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Soaring fossil fuel prices have recently thrust solar technologies into the
energy limelight. The Sun Day celebration of May, 1978, brought together
diverse groups concerned about dwindling energy resources, hazards posed
by the widespread use of coal and nuclear power, or simply the spiraling
cost of home heating. The public has been quick to reflect this interest in
solar power with a solar coalition emerging on Capitol Hill, an interagency
review of solar energy policy ordered by the White House, and a strength-
ening of the federal budget for research and development into decentral-
ized energy sources. This enthusiasm has focused considerable attention
on the problem of integrating decentralized energy technologies into the
existing utility structure. Many recent studies of this problem have begun
with the assumption that the need for high reliability (perhaps beyond the
reach of weather-dependent solar sources alone) will make a marriage be-
tween solar energy and the public utilities inevitable. These studies have
applied economic modeling techniques to examine the cost consequences
of load displacement and changes in peak demand entailed by the wide-
spread implementation of solar systems.) This article is similarly con-
cerned with the suitability of this peculiar and difficult match between
solar energy and central electric generation, but it will consider the matter
from a different perspective, analyzing the role of solar energy in terms of
historical patterns of development within the electric utility industry.'

t This article was written under contract E4-76-C-05-0033 between the United States
government and the Department of Energy and Oak Ridge Associated Universities. The views
expressed herein are only those of the authors and do not necessarily reflect either the views
of the management of the research institutions that employ them or any official position of
the United States Government.
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1. Twenty-one studies of this interface, as well as some related studies on rate structure
and solar applications, are summarized in Dickson, Eichen, and Feldman, Solar Energy and
U.S. Public Utilities: The Impact on Rate Structure and Utilization, 5 ENERGY POL'Y 195
(Sept. 1977).

2. Solar energy and solar systems refer not only to solar heating, cooling, electric, and hot
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Institutions are in large measure products of the periods during which
they were formed. In other words, the goals, structure, client relationships,
and modus operandi characteristic of any organization derive from the
social context which gave it birth. The prevailing social norms underlying
this "organizational technology" become embedded in the organizational
charter and typically remain fixed for the life of the organization. But both
technology and the norms of the surrounding society are more fluid and
are constantly evolving. On the one hand, this means that institutional
forms tend to lag behind social norms, often rendering existing institutions
unsuitable as vehicles for achieving new social goals. On the other hand,
as existing institutions prove incapable of responding to evolving condi-
tions, new ones must be created to perform necessary social tasks.' The
electric utility industry has been, from the time of its inception, structured
to capture the economies of large scale. Scale has determined its organiza-
tion as a regulated monopoly, dictated the means of social regulation and
control, and in large part scale has made the financing of the utilities
effective. This historical imperative of sustained load growth and centrali-
zation to capture economies of scale stands in contrast to both the decen-
tralized technology of solar and the low-growth, conservation ideals of
many of its proponents.

Even if the technological match could be made between electricity and
solar energy, the question still remains as to whether this pattern of histori-
cal development renders the electric utilities adequately equipped to con-
front a future of scarce fossil fuels, environmental constraints, and reduced
economic growth. This paper is an effort to respond to this question, and
it finds that the traditional operating formulas of electric utilities must
certainly change in the. coming decades in response to new economic cir-
cumstances. The conclusion is that these changes should not include a
close integration of decentralized solar technologies and the existing utility
structure. Decentralized ownership of solar combined with appropriate
rate design for electric back-up is an adequate merger to assure the long-
term development of both industries.

I.

The genesis of the American electric utility structure lies in the period
1880-1910, during which the industry was organized against a societal

water systems, but also to solar-dPrived technologies such as wind, biomass, low-head hydro,
and passive design.

3. This broad perception of the conflict between existing institutions and the advance of
technology is common to the works of many historians and social scientists, e.g.,, John R.
Commons, Thorstein Veblen, Walter Prescott Webb, and C. E. Ayres. For a recent and
interesting application of the approach to functional services performed by municipalities,
see Liebert, ThePartial Eclipse of Community Government: The Trend Toward Functional
Specialization, 56 Soc. Sci. Q. 210, 215 (Sept. 1975).
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backdrop of increasing organizational scale and corporate consolidation.
Throughout the latter part of the nineteenth century, technical innovation,
immigration, and the wealth extracted from the Western gold and silver
mines laid the foundation for a surge in the scale of social organization.
An extensive network of railroads developed in this era to fuse thousands
of local markets into a single, national market, and made mass production
and distribution possible. Urbanization became a fact of life for a growing
number of Americans as their employment moved from the farms to the
factories at a rapid rate. Industrial consolidation and the refinement of the
corporate organizational form proceeded rapidly, as individual enterprise
at the local level gave way to many of the corporate giants that were to
dominate American industry for the next fifty years.

It was also during this period .that new and superior technologies were
developed. Railroads and the telegraph came first, and then electricity,
natural gas, telephones, and urban transportation followed in rapid succes-
sion. These technologies all posed a common problem. Subject to substan-
tial economies of scale, they could not operate efficiently or effectively
under competitive conditions. Efforts to organize them along competitive
lines saw them disintegrate into natural monopolies with geographic
bounds, or else it resulted in the wasteful duplication of physical assets.
The solution to this problem was a product of its time- a grant of privilege
to a private corporation to operate as a natural monopoly. The expanding
scale of American industry had led the corporate form to a high state of
development, and it was natural that the corporation should step into the
organizational breach opened by these new technologies.' There were cer-
tainly few, if any, governmental bodies in this age of laissez faire that were
sufficiently well developed to assume responsibility for organizing and op-
erating these new industries,' while the private corporation could respond
with organizational and financial competence to the potential profits these
new technologies proffered. These grants of privilege (licenses, permits,
franchises) were restrictive in that they preserved the sovereignty of the
governmental body that granted them, restricted the activities of the mo-
nopoly to relevant public services, and sought to regulate the rates and

4. This is the thesis of Walter Adams and Horace M. Gray. For gas, electric, and water
supply, the grant of privilege and the associated regulation of natural monopoly became
known as "public utility regulation"; for communications and transportation, it became
known as "common carrier regulation." See W. ADAms AND H. GRAY, MONOPOLY IN AmERICA
39-72 (1955).

