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In  1968 accounted fo r  76.7 p e rcen t o f the t o ta l  e l e c t r i c i t y  generated  

in  the  U nited S ta te s ,  owned over 76 p e rcen t o f th e  In d u s try 's  g en era tin g  

c a p a c ity , and served  79 p e rc en t o f I t s  t o t a l  custom ers. Although the  

Investor-ow ned segment c o n s is ts  of over 400 f irm s , about 90 p e rcen t o f 

I t s  ou tpu t I s  generated  by th e  211 companies th a t  c o n s t i tu te  c la sa e a  A 

and B o f  e l e c t r i c  u t i l i t i e s .  These two c la sa ea  of Inveator-ow ned e le c ­

t r i c  u t i l i t y  system s form the  most im portan t s in g le  group In  the  e le c t r i c  

power in d u s try  producing approxim ately  70 p e rcen t of the  t o t a l  e l e c t r i c ­

i t y  generated  In  th e  U nited S ta te s  in  1968.

In  supply ing  e l e c t r i c i t y  to  the f in a l  consumer th re e  d i s t i n c t  

fu n c tio n s  must be f u l f i l l e d :  g e n e ra tio n , tran sm iss io n , and d i s t r ib u t io n .

Of the two b a s ic  methods used to  generate  e l e c t r i c i t y ,  I . e . ,  hyd roelec­

t r i c  and steam  o r  therm al g e n e ra tio n , th e  l a t t e r  i s  the  predom inant one. 

H y d ro e lec tric  p la n ts  transfo rm  the energy o f  f a l l in g  w ater in to  e l e c t r i c ­

i t y  w hile s te a m -e le c tr ic  p la n ts  use the  energy In  f o s s i l  fu e ls  (c o a l , 

n a tu ra l  gaa, o i l )  o r n u c le a r  fu e ls  (m ainly uranium ). Hie fu e l  I s  burned 

under a b o i le r  where i t s  energy I s  changed to  h e a t and p re s s u re . in  th e  

steam . This p re s su re  in  tu rn  sp in s  a steam  tu rb in e  which i s  connected 

to  an e l e c t r i c  g e n e ra to r . In  the  g en e ra to r  th e  tu rb in e  energy i s  f in a l ly
3

converted  to  e l e c t r i c a l  energy. T ransm ission Is  the  p rocess o f t r a n s ­

p o r tin g  the e l e c t r i c a l  energy  a t  high v o lta g e  from th e  genera ting  p la n ts

2
C lass A u t i l i t i e s  a re  those  having annual e l e c t r i c  o p e ra tin g  

revenues o f $2.5 m il l io n  or more. C lass B u t i l i t i e s  a re  those w ith  
annual e l e c t r i c  o p e ra tin g  revenues o f $1 m ill io n  o r more bu t le s s  than  
$2.5 m ill io n .

3
Steam g en era tio n  u sin g  fo a a l l  fu e ls  accountsd fo r  91.8 p e rcen t 

o f the  to ta l  e l e c t r i c i t y  g en e ra tio n  by c la sa e a  A and B u t i l i t i e s  in  1968. 
Coal a lone was re sp o n s ib le  fo r  over 50 p e rc en t o f the t o t a l .



to  bu lk  d e liv e ry  p o in t*  w hile d i s t r ib u t io n  1* th* f in a l  proc*** by which 

e l e c t r i c i t y  i s  d e liv e re d  to  the  u ltim a te  consumer a t  lower v o lta g e .^  

P opu la tion  growth coupled w ith  an in c re as in g  dependence on 

e le c t r i c a l  energy guaran tees a con tinuously  r i s in g  demand fo r  e l e c t r i c ­

i t y .  The growth and e f f ic ie n c y  o f the  e le c t r i c  power in d u s try , which 

a re  prime economic goals today, w i l l  become an a b so lu te  n e c e ss ity  In  

the near fu tu re  i f  the U nited S ta te s  expec ts to  m ain tain  an in d u s t r ia l  

c iv i l i z a t i o n  w ith  a high standard  o f  l iv in g  fo r  a l l .

Purpose o f the  Study 

The prim ary concern of t h i s  study i s  to  em p iric a lly  d eriv e  an 

e l e c t r i c i t y  c o s t fu n c tio n  so as to  note i t s  im p lica tio n s  w ith  reg a rd  to  

the e f f i c i e n t  p ro v is io n  and p r ic in g  of e l e c t r i c  se rv ic e  in  th e  U nited 

S ta te s .  I t  i s  g e n e ra lly  assumed th a t  firm s In  the  e l e c t r i c  power indus­

t r y  possess c e r ta in  s im ila r  c o s t c h a r a c te r i s t ic s  which, in  r e l a t i o n  to  

the  s iz e  of the m arket, s e t  them a p a r t  from the genera l run  o f American 

b u s in e ss .

