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in 1968 accounted for 76.7 percent of the total electricity gensrated
in the United States, ouneq over 76 percent of the industry's generating
capacity, and served 79 percent of its total customers. Although the
investor-owned segment consists of over 400 firms, about 90 percent of
its output is generated by the 211 companies that constitute classes A

2

and B of electric utilities. These two classes of invesator-owned elec-

tric utility systems form the most important single group in the electric
power industry producing approximately 70 percent of the total electric-
ity generated in the United States in 1968.

In supplying electricity to the finsl consumer three distinct
functions must be fulfilled: generation, transmission, and distribution.
Of the two basic methods used to generate electricity, i.e., hydroelec-
tric and steam or thermal generation, the latter is the predominant one.
Hydroelectric plants transform the energy of falling water into electric-
ity while steam-electric plants use the energy in fossil fuels (coal,
natural gas, o0il) or nuclear fuels (mainly uranium). The fuel is burned
under a boiler where its energy is changed to heat and pressure .in the
steam., This pressure in turn spins a steam turbine which is connected
to an electric generator. In the generator the turbine energy is finally
converted to electrical energy.3 Transmisseion is the process of trans-

porting the electrical energy at high voltage from the generating plants

201!8' A utilities are those having annual electric operating
revenues of $2.5 million or more. Class B utilities are those with
annual electxric operating revenues of $1 million or more but less than
$2.5 million.

3Steam generation using fossil fuels accounted for 91.8 percent
of the total electricity generation by classes A and B utilities in 1968.
Coal alone was responsible for over 50 percent of the total.
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to bulk delivery points while distribution is the final process by which

electricity is delivered to the ultimate consumer at lower voltnge.4

Population growth coupled with an increasing dependence on
electrical energy guarantees a continuously rising demend for electric-
ity. The growth and efficiency of the electric power industry, which
are prime economic goals today, will become an absolute necessity in
the near future if the United States expects to maintain an industrial

civilization with a high standard of living for all.

Purpose of the Study

The primary concern of this study is to empirically derive an
electricity cost function soc as to note its implications with regard to
the efficient provision and pricing of electric service in the United
States. It is generally assumed that firms in the electric power indus-
try possess certain similar cost characteristics which, in relation to
the size of the market, set them apart from the general run of American
business.

First, electric utilities are frequently referred to as '"natu-
ral" monopolies, meaning that the natural result of market forces in
the industry is the development of a monopoly organization. The argument
is based on the conviction that significant economies of scale exist in
the supply of electricity. Given demmand, a large firm because of lower
average cost could supply the entire market at a lower price than

several smaller firms having the same total capacity. Competition in

4For a lucid non-technical discussion of all aspects of the elec-

tric power industry see Edwin Vemnard, The Electric Power Business
(New York: McGraw-Hill Book Company, Inc., 1962).



4
this industry would be self-destructive; eventually bankruptcy or merger
would leave the field to one firm. Thus, economies of scale seem to
justify the presence of only one optimum size producer in a market.

This reasoning lends support to the widely held belief that appropriate
public policy in the electric power industry is to allow a monopolistic
supplier to operate, subjected to some degree of regulation to assure
that the public obtains the benefits of whatever lower costs are achieved.

Second, productién and use must be simultaneous because elec-
tricity cannot be stored. Enough capacity is required to meet the
coincident demand, or peak load, of all customers even though this maxi-
mum demand on the system may come only for a few minutes or a few hours
at periodic 1nterva1§ of time. Except for peak demand periods electric
utilities commonly have unused capacity. The maintenance of this capacity
means that electric utilitiee must make relatively greater investments
in plant and equipment than other industries, a requirement that results
in a cost structure dominated by fixu& costs. Decreasing average costs
with fixed system size can be expected since better utilization of
equipment permits the heavy fixed costs to be spread over a larger out~
put. Just as economies of scale would lead to monopoly in the electric
power industry, economies of utilization would also diminish competition.
In order to increase off-peak sales, the firms would tend to cut their
prices, with discrimination or severe price wars to the detriment of
both companies and consumers being the llkely result.

