
The original documents are located in Box 7, folder: “National Energy Outlook - 1976” of 
the Frank Zarb Papers at the Gerald R. Ford Presidential Library. 

 
Copyright Notice 

The copyright law of the United States (Title 17, United States Code) governs the making of 
photocopies or other reproductions of copyrighted material. Frank Zarb donated to the United States 
of America his copyrights in all of his unpublished writings in National Archives collections.  
Works prepared by U.S. Government employees as part of their official duties are in the public 
domain.  The copyrights to materials written by other individuals or organizations are presumed to 
remain with them.   If you think any of the information displayed in the PDF is subject to a valid 
copyright claim, please contact the Gerald R. Ford Presidential Library. 



Chapter V 

ELECTRIC UTILITIES 

INTRODUCTION 

During most of the period since World War II, electricity consumption grew at 
7 percent while prices declined steadily. Consumption and price trends have 
since broken with historical patterns: electricity prices have risen precipi
tously and demand growth is uncertain. There has been talk of possible power
shortages even though current reserve margins far exceed the recommended level, 
and capacity is still expanding. Analysts continue to disagree over the finan
cial viability of the industry, and regulators face the conflicting demands of 
strengthening utilities and holding prices down. 

The Significance of Electricity 

Electr icity has come into prominence in large part because of its versatility. 
It i s usable energy that can be produced from coal, oil, gas, uranium and renew
able geothermal and solar sources; and it can be used for a wide range of pu~. 
poses in residences, commercial establishments, and industry. This versatility, 
however , is expensive both in economic terms and in energy consumed. Electric 
power requires large amounts of capital for generating and distribution equip
ment, and uses about three Btu of energy input to produce one equivalent Btu 
of electricity output. In 1974, elect,ric utilities required about 27 percent 
of total energy ultimately consumed. The use of electricity itself is 
essentia l ly pollution free, but its generating stations often concentrate 
pollutan ts in a localized, single, and highly visible source. 

The 1973 oil embargo and subsequent price increases, coupled with the coal 
strike in 1974 led to large fuel cost increases for many of the Nation's 
util it i es. Consumer reaction to price increases, a heightened awareness of 
ene rgy conservation potential, and the economic slowdown combined to bring 
about t he fi rst hiatus in the growth of electricity consumption in more than a 
genera ti on. The uncertainty that resulted, along with the stress in U.S. 
financ ia l markets during 1974 led to major cutbacks in the development plans 
for future generating capacity. Determining what share of the cutbacks was due 
to fi nancia l, technical siting and licensing problems, or to reduced demand 
forecas ts has become a widely debated issue. 

THE EVOLUTION OF UTILITY PROBLEMS 

For decades , the electric utility industry was known for its stability. Demand 
was predic table, growth was deemed inevitable, and earnings increased year by 
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year. As a result. ut i l ity securi ties were consi dered to be among the safest 
available investments. It was normal practice to hold 10 to 20 percent of any 
large common stoc k portfolio in utility equities. and utility bonds carried an 
i nterest rate that was about equal to that of the equivalent industrial bonds; 
(they are now .60 percent higher). There was consequently littl e impediment to 
financing new construction. 

The post-World War II period was characterized by rapid technological advances 
in the design efficiency of generating and transmission equipment. As 
companies expanded generation capacity. each new plant was larger and more 
efficient. resulting in steadily declining costs per unit of output. 

Public utility commissions set consumer rates based on historical costs to 
the utility with the expectation that these rates would yield a target 
(allowable) rate of return on capital. Since costs were declininq. utilities 
typically earned more than the allowable rate of return. Consumers 
were not concerned. however. since rates were also decreasinq. despite the lag 
time experienced before cost decreases were passed on. 

The same lag turned against the companies. however when costs stopped
declining in the late 1960 l s and began to rise. This fundamental reversal of 
previous cost trends was exceedingly complex both in its genesis and its 
impacts. and lies at the root of present utility problems. 

Plant Cost Increases 

While there are many reasons for the reversal in utility cost trends. the most 
important is the dramatic increase in the cost of electrical generating plants. 
particularly since the carrying cost of fixed assets represents about 50 
percent of utility costs in each year. 

The decisions to invest in plant are made with long planning lead times. 
Utilities now generally file ten-year capacity projections with the National 
Electric Reliability Council. The lead time for planning construction of the 
large base load electric generating plant has increased to ten years so that 
decisions must be made well in advance. 

Most of the money is spent during the five years before a base load plant goes 
into service. However. consumers do not normally begin to pay for the cost of 
such plants until after the plants have come on line. The normal practice 
in the industry requires companies to accumulate the cost of acquiring the 
needed capital and to add it to the cost of the plant. Rate payers are not 
required to make any payments for such costs until the new plant goes into 
service and is included in the rate base. At that time. rates are increased 
to cover the return on the newly evaluated rate base. Because there are no 
revenues paid in on the new plant until it goes into service. a non-cash credit. 
Allowance for Funds Used During Construction (AFDC) is made to income during 
the construction years. This credit in 1974 averaged 31 percent of reported 
income. but contributed nothing to supplying cash for construction. 
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While construction. l abor. and materials costs have increased substantia lly 
s ince the late 1960 1 s. a significant percentage of the total plant cost 
increase is due to increasing environmental and safety related requ irements . 
The major environmental or safety changes for nuc lear reactors in volve more 
complex cooling systems to prevent damage to loca l aquatic li fe. and systems 
t o assure minimal rel ease of radioactivity. The major environmental 
requirements for coal-fired plants primarily involve flue gas desulfurization 
(scrubbers). precipitators to remove fly ash. and additional water cooling 
requirements. 

The Atomic Energy Commission made a series of four studies of generating plant 
cos ts covering plants started in 1967. 1971, and 1973. These studies show that 
the direct and indirect construction costs of large base load plants, both coal 
and nuclear, tripled during the period. The actual total cost of the delivered 
plant is further escalated above the amounts of direct and indirect construc
ti on costs by an increase in the total project duration from five years for 
plants started in 1967 to nine years for a plant started in mid-1974. This 
inc rease in construction lead time has led to a substantial increase in cost 
escalation and in the total accumulation of interest charged during the 
construction period. The net result is that the full cost of the delivered 
generating plant has risen by a factor of five over the period (see Figure 
V-l ) . 

The data here relate largely to plants due to be delivered in future years. 
The cost per kilowatt of capacity in constant dollars declined steadily until 
about 1970. At that point, costs turned upward and have since continued to 
accel erate (see Figure V-2). 

Figure V-2 also shows that fixed charges have escalated even more rapidly as 
increasing plant costs have added to higher interest rates. Total busbar 
energy costs have followed a similar path as the higher capital costs have 
combi ned with higher fuel costs. 

As a result of these complex changes. the power from new plants is more 
expensi ve than power from the existing system. The gap has grown to the point 
that a new system ordered now would deliver power at a cost 20 percent higher 
than the average system of 1974. The capital costs are such that even a 
nuclear plant, which has the lowest operating cost/kWh, cannot deliver power 
at a cos t below the national average system cost. By 1985, the $13 Reference 
Scena r io shows the marginal price for power to be 34.4 mills versus an averaqe 
deli vered price of 29.7 mills (see Table V-I). While there are some individual 
companies that can reduce average costs by adding new plants, they are the 
exception to the current trend. The most obvious group that can red uce costs 
by ad ding new plant are those utilities using large base load plants fired 
by ei t her oil or gas. 

One of the major consequences of plant cost increases is that under current 
conditions. continued expansion leads to declining profitability for the 
electr ic utility companies in the absence of continuous rate increases. 
~earin gs which are often long and extended result from the need to bring rates 
ln line wi th the new average cost of power and to meet the payments required 
to att ract the capital for continued expansion. 
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Tabl e V-l 

OPERATING COSTS FOR UTILITY GENERATING PLANTS 
(Mills/kWh) 

1985 

Base Load Plant 
(.70 capacity factor) 

Peak Load 
(.08 capacity 

factor) 

Composite 
System Coal 

( .48 capaci ty 
fa ctor) 

Existing 
1974* Nuclear 

Low 
Sulfur 
without 
Scrubber 

High 
Sulfur 
with 
Scrubber 

Simple Cycle 
Turbine 

Capital Costs 
Operating & 

Maintenance 
Fuel** 

6.2 

2.0 
9.0 

13.5 

1.8 
3.0 

9.3 

2.0 
10. 1 

11 .7 

3.5 
6.9 

30.0 

3.0 
28.7 

Total 17 .2 18.3 21 .4 22.1 61.7 

1974 figure aerived from preliminary operating data adjusted to .48
* capacity factor for comparison. 


Fuel costs are from the $13 Reference Scenario: Uranium averaging

** $13 per pound (with SWU1s at $75), l ow sulfur coal at $24.73 per ton; 

high sulfur coal at $15.96 per ton; and distillate fuel at $13.90 
per barre l . 
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Licens ing and Siti ng Delays 

The probl em that increas ing pl ant costs present t o ut i l ities has been 
complicated by di ff ic ulti es in recei vin g licenses to bui ld la rge new genera ting 
plants . Electri ci ty is by far t he least environmenta ll y damaging source of 
energy as used by the ultimate consume r. It is not bu rned in the home or the 
factory, and therefore does not release oxides of su lfur or nitrogen, or 
particulates. However, the generati on of electricity t ends to concentrate the 
re lease of such po l lutants in one highly visible locat i on. It is easier and 
more efficient to solve these environmental problems at the single point source, 
rather than at all the end-use points that would otherwise emit such pollutants 
were the fuels used directly. 

However.large plants are regarded as environmentally damaging. Local 
opposition has resulted in long delays in the siting and licensing of new 
plants. These de l ays have in turn stretched out the planning and construction 
expenditure cycle which has led to a substantial increase in the amount of 
interest costs during the construction period and increases in the cost of 
construction itself. 

In recent years. three major Federal environmental laws have been enacted 
that affect electric utilities: (1) the National Environmental Policy Act, in 
1969; (2) the Federa l Water Pollution Control Act (as amended from 1965-1972); 
and (3) the Clean Air Act Amendments i n 19 70. In addition, state agencies and 
even some local agencies have been created to cover similar domains. In 
l icensi ng a powerplant. each agency is concerned with its specific areas of 
respons ibility and often there is little coordination of these processes. 
Moreover, many of the agencies functi on sequentially rather than concurrently, 
l eng t heni ng considerably the overall li censing time. 

Whil e the environmental laws have done much to reduce the adverse health 
effects and related impacts of pollution, the cost of the benefits is beginning 
to appear. In addition to procedural delays, these laws have allowed individual 
cha llenges of li censing decisions. A private intervenor can challenge the 
r ight of a uti lity to build a plant and delay the licensing procedure until the 
sui t i s fi na lly settled. Fo r large-scale mode rn plants. the resulting delays 
result in subs tantial cost increases to util ity consumers. 

Other conf l i cts involv ing over l apping jurisdictions can lead to extreme and 
oft en unusual results. One which illustrates the kinds of problems that can re
sult i s the cu r rent situation in the Hudso n Rive r Valley in New York. The United 
Sta t es Environmental Protection Agency has rul ed that any large steam power plant 
sited on t his r iver must buil d large cool ing towers to avo id excessive thermal 
pol lution of t he r iver. However, the New Yor k Sta te Department of Environmental 
Conservation has accepted the r ecommendation of the Hudson River Va l ley Commission 
that no cooling t owers be buil t i n the Huds on Val l ey because they will mar the 
scenic value of the reg ion. The ne t resul t i s that no steam-powered plants can 
be l icensed for cons t ruct i on along the Hudson until the conflict is resolved. 

Par t icularly controversial are the questions surrounding the ultimate 

S~f~ ty of t he nucl ear ope ra ting cycle. This un certainty tends t o delay the 

sltlng of any nuc lear pl ant through extended hearings, suits and arguments. It 
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has also compelled cl os e scrutiny of sa fety requ i rements wh i ch has in the past 
led to instances where plans have been revi sed du ri ng construction as new 
requirements are levied. Such revisions inc rease construct ion costs, sometimes 
substantially, both di rec t ly and indi rec t ly through delay of the construct i on 
process and the resulti ng financial charges accumulated during the period of 
construction. 

Capacity Utilization 

While rapid increases in both fixed and operating costs were occurring, another 
more subtle change in the electric utility i ndustry was leading to reduced 
economic efficiency and additional price increases. To the extent that plant 
available for use (after allowing for a reserve margin) is fully utilized, 
product~on costs are minimized. Conversely, to the extent that the plant is 
underutilized, production costs increase. The capital intensiveness of the 
electric utility industry tends to amplify any swings in the degree to which 
plant is utilized in either direction. Such a swing is inevitable whether or 
not the cost of incremental plant is increasing, but was clearly less of a 
problem when incremental plant costs were decreasing. 

Another factor that has led to a short-run increase in costs per kilowatt-hour 
is the current excess reserve position of the industry amounting to nearly 14 
percentage points above the normal reserve margin of 20 percent. More than 
half of the annual cost of operating a utility is fixed, regardless of the 
number of kilowatt-hours sold. As more capacity comes on line, these fixed 
costs increase. Since 1973, substantial amounts of new capacity have been 
added while demand has been flat or only slightly up. As a consequence, there 
have been increased overhead costs per kilowatt-hour. These unit cost increases 
will decline when demand rises enough to bring reserve levels back to normal. 

One of the most significant long run factors in capacity utilization is the 
relationship between peak load and average load. In an individual system, 
peak is measured as the daily coincident peak - the time period during which 
the maximum coincident power demand reaches the system - with the highest 
daily peak during a calendar year being the annual peak. The absolute peak 
for the year in recent years for most of the Nation's utilities has occurred 
in the summer, in the late afternoon. The national aggregation of these summer 
peak loads is measured as the sum of the maximum loads of each individual 
system during the summer months, whether or not they fallon the same day. 
This aggregated number is important in assessing reserve margins and system 
reliabi l ity, although system-specific analysis is required for a definitive 
assessment. 

Peak demand for power (kilowatts of capacity) has been growing faster than 
overall demand for electrical energy (kilowatt-hours) which leads to a steady 
deterioration in load factor (see Table V-2). Such a trend ultimately impacts 
significantly on the retail price for electricity as more plants remain idle 
for significant portions of the year. This underutilization must also be 
considered in any analysis of capacity requirements, since deteriorating load 
and capacity factors are the direct result of excessively uneven demand patterns . 
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• 	 Tabl e V-2 

HISTORICAL GROWTH: PEAK LOAD AND TOTAL ELECTRIC DEMAND 

Non-Coincident Summer Delivered --	 Total Electric
Peak Load Uti11ty Industry Load 

Year Factor 

1960 65.5 
1961 64.8 
1962 64.9 
1963 65.2 
1964 64.2 
1965 65.0 
1966 64.7 
1967 65.3 
1968 63.5 
1969 64.1 
1970 63.9 
1971 63.2 
1972 62.5 
1973 62.0 
1974 6l.2 
1975 61. OE 

E = estimated 

Compounded growth 
for the period: 

Thousand Percent PercentMegawatts Increase Billion kWh Increase 

132.8 5.99 
141.0 6.17 
149.1 5.71 
159.5 6.98 
175.0 9.75 
186.3 6.46 
203.4 9.15 
213.5 4.97 
238.0 11 .50 
257.7 8.26 
274.7 6.60 
292.1 6.35 
319.2 9.26 
343.9 7.75 
349.3 l. 56 
356.2 2.00 

rate 
7.6 

Compounded growth rate, 

1970- 1974 : 
 6.7 

Source: Edison Electric Institute 
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683.2 	 9.02 
720.7 	 5.49 
776.1 	 7.69 
830.8 	 7. 05 
890.4 	 7. 17 
953.4 7.08 

1,039.0 8.98 
1,107.0 6.54 
1,202.3 8.61 
1,307.2 8.72 
1,391.4 6.44 
1 ,466.4 5.39 
1,577.7 7.59 
1,703.2 7.95,
1 ,700.8 (0.14, 
1,734.0E 2.00E 

7.2 

5.7 

http:1,734.0E


The bunching of demand peaks during the day i s di rect ly rel ated to consumer 
behavior, which is influenced by the rate structure proposed by utilities 
and approved by regulatory commissions. To some extent, the variability of 
these consumer patterns has been exacerbated by recent unfoc us ed conservat ion 
efforts. While overall demand has been conserved, t here has been less eff ort, 
so far, to discourage large groups of cons umers f r om ma king coi nc ident 
increases in load which lead to large system peaks , e .g. high indi vi dua l 
demand for air conditioning on the hottest aft ernoon of the summer. System 
peaks can be offset to some extent by power drawn f rom ne ighboring sys t ems 
not concurrently experiencing peak demand. Powe r pool ing sys temat i cally
achieves the exchange of such power, but is limi ted by t he fact that rare ly 
are t ime or climatic differences great enough within a pool to offset peaks. 
The load management t echniques di scussed late r in the chapt er seek to reduce 
this problem . 

Fue l Cost Increases 

In addi tion to the hi gher cost of new generating plants, there have been 

subs t antial i ncreases i n the cost of fuel to electric uti l i ties. 