F i r s t ,  e l e c t r i c  u t i l i t i e s  a re  f re q u e n tly  re fe r re d  to  as "n a tu ­

r a l "  m onopolies, meaning th a t  th e  n a tu ra l  r e s u l t  o f  market fo rce s  in  

the  In d u stry  i s  the development o f a monopoly o rg a n isa tio n . The argument 

i s  based on th e  c o n v ic tio n  th a t  s ig n i f ic a n t  economies of s c a le  e x is t  in  

the supply of e l e c t r i c i t y .  Given demand, a la rg e  firm  because of lower 

average c o s t could  supply th e  e n t i r e  m arket a t  a lower p r ic e  than 

se v e ra l sm aller firm s having the  same t o t a l  c a p a c ity . Com petition in

4
For a lu c id  n o n -tec h n lc a l d isc u ss io n  of a l l  a sp ec ts  o f th e  e le c ­

t r i c  power In d u stry  see Edwin Vennard, The E le c t r ic  Power Business 
(New York: McGraw-Hill Book Company, I n c . ,  1962).



t h i s  In d u s try  would be s e l f - d e s t r u c t iv e ;  e v e n tu a lly  bankruptcy o r  merger 

would leave  the  f i e l d  to  one firm . Thus, economies o f s c a le  seem to  

j u s t i f y  the  p resence o f  on ly  one optimum s l s e  producer In  a m arket.

This reason ing  lends support to  th e  w idely  h e ld  b e l ie f  th a t  a p p ro p ria te  

p u b lic  p o lic y  In the  e l e c t r i c  power In d u stry  I s  to  allow  a m onopolistic  

s u p p lie r  to  o p e ra te , su b jec ted  to  some degree of re g u la tio n  to  aaaure 

th a t  the  p u b lic  o b ta in s  the  b e n e f i ts  of w hatever lower c o s ts  a re  achieved .

Second, p roduction  and use must be sim ultaneous because e le c ­

t r i c i t y  cannot be s to re d . Enough c ap a c ity  I s  req u ire d  to  meet the 

co in c id e n t demand, o r peak lo ad , of a l l  custom ers even though th is  maxi­

mum demand on th e  system  may come only  fo r  a few m inutes o r a few hours 

a t  p e rio d ic  I n te rv a ls  o f tim e. Except fo r  peak demand p e rio d s e l e c t r i c  

u t i l i t i e s  commonly have unused c a p a c ity . The m aintenance of th is  c ap a c ity  

means th a t  e l e c t r i c  u t i l i t i e s  must make r e l a t i v e ly  g re a te r  Investm ents 

in  p la n t  and equipment than  o th e r  In d u s tr ie s ,  a requirem ent th a t  r e s u l t s  

In  a c o s t  s t ru c tu re  dominated by f ix ed  c o s ts .  D ecreasing average c o s ts  

w ith  f ix ed  system  s i t e  can be expected  s in c e  b e t t e r  u t i l i s a t i o n  of 

equipment perm its the  heavy f ix e d  c o s ts  to  be spread over a la rg e r  o u t­

p u t. J u s t  a s economies o f  s c a le  would lead  to  monopoly in  the e l e c t r i c  

power In d u s try , economies o f u t i l i s a t i o n  would a ls o  dim inish  com petition . 

In  o rd e r to  in c re a se  o ff-p eak  s a le s ,  the firm s would tend to  c u t th e i r  

p r ic e s ,  w ith  d isc r im in a tio n  o r  severe  p r ic e  wars to  the  de trim en t of 

both  companies and consumers be ing  the l ik e ly  r e s u l t .

These two c o s t c h a r a c te r i s t i c s  have Im portant Im p lica tio n s w ith  

re sp e c t to  the  m arginal c o a t p r ic in g  p ro p o sa l. Many econom ists have 

pu t fo r th  th e  n o tio n  th a t  e l e c t r i c i t y  should be p riced  a t  m arginal c o s t 

In  o rder to  achieve a s o c ia l ly  e f f i c i e n t  a l lo c a t io n  o f re so u rc e s . But



I f ,  as I t  l a  argued above, economies o f a ca la  and economies o f u t i l l e a -  

t lo n  e x la t  in  e l e c t r i c i t y  supply a p o lic y  o f p r ic in g  a t  m arginal coat 

would lead  to  In e v ita b le  lo s s e s .^  S ta te d  d i f f e r e n t ly ,  i f  the  average 

coa t fu n c tio n  la  decreaa ing  the  m arginal co a t fu n c tio n  muat l i e  below 

I t .  Thia means t h a t  the p r ic e  determ ined by the in te r s e c t io n  of the 

demand and m arginal coat curves would be le a s  than  the corresponding  

average coat and th e re fo re  i t s  use would r e s u l t  in  an economic lo s s .

T his s i tu a t io n  would re q u ire  a subsidy  i f  the  e le c t r i c  u t i l i t y  i s  to

continue in  o p e ra tio n . N ev erth e le ss , i t  has been po in ted  ou t th a t  an 

a l te rn a t iv e  to  achieve th e  same ta r g e t  o f a s o c ia l ly  e f f i c ie n t  a l lo c a ­

t io n  o f re so u rce s , w ithou t the need of a subsidy , would be th e  use of

a re g u la te d  d isc rim in a to ry  scheme c o n s is t in g  o f e i th e r  tw o-part p r ic in g , 

w ith a p e r u n i t  charge equal to  m arginal c o s t ,  o r  block p r ic in g , w ith  - 

a charge in  the  l a s t  block equaling  the same c o s t .