These two cost characteristics have important implications with
respect to the marginal cost pricing proposal. Many economists have
put forth the notion that olccqriclty should be priced at marginal cost

in order to achieve a socially efficient allocation of resources. But
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if, as it is argued above, economies of scale and economies of utilize~
tion exist in electricity supply a policy of pricing at marginal cost
would lead to imevitable 10llen.s Stated differently, if the average
cost function is decreasing the marxginal cost function must lie below
it. This means that the price determined by the intersection of the
demand and marginal cost curves would be less than the corresponding
average cost and therefore its use would result in an economic loss,
This situation would require a subsidy 1f the electric utility is to
continue in operation. Nevertheless, it has been pointed out that an
alternative to achieve the same target of a socially efficient alloca-
tion of resources, without the need of a subsidy, would be the use of
a regulated discriminatory scheme consisting of either two-part pricing,
with a per unit charge equal to marginal cost, or block pricing, with -
a charge in the last‘block equaling the same cost.

A secondary objective of this study is to introduce, as compact-
ly as possible, the relevant economic principles of cost and pricing in
the electric power industry outlined above. It is felt that the subject
has not received an udequate treatment in most price theory and public
utility economics books. Thus, Chapter II will develop the natural
monopoly thesis, followed by discussions on the theory of price discrimi-
nation, price regulation, and peak load pricing. Special emphasis will
be placed on the goal of attaining an optimum allocation of resources
from the point of view of society.

The abundance of published data for electric utilities has made

sThis result holds whether aﬁort run or long run marginal cost
pricing is used since economies of utilization and economies of scale
denote respectively declining short run and long run average costs.
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this industry a fertile field of research for economists Qn:otoltod in
the verification of cost theory. Numerous statistical and analytical
investigations have c:niined costs in the electric power industry,
reaching various conclusions with respect to the shape of the different
curves (short run amd long run). It is the aim of Chapter III to review
the methods and results of these previous studies in order to first,
illustrate the complexity of the topic and second, show that for the
purposes at hand further work was needed in this area ss these investiga-
tions suffered in a conceptual as well as in an empirical sense. A
fundamental criticism {s that the majority of the studies have used the
plant or the generator as the unit of observation for cost and not the

economically relevant entity, the firm.6 Firms, not plants or generators,

are regulated and it is at the level of the firm that investment and
pricing decisions are made.

Chapters IV and V constitute the core of the present work. In
Chapter IV a new cost function for electricity supply is proposed and
regression techniques are utilized in its estimation. Attention is
given not only to the relationship of cost to output and firm size or
capacity, but also to the influence of other factors. In particular
the effects on cost of number of customers, resource prices, technology,
and type of fuel are investigated. The function is used to test the two
theoretical cost characteristics meantioned at the beginning of this
section, namely that economies of scale and economies of utilization

are significant in the provision of electricity or alternatively, that

6The electric utility firm in general is comprised of several
plants, and each plant in turn is composed of one or more generating
units,
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in both the long run and the short run decreasing average cost curves
are the norm for electricity supply. In addition, the implication of
the findings with regard to the proposal of pricing electric energy at
marginal coqt--i.e., whether or not marginal cost pricing will result
in an economic loss~-is notad. Essentially then the thrust of Chapter
IV is to see to what extent economic theory and practice agree.

It will be argued in Chapter V that the pricing systems current-
ly employed by U.S5. electric utilities do not adequately reflect marginal
cost and hence lead to a poor utilization of the economy's resources.
Customers are divided into three main groups or classes: residential,
commercial, and industrial, with a different schedule of rates applica-
ble to each class. Furthermore, each rate schedule usually offers the
individual customer within each class a graduated, descending scale of
rates for incremental blocks of service taken. An attempt will be made
to determine if these different rates charged to the three classes of
customers are properly justified by variations in cost; if they are not,
it can be inferred that discrimination is inherent in the pricing
policies of American utilities. This test is important because discrimina-
tion, unless it can be shown to be of the peculiar form discussed
earlier-~i.e., with either a per unit or a last block charge equal to
marginal cost--promotes neither the most efficient use of existing
capacities nor optimum investment decisions.

