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I. Introduction

For many decades, the electric power industry has been regarded as one of
the more efficient sectors of American industry. Many observers have cited
improvements in the productivity of all inputs as evidence of the industry’s
rate of technological progress and ability to exploit economies of scale. Eco-
nomic studies of both plant and firm level economies have concentrated
almost solely on the generating sector of the industry but have generally
reached similar conclusions although there have been important disagree-
ments as to the source of the efficiencies (i.e., economies of scale, technologi-
cal change or utilization of capacity) and the ranking of productivity improve-
ments among the inputs. None of these studies, however, has ever identified
any diseconomies of scale or ever challenged the natural monopoly concept
as applied to the electric power industry.?

The conclusions reached in this study are important for several reasons:
they highlight shortcomings existing in previous studies of the electric power
industry;? they extend to the firm level recent conclusions regarding scale

* The authors wish to thank the University of Oklahoma and the University of Delaware for
their support and an anonymous reviewer for several constructive suggestions. Dr. Landon is
currently on leave with the National Economic Research Associates in New York City.

1. A listing of these previous studies and a review of their assumptions and conclusions has
been published elsewhere in [14] and [16], hence the details have been omitted here.

2. The most important shortcomings of previous economic studies of the electric power
industry include: scale biases in the treatment of capital costs due to the assumption of equal
economic lives for all plants; violation of the principle of cost minimization; and smaples
Eon]centrating exclusively on plant sizes below 400 megawatts. For further details, see [14] and

16].
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diseconomies at the plant level; and, by questioning the natural monopoly
concept as applied to this industry, they suggest that the range of public
policy options vis-a-vis the electric utility industry should be broadened to
include deregulation of some functions. While recent price and cost increases
in the electric power industry have led some observers to speculate that scale
economies may be nearing exhaustion, these speculations have not been
documented in any systematic way nor based on current or past studies. In
fact, past studies [1; 5; 6; 12; 17; 18; 19; 22; 23; 24; 26 and 27] have consistently
reported the existence of scale economies throughout the range of observa-
tions.

The first studies documenting scale exhaustion at the plant level, [14]
and [16], appeared in 1973 and 1975 respectively. The first published study
indicating scale exhaustion at the firm level [4] appeared in 1976. Authored
by Christensen and Greene (hereafter C and G), this study concluded that
there were constant returns to scale in generation for firm sizes as low as 19.8
billion KWH (about 3,800 Megawatts). This study has somewhat limited
public policy implications, however, for several reasons.

First, it concentrated solely on costs directly allocable to generating and
therefore did not address scale issues in other cost categories comprising 50
percent of total costs. Second, while its use of a translog cost function does
not restrict the form of the production function and hence the elasticities of
substitution of the inputs, it does restrict the consideration of other important
differences among firms in the sample and could introduce specification
errors. These important differences include variations or differences among
companies: in the degree of capacity utilization; in the types of fuels used; in
their reliance on nuclear, hydro or gas turbine capacity and purchased power;
and in regional differences in demand patterns, peak demand, and in con-
struction types and costs. In addition, their procedure of summing the indi-
vidual firms of a holding company and treating them as one entity assumes
that the degree of integration is both high and constant across holding
companies.? This procedure should shift the true scale curve to the right and
flatten it out. Finally, C and G’s use of accounting data on depreciation to
measure capital (following Nerlove [26]) should introduce a scale opposed
bias as has been noted in [16].

In a real sense, a researcher studying scale issues is frequently forced to
choose which type of specification error he prefers. For example, if one
chooses a translog cost function as did C and G, then restrictions on the
production function and elasticities of substitution among inputs are mini-
mized but at the cost of not controlling for important differences among firms

3. The degree of integration of holding companies varies considerably. For example, the
A.E.P. System is highly integrated, the Southern System is loosely integrated, and the Central
and Southwest System operates with minimum integration of its four operating companies.
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that could well effect the scale conclusions. If, on the other hand, the re-
searcher chooses a more pedestrian cost function that allows him to use
dummy variables and otherwise control for important differences among
firms, he will reduce this type of specification error but increase errors
associated with restrictions on the elasticity of substitution among inputs.

C and G have elected to take the former approach while, in this study, we
have elected to take the latter and also to treat holding companies differently.
In addition, we have elected to examine scale relationships in generation,
transmission, distribution, administration, customer accounts and sales. Fi-
nally, we have used an entirely different concept of a cost function than is
usually used in economics. This approach is necessary to capture the cost
implications of meeting peaked electricity loads yet deserves some justi-
fication since it is a marked departure from traditional economic theory and
previous studies of the electric power industry. Section II of this study will
justify the use of this non-traditional cost concept.

Turning next to another issue, it is worth noting that relationships ob-
served at the plant level, particularly economies of scale, are often modified
by interrelationships at higher levels of decision making, such as the firm and
system level. The system level is perhaps the most natural level of analysis for
this study but at least two factors indicate that statistical work cannot be
confined to systems. First, existing electric power systems take many forms
varying from loose to tightly knit.# Second, there is little relevant data on
systems. For these reasons, the empirical analysis of this study will be based
exclusively on the firm level. Firm level relationships, however, can be pre-
dicted by taking the plant level relationships, observed in [14] and [16] and
combining them with system level relationships described in the engineering
literature [7]. This analysis® (details omitted) provides some scale predictions
or benchmarks against which the regression results of Section III can be
compared and indicates that the long run average cost curves for generating
should be U shaped, and that operating and fixed costs in generation should
be a minimum for firm sizes of 2,000MW and 3,000 MW respectively.$

Section III of this study will utilize multivariate regression analysis to
assess firm level economies of scale in generation, transmission, distribution
and administration. Existing econometric studies cannot form the basis for
this analysis because, as noted above, they have had several important
shortcomings, have concentrated primarily on generation and excluded trans-
mission and distribution, and have, with two exceptions, been based on data
existing prior to 1959. The fourth and concluding section will summarize and
evaluate the results.