A secondary o b je c tiv e  o f t h i s  s tudy  i s  to  in tro d u c e , as  compact­

ly  as p o s s ib le , th e  re le v a n t economic p r in c ip le s  o f  c o s t and p r ic in g  in  

the e l e c t r i c  power in d u s try  o u tlin e d  above. I t  i s  f e l t  th a t  the  su b je c t 

has no t rece ived  an adequate trea tm en t in  most p r ic e  th eo ry  and p u b lic  

u t i l i t y  economics books. Thus, C hapter I I  w i l l  develop th e  n a tu ra l  

monopoly th e s is ,  follow ed by d isc u ss io n s  on th e  th eo ry  o f p r ic e  d isc r im i­

n a tio n , p r ic e  r e g u la tio n , and peak load p r ic in g . S pec ia l emphasis w i l l  

be p laced  on th e  goal o f a t ta in in g  an optimum a l lo c a t io n  of reso u rces 

from the p o in t o f view of so c ie ty .

The abundance of pub lished  d a ta  fo r  e l e c t r i c  u t i l i t i e s  has made

^Thls r e s u l t  ho lds w hether sh o r t  ru n  o r long run  m arginal c o s t 
p r ic in g  i s  used s in ce  economies o f  u t i l i z a t i o n  and economies o f sc a le  
denote re s p e c t iv e ly  d e c lin in g  sh o r t  run and long run  average c o s ts .



t h i s  In d u s try  s f e r t i l e  f i e ld  o f re se a rc h  fo r  econom ists In te re s te d  In  

th e  v e r i f i c a t i o n  o f  c o s t  th eo ry . Muswrous s t a t i s t i c a l  and a n a ly t ic a l  

in v e s tig a t io n s  have examined c o s ts  in  th e  e l e c t r i c  power in d u s try , 

reach in g  v a rio u s  conclusions w ith  re s p e c t  to  th e  shape of the  d i f f e r e n t  

curves ( s h o r t  run  and long ru n ) . I t  I s  the aim of C hapter I I I  to  review 

the methods and r e s u l t s  of th e se  p rev ious s tu d ie s  in  o rder to  f i r s t ,  

i l l u s t r a t e  the  com plexity  o f the  to p ic  and second, show th a t  fo r  the 

purposes a t  hand fu r th e r  work was needed in  th is  a rea  as th ese  in v e s tig a ­

tio n s  su ffe red  in  a conceptual as w e ll as in  an em p irica l sen se . A 

fundamental c r i t ic i s m  i s  th a t  th e  m a jo rity  o f the s tu d ie s  have used the 

p la n t  o r th e  g e n era to r as th e  u n i t  o f o b se rv a tio n  fo r  co a t and no t th e  

econom ically re le v a n t e n t i ty ,  th e  firm.** F irm s, not p la n ts  o r g e n e ra to rs , 

a re  re g u la te d  and i t  i s  a t  the le v e l  o f th e  firm  th a t  Investm ent and 

p r ic in g  d e c is io n s  a re  made.

C hapters IV and V c o n s t i tu te  the  core  o f  the  p re se n t work. In  

Chapter IV a new c o s t  fu n c tio n  fo r  e l e c t r i c i t y  supply i s  proposed and 

re g re ss io n  techn iques a re  u t i l i z e d  in  I t s  e s tim a tio n . A tte n tio n  la  

g iven no t on ly  to  th e  r e la t io n s h ip  of c o s t to  ou tpu t and firm  s iz e  o r 

c a p a c ity , b u t a ls o  to  the  In flu en ce  o f o th e r  f a c to r s .  In  p a r t i c u la r  

the  e f f e c ts  on c o s t o f number o f custom ers, re so u rce  p r ic e s ,  technology, 

and type of fu e l a re  in v e s tig a te d . The fu n c tio n  i s  used to  t e s t  th e  two 

th e o re t ic a l  c o s t  c h a r a c te r i s t i c s  m entioned a t  the  beginning  of t h i s  

s e c tio n , namely th a t  economies o f s c a le  and economies o f u t i l i z a t i o n  

a re  s ig n i f ic a n t  in  the  p ro v is io n  o f  e l e c t r i c i t y  o r a l t e r n a t iv e ly ,  th a t

^The e l e c t r i c  u t i l i t y  firm  in  g en era l i s  comprised of se v e ra l 
p la n ts ,  and each p la n t  in  tu rn  i s  cos^osed o f one o r more g en era tin g  
u n i ts .



In  both the  long run  and th e  sh o r t  ru n  d ecreasing  average c o s t curves 

a re  the  norm fo r  e l e c t r i c i t y  supp ly . In  a d d it io n , th e  Im p lica tio n  of 

th e  f in d in g s  v l th  regard  to  th e  p roposal o f p r ic in g  e l e c t r i c  energy a t  

m arginal c o s t - - l . e . ,  w hether o r  n o t m arginal co a t p r ic in g  w i l l  r e s u l t  

In  an economic lo s s —la  n o ted . E s s e n t ia l ly  then  th e  th ru s t  o f Chapter 

IV la  to  see to  what e x te n t economic theo ry  and p ra c t ic e  ag ree .

I t  w i l l  be argued in  C hapter V th a t  the  p r ic in g  systems c u rre n t­

ly  employed by U.S. e l e c t r i c  u t i l i t i e s  do no t adequate ly  r e f l e c t  m arginal 

coat and hence lead  to  a poor u t i l i s a t i o n  of the  economy's re so u rce s . 