The Clean Air Act Amendmen t s of 1970 ha ve led to a major shift in uti l ity
fue l mix. A number of existin g coal pl ants were switched to low sulfur oil 
in order t o meet ambient air s t anda rds. This shift in fuel mix brought with 
it a major increase in t he operating cost of the utilities. In 1950, this 
f i gure had actually decreased t o on ly 2.9 mills per kWh and another decade 
late r had r i sen only t o 3. 4 mil ls . By 1973, average fuel costs increased to 
abou t 4.9 mi ll s per kWh, an i ncrease of 44 percent in only t hree years. 
By 1974, following t he oi l embargo and the coal strike which increased fuel 
costs, t his average increased to 9.3 mi l ls , a jump of almost 100 percent in a 
single year. 

Fuel costs amounted t o roughly 20 percent of the retail pri ce of electricity
in t he early 1970' s but the rapi d an d f requent increases raised this figure 
t o 35 percen t in 1974. For t he i nves to r- owned companies subj ect to rate 
regul at ion, the normal historical cost-based regulatory procedure wou l d have 
been inadequate to cope wi th such rapid change were i t not for t he widespread 
practice of automatic adjustments for fuel cost cha nges that co uld be passed
t hrou gh without prior fo rmal review. Of the $7 .4 bi l l i on in revenue increases 
to t he indus try in 1974 , $5.3 bi l lion was needed to cover added fuel costs. 

~ate Increases and Demand Effects 

The accelerating pressures on t he indust ry have "led to a mass ive inc rease in 
the number of rate applications general ly unrelated to fuel cost s . As a 
consequence, t he load on regul atory agenc ies has inc reased substantially. 
During 1975, utility commissions grant ed rate increases amounti ng to more 
than $3 billion. Nevertheless, at the end of t he year, requests amounting 
to more than $4 billion were st il l await i ng commi ssion act ion (see Table V·3). 
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Tab1 e V-3 

BACKLOG OF EL ECTR IC LT ILITY RATE CASES 

Total Dol l ar Value Number Total Dollar Value 
of of of 

Quarter Increases Granted Cases Increases Pending 
EndinL ($ M i 11 i on s ) Pending {$ Millions} 

3/ 31 /70 73 45 512 
6/30/70 80 46 615 
9/30/70 217 47 435 

12/31 /70 164 59 679 
3/31/71 177 71 939 

6/30/71 302 86 986 
9/ 30/71 114 105 1,237 

12/ 31/71 232 99 1 , 157 
3/31 /72 304 96 938 
6/30/72 191 104 1,967 
9/30/ 72 107 102 1,317 

12/31/72 268 99 1,123 
3/31/73 146 96 1 ,059 
6/30/73 144 123 1,572 
9/30/73 419 112 1,283 

12/31 /7 3 375 137 1 ,656 
3/31/74 526 144 2,052 
6/30/74 497 172 2,769 
9/30/74 524 164 3,068 

12/31/74 655 183 4, 015 
3/ 31/75 1,088 183 4,023 
6/30/75 719 181 4,267 
9/30/75 600 189 4,283 

12/31/75 688 185 4,073 

Source: Edison Electric Inst i tute 

Dur ing 1974 , revenues of the investor-owned utilities rose by $7 .4 billion, 
whi ch represents 27 percent of 1973 revenues of $27.5 bi l lion. The i ncrease 
in fue l costs of 1974 amounted to $5 . 3 bil l ion, or more than 70 percent of the 
operati ng expense increases for the year. Kilowatt-hour sa les for the year 
were substantial ly un changed from t hose of t He previous year, and there were 
large rate i ncreases to consumers, about three quarters of which were accounted 
for by the pass -through of the f ue l cost i ncreases. The other quarter repre 
sented rate increas es granted foll owi ng ra t e hearings. These were fel t on t he 
E(ast and Wes t Coasts where signif i can t quant ities of residual fuel oil are used 
see Table V-4) . 
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Table V-4 

PRICE INCREASES AND DEMAND CHANGES: 1973~1974 

Percent Percent 
Census Regions Pri ce Chan,je Demand Change 

New England 
Mid-Atlantic 
South Atlantic 
East North Central 
East South Central 
West North Central 
West South Central 
Mountain 
Pacific 

38.7 
37.1 
30. 1 
18.2 
18.7 
8.7 

15.7 
9.4 

23.1 

(2.2) 
(2.5) 
(0.4) 
(0.8) 
0.2 
0.7 
2.6 
5.8 

(0.8) 

(Weighted) Average 23.8 (0. 1) 

In t he regions most directly affected by the fuel cost increases, electricity 
costs to the residential consumer have, in some cases, doubled. There are a 
number of cases in which the electric bills for an electrically-heated home 
are larger than the monthly mortgage payments. The result has been increased 
pressure on rate commissions to make careful and lengthy investigations of 
utility requests for rate relief. The increased opposition to costly new 
plant investments has increased delays in siting and licensing. These delays, 
in turn, tend to raise costs both to the utilities, and, in the long run, to 
the consumers. 

In those regions with large and sudden price increases, there have generally 
been substantial reductions in demand. Recent FEA economic studies indicate 
that the demand elasticity for electricity is such that large price increases 
can be expected to cut into future demand despite large increases in the 
prices of other energy sources. One of the critical questions facing this 
industry is whether there has been a significant permanent change in customer 
behavior that will lead to continued lower growth in the future. FEA estimates 
for the next ten years indicate that electrici~ demand will grow at a rate 
lower than the historic seven percent. However, the projected 5.4 percent 
growth rate still means that electricity will continue to grow about twice as 
fast as overall energy demand. 

The year following the embargo showed large changes in the pattern in demand 
growth for power by all sectors. Nonetheless, both the large light and power 
(largely industrial) and the residential sectors continued to grow that year, 
although at very low levels. The small light and power sector (largely 
commercial), on the other hand, registered negative growth in 1974 but 
subsequently revived in 1975. The residential sector has also grown in 1975, 
but without reaching previous rates of increase. Large light and power, 
which declined significantly in 1975, has been historically sensitive to 
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economic and price f luctuat i ons, and appears to be reacting to the recent 

economi c slowdown. A ra pid recove ry woul d be reflec ted in industrial 

production which co uld induce abnormally high i ncreases in demand fo r 

industrial power during the first two or three years of recovery as occurred 

in 1972 and 1973 (see Table V-5). 


Table V-5 


PERCENT INCREASE (DECREASE) IN DEMAND FOR 

ELECTRICITY BY CONSUMING SECTOR 


1964-69 1970 1971 1972 1973 1974 1975 

Res idential 9.3 9.8 7.0 6.8 8.4 o. 1 6.2 
Small Light &Power 9.3 9.1 6.7 8.4 9.7 (1. 1) 7.0 
Large Light &Power 6.4 2.8 3.5 7.9 7.5 0.3 (4.7) 

Total Consumption 8.0 6.4 5.4 7.6 8.0 (0.1) 2.0 

Source : Edison Electric Institute (derived) 

The un certainties of future demand patterns have two significant effects on 
utili ty costs. The first effect is the possible deferral of construction 
decisi ons which may increase the cost of those plants eventually built. 

The second effect is an increase in the cost of capital to the utilities. 
Th e i nvesting public requires an incremental return on investment that is 
directl y related to the extent to which the economic future of the investment 
is uncer tain. Electric utilities used to be among the most certain of the 
ava ilabl e private sector investments; this is no longer true. 

The Uti lity Financial Situation 

The el ect ric utility industry, as the Nation's most capital intensive industry, 
has very large capital requirements to meet its service demand. Because of 
its high investment needs and low amortization rates capital investment of 
almost $4 is needed to produce $1 of annual revenues (sales). By contrast, 
the average manufacturing company needs only $.75 to produce a dollar of 
annua l sal es. Even the more capital intensive industrial groups need 
consi de ra bly less capital to generate a dollar of sales: telephone companies 
need about $2.75; aluminum companies need $1.30 on average and petroleum 
compani es need only about $1. 

As a result of this capital intensiveness, the fixed charges paid to finance 
th~ req uired investment play an important part in determining the ultimate 
prlce el ect r ic utilities must charge for their product. Other fixed charges 
~~Ch as de preciation, insurance, and property taxes also weigh heavily in 

e tota l cost of delivered electricity. 
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A furthe r result of capital intensiveness ;s that electric utilities must 
finance a large part of their growth through the continuous sale of add i t ional 
securities. The return on common equity that a utility must earn to f inance 
its growth depen ds on the equity' s yi eld and upon investors' estimates of t he 
growth rate of dividends per share. This growth rate in turn depends on the 
fraction of earnings not paid out to investors, the actual return on equity, 
and proceeds from the sale of additional equity. 

In the face of continuing needs for external financing, utilities must earn 
a return on equity that is at least suffici ent to keep the price of common 
stock at book value. If they do not, continued sales of common stock will 
reduce per share earnings and make it impos s ible to raise adequate funds. 
The market evaluation of the return that is needed varies as the supply of 
savings shrinks or expands relative to the demand for investment. A fuller 
discussion of these financial issues is provided in Appendix B of this chapter. 
The key finding of that analysis, however, is shown below (see Table V-6). 
The table shows the minimum earning that could be expected to provide a market 
value to book value ratio of one. Earnings have been low for several years, 
but it was not until the early seventies that the shortfall became very large. 

Table V-6 

REQUIRED AFTER TAX RETURNS VS. ACTUAL RETURNS 
($ Millions) 

Year 

Requi red 
Returns to 
Capita1 

Actua1 
Returns 
Capita1 

Actua 1 
mi nus 

Regui red 
Percent 

Difference 

1974 $11 ,092 $9,755 (1,337) (12.1) 

1973 9,027 8,493 535) ( 5.9) 

1972 8,027 7,404 623) ( 7.8) 

1971 6,614 6,424 190) ( 2.9) 

1970 6,268 5,603 665) (10.6) 

1969 5,140 4,953 187) 3.6) 

1968 4,455 4,454 1) 

1967 3,992 4,137 145 3.6 

1966 3,566 3,821 254 7.1 

Edison El ectric InstituteSource: 
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Until 1974, a rate increase of less than 4 percent wou ld have proved 
sufficient to cover the earnings shortfall assuming that about 40 percent 
of a rate increase could be expected to go for income taxes . In 1974, the 
shortf all widened appreciably--and it woul d now ta ke a rate increase i n excess 
of $2 billion to restore after tax earnings. 

The stock market has reflected this relationship in the evaluation of electric 
utility equities. In 1966, when actual returns had been exceeding required 
re turns for a long period, market value averaged 2.05 times book value for the 
stocks. This ratio declined through 1974 and reached its nadir in the wake 
of the announcement by Con Edison that it would pass its dividend. The market 
dropped to an average of .67 times book value. Subsequently, the market 
recovered as the 1974 enerqy crisis atmosphere passed; interest rates 
dec lined and utility earnings rose slightly. By June, 1975 the average market 
to book ratio had risen to .89 but was still well below 1.0 (see Figure V-3). 
The ratio must rise at least slightly above one if the companies are to be 
abl e to continue to raise the amounts of equity needed in coming years. 

The return on average common equity for electric utilities decreased modestly 
from 12.7 percent in 1966 to 10.6 percent in 1974, as is shown in Table V-7. 
However, the quality of electric utility earnings has deteriorated sharply. 
This ;s due to the increase in the portion of total earnings represented 
by non-cash income. The most important of such items is the Allowance for 
Funds Used During Construction (AFDC), which is credited to income and added 
t o plant costs and which provides no cash for operations, but only reflects 
t he cos t of capital required for ongoing construction projects. AFDC 
repres ented about 4 percent of net income in 1965. In 1974, however, this 
non-cash item accounted for 31 percent of utility earnings (see Table V-7). 

Table V-7 

EARNINGS AND AFDC FOR INVESTOR-OWNED UTILITIES 
($ Millions) 

Year 
Return on 
~"L1L 

Reported 
Ea rni ngs AFDC 

AFDC as a % 
of Earnings 

1974 10.6 $ 5,146 $ 1,596 31% 
1973 111.5 4,851 1,297 27 
1972 
1971 

11. 7 
11 .6 

4,356 
3,774 

1,095 
822 

25 
22 

1970 
1969 
1968 
19 67 
1966 
1965 

11. 8 
12.2 
12.3 
12.7 
12.7 
12.5 

3,333 
3,130 
2,960 
2,875 
2,718 
2,556 

594 
405 
275 
189 
129 

94 

18 
13 
9 
7 
5 
4 

Sou rce: Edison Electric Institute 
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Figure V-3 

Ratio Of Market Value To Book Value Of 
Electric Util ity Stock 
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The reduction in cash ea rnings has severe ly affected t he fin ancia l s t ability 
of electric utilities which cannot use such reported earni ngs to pay dividends 
or to meet their debt obligations. 

In order to finance their capital needs, utili t ies have therefore been forced 
to rely increasingly on external funds. The sale of debt by utilities is now 
severely limited by the decline in interest coverage ratios--generally the 
ratio of income before interest and income taxes to pro forma interest 
payments. In most states this legal limit is 2:1 which many utilities have 
reached or are rapidly approaching. In 1966, the average coverage ratio was 
as high as 5.3. Yet , by 11970 it had declined to 3.4:1 and by 1974 to 2.1:1. 
Thus, many utilities are barred from acquiring additional capital through the 
issuance of debt. 

As the cost of utility plant has increased, utility construction expenditures 
have had to grow even more rapidly. The past growth rate of the industry 
di ctated a doubling of capacity every decade; construction expenditures, 
however, quadrupled in the nine years from 1965 to 1974. 

With a dramatically increased need to raise external funds for new plant, 
long-term financing by electric utilities increased over eight times from 
1965 - 1975 to meet investment requirements. Since revenues represent only 
30 percent of net utility plant, and since current new investment now 
approximates 10 percent of total assets, annual construction expenditures 
amount to more than 35 percent of total revenues. It is clear that the 
i ndustry cannot finance any substantial portion of such expenditures from 
retai ne d earnings. In fact, the ratio of total investment financed externally 
increased from 45 percent in 1965 to 92 percent in 1974. During 1975, 
f i nancial conditions within the industry improved, bringing external 
f inancing down to 82 percent (see Table V-8). 

Th i s increasing reliance on the financial markets, coupled with the 
conti nuing trend of rising plant costs may make it difficult for utilities 
to ra ise the necessary capital without continued improvement in both the 
industry and the financial markets. The potential financing problems facing 
the electric utility industry are discussed in more detail in Chapter VI 
of this report. 
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Tabl'e v-a 

ELECTRIC UTILITY CONSTRUCTION EXPENDITURES AND 
LONG-TERM FINANCING 

Construction 
Year EXE.,endi tures 

1975 $ 15,200E 
1974 16,350 
1973 14,907 
1,972 13,389 
1971 11 ,894 
1970 10,145 
1969 8,294 
1968 7,140 
1967 6,120 
1966 4,932 
1965 4,027 

* Estimated 

($ Millions) 

Long~Term 
Financing 

$ 13, 197 
12,188 
9,264 
8,716 
9,368 
8,232 
4,875 
3,833 
3,329 
2,773 
1,641 

Short-Term 
Financing 

$ (700)*
2,770 
1,174 

380 
137 

(138 ) 
781 

1,602 
265 
158 
150 

Source: Edison Electric Institute 

EXPANSION REQUIREMENTS 

Percent Investment 
Financed Externally 

82%E 
92% 
70% 
68% 
79% 
80% 
68% 
76% 
58% 
59% 
45% 

The combination of demand uncertainty, siting and licensing delays, financial 
difficulties and reversal in the economics of generation costs has made 
continued rapid expansion of generating capacity both more difficult and less 
desirable for the utility companies. Without immediate rate adjustments, 
profits now tend to fall as new plants are brought on line. In addition, 
there are increasing impediments to the siting and licensing of new plants,
coupled with large uncertainties concerning the eventual cost of the plants. 

Deferrals and Cancellations 

One of the first and most visible effects of the uncertainties was the 
cancellation or deferral of plant additions. When the rate of growth in 
demand for electricity fell in 1974, utilities reassessed their construction 
programs on the basis of expected needs and their financial capability.
The cutbacks and deferrals announced at the time represent 140,600 megawatts 
or 67.5 percent of planned nuclear capacity additions and about 74,500 
megawatts or 30 percent of planned coal-fired plants (see Figure V-4). 

A task force created in FEA reviewed the full range of issues involved in 
these announced cancellations and deferrals. It was clear from individual 
utility company responses while certain of these were widespread others were 
particular to companies or regulatory jurisdictions. 
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Demand uncer taint ies , due to higher pri ces and conservat ion , were underscored 
as critical to cancellation and deferral deci s ions. It was frequently 
indicated that the lack of appropriate and expeditious rate relief, combined 
with general economi c condi t ions and insufficient earnings to raise ou t si de 
financing, created financial difficulties. Siting and licensing problems, 
in addition to escalating uti lity costs, often caused lengthy delay of many 
plants. 

In light of the magnitude of the announced deferrals and the reality of 
another wave of such announcements in the wake of last summer's sluggish 
growth, the question of the future adequacy of the Nation's generating 
capacity and reserves must be examined. 

Capacity Growth 

Although demand growth was severely curtailed in 1974, most generating plants 

that were well under construction contin ue d to be brought on line. Capacity 

in service at the beginning of 1975 was 476,000 MWe, and by the end of 1975, 

national reserve capacity was about 34 percent over the 1975 summer's peak, 

or 49,500 MWe above the currently accepted reserve margin of 20 percent. 

Assuming a normal retirement rate for existing plants, this excess capacity 

in the aggregate could alone accommodate about two years of sales growth 

at 5.4 percent per year without any new additions. There are, however, 

further additions scheduled to come on line between now and 1980 

(see Table V-9). 