4. For a discussion of the myriad forms of interconnection, see [25]. Also see [15].
5. Details of this analysis have been omitted but can be obtained from the authors.
6. Note that the abbreviation MW stands for megawatts (i.e., 1,000 kilowatts).
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Two points should be noted before turning to the next section. The first is
that 1971 data will be used in this study to rule out most effects of pollution
control equipment on scale relationships. Very few of the plants operating in
1971 employed pollution control equipment but since that date many plants
have been retrofitted with pollution control equipment or forced to burn fuels
for which they were not designed.

The second point to note is that Averch-Johnson or A-J effects will be
ignored throughout this study. This position is justified for several reasons
noted in [2], and by others, including: the capital constraints on the electric
power industry; the existence or lack of existence of an A-J effect depending
on the model assumed;and the small or non-existent A-J effects reported in
empirical studies.

I1. Cost Functions for Public Utilities

Traditional economic theory produces cost functions that have input prices,
Py, ..., P, and the quantity of output, Q, as arguments and a functional form
determined by the production function as in Equation 1:

C=f(Q;Plr°"rPn) (1)

These traditional functions are useful for characterizing operations where
peak demands do not have to be met (i.e., order backlogs) or operations
where output can be stored and peak demands met by sales from inventory.
Under these conditions, production costs are not heavily influenced by de-
mand peaks or the annual pattern of demand hence one can assume that
production takes place at an even rate or that output is an appropriate
measure of the scale of production as in Equation 1.

Public utilities (and some private sector activities as well) generally pro-
vide services such as electricity, communications, or transportation that can-
not be stored. In addition, public utilities are generally required to meet
demands for their services at all times of the day or year hence they must
build capacity capable of producing the quantity demanded at peak periods.
Meeting a peaked load is clearly more expensive than meeting an even load
even if the total quantity produced is the same. In addition, the quantity of
output loses its meaning as an accurate index of scale particularly in capital
intensive industries such as public utilities where input relationships are
determined by the level of planned activity—peak capacity requirements.

The above arguments suggest that costs and scale relationships in public
utilities could be better measured if costs were expressed as a function of peak
capacity, K, the rate of utilization of peak capacity, U, and input prices as in
Equation 2.

C =g(K,UP,...,P,) )
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Of course Q = KU but does not appear in Equation 2 since peak capacity and
the pattern of annual demand relative to peak capacity are the factors deter-
mining scale and costs.

We do not pretend to know what type of a production function would
produce the cost relationship in Equation 2 but can make some observations
on the duality relationship that is presumed to exist. The fact that public
utilities with the same production function and level of output can have
widely different costs due to differences in demand patterns suggests that a
unique duality relationship can only be preserved under certain conditions. If
costs for a given level of output, production function, and input prices are
minimized subject to the constraint that demand follow a given pattern, then
it would appear to follow that a unique duality relationship could be pre-
served. Of course the relationship would probably be different for each
different demand pattern since peak capacity requirements and the rate of
utilization of capacity would undoubtedly be changed.

An additional issue not generally addressed in either cost or production
function studies concerns the durability of capital. Public utilities are generally
capital intensive and the physical or economic life of capacity is an important
consideration generally ignored by economic theory. Indeed, it is difficult to
see how one could incorporate it into traditional production function analysis
although a start has at least been made from the cost side [16]. Again, we do
not pretend to have the answer to this question but we do explicitly
recognize that we have skirted this issue whereas the study by Christensen
and Greene does not.

Our method of skirting this issue is to simply separate operating and
fixed costs and express fixed costs in terms of $/kilowatt of capacity instead of
dollars per unit of output (i.e., kilowatt-hours). This procedure allows us to
examine scale effects on fixed costs without making assumptions about eco-
nomic life vs. plant size and about the particular depreciation method to be
used. For a more complete discussion of these issues see [16].

This study is concerned with a particular type of public utility—electric
utilities. Because of this, we have elected to use the non-traditional cost
concept described in Equation 2. We realize that this may give our cost
function an “ad hoc” flavor to which some may object, but it should be
remembered that our approach does allow testing of certain firm character-
istics not otherwise examined and therefore minimizes some types of speci-
fication errors at the cost of increasing others.
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III. Economies of Scale For Electric Utilities

This section will present an empirical analysis of firm level economies in
generation, transmission, distribution, sales, customer accounts and adminis-
tration. This study will not attempt to disentangle cost advantages or disad-
vantages at the firm level from those arising at other levels of decision
making, but will merely seek to test the degree to whicb large firms are
associated with lower unit costs.” As noted earlier, the transmission and
distribution functions have not been subjected to empirically-based economic
studies but all of the engineering-based studies such as [9], [10], and [11]
have reported substantial economies of scale in both fixed costs and operating
costs. Of the four firm level economic studies reviewed in [14] and [16], three
reported substantial economies of scale in generation and the single study of
administration costs concluded that there were constant returns to scale. In
addition, all four were based on pre-1955 data.® Clearly, our understanding of
firm level economies is fragmented, out of date, and based mainly on en-
gineering relationships or economic studies concentrating on the generating
function alone.