5. This is not to say that governmental forms were not following their own path of organi-
zational development during this era, but there is little question that they seriously lagged
behind the private sector. During this period the federal government passed new legislation
and created new agencies to counter-balance the weight of the giant corporations. V~stly
expanded federal and state services were required to cope with the new scale of social organi-
zation, thus beginning a process of eroding local autonomy, a process that has continued down
to the present. See Stephens, State Centralization and the Erosion of Local Autonomy, 36 J.
op POL. 44 (Feb. 1974).
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profits of the monopoly. But the overriding consideration was that as an
organizational device, the state-regulated monopoly turned scale effects
from an organizational impediment to an important source of financial
advantage.

The effects of scale provided both the organizational rationale and impe-
tus to growth of the electric power industry. The first central station elec-
tric distribution system had been installed in New York City by Thomas
Edison in 1882. Edison's direct current transmission system was limited
to a service radius of less than two miles, but the perfection of alternating
current transmission by George Westinghouse in 1886 made central station
power technically feasible for large service areas. The original market for
producers of electric generating equipment was in dispersed on-site sys-
tems-industries, municipalities, and street railways.' Electricity genera-
tion began as a local affair, but the advantages of consolidation were too
obvious for this to last long. Properties were brought together, often in
haphazard ways, as competing organizations sought to build load and
financial advantage within the same geographical area. The introduction
of electric street railways in the late 1880's served as an important source
of larger, more level demands for electricity.!

By 1895, Edison's former secretary, Samuel Insull, had assumed the
presidency of Commonwealth Edison in Chicago and had begun molding
the industry into its present form. Insull most clearly conceived and devel-
oped the concept of monopolistic, central station generation to capture
economies of scale and higher load factors attainable through large inte-
grated systems. He crusaded for public acquiescence in territorial monopo-
lies overseen by state regulatory commissions which were charged with
protecting the public interst1 Insull's fundamental credo was growth-to
sink earnings back into ever larger, more efficient generating plants.'
Rapid technological innovations meant that larger and larger generators
could produce dramatic cost savings. Insull had the business acumen to
realize that by cutting the price of electricity by one percent he could
increase his load and scale of production, and decrease his production cost
by more than one percent. Cutting price thus allowed him simultaneously
to build load and fatten the utility's profit margins. It was a highly success-
ful formula both for Insull and for his many imitators, and the process of
concentration and consolidation was pushed to greath lengths. By the

6. The Edison Company for Isolated Lighting was formed in 1881 to manufacture small
generating systems fur this maOrket. E. VENNARD, THE ELEcrmc PowER BusiNwss 7 (2d ed.
1970).

7. By 1889, there were 154 electric street railways in the United States. See F. MCDONALD,

INsuL 36 (1962).
8. Id. at 113.
9. "The first [principle of operation] was to expand; expand by raising new capital

whenever possible, expand by plowing profits back into the business, expand by borrowing
every nickel he could lay his hands on." Id. at 41.
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1930's, when public policy intervened directly to halt the consolidation of
power systems, only fifty-seven systems delivered ninety percent of the
nation's privately produced electricity and only twelve systems delivered
more than fifty percent.'0

The final push for utility consolidation was spurred in the 1920's by
generating shortages which had affected key defense industries in World
War I, by the acceptance of Insull's financial strategies, and by the perfec-
tion of the machinery for the mass marketing of financial securities. The
holding company became the vehicle for utility consolidation, and if it can
be said in its favor that it provided the management and technical exper-
tise necessary for system integration, it also fostered speculative abuse and
profiteering based on pyramiding and stock watering." It not only moved
the industry toward the consolidation of small generating utilities, but
away from municipally owned generating systems toward the purchase of
bulk power from investor-owned utilities. 2

The exposure of the political and financial abuses of the expansive 1920's
also lead to strong public antipathy to privately owned utilities during the
Depression years. Consequently, New Deal economic stimulation programs
included funding for various experiments in new types of publicly and
consumer-owned electric generating agencies. Among these measures were:
(1) the Tennessee Valley Authority (1933), created as a multi-purpose
regional development agency; (2) the Electric Utility Holding Company
Act (1935), which, in many cases, facilitated public purchases of generat-
ing systems upon their divestiture by the holding companies;'3 (3) the
Rural Electrification Administration (1935), which provided long-term,
low-interest loans to consumer co-operatives; (4) dam building by the
Corps of Engineers and the Bureau of Reclamation, as well as federal
agencies such as the Bonneville Power Administration (1937) to market
hydro-power; and (5) funds made available through the Public Works
Administration for infrastructure projects, including hydroelectric dams."

10. M. FAINSOD, L. GORDON, AND J. PALAMOUNTAIN, GOVERNMENT AND THE AMERICAN

ECONOMY 318 (3rd ed. 1959). Even these few systems were often closely related with common
bankers, financial corporations, or intersystem investments. In 1929, over 80% of the generat-
ing capacity in the United States was controlled by 16 holding companies. See M. FARRIs AND

R. SAMPSON, PUBLIC UTIrrIEs: REGULATION, OWNERSHIP AND MANAGEMENT 139 (1973).
11. "Their only organizing principle was the search for the rewards of financial control

and manipulation of operating companies .... The Associated Gas and Electric System had
twelve tiers. Ultimate control was exercised by a financial group with a small monetary stake
.... One of the Insull operating companies was controlled by an investment in the top
company amounting to but one two-hundredth of one percent of the value of the operating
company." Id. at 319.