Customers a re  d iv ided  In to  th re e  main groups o r c la s s e s :  r e s id e n t ia l ,

commercial, and in d u s t r ia l ,  w ith  a d i f f e r e n t  schedule of r a te s  a p p lic a ­

b le  to  each c la s s .  Furtherm ore, each r a te  schedule  u su a lly  o f fe r s  the  

in d iv id u a l customer w ith in  each c la s s  a g raduated , descending sc a le  o f 

r a te s  fo r  increm ental b locks o f s e rv ic e  tak en . An a ttem pt w i l l  be made 

to  determ ine I f  these  d i f f e r e n t  r a te s  charged to  th e  th re e  c la s s e s  of 

custom ers a re  p ro p erly  j u s t i f i e d  by v a r ia t io n s  In  c o s t ;  I f  they  a re  n o t, 

i t  can be In fe rre d  th a t  d isc r im in a tio n  la  In h e re n t In  the  p r ic in g  

p o l ic ie s  of American u t i l i t i e s .  This t e s t  Is  Im portant because d isc rim in a ­

t io n ,  u n le s s  I t  can be shown to  be o f th e  p e c u lia r  form d iscussed  

e a r l i e r - - l . e . , w ith  e i th e r  a p e r  u n i t  o r  a l a s t  b lock  charge equal to  

m arginal c o s t—promotes n e i th e r  the  most e f f i c i e n t  use o f  e x is t in g  

c a p a c itie s  nor optimum Investm ent d e c is io n s .

F in a l ly ,  C hapter VI summarises the  r e s u l t s  and draws a number 

of conclusions concerning c o s t and p r ic in g  In  the  e l e c t r i c  power Indus­

t r y .  I t  on ly  rem ains to  add th a t  th i s  study  was m otivated  by two develop­

ments: a ) the s p e c ia l  emphasis given in  th e  l a s t  few years  to  the  mar­

g in a l c o s t p r ic in g  p r in c ip le s .  I h i  ensuing  ex ce rp t from the 1966 Renort



8

S t  I!!® E E e f f f rg t 'f  frflUKil s i  ff99BWt9 ^ i » w  l i  ty p ic a l :

For maximum economic e f f ic ie n c y ,  r a t e s  should be r e la te d  to  c o s ts , 
bu t no t to  an a r b i t r a r y  a l lo c a t io n  of c o s ts .  . . . "C o st-o rien ted  
r a te s "  In  the tru e  economic sense a re  r e la te d  to  the  econom ist's  
concept o f m arginal c o s t ,  . . .  In  o rder to  ensure e f f ic ie n c y , 
m arg inal, r a th e r  than  average , co st should be the  p r ln c lp s l  re g u la ­
to ry  c r i t e r io n  In a p p lic a tio n s  fo r  r a te  re d u c tio n s . . . . where 
com petition  and new technology d ic ta te  r a t e  re d u c tio n s , com petitive 
r a te s  could be lowered to  the  le v e l o f m erginal c o s t ; '

b) the  renewed general p u b lic  ln te r e a t  expressed  re c e n tly  on the Issue of

p r ic e  d isc r im in a tio n . N otice the  two fo llow ing  sta tem en ts:

U t i l i t y  r a te  s t ru c tu re s  vary  from s t a te  to  s t a t e ,  but ty p ic a l ly  a 
poor person who does n o t use much e l e c t r i c i t y ,  who does no t care  
w hether h is  l in e  i s  underground or above ground, who l iv e s  In  a con­
gested  area  where c o s t o f se rv ic e  i s  low, pays th re e  tim es as much 
per k ilo w a tt-h o u r a s  an In d u stry  which I s  c re a tin g  both  p o llu tio n  
and energy supply problem s. And the  poor person ty p ic a l ly  pays tw ice 
as much as the  a ir -c o n d itio n e d  suburban homeowner who Is  demanding 
underground l i n e s .8

The new Issu es being  ra is e d  a t  h e a r ln g s - - ls s u e s  such as w hether 
bu sin ess  and In d u stry  should pay le s s  fo r  e le c t r i c  se rv ic e  than  r e s i ­
d e n tia l  u s e rs —have led  to  a demand in  the  re g u la to ry  commlsalons fo r  
econom ists, accoun tan ts and a c tu a r ie s ,  and tr ig g e re d  a g en era l growth 
o f th e  commissions them selves.

I t  I s  hoped th a t  the f in d in g s  o f t h i s  in v e s tig a t io n  w i l l  shed some l ig h t  

on th ese  Im portant to p ic s  which a t t r a c t  th e  a t te n t io n  n o t only  of econ­

om ists bu t o f so c ie ty  a s  a whole.

Method o f In v e s t ig a tio n  

Before proceeding to  the  main body of the  paper a few methodol­

o g ic a l comments a re  In  o rd e r . In  genera l th e re  a re  two d i s t in c t  approaches

^U.S. Council o f Economic A d v ise rs , Annual Report (W ashington,
D.C.: U.S. Government P r in t in g  O ffic e , 1966), p . 127.

8
Senator le e  M etcalf (D. M ont.) as quoted In the  W ashington P o s t. 

Aug. 20, 1972, Parade s e c . ,  p . 12.
9
Ken R ln g le , "S ta te s  Tougher on U t i l i t i e s , "  W ashington P o s t .