The regression analysis that follows was based on 1971 data taken from
the FPC [8]. The sample was limited to the 74 electric utilities who: sold to
residential, commercial and industrial customers; had fossil steam capacity
comprising at least 80 percent of their total generating capacity; and generated
at least 80 percent of their own power. Single equation models will be
developed for each of the major cost categories comprising total operating
expenses except for depreciation charges which have been excluded from the
analysis. The use of single equation models is defended on the grounds that
the data to develop a demand model for each utility are currently unavail-
able.® It should also be recalled that 1971 data will be used in this section to
rule out most effects of pollution control equipment on scale relationships.

The major cost categories to be examined in this section include, for
operating cost: production; transmission; distribution; administrative and
general; customer accounts; and sales expense. Long run average variable
cost curves will be estimated for each of these expense categories. In addition,

7. Since most firms are integrated to some degree in pools or systems, the unit costs
observed at the firm level may be lower than those that would be observed if no integration were
present. This factor could alter the shape of the LRAC curve particularly for smaller firms but it
cannot explain the diseconomies of large firms described later in this section.

8. Of the five empirically based generating plant studies reviewed in [14] and [16], only two
were based on post-1955 data, the most recent including some generating plants constructed in
1965.

9. We are currently collecting data on demand and demographic factors by utility service
area.
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scale relationships for adjusted, undepreciated fixed investment per KW of
capacity will be estimated for production.?

Two basic measures of firm size will be employed in the regressions that
follow—company generating capacity in megawatts (MW) and total annual
company sales in megawatt-hours (MWH). Generating capacity will be used
as the firm size measure for production, transmission and distribution ex-
penses since these are most closely related to the physical size of the com-
pany’s stock of equipment. Total annual company output or sales in MWH
will be used for the remaining cost categories since they are more closely
related to annual sales, particularly for companies that purchase a significant
portion of their power.

The square of the firm size variable will be included in each regression to
test for U shaped long run average cost curves. An additional test of the scale
effect will also be made by performing separate regressions on firms having
generating capacity under 2,000 MW and those over 2,000 MW. Based on the
literature reviewed in Section I, one would expect to find long run average
variable cost curves declining throughout the entire range of observation. The
system level of analysis referred to in Section I, however, questioned this
view and suggested that L shaped or U shaped cost curves are more likely to
occur.

Utilization of generating capacity and its square will also be included in
the production, transmission and distribution cost regressions to test for a U
shaped short run average cost curve. Additional variables to be included in
these regressions are input prices, regional dummy variables (costs are ex-
pected to be lowest in the South and highest in the Northeast), and holding
company dummy variables (costs are generally expected to be lower for
companies belonging to holding companies). Other variable specific to each
cost category will also be included in each regression.!!

Production Costs

Tables I and II present the regression results for fossil steam production ex-
pense per KWH and total production expense per KWH respectively. In both
tables the coefficients of the capacity variables are significant and of the

10. Details of this adjustment will be provided in a later section but the adjustment consists
of the use of an age-weighted Handy-Whitman construction cost index constructed by the
authors.

11. Two characteristics that could not be included were the number of generating plants and
the average plant capacity. Both are highly (r > 0.8) correlated with firm generating capacity and
hence were excluded from the analysis. Note that two holding companies, American Electric
Power and the Southern Company were explicitly included in the analysis due to their reputa-
tions as efficient producers.
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appropriate signs indicating a U shaped long run average production cost
curve when all firm sizes are considered. The minimum point of the U shaped
long run average production cost curve occurs at a firm size of 1,600 MW, well
within the range of observation and close to the 2,000MW prediction of
Section 1.12 The estimated unit production cost for 1,600 MW firm is about 2.4
millKWH lower than that of a 100MW firm and 1.0 mill/KWH lower than
that of a 9,000MW firm. When the sample was split in separate regressions for
utilities above and below 2,000 MW, the results (not shown) again indicated a
U shaped cost curve.

The coefficients of the utilization of capacity variables in Tables I and II
were not significant and were of the appropriate signs for a U shaped short
run average production cost curve only in Table I. Closer examination re-
vealed that, within the range of observed rates of utilization, costs declined
continuously hence the short run average production cost curves are down-
ward sloping in both Tables I and II. Minimum costs occurred at a utilization
of 83 percent and were approximately 0.2 mills/yKWH lower than costs at a
utilization rate of 30 percent.3

The regional dummy variables indicate the cost differential between the
Northeast, North Central and West relative to the South. These dummy
variables were expected to have positive coefficients because wage rates and
the general price level are generally higher in regions outside of the South.
The coefficients for these regional variables were positive in ten of twelve
cases but insignificant except for the Northeast.

The coefficients of the company’s average fuel cost and wage cost vari-
ables were positive, as expected, but significant only for fuel costs. Fuel costs
are a major component of production costs and, on the average, each one cent
per million BTU increase in a company’s fuel cost resulted in a 0.6 milllKWH
increase in production costs.

Variables 10 and 11, the percentage of total BTUs obtained from coal and
oil respectively, were included to detect production cost differences associated
with fuel type. These variables, in effect, measure fuel cost differences relative
to natural gas since the firm would be 100 percent gas-fired if both the coal
and oil BTU percentages are zero. Because of this, these variables were
expected to have positive signs but the coefficient of Variable 11 was expected
to be the larger of the two since oil is more expensive and less efficient than
coal on a BTU basis. These expectations were met in all of the four regressions

12. The range of firm size in the sample varied from 100 MW to slightly over 9,000 MW. Note
that in Table II, total production expense includes the cost of purchased power and for this reason
the expenses for this table were computed per KWH “generated and received.”

13. Utilization of capacity ranged from 0.3-0.83 for the 74 firms. Note that in [14] utilization
of plant capacity was not a significant explanatory variable for plant fuel cost per KWH hence it is
not surprising to find a similar result at the firm level.
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in Tables I and II with the coefficients being statistically significant in every
case except one.