12. M. FARRIS AND R. SAMPSON, PUBLIC UTILITIES: REGULATION, OWNERSHIP AND

MANAGEMENT 270 (1973).
13. See R. FIRTH, PUBLIC POWER IN NB.RAsKA 5 (1962).
14. For a summary of these programs, see P. FUNIGIELLO, TOWARD A NATIONAL POWER

POLICY: THE NEW DEAL AND ELECTRIC UTILITY INDUSTRY, 1933-43 (1973).
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Similar experiments in public ownership were conducted on the state'" and
local levels." During the Depression, electrification became a national goal
closely intertwined with economic recovery and regional development, an
identification that helped underwrite a rapid diversification of supply or-
ganizations. But this process, which was begun to spread the benefits of
electric power, soon evolved into a promotional effort for ever-increasing
use of electricity, often at the expense of self-sufficiency and local control
over energy production. 7

Post-World War II developments have done little to alter the growth
imperative imposed upon the electric power industry in its formative years.
The coordination necessary to meet the defense production needs of the
war had provided valuable experience in power pooling, permitting inter-
connected systems containing fewer but much larger generating units. And
wartime advances in technology opened new possibilities for expanding the
scale of generating capacity. The most obvious of these advances was nu-
clear power, offering the promise of quantum leaps in the scale of the
generating unit. But more pervasive thus far have been the effects of ad-
vances in metallurgy allowing the attainment of very high pressures.
Higher pressures allowed greatly increased boiler capacity without similar
increases in the size of the plant, and these advances have moved the scale
of the fossil fuel-fired generator from 200 MWe (megawatts electric) to a
range of 600-800 MWe in only the last twenty-five years. 8 The major
changes in the electric power industry over this period were quantitative
in nature as demand, plant scale, and system complexity grew in unison.

Despite the setbacks electric utilities have suffered over the past few
years from inflation, the oil embargo, and other ills, it does not appear that
they are looking back in terms of the scale of plant. Data on existing
capacity and planned additions to capacity by state indicate the present
average capacity of generating units to be less than 100 MWe in forty-four
states." But the planned additions to generating capacity are almost all
large nuclear or coal-fired generators of 600-1300 MWe capacity. There are
a few planned additions for coal-fired electric units of less than 100 MWe

15. The Power Authority of the State of New York (PASNY) was established in 1931, and
was followed by state electric supply agencies in Oklahoma, South Carolina, and Texas.

16. In Nebraska, the Public Utility District (PUD) concept was patterned on existing
water and irrigation districts. Similar entities were also implemented to a lesser degree in
California, Oregon, and Washington.

17. For example, many rural electric co-opeatives demanded as a condition for hook-up
that customers discontinue the use of w..idmiis for .lecticity generatin. R. MORGAN. T.
REiSENBURG, AND M. TRouTmAN, TAKING CHARGE: A NEW LOOK AT PUBLIC POWER 29 (1973).

18. Huges, Scale Frontiers in Electric Power, in TECHNOLOGICAL CHANGE IN REGULATED
INDUSTRIEs 44-85 (W. Capron, ed., 1971). For a detailed account of how these technologies
reshaped the American Electric Power System over the 40 year period from 1928 to 1968, see
P. SPORN, TECHNOLOGY, ENGINERING, AND ECONoMIcs 67-103 (1969).

19. DEPARTMENT OF ENERGY, INVENTORY OF POWER PLANTS IN THE UNrrED STATES DOE/RA-
001 (Dec. 1977).
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capacity, but most of these are for municipal systems within easy transpor-
tation distances of the midwest coal fields. Only three states plan additions
averaging less than 100 MWe per unit; forty-four states plan additions
averaging greater than 200 MWe per unit; twenty states plan additions
averaging greater than 500 MWe per unit.

In summary, the electric power industry has been from the outset predi-
cated on capturing the advantages of large scale, the key to its success
being sustained load growth and centralization. Technical advance has
required heavy and continuing capital inputs to replace obsolete equip-
ment and to broaden the service area. Scale economies make cheap elec-
tricity possible, and monopoly best captures scale effects. Until only re-
cently, the electric utility industry had delivered progressively more relia-
ble and lower cost electricity to the entire nation. That enormous economic
and social benefits have flowed from this arrangement is indisputable.

II.

The organization of privately owned utilities as publicly regulated mo-
nopolies has required the development of a particular social contract defin-
ing the relationship between the electric supplier and its customer. As
defined through various legislative, regulatory, and judicial channels, the
terms of this contract have assured the utility investor that electric prices
will be high enough to assure the credit worthiness of the utility and the
safety of his investment. The consumer in turn has agreed to pay the
electric rates necessary to assure this credit worthiness.1 For the first sev-
enty years of this arrangement it worked well for both sides. The utilities
earned rates of return well above their cost of capital, as electricity produc-
tion costs fell due to economies and as electric prices were fixed or fell less
rapidly." But numerous side effects have resulted from this arrangement.
Because the utility industry has been relieved of much of the risk borne

20. This refers to the doctrine first clearly enunciated in Smith v. Ames, 169 U.S. 466
(1898), extending the due process clause to confiscation of value through unreasonably low
rates rather than to a more narrow interpretation applying it only to the taking of physical
assets. "What the company is entitled to ask is a fair return upon the value of that which it
employs for public convenience." This was the origin of numerous legal difficulties, most of
them centering on the definition of value, and in particular centering on the question of
original versus reproduction costs. The issues were largely settled in FPC v. Hope Natural
Gas Co., 320 U.S. 591 (1944), when the Court ruled that if "the total effect of the rate order
cannot be said to be unjust or unreasonable, judicial inquiry . . . is at an end." One of the
important effects of the Hope case was to shift regulatory emphasis away from counting and
assessing the value of assets, to an emphasis on the liabilities and long-term debt of the
company. Rate proceedings centered on the adequacy of rates to allow the utility to raise
capital, and the goal of most regulatory commissions became that of allowing a sufficient
return to cover the expense of fixed yield securities and a respectable return on equity.

