pumped back to the surface where 
the heat of the surface water causes it to boil. The 
expanding gas turns a turbine generator to produce 
electricity. Unfortunately, the plant size, temperature 
difference, and depth requirements necessary for a rea- 
sonably efficient OTEC system imply development of 
extremely large plants far from land. The costs of meet- 
ing these requirements currently prevent the commer- 
cial exploitation of OTEC generation. 

Magnetohydrodynamics 

Magnetohydrodynamics (MHD) produces electricity 
directly from heated gases, rather than by the mechani- 
cal spinning of a generator. High- temperature ionized 
gases pass through a powerful magnetic field to pro- 
duce a flow of electrons in the gases. This flow of 
electrons, when collected and transferred to an outside 
circuit, constitutes an electric current. While the tech- 
nology is feasible, many problems remain, such as du- 
rability of some equipment, reliability of electrodes, 
and performance of superconducting magnets. 
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Net 

@illion kwh) 

Installed 

(- w 
Y8W Ncs Generationb 

1902 
1907 
1912 
1917 
1920 

1921 
1922 
1923 
1924 
1925 

1926 
1927 
1928 
1929 
1930 

1931 
1932 
1 933 
1934 
1935 

1936 
1937 
1938 
1939 
1940 

1941 
1942 
1943 
1944 
1945 

1948 
1947 
1948 
1949 
1950 

Electridty Pricesd 
(centslkwh) Sales to 

W U W  
sectorsc Residential 

mllion k,,,,,,) 
Weighted Average 

All classes 

Cunent Cawant' Cunent constant 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1 973 
1974 
1975 