Finslly, Chapter VI summarizes the results and draws a number
of conclusions concerning cost and pricing in the electric power indus-
try. It only remains to add that this study was motivated by two develop-
- ménta: a) the special eqphanin given in the last few years to the mar-

ginal cost pricing principles. The ensuing excerpt from the 1966 Report



of the Prepident’s Council of Ecomoaic Advisers is Sypical:

For maximum economic efficiency, rates should be related to costs,
but not to an arbitrary allocation of costs. . . . '"Cost-oriented
rates" in the true economic sense sre related to the economist's
concept of marginal cost, . . . In order to ensure efficiency,
marginal, rather than average, cost should be the principal regula-
tory criterion in applications for rate reductions. . . . where
competition and new technology dictate rate reduction’, competitive
rates could be lowered to the level of marginal cost;

b) the renewed general public interest expressed recently on the issue of
price discrimination, Notice the two following statements:

Utility rate structures vary from state to state, but typically a
poor person who does not use much electricity, who does not care
whether his line is underground or above ground, who lives in a con-
gested area where cost of service is low, pays three times as much
per kilowatt-hour as an industry which is creating both pollution
and energy supply problems. And the poor person typically pays twice
as much as the air-conditioned suburban homeowner who is demanding
underground 1ines.8

The new issues being raised at hearings~-issues such as whether
business and industry should pay less for electric service than resi-
dential users--have led to a demand in the regulatory commissions for
economists, accountants and ac;uaries, and triggered a general growth
of the commissions themselves.
It is hoped that the findings of this investigation will shed some light
on these important topics which attract the attention not only of econ-

omists but of society as a whole,

Method of Investigation
Before prbceeding to the main body of the paper a few methodol-

ogical comments are in order. In general there are two distinct approaches

7U.S. Council of Economic Advisers, Annyal Report (Washington,

D.C.: U.S. Govermment Printing Office, 1966), p. 127.

8
Senator Lee Metcalf (D. Mont.) as quoted in the Waghington Pogt,
Aug. 20, 1972, Parade sec., p. 12,

9Ken Ringle, "States Tougher on Utilities," Washington Post,
Oct. 1, 1972, sec. E, p. 2.
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to the study of cost functions, the analytical and the statistical tech-
niques. Even though both are valid, the choice of procedure depends on
the objective in mind.

The analytical approach, used mostly by engineers, consists of
an ex ante investigstion of the way costs should behave. Engineering
or technological considerations are used to select the appropriate
variables and to determine their effects on cost. Examples of the use
of this techmique can be found in the planning and design of plants,
machinery, and other capital goods. The analytical or engineering ap-
proach attempts more to explain the cost function--that is, why are
costs incurred and how do they behave given a change in the relevant
variables--than to indicate the cost.

The statistical approach, employed mostly by economists, in-
volves an ex post investigation where historical cost data are corre-
lated with output, capacity, resource prices, and other a priori
selected variables, with the ultimate objective of deriving a function
that reflects the way costs behave.lo The fundamental tool of this
approach is multiple regression, a technique that permits not only the
establishment of the relationship betwaen cost and the several chosen
factors but also the testing of whether such a relationship is statis-
tically significant.

In spite of the conceptual differences that exist between the
analytical and statistical approaches they are complementary in that

both are used in the search for cost functions., One technique can be

1o.Although economists have traditionslly preferred the statistical

approach, some have used the analytical technique. Cost studies of elec-
tricity using each of these approaches will be reviewed in Chapter III.
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used to supplement and check upon the other. Specifically, engineering
knowledge can be used as a basis for the selection of the appropriate
variables for the function while numerical estimates of the parameters
can be derived from economic statistics as well as from engineering
data. An ideal cost estimation study should, if possible, include
equally both methods--the analytical or ex ante to see how costs should
behave and the statistical or ex post to see how they actually behave.
However, for the most part the statistical approach is utilized in the
present work. The reason for emphasizing this technique is that it is
the only one valid for hypothesis testing. Even if the engineer claims
that costs should behave in a certain way on the basis of technological
considerations underlying the production function, only historical or
ex post data can be used to test whether costs actually behaved in that

fashion.