Variables 12, 13, and 14 indicate the percentage of capacity by type of
energy source. Nuclear, hydro and gas turbine capacity were all expected to
increase unit costs (hence have positive signs) in Table I but only nuclear and
gas turbine capacity were expected to increase costs in Table II.1* These
expectations were fulfilled in all cases except for hydro capacity in Table II (the
coefficient of this variable was not significant, however). The size and signi-
ficance of the nuclear capacity variables in Table I reflects the more specialized
use of fossil capacity for cycling and peaking as nuclear capacity increases.
Similarly, the significance of the gas turbine variable in Table I reflects the
higher fuel costs and conversion inefficiencies of this type of capacity.

Variables 15, 16, and 17 indicate the effect of holding company affiliation
on production expenses. The coefficients of these variables were expected to
be negative due to potential efficiencies when a number of separate firms are
controlled by a single holding company. The coefficients of these variables
were of the appropriate sign in eight of twelve cases but not statistically
significant except for the American Electric Power hereafter (A.E.P) variable.
The lower significance and smaller coefficient of the A.E.P. variable in Table I
(fossil steam production expense) suggest that A.E.P’s lower total production
costs in Table II are due to non-fossil fuel generation. Yet 99 percent of
A.E.P’s capacity in 1971 was coal-fired, therefore, the only non-fossil steam
possibility was purchased power. The proximity of much of A.E.P.’s service
area to other large power producers suggests that low cost purchased power,
and not holding company efficiency, explains the results of Table II. The
results of Table I are, therefore a better indicator of A.E.P’s efficiency and
offer only modest support for superior production efficiency.

Transmission Costs

The regression results for transmission expense per/KWH are displayed in
Table III.15 The coefficients of the capacity variables are insignificant and their
signs indicate a long run average variable transmission cost curve shaped like
an inverted U, with the maximum point of this curve occurring at a capacity

14. Increased nuclear and hydro capacity were expected to increase fossil steam production
expenses in Table I because of the increased use of fossil plants for cycling and peaking. Increased
reliance on hydro capacity was expected to reduce total production costs in Table II, however,
due to the known low costs of hydro power. The high fuel costs and low conversion efficiencies
of gas turbines were expected to lead to increased costs in both Tables I and II (and, therefore, a
positive sign for the coefficient of this variable).

15. Note that correlation matrices have been omitted throughout this paper since examina-
tion of them suggested that first order multicollinearity was not a problem. Similarly, details of
tests of the regression residuals have also been omitted although these tests did confirm that the
residuals were random, homoskedastic and normally distributed.
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ELECTRIC UTILITIES: SCALE ECONOMIES AND DISECONOMIES

of 4,000 trillion MW. Within the range of observation, however, unit costs
increased steadily with increased firm size, but the estimated magnitude of
the increase was only 0.1 mil/KWH as firm size increased from 100 MW to
9,000 MW.

The coefficients of the utilization variables were also not significant and
their signs indicate a short run average variable transmission cost curve
shaped like an inverted U with the maximum point of this curve occurring at
a utilization of 94 percent—above the upper end of the range of observations.
Within the range of observations, the short run average variable transmission
costs rose steadily as utilization increased with the overall size of the utiliza-
tion effect being 0.2 mills’KWH.

The regional variables in Table IIl were positive in all three cases as
expected and significant for the Northeast and the West. The coefficient of the
average company wage cost variable was positive as epxected but statistically
insignificant and of little importance in terms of magnitude of effect. Under-
ground circuit miles increased transmission costs, as expected, but the co-
efficient was not significant. Most transmission lines are overhead and the
coefficient of this variable was positive and significant.

Also in Table III, the percentages of large customers (Variables 11, 12 and
13) had negative coefficients, as expected. The coefficients were significant,
and of roughly the same magnitude, indicating that unit variable transmission
expense per KWH is lower for firms oriented toward non-residential loads.

Holding company status, Variables 14, 15 and 16, were of the correct sign
but had no highly significant effect on transmission operating costs. Although
the A.E.P. holding companies are highly integrated, its transmission costs
were not significantly lower than those of independent companies (nor were
those of the Southern Company).

Distribution Costs

The regression results for distribution expense/KWH are displayed in Table
IV. The coefficients of the capacity variables are significant and of the appro-
priate sign for a U shaped LRAVC curve with the minimum point occurring at
a firm size of 2,600MW. This U shaped curve is somewhat L shaped over the
range of observed firm sizes, however, since the long run average variable
distribution cost curve declines by 0.9 millKWH between firm sizes of
100MW and 2,600MW and then increases by only 0.1 mil/ KWH as firm size
increases to 9,000 MW. Splitting the sample at 2,000MW (details omitted)
confirms the result that the LRAVC distribution cost curve is U shaped.

The coefficients of the utilization variables in Table IV are significant in
two cases and their signs indicate a short run average distribution cost curve
shaped like an inverted U and having a maximum occurring at a utilization of
54 percent. The SRAV distribution cost curve rises at first over the range of
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ELECTRIC UTILITIES: SCALE ECONOMIES AND DISECONOMIES

observed values and then declines to a minimum at 83 percent utilization.

The regional variables were of the correct sign but insignificant for both
the Northeast and North Central regions. Distribution costs were significantly
lower in the West, however. Average company wage cost was positive, as
expected, and significant but in terms of magnitude of effect was only of
minor importance.