O ct. 1, 1972, se c . E, p . 2 .



co Che study of coec funcclone, che analytical and cha aCaClsclcal tech­

niques. Evan Chough boch are valid, Cha choice of procedure dependa on 
Cha objective In mind.

The analyCleal approach, uaed moacly by englnaera, conalaca of 

an ax anca InvesCigaClon of Cha may coaCa should behave. Engineering 

or Cechnologlcal conslderaClone are used Co selecc Che approprlaCe 

variables and Co decermine Chelr effects on cost. Examples of the use 

of this technique can be found In the planning and design of plants, 

machinery, and other capital goods. The analytical or engineering ap­

proach attempts more Co explain the coat function— that Is, why are 

costs Incurred and how do they behave given a change In Che relevant 

variables— than to Indicate Che 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 b e h a v e . T h e  fundamental tool of this 

approach is multiple regression, a technique that permits not only the 

establishment of the relationship between cost and the several chosen 

factors but also the testing of whether such a relationship Is statis­

tically significant.

In  s p i te  o f the  conceptual d if fe re n c e s  th a t  e x is t  between th e  

a n a ly t ic a l  and s t a t i s t i c a l  approaches they  e re  complementary in  th a t  

both a re  used In th e  search  fo r  coat fu n c tio n s . One technique can be

^ A lthough  econom ists have t r a d i t io n a l ly  p re fe r re d  th e  s t a t i s t i c a l  
approach, some have used th e  a n a ly t ic a l  tech n iq u e . Cost s tu d ie s  o f e le c ­
t r i c i t y  using  each of these  approaches w i l l  be reviewed In Chapter I I I .
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used to  supplement and cback upon the  o th e r . S p e c if ic a l ly ,  eng ineering  

knowledge can be used as a b a s is  fo r  the  s e le c tio n  of the ap p ro p ria te  

v a r ia b le s  fo r  the  fu n c tio n  w hile  num erical e s tim a te s  of the  param eters 

can be derived  from economic s t a t i s t i c s  as w ell as  from eng ineering  

d a ta .  An id e a l c o s t e s tim a tio n  study  should , i f  p o s s ib le , include 

e q u e lly  both m ethods--the  a n a ly t ic a l  o r ex an te  to  see how c o s ts  should 

behave and th e  s t a t i s t i c a l  o r ex p o st to  see how they  a c tu a l ly  behave. 

However, fo r  the  most p a r t  the  s t a t i s t i c a l  approach is  u t i l i z e d  in  the 

p re se n t work. The reason  fo r  emphasizing th i s  technique is  th a t  i t  is  

the  on ly  one v a l id  fo r  h ypo thesis  t e s t in g .  Even i f  the  eng ineer claim s 

th a t  c o s ts  should behave in  a c e r ta in  way on the b a s is  of tech n o lo g ica l 

c o n s id e ra tio n s  underly ing  th e  p roduction  fu n c tio n , only h i s to r ic a l  or 

ex p o s t da ta  can be used to  t e s t  w hether co s ts  a c tu a l ly  behaved in  th a t  

fa sh io n .



CHAPTER I I

ECONOMIC PRINCIPLES OF ELECTRICITY COST AND PRICING

I t  has been sa id  th a t  "a person  observing the  r e a l  world of 

economic phenomena i s  confron ted  w ith  a mass o f d a ta  th a t  i s ,  a t  l e a s t  

s u p e r f ic ia l ly ,  m eaningless. In  o rder to  d iscover o rder in  th is  morass 

o f  f a c ts  and to  arrange them in  a m eaningful way, I t  i s  necessa ry  to
i

develop th e o r ie s  . . I t  i s  p re c is e ly  the o b je c tiv e  o f t h i s  chap ter 

to  c o n s id e r , as compactly a s  p o s s ib le , th e  th e o r ie s  th a t  have been 

developed to  ex p la in  c o s t and p r ic in g  In  th e  e l e c t r i c  power in d u s try .

The s u b je c t ,  In  the  a u th o r 's  judgment, has no t rece iv ed  an adequate 

trea tm en t in  the  m a jo rity  o f p r ic e  theo ry  and p u b lic  u t i l i t y  economics 

books.

The n a tu ra l monopoly argum ent, i . e . ,  th e  economic j u s t i f i c a t io n  

fo r  having only  one s u p p lie r  o f e l e c t r i c i t y  in  a p a r t i c u la r  m arket, i s  

examined f i r s t .  The p r in c ip le s  o f p r ic e  d isc r im in a tio n  and p r ic e  regu­

l a t io n  fo llo w , re s p e c t iv e ly , in  th e  n ex t two s e c t io n s .  The main th e s is  

o f the  se c tio n s  i s  th a t  in  o rder to  a t t a i n  th e  goal o f a s o c ia l ly  

optimum a l lo c a t io n  of re so u rc e s , e l e c t r i c i t y  should be p riced  a t  m arginal 

c o s t ,  even though th is  may lead  to  lo s se s  fo r  the  in d iv id u a l f irm s . The 

types o f d isc rim in a to ry  schemes th a t  can be p r a c t ic a l ly  used by e l e c t r i c  

u t i l i t i e s ,  i f  u n c o n tro lle d , w i l l  p robably  produce an o u tp u t la rg e r  than

I C. E . Ferguson, Microeconomic Theory (Homewood, 111 .: R ichard
D. Irw in , I n c . ,  1966), p . 4 .