CHAPTER II
ECONOMIC PRINCIPLES OF ELECTRICITY COST AND PRICING

It has been said that "a person observing the real world of
economic phenomena is confronted with a mass of data that is, at least
superficially, meaningless. In order to discover order in this morass
of facts and to arrange them in a meaningful way, it is necessary to

develop theories . . ."1

It is precisely the objective of this chapter
to consider, as compactly as possible, the theories that have been
developed to explain cost and pricing in the electric power industry.
The subject, in the author's judgment, has not received an adequate
treatment in the majority of price theory amd public utility economics
books.

The natural monopoly argument, i.e., the economic justification
for having only one supplier of eiectricity in a particular market, is
examined first. The principles of price discrimination and price regu-
lation follow, respectively, in the next two sections. The main thesis
of the sections is that in order to attain the goal of a soclally
optimum allocation of resources, electricity should be priced at marginal
cost; even though this may lead to losses for the individual firms. The

types of discriminatory schemes that can be practically used by electric

utilities, if uncontrolled, will probably produce an output larger than

lc. e. rerguson, Microeconomic Theorv (Homewood, Ill.: Richard
D. Irwin, Inc., 1966), p. 4.

11
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under simple monopoly but less than under average cost and thus marginal
cost pricing. However, under regulation, rate discrimination can not
only yield the socially optimum output, but even more important, it
can do so without the deficit that accompanies marginal cost pricing.
Finally, although it is not directly related to the empirical results
of this study, the peak load pricing problem is considered in the last
section, Its implications with respect to a more efficient price
policy~--which must await the further discussion on cost in the two sub-
sequent chapters-~-are presented in Chapter V.

The method of exposition consists of initially stating and
illustrating the various principles utilizing simple cases, i.e., with
linear demand functions, ignoring costs so that maximization of profit
is equivalent to maximization of revenue, etc.. Bach is followed by a
summary of the results in the more general or complex situations, to-
gether with a citation of the source where a comprehensive analysis is

carried out and the proofs developed.

The Natural Monopoly Thesis

Since competition among electric utilities is unworkable and
would eventually lead to the development of monopoly, electric utilities
are referred to as "natural" monopolies. Their outstanding economic
characteristic is that they operate at greatest efficiency when being
the sole suppliers in particular markets., Significent arguments have
been advanced to defend this unique result.

First, there are undeniable space limitations which labor against
the maintenance of competition in the electric power industry. Overhead

power lines are unsightly at best, and if a community were served by
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several companies the aessthetic offense would be unnecessarily magnified.
Underground conduits and cables occupy choice sites in metropolitan
areas. It is not hard to imagine the many obstructions that would arise
from an unnecessary duplication of utility company facilities--torn
astreets, traffic jams, and so on.2 Second, strong economic reasons
arising from the cost of establishing an efficient production firm in
relation to the size of the market, namely economies of scale and econo-
mies of utilization, also support the natural monopoly thesis.

As noted in Chapter I, the economies of large scale production
in the electric power industry are so great that, other things equal,
the larger the firm the lower are unit costs of production. A firm
using a small plant would not be able to compete with a firm using a
large plant.3 Furthermore, assuming that the size is fixed, average
costs of production fall as output increases because electric utilitiﬁa
have very high fixed costs and relatively low variable costs.4 The
supply of electricity not only requires expensive specialized capital

equipment but also electric utilities must maintain extra capacity or

2A1though normally referred to as a physical and aesthetic offense
that can be avoided with monopoly--a practice followed here--excess dup-
lication of utility company facilities is an economic problem in the area
of externalities. 1In this respect consult Harold Demsetz, "Why Regulate

Utilities?" Journal of Law and Economics (April, 1968), pp. 62-63.