1.2 
2.7 
5.2 
9.0 

12.7 

13.5 
14.2 
15.6 
17.7 
21.5 

23.4 
25.1 
27.8 
29.8 
32.4 

33.7 
34.4 
34.6 
34.1 
34.4 

35.1 
35.6 
37.5 
38.9 
39.9 

42.4 
45.1 
48.0 
49.2 
50.1 

50.3 
52.3 
56.6 
63.1 
68.9 

75.8 
82.2 
91.5 

102.6 
114.5 

120.7 
129.1 
142.6 
156.8 
168.0 

180.7 
191.1 
210.5 
222.3 
236.1 

247.8 
269.3 
291.1 
313.3 
341.6 

368.9 
398.6 
442.4 
477.6 
508.3 

3 
6 

12 
25 
39 

37 
44 
51 
55 
61 

69 
75 
83 
92 
91 

87 
79 
82 
67 
95 

109 
119 
114 
128 
142 

165 
188 
218 
228 
222 

223 
256 
283 
291 
329 

371 
399 
443 
472 
547 

601 
632 
645 
710 
756 

794 
855 
917 
984 

1,055 

1,144 
1.214 
1,329 
1,442 
1,532 

1,613 
1,750 
1,861 
1,867 
1,918 

. N A  
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

56 
61 
67 
75 
75 

72 
64 
66 
71 
78 

90 
99 
94 

106 
119 

140 
159 
186 
198 
194 

191 
21 8 
241 
255 
291 

330 
356 
396 
424 
497 

546 
576 
588 
647 
688 

772 
778 
833 
896 
954 

1,035 
1,099 
1,203 
1.314 
1,392 

1,470 
1,595 
1,713 
1,706 
1,747 

16.20 
10.50 
9.10 
7.52 
7.45 

7.39 
7.38 
7.20 
7.20 
7.30 

7.00 
6.82 
6.63 
6.33 
6.03 

5.78 
5.60 
5.52 
5.33 
5.01 

4.67 
4.30 
4.14 
4.00 
3.84 

3.73 
3.67 
3.60 
3.51 
3.41 

3.22 
3.09 
3.01 
2.95 
2.88 

2.81 
2.77 
2.74 
2.70 
2.65 

2.61 
2.56 
2.54 
2.51 
2.62 

2.60 
2.56 
2.51 
2.45 
2.39 

2.34 
2.31 
2.25 
2.21 
2.22 

2.32 
2.42 
2.54 
3.10 
3.51 

100.62 
58.33 
46.52 
26.32 
17.43 

21.22 
22.82 
21.44 
21.75 
21.59 

21.01 
21.03 
20.23 
19.32 
18.99 

20.02 
21.82 
21.97 
19.52 
17.97 

16.68 
14.68 
14.45 
14.07 
13.21 

11.94 
10.69 
9.96 
9.48 
8.99 

7.34 
6.24 
5.69 
5.62 
5.38 

4.92 
4.78 
4.66 
4.53 
4.36 

4.16 
3.94 
3.83 
3.71 
3.81 

3.75 
3.63 
3.50 
3.37 
3.21 

3.05 
2.92 
2.73 
2.55 
2.43 

2.42 
2.42 
2.40 
2.69 
2.79 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
1.82 

1.82 
1.80 
1.77 
1.73 
1.70 

1.66 
1.65 
1.63 
1.63 
1.67 

1.77 
1.86 
1.96 
2.49 
2.92 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
265 

263 
2.55 
2.47 
238 
229 

2.16 
2.09 
1.97 
1.88 
1.83 

1.84 
1 .e6 
1.85 
2.16 
2.32 
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Sales to 
EndUW 
S0Ct0rSC 

(billion kWh) 

Net Installed 
Nameplate Gemrationb 
Capacity' 

Year 
(thousand Mw (billion kWh) 

1976 
1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 

Electricity Pricesd 
(cents/kWh) 

Weighted Average 
All Classes Residential 

, 

Current Constanr Current Constant 

531 .o 2.038 1,855 3.73 2.82 3.09 2.33 
560.2 2,124 1,948 4.05 2.89 3.42 2.44 
579.2 2,206 2,018 4.31 2.87 3.69 2.45 
598.3 2,247 2,071 4.64 2.84 3.99 2.44 
613.5 2,286 2,094 5.36 3.00 4.73 2.65 

634.8 
650.1 
858.2 
672.0 

2.295 2.147 6.20 3.17 5.46 2.79 
2,241 2,086 8.86 3.31 6.13 2.96 
2,310 2,151 7.18 3.33 6.29 2.92 
2.41 3 2,282 7.56 3.38 6.52 2.92 

a 1902 data, U.S. Bureau of the Census, Historical Statistics of the United States, Colonlal limes to 1970, Blcentennlal Edltlon, Part 2 (1975). p. 
827; 1907-1959. Edison Electric institute (EEI), Historical Statlstlcs of the Electric Utllity Industry Through 1970 (1970), p. 165; 1960-1984, Energy in- 
formation Administration, Annual Energy Review 1984 (AER). p. 187. Comparably defined EEI data for 1960-1970 are about 6 percent above EIA data 
shown in this table for the same year. As a result, apparent price Increases shown in the table between 1959 and 1960 reflect changes in the data series 
and not real price increases. 

1902-1948 data are from Edison, p. 2. 1949-1984 data are from EIA, AER 84, p. 181. 
1902-1948 data are from Edison, p. 24. 1949-1984 data are from AER 84, p. 171. 
1926-1 948 data are from Edison, p. 80. 1949-1 984 data are from AER 84, p. 179 (Note: Comparably defined EEI data for 1949-1 960 are consistently 

about 3 Dercent below EIA data shown in this table for the same years). 
Con'stant prices calculated in 1972 dollars. 
NA=Not available. 

ANNUAL OUTLOOK FOR U.S. ELECTRIC POWER 1985 
Energy Information Administration 





i 
L 

Appendix C 

MIDDLE 
ECONOMIC 
GROWTH CASE: 
REGIONAL 
PROJECTIONS 





Appendix C 

Region 

MIDDLE ECONOMIC GROWTH CASE: REGIONAL 
PROJECTIONS 

State 

The following tables present Federal regional projec- 
tions for U.S. electricity demand, price, capacity, and 
generation. The first table, C1, identifies the States 
comprising each of the 10 Federal Regions; tables C2- 
C11 contain the regional projections. The projections 
in these tables are consistent with the base case national 

projections summarized in the Annual Energy Out- 
look. However, regional projections are more uncer- 
tain than the national projections because of lower 
level of aggregation for each fuel and sector. These 
regional projections are intended to be used as indices 
for interregional comparisons. 