11
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under sim ple monopoly bu t le s s  then under average c o s t and thus m arginal 

c o s t  p r ic in g . However, under re g u la tio n , r a te  d isc r im in a tio n  can no t

only y ie ld  th e  s o c ia l ly  optimum o u tp u t, b u t even more Im portan t, I t

can do so w ithou t the  d e f i c i t  th a t  accompanies m arginal c o s t p r ic in g . 

F in a l ly ,  a lthough i t  la  n o t d i r e c t ly  r e la te d  to  th e  em p irica l r e s u l ts

of t h i s  s tu d y , the  peak load p r ic in g  problem Is  considered  in  the l a s t

s e c t io n . I t s  Im p lica tio n s  w ith  re sp e c t to  a more e f f i c ie n t  p r ic e  

policy**-which must aw ait the  fu r th e r  d isc u ss io n  on c o s t in  the two sub­

sequent c h a p te rs—are  p resen ted  In  Chapter V.

The method of e x p o s itio n  c o n s is ts  o f I n i t i a l l y  s t a t in g  and 

I l l u s t r a t i n g  the  v a rio u s  p r in c ip le s  u t i l i z i n g  sim ple c a se s , I . e . ,  w ith  

l in e a r  demand fu n c tio n s , ig n o rin g  c o s ts  so th a t  m axim ization of p r o f i t  

Is  eq u iv a le n t to  m axim ization of revenue, e t c . .  Bach i s  follow ed by a 

sunmary o f the  r e s u l t s  in  the  more g en era l o r complex s i tu a t io n s ,  to ­

g e th e r w ith  a c i t a t i o n  of the  source where a comprehensive a n a ly s is  i s  

c a r r ie d  out and the  p roo fs developed.

The N a tu ra l Monopoly T hesis 

Since com petition  among e le c t r i c  u t i l i t i e s  i s  unworkable and 

would e v en tu a lly  lead  to  the  development of monopoly, e l e c t r i c  u t i l i t i e s  

a re  r e f e r r e d  to  as " n a tu ra l"  m onopolies. T heir o u ts tan d in g  economic 

c h a r a c te r i s t i c  i s  th a t  they opera te  a t  g re a te s t  e f f ic ie n c y  when being 

the  so le  su p p lie rs  in  p a r t i c u la r  m arkets . S ig n if ic a n t  arguments have 

been advanced to  defend t h i s  unique r e s u l t .

F i r s t ,  th e re  a re  unden iab le  space l im i ta t io n s  which lab o r a g a in s t 

th e  m aintenance of com petition  in  th e  e l e c t r i c  power in d u s try . Overhead 

power l in e s  a re  u n s ig h tly  a t  b e s t ,  and i f  a community were served  by
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se v e ra l companies th e  a a a th a tlc  o ffen se  would be u n n acaaaarlly  m agnified . 

Underground condu ita  and cab lea  occupy choice  a i te a  in  m e tro p o litan  

a re a s .  I t  I s  n o t hard  to  Imagine the  many o b s tru c tio n a  th a t  would a r i s e

from an unnecessary  d u p lic a tio n  o f u t i l i t y  company f a c i l i t i e s —to rn
2

s t r e e t s ,  t r a f f i c  jam s, and so  on. Second, s tro n g  economic reasons 

a r i s in g  from the coo t of e s ta b l is h in g  an e f f i c i e n t  p roduction  firm  in  

r e l a t i o n  to  the s iz e  of th e  m arket, namely economies of sc a le  and econo­

mies of u t i l i s a t i o n ,  a ls o  suppo rt the n a tu ra l  monopoly th e s i s .

As noted In  C hapter 1 , the  economies o f la rg e  s c a le  p roduction  

in  the  e l e c t r i c  power In d u s try  a re  so g re a t t h a t ,  o th e r  th in g s  eq u a l, 

th e  la rg e r  th e  firm  th e  lower a re  u n i t  c o s ts  o f p ro d u c tio n . A firm  

using  a sm all p la n t  would n o t be ab le  to  compete w ith  a firm  using  a
3

la rg e  p la n t .  Furtherm ore, assuming th a t  th e  s iz e  Is  f ix e d , average 

c o s ts  of p roduction  f a l l  a s  ou tpu t in c re a se s  because e l e c t r i c  u t i l i t i e s
4

have v e ry  h igh  f ix e d  c o s ts  and r e l a t i v e ly  low v a r ia b le  c o s ts .  The 

supp ly  o f  e l e c t r i c i t y  no t on ly  re q u ire s  expensive sp e c ia liz e d  c a p i ta l  

equipment b u t a ls o  e l e c t r i c  u t i l i t i e s  must m ain ta in  e x tra  cap a c ity  o r

2
Although norm ally r e fe r re d  to  as a p h y sica l and a e s th e t ic  o ffense  

th a t  can be avoided w ith  monopoly—a p ra c t ic e  follow ed h e re —excess dup­
l i c a t i o n  o f u t i l i t y  company f a c i l i t i e s  I s  an economic problem in  th e  area 
o f e x te r n a l i t i e s .  In  th i s  re s p e c t  c o n su lt Harold Demsetz, "Why Regulate 
U t i l i t i e s ? "  Jo u rn a l of Law and Economics (A p r il , 1968), pp. 62-63.