The number of line transformers per customer is a measure of the density
of the distribution network—the higher the value of this variable the lower
the density. It was expected that unit costs would decline as density increased
due to the opportunity to use larger scale transformers and other equip-
ment, !¢ but the significant and negative coefficients for this variable indicate
that higher density service areas are associated with higher unit costs of
power distribution. Clearly, the higher costs and congestion associated with
metropolitan areas may more than offset the positive effects of density on
distribution costs.

Variables 10 through 15 were expected to have negative coefficients. This
expectation was realized in all cases and the significance of the coefficient for
Variable 10 indicates that distribution costs decline as the average intensity of
residential customer use increases (offering modest support for a declining
block rate structure). Holding company status was associated with lower
distribution costs in each case but attained a low level of significance only for
holding companies in general.

Fixed Investment

Tables I to IV above have concentrated on unit variable costs excluding
depreciation charges. Table V presents the regression results for firm level
fixed cost per KW of steam capacity. Firm level fixed costs were obtained by
taking gross, undeflated, undepreciated investment in plant and adjusting by
an age-weighted Handy-Whitman index of steam generating plant construc-
tion costs. This age-weighted Handy-Whitman index was constructed by the
authors using the Handy-Whitman index [29] and noting that most electric
utilities have grown at constant compound growth rates between 1941 and
1971.17 Once a firm's growth rate is known, the age distribution of its genera-
ting capacity can be computed in percentage terms and applied to the stan-
dard Handy-Whitman index. The resulting age-weighted Handy-Whitman

16. The cost per unit of capacity for distribution equipment, such as transformers, control
equipment, busses, and so on, decrease with the capacity of the equipment. Since fixed costs are
85 percent of total distribution costs, there are potential economies of scale in distribution but
these economies are heavily dependent on the load density and other characteristics of the area
served. For a more complete discussion see [9].

17. Thirty years is the generally accepted life of a generating plant used for depreciation
purposes hence a firm’s generating capacity in place in 1971 should be composed almost entirely
of generating plants built between 1941 and 1971.
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ELECTRIC UTILITIES: SCALE ECONOMIES AND DISECONOMIES

index can then be used to inflate that company’s gross investment to a value
in terms of 1971 dollars.

An age-weighted index of this type was constructed for each of the 74
companies in our sample based on each company’s average growth rate over
the years 1941-1971. Gross, undepreciated investment in steam generating
plant for each company was then inflated to 1971 dollars by use of the age-
weighted construction cost index calculated for each company. The regression
analysis of Table V uses the $/ KW for each company adjusted by the above
process.

In Table V, the coefficients of the capacity variables are signfiicant and of
the appropriate signs indicating a U shaped relationship with the minimum
of the fixed cost per unit of capacity curve occurring at a firm size of 3,100 MW
—a result very similar to that hypothesized earlier in Section I. The estimated
equation indicates that the fixed investment of a 3,100 MW firm in generation
is $13/KW less than that of a 1,000 MW firm!® and $8/KW less than that of a
9,000 MW firm.

The regional variables were all expected to have positive coefficients due
to the higher construction wages for regions outside of the South. All of the
regional coefficients were positive, as expected, and significant except for the
West. The coefficient of the company fuel cost variable was positive and
highly significant indicating that fixed cost per KW was increased where fuel
costs were high in order to obtain lower fuel consumption.

Variables 7 and 8 are the percent of coal and oil fired capacity. In effect,
these variables measure $/KW costs relative to gas fired capacity since the
firm would be 100 percent gas fired if both the coal and oil percents took the
value of zero (there were few nuclear plants operating in 1971). Both variables
were expected to have positive signs with the coefficient of the coal fired
variable being the larger of two due to the higher $/KW costs of coal capacity.
These expectations were fulfilled for coal but not for oil where the coefficients
were negative and statistically insignificant.

The coefficients of the holding company variables were all expected to be
negative due to the ability of holding companies to obtain discounts from
equipment manufacturers or to efficiencies in designing and managing con-
struction projects. At present we do not have sufficient information to further

18. Note that splitting the sample at 2,000MW confirmed all of the results presented in
Tables I through X hence the details of these tests have been omitted throughout this paper. Note
also that A.E.P. and some other large utilities have frequently used supercritical, cross compound,
double reheat generating units. As shown in [14], these generating units cost more per KW to
construct but unfortunately have not lowered operating costs as expected. Therefore, the types
of generating units selected by large utilities as well as diseconomies of scale may account for the
reuslts of Table V.
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isolate the cause of this possible holding company advantage.!® As for results,
the coefficient was positive for the A.E.P. variable and negative for the
Southern Company variable but neither was significant. The negative co-
efficient for Variable 11 indicates lower construction costs for the steam plant
capacity of holding companies in general but the lack of significance for this
variable indicates inconsistency in this result and the need for further testing.
In general, the results do not support the hypothesis that holding companies
have superior efficiencies in the area of plant design and construction costs.

Other Cost Categories

The above scale results are incomplete in that they do not reflect all of the
operating costs of the utilities surveyed. Additional operating costs include
Administrative and General Expenses, Customer Accounts Expenses, and
Sales Expenses. Tables VI, VII and VIII present the scale results for these
additional expense categories for 176 Class A and B electric utility companies.
We elected to use the larger sample here (as opposed to the 74 company
sample used for the production cost estimates) since these cost categories
should be much less sensitive to the technology used in electricity production.