21. For the evidence supporting this statement, see Joskow, Inflation and Environmental
Concern: Structural Change in the Process of Public Utility Price Regulation, 17 J. oF LAw
AND ECON. 291 (Oct. 1974).
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by competitive, nonregulated firms, it has been able to attract large
amounts of capital. It has become extremely, some say excessively, capital
intensive as a resultYu There has been a tendency within the industry to
overbuild capacity to service diurnal demand peaks, and higher peak-load
costs have not been reflected in the electricity prices charged to peak
users.n Likewise, low rates for very large consumers have induced many
large industrial and municipal customers to abandon on-site generation in
favor of purchased bulk power. This has steered much of the industrial
sector away from.cogeneration or total energy systems.' Load and the need
for new capacity has also been stimulated through direct promotion. For
example, when the residential electric lighting market became saturated
during the 1930's, extensive promotion of electric appliances and space and
water heating was initiated to induce new demand." Thus, both the tech-
nology for electricity production production and the social contract devel-
oped to use and control the technology have elevated growth to an implicit
norm within the electric power industry.

But during the 1970's, the electric utility industry has been shaken by
several related events that have substantially altered its operating environ-
ment. Many of the technical and pecuniary scale economies available to
the firm appear to have been exhausted," general inflation has struck hard
at capital-intensive industries, the price of fuels has soared,n stricter envi-

22. This is the controversial "Averch-Johnson Effect," which states that if the allowable
rate of return in a regulated industry is greater than the cost of capital, but less than that
obtainable without regulation, then the firm will substitute capital for other factors of produc-
tion and operate above minimal costs. Averch and Johnson, 'Behavior of the Firm Under
Regulatory Constraint, 52 AM. EcoN. Rav. 1052 (Dec. 1962). A review of associated literature
and an extended development of the implications of the Averch-Johnson effect can be found
in E. BAILY, ECONOMIc THEORY OF REGULATORY CONSTRAINT (1973).

23. Noll, Maintaining Competition in Solar Energy Technology, in THE SOLAR MARKr:

PROCEEDINGS OF TIE SYMPOSIUM ON COMPETITION IN THE SOLAR ENERGY INDUSTRY 229-30 (Fed.
Trade Comm'n 1978).

24. Habicht, Electric Utilites and Solar Energy: Competition, Subsidies, Ownership, and
Prices. in THE SOLAR MARKET: PROCEEDINGS OF THE SYMPOSIUM ON COMPETITION IN THE SOLAR

ENERGY INDUSTRY (Fed. Trade Comm'n 1978).
25. VENNARD, supra note 6, at 74.
26. Technical scale economies in generation continue up to the level of 600-800 MWe for

coal-fired units, and for nuclear power they may continue up to 1200 MWe or beyond. See
Lee, The Case for Evolutionary Optimization, in FUTuRE STRATEGIES FOR ENERGY DEVELOP.
MENr: A QUESTION OF SCALE 229-57 (Oak Ridge Associated Universities 1977). However, sev-
eral recent papers have cast doubt on whether the entire firm, including its distribution and
transmission function, is subject to the scale cffects. See Christensen and Greene,
Economies of Scale in U.S. Electric Power Generation, 84 J. OF POL. EcoN. 655 (Aug. 1976)
or Huettner and Landon, Electric Utilities: Scale Economies and Diseconomies, 44 S. EcoN.

J. 883 (April 1978).
27. For total electrical generation costs in the United States in 1.965, 19% could be attrib-

uted to fuel, 32% to O&M, and 49% to capital. The figures for 1975 were 45% to fuel, 19% to
O&M, 36% to capital. Lee, The Case for Evolutionary Optimization, in FUTURE STRATEGIES
FOR ENERGY DavELOPMmr: A QUESTION OF SCALE 253 (Oak Ridge Associated Universities
1977).
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ronmental standards have been applied to the industry, and the potential
dangers of an extensive reliance on coal have been recognized. 5 The loss
of scale economies removed the utilities' traditional financial cushion
against unanticipated shocks such as these and electric power producers
were forced by these reverses to immediately pass higher costs on to the
consumer. State regulators have proved sensitive to the utilities' difficul-
ties and rates of return on stockholders' equity have generally climbed to
reflect inflationary pressures. These events have begun to strain the social
contract worked out between the electric producer and consumer, as
sharply increased electric bills have given the customer ample cause to
rethink the implications of the agreement.