Table V-9 

SCHEDULED GENERATING CAPACITY ADDITIONS 1976-79 
(MWe) 

PercentCapacit1 

37.0 %41,589Nuclear 45.350,987Fossil Steam 7.9Combustion Turbine 8,880 
9.810,474Hydro 

100.0 %112,430 MWeTOTAL 

Source: Electrical World 

These additions would lead to 620,000 MWe capacity by 1980, allowing for plant 
retirements, including plant cancellations and deferrals announced up to Sep
tember 30, 1975. This capacity could accommodate a 7.6 percent sales growth 
rate for 1974-80. This exceeds both the historic and the highest FEA growth 
estimates, as summarized in the forecast section of this chapter, even assuming 
an accelerated shift to electricity in the face of interim shortages of natural 
gas and oil. 
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Because of current excess reserve and capacity additions nearing completi on , 
there does not appear to be a Significant probability of a capacity shortage 
through 1980 on a national basis. This does not mean, however, that l ocal 
shortages would necessarily be avoided. There are a number of utili t ies 
facing continuing financial problems. These companies may be forced to defer 
construction plans to the point of being unable to meet the service needs of 
their territories. (Appendix B of this chapter discusses the financial 
s ituation of the electric utility industry.) The financial analysiS in 
Ch apter VI indicates that there may be some problems to be surmounted 
if a continuing, adequate flow of funds is to be provided for this industry. 

In the absence of further significant delays, currently projected generating 
capability schedules will keep national reserve levels well above 20 percent 
unt il 1983 or 1984. If there are in fact continued delays in construction, 
t he probability is that the large, long lead time nuclear and coal plants will 
be most affected. 

The danger here is more subtle than just the potential for an aggregate 
capacity shortfall. The bulk of the deferrals of nuclear plants involve 
capacity ordered for delivery in the early 1980's. It is an attractive 
al t ernative for a company to delay commitments for these large, expensive, 
long- term projects when they are not necessary for immediate needs. Many of 
these plants are being deferred in the expectation that power will be 
avail able from a neighboring system in the event of a growth upsurge. 
In some cases, however, the neighboring utility may be making a similar 
cal cul ation. The question arises as to whether enough of these plants could 
be res tored to schedule in time if demand growth were to accelerate to the 
pre-embargo growth rate as the economy recovers. 

If it should become apparent two or three years from now that demand 
growth will return to its seven percent historical rate, utilities may be 
forced to accelerate orders for quickly available simple cycle and combined 
cycle generating equipment to meet the larger demand, assuming that no steps 
were ta ken to spread the load more efficiently over the existing capacity. 
On a l ocal basis, individual companies that have not planned adequately to 
meet demand may find themselves in a similar position even with overall growth 
lower t han the seven percent rate. 

If total electricity demand were to grow at 7 percent per year to 1985 

instead of 5.4 and if because of lead time requirements the difference were 

made up entirely of gas turbines the result would be an increase of about 

2 MMB/ D i n oil requirements. It is unlikely, however, that such an 

accel erat ion of demand growth would be so sudden that some of the increase 

could no t be met either through the acceleration of planned coal or nuclear 

plants, or through load management programs. 


235 



If, on the other hand, the utili t ies were to bui ld to mee t a dema nd growth 
of 6.4 percent through 1985 as proj ected in t he El ectr i fication Scenario 
discus sed later, they wou l d need almost 873,000 megawatts of generatin g
capacity, ins t ead of the 785,000 MWe projected fo r t he Referen ce Scenari o 
The additiona l capi t al req ui rement would be about $46 bill ion assumi ng an 
acce leration of plant lead times which woul d lower total pl ant cos ts 
cons i derably. Should ac tual deman d in stead be the 5.4 percent project ed in 
the Re ference Scenario, the cos t of carryi ng t he extra capac ity would be 
$7.0 billion, or about 7.6 percent of t ot al re venues. 

All of t he above proj ect ions were made on the assumption of a continuing 
decl ine in the average load factor for t he system, with peak demand 
cont i nu i ng to grow a ha l f percent f aster than average demand. If this 
trend can be stopped or reversed, the avai l able capacity would be able to 
hand le substantia l ly larger loads, an d potent ial problems resulting from 
i nadequate capacity would be reduced. 

Load Mana gemen t 

The t otal amount of capaci ty required i n 1985 or beyond depends on more than 
just t he growth in total demand. It i s con tingent on the differential between 
growth f or peak and for average demand . 

Under the t radi ti onal dec1ining block rate structure, and in the absence 
of technol ogi cal sys t ems to con t rol demand pea ks, the annual load 
factor (average l oad/peak load) in t he United States has declined f rom nearly 66 
percent i n 1960 to an estimat ed 61 percent i n 1975. This phenomenon reflects 
deman d pat terns, and has a direct ef fec t upon plant utilization. Plant 
ut il i za t ion, in turn, direct ly af fe cts capac ity expansion requirements, 
generation effici en cy (heat rate) , and f ue l mix. 

The benef i ts to be der i ved from impl ementation of load management techniques
which focus on pl ant uti l izati on coul d be s ubstantial. If aggregate capacity 
ut i lizat ion of the pl ants in serv i ce ca n be improved, less plant will be 
requ ired. In t hat case, f urther de fe rrals would not necessarily constitute 
a major prob lem exce pt 1n isolated instan ces. 

A number of European nat ions have successfully attacked their own load factor 
prob lems t hrough load management , a stra tegy of shaping demand patterns
through pricin g and pos it ive load control s . For example, the following load 
fac tors were achi eved in 1972: 

Wi nterAnnua l 
Load FactorLoad Factor 

70 % 77 %France 7567Germany 7669Bel gium 
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All of these load factors are substan t 1a11y above the 1975 U.S . figure of 
61 pe rcent. Of particul ar in te rest, however, are the win ter seasonal load 
factors on these wi nter peaking sys t ems. The temperature-sensitive load 
dur i ng the winter peaks--electric heat ing--has been largely moved into the 
off -peak ho urs , imp roving the seasonal load factor and producing a high 
ann ual load factor eve n in the absence of a summer air conditioning load for 
seasonal balance. 

U. S. utilit ies, on the other hand , tend t o be s ummer peaki ng, wi th a heavy 
temperature-sens itive ai r conditi oning load. However, it is possible t hat 
pea k load can be modera t ed through a combination of pri cing and l oad controls , 
with a resultant increase in load factor. The technology for air 
con ditioning load management is availab le and has been demonstrated to be 
cost effective, parti cularly for the commer cial buildings whi ch cause severe 
load factor problems. 

Gi ven the potentia 1 for managi ng both s umme r and wi nter t emperature
sensit ive loads in the U.S., it appears that annual load factors higher 
t han the European winter seasonal factors, are achievable in this coun t ry. 
A 1985 annual load fa ctor of 67 percent appears to be a reasonab le and 
atta inable target, assuming national support of load management and 
associated time-of-day pricing. Such a load factor coul d be achieved if 
peak load growth is held to one percent below sales growth, a pattern 
j udged to be feasible on the basis of Eu ropean exper i en ce, genera l ly 
accept ed elasticity estimates, and the prel iminary res ults of domesti c 
fi eld t ests funded by the FEA and t he Na t i onal Sc ie nce Foundat i on. 

The comb ination of a declining load f ac tor and an inc reased aggrega t e 

reserve margin (from 20 percent in 1967 to near ly 34 percent in 1975 ) has 

ca used t he deterioration of the capac ity factor (average output/ ra t ed 

capacity ) from 52 percent in 1967 to an estima ted 44 percent i n 1975. 


Aga i n by controlling the growth of peak demand to one per cent bel ow t he sales 
growth rate and at the same time decreasi ng reserve margi n to 17 .5 percent 
it i s est imated that a capacity factor of 57 percent would be reached by 
1985. This improvement in capacity ut ilizati on woul d reduce t he nee d for 
new capacity by up to 90,000 MWe by 11985 and by abo ut $60 bi ll ion in 
capital requirements. It would al so achieve a s ubs t ant i al reduc t i on in the 
average retai l pri ce of electricity . 

Util i ties have always been cognizant of the need to add new loads in a 

manner which would improve both l oad and capaci ty fac tors. When the cost 

of expanding capacity was lower t han t he average cost of existing capaci ty , 

however, the economic incentive to improve load fac t ors was l argely blunte d. 
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Rate structures have no t generally differentiated between on-peak and off-peak 
usage, despite t he fact that it i s the fo rmer which forces the add i t ional 
cos t s of capacity expansion. Even though the incremental cost of capacity 
was, un til recently , lower than the average cost of installed capacity . it was 
neve r theless an ·increment; it increased the cost of service more than would 
higher utilization of existing capacity. Because electricity prices were 
falling. price structures did not reflect this point. 

The gains to be derived from peak load pricing can be augmented by direct 
load management techniques. These techniques are designed to provide control 
by the utility of the maximum coincident demand on the system. They include 
such approaches as time-controlled water heating which is turned off during 
peak hours, heat storage systems which provide heat during peak hours in 
substitution for utility power, and load shedding devices which turn off 
selected equipment for short periods when the system maximum load is being 
approached. 

ELECTRICITY FORECAST - 1985 

Demand 

During the period 1952-72 electricity consumption in the United States grew at 
a compound growth rate of 7.3 percent per year, more than twice the growth 
rate of total energy consumption which grew at 3.6 percent over the same 
period. During this time, prices for energy tended to hold steady in real 
terms or declined slowly. However, at the time of the Arab embargo which 
began in 1973,there was a sudden large increase in the overall price of 
energy to the U.S. economy. It is projected that these price increases, 
coupled with the increasing consciousness of energy use, will lead to a 
decrease in the growth rate for total energy consumption to 2.8 percent,
should oil prices remain at about $13, and slightly higher rates should oil 
prices decline from their current levels. 

The growth rate through 1985 projected for electricity consumption under the 
$13 Reference Scenario is 5.4 percent, slightly less than twice the overall 
growth rate of total energy, but still showing a tendency to grow 
substantially faster than overall energy usage. The range of growth rates 
projected for electricity over the different scenarios reviewed in this 
report is from a low of 4.9 percent in the Conservation Scenario to a high 
of 6.4 percent in the Electrification Scenario. The range is consistent 
with forecasts from recent studies of potential growth rates. An average 
of eight such studies completed since mid-1973 shows a mean projected growth 
of 5.6 percent (see Table V-10). 
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Tabl e V-10 

COMPARISON OF RECENT ELECTRIC DEMAND GROWTH STUDIES 

Source and Year of Study 
Projected Growth Rate 

1974-1985 

Oak Ridge - 1973 
Arthur D. Little - 1974 
Lawrence Livermore Lab. - 1974 
Hudson Jorgenson - 1974 
Technical Advisory Committee - FPC 
Oak Ridge - 1975 
We stinghouse - 1975 
Electrical World - 1975 

- 1974 

4.4 % 
6.4 
5.6 
5.5 
6.0 
5. 1 
5.0 
5.8 

Average 5.6 % 

The above projections all relate to the growth rate of total annual 
consumption of electric power. However, the variable which determines the 
requirement for plant construction is the growth in annual peak generation 
requirements. Reserve margins are measured as the percent of available 
capacity above the : peak requirement on the system. The total plant 
requirement is therefore a function of peak rather than average growth. 
There are two different assumptions made about the relationship between peak 
growth and average growth in the various scenarios. The business as usual 
ass umption is a projection of deterioration of the load factor through a 
continuation of the historical trend of peak growing half a percent 
fa ster than baseload. In the scenarios using conservation demand 
specifications, the assumption is made that an active load management 
program can reduce peak growth relative to average by one percentage 
point. The total range of growth rates of demand for peak and therefore 
for plant construction varies between 3.9 percent and 6.9 percent. , 

Supp_ly 

The mi x of powerplants used by the electric utility industry has changed 
Si gni f i cantly over the past 15 years. In 1960 more than half the kilowatt
ho urs were produced by coal-fired steam plants. Although electricity 
gen erat ion from coal has increased absolutely since then, the relative use 
of oil and nuclear power has grown much more rapidly. In particular, oil 
generat i on dramatically increased during 1969-73 as a result of more stringent 
state en vironmental laws, some of which were responding to the Clean Air Act 
Ame ndmen ts of 1970. Generation from natural gas and hydropower increased in 
abso lute terms, but like coal, declined in relative importance nationally. 
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Except for New Engl and, al l regions east of the Mi ssiss i ppi are pr ima rily 
dependent on coal for elect r icity production. In additi on, since 1960, 
there is increased emphasis on coal and reduced emphasis on natur al gas in 
the West North Centra l. The Mountain reg ion has also increased its usa ge 
of coal for electricity generation although hydropower and natural gas continue 
to 	be important. New England has almost compl etely switched out of coal and 
into oil and nuclear power, relying on the latt er for about 25 percent of 
its electricity. The Pacific region has increased its relative dependence 
on hydroelectricity, enabling it to deemphasize the use of natural gas for 
electricity production. The West South Central has changed little since 1960, 
still relying almost entirely on natural gas for its powerplant fuel. 

The major swing projected between 1974 and 1985 is that nuclear power grows 
very rapidly and tends to replace, on a percentage basis, much of the oill 
and gas fueled generation. The relative share of nuclear power grows more 
than fourfold. Generation from coal essentially maintains its market share, 
while oil and natural gas both decline to less than half their present share, 
although the absolute amount of oil and gas us e declines by only one quad 
(about 15 percent). Hydroelectricity decreases slightly as there are fewer 
available sites for development (see Table V-ll). 

By 1990, on-line nuclear capacity could increa se to as much as 266,000 mega
watts. New uranium enrichment capacity would have to be brought on stream 
sometime prior to 1985. A discussion of the nuclear fuel cycle is contained 
in Appendix A of this chapter. 

There are a number of regional disparities from the national pattern in 1985 
which generally result from differences in the natural geography of the regions: 
such as the availability of large amounts of hydroelectric supply, and long
transportation distances from coal mines, resulting in higher prices for what 
would otherwise be relatively cheap and abundant coal supplies. 

• 	 New England will have had the largest commitment to nuclear power,
deriving 41 percent of its net generation from this source. Another 
27 percent is projected to come from coal, which is substantially 
larger than its contribution today. Practically all of the remaining 
electricity is expected to be generat ed from oil. 

• 	 The South Atlantic, Eas t North Central and West North Central 
regions are expec ted to show a substantially higher dependence upon 
coal than the Nation as a whole and practically none on natural gas. 
The South Atlantic and East North Central regions depend more than 
average on nuclear, while West North Central is low in nuclear, 
but highest in coal. Hydropower is also small. 

• 	 The East South Central region has a significantly larger than average
contribution from nuclear (37.3 percent) in 1985 and a slightly 
larger than average contribution from coal. This region is projected 
to have the smallest dependence on oil and natural gas. 

• 	 The West South Central in 1985 shows a continuing and exceptionally 
high dependence upon na t ural gas, which acco unts for 54 percent of 
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the total generation in the region down from 87 percent in 1974 . 
However, all but 12,000 MWe of the gas-fired plant is operating at 
intermediate load in this region by 1985. The reduction in the use 
of gas comes from the less intens i ve use of these plants due to 
additions of nuclear and coal-fired baseload plants. While the 
nuclear contribution is close to the national share, coal IS share 
is less than half the national average. 

• 	 The Pacific region deviates most dramatically from the national 
composite in 1985, deriving the majority of its electricity from 
hydropower (62.2 percent). Most of the remainder is generated from 
oil. Nuclear electricity is small but significant. 

In all analyses where the price of oil is $13 or higher and gas is deregulated, 
the full cost of existinQ oil and gas-fired power is sufficiently high to 
make it attractive to reduce almost all such plants to intermediate load use 
by 1985. About 12,000 MWe of gas~fired plant in the West South Central 
region continue.to operate at baseload because not enough new baseload 
plant would be built yet to replace it. At a price of $2/million Btu (about 
$12/barrel for oil or $2/Mcf for natural gas) the fuel cost alone of 
petroleum nears 20 mills per kilowatt-hour, which is close to the total cost 
of power delivered from a nuclear or coal-fired plant. The result is that 
almost none of the existing base load oil and gas-fired plant is in service 
as baseload equipment by 1985. This equipment is currently concentrated on 
the eastern seaboard and on the West Coast for oil-fired plant, and the 
Southwest, for gas-fired plant. The result is a major swing in the fuel 
mix if the price of oil turns out to be $8 rather than $13, with higher oil 
and gas consumption and lower coal usage. 

This regional picture is reasonably consistent across all scenarios but two, 
the $8 Reference and the Regional Limitation Scenarios, which illustrate 
changes that could cause substantial departure from the pattern. 

An increase in the price differential between oil and coal has its first 

impact at intermediate loads. The cost of power from plants that operate 

only one third of the year is more sensitive to the fixed overhead, which 

is relatively high per kilowatt-hour of output, than the cost of power for 

baseload. 

Under the $8 Oil Scenario, simple cycle turbine becomes attractive for 
intermediate load application in place of coal-fired plants because the 
lower initial cost added to the smaller relative fuel price differential 
shifts the economic decision point. Over 10 percent of total power is 
generated by these simple cycle turbines versus 1.6 percent in the Reference 
case. Apart from this change, the pattern remains largely as discussed above. 