In Table VI we examine the scale effects in Administrative and General
Expenses. Again we find evidence of a U shaped cost curve; the natural log of
MWH (in thousands) generated and received is negative and significant, and
this term squared is positive and significant. The minimum of the long run
average administrative and general expense curve occurs at a firm size of
2,500 MW, but over the range of observation, the curve is somewhat L shaped
since the unit costs of a 9,000 MW firm are only 0.06 mill/KWH more than that
of a 2,500 MW firm.20

Variables 3, 4 and 5 in Table VI were all expected to be associated with
higher administrative costs. These expectations were fulfilled with the coeffi-
cients being statistically significant in each case. Average company wage cost
was positively associated with higher administrative costs but the coefficient
was again insignificant and small in magnitude. The coefficients of the re-
gional variables were all positive and significant as expected. The A.E.P.
variable was significantly related to lower administrative costs but the South-

19. Tests in [14] indicated that quantity discounts were not a significant factor in plant level
construction costs. Holding company status was not a variable in that analysis, however, so the
possibility of holding companies obtaining quantity discounts from equipment manufacturers
cannot be ruled out.

20. Firm size measured in 1,000's of MWH sales has been converted to a capacity measure
(MW) by assuming a 60 percent rate of utilization of capacity—the national average—and using
the following relationship:

Firm capacity (MW) = Firm Output (MWH)/0.60 x 8,760

This conversion has been used in the discussion of the regression results of Tables VI, VII, VIII
and X. Note that there are 8,760 hours in a year.



SCALE ECONOMIES AND DISECONOMIES 901

ELECTRIC UTILITIES

pe3leisuad sianoy 3jemessy

“HMW 000T UT ST PaATa99x pue
*SUOTIBIOU pUB S3IINOS BIBP ‘S9TqETIBA 3yl JO UOoTIrURTdXD U 10J IJ Pue I SOTqe] 99Sy

HGEE°"0 L62€°0 %o ‘9o3ewrlsy Jo 1011y piepuels

G90S°0 6525°0 ¥ ‘uoT3lrUTWILILDQ JO IUSTOTIFA0)

9L1 9.1 4 N ‘ozTs oTdumes
0z°0 €£€10°0 - Aumng Auedwo) SurpyoH Auy *Z1
8%°0 960°0 - Auunq fuedwo) SurpyoH uisynos  °I]
elS°C- 0€€"0- - fwmng Auedwo) BuFpIOH ‘d°A'V ‘01
w;.u 87C°0 ££9°C 00Z°0 + fuumq 3s9M ‘6
el6°C 861°0 £66°C Z61°0 + Amung Teajus) YIIoN °g
el?°9 19%°0 28179 A4 + Awmn@q 3seayilaoN  */
8C°1 ¢20°0 L6°0 L10°0 + (anoy/$) 3Isop o8em Kuedwo) °9g
mwm.q 991 eSLY 7G6€°1 + saTeS jo a3ejuadiag Se HMY [EBTIUSPISaY G
nmm.a 16%°0 Aoo.u €6%°0 + (%) siswolsn) o3eW[IT) O3 SITES 'y
BCTAN SHe°0 807 9€€°0 + (%) uorieIdUd) UM  °¢
£68°€ ¥%0°0 e76°€ ¥%0°0 + (2% 3 "USD HMA 3o 801 TeIndEN) 7
el9°7- 1€8°0- 8977~ 878°0- - *09y ¥ ‘ud) HMW Jo 807 TeanjeN  °

1Y 9.T°¢ el€Y 9.€£°¢ Juelsuo)
orjei-3 JUSTITIFI0) of3ei-3 JUSTOTIF20) udtsg 9TqeTaEp

po31oadxy

7 uotrssaaldey

1 uorssaa8ay

«P3AI203Y] pue pajesauan HMI/SIA Ul sasuadxy [elauan) pue saARensIuIupy [/ JO SisA[euy uoissaiday ‘A 2[qeL



902 David A. Huettner and John H. Landon

*HMW 0001 UT P9INSesll 91 SISWOISND
93BWTITN 03 SOTBS °SUOTIBIOU pUEB 2DINOS BIBP °SITqEBTIEA 9yl 3O uorjrue[dXs ue 10J I Pu®e I SI9Tqe] 29S¢

STLT°0 I1LT1°0 %b ‘ojewylsy JO 1011g Ppiepuels
LLES"0 (YA Y Nm ‘UOTIBUTWASISQ JO JUSTITIFA0D
91 9.1 N ‘ozTs °Tdwes
GG 0- 810°0- - Awung Auedwo) BuTpPloH Auy  °Z]
10°1- 901 °0- - Aumng Auedwo) SurploH uiayinosg 11
L0°1- %L0°0- - fumng Auedmo) BurpIoH *d*I'V ‘0T
wwm.m fAA A mnw.m €81°L + §13wWo3sn) QQOT/SSTFW 3IN3IONiS °6
S1°0 900°0 %0°0 200°0 + Ammq 3seM  °g
uwm.— 6%70°0 omm.— 9%0°0 + Aumnq Tea13U3) YIIAOoN L
e77’s 861°0 wmo.m 881°0 + Aumng 3seay3IoN ‘9
81°0- ¢00°0- LE°0- €00°0- + (anoy/¢) 3Isop o8eMm Luedwo) °S
AN LLL°O- el 176~ ¢SL°0- - (Te30L 3O %) HMM TeTaIsnpul Y
81°0- %0°0- [ASN 620°0- + (Te3oLl 3o %) HMM TeBTIUSPTSaY  °¢
mom.m 610°0 e75°¢ 120°0 + z(sa1swoisn)y
93ewrl) 03 saes Jo 307 TeaniepN) -z
wwm ‘e- 6G€ °0- 291 A GLE"O- - saswo3sn)
93BWTITN 03 SsaTeS jo 807 TeanieyN 1
g0€°9 96€°¢C el?79 91%°¢C juelsuo)
orlea-3 JUSTOTIF0) o13B1-] JUSTIOTIF0) u3ts 9TqeTIBA
- po3oadxy
7 uoTssaaday 1 uorssailay

KxSIDWOISNY) jewn](] 03 SAeS Jo HMM /ST Ul asuadxqg sjunoddy 1awoisn) 1461 Jo sisAfeuy uorssarday ‘[IA JIqer



ELECTRIC UTILITIES: SCALE ECONOMIES AND DISECONOMIES

ern Company variable and any holding company variable were both positive
and insignificant.