Mid-Atlantic: 

South Atlantic: 

ia, Maryland, West Virginia, Virg 
District of Columbia, Delaware 

Kentucky, Tennessee, North Caroline, South 
Carolina, Mississippi, Alabama, Georgia, Florida 

Midwest Minnesota, Wisconsin, Michigan, Illinois, 
Indiana. Ohio 

Southwest 

Central: Kansas, Missouri, Iowa, Nebraska 

North Central: 

West 

Northwest Washington, Oregon, Idaho, Alaska. 

Texas, New Mexico. Oklahoma, Arkansas, Louisiana 

Montana, North Dakota, South Dakota, Wyoming, 
Utah, Colorado 

California. Nevada, Arizona, Hawaii, American Samoa, 
Guam 
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1985 

Electricity Price* 

Nameplate Capacttf 

(1984 dollars per thousand kWh) 

(million kw) 
coal steam 
Other Steamc 
Cambined Cycle 
Turbine 
Nuclear Power 
Hydropower/OtheP 
Pumped Storage Hydropower 

total capacity 

Generation by Fuel Type 
(billion kWh per year) 

coal 
Natural Gas 
Oil 
Nuclear Power 
All Hydropower/Othef 

Total Generation 

1990 1995 

82.87 88.19 88.38 

1.6 
10.1 
0.4 
1.5 
4.3 
1.5 
1.6 

20.9 

12 
3 

42 
22 
4 

84 

1.6 
10.1 
0.4 
1.5 
6.6 
1.5 
1.6 

1.6 
10.1 
0.4 
1.5 
7.8 
I .5 
1.6 

23.4 

11 
3 

35 
36 
5 

91 

24.6 

11 
4 
40 
44 
5 

103 
~~ 

Prices BIB model simulations and represent average re-venues per kilowatthwr of demand over dl customer classes. ' Capacity excludes units out of service or in inactive reserve. 

' This category Includes pondage hydropower and renewable sources such as thermal power, woad, waste, solar en- 

This Category includes conventional and pumped storage hydroelectric power and other renewable sources such as 

Other includes oil, gas. and dual-fired capacity. 

ergy, and wind. 

geothermal power, wood waste, solar energy, and wind. 
Note: Total may not equal Bum of parts because of independent rounding. 
Source: Intermediate Future Forecasting System. 
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1985 

Electricity Demand 
(billion kWh per year) 

1990 1995 

Electricity Price" 

Nameplate Capacitf 

(1984 dollars per thousand kwh) 

(million kw) 
Coal Steam 
Other Steam' 
Combined Cycle 
Turbine 
Nuclear Power 
H ydropower/OtheP 
Pumped Storage Hydropower 

Total Capacity 

Generation by Fuel Type 
(billion kWh per year) 

Coal 
Natural Gas 
Oil 
Nuclear Power 
All HydropowerlOthef 

Total Generation 

171.0 

88.09 

5.1 
19.1 
0.3 
8.4 , 

6.6 
4.0 
1.6 

45.2 

30 
18 
39 
34 
2 0 '  

141 

189.8 

89.17 

5.1 
19.1 
0.3 
8.4 
9.6 
4.6 
2.7 

49.8 

28 
5 
40 
52 
24 

149 

21 0.8 

85.35 

5.1 
19.1 
0.3 
8.4 
9.6 
4.6 
2.7 

49.9 

29 
8 

55 
53 
20 

171 

Other includes oil, gas, and dual-fired capacity. 

ergy, and wind. 

geothermal power, wood waste, solar energy, and wind. 
Note: Total may not equal aum of parts because of independent rounding. 
Source: Intermediate Future Forecasting System. 
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1985 

ElecMcity Demand 

Electricity Price' 

Nameplate Capacw 

@illion kwh per year) 

(1 984 dollars per thousand kwh) 

(million kw) 
Coal Steam 
Other Steam' 
Combined Cycle 
Turbine 
Nuclear Power 
Hydropower/OtheP 
Pumped Storage Hydropower 

Total Capacity 

Generation by Fuel Type 
(billion kWh per year) 