The Regional Limitation Scenario produces a very similar result. It includes 
among the events modeled a nuclear moratorium which restricts the total 
available nuclear capacity increase through 1984 to an additional 61,000 
megawatts. All new coal-fired plants are required to use both scrubbers and 
low-sulfur coal, which raises the price for new coal-fired power enough to 
shift the balance in favor of simple cycle turbines for intermediate load use. 
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In this case only the two western regi ons continue the Reference Scena rio 
pattern of coal expans ion. Both regions require scrubbers on new plants in 
all strategies and low-sulfur coal is relatively low priced. The West South 
Central region also shifts to coal rather t han increasing oi l and gas, but 
it starts from the highest gas-fired base of all the reg i ons. 

In addition to the changes in fuel mix in the various scenarios there are 
also large changes in the numbers of plants needed to meet the overall demand 
requirements, which are a function of peak load growth rather than the growth 
i n average load. The scenario with the lowest peak load growth is the 
Conservation Scenario which has a growth rate for peak load over the 1974-1985 
period of 3.9 percent. This scenario requires an increase of 243,400 MWe of 
capacity. The Electrification Scenario, on the other hand, projects an average 
compound growth in peak load of 6.9 percent and requires 383,000 MWe 
of new capacity on line. The major swing in capacity takes place in the 
coal-fired plants. Nuclear plants are limited over the time period by the 
long planning lead times required to bring these plants on stream. However, 
coa l plants can be built on shorter notice and are projected to make up the 
di fference in required capacity (see Table V-12). 

The economic choice of scrubbers for coal plants for baseload service is 
vari able from region to region because of the variations in coal prices and 
t ransportation costs. In the eastern regions, where high-sulfur coal is 
readi ly available at lower prices and where low-sulfur coal is more difficult 
t o obtain, scrubbers tend to be built. The middle of the country tends to 
use low-sulfur coal as much as possible since the savings in price from 
hi gh-sulfur coal are not adequate to overcome the capital costs of adding 
scrubbers. Scrubbers are installed in the West because state regulations 
t end to make them mandatory. 

Table V-12 


ELECTRIC POWER PLANT CAPACITY ADDITIONS 1975-84 

$13 IMPORTED OIL 


(Thousands of Megawatts) 


Pl ant 	 Conservation Accelerated Reference Electrification 

Scenario Scenario Scena ri 0 Scenario
~ 

Nuc lea r 97.4 105.8 105.4 126. 1 
Coal 96.2 77.5 156.7 201.5 
Oil-fi red 13.7 13.7 13.7 13.7 
Gas- f i red .2 .2 .2 .2 
Simple Turbine 2.0 1.1 33. 1 38.8 
Hydro 28.3 28.3 28.3 28.3 
Other 5.6 22.7 5.6 22.7 

Total 	 243.4 249.3 343.0 431.3 
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Price 

The average price of electricity in the various scenar i os ranges between a 
low of 25.96 mills per kWh in the Accelerat ed Scenario wi th conservat ion 
and a high of 31.12 mills per kWh in the Regional Limitat ion Scenario. 
These prices compare with the current 1975 national average price of 
approximately 27 mills per kWh and a Reference Scenario price of 29.73 mills 
per kWh. These prices are relatively stable over the ten years and over the 
total range of scenarios. The exact prices are a function of the fuel mix, 
of the types of plant built in the interim, and of the cost of those plants. 
As was shown in Table V-l, the nuclear power plants deliver the cheapest 
power available from new baseload plants, approximately two mills cheaper 
than from a coa l -fired plant. However, the nuclear plants expected in 1985 
must already be in the planning and licensing stage if they are to be 
delivered to meet the demand in that year. There is consequently a limit on 
the total number of such plants that can be expected by 1985. These limits 

are incorporated in the analysis for each region, based on data filed with 

the Nuclear Regulatory Commission concerning proposed plants and delivery 

schedules. 

The tendency is to provide coal-fired plants for all remaining baseload 
requirements except in regions having available large amounts of either 
hydroelectric or geothermal power which are yet cheaper. Coal is chosen because 
it is available at prices ranging from $1.38 to $0.46 per million Btu 
compared with the price of approximately $2 per million Btu for oi l or gas
in the $13 Reference Scenario. When coal plants are built, an "opportunity 
cost" is calculated in each region which measures the incremental cost to 
consumers of not being able to build more nuclear plants. This cost ranges 
from 4.0 mills per kWh in the Northeast to 0.8 mills/kWh in the Mountain 
States in the $13 Reference case. The regions where this cost is relatively 
high are Northeast, Mid-Atlantic and East North Central. 

In cases with accelerated plant buil,ding schedules and consequently lower 
cost of plants, the economics of the plants shift slightly, and the overall 
price of electricity tends to decline. The lowest price is found in the 
Accelerated Scenario with conservation because this embodies both lower cost 
plants through accelerated building schedules and more efficient use of the 
existing and new plants through higher load factors due to load management. 

The highest power cost is encountered in the Regional Limitation Scenario 
because nuclear plants are limited to those currently holding building permits, 
which cuts nuclear builds to almost half the level otherwise projected. 
In addition, this scenario requires scrubbers on all new coal-fired plants
and the use of high-sulfur coal. Both of these conditions increase the price 
of electric power. 

One other action embodied in the model leads to increased capital cost but 
does not necessarily lead to increased cost of power. This is required
conversion of 11,316 megawatts of capacity from either oil or gas to coal. 
These plants were ordered to make these changes in mid-1975 under the Energy 
Supply and Environmental Coordination Act. These conversions will require 
additional capital investment but will cause these plants to burn coal rather 
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than oi l and gas. By 1985 the economies from the use of the lower cost fuel 
will ten d t o offset t he cost of the capital investment. 

It appears , th en, that the price of electricity cannot be expected to resume 
decli ning in real terms as was the norm for the 1950's and 1960's. The price 
i ncreases brought about by the increase in fuel prices in 1974 can be 
mi tigated to some extent on a regional basis, but the increasing cost of new 
generating plant will prevent the national utility system from bringing costs 
bel ow those now prevailing. The largest cost benefits from switching to 
cheaper fuels will be realized in the Northeast and Mid-Atlantic regions where 
the Reference Scenario prices decline by 15 and 11 percent. The largest cost 
penalties are paid in the East South central and West South Central regions 
where the price rises by 68 and 54 percent. The dominant reason for the 
price reductions is the shift from suddenly expensive imported residual oil 
to nuclear fuel. The increase in the West South Central region results when 
the dominant fuel, natural gas, increases in price due to short supply. The 
price increase in the East South Central region occurs as the production 
mix continues to shift away from cheap, but fully exploited, hydroelectric 
power. 

The Electrification Scenario is designed to test the possibilities for 
subst ituting electricity--which can be produced from domestically available 
coal or uranium--for imported oil or scarce natural gas. It assumes a 
prohib ition on the use of all oil and natural gas in baseload electricity 
generat ion and on the construction of new oil and gas powerplants after 1977 
fo r in termediate load. It includes an accelerated conversion of existing 
boi lers to coal, grea t er nuclear capacity additions, and greater solar and 
geothermal energy. It also assumes that no further oil or gas heating systems 
may be installed after 1977 for residential or commercial use, and that part 
of new i ndustrial demand for oil and gas will be shifted to electricity or 
coa l. This restriction was set up to show an extreme swing in electricity use. 
In prac t i ce, such a program would result in large cost increases, both to the 
homeowners and the industrial users. It is not clear that even this amount 
of switchi ng could be successfully induced over the period. 

The res ult shows that some substitution is possible, and about 1 MMB/D of oil 
imports might be saved. In addition, 1.5 Tcf per year of natural gas is f reed 
up to be dis tributed to other users. About 350,000 B/D equivalent of the 
savi ngs comes f rom changes in the fuels used by the utilities, largely due to 
an accelera t ed use of nuclear power, while the remainder comes from direct 
subs titution of electricity for oil or gas at the consumer level. The price 
of power is pushed up in this case, despite the assumption of wider use of 
nuclear power from the cheaper, shorter lead time plants. More new plants are 
built which deliver above average cost power, and the price of coal is pushed 
up by substant ia llly increased demand. 

Only in t he cas e which includes both reduced plant costs and load management, 

the Ac celera t ed Scenario, does the price remain stable at current levels on 

a nati ona l basi s . 
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Capi tal 

The large variation in the total req ui rement coupled with the variations in 
plant cost depend i ng on the exten t to wh ich ef fic iencie s can be introduced 
in the construction cycle tend to lead to widely different capital requirements 
for the industry over the period. The capital costs range between $215 billion 
and $323 bi 11 i on over the ten yea rs from 1975 to 1984. The low capital need 
is found in the Accelerated Scenario which embodies an active load management 
program, and therefore only builds 249,300 MWe of new capacity. The high
capital need is found in the Electrification Scenario in which 431,300 MWe of 
new capacity are built to meet higher power demands (see Table V-13). This 
subject is discussed in more detail in Chapter VI. 

Table V-13 

CAPITAL REQUIREMENTS OF THE ELECTRIC UTILITY INDUSTRY 
(Bi l lions of 1975 Dollars) 

ElectrificationReference 
Scenario 

Acce1erated 
Scenario Scenari 0 

Nuclear Generation 
Other Generation 
Transmission and Distribution 
Increase in work in progress 

58.0 
81.8 
97.9 
38.5 

52.9 
51.0 
72.7 
38.5 

63.0 
96.8 

111 .9 
50.9 

Total 276.2 215.1 322.6 

PUBLIC REGULATION AND UTILITY COST STRUCTURE 

State regulatory commissions ultimately affect and are affected by changes in 
utility costs. The close relationship be tween regulatory powers and the 
financial health of the electric utility industry, capacity utilization, sales 
growth and fuel mix, has come into sharp focus since the recent cost increases 
led to higher prices for electricity. 

In terms of installed capacity, number of customers, and kilowatt-hour sales, 
about 78 percent of the electric utility industry in the United States is 
presentl,x. investor-owned. These pri vate compani es are regulated by pub1 i c 
authorities at both the State and Federal levels of government. State 
authorities regulate intrastate transactions, whi le Federal authorities 
regulate interstate transactions, environmental protection standards, 
private hydroelectric projects, and nuclear plant licensing. 

The predominant role in public regulation of investor-owned utilities, 
however, remains with the States. State regulatory commissions, which are 
either directly elected by the public or appointed by elected officials 
(the governor or the legislature) have regulatory powers over such matters 
as: 
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• 	 determini ng the rate base 

• 	 establishing t he aut hor ized ra te of ret urn 

• 	 setting r ate structures (tari ffs) 

• 	 approving reorganizations, mergers and consolidations 

• 	 prescribing accounting, auditing and reporting standards 

~ 	 ensuring safety and reliability 

• 	 certifying and licensing plant expansion 

Of 	 the 50 States, all but two have most of these powers.* 

It is in exercising these powers that regulatory commissions ultimately 
influence nearly all aspects of the electric utility industry. 

Prior to 1970, electricity was a declining price item for the consumer, 
because utility expansion was a declining cost item for the utilities 
industry. Since the cost of additional production capacity, particularly 
generating stations, was lower than that of capacity already installed, 
expansion could be financed relatively easily and resulted in a lower 
average cost and retail price per kilowatt-hour. There was a strong incen
t ive, consequently, to expand capacity rather than to improve the utilization 
of existing capacity. 

These conditions prompted regulatory commissions to approve rate structures 
wh i ch tended to encourage both electricity sales and capacity expansion. 
Such rate structures priced electricity so that the price charged per 
ki lowatt-hour decreased as the number of kilowatt-hours used per month increas
ed the so-called declining block rate structure. Further, in this period of 
decli ning costs, there was little concern regarding regulatory delays in 
approving new rates, since these delays were not creating financial 
di f fi culties for either consumers or utilities. 

Wh en costs turned upward, however, regulatory lags began to impact adversely 
on uti l ity earnings. In the face of declining profitability, most rate 
commis sions began to allow utilities to pass-through fuel costs without prior 
reView. The extent of such increases in 1974 created serious difficulties 
fo r the commissions. The basic mandate to the commissions to ensure the 
l owes t r ates cons i stent with the ability of the utility to attract sufficient 
capi t al has, as a consequence of changing conditions, come to be interpreted 
in divergen t ways. 

* 	 Neithe r South Dakota, nor Nebraska has a State reg ulatory commission for 
investor-owned utilities; the latter prohibits such utilities in the State. 
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Historical ly the focus of rate questions relat ed t o aggregate revenues and 
the al location of charges to customer cl as ses and sub-classes was based on 
accounting procedures and historical cost allocation sys tems whi ch resulted 
in the declining block rate structure. 	 . 

Since the costs for new capacity are now higher than for old, a new means of 
allocating charges to reflect actual costs of service and to improve capacity 
utilization is inevitable and necessary. It is also important that the 
feedback effects which rate structures have on both total demand and demand 
patterns be taken into account with explicit consideration given to the 
contribution of peak load growth to total utility costs and consumer prices. 
The emphasis that was once placed on aggregate revenues for rate-setting 
purposes may have to shift to a closer focus on long-run efficiency questions. 

ALTERNATIVES TO CENTRAL UTILITY ELECTRICITY 

The scenario evaluations show that only under optimistic conditions does the 

price of electricity hold reasonably stable in real terms at current prices. 


However, should plant costs continue to rise steadily and plant delays continue 
to worsen, end users of electricity may begin to seek alternate means to 
fullfill their needs, either through other energy sources or through generation 
of power on their own premises. The higher the cost of central station power 
becomes, the more likely it is that economical means will be found to supple
ment the public utility. While some of these would be advantageous from the 
viewpoint of national energy policy, e.g. small scale solar generation, others 
would not, e.g. local gas turbines. 

Forecasts of electricity demand generally do not consider the possible impacts 
of available alternatives to remotely-generated utility electricity. Such 
alternatives are on-site generation of electricity at the point of consumption; 
and utilization of "waste" heat from electricity generation for purposes 
otherwise met by electric heating, or by industrial steam. 

The widespread adoption of these techniques as well as other alternatives to 
low-grade electric heating, (such as decentralized solar power for space and 
water heating) for which the necessary technology is presently available, 
could have a substantial impact upon the future demand for central power plant 

el ectri city. 
On-site generation of electricity by industrial plants now accounts for about 
99 billion kilowatt-hours annually in t he United States, or about 5 percent of 
total electricity production. Perhaps more meaningfully, this amount is equal 
to about 14 percent of utility electricity sales to industrial customers. 
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In addition, an undetermined amount of electricity is self-generated by hote ls, 
laundries, hospital s , and other institutions. 

Waste heat utilization already adopted by utilities in their combined cycle 
turbine generators can be directed to end-use heating purposes in lieu of 
electricity. Approximately two-thirds of the energy consumed in generating 
electricity is presently lost; worse, it is considered a source of air and 
water pollution (th ermal pollution). Waste heat utilization technology is 
better developed in Europe, where it is frequently used to produce hot water 
or steam for both space heating and industrial processes. 

A recent study made for Michigan Public Service Commission* suggests that 
combining industrial steam boilers with generating equipment could provide 
up to 71,000 MWe of electric capacity by 1985 for an effective capital cost 
of $120/KWe, almost one-fourth the current price for such generating 
eq uipment standing alone. Furthermore, since a different overall thermo
qynamic cycle is used, more of the Btu content of the fuel would provide 
use ful work. The result is lower fuel costs and higher efficiency. 

The development of such alternatives to central generating stations could 
impact significantly on the electric utility industry. What remains to be 
seen is how far the rising cost trends that have brought the industry to 
its present condition will continue. The higher the price of electricity
from the existing system, the stronger the lik,elihood of alternative 
generation. 

SUMMARY 

The most significant change in the electric utility industry is the marked 
i ncrease in plant costs. This increase has only begun to be reflected in 
plants that are now in the rate base. However, as the newer, more expensive 
plants are brought on line over the coming decade, the higher cost will have 
to be reflected in rates. This upward pressure will counterbalance the 
savings to be realized through a shift to the cheaper, domestically available 
coa l and uranium fuels. The result will be continuing price increases, or, 
at best . constant real prices for electric power. 

The ris ing plant costs are also at the root of the companies' financial 
di f ficul ties. The major portion of the full investment in a new generating 
plant is made years ahead of the date the plant enters service and becomes 
an 	 earning asset. As plant costs rise, the construction work in progress 
rises. In 1974 it reached one-sixth of total electric utility assets for 
the investo r-owned segment of the industry. At the same time the annual 
investment leve l rose to equal 35 to 40 percent of revenues. The result has 
been a sharp jump in the amount of external financing needed. 

* 	~ner9Y Industrial Center Study, prepared for the Office of Energy Research 

and Deve lopment Policy, National Science Foundation, June 1975. 
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Because the trends of r l s lng cos ts an d increas ed fina nci ng needs have 
converged, growth has become less desirab l e for both companies and regul ators. 
If the rate of growth of demand slows also, there would be relatively little 
problem. However, wh i le r i si ng prices may restrai n growt h to some extent, 
other forces may encourage it. Natural gas shortages may encourage the 
substitution of electricity. Greater assurance of availability amy make 
electricity more attractive despite its higher price per Btu than that of 
fossil fuels. In the long run, it is the most flexible way to harness and 
distribute renewable energy sources. 

Any acceleration in the growth in demand for power brings with it an increase 
in stress on the industry. Financing needs in advance of completion increase 
rapidly, while the price charges at the time of start-up tend to discourage 
the demand for which the equipment is needed. Both forces have introduced 
an unaccustomed note of uncertainty into utility planning. 