These changing conditions threaten the solvency of the utility industry
in fundamental ways. In the industrial sector, the use of electricity tends
to be more price elastic than in the residential market." Both the size of
the energy purchase and the fact that energy conservation is easier to
initiate and police in hierarchical business organizations contribute to this
larger response to price. More fundamentally, steeply rising electricity
prices could draw competition back into the industrial supply sector-in
the form of on-site generation, co-generation, or alternative energy sys-
tems.1 Industrial customers opting out of electrical grids could depress
utility load factors, off-peak demand, and ultimately, revenue. In the resi-
dential sector, quite similar problems are evident. First, solar energy tech-
nologies present problems of load management and idle capacity. Solar
collectors operating without adequate storage could decrease load factors
while increasing peak capacity requirements during inclement weather."
Solar assisted residential units using electric backup thus represent varia-
ble, unregulated producers of energy. Collectively, they create a dilemma
for utilities presently lacking the means to "forecast accurately or monitor
the contribution from a multitude of individually unique, dispersed solar
systems."32 Second, the development of solar technologies could induce

28. Rotty and Weinberg, How Long is Coals Future?, 1 CUMATE CHANGE 45 (1977).
29. Two studies which demonstrate the smaller response of the residential sector to

changes in the price of electricity than industry are F. FISHER AND C. KAYSEN, A STUDY IN

ECONOMETRICS: THE DEMAND FOR ELECTmcrrY IN THE UNITED STATES (1962), and Mount, Chap-
man and Tyrrell, Electricity Demand in the United States: An Econometric Analysis ORNL-
NSF-EP-49 (Oak Ridge National Laboratory 1973). The apparent exploitation of this differ-

ence in elasticities to set higher residential ,prices has raised questions of equity. Residential
units have in recent years purchased about one-fourth of the nation's electricity, but paid
nearly one-half the bill. S. NovICK, THE ELECTRIC WAR 137 (1976).

30. In 1945, 17.8% of net electricity production in the United States could be attributed
to industrial establishments, but by 1970 this had shrunk to 6.5%. BUREAU OF THE CENSUS,
HISTORICAL STATISTICS OF THE UNITED STATES 544-52 (1975). See also Habicht, supra note 24,
at 232.

31. See Asbury and Mueller, Solar Energy and Electric Utilities: Should They be
Interfaced? 195 SCIENCE 445 (Feb. 4, 1977).

32. Freeman, Utility Alternatives for Solar Energy, Pus. UTIL. FOIowrHTLY 21 (Jan. 5,
1978).
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some fraction of residential customers to opt for stand-alone energy sys-
tems and independence from the utility. Using solar ponds for storage and
small, on-site solar generators for heat and electricity, the residential cus-
tomer could offer a credible threat to become his own utility, to capture
the energy supply process within the home, and to desert the utility grid.3

The economics of central-station electric generation are such that if this
process ever begins to depress load, it must force the price of electricity
upwards, opening the door to snowballing desertions by residential cus-
tomers. Eventually, the process would make the utilities' transmission and
distribution capacity obsolete. The very fact that the consumer can make
such a threat gives him a much stronger position vis-a-vis the utilities. The
social contract which now governs the utilities, and which has historically
proven advantageous to them, may have to be renegotiated to keep con-
sumers on the grid.m

To a certain extent these threats to utility solvency can be mitigated by
innovations in load management technology. Off-peak pricing, thermal
storage, and ripple control on large appliances could reduce the utilities'
reliance on off-peak industrial consumption for load leveling. The promo-
tion of electric. space heating for residences using energy efficient heat
pumps could provide a replacement for some lost industriAl load. But load
management may be a rear guard action at best. If Insull's formula is still
valid as load decreases, it means a loss of scale economies and rising costs
for generation. This same result can be seen just as clearly by looking at
the financial position of the electric power industry. The capital structure
of most private utilities is heavily weighted toward fixed return securities
such as bonds and preferred stock. In a period of falling revenue, this long-
term debt absorbs corporate profits and can jeopardize the firm's financial

33. The economics and technology of the solar pond are no better understooi, than the
technologies for solar central-station generation of electricity which are discussed later in this
article. There may be more promise of reducing the cost of these systems without a major
technological breakthrough, however. For a discussion of several large-scale experiments with
solar ponds underway in Sweden, see Morgen, Central Plants for Annual Heat Storage, 3
SOLAR AGE 22 (Oct. 1978).

34. A recent book by Oliver Williamson discusses at length the criteria a firm will employ
in making a decision to either vertically integrate along its supply chain or to contract for
the purchase of inputs. This question is examined in terms of the acceptability of the con-
tract, i.e., in terms of the risks perceived, the ability to share the risks among contracting
parties, the possibility of unforeseeable contingencies, the ability to police the contract, etc.
The problem is exactly analogous to that discussed here-the customer must make a decision
whether to make or buy energy. Williamson's cif.ea provide some important insights into
the current social contract for electricity delivery and the ways it might have to change.
Perhaps the major factor is the greater uncertainty which has come to surround the entire
question of energy delivery, and the problem of how the cost of unforeseen contingencies
arising from this uncertainty will be divided between the customer and utility stockholder.
The group least able to escape the utility grid, the residential consumer, bears much of this
risk under the current contract, but decentralized technologies offer the prospect that it is a
rapidly shrinking group. 0. WILLIAMSON, MARKETS AND HIEnARCHMS: ANALYSIS AND ANTITRUST

IMPLICATIONS (1975).
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position. Revenue losses from a shift to on-site generation and residential
stand-alone units will lower the earnings on stockholder equity. If this
erosion of earnings is to be avoided, price increases for electricity are inevi-
table.

The capital-intensive nature of the electric power business means that
the utilities can ill afford to lose their credit worthiness. The cost of mar-
ginal generating capacity now nearly doubles the cost of embedded capac-
ity; over the next decade the industry will be required to raise an estimated
$20 billion per year, much of it for replacementY But with future electrical
demand uncertain, this capital will become more difficult to obtain. The
experience of electrical utilities in financial markets after the Arab oil
embargo supports this hypothesis. The market ratings of many utility
bond issues have been downgraded since 1974, meaning that higher inter-
est rates must be paid by the utilities.- It is estimated that each one-
quarter of one percent in additional interest charges will increase the cost
of power by one-half mill per kilowatt hour.37 The electric utility industry
has thus far adjusted to this situation smoothly through alternative financ-
ing devices such as joint ventures, leases, and unsecured short-term securi-
ties.s Whether it can continue to do so remains unclear.