Coal 
Natural Gas 
Oil 
Nuclear Power 
All Hydropower/Other' 

1990 1995 

Total Generation 

236.6 

66.91 

43.0 
11.1 
0.3 
5.0 

11.0 
1.9 
2.9 

75.2 

220 
2 

19 
55 
2 

297 

278.0 

64.78 

44.3 
11.1 
0.3 
5.0 

12.9 
2.0 
3.6 

79.2 

242 
2 

28 
70 
2 

344 

310.2 

65.54 

48.2 
11.1 
0.3 
5.0 

14.0 
2.0 
3.6 

84.1 

268 
3 

38 
76 
2 

387 , .  

I 

.' 
' Prices are model simulations and represent average revenues per kilowatthour of demand over all customer classes. 

' This category includes pondage hydropower and renewable sources such as thermal power, wood, waste, solar en- 

This category includes conventional and pumped storage hydroelectric power and other renewable sources such as 

Capacity exdudes units out of service or in inactive reserve. 
Other includes Oil, gas, and dual-fired capacity. 

ergy, and wind. 

geothermal paver. wood waste, solar energy, and wind. 
Note: Total may not equal sum of parts because of independent rounding. 
Source Intermediate Future Forecasting System. 
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I 

1985 

Table C5. South Atlantic: Projections of Electricity Demand, ' - 
L ' ) '  Price, Generating Capacity, and Generation, 

1985, 1990,1995 

I990 1995 

Electricity Price' 
(1984 dollars per thousand kWh) 81.20 58.29 54.07 

Nameplate Capacw 
(million kw) 

Coal Steam 77.6 84.4 93.8 
Other SteamC 20.4 20.4 20.4 
Combined Cycle 0.7 0.7 0.7 
Turbine 11.8 11.9 12.0 
Nuclear Power 24.4 31.3 33.7 

' HydropowerlOtheP 11.1 11.2 11.3 
Pumped Storage Hydropower 3.1 4.3 4.3 

Total Capacity 149.2 184.2 178.2 

Generation by Fuel Type 
(billion kWh per year) 

Coal 
Natural Gas 
Oil 
Nuclear Power 
All Hydropower/Other' 

367 419 491 
11 1 3 
6 1 11 

I19 163 188 
31 35 35 

Total Generation 534 820 728 
~~ 

Prices are model simulations and represent average revenues per kilowatthour of demand 
Capacity excludes units wt of wrvice or in inactive reserve. 
Other Includes oil, gas, and dual-fired capacity. 
This category includes pondage hydropower and renewable sources such as thermal power, wood. waste, 

ergy. and wind. 

geothermal power. wood waste, solar energy, and wind. 
Note: Total may not equal sum of parts because of independent rounding. 
Source: Intermediate Future Forecasting System. 

This category includes conventional and pumped storage hydroelectric power and other renewable sources such as 
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* L  

Table C6. Midwest: Projections of Electricity Demand, 
Price, Generating Capacity, and Generation, 
1985, 1990, 1995 

1985 1990 1995 

Electricity Demand 

Electricity Price' 

@illion kWh per year) 

(1984 dollars per thousand kWh) 

Nameplate Capacitf 
(million kw) 

Coal Steam 
Other Steam' 
Combined Cycle 
Turbine 
Nuclear Power 
HydropowerlOtheP 
Pumped Storage Hydropower 

Total Capacity 

Generation by Fuel Type 
(billion kWh per year) 

Coal 
Natural Gas 
Oil 
Nuclear Power 
All HydropowerIOthef 

Total Generation 

421.8 

65.80 

86.1 
6.9 
0.3 
8.2 

16.7 
1.4 
1.7 

121.2 

361 
3 
1 

Bo 
5 

450 

485.2 

63.69 

89.4 
6.9 
0.3 
8.3 

22.2 
1.5 
1.7 

130.2 

382 
1 
1 

119 
6 

567.0 

57.80 

90.7 
6.9 
0.3 
8.4 

23.4 
1.5 
1.7 

132.8 

458 
3 
6 

130 
6 

510 . 603 
~ ~ 

Prices are model simulations and represent average revenues per kilowatthour of demand mer all customer classes. 
Capacity excludes units out of service or in inactive resenre. 
Other includes oil, gas. and dual-fired capacity. 
This category includes pondage hydropower and renewable sources such as thermal power, wood. waste, solar en- 