3The more than quadruple increase in average electric plant size
between 1947 and 1967 has resulted in lower unit costs of production.
See U.S. Federal Power Commission, Steam-Electric Plant Copgtruction
Cost and Annyal Production Expenses: Iwenty-First Annyal Supplemept -
196§ (Washington, D.C.: U.S. Govermment Printing Office, 1969), p. XXI.
With no size limitation yet in sight, the trend toward larger plant

capacities is expected to continue through 1980.

4“Aboul: 77 percent of the total coste of providing electric ner-
vice are fixed costs; the remaining 23 percent are variable costs,"

Vennard, The Electric Power Business., prp. 216-217.



14
equipment in order to satisfy the peak demand on the system. The unused
capacity that results during off-peak periods gives electric utilities
an incentive to lower their prices in order to increase sales. Thus
economies of utilization also tend to make competition unstable in the
electric power industry.

To recapitulate, the pressures for increasing output and there-
by diminish costs, both in the short run and in the long run, are so
great that every effort would be made by firms to undersell rivals until
all competition had finally disappeared. Besides the practical and
aesthetic reasons, two compelling economic arguments were given for the
support of monopoly in the electric power industry: (a) Because economies
of scale are very significant, the firm's long run average cost curve
declines over a wide range of output. Given market demand, the achiev-
ing of low unit costs and therefore low unit prices for consumers depends
upon the existence of only one firm. (b) Because of heavy fixed costs,
the firm's short run average cost curve decreases with output. While
one electricity supplier could take advantage of economies of utilization,
the presence of a number of firms would divide the total market and re~
duce the sales of each competitor. Each electric utility would be
pushed back up its declining average cost curve. Firms would under-
utilize their fixed capacities, with the consequence that unit costs and
therefore electricity rates would necessarily be high.

These findings are illustrated in Figure 2-1. The demand (D)
and marginal revenue (MR) curves faced by a typical electric utility
together with its cost curves are shown. Note the shape of both the
short run (SAC) and long Tun (LAC) average cost curves, the latter being

compatible with a homogeneous production function of degree greater than
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one. Long run equilibrium requires that marginal revenue be equal to
long run marginal cost (IMC) and also to short run marginal cost (SMC).
Hence the profit maximizing output and price sre T and ¥ rolpcctively.s

and

= o

REVENUE AND CosT

FIGURE 2-1

MONOPOLY COSTS AMD PRICING

the appropriate scale or capacity is represented by sacz. Suppose now
that another electric utility 1is establiqhed in the community and that
the two firms agree to share the market equally. That is, at each pos-
sible price, each will take one-half the market demand. Thus, the demand
curve facing each of the utilities is given by MR = %D, and the associ-
ated marginal revenue curve is given by 3R, PFinally, assume that the
two firms have identical cost curves. Each will now be of smaller

scale SAC,, produce an output q,, and charge a price P.. This price is

5in reality electric utilities do not follow a policy of uniform
pricing but charge different prices for electricity in different mar-
kets,  This practice, as explained in Chapter I, may give rise to
price discrimination, a subject treated in the next section,
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higher than the original, snd so the consumer is worse off without monop-

oly than with it.

Brice Discrimipation

From the viewpoint of economics, it can be said that a seller
practices price discrimination if the prices he charges for the various
units of his product or products are not proportional to the costs of
providing the units sold. Stated differently, discrimination occurs
when rates are based upon variations in demand, rather than variations
in costs. This practice, unless regulated, increases the profits of any
monopolist and leads to a misallocation of resources. In general three
different degrees of price discrimination can be identified:

A first degree discrimination would involve the charge of a
different price against all. the different units of commodity, in
such wise that the price exacted for each was equal to the demand
price for it, and no consumers' surplus was left to the buyers. A
second degree would obtain if a monopolist were able to make n sep~
arate prices, in such wise that all units with a demand price greater
than x were sold at a price x, all with a demand price less thsn x
and greater than y at a price y, and so on. A third degree would
obtain if the monopolist were able to distinguish among his customers
n different groups, separated from one another more or less by some
practical mark, and cogld charge a separate monopoly price to the
members of each group.

Two conditions are necessary for third degree discrimination.’