The results for Customer Accounts Expense in Table VII indicate that the
long run average variable cost curve is U shaped with the minimum occurring
at a firm size of 1,700 MW (both capacity variables were of the correct sign and
highly significant). This curve is somewhat L shaped, however, since the unit
costs of a 1,000MW and 9,000 MW firm were only 0.01 and 0.05 millssKWH
higher than those of a 1,700 MW firm.

As for the remaining variables in Table VII, the percent of sales to
residential users was not of the appropriate sign nor significant but an
increase in the percent of industrial sales was significantly related to lower
costs. The average company wage rate was not positively related to higher
costs but the coefficient of this variable was not significant nor large in
magnitude either. The coefficients of the regional variables were of the appro-
priate sign and significant for the Northeast and North Central regions.
Structure miles per 1,000 customers is an inverse measure of density and its
coefficient was positive and significant, as expected, indicating that customer
accounts expenses were lower for utilities with higher density service areas.
Holding company status had no significant effect on costs but the coefficients
were negative as expected.

The results for Sales Expense in Table VIII indicate that the long run
average variable cost curve is L shaped but the coefficients of the capacity
variables were not statistically significant. Although costs declined with firm
size, a 9,000MW firm had a unit cost advantage of only 0.1 mills/KWH over a
100MW firm.

The overall regression results for Table VIII were markedly poorer than
for Tables I through VII as judged by number of significant coefficients and
R2. The coefficients were generally of the correct signs, however, except for
holding company status where the coefficients were all positive and, in the
case of holding companies in general, statistically significant.

IV. Summary and Conclusions

Economies of Scale

Table IX presents a summary of the scale results of Tables I through VIII. For
five of the six operating cost categories and for the sum of all six categories
(total operating expenses) there are diseconomies of scale beyond moderate
firm sizes. Only sales expense, a minor component of total operating costs,
exhibited scale economies across the entire range of observed firm sizes. Unit
costs for fixed investment are available only for production plant but again
the results indicate that there are diseconomies of scale beyond moderate firm
sizes. The results in Table IX indicate that the long run average variable cost
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curve for total operating costs is U shaped as is the fixed investment curve
with costs minimized for firm sizes of 1,600MW and 3,100 MW respectively.
These results are in close agreement with the respective 2,000MW and
3,000MW firm size predictions of Section I.

It should be noted that scale effects are generally regarded as an impor-
tant source of cost reductions in transmission. One explanation for the failure
to confirm this expectation is that utilities can reduce generating costs by
increasing transmission costs.2! As long as generating costs fall more than
transmission costs increase, this tradeoff is desirable.22 One would expect,
however, that the effects of this tradeoff would appear in the SRAC curve but
not in the LRAVC curve. Another explanation for the upward sloping LRAVC
curve in transmission is that generating capacity is a poor measure of trans-
mission capacity. While this may be true in general, the limitations placed on
the sample in this study should have mitigated this problem.

Clearly, the above findings question the natural monopoly status of this
industry and raise serious issues as to the appropriateness of current public
policies towards it and the generating sector in particular. In addition, one
author [13] has suggested that a scale bias exists in utility and government R
& D funding and new innovation preferences . From a long run point of view,
it is imperative that the structure of this industry encourage the maximum
responsiveness to changes in scale, technology, plant siting needs, fuel avail-
ability, and pollution requirements. At the very least, the findings of this
study suggest that there may be a far wider range of choices regarding
industry structure and public policy options than regulation of all phases of
this industry.

We have suggested elsewhere the divorcement of electricity distribution
from its production with distribution companies buying power on long term
contracts from unregulated private producers.??* The present results indicate
that such a policy option may be more viable than many have suspected.
Certainly there is little support for those advocating the merging of electric
utilities into 30 or 40 massive companies.?*

Also, it should be noted that the scale results of this study are likely to be
applicable in the future even when the costs of pollution control equipment
become clarified and available for quantitative analysis. This statement is
based on the fact that pollution control costs, even with today’s primitive

21. Note that such tradeoffs do not exist between distribution costs and transmission or
generation costs.

22. Transmission costs are frequently ignored in discussions of merit loading of generating
plants hence it is possible that generating costs are minimized and transmission costs simply
allowed to fall where they will. In addition, since transmission costs are generally much lower
than generating costs, any merit loading practice that minimized their sum would probably result
in increased transmission costs and reduced generating costs being optimal.

23. For details of this proposal, see [21]. Also, see [28].

24. For example, see [%]
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technologies, do not exceed twenty percent of total unit costs for large, new
generating plants. Unless the scale economies of pollution control facilities
are markedly different from those of the rest of the plant, it is unlikely that
the shape of the long run average cost curve will be radically altered.

Finally, it will be useful to compare the results of our study with those of
Christensen and Greene (C and G) in the one area in which they overlap—
generation. Controlling for differences among firms, we found that gener-
ating costs were minimized for firm sizes between 1,600 MW and 3,100 MW
depending on the mix of fixed and variable costs. While C and G did not
allow for many differences among firms, they did not restrict elasticities and
concluded that costs were minimized for firm sizes as low as 3,800 MW. These
results are consistent with our expectations, stated in the introduction, that C
and G’s treatment of holding companies should shift the scale curves to the
right (and flatten it out).25 Despite differences in approach, the results of both
studies are in remarkably close agreement suggesting that the scale conclu-
sions reached are valid despite potential specification errors contained in
each.