3
The more th an  quadruple in c re ase  In  average e l e c t r i c  p la n t  s iz e  

between 1947 and 1967 has r e s u l te d  In  lower u n i t  c o s ts  o f  p ro d u c tio n .
See U .S. F ed e ra l Power Conm lsslon, S team -E lec tric  P la n t C o n stru c tio n  
f ig ! t ao£ ABBlfil ProflMfctlgB Expenses t T V entv -F irst A m s j  gypplepjept -  
1968 (W ashington, D .C.: U .S . Government P r in tin g  O ff ic e , 1969), p . XXI.
With no s iz e  l im i ta t io n  y e t  In  s ig h t ,  th e  tren d  toward la rg e r  p la n t  
c a p a c i t ie s  la  expected  to  con tinue  through 1980.

A
"About 77 p e rcen t o f th e  t o t a l  c o a ts  o f p rov id ing  e l e c t r i c  a e r-  

v lc e  a re  f ix ed  c o s ts ;  the  rem ainlng 23 p e rcen t a re  v a r ia b le  c o s ts ."  
Vennard, The E le c t r ic  Powe r  B u sin ess , pp. 216-217.
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equipment In  o rder to  s a t i s f y  the  pssk  d m n d  on th s  syatsm . Ih s  unussd 

c ap a c ity  th a t  r e s u l t s  during  o ff-p eak  periods g ives e l e c t r i c  u t i l i t i e s  

an in ce n tiv e  to  lower t h e i r  p r ic e s  In  o rder to  Increase  s a l e s .  Thus 

economies o f u t i l i z a t i o n  a ls o  tend to  make com petition  u n s ta b le  in  the 

e l e c t r i c  power In d u s try .

To r e c a p i tu la te ,  th e  p re ssu re s  fo r  In c reas in g  o u tp u t and th e re ­

by d im inish  c o s ts , both in  the  sh o rt ru n  and in  th e  long ru n , a re  so 

g re a t th a t  every e f f o r t  would be made by firm s to  u n d e rse ll  r iv a l s  u n t i l  

a l l  com petition  had f in a l ly  d isap p ea red . B esides the  p r a c t ic a l  and 

a e s th e t ic  rea so n s , two com pelling economic arguments were g iven  fo r  the 

support of monopoly in  the  e l e c t r i c  power in d u s try : (a )  Because economies

of sc a le  a re  ve ry  s ig n i f ic a n t ,  the f i rm 's  long run  average c o s t curve 

d e c lin e s  over a wide range o f o u tp u t. Given m arket demand, the  ach iev ­

ing  o f low u n i t  c o s ts  and th e re fo re  low u n i t  p r ic e s  fo r  consumers depends 

upon the e x is te n ce  o f only one firm , (b ) Because of heavy fix ed  c o s ts ,  

the  f i rm 's  sh o rt run  average c o s t curve decreases  w ith  o u tp u t. While 

one e l e c t r i c i t y  su p p lie r  could take advantage o f economies o f u t i l i z a t i o n ,  

the  presence of a number o f  firm s would d iv id e  the  t o t a l  market and r e ­

duce the  s a le s  o f each com petito r. Each e l e c t r i c  u t i l i t y  would be 

pushed back up i t s  d e c lin in g  average c o s t cu rv e . Firms would under­

u t  i l i z e  t h e i r  f ix ed  c a p a c i t ie s ,  w ith  th e  consequence th a t  u n i t  c o s ts  and 

th e re fo re  e l e c t r i c i t y  r a te s  would n e c e s s a r ily  be h ig h .

These f in d in g s  a re  i l l u s t r a t e d  in  F igure  2 -1 . The demand (D) 

and m arginal revenue (MR) curves faced  by a ty p ic a l  e l e c t r i c  u t i l i t y  

to g e th e r  w ith  i t s  c o s t curves a re  ahown. Mote the  shape o f  both  the  

sh o r t tu n  (SAC) and long ru n  (LAC) average c o s t cu rv es, the l a t t e r  being 

com patible w ith  a homogeneous p roduction  fu n c tio n  o f degree g re a te r  than
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on*. Long run  e q u ilib riu m  re q u ire s  th a t  m argins 1 revenue be equal to  

long run  m arginal c o a t (IMC) and a ls o  to  sh o r t  run  m arginal co a t (SMC). 