First, the monopolist must be able to keep the markets separate. If he
cannot, his product will be purchased in the lower price market (assum-

ing a two market situation) and resold in the market with the higher

GA. C. Pigou, The Economics of Welfare (4th ed.; London: Macmillan
and Co., Ltd., 1950), p. 279.

7Ihe theory of this type of discrimination was developed by Joan
Robinson in her Ecopomics of Imperfect Competition (London: Macmillan
and Co., Ltd., 1933), pp. 179-208. The discussion above is a summary
exposition of her rcaults,
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price. Eventually the prices in the two markets will become equal,
Second, the elasticity of demand (e) at each price level (P) mmst differ
between the two markets. Ignoring costs for a moment, the monopolist
will always be able to increase profits by selling an additional unit
in the market with the higher marginal revenue (MR). This implies that
he should distribute his output between the two markets in such a way
that merginal revenue is equalized, i.e., profit maximization requires
that

ml = Pl(]. - 1/81) - NRZ = Pz(l - 1/02)

where the subscripts 1 and 2 refer to the two distinct markets. If the
elagticities of demand are the same in the markets, P1 =P, and so there
is no price discrimination,

Adding costs to the analysis, the tot;l output under third degree
discrimination is determined by ;quatmg the marginal cost of the whole
output (MC) with aggriegate marginal revenue (AMR) and therefore with
the merginal revenue in each market, i.e., MC = AMR = MR; = MR,. The
AMR curve is obtained by summing horizontally MR, and MR,. Figure 2-2
depicts these results and compares them with those of uniform or simple
monopoly pricing. D, and D, are the demand curves in the two markets
and SAR = AD is the simple monopolist's average revenue or aggregate
demand (horizontal summation of D, and D,). SMR is the marginal cuxve
to AD or simple monopolist's marginal revenue. It cofincides with AMR
except for a small triangular part. DAR is the average revenue curve
of the discriminating monopolist and given AMR and SMR, it must 1fe above
SAR = AD.

In order to maximize profits the simple monopolist will produce
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output qg, at wvhich MC = SMR. He will charge a uniform price P, selling
qyg in the first market and qp, in the second. The third dégree dis~-

criminating monopolist will produce output 14 and charge prices P1 and
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FIGURE 2-2

THIRD DEGREE DISCRIMIRATION AND SIMPLE MONOPOLY PRICING

P2 in markets 1 and 2 respecttvaly.e The corresponding quantities sold
are q,, and Qpqe In relation to the simple monopolist, the discriminat-
ing one earns a greater profit by charging a higher price and selling

a smaller amount in the market whose demand is less elastic at Pa {market
2) and charging a lower price and selling a greater amount in the market
whose demand at Ps is more elastic (market 1). A larger profit is ob-

vious since at the equilibrium total output, the difference between

87he total outputs under third degree discrimination (q,) and
simple monopoly (q,) are the same in this example because of the use of

straight line demands and the ability of the monopolist to serve both
markets under uniform pricing.
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average revenue and the common average cost (AC) is greater for the
discriminating monopolist than for the simple monopolist.

A detailed comparison of simple monopoly and third degree dis-
crimination, using the type of analysis illustrated above, leads to the
following conclusions:

(a) total output is Iirger under the latter when neither market
can be served under uniform monopoly pricing but both can under third
degree discrimination. This situation may arise if the long run average
cost curve lies above the aggregate demand curve throughout the range
of possible outputs but below the discriminating average revenue curve
for some outputs. Under uniform pricing the monopolist would suffer
losses but under third degree discrimination he could either break even
or make a profit. Hence, output under discrimination would be greater
by the full amount of the firm's output;9

(b) with two markets, total output is always larger under third
degree discrimination when only the market with the less elastic demand
can be served under uniform monopoly pricing but both markets can be
sexrved under third degree discrimination.10 Furthermore, if marginal
cost is either constant or falling the discriminating monopolist will
charge respectively the same or a lower price than the simple monopolist
in the common merket. In this case, and also in (a) above, third degree
discrimination is clearly beneficial in that it yields a larger output
and the same or lower prices to some or all customers, with higher prices

to none;11

®Robinson, Economics of Imperfect Competiticn, p. 203.