Thus, the last few years have led the electric utilities to a new juncture
in terms of their own development. Within the utility framework as it has
developed historically, much of the room for managerial discretion has
been lost, as scale economies have been exhausted and'a series of adverse
economic events have worked against the formulas perfected by Insull for
successfully operating an electric utility. If decentralized technologies con-
tinue to advance, they might easily become a further source of woe to the
utility. This is especially true if they cut into the residential market, which
is the source of most utility revenue.

35. Westfall, Wholesale Rates and Planning Power Supply, PuB. PowER 39 (Sept./Oct.
1977).

36. Hyman and Grigoli, The Credit Standing of Electrical Utilities, PuB. UTm.
FORTNIGHTLY 24-30 (March 3, 1977). It should be noted, however, that the slippage in utility
credit ratings cannot be construed strictly as evidence that the regulatory procedures have
failed to uphold the social contract between utilities and their customers. The utilities earned
rates of return well above their cost of capital throughout the 1950's and 1960's as their
production costs fell due to scale economies and electric prices were fixed or fell less rapidly.
Regulatory bodies seemed generally unconcerned with rates of return as long as nominal
prices passed on to the consumer were not raised. Requests for increasing prices in the 1970's
brought closer regulatory scrutiny, however, and returns were allowed to fall back into line
with capital costs. The implementation of temporary rate increases, automatic adjustment
mechanisms, and use of future test years by regulators does indicate a determination not to
let capital costs outstrip the utility industry's profit level. See Joskow, supra note 21.

37. Westfall, supra note 35, at 40.
38. Katzin, Electric Utility Financing Today, 55 OnE. L. REv. 479 (1976).
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I.

What, then, are the long-range implications for electric utilities from the
diffusion of alternative energy technologies? If the intermittency of sun
and wind makes reliance upon backup energy necessary, must a marriage
of convenience to the utility structure follow? Because of its unproven
economics and identification with the no-growth, small-is-beautiful view-
point, solar energy has been approached quite gingerly by most utilities.
Nor is this caution unfounded. Dispersed solar energy technologies, at least
in their current and initial phase of deployment, are inextricably inter-
woven with noneconomic values quite at variance with the economic reali-
ties of electric utilities. One group of interviews with owners of solar heat-
ing systems found that their primary motive for adopting solar was none-
conomic, that there was little sympathy concerning the load-management
problems their collectors might cause the utilities, and that they bitterly
resisted as unfair the imposition of higher electric rates on solar users. The
only positive response to the solar/utility interface concerned the possibil-
ity that utilities might lower the first-cost barrier of these technologies and
perhaps speed their penetration into the residential and commercial mar-
ket."

The path of least resistance for electric utilities entering the solar energy
business is co-optation-the integration of solar energy into the centralized
electric utility structure. This would entail central station, solar-thermal
electric generators displacing conventionally fueled plants and tied into
large transmission grids. High capital costs and zero fuel costs make these
plants eminently suited for utility financial structures. Furthermore, the
regional nature of the solar resource (and the regional diversity in demand
peaks) would lead to the need for closer inter-regional coordination for the
exchange of surplus electricity. Centralization would continue along a na-
tionally integrated grid. The management of home heating and cooling
loads could be accomplished through modest amounts of thermal storage
charged when necessary during off-peak hours with electric backup, and
through rate structures designed in other ways to accommodate intermit-
tent users. But this path will not be available to the utilities for some years.
Central station electric generation from intermittent sources has reached
the development and demonstration stage, but the costs still appear to be
prohibitive for the foreseeable future.40 Barring a currently unforeseen
breakthrough in this technology, the active role of the electric utilities in
solar energy, for some years to come. will be confined to participation in

39. R. BEZDEK, ANALYSIS OF POLICY OPTIONS FOR ACCELERATING COMMERCIALIZATION OF
SOLAR HEATING AND COOLING SYSTEMS 239-40 (1977).

40. Pollard, The Long-Range Prospects for Solar Energy, 64 AM. ScuNTm 424 (July
1976). For an update of this paper and a careful examination of the .cost of solar electric
generation, see Pollard, Analysis of Systems for the Generation of Electricity from Solar
Radiation ORAU/IEA-72-12(R) (Oak Ridge Associated Universities 1978).
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decentralized solar space heating and cooling devices installed in the
home.

There is a range of possibilities for utility involvement in solar space
heating and cooling, the most extreme of which is to give the utility a
monopoly franchise to provide these systems to their customers. The utili-
ties would own these systems and install them only as load requirements
and fuel costs warrant their use. Coordination of the sources of energy is
once again vested with the utility, and the tyranny of small decisions by
consumers is averted. The ownership strategy is attractive in that it would
add to the utilities' rate base, and it would trigger many tax advantages
(investment credits, accelerated depreciation, a high marginal tax rate for
corporations) long enjoyed by conventional energy sources.

But there are companion dangers in this approach. First, large-scale
utility participation could shape the market to squeeze out certain lines
of innovation, particularly those aimed at stand-alone systems. Standardi-
zation by the utilities could squeeze out the smaller firms most likely to
produce innovative regional or site-specific systems. Utility preferences
would run toward more complex and durable systems, steering the market
away from less costly units requiring more user maintenance or adaptation
to energy interruptions." Few, if any, incentives exist for a regulated mo-
nopoly to adopt cost-saving innovations in product lines not subject to
scale economies, and small solar units do not exhibit such economies once
mass production has begun.'2

A second problem is that the utility industry might be tempted to use
its extended monopoly privileges to pre-empt competition from mixed or
stand-alone solar systems. As parts II and III of this article have argued,
the electric utility industry has been built on a different foundation than
the solar industry from both a technical and social perspective. Electric
utilities may simply find that they are incapable of shifting institutional
gears from managing a few large projects to thousands of small ones. 3 Or
the institutional prerogatives of growth and centralization may be too
deeply embedded in the industry for it to search out the advantages of
other approaches. The result would be a marginal role at best for solar
energy. Load building for electricity and centralization would remain the
norm and additional fossil or nuclear generating capacity might be too
easily rationalized.