FEA projections center around a growth in electric energy demand of about 
5.4 percent. But the extremes in growth are in peak demand growth, ranging 
from a 3.9 to 6.9 percent, with a concomitant range of new generating plant 
requirements. At the high end, however, the projection is still below 
pre-embargo forecasts. 

Lower projected demand growth should reduce some of the financial pressures 
on the industry. Capital market conditions have improved since 1974, but 
the industry remains vulnerable should money tighten, or a sudden spurt of 
demand materialize late in this decade, after the current excess reserves 
have been absorbed. Planning efforts have become much more complicated, as 
price and alternate fuel availability calculations must now be included. 
Underestimating growth endangers reserve margins, and corrective action is 
likely to involve at least a temporary increase in the use of scarce and 
expensive oil. Overestimating growth would lead to excess reserves with an 
accompanying excess in costs which may tend to dampen the rate at which 
demand will rise to match capacity. 

To some extent, utilities can seek to reduce the cost of new generating 
plants or to gain greater control over their load growth. The strategies 
reviewed in this Report investigated some of the benefits from both 
possibilities, but even in the Accelerated Scenario which incorporates both 
cheaper plants and load management could only hold the average price of 
power steady at current price levels in rea l terms. 
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Because t he trends of rising costs and increased fina nc ing needs have con ver ged, 
growth has become less desira bl e fo r both companies and regulators. If t he 
rate of growth of demand slows also , th ere will be relat ivel y l ittl e problem. 
However, while rising prices may res t r ain growth to some ext ent, ot her forces 
may encourage it. Na t ural gas shortages may encourage the substitution of 
electricity. Greater assurance of availability may make electricity more 
attractive despite its higher price per Btu than that of fossil fuels. In the 
l ong run, it is the most flexible way to harness and distribute renewable 
energy sources. 

Any acceleration in the growth in demand for power brings with it an increase 
i n stress on the industry. Higher growth rates lead to increased construction 
expenditures which require immediate financing. Cash inflows do not begin 
un til the plants go into service at which time rates rise. These increases in 
tur n tend to discourage the demand for which the equipment is planned. These 
forces have introduced an unaccustomed note of uncertainty into utility planning. 

FEA projections center around a growth in electric energy demand of about 
5.4 percent. But the extremes in growth are in peak demand growth, ranging 
from a 3.9 to 6.9 percent, with a concomitant range of new generating plant 
requirements. At the high end, however, the projection is still below 
pre-embargo forecasts. 

Lower projected demand growth should reduce some of the financial pressures on 
t he industry. Capital market conditions have improved since 1974, but the 
indus t ry remains vulnerable should money tighten, or a sudden spurt of demand 
materi alize late in this decade, after the current excess reserves have been 
absorbed. Planning efforts have become much more complicated, as price and 
al ternate fuel availability calculations must now be included. Underestimating 
growth endangers reserve margins, and corrective action is likely to involve at 
least a temporary increase in the use of scarce and expensive oil. Overesti
mat i ng growth would lead to excess reserves with an accompanying excess in 
costs which may tend to dampen the rate at which demand will rise to match 
capac i ty. 

To some extent, utilities can seek to reduce the cost of new generating plants 
or to gai n greater control over their load growth. The strategies reviewed in 
this Report investigated some of the benefits from both possibilities, but 
even in the Accelerated Scenario which incoroprates both cheaper plants and 
load management could only hold the average price of power steady at current 
price leve l s in real terms. 
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Appendix V-A 

THE NUCLEAR FUEL CYCLE FOR 

LIG HT WATER REACTORS 


INTRODUCTION 

The nuclear fuel cycle for light water reactors is a sometimes ignored, but 
crucial part of our energy problem. It consists of the following steps 
(see Figure VA-l). 

• 	 Exploration for and discovery of uranium ore reserves. 

• 	 Mining, milling and refining the ore to produce uranium 

concentrates (U30a). 


• 	 Conversion of U30a to uranium hexafluoride (UF6) to provide

feed for uranium enrichment. 


• 	 Isotopic enrichment of UF6 to provide reactor grade uranium 

fuel. 


• 	 Fabrication of nuclear fuel, including converting UF6 to 

uranium dioxide, pelletizing, encapsulating in rods, and 

assembling the uranium dioxide into fuel elements. 


• 	 Loading of fuel into reactors and utilizing the heat for 

electricity generation. 


• 	 Reprocessing the spent fuel to recover remaining fissionable 

uranium and plutonium from radioactive wastes. 


• 	 Converting uranium to UF6 for recycling to enrichment plants 
and plutonium for use in mixed (plutonium-uranium) oxide fuels. 

• 	 Radioactive waste disposal . 

Wh i le the basic technology for the light water reactor fuel cycle is well 
developed, segments of the fuel cycle are faced with a number of complex,
interrelated but solvable problems which must be resolved in a t imely manner to 
ensure that the necessary supporting functions do not impede the ut i lization 
of nuclear power. The purpose of this Appendix is to discuss the problems
wh i ch face the nucl ear fuel cycle. 
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URANIUM RESERVES AND RESOURCES 

As is the case wi th other resource est imates , there i s considerable uncertainty 
about the total si ze of the domestic uranium reso urce ba se, reflect ing the 
extent of exploration efforts. Consi derable expl orati on for uranium was con
ducted in the early 1950's by t he Atomi c En ergy Comm is sion and the U.S. 
Geological Survey wi th a subsequen t maj or effort by private industry. In the 
period 1967-69, there was a sharp increase in expl oration efforts well above 
the levels of the 1950's, followed by decreased expl oration of the early 1970"s 
due to softening in the ura nium marke t as a cons eq uence of slippage in uranium 
demands. Starting in 1973, expl oration activ i t i es increased again and are 
expected to continue to increase in 1976. 

In its latest survey of uranium resources, the Energy Research and Development 
Administration has divided uran ium deposits into two main categories: reserves 
and resources. Ore reserve est imates are the most reliable figures since they 
are based on drill-hole and other geolog i c data made available to ERDA by the 
uranium companies. Potential resource estimates are estimates of undefined and 
undiscovered resources in geologic forma ti ons i n the United States, and these 
est imates are divided into three subcatego r ies (probable, pOSSible, and specu
lat i ve) to reflect the i r degree of rel iabi lity . The reliability is greatest in 
t he probable class where there has been ex t ens i ve exploration and where mines 
have been deve l oped - thus defining local ore deposits. The reliability is 
l eas t in the speculative class where area of favorability must be inferred 
solely from literature survey, geolog i ca l reconnaissance of formation outcrops, 
and t he examination of the logs and cuttings from wells drilled for petroleum 
and other purposes. 

Si nce various grades of ore exist (aver age ura ni um ore from underground mines 
con t ai ned 0.22 and 0.20 percent U30S in 1974 and the first half of 1975 
respec tively) and since the ore occurs in depos i ts of varying thickness and 
scope and at varying depths, both resource and reserve estimates have been 
fur ther categorized in terms of their "fo rward " costs of production . Forward 
cos t s are defined as those operating and capital costs yet to be incurred to 
produce a particular body of ore . They do not include profit and "sunk" costs 
such as past expenditures for property acq ui s ition, explorati on, and mine 
development . The vari ous fo rward cost s are independent of the market price at 
whic h the reserves and estimated resources woul d be sold. Table VA-l summa
rizes t he latest estimates of uran i um reserves and resources that could be 
recovered at various maximum forwa rd costs. Eash successive cost category 
incl udes the estimates of the lower cost category or categories. 
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Table VA-l 

URANIUM ORE RESERVES AND RESOURCES* 
(Thousand Tons U30S) 

Resources 
Possible SI2eculative Total

Reserves ProbableForward Cost 
730300 200$ S/lb 200 	 30 

1275390 11O
$lO/lb 315 460 	 195O680 640$15/1 b 420 

134O 
21O 

3490 
$30/1 b 600 114O 41O 

* 	U.S. Energy Research and Development Administration, Statistical Data 
of the Uranium Industry, Grand Junction, 1975. 

In addition to the resources listed in Table VA-l, U30S may be recovered as a 
by-product of phosphate and copper production. Also, the recent price increases 
for alternate fuels have opened the possibility of eventual utilization of uranium 
available at forward costs higher than $30/1b. The Chattanooga Shale in Tennessee 
has a uranium content of about 60 ppm and contains in excess of 5 million tons of 
U30S that would be producible perhaps at a forward cost of around $lOO/lb. This 
Chattanooga Shale, plus other low grade deposits, could yield as much as 26 
million tons. 

Presently known uranium reserves in the contiguous U.S. are concentrated in a 
few states. Major mining areas are found in Wyoming, Utah, Colorado, and New 
Mexico; in 1974, New Mexico and Wyoming produced 75 percent of all the U30S 
mined (see Table VA-2). 

Table VA-2 


DISTRIBUTION OF U30S PRODUCTION IN 

ORE BY STATES, 1974 


Percent of U30STons of U30S ProducedTons of OreState 
432,997,000 5,400New Mexico 322,45S,000 4, 000Wyoming


Colorado, Texas, 

Utah, Washington, 
 251,661,000 3,200and other states 

10O7 ,116,000 12,600Total 

Statisti ca l Data of the Uranium Industry, ERDASource: 
GJO-100(75), January 1,1975. 
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Excluding uranium resources potent ially ava ilabl e from abroad~ the ma~i mum 
nuclear capacity that can be supported based on pr esent ly avallab~e llght water 
reactor t echno logy wi 11 be dete rmi ned by the extent of our economl ca 11 y and 
environmental ly producibl e domes t ic uran ium resources. Assuming 70 percen t 
capacity utilizati on, from 150 to 200 short tons of U30S ~re needed each y:ar 
to fuel a 1000 Mwe light water reactor and two to three tlmes that am~un t lS 
needed to make up a complete initial reactor core. A total of approxl~ately 
6000 tons of U30S is required to fuel a reactor for 30 years of operatlon. 

The actual amount of U30S utilized will depend upon the operating characteristics 
and type of nuclear reactor, and two other important factors: the tails assay 
of the uranium enrichment plants and the recycling of uranium and plutonium from 
spent fuel. The 6000 ton figure ass umes no recycling and a tails assay of 0.3 
percent. By lowering the tails assay of the enrichment plant, more of the isotope 
U-235 is recovered from the feed stream, thereby lowering the requirement for 
U30S· Lowering the tails assay to 0.2 percent would decrease uranium requirements 
by about 17 percent. Utilization of unburned uranium and plutonium from spent 
fue l discharged from reactors could also significantly decrease reactor uranium 
requirements by approximately the same percentage. 

Given these assumptions, some 1.4 million short tons of U30S will be needed to 
support the 240,000 Mwe of nuclear capacity in operation under const ruction, or 
on order as of August, 1975, for their entire lives assuming 30 year s of operation. 
As shown in Table VA-l, the total of reserves and probable resources at $30/1b 
or l ess, which have been counted on for planning purposes, exceeds 1. 7 mi llion 
short tons of U30S, sufficient to fuel the 240,000 Mwe now on order or i n opera
t ion and an additional 60,000 Mwe or more of capacity for 30 years of operation. 
Whet her or not additional nuclear plants can be fueled beyond this 300, 000 Mwe 
depends on how successful the industry is in the coming years in their uranium 
exploration efforts. 

Continued exploration and development effort will be required to convert resources 
in to reserves. Historically, there has not been a large incentive to explore new 
di stricts, especially since the ur anium market has been quite soft. In fact, for 
ma ny years the Federal Government encouraged development of the uranium industry 
in orde r to meet military requirements guaranteeing to buy uranium at a fixed 
pri ce. However, conditions have recently changed uranium transactions into a 
sel lers' market. 

The uncertainties in the long-term availability of uranium have implicati ons for 
the t iming and planning of interrelated portions of the fuel cycle and for the 
need to develop new technology to replace it. To reduce uncertainty, the Energy 
Research and Development Administration has recently begun a large scale assess
ment of potential uranium sources in the continental U.S. and Alaska, whic h will 
not be finished for several years. These estimates will supplement existing 
info rma t ion on undiscovered resources which are based almost entirely on da ta 
deve loped from previously productive geologic formations in the U.S. 
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MINING 

In spite of the reduction in this year's estimates of nuclear capacity expected 
to be in commercial operation by 1985, U308 requirements will still have signif
icant implications for the mining industry. In the last six years about 13,000 
short tons of U308 were produced annually in this country while existing milling
capacity could handle as much as 17,000 short tons. By 1985 two to three times 
(30,000-40,000 short tons) the current annual amount of U308 will have to be 
produced and delivered for conversion and processing into fuels depending on the 
tails assay of the enrichment plants and whether plutonium and uranium are 
recycled. Milling capacity will have to be expanded to meet this level of annual 
demand. By the late 1970's, additions and modifications to existing mills will 
increase industry capacity to about 23,000 tons annually. 

As of January, 1975, a little over 100,000 tons of U308 had been committed for 
delivery by 1985 (see schedule in Figure VA-2). This figure shows that uranium 
producers and utilities have made very few long-term delivery commitments for 
U308 in spite of the fact that a nuclear plant is expected to operate for 30 years. 
Flgure VA-3 compares delivery commitments with projected annual requirements. 
Clearly, not all the annual requirements to fuel new and currently operating 
nuclear power plants has yet been contracted for. In fact, recently Westinghouse 
Electric Corporation contended that it was Illegally excused ll from honoring its 
contracts to deliver uranium to some customers after 1978 for the contracted 
price. This action could affect the delivery of up to 40,000 short tons of U308over a period of years for which utilities had contracts with Westinghouse. 

Numerous market uncertainties have dominated the industry's thinking about futu re 
investment in uranium mining. Today the industry faces a number of market uncer
tainties as a result of delays in nuclear capacity additions, the incremental 
lifting of the ban on imports of uranium for domestic use beginning in 1977, t he 
lack of a final decision on the plutonium recycle question, and the potential of 
possible local nuclear moratoria . 

Uranium prices will probably serve as an incentive to continue exploration and 
development of domestic uranium resources. The average price for material de liv
ered in 1974 is reported to have been $7.90/1b. Projected prices under new 
contracts have increased sharply (see Figure VA-4). Since material for near 
term deliveries was largely under contract, the most significant impact of t he 
higher prices in terms of cash flow and financial ability to continue explorat ion 
for new uranium deposits occurs in the late 1970's and early 1980's. 

It is estimated that it takes about seven to eight years from exploration drilling 
to production and that it takes three years to open a mine and two years to 
construct a mill. Adequate incentives could probably reduce the time schedul es 
for machinery and equipment. Capital costs for needed uranium mining and milling 
activities could be on the order of several billion dollars in the 1975 to 1990 
period; however, the major portion of the capital will be required after 1982 or 
1983. 

The problems which threaten to create a shortfall of uranium supply at the end of 
this decade are not technical. Sufficient time exists, if proper incentives are 
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Figure V A-4 

Range of Reported U3 0 8 Prices in 1974 and 1975 
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provided, to begin the ex~ansion of existing mines and facil i ties and the 
development 0f new mines now. It is hoped that utilities and the uranium suppliers 
w,ll meet their responsibilities in this area by establishing firm contractual 
arrangements which will both guarantee utilities uranium supplies at reasonable 
prices and guarantee uranium suppliers adequate future sales and revenues to permit 
them to invest in capacity expansions. 

URANIUM ENRICHMENT SERVICES 

Uranium for use as fuel in light water reactors must be enriched in the fissile 

isotope U-235 to a concentration of approximately 3 percent by weight. Naturally

occurri~g uranium contains only 0.7 percent U-235 by weight, the rest being U-238. 

In order to enrich uranium for use as reactor fuel, U308 is converted to uranium 

hexafloride (UFS) and sent to an isotopic separations plant for en richment. 


All three uranium enr~c~ment facil~ties in the United States are owned and operated 
under contract to private industry by the Energy Research and Development Adminis
tration They are located in Portsmouth, Ohio; Paducah, Kent ucky; and Oak Ridge,
Tennessee. Additional enrichment plants will be required in support of new reactor 
capacity probab y in t~e mid-1980'S. The timing of the need for the next increment 
of U.S. enrichment capacity will depend on a number of factors. 

These factors include' the rate of expansion of U.S. nuclear power capacity;
demand for enriching services by foreign utilities with nuclear capacity; extent 
of plutonium recycle; and the capacity factor at which nuclear plants operate. The 
supply of enrichment capability will depend upon the timing of improvements and 
capacity uprating of present p~ants, the ability to obtain adequate electric power 
supp1"es to mee~ the energy intensive separations requirements, t he operating tails 
assay which determines the degree to which U-235 is stripped from naturally occurr
ing uranium; and the extent of stockpile reserves. 