Holding Company Results

Table X summarizes the regression results for the holding company variables.
The holding company variables were of the correct sign in 16 of 24 cases but
were negative and significant in only five of 24 cases. In one of these five
cases (A.E.P’s total production costs) the negative sign could reasonably be
attributed to factors other than holding company efficiencies. Furthermore, in
three of these five cases, the holding company coefficients attained signifi-
cance barely exceeding the 90 percent level. In general, there does not appear
to be any strong, consistent evidence that holding company affiliation is
associated with substantial cost savings.

In the absence of any strong showing of benefit resulting from holding
company affiliation, the economies of scale at the firm level would seem to be
controlling in terms of the optimal structure of the industry. Furthermore,
there is little evidence to support the treatment of holding companies used by
Christensen and Greene and others. Our results indicate that, in general,
electric utilities owned by holding companies should not be summed and
treated as one entity for analysis of scale economies.

Non-Traditional Cost Functions and Their Uses

Section II of this paper presented several theoretical justifications for our use
of a non-traditional cost function for electric utilities. These justifications

25. Differences in treatment of holding companies are particularly important since we found
that the costs of firms owned by holding companies were not significantly different from those of
non-holding company firms.
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included: the inappropriateness of quantity of output as a measure of scale;
the peaked nature of demand; the need to treat durability of capital explicitly;
and the need to include specific firm characteristics in the analysis. An
additional, pragmatic reason for interest in non-traditional cost functions is
their potential usefulness in measuring utility performance and the growing
interest of several regulatory commissions2¢ in this possibility.

From an overall point of view, the regression analysis of Tables I through
VIII were highly successful if one uses percentage of regression coefficients
with the sign predicted by economic theory, percentage of regression coeffi-
cients that are statistically significant, and R? as the basis for judging the
single equation models developed.2” The capacity variables were statistically
significant in six of eight regressions and indicated U shaped long run average
cost curves in all but two regressions.

The regression results for the utilization variables are summarized in
Table X. Utilization of capacity was a significant variable only in the distribu-
tion cost regressions and the short run average cost curves were, over the
range of observation, downward sloping for production costs, upward
sloping for transmission costs, and shaped like an inverse U for distribution
costs. The magnitude of the utilization effect over the range of observation
(0.30 to 0.83) is smaller than that of the scale effects in Table IX. This result is
in agreement with results reported for plant level analysis in [14]. The shape
of the SRAC curve in distribution is the only one we cannot explain based on
economic theory. The results do suggest that demand patterns may be too
complex and varied to be measured by utilization alone.

As acknowledged in Section II, our approach did not explicitly deal with
durability of capital but at least it avoided most implicit assumptions.

As for specific firm characteristics, the regression results support the
view that they can be incorporated into the analysis and are important both in
terms of statistical significance and magnitude of effect. This should be of
interest to those advocating increased use of econometric techniques to mea-
sure the performance of utility managements. Yet other results suggest that
further problems lie ahead.

For example, one can pretend that the objective of our analysis was to
evaluate the management performance of the A.E.P. and the Southern Com-
pany. Based on the statistical results summarized in Table X, one might
conclude that the Southern Company management performance was average
since the hypothesis that they were average could not be rejected and even
the signs of the coefficients of the Southern Company variable were mixed.

26. The Michigan, New York, and Wisconsin regulator commissions are all investigating
various methods of measuring or comparing performance by utility management.

27. More than 70 percent of the regression coefficients were of the expected sign in seven of
the eight regressions; more than 47 percent of the regression coefficients were statistically sig-
nificant in six of the eight regressions, and R? exceeded 50 percent in six of the eight regressions.
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Yet the magnitude of the effect of the —32.74 coefficient in the Fixed Invest-
ment regression is not easily ignored. This effect is sizeable given the capital
intensity of this industry yet the coefficient is not statistically significant. How
should the regulators proceed in this case?

Turning next to the A.E.P. variable, the coefficients indicate lower costs in
six of eight cases and in three border on or exceed statistical significance. Can
one conclude that A.E.P. management performance tends, in some cases, to
be above average (allowing, of course, for the importance of each cost cate-
gory in total costs)? Again, how does one allow for the +16.21 coefficient for
fixed investment even though it is not statistically significant?

The A.E.P. and Southern Company are reputed to be well managed yet
our regressions have some difficulty confirming this.?® Perhaps their reputa-
tions are not based on fact. Indeed, it might be useful to select some utilities
with poor reputations to see if that judgment can be confirmed.

Several basic problems with statistical evaluations of management perfor-
mance are apparent, however. First, some aspects of performance (i.e., per-
sonnel policy, financial results) may not be easily measured or entirely under
management control. Secondly, if high levels of significance are used, one
knows that few firms will appear in the tails of the distribution leaving most
firms to be defined as average. Use of lower levels of statistical significance
would reduce the number of “average” firms but would increase the number
of type II errors. Evaluation of performance is always difficult and manage-
ment performance reviews by regulatory commissions may be more difficult
than expected.

28. Our regressions have two potential shortcomings, however, for evaluating management
performance. The first is that additional utility characteristics, particularly demographic charac-
teristics, should be considered. This shortcoming will be addressed in future regressions when a
demand equation is estimated. A second factor to be considered in future work is the utility’s
participation in power pooling. Since larger utilities have easier access to power pools, the
regressions in this study may be slightly biased in favor of larger utilities, i.e., the higher costs
observed for small utilities may be due to smaller scale as well as inability to join a power pool.
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