A third danger is that the values of consumer control and social diver-
sity, so often raised as issues by solar advocates, would receive no weight
as the utility determines the appropriate role for solar energy. The exten-

41. Noll, supra note 23, at 183.
42. Posner, Natural Monopoly and its Regualtion, 21 STAN. L. REv. 548 (1968-69).
43. Habicht, supra note 24, at 240. It should be pointed out that most utilities do

distribute electricity, a process that involves the utility in the detail of door-to-door delivery
of their service. It is a comparatively small part of the business when compared to bulk
generation and transmission.
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sion of monopoly privileges to the utility will block competition from such
possible rivals as small consumer-owned associations." And better instal-
lation and repair services are likely to result from nonregulated circum-
stances. The simple fact that a dozen firms would be available to provide
these services gives each firm an incentive to please the customer and the
customer has clear alternatives if he is not pleased. Without theexistence
of pronounced scale effects, firms to maintain home energy systems, to
operate small photovoltaic grids, or to serve decentralized energy sources
in other ways can be envisioned. The firms could operate as small, compet-
itive organizations with no need for government regulation beyond that
already in place for other members of the private sector, e.g., zoning, safety
and health restrictions, etc. The small, competitive energy management
firm installing, repairing, operating, or otherwise managing energy re-
sources owned by the consumer offers more freedom, flexibility, and re-
sponsiveness to changing conditions than does the regulated firm. 5

Finally, there is the question of how the pricing of energy is to be accom-
plished. In particular, there is the danger of solar costs being "rolled into"
the costs of conventional energy. In a system consisting of utility-owned
solar residential units equipped with electric backup, charges might easily
be figured on the average cost of energy delivered from all utility equip-
ment, both solar and conventional. In essence, the consumer avoids the
high initial capital charges for the solar collector, but assumes a fuel cost
for energy metered and consumed from the collector as well as from the
grid. It gives rise to internal subsidies of one technology by another." In
the short run, the cheaper electricity would subsidize expensive, ineffi-
cient solar energy. It is an idea that seems to have mesmerized many solar
advocates anxious to see solar obtain an initial foothold. But assuming
persistent increases in fuel and construction costs for electricity generation
and corresponding reductions in solar energy costs as that industry moves
into mass production, the long run result becomes that of solar subsidizing
the electric industry. But whichever way these internal subsidies flow, the
central point is that they result in an unnecessarily high cost of energy to
the consumer and a wasteful use of resources.

If the extension of utility regulation to the solar industry is rejected as
too confining-as an unwarranted extension of regulation to an industry
which is not subject to scale effects or natural monopoly-there are other

44. Contrariwise, California has legislated against prohibitions on energy generation from
unconventional sources. CAL. Pun UT.. CODE §§2801-2816 (West 1970). See also Wisc. STAT.
ANN. §196.50 (West 1957).

45. This statement reflects the bias against the "dead hand" of regulation exhibited in
most economic thinking on the subject. It is a theme developed at some length by Posner.
See Posner, supra note 42, at 548-643.

46. Posner, Taxation by Regulation, 2 BELL J. OF ECON. 22 (1971); Tybout, Marginal Cost
Versus Rolled-in Pricing for Natural Gas, PUB. UTIL. FORTNIGHTLY 15-17 (March 31, 1977);
Freeman, supra note 32, at 22.
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roles the utility could assume in solar space heating and cooling.47 First is
the possibility that integrated solar-electric utilities could own and operate
decentralized solar heating and cooling devices as in the monopoly case
outlined above, except that consumers would be allowed to turn to nonutil-
ity firms to acquire the equipment and to service it. The utility would
continue to determine the role of solar, to set prices for energy, and to
maintain its monopoly on the delivery of energy. The only advantages
would be in the potential diversity of equipment and service choices and
in some expanded incentives to innovate in unregulated product lines. A
second possibility is that the utility industry could operate separate unre-
gulated affiliates in the solar industry. All solar equipment remains unre-
gulated and the customer could select his purchases from the utility or
from other unregulated competitors. Most gas and electric companies cur-
rently operate unregulated affiliates of this type to sell appliances or to
provide repair services. Both of these alternatives have precedent in the
communications industry and some analogies can be drawn . 8 But their
applicability to the emergence of a new energy industry is unclear. The
first alternative (nonutility installation and service) is simply not a suffi-
cient loosening of the potential grip of natural monopoly; there is no need
for such close integration and the dangers of this integration were made
clear above. The possibility of unregulated affiliates is acceptable, at least
at the conceptual level, but the danger of internal subsidies between regu-
lated and unregulated business will exist. A joint solar-electric utility
would have to divide costs between its regulated and unregulated busi-
nesses. It has been argued that the utility, because it understands the
financial and technical details of its business better than even the most
astute regulator, could shift costs and profits to subsidize the unregulated
portion of its business. 9 This allows a potential source of excess profit and
could offer the utility competitive advantages in its unregulated product
lines.

IV.

The electric utility industry faces fundamental problems in the immedi-
ate future. One important problem may well be the entry of new, noncon-

47. The alternatives assume antitrust hurdles can be overcome. In recent years, both
regulatory commissions and the courts have substantially curtailed antitrust immunity for
utility activities not directly involved with or necessary to the provision of electric service.
See Cantor v. Detroit Edison, 428 U.S. 579 (1976).