As of September, 1975, ERDA had signed requirements and firm f ixed contracts t o 
support the equivalent of about 315,000 ~we (208,000 domestic and 107,000 foreign) 
and signed co~ditional foreign contracts for 14,000 Mwe for a total of 329,000 Mwe. 
Asignificant development in the first quarter of 1975 was the adoption of a pl an 
riesigne~ to give one-time relief to those uranium enrichment customers of ERDA 
whose enrichment needs have been altered because of reactor deferrals. The condi
tions "that had to he met by the customer desiring such relief were the continuation 
of the required advancec payments for enrichment services and t he delivery of 
uranium ~eed as originally scheduled In addition, customers were required to 
pay 7.5 percent interest on the first-core enrichment value dur ing the deferra l 
period. Under this policy, ERDA will continue to produce the enr iched uranium, 
holding it in a "preproduction stockpi:e." The objective of th i s policy, besides 
providing contract relief to enrichment customers, is the assurance of the fu ture 
supply of enriched uran;um through the creation of a stockpile and support of 
U.S. uranium mining and producing industrY 

During the open se~son, 121 domestic customers asked for postponements averag i ng 
23 months and 56 foreign customers asked for postponements averaging 28 months . 
As a result, ERDA estimates that its preproduction stockpile inventory can be 
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increased from 20 mill i on separative work units (SWU) to about 35 million SWU.* 
The increase in the stockpile does not postpone the need for new enriching 
capacity but it does ma ke possible much firmer ERDA backup guarantees sho~ld 
new enrichment plants have start-up problems or should production from ERDA's 
facilities be curta i led due to losses of power, extended plant maintenance 
shutdowns or other f actors. 

In anticipation of meet ing contract commitments to supply enrichment services, 
the Federal Government is making a sizeable lnvestment over the next few years 
to expand the annual separative work capacity in its gaseous diffusion plants.
This involves the i ncorporation of the most recent advances in technology, 
thereby increasing the eff i ciency of the plants. and a program to permit the use 
of higher electric power levels . Planned capacity is expected to increase from 
the current level of 17 mi llion separative work units (SWU) to nearly 28 million 
SWU by 1984. 

With today's projections of nuclear additions and contrac~ commitments, new 
enrichment capacity wi l l be needed by the early to mid-1980's. Estinlates are 
that it will take at l eas t eight years to design, construct, l:cense, test, and 
put a new plant into operation. Government policy since 1971 has been ~o 
encourage private industry to assume responsibility for constructing new uranium 
enrichment facilities. The pol icy is in keeping with the provisions o~ the 
At omic Energy Act of 1954 which provided that "the development, use and control 
of atomic energy shall be directed so as to .. strengthen free competition 
in free enterprise ." 

With additional legi sl ative authorization, ERDA could enter into cooperat've 
arrangements with pr ivate firms to enrich uranium for sale, at home and abroad. 
The cooperative ar rangements could include ~ 

• Supplying and warranting Government-owned inventions and discoveries 
in enrichment technology -- for which the Government will be paid. 

• Selling cer tain materials and supplies on a full cost recovery basis 
which are available only from the Federal Government. 

• 	 Buying enriching services from private producers or selling enriching 
servi ces to producers from the Governme"t stockpil e to accommodate p1 ant 
start-up and loading problems 

• Assu r i ng the delivery of uranium enrichment services to customers Which 
have placed orders with private enrichment firms. 

* It is common practice to express capacity and production rate of a uranium 
enrichment plant in terms of separative work units. A separative work unit 
(SWU ) is a measure of the efforL expended ~1 an enric~nent plant to separate 
a quantity of uranium of a given assay into two components, one having a 
higher percent age of U-235 and one having a lower percentage (see Figure VA-5). 
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Figure V A·5 
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• 	 Assuming t he assets and li abili t i es (incl udi ng debt) of a pr ivate 
urani um enri chment project i f t he venture t hreatened to fa il -- at the 
cal l of the i nd ustry partici pant s or the Governmen t, and wi t h compensa
ti on to domes t i c inves t ors i n the pr i va t e ventures rangi ng f rom full 
re imbursement to to ta l l oss of equi ty i nt erest, dependi ng upon the 
circumstances l eading to the threat or failure. 

ERDA has recently taken the following administrative actions : 

• 	 ERDA is responding to a proposal from Uran i um Enr i chment Associates 
(UEA) whi ch could lead to the construction of a $3.5 billion gaseous 
diffusion plant of 9 million SWU's capacity to come on line in 1983. 

• 	 ERDA has issued a req uest for proposals to build gas centrifuge enrich
ment capacity and has recei ved proposals from Exxon Corporation, The 
Signal Companys, and a joint venture consi sting of Atlantic-Richfield 
and Electro-Nucleonics Corporation (all plants to have about three 
mi l lion SWU's capacity). These proposals have been evaluated and meet 
the acceptability criteria established in ERDA's request for proposals. 
Detailed negotiations are now being initiated with these three groups 
which could lead to three cooperative agreements for the construction 
of gas centrifuge enrichment pla~ts. 

The proposals are based on two different separation techniques: gaseous diffusion 
and gas centrifuge.* The gaseous diffusion process is used in all three existing
enrichment plants. A ma jor advantage of gas centrifuge technology is that it uses 
on ly one-tenth of the electricity to accomplish the same amount of separation as 
that required by using the gaseous diffusion process. Also, plant construction 
lead times are shorter and capacity additi ons can be made in smaller increments 
than that required for an economic gaseous diffusion plant. However, thus far, 
this technology has only been applied on a demonstration scale. 

The UEA-Bechtel proposal to build a gaseous diffusion plant on a 1,700 acre 
site near Dothan, Alabama is the farthest along, but no significant financing 
other than for engineering feasibi l ity and market promotion have so far been 
devoted to it. 

The Exxon, Signal Companys and Atlantic Richfield-Electro-Nucleonics proposals 
are basically for three million SWU gas centrifuge plants which have not yet 

* The gaseous diffusion process essentially involves forcing uranium in the form 
of a gas (uranium hexafluoride) through a series of filters or barriers which 
separate U-235 from U-238 by virture of the fact that lighter isotopes diffuse 
t hrough these barriers at a somewhat more rapid rate than the heavy isotopes. 
In the gas centrifuge method, uranium hexafluoride is spun in a centrifuge 
and i sotopic weight differences results in the separation of U-235 from U-238 . 
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been demonstrated on a commercial scale. Like the UEA venture, all wo~ l d 
require cooperative arrangements with ERDA for technological support and temporary 
financial assurances. 

SPENT FUEL REPROCESSING 

The fuel cyc'e up to the time the fuel rods are loaded into the reactor is 
largely a straight forward materials handling and manufacturing operation with 
some environmental and radiation considerations. This is the so-ca1l ed "front
end" of the nuclear fuel cycle where the major issues are: the adequacy of the 
resource base; the ability of industry to expanc exploration and development 
activities and open new mines and mills, and whether suffiCient new el"ri chment 
capacity will be on line to sustain future nuclear development. 

Fuel ~ischarged from light water reactors contains appreciable quantities of 
unburned uranium-235 and plu~on;um. There are alternative ways of handling 
these materials. The uranium and plutonium can be chemically recovered from the 
spent fuel and the uranium or both the uranium and plutonium in mixed ox ide form 
can be recycled as fuel in light water reactors (see Figure VA-l). Alternatively, 
the spent fuel rods can be permanently stored without recovery of the unburned 
fissile material. The actual mode of operation of the "back end" of t he fuel 
cycle will be a funct~ on of both economics and regulatory policy. 

To conserve domestic fuel resources, spent reactor fuel can be reprocessed and 
plutonium and uranium oxide fuels ~abricated for reuse in light water reactors. 
By recycling, reqUirements for newly mined U30S could be decreased significantly, 
thus conserving a limited resource. Furthermore, plutonium generated by the 
;g~t water reactor system could be used to start up and sustain a new generation 

of so-cal~ed breeder reactors. In one form of the breeder , fissile plutonium 
rather than uranium, would be used for fuel and the f i ssi on process would be used 
to ge~erate both hea~ for electricity and more plutonium than was burned by trans
mutation of depleted uranium tails from the enrichment process (see Figure VA-6). 
~ n this way the existing uranium resources could be extended by a factor of 60 
or more. 
~ndustry and many electric utilities have assumec that spent fuel reprocessing 
ald mixed oxide ~uel recycle will occur. lr fact, industrial firms have pro
ceeded to build some of the necessary facilities, but have run int o technical 
a1d regulatory problems. 

R~processing has Jeen delayec by environmental cuestions and regul atory uncer
t~inties with regard to the decision to permit the use of mixed oxi de (plutonium

d uranium) fuels. In November, '975, the Nuclear Regulatory Commission (NRC) 
announced procedures for considering the w,de scale use of mixed oxi de reactor 
fuel. It proposes to license, on a interim basis where warranted. fa cilities 
which would produce mixed oxide fuel and hopes to make a fi nal deci si on on the 
wide scale use of mixed oxide fuel for light water nuclear reactor plants in 
ea~ly 1977. 
It is d ~ ff;cult to determine the economics of spent fuel reprocessing because of 
a number of uncertainties These include: the capital ard operating costs 
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associ ated with reprocessi ng, the va l ue of the urani um recovered, t he val ue of 
t he pl uton ium recovered, the costs of safeguarding plutonium and the costs to be 
assessed for Federal disposal and permanent storage of the radioactive wastes. 
Si nce plut oni um represents about half the energy value to be recovered from 
spent fu el , a decis i on not to permi t t he use of mi xed ox ide f uel wou l d make 
fuel reprocessing more expensive for a utility than if mixed oxide fuel use 
were permitted. 

Utilities could still opt to have their fuel reprocessed even if they were 
permitted to use only the recovered uranium and not the plutonium. This could 
be cheaper than the so-called throwaway fuel cycle where the spent fuel is stored 
rather than reprocessed. The choice would depend upon the relative costs of spent 
fuel rod disposal and terminal storage of radioactive wastes resulting from repro
cessing as well as on the re l ative costs of recovered and newly mined uranium. 
Little work beyond conceptual studies has been done on terminal storage of spent 
fuel rods, and, therefore, the costs associated with a throwaway fuel cycle are 

uncertain. 

A major concern over the utilization of plutonium has been whether adequate 
safeguards exist to deter, prevent, or respond to the unauthorized possession 
or use of significant quantities of nuclear materials through theft or diversion 
and the sabotage of nuclear facilities. The areas of greatest difference between 
the present uranium fuel cycle for light water reactors (LWR) and the LWR mixed 
oxide fuel cycle, where additional safeguards must be considered are: 

• 	 Conversion of plutonium nitrate to plutonium oxide. 

• 	 Shipment of plutonium from reprocessing plants to mixed 

oxide fuel fabrication plants. 


• 	Fabrication of mixed oxide fuel. 

• 	 Shipment of fabricated mixed oxide fuel to LWR's. 

A final decision on usage of mixed oxide fuel will be delayed until early 1977. 
If it is decided that mixed oxide recycle is permissible, it is possible that the 
cost of safeguards could affect the economic attractiveness of using plutonium. 
Indications are, however, that it may be possible to adequately safeguard mixed 
oxide fuel without significant additional costs. 

Aside from the regulatory questions related to wide-scale plutonium recycle, 
there are a number of technical issues which must be solved to assure that 
uranium and plutonium is actually chemically processed and converted to LWR 
fuel on a wide scale. There are currently no commercial spent fuel reprocessi ng 
faci l ities operating either in the U.S. or in Europe. Operation of the initial 
U.S. reprocessing plant by Nuclear Fuel Services (NFS) at West Valley, New York 
was suspended in 1971 for modification and expansion of the plant. It is 
scheduled to reopen sometime in 1981-82. A plant built by General Electric at 
Morris, I11ionis scheduled to start up in 1972, never began operations because 
it was determined that it would not operate economically without major redesi gn 
and rebuilding. A third plant belonging to Allied General Nuclear Services 
(AGNS) near Barnwell, South Carolina, is nearly completed but is not expected 
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to 	begin operati ons before 1977. 

Both NFS and AGNS are us i ng the same bas i c chemcia1 process to recover uranium 
and plutoni um f rom spent f uel. This process has been i n use in several govern
ment facilities for many years in connection with defense programs. The key 
technical issues for wide scale commercial application are t he processing of 
high exposure fuel and the associated methods of maintenance required to assure 
continuous economic operation over long periods. 

In addition, the waste and product streams resulting from reprocessing must be 
dealt with to convert the uranium and plutonium to oxide form for use as fuel 
and the waste to solid f orm for terminal storage. Conversion of the uranium 
to gaseous form for enrichment, and then to oxide form for use as fuel does not 
present significant problems. Both plutonium nitrate to oxide conversion and 
plutonium fuel fabrication have been demonstrated in several industry pilot-scale 
fuel fabrication plants. The key technical problems are the scale-up of well 
developed processes by a factor of 10-20 and the application of remote handling 
techniques to enable the processing of high exposure plutonium. 

No commercial facilities have yet been built to solidify the liquid wastes 
resulting from reprocessing for terminal storage. However, the technical 
feasibility of waste solidification has been demonstrated by ERDA, which has 
several pilot-scale facilities in operation. The key questions remaining involve 
se lection of the best solidification techniques and scale-up to full production. 

Pas t planning for the nuclear fuel cycle has assumed that nuclear reactors would 
have a spent fuel pool at the plant site with enought capacity to store spent 
f ue l rods temporarily while awaiting transportation to a reprocessing plant 
where they would be chopped up and chemically treated in batches to recover 
plutonium and uranium. 

The reactor storage pool was designed to handle a full core discharge if required 
fo r safety or operational purposes. Reactor fuel storage pools were not ordinarily 
designed with sufficient capacity for long-term storage of the spent fuel from the 
reactor. The nuclear fuel reprocessing facilities also have or were to have spent 
fuel storage capacity. The NFS and GE facilities are storing some spent fuel, 
and the GE facility has been authorized by NRC to expand its storage capacity 
from 100 to 750 metric tons. There has been only a small volume of spent fuel 
di scha rged to date. While the recycling and reprocessing issues are being 
resolved, the problem of spent fuel discharge and its disposal is beginning to 
grow as the volume increases as a consequence of nuclear plant operation and 
new capacity additions. 

In a number of reactor facilities, the existing reactor pool storage capacity 
can be expanded. In some instances, the potential exists to expand storage 
~apa city by 200 to 300 percent. A number of utilities have expressed interest 
ln expanding their reactor storage facilities, and a number have already submitted 
appl icat ions to NRC to do so. Furthermore, the possibility exists that storage 
Space available at the three reprocessing facilities could be expanded to handle 
addit iona l spent fuel rods. However, all these measures will offer only very 
limi t ed short-term relief to utilities for their spent fuel rod disposal problem. 

269 



LONG-TERM WASTE STORAGE 

ERDA is respons i bl e fo r t he l ong-t erm management of commercial hi gh-level 
radioact i ve waste and for other commercial waste whi ch mi ght be ident i f ied by 
Federal regul ati ons as requiring Federal custody. ERDA requirements on wast e 
handling obligate the commercial processor t o conver t the hi gh level waste 
solution to a stable so li d (t he precise compositi on of wh i ch is st ill unspecified) 
and to seal the soli d mate ri al i n high i ntegrity canisters of manageable size 
before transferring the ma t eri al to a Federal reposi tory. This requirement 
assumes that spent fuel wil l actuall y be reprocessed. In view of the present 
uncertainty on the processi ng i ssue , t he question of the management of commercial 
waste and its ultimate storage is no t comple t ely resol ved . If reprocessing does 
not occur, the spent-fuel rods themsel ves wi l l have to be stored rather than 
some solidified form of the aqueous wa stes resul t i ng from the chemical process 
necessary to separate uranium and pluton ium f rom t he spent fuel. 

Permanent underground storage in a stable geo logi c zone is considered to be the 
most attractive final means of sto rage to take care of high level radioactive 
waste. The search for such acceptable sites i s cont i nuing, and once an under
ground location is chosen, tests wi ll be conducted to determine if the means and 
location of storage is environmenta l ly acceptable . 

Clearly, long-term waste storage remai ns a signi f icant issue in nuclear develop
ment. With the slippage in nuclea r capacity addi t ions and the delay in the 
decision to permit mixed oxide fuel use, t he pressure for an immediate resol,ution 
of the storage question has been sl igh t ly al leviated but remains an urgent problem. 
Technical and practical probl ems as to the best met hod of t erminal storage must 
be resolved to assure that high- level waste generated i n the future can be taken 
care of and to reduce the criticism and aporehension created by uncertainties 
about this end of the fuel cycle. 

SUMMARY 

The development of the nuclear fuel cycle i ndustry ;s essential to the expansion 
of nuclear power. A number of technical and ot her i ssues re lated t o the fuel 
cycle remain unresolved. These issues mu st be addressed soon, and satisfactorily 
resolved, so that they do not become obstacles t o fu rt her nucl ear development. 
This is particularly true for the so-call ed "back-end" of the fuel cycle. 

Nuclear reactor generated electricity contr i but es to U. S. energy independence 
only to the extent that there are abundant domes t i c r ese rves and resources of 
uranium ore, the basic input to nuclea r fuel . Whil e there is some uncertainty 
as to the size of the uranium resource base for t he long term, ERDA has an 
extensive program underway to l oca t e the new urani um resources which will be 
needed if the use of light water reactors is to cont i nue expans ion to the turn 
of the century and beyond. In the near term , reserves are sufficient and 
domestic uranium producers must expa nd and develop new mi nes and milling capacity 
to meet future uranium requirements. Timely i nvestment in additional mining and 
milling capacity has been hampered by uncertain t ies about future demand, ore 
prices, and a shortage of capita l . Resolution of regulatory uncertainties, 
different contracting arrangements between producers and users of uranium, and 
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greater certain ty about fu t ure requirements should l ead to the needed investmentin exploration and facilities . 