This categoy includes conventional and pumped storage hydroelectric power and other renewable sources such as 

, 

ergy, and wind. 

geothermal power, wood waste, solar energy, and wind. 
Note: Total may not equal sum of parts because of independent rounding. 
Source: Intermediate Future Forecasting System. 
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1985 1990 1995 

Electricity Demand 

Electricity Price" 

Nameplate Capacw 

(billion kwh per year) 

(1884 dollars per thousand kwh) 

(million kw) 
Coal Steam 
Other Steam' 
Combined Cycle 
Turbine 
Nuclear Power 
Hydropower/OtheP 
Pumped Storage Hydropower 

Total Capacity 

Generation by Fuel Type 
(billion kWh per year) 

Coal 
Natural Gas 
oir 
Nuclear Power 
All Hydropower/Other' 

Total Generation 

348.0 422.5 496.2 

70.30 

49.9 
60.5 

1.4 
3.9 
8.6 
2.4 
0.3 

127.0 

280 
205 
(e) 
48 
7 

541 

61.85 65.48 

71 

33.0 
00.5 

1.4 
3.0 
4.1 
2.4 
0.3 

104.6 

41.0 
60.5 
I .4 
3.5 
8.6 
2.4 
0.3 

118.3 

185 
172 
(e) 
12 
0 

374 

230 
181 
(e) 
45 
6 

402 

are model simulations and represent average revenues per kilowatthour d demand over all customer classes. 
ity excludes units out of service or in inactive reserve. 
includes oil, gas, and dual-fired capacity. 

, * This category includes pondage hydropower and renewable sources such as thermal power. wood, waste, solar en. 

' Less than 0.5 billion kilowatthours per year. 
' This category includes conventional and pumped storage hydroelectric power end other renewable sources w c h  as 

ergy, and wind. 

geothermal power, wood waste, solar energy, and wind. 
Note: Total may not equal sum of parts because of Independent rounding. 
Source: Intermediate Future Forecasting System. 

. ,  
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Table C8. Central: Projections of Electricity Demand, 
Price, Generating Capacity, and Generation, 
1985, 1990, 1995 

1985 1990 1995 

Eiectriclty Price' 

Nameplate Capacity" 

(1984 dollars per thousand kWh) 

(million kw) 
Coal Steam 
Other Steam" 
Combined Cycle 
TuMne 
Nuclear Power 
Hydropower/OtheP 
Pumped Storage Hydropower 

70.12 65.77 61.00 

27.2 27.8 
2.8 2.8 
0.2 0.2 
5.9 6.2 
4.1 4.1 
0.9 0.9 
0.6 0.6 

28.6 
2.8 
0.2 
6.3 
4.1 
0.9 
0.6 

Total Capacity 41.7 42.6 43.5 

Generation by Fuel Type 
(billion kWh per year) 

Coal 
Natural Gas 

Nuclear Power 
All Hydropower/Othet' 

oir 
103 

2 
1 

15 
3 

115 
2 

(e) 
23 
4 

132 
4 
1 

23 
4 

Total Generation 125 143 164 

Prices are model simulations and represent average revenues per kilowatthour of demand over all customer classes. 
Capacity excludes units out of service or in inactive reserve. 
Other Includes oil, gas, and dual-fired capacity. 
This category includes pondage hydropower and renewable sources such as thermal power, wood, waste, solar en- 

Less than 0.5 billion kilowatthours per year. 
' This category includes conventional and pumped storage hydroelectric power and other renewable sources such as 

ergy, and wlnd. 

geothermal power, wood waste, solar energy, and wind. 
Note: Total may not equal sum of parts because of independent rounding. 
Source: Intermediate Future Forecasting System. 
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Electricity Demand 
(billion kWh per year) 75.8 91.0 108.0 

Electricity Price' 

Nameplate Capace 

(1984 dollars per thousand kWh) 