48. Until the late 1950's, all devices connected to the telephone system were monopolized
by the telephone company. Since the Carterphone decision, this complete monopoly has been
lost, and though the telephone company still sells these devices, it no longer has a monopoly.
United States v. Western Elec. Co., Inc., 409 F.2d 1377, cert. denied, sub. nom. Componants,
Inc. v. Western Elec. Co., Inc., 396 U.S. 876 (1969).

49. Noll and Rivlin, Regulatory Prices in Competitive Markets, 82 YALE L. REV., 1426
(June 1973).
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ventional energy sources which can compete effectively with electricity for
space heat and cooling in the near future and perhaps for the entire electri-
cal load in the more distant future. This threat to an established monopoly
position by a new technology is not a unique event; local ice houses, West-
ern Union, and the threat to UHF by CATV are all examples of the same
phenomenon. But the recommendation of this article that decentralized
solar energy not be merged with the existing electric utility structure, even
if it threatens the monopoly franchise of the utility, is not necessarily a
decision to put an end to central station electrical generation. As this
article outlined at length in earlier sections, the problems of the electric
utility industry run much deeper than-a potential threat from solar energy.
Inflation, environmental concerns, soaring fuel prices, and especially the
apparent loss of scale effects all threaten the traditional operating formu -

las. Indeed, these traditional formulas almost certainly must change and
the future of the electrical utilities will be affected more fundamentally by
such change than by competition from the sun.

The simplest and most effective change that could be made in the elec-
tric utility industry is the adoption of increasing block rates and other rate
structures reflecting the marginal cost of electricity. If utilities have ac-
tually moved into a region of rising long run average costs, the use of
marginal cost pricing would serve a number of useful functions. It would
stem the erosion of earnings faced by the utilities, as revenues would follow
rising costs.0 It would satisfy the criteria of many environmentalists who
have argued that the declining block rates of the past promoted load
growth and led to a waste of scarce resources. It would provide the right
price signals for the introduction of nonconventional fuels. It could greatly
relieve the burdens which have recently been placed on regulatory commis-
sions and the courts simply by dealing with some of these problems outside
of formal regulatory channels. The current trend toward elimination of
declining block schedules, combined with automatic adjustment clauses
and other standardized procedures, have led one authority to conclude that
the utilities are now moving steadily toward such pricing arrangements
and that they are inevitably being "unbound" from formal rate-of-return
constraints."

Without question, such rate schedules should incorporate an appropriate
set of demand charges for solar energy users operating with an electric
backup. And solar users should be subject to the same peak-use charges
as all other users. It is likely that if these rates are adopted widely and
applied to many classe . of cstnmers. solar users will feel less strongly

50. In fact, with marginal cost above the average, excess profits result. These revenues
can be taxed away and either earmarked for a special purpose or returned to general revenue.
See Bierman and Hass, Inflation, Equity, Efficiency, and the Regulatory Pricing of
Electricity, 23 PuB. POLICY 299 (Summer 1975) for a discussion of the possible use of these
tax revenues.

51. Joskow, supra note 21, at 326.
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about thei unfairness of such charges being applied to them.52 And peak-
use charges encourage the use of storage by the solar owner, allowing stor-
age to be charged at cheap, off-peak rates. It opens the door to an interest-
ing long-term match between solar and electricity if time-of-day rates are
used. During peak periods, electricity could be used for the industrial
applications it performs best; during off-peak hours, it could charge stor-
age for space heat.5 Rate design might just minimize the need for energy
resources, both solar and electric, and assure that both industries grow at
rates which are in the best interest of their customers. No closer ties be-
tween these two industries are either necessary or advisable to assure their
long-term development and growth.

But such a pricing scheme also means that the long run demand for
electricity will not reflect historical growth rates of six percent per year.
Rather than cut price to expand profits, the new formula requires that
price be raised and load stabilized. Whether (and how) the privately owned
utilities will make this transition to a future of stable electric demands
constitutes an important and unanswered question. Utility managers are
not inflexible or unaware of the winds of change, but large and complex
institutions tend to be carried along by the momentum of experience.5' The
transition is not likely to be an easy one for the electric utility industry
with or without solar energy.

Some accommodation between solar heating and cooling and electric
energy will inevitably be reached, for in proper combination they comple-
ment each other in meeting the total spectrum of energy end uses. Solar
energy presently works best at low temperatures and for space heat; elec-
tricity is the Rolls Royce of energy carriers in its convenience, versatility,
and applicability to high temperatures. There is no compelling need for a
single institution to assume the responsibility for the delivery of both forms
of energy. But there are compelling reasons why solar should not be tied
too closely to the electric utilities: (1) the legal and regulatory environment
is too restrictive; (2) the organization and managerial skill of the utilities
has developed to manage a few large projects, not thousands of small ones;
(3) solar might not be treated objectively in utility planning of electrical
grids integrated with decentralized solar; (4) innovation, social diversity,
and new organizational forms for delivering energy are squeezed out; and
(5) the electric utilities are having problems accommdating centrally gen-
erated electricity to new economic realities even without the additional
burden of developing solar systems. Solar energy derives from a different

52. See the discussion of the effect of demand charges on solar users in BEZDEK, supra note
39, at 169-219.

53. Heitner and Moritz, Commercial Energy Storage for Electric Load Leveling, Pus.
UTIL. FORTNIGHTLY 24-27 (May 11, 1978).

54. Caldwell, Energy and the Structure of Social Institutions, 4 HuMAN ECOLOGY 31
(1976).
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social context, embodies different social norms, and does not require a
social contract as constraining as that for electricity. Solar energy may
therefore be better wedded to different kinds of institutions or, perhaps
best of all, left unwed to compete freely in the marketplace.