Current government owned enrichment faci lit ies can support about 315,000 Mwe 
assuming fuel reprocessi ng and plut on i um recycle. Fixed contracts for 208.000 
Mwe domestic and 107,000 Mwe foreign have been si gned by ERDA. In order to 
permit orderly development of the LWR industry regardless of whether or not 
plutonium recycle is permitted, and to preserve the ma r ke t position of the U.S. 
in world nuclear development, additional new enrichment capacity will be needed 
in the mid-1980·s. Current plans are to mee t this need th rough private sector 
construction of a new nine mi l lion SWU gaseous diffusion plant to be on line in 
the mid-1980·s and with increments of three mi l lion SWU centri fuge pl ant s as
required by projected demands for later years. 

Spent fuel reprocessing is dependent upon: 1) a favorable ru l ing from the 
Nuclear Regulatory Commission on the wide scale use of plutonium for f uel, 
2) on the decision by utilities that it is economic to recover just the uranium 
f rom spent fuel in the event that plutonium use in LWR·s is prohibited and, 
3) on the resolution of a number of technical issues associated with reprocess ing 
and fuel fabrication. Until the questions are resolved, the industry cannot pl an 
wi th confidence. Currently, it is estimated that the earliest that spent fuel 
reprocessing can begin is in 1977. There may be delays beyond t his date such that 
nuc lear power plants will have to expand their spent fuel storage poo l s to accom
modate several years of spent fuel discharges. Most spent fuel storage poo l s 
appear to be capable of significant expansion. 

Beca use of Slippages in nuclear power plant and spent fuel reprocessing schedul es, 
t he onset of high volumes of radioactive waste ha s been pos t poned a few years. 
This should give NRC and ERDA time to develop acceptable st anda rds for the 
deli very of aqueous wastes in solidified form and to choose app ropriate geologic
locat ions for terminal storage. This does not postpone t he urgent need to 
reso l ve these problems to assure the public that adequat e provi sions have been 
ma de for terminal radioactive waste storage. 

If plutonium recycle in light water reactors is not permi tted and if utilities 
dec ide to have their fuel reprocessed to recover j ust uranium f rom spent f uel, 
then provisions will have to be made to store bot h.h igh level wastes and plut?nium
for pos sible later use in breeder reactors. If nelther recyc le nor reprocesslng 
take pl ace, then terminal storage plans will have to be made for spent fue l rods. 
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Appendi x V-B 


FINANCIAL SITUATION OF THE 

INVESTOR-OWNED ELECTRIC UTILITIES 


The financial problems currently facing the investor-owned electric utilities 
have developed slowly over the past decade. This Appendix reviews the major 
historical trends that have converged to make this industry both highly 
dependent on external financing and increasingly less able to compete for such 
financing. 

The starting point for analysis is the basic structure of electric utility 
balance sheets and pricing structures. These two elements are directly 
related through the ~ractice of regulating utility prices to provide an allowed 
return on invested capital. This procedure requires that t he regu latory 
commissions set strict definitions of the assets to be i ncl uded in the rate 
base and the costs allowable against revenues. 

The aspects of rate base definition that are relevant to this analysis are the 
inclusion, or exclusion of construction work in progress (CWIP), in the rate 
base, the common accounting practice of crediting an allowance for the use of 
funds during construction (AFDC) to income, and the depreciation of rate base 
assets over long periods for rate making purposes. 

In a steady-state system with stable prices and relatively short construction 
l ead times, current accounting practices would satisfy the regulatory objec
t ives. CWIP would represent a relatively small part of total assets, while 
AFDC, a non-cash credit to income, would not represent a large portion of 
reported earnings, and depreciation would provide a reasonable cash flow for 
new construction. During the 1960 l s when these conditions were approximated
with the exception that the system was growing rapidly, the industry was able 
to finance 40 to 50 percent of its new plants from internal sources,matching. 
the general pattern for most of industry. By 1970, -however, the percentage 
provi ded by i nterna 1 funds had dropped to 27 percent where it has r~ma ined 
since--·(see Table ' VB- l). , - - , 
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Tabl e VB- l 

PLANT EXPENDITURES AND INTE RNA LLY GENERATED FUNDS OF ELECTRIC UTILITIES 
($ Mi 11 ; on) 

Internally 
Generated Percent 	InternallyCash Expendi t ures 

GeneratedYear Pliant 	 Funds 

1965 	 4,333 2,456 56.7 

5,284 2,565 48.5
1966 40.91967 6,517 2,664 


1968 7,177 2,687 37.4 


1969 8, 294 2,835 34.2 


1970 9,987 2,878 28.8 


1971 11 ,632 3,105 26.7 

27.51972 12 ,713 3,490 


1973 14, 038 3,903 27.8 


1974 15,21 4 4,205 27.0 


Sou rce: Edi son El ect r i c Institute. 

INTERNAL FINANCING 

In the past few yea rs there has been a rapid escalation of the cost of new 
plants whic h has substantially increased the rate of growth of utility capital 
spend ing. This cost escalation has been accompanied by lengthening of the con
struction period which has increased the share of reported earnings attribu
table to AFDC. The result has been that the need for funds has grown much 
faster than revenues and reported earnings (see Table VB-2). While revenues 
have not quite tripled, capital expenditures have almost quadrupled. 

Table VB-2 

GROWTH IN REVENUES AND EXPENDITURES OF INVESTOR-OWNED ELECTRIC UTILITIES 
($ Million) 

Reported Cash Expenditures Ratio of Expenditures 
Earnings for Plant to Reported Earnings Year Revenues 

1965 15,404 2,558 4,333 	 1. 70 
1. 941966 16 , 467 2,718 5,284 


1967 17 ,386 2,875 6,517 2.27 


1968 18,800 2,960 7,177 2.42 


1969 20,324 3,130 8,294 2.65 

3.001970 22 , 276 3,333 9,987 	
3.0811 ,6321971 25,053 3,774 


1972 28,437 4,356 12,713 2.92 

1973 31 ,848 4,851 14,038 2.89 


2.961974 40 ,096 5,146 15,214 


Source : Edi son El ectric Institute 
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Internally generated funds flow from three principal sources: retained earn
ings excluding AFDC, deprecia tion and amortization, and provisions for deferred 
or future income t axes. Of the three, deprecia t ion and amortization have 
tradit ionally been t he most important, now providing nearly all of the total 
internal funds f l ow. Reta i ned earnings used to be the second most important 
source, but the growing importance of AFDC which provides no cash to pay for 
investment expenditures has increasingly cancelled out this source. 

The practice of crediting AFDC t o earnings is, in reality, a means of report ing 
future earnings in the current year. The cash is not received unti l the 
utility begins to amortize the AFDC ~fter the olant begin~ ooeration. of ten 
8-10 years after the credit to income. By 1974, no funds were provided from 
reported earnings less dividends and ArDC. Deferred income taxes have . 
increased in importance concurrently with the decline in cash earnings and now 
provide the only steady major source of funds after depreciation. However. 
total Federal income tax paid by t he i ndus t ry declined to $563 million in 1974 
so that this source is reaching i t s limit. 

Utilities depreciate most plant over 30 to 40 years, but the Interna l Reven ue 
Service allows a life for asset depreciation purposes of 16 years for nuclear 
and 22.5 years for non-nuclear f acili ties. This favorable depreciat i on rate 
is one of the fastest growing sources of funds for the utilit i es. The ef fec t 
of the difference in treatment of depreci atiQn is to reduce earnings for tax 
~urposes relative to 	earnings report ed t o shareholders, and as a res ul t , a 
large part of the industry tax bill i s deferred until l ate in the working li fe 
of the plants. 

AFDC and CWIP 

Retained earnings could be restored to their ori ginal importance as a source 
of funds if AFDC were to be eliminated. If cons truction work in prog ress 
(CWIP) were included in the rate base as it is incurred, the uti l ity would be 
permitted to charge current customers for the financing of expenditures during 
construction. Usinq t he former approach, ra t es are not r ai sed unt i l complet i on 
of the plant. Rates are then increased to cover the amor t iza t i on of acc umu
lated interest, as well as actual pl an t cos t s. In actual practice a regu lato ry 
authority adopts, on an ad hoc bas i s, one or the other or both of these 
practices. 

Inc lusion of CWIP in the rate base without an AFDC provlslon provides for a 
cas h return to the utility on the fu nds invested i n new plant. No abrupt 
increase in rates occurs on project comple t ion , rather t here ; s a gradual 
increase as funds are expended on new plan t . This practice charges present 
consumers for the assurance of a continuing su ppl y of elec t ricity as well as 
for power consumed. It also reduc es the stated cost of plants since 
a~cu~ulated AFDC is never added to the rate base. 

275 



Since granting an AFDC credi t provides no i mmedia te return on con struct i on 
costs , t he practice was equitable t o electr i c utilities and t heir customers 
when proj ect const ruct ion times are short, interest rates low, and project 
construction costs low rela t ive to the rate base. Current proj ect l ead times 
and cos ts , however, incl ud ing f inanc i ng costs, have drastica lly inc reased the 
amounts involved: AFDC cha rges can amount to 20-25 percent of plant cost. 

AFDC has the refore become increasingly si gni f i can t as plant costs have 
accelerat ed. Sin ce AFDC repre sents , in effect, a procedure for reporting 
f ut ure earni ngs in the cu rrent year, i t can seriously di st ort the true posi
t i on of t he busi ness if it become s a major item . Under cur rent practice 
di vidends have been paid out of report ed earnings, incl uding AFDC. As AFDC 
has become i ncreasingly signi ficant , cash ea rn ings retai ned in the business 
after dividend payments have consequent ly decli ned. By 1974 the amount of 
AFDC had risen to the point that reported earn ings les s di vidends and AFDC 
had become negati ve (see Tabl e VB -3 ) . 

Table VB-3 

INTERNALLY GENERATED FUNDS OF INVESTOR- OWN ED ELE CTR IC UTILITIES 
($ Million) 

Deferred 
or 

Year 

Depreciation 
and 

Amort izat ion 

Reported 
Less 

Dividends 
Less 
AFD C 

Cash 
Earn ings 

Future 
Income 
Tax 

Total 
Internal 

Funds 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

1,683 
1,782 
1,902 
2,044 
2,206 
2,411 
2,639 
2,920 
3,270 
3,638 

814 
861 
893 
843 
943 
950 

1 ,090 
1,319 
1,427 
1,328 

(94) 
(129 ) 
(189 )
(275 ) 
(405 ) 
(594~
(822 

(1,095) 
(1,297)
(1,596 ) 

720 
732 
704 
568 
534 
356 
268 
224 
130 

(268) 

53 
51 
58 
75 
95 

111 
198 
346 
503 
835 

2,456 
2,565 
2,664 
2,687 
2,835 
2,878 
3,105 
3,490 
3,903 
4,205 

Source: Edison Electric Institute 

The increasing cost of new plants and the lengthening of the lead times for 
plant construction has had a serious effect on the ba lance sheet of the 
companies as well. By year end 1974, the total of CWIP was estimated at 
$22.5 billion, almost 18 percent of the reported net plant for the industry. 
This amount now exceeds one year's total investment expenditures, and repre
sents non-earninq assets. 
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SOURC ES OF EXTERNAL FUNDS 

As a consequence of t he convergence of these forces , the industry has had to 
rely i ncreas ingly on external f inancing. External f unds rose from 35 percent 
of total sou rces of fun ds for inves t or-owned el ectr ic utili t i es in 1965 to 
70 percent in 1974 . However, as debt rat ios began to climb in the l ate 1960's, 
the industry began to switch to equ i ty. The proportion of common stock and 
preferred stock rose i n the 1970'5 . From 1965 through 1973, the electri c 
utilities were able to expand the volume of new common stock sold each year. 
One of the main reasons was the steadiness of di vidend payments on whi ch many
investors relied for income. However, as interest rates have rise~ the yield 
required has forced stock prices down. For the past two years, utility common 
stocks have sold below book value on average. Large sales of common stock at: 
less than book value reduce the value of shares already outstanding. As the 
prices declined in 1974, common stock offer ings declined to $1. 9 billion. 
As the market recovered in 1975, however, offerings rose to a record $3.4 
billion (see Table VB-4). 

Table VB-4 

CONSTRUCTION EXPENDITURES AND EXTERNAL FINANCING BY INVESTOR-OWNED 
ELECTRIC UTILITIES 

($ Millions) 

Year 
Cash Expenditures 

for Plant 

Net New External Financing 

Debt Preferred Common Total 

Long-Term
Financing as 
Percent of 
Construction 

1965 
1966 

4,333 
5,284 

1,191
2,318 

151 
252 

103 
148 

1,446 
2,718 

33.4 
51.4 

1967 
1968 
1969 

6,517 
7,177 
8,294 

2,598 
2,990 
3,727 

453 
461 
373 

185 
326 
744 

3,236 
3,777 
4,844 

49.7 
52.6 
58.4 

1970 
1971 
1972 
1973 
1974 
1975 

9,987 
11 ,632 
12,713 
14,038 
15,214 
13,800E 

5,460 
5,234 
4,312 
4,866 
7,772 
6,494 

1,015 
1,602 
2,104 
1 ,539 
1,743 
2,101 

1,411 
2,063 
2,252 
2,548 
1,943 
3,374 

7,886 
8,899 
8,668 
8,953 

11 ,458 
11 ,969 

79.0 
76.5 
68.2 
63.8 
75.3 
86.7 

E = estimated. 
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In recent years, as utilities began to encounter diff i cul ties selling long
term bonds, they have relied more on t emporary accommodat ions. Short- term 
debt has risen from about 3.2 percent of total capi talization in 1971 to 5.7 
percent in 1974, with commercial banks supplying a large share of these loans. 

If electric utilities were to continue their construction programs they had 
no al ternative other than to continue t o go t o the capital market for funds. 
Consequently, they had to offer what t he market demanded--a sizeable interest 
premium. In March 1974, for example, new i ssues of Baa utility bonds were 
yielding 110 basis points more than long-te rm U. S. Government bonds. After 
Consolidated Edison omitted its dividend i n Apri l 1974, the interest rate 
differential rose t o about 375 basis poi nt s in September 1974. The yield 
sp read has narrowed since, and was 326 basis points at year end 1975. While 
industrial corporations also suffered t o some extent in the shift into safer 
securities , the penalty was far smaller than that paid by electric utilities. 

The Impact of Utilities' External Financi ng Demands on the Capital Market 

The investor-owned electric utility industry is a significant factor in the 
nati on's capital markets and in the overall process of capital formation, 
because of the industry's high degree of capi t al intensity plus its reliance 
on external financing for the major part of i t s capital expansion. Over the 
past 25 years, the percentage of all personal savi ngs absorbed by sales of 
el ectric utility stocks and bonds has steadily r isen from 5 to 16 percent. 

Another measure of the importance of electric util i ties in the nation's capital 
formation is the share of investor-owned electric utility expenditures in the 
total capital expenditures of all U. S. indust ries . Over the past decade, 
investor-owned electric companies have dou bl ed their proportion of the annual 
outl ays for new plant and equipment in t he Un ited St ates, from 7.9 percent in 
1964 to about 14 percent in recent years (see Table VB-5). Undoubtedly, some 
of t his increase has been due to the rapid ri se i n the cost of construction, 
an important f actor in utility capital expenditures. Also, growing commitments 
to nuclear power, a very capital-intensive form of powe r generation, have 
accounted for some of this increase. The nature of the generating plants 
themselves has changed as increasing amounts of safety and environmental con
tro l equipment have been added. 

278 

Table VB-5 

CAPITAL OUTLAYS IN ELECTRIC UTILITIES AND OTHER INDUSTRI ES 

Inves t or-Owned Investor-Owned Utilities asYear All U.S. Industries Elect r i c Utilities* Percent of Total U.S. Indus t ry
($ Billion) ($ Bi llion) (%) 

1965 54.5 4.3 7.91966 63.5 5.3 8.31967 65.8 6.5 9.91968 67.8 7. 2 10.61969 75.6 8.3 11.01970 79.7 10 . 0 12. 51971 81. 2 11. 6 14.3 1972 88.4 12. 7 14. 41973 99.7 14.0 14.01974 112.4 15 .2 13.5 

* Electric Utility plant onl y. 

Sources: U. S. Department of Commerce, Edison Electric Institute. 

In order to satisfy these capita l r equiremen ts , the electric ut ili ty industry 
has been increasing its share of U. S. l ong term f i nancing. In the ten yea rs 
from 1965 through 1974, the indu stry' s share of the dollar va l ue to total new 
long term debt and total new preferred stock have al most tripled, whi le i ts 
share of total new common stock has increased f rom 7 percent in 1965 t o 
51 percent in 1974 (see Table VB-6 ) . 
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Table VB-6 

ELECTRI C UTIL ITY LON G TERMFINANC ING 

AS PE RCENT OF TOT AL FOR ALL U. S. INDUSTRIES 


(Percent} 


CommonPreferredLong Term StockStockDebtYear 

7
29
10
1965 
 8
44
1966 15 
 9
51
12
1967 
 8
72
18
1968 
 10 
56
20
1969 
 19
83
1970 19 
 22 
50 
17
1971 
 24
75
15
1972 
 33
55
23
197 3 
 51
77
27
1974 


Edison Electri c Insti t ute, FederalSource: 
Reserve Board 

Long-Term Debt 
Increased equity financing has thus far had ve ry littl e effect on the overall 
capital structure of the uti l ity i ndustry. Wh il e preferred stock has increased 
in significance in the utilit ies balance sheet, the most st r iking fact is the 
remarkable stability in the industry's capital structure. In fact, the 
debt-equity ratio has remained essent ial ly constant at 60/40. 