10rh14., pp. 189-190.

Hmid., pp. 204-205.
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(¢) 1f both markets can be served under uniform monopoly and
third degree discriminatory pricing, it can be proved that
« » . total output under discrimination will be greater or less
than under simple monopoly s&ccording as the more elastic of the
demand curves in the separate markets is more or less concave
than the less elastic demand curve; and that the total output will
be the same if the demand curves are straight lina!2 or indeed in
any other case in which the concavities are equal,

The straight line demand case is the one pictured in Figure 2-2;

(d) when three or more markets are considered, the fact that a
.greater number are served under third degree discrimination than under
uniform monopoly pricing does not necessarily mean that output is larger
under the former. The shapes and positions of the demand curves in the
several markets detexmine which type of pricing will yield the larger
'output.13

The theory of third degree discrimination can be used to ration-
alize partially pricing by electric utilities. The companies are able
to divide customers into three main groups or classes: rtesidential,
commercial, and industrial. Moreover, the elasticity of demand increases
when moving across these groups in that order. Industrial demand is
more elastic than commercial or residential demands reflecting the fact
that industrial customers may find it possible not only to use substi-
tute sources of energy but to gemerate their own electricity. Thus, it
is argued that this explains why the rates charged by the utilities in

general decrease when moving from residential to commercial to industrial

customers.

124044., p. 190.

lauerton H. Miller, "Price Discrimination in the Railway Industry"
(unpublished Ph,D. dissertation, Johns Hopkins University, 1952), pp.
140- 1&2 *
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But electric utilities do not impose a single and different rate
to each class but a schedule of rates. The rate schedule applicable
to each class usually offers the individual customer in it a graduated,
descending scale of prices for incremental blocks of service taken.
For example, a typical monthly rate schedule for residential customers
is as follows: the first 20 kilowatt-hours, 6¢ per kilowatt-hour; the
next 50 kilowatt-hours, 5¢ per kilowat-hour; the next 130 kilowatt-
hours, 3¢ per kilowatt-hour; and over 200 kilowatt-hours, 1.5¢ per.kilo-
watt-hour. This type of pricing comstitutes block or second degree
discrimination,l4

Figure 2-3 illustrates this sort of discrimination for a monopo-
list with zero marginal costs and limited to charging three different
prices in a market whose demand is represented by the straight line PQ.
The monopolist will levy prices OP; = (3/4)OP for output 0Q;, OP, = %OP
for output Q,Q,, and OPy = X0P for output Q,Q; (0Qy, Q;Qy, and Q,Q4
each equals ¥0Q) which maximize total revenue TR = 0P1X;Q; + Q1A1XQp +
QA2X3Q3 subject to the condition that OP;> OP2 > OP3, and that each
pair of price~output points is on the demand line. Note that the simple
monopoly price in this case is OP; and that the corresponding output
0Q, 18 less than 0Q3, the total output achieved under block discrimina-
tion. In terms of the marginal conditions for total revenue maximization,

0P3 must be set at the output at which marginal revenue 3 is equal to

the marginal cost of total output; op, at the output at which marginal

lalhe theory of this kind of discrimination was developed by Ralph
Kirby Davidson in his Price DRiscriminstion ip Selling Gap and Electric-
1ty (Baltimore: Johne Hopkins Press, 1955), pp. 27-37. The discusaion
above summarizes his findings.
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SECOND DEGREE DISCRIMINATION

revenue 2 is equal to OP,; and OP, at the output at which marginal reve-
nue 1 ia equal to OPz.

Hence, with a three price schedule and under conditions of zero
marginal costs and a straight line demand, "the prices are equidistant
from each other and the blocks of output associated with each price are
equal to each other and equal to one-fourth of the total amount the
consumers would buy 1if a uniform price equal to marginal cost were set."
For n prices under the same conditions, "every block will be of equal

size and equal to 1/(n+l) times the quantity bought at a uniform price