(million kw) 
Coal Steam 
Other Steam' 
Combined Cycle 
Turbine 
Nuclear Power 
Hydropower/OtheP 
Pumped Storage Hydropower 

59.91 58.34 55.02 

20.5 24.3 25.6 
0.4 0.4 0.4 
0.0 0.0 0.0 
1.2 1.2 1.2 
0.3 0.3 0.3 
5.0 5.0 5.0 
0.5 0.5 0.5 

Total Capacity 28.0 31.9 33.1 

Generation by Fuel Type 
(billion kWh per year) 

Coal 
Natural Gas' 

Nuclear Power 
All Hydropowerlother' 

oir 
93 1 26 142 

(e) (e) 2 
0 (e) 2 
1 1 1 

21 21 21 

Total Generation 115 149 169 

billion kilowatthours per year. 
includes conventional and pumped storage hydroelectric her renewable sou 

Source: Intermediate Future Forecasting System. 
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Table C10. West: Projections of Electricity Demand, 
Price, Generating Capacity, and Generation, 
1985,1990, 1995 

Middle Economic Growth Case 
Forecast Elements 

1985 I 1990 I 1995 

Electricity Demand 

Electricity Price' 

Nameplate Capacityb 

(billion kwh per year) 

(1984 dollars per thousand kwh) 

(million kw) 
Coal Steam 
Other Steamc 
Combined Cycle 
Turbine 
Nuclear Power 
HydropowerlOthef 
Pumped Storage Hydropower 

Total Capacity 

Generation by Fuel Type 
(billion kWh per year) 

Coal 
Natural Gas 
Oil 
Nuclear Power 
AN HydropowerlOther' 

Total Generation 

245.2 

63.92 

7.7 
25.8 
I .7 
4.2 
5.9 
3.3 

12.0 

60.6 

36 
88 
9 

23 
45 

200 

291.2 

67.22 

8.0 
25.8 

1 .8 
4.2 
9.6 
3.5 

12.7 

65.6 

45 
107 
14 
50 
54 

271 

338.1 

72.19 

13.0 
25.8 

1.8 
7.6 
9.6 
3.6 

12.7 

74.1 

73 
102 
35 
53 
55 

319 

. ' Prices are model simulations and represent average revenues per kilowatthour of demand Over all customer classes. 
Capacity excludes units out of service or in inactive reserve. 
Other includes oil, gas. and dual-fired capacity. 
This category includes pondage hydropower and renewable sources such as thermal paver, wood. waste, solar en- 

This category includes conventional and pumped 6torage hydroelectric power and other renewable sources such as 
ergy, and wind. 

geothermal paver, wood waste, solar energy, and wind. 
Note: Total may not equal sum of parts because of independent rounding. 
Source: Intermediate Future Forecasting System. 
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Table C11. Northwest: Projections of Electricity Demand, 
t t c  Price, Generating Capacity, and Generation, 

1985, 1990, 1995 

1985 1990 1995 

Nameplate Capaciv 
(million kw) 

Coal Steam 
Other Steam' 
Combined Cycle 
Turbine 
Nuclear Power 
Hydropower/OtheP 
Pumped Storage Hydropower 

Total Capacity 

1.9 
0.2 
0.4 
2.2 
3.1 

30.8 
0.3 

38.9 

1.9 
0.2 
0.4 
2.4 
4.3 

31.1 
0.3 

40.8 

4.0 
0.2 
0.4 
4.7 
5.6 

31.1 
0.3 

48.3 

Generation by Fuel Type 
(billion kWh per year) 

Coal 8 11 21 

Oil 2 1 1 
Nuclear Power 12 16 28 

Natural Gas 2 9 I 8  

All Hydropower/Othef 152 151 151 

Total Generation 

rices are model simulations and represent average revenues per kilowatthwr of demand over all customer classes. 
city excludes units out of sewice or in inactive reserve. 

des oil, gas, and dual-fired capacity. 
ory includes pondage hydropower and renewable sources such as thermal power, wood, waste, solar en- 

conventional and pumped storage hydroelectric power and other renewable sources such as 
aste, solar energy, and wind. 
equal sum of parts because of independent rounding. 
Future Forecasting System. 
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