This period of expanding util i ty financi ng has also been marked by a rapid 
r ise in general interest rates. In 1965 the average yield on new utility 
bonds was 4.6 percent; by 1970 it had risen t o 8. 8 percent and con tinued to 
9.7 percent i n 1974. Thi s concurrent r ise in cap i ta l requirement s an d lnterest 
rates has produced a rate of increase i n debt service charges exceeding the 
growth of electr i c uti lity earnings. This , i n tu rn . ha s l ed to a steady
decl i ne i n t he rat i o of earn ings t o in t erest, and fo r many companies th i s key 
index has f al len to the minimum l evel permitted by i ndenture restr ictions and 
has effectively arrested the issuance of addi t iona l debt. 

Since 1967 , the bon d'rat ings of securi t ies of approxi mately 70 major
i nvestor-owned el ectr i c power companies have been reduced. Du r ing 1974 alone, 
the ra t ings of at least 43 such securi ties were lowered. In recent months, 
annual interest rates on bonds rated Baa have been about two percentage points 
higher than those on Aaa rated securities, a fact wh ich emphas izes the cost 
associated with a lower rating. A year ago t hi s differential rose to more than 
four percentage poi nt s . Consi de ri ng t he magnitude of current electri c uti1i~ 
offer ings, such a spread in int erest or dividend ra t es adds substantial 
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amounts to a fi rm's financi ng costs. Moreover, when ratings drop below single
A, available buyers shri nk t o a point where the abi li ty to market large issues 
becomes doubtful. 

In the main, t he reductions in electric ut ility credit ra t ings have re su l t ed 
from reductions in f ixed char ge coverage rat ios. Mos t electric ut ility 
mortgage indentu res require t he company t o mai nt ain a spec i f ied minimum ra t io 
of pretax operating earnings t o interest charges, As th is ra tio decl i nes 
toward the speci fied min imum (usually t wo times on a pretax basi s ) addit i onal 
debt financing becomes increasi ngly di f fi cult. In addi tion, t he ut i l ity ' s 
bond rating is l ikely to be reduced which means an increase in the interest 
cost of new debt and further aggravation of the coverage problem. For the 
electric utility industry as a whole, the coverage of interest charges has 
declined steadily since 1965 (see Table VB-7). 

In 223 electric utility rate cases set tled during the three-year period 1971
1973, 212 or 95 percent, of the ut i lities had indentures which specified that 

interest payments must be cove red at least 200 percent by earn i ngs before 

interest and income taxes. Based on the 202 cases where data were available, 

a greater proportion of the earlier cases reported higher covera ge rat i os than 

did the more recent cases. In the period January 1, 1971-March 31, 1972, 62 

percent of the ut i l iti es reported an interest coverage ratio of 2.5 or more. 

By 1973, only 44 percent were in that category. 


Despite this decl1ine in interest coverage, utilities shifted financing pattern 
away from equity in 1974. The reasons are complex. 

Concern over declining electric utility earnings had been coupled with an 
overall disenchantment with stocks; these forces were driving the prices 
of electric utility stocks to new lows. At year end 1974, the market value of 
most electric utility common stocks was well below book value. When large 
amounts of new stock must be marketed at substantial discounts below book 
value, the value of the existing stoc k is diluted. Such dilution of equity 
i s not in the best interests of ex i st ing stockholders. Nor are new investors 
l i kely to be interested in the stock unless they can see an i mmediate probab
i l ity for a recovery in price to book value, particularly when it is clear that 
the issuance of more new stock will be necessary to mai ntain construction plans. 

Du r ing 1974, the stock market declined and interest rates rose. These trends 

combined to push utility stock prices down so that by June, 1974 the average 

uti lity stock was selling at .67 times book value, As a result, there was a 

drop in new issues of common stock by utilities, from $2.5 billion in 1973 

to $1.9 billion in 1974, despite the fact the utility offerings in 1974 

accounted for half of all equity sales, up from one-third in 1973. However, 

as ut ility prices recovered in 1975, the volume of new issues rose to $3.4 

bi ll ion. By year end the average stock was selling at .95 book value. 
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¢ ¢ Since September 1974, the general decl ine in interest rates has eased overall
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Table VB-8 

EFFE CT OF BOND REFUNDING REQUIREMENTS ON INTEREST COSTS 
TO INVESTOR-OWNED ELE CTRI C UTI LI TY COMPANIES 

($ Mill ion) 

1975 1976 1977 1978 

Matu ri t ies 
Average Interest Rate 
Interest Costs 
New Interest Costs* 
Difference 

2,430 
5.48% 

133.2 
218.7 
85.5 

1 ,485 
5.24% 
77 .8 

133.7 
55.9 

1 ,654 
4.511 % 
74.6 

148.9 
74.3 

1,425 
4.58% 
65.3 

128.3 
63.0 

* Assumi ng 9 percen t coupon rate. 

Preferred Stock 

To alleviate the interest coverage problem, many electric power companies 
began to swing heavily into equity financing in 1969-70, emphasizing preferred 
stock because of what at the time seemed a relatively poor market for common 
stock. Since 1971 , electric utility preferred stock financing has been run
ning at ~bout $1. 6 bi l l ion annually, against only $150 million in 1966, and 
the preferred stock ratio to total assets rose from 8 percent in 1969 
to 10 percent of assets in 1974. Once regarded as the most expensive form 
of financing (in terms of cash payout) because dividend costs are not tax
deductible to the issuing firm, new preferred stock issues which offer tax 
advantages to investing corporations can now be sold at yields within a per
centage point of those of common stocks. 

Preferred dividend coverage ratios have fallen at a much faster rate than 
interest coverage ratios (see Table VB-7). In 1965, the average preferred 
dividend coverage ratio was 11.27 but by 1974, this ratio had fallen to 3.22. 
For this reason, utilities are now approaching the limit on the quantity of 
preferred they can issue. Preferred stocks now face lower credit ratings as 
well as debt securities. 

Common Stock 

Thus, marketing of common stock has become the safety valve in utility financ
ing. Sales of new common stock have averaged over $2 billion annually since 
1970, reaching almost $3.4 billion in 1975. 

The placement of new utility equities became more difficult in light of the 
declining rates of return over the past 10 years. From 1965 through 1974, 
investors in the electric utilities averaged a 1.7 percent combined annual 
yield including dividends and capital appreciation or depreciation. This 
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compares wi th a 5. 18 percent average annual yield on the New York Composite 
Stock Exchange Index over t he same period. Ut il i ty combined returns have 
varied greatly over the period, and in some years--197l, for exampl e , when t he 
utility averages rose , investors have earned handsome returns. Yet, the fact 
r~ma ins that utility equit ies have yi elded less than Treas ury Bills which 
averaged 5.7 percent over the 1965-1974 per iod (see Ta bl e VB-9). 

Table VB-9 

COMBINED RETURNS OF UTILITY EQUITI ES 
(Percent) 

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 

Returns on Inves
tor-owned 
Electrics 2 (5 ) 5 7 (2 ) (18 ) 39 2 3 (24) 

Returns on the 
NYSE 
Index 

11 (9) 19 12 2 (13 ) 22 14 (2 ) (20) 

Yield on One Year 
Treasury Bi 11 s 4 5 5 5 7 6 5 5 7 8 

( ) - Indicates negative 

Although institutional investors own one-th i rd of the total market value of all 
corporate stocks, current estimates are that they now own only 10 to 20 percent 
of utility equities. The remainder is held by individual investors. Only by 
providing assured competitive returns to holders of utility equities can new 
issues be successfully marketed. 

Actual and Allowed Rate of Return 

Interest coverage, preferred di vidend coverage , and common earn in gs all 
de pend on the rate of return earned on total capi tal . This rate, in conjunc
tion with the capitalization ratios determines the r at e of return on equity. 
Hi storically, the actual rate of re t urn has been diffe rent from the return 
allowed in rate proceedings. During the 1950's and early 1960 's when falli nq 
uni t costs and re9ulatory delays worked to the fin anci al advan tage of the 
ut ilities, the rate of return on total util ity cap i tal was wel l above t he 
allowed rate of return. The actual rate of return increased tnrouQhout the 
1950's and 1960's, peaking at 12.7 percent i n 1967. . 

The decline in the actual rate of return since the late 1960's was due 
to a combination of increasing unit costs and regu l atory de l ays . Thi s decl ine 
occur red in spite of regulatory comm i ss i on attempts to provide a higher rat e 
of return. 285 



Required Rate of Return 

The el ectric utility indu stry, as the Nati on's most capital intensive 
industry. has very large cap i tal r equ iremen ts t o meet its se rv ice demands. 
Cap i t al inves t ment of almost $4 is needed to produce $1 of annual revenue 
(sa les ) . By cont rast, the avera ge manufacturing company needs only $.75 
t o produce a dol l ar of annual sales. Even the more capital intensive industrial 
groups need considerably l ess capital to generate a dollar of sales: telephone 
compa ni es need about $2.75; aluminum companies need $1.30 on average, and 
petroleum compa ni es need only about $1. 

As a result of this capital intensiveness, the capital charges paid to 
f inance required i nvestment play an important part in determining the ultimate 
pr i ce electric ut il i t ies must charge for their product. Other fixed charges 
suc h as depreciation, insurance, and property t axes, weigh heavily in the total 
cost of delive red energy. Historically, these annual fixed capital charges 
have ave raged around 14 percent of total utility assets, and comprise 51 per
cent of total revenues. Changes in these costs imply changes i~ the required 
rate of ~eturn , defined as t he return that regulatory authorities should allow 
to enable utilit ies to recover their capital costs. 

One of the accepted methods for determining the required return to capital 
is described by Myron Gordon. * His work defines the minimum return on capital 
required by a utility if it is to continue to raise capital to meets its 
expansion needs. 

The f irs t step in determining the required return is estimating the cost 
of equity capital. Following the Gordon Model, this is estimated by the 
followi ng equation: 

Where 

and 

K = e 

Ke is the Cost of Equity 
D is the Common Dividend 

D+ g.
-P

P the Selling Price of common stock 
g the Expected Growth Rate of Dividends 

It is easy to meas ure DI P, as this is the dividend yield associated with 
t he purcha se of ut il ity stocks. However, the measurement of g can present 
serious diff icu lties. 

Gordon estimates t his var iabl e in the following manner: 

g = rb + vs, 

* Gordon, Myron J .• The Cost of Ca pital to a Public Utility, Michigan State 
Uni vers ity, School of Bus iness , Ann Arbor. Michigan, 1974. 
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Where the term "rb" denotes the growt h i n dividends due to t he retent ion 
in earnings which is estimated by the product of "r", t he rate of ret urn on 
common equity, times "b", the retent ion rate or 1 minus t he payout ra te, and 
the term "VS" denotes the growth i n di v·idends due to the sale of new stock 
which is estimated by the product of II v" , t he fraction of f unds provided by 
new stockholders that accrue to ol d stockhol ders, times "S", the rate of 
growth in common equity due to the sale of stock. This concept assumes that 
stock is sold at a market pr i ce above book va l ue. Continued sales at less 
than book value lead t o a steady decline in earnings per share. Using this 
relationship and the smoot hing met hods descri bed in Chapter 5 of the Gordon 
t ext, a theoret i cal expected growth rat e for dividends can be derived. While 
the cost of equ ity capital has rema ined remarkably stable over the past nine 
years, est imated di vidend growth has declined in the past five years to a low 
of one percent i n 1974 (see Table VB- 10). 

However , even at the l ower rates of growth the estimate of dividend 
growth exceeds t he ac t ual divi dend growth by a substantial percentage. Actual 
per share dividends of Moody's 24 utility common stocks grew at 7.05 percent 
in 1966, but t he growth began to decline to a low of 1.67 percent in 1972. 
The divi dend growt h rate had recovered to 2.88 percent in 1973. However, this 
growth rate t urned negat ive in 1974 as average per share dividends fell due 
to the cut in Consol idat ed Edison's dividend early that year (see Table VB-ll). 
There is no reason for expecting actual annual dividend growth rates to be 
exactly equal to t he expected long-term growth rate predicted by the Gordon 
Model, but it is clear that shareholders have not been receiving the returns 
which they expected. 

Table VB-ll 

PREDICTED VERSUS ACTUAL DIVIDEND GROWTH 
(Percent) 

Year 

Predicted 
Dividend 
Growth 

Actual 
Dividend 
Growth--

1974 1. 01 (8.60) 
2.881973 3.73 

4.70 1. 671972 
1.491971 4.53 
2. 171970 5.08 
2.901969 6.13 
2.281968 6.01 
6.831967 6.02 

1966 5.75 7.05 
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The next step in computing the fi xed cha rge rate is computing the weighted 
average cost of capital. This rate of re t urn on to ta l investment i s the 
hurdle rat e which a utility must earn on a pr oj ect in order to cover capital 
cos ts. Th is can be computed by the follow ing fo rmula : 

z = (1. 1 E ke + Bc) / (E + B), 

E = book value of common equity. 
B = book value of debt (including preferred stock) 
C = coupon or embedded interest rate on outstand i ng debt (incl uding

preferred stock) 
Ke= cost of equity capital. 

The formula uses 1.1 times the cost of equity to al low for a 10 percent 
cost of issuing new shares. For the past seven years, el ec tr i c uti l i ty 
ea.rnings have not been large enough to cover their financial costs. Until 
1974, the earnings shortfall was small, and a rate increase of l ess than four 
percent would have been sufficient to cover it. In 1974, the shortfal l 
widened appreciably as interest rates rose much more rapidly t han utility 
rates (see Table VB-12). 

Federal Power Commission data indicate that Class A and B el ec t ric and 
combined systems payout in dividends 70-75 percent of their after-t ax profits 
as measured by the book accounting system reported to shareh olders. However. 
this ratio can be deceptive, as about 40 percent of new common i ssues are pur
chased by existing shareholders. Once utilities have proven t hei r earnings
with dividend payments, investors appear willing to reinvest their funds in 
the industry. In the aggregate in recent years ut i l i t ies have fl oa t ed new 
common stock issues equal to nearly 100 percent of the di vidend payout. 

The effective payout ratio is defined as di vidends mi nus new common stock 
issued divided by cash earnings. This ratio declined sharply from 63 percent 
in 1968 to four percent in 1973. Because of the lower amoun t of new st ock 
financing in 1974, the ratio increased to 35 percent (see Tabl e VB-13) . The 
analysis is applied here to the industry as a whole, individual compani es show 
a variety of behavior with respect to both dividend payout and common stock 
offeri ngs . 

SUMMARY 

As plant costs have risen and the combination of long cons t r uc t ion lead t imes 
and high interest costs have joined to increase uti li ty capital demands while 
reducing internal cash fllow, electric utilities have become increasi ng ly 
dependent on the U.S. capital markets for f unds . The result has been an 
increase in the cost of capital to the compa ni es as t he deman d press ure has 
driven utility interest rates to premium levels . This has reduced the com
panies' ability to carry higher levels of debt, and const ra i ned t hem to expand 
their issuance of preferred and common shares. 

Given the current levels of earnings coverage of both interest and dividends, 
the companies will only be able to raise more capi tal to the exten t t hat they 
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can achieve higher levels of revenues and cash earnings. Such earnings 
increases can, to some extent, permit expanded levels of financing, but it is 
clear that the trend towards a balance of debt and equity for such financings 
mu st be mai ntai ned for the forseeabl e futu re. Even if interest rates should 
decline substantially, the embedded costs, the refunding requirements of the 
industry, and the uncertainty concerning growth projections mitigate against 
increasing debt/equity ratios. A substantial portion, therefore, of the indus
try's new financings must be in the form of common stock. 
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Chapter VI 

FINANCING OUR ENERGY FUTURE 

THE CAPITAL SHORTAGE QUESTION 

Over the past year there has been concern expressed regarding a possible 
general capitall shortage and, more specifically, the adequacy of capital for 
the development and conservation of energy. If new investments become 
increasingly difficult to obtain, critical energy development may be delayed. 

Capital formation could be considered inadequate if expenditures exceed the 
funds made available at reasonably firm interest rates. In theory, there is a 
rate of return to capital that will provide desired productive capacity under 
almost any rational circumstances, but that the rate may lead to unacceptably
high interest levels. Or, one sector may demand an unusually large share of 
the market, driving up rates for all borrowers in that sector. 

Some recent long-run studies of capital adequacy for the 1975-1985 period have 
concluded that adequate capital will be available without a major distortion of 
savings and interest rate patterns. Others suggest that there is substantial 
risk that capital demands will outstrip supply at reasonable rates by a wide 
enough margin to cause serious difficulties. A comparison of results and a 
summary of assumptions for five major efforts are found in Appendix VI-A. 

These forecasts differ primarily because of different assumptions made 
concerning the sources and amounts of investment funds, especially in regard to 
the probable paths of the following: 

• The Federal budget 
• State and local budgets 

I Monetary policy 

• Income and personal savings 
• The effects of inflation and tax policy on corporate savings 

The two most pessimistic outlooks were published by the New York Stock Exchange 
(NYSE) and the Chase Econometric Associates, Inc. (Chase). The NYSE study is 
based on a compilation of pre-recession industry forecasts compared with some 
projections of savings availability. It concluded that the demand for capital 
would have exceeded the available supply by as much as $520 billion by 1985. 
The Chase study is based on projections of massive Federal deficits coupled 
with stringent monetary policy. Such a combination would produce a new 
recession before 1980 and would lead to inadequate savings. Meanwhile, the 
government deficit would continue to drain large sums of money from the 
avai lable capital pool. 
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