Hence the  p r o f i t  maximising ou tpu t and p r ic e  a re  ^  and 7  re s p e c t iv e ly ,^

and

Su  
Az  
c
111

el
>
Ml

f

LAC

0

FIGURE 2-1

MONOPOLY COSTS AHD PRICING

th e  a p p ro p ria te  sc a le  o r c a p a c ity  la  rep re se n te d  by SACj* Suppose now 

th a t  ano ther e l e c t r i c  u t i l i t y  l a  e s ta b lis h e d  In  the community and th a t  

the  two firm s agree  to  share  the  m arket e q u a lly . That l a ,  a t  each pos­

s ib le  p r ic e ,  each w i l l  take  o n e -h a lf  th e  m arket demand. Thus, th e  demand 

curve fac in g  each of the  u t i l i t i e s  i s  g iven  by MR •  %D, and th e  a s s o c i­

a te d  m arginal revenue curve i s  g iven  by ^4R. F in a lly ,  assume th a t  the 

two firm s have id e n t ic a l  c o s t cu rv es. Each w i l l  now be of sm aller 

sc a le  SAC^, produce an o u tp u t q t , and charge a p r ic e  Pt . This p r ic e  i s

^ In  r e a l i t y  e l e c t r i c  u t i l i t i e s  do n o t fo llow  a p o lic y  o f  uniform  
p r ic in g  b u t charge d i f f e r e n t  p r ic e s  fo r  e l e c t r i c i t y  in  d i f f e r e n t  mar­
k e t s .  .T h is  p r a c t ic e ,  as exp la ined  in  Chapter I ,  may give r i s e  to  
p r ic e  d is c r im in a tio n , a su b je c t tr e a te d  in  the  next s e c t io n .
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h ig h er th en  th e  o r ig in a l ,  end so the  conauxaer i e  worse o f f  w ith o u t monop­

o ly  then  w ith  i t .

Price Discrimination

From th e  v iew poin t o f economics, i t  can be sa id  th a t  a s e l l e r  

p ra c t ic e s  p r ic e  d isc r im in a tio n  i f  th e  p r ic e s  he charges fo r  the v a rio u s  

u n i ts  o f h is  p roduct o r p roducts a re  no t p ro p o rtio n a l to  the  co a ts  o f 

p rov id ing  the u n i ts  so ld . S ta ted  d i f f e r e n t ly ,  d isc r im in a tio n  occurs 

when r a te s  a re  based upon v a r ia t io n s  in  demand, r a th e r  than  v a r ia t io n s  

in  c o s ts .  This p r a c t ic e ,  u n le ss  re g u la te d , in c re a se s  the  p r o f i t s  of any 

m onopolist and leads to  a m ia a llo c a tio n  o f  re s o u rc e s . In  g en era l th re e  

d i f f e r e n t  degrees of p r ic e  d isc r im in a tio n  can be Id e n t i f ie d :

A f i r s t  degree d isc r im in a tio n  would involve th e  charge of a 
d i f f e r e n t  p r ic e  a g a in s t a l l  th e  d i f f e r e n t  u n i ts  o f commodity, in  
such w ise th a t  the  p r ic e  exacted  fo r  each was equal to  th e  demand 
p r ic e  fo r  i t ,  and no consum ers' su rp lu s  was l e f t  to  the  b u y e rs . A 
second degree would o b ta in  i f  a m onopolist were a b le  to  make n  sep­
a ra te  p r ic e s ,  in  such w ise t h a t  a l l  u n i ts  w ith  a demand p r ic e  g re a te r  
than  x were so ld  a t  a p r ic e  x , a l l  w ith  a demand p r ic e  l e s s  th an  x 
and g re a te r  than  y a t  a p r ic e  y , and so on. A th i r d  degree would 
o b ta in  i f  th e  m onopolist were ab le  to  d is t in g u is h  among h i s  custom ers 
n d i f f e r e n t  g roups, sep a ra ted  from one ano ther more o r l e s s  by some 
p r a c t ic a l  mark, and could charge a se p a ra te  monopoly p r ic e  to  the  
members o f each group.®

TWo co n d itio n s  a re  n ecessa ry  fo r  th i r d  degree d is c r im in a tio n .^  

F i r s t ,  the  m onopolist must be a b le  to  keep the  m arkets s e p a ra te . I f  he 

canno t, h is  p roduct w i l l  be purchased in  th e  lower p r ic e  m arket (assum­

ing  a two m arket s i tu a t io n )  and re so ld  In  th e  m arket w ith  the  h ig h er

*A. C. F igou, The Economics of W elfare (4 th  e d .;  London: Macmillan
and C o., L td . ,  1950), p . 279.

7
The theo ry  o f  t h i s  type o f  d is c r im in a tio n  was developed by Joan 

Robinson in  her Economics o f  TT f Compet i t i on (London; M acmillan 
and C o., L td .,  1933), pp . 179-206. The d isc u ss io n  above i s  a summary 
e x p o s itio n  o f  her r e s u l t s .
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p r ic e .  E v en tu a lly  th e  p r lc e e  In  the  two m arkets w i l l  become e q u a l. 

Second, th e  e l a a t l d t y  o f  demand (e )  a t  each p r ic e  le v e l  (7) most d i f f e r  

between th e  two m arketa . Igno ring  coata  fo r  a moment, th e  m onopolist 

w i l l  always be ab le  to  Increaae  p r o f i t s  by s e l l in g  an a d d itio n a l u n i t  

in  the  m arket w ith  the  h ig h e r m arginal revenue (MR). This im p lies th a t  

he should d i s t r ib u te  h is  ou tpu t between the  two m arkets in  such a way 

th a t  m arginal revenue la  eq u a liz ed , I . e . ,  p r o f i t  m axim ization re q u ire s  

th a t

MRi -  P j ( l  -  1 /e t f  -  MR2 -  P2<1 " l /®2>

where the  su b s c r ip ts  1 and 2 r e f e r  to  th e  two d i s t i n c t  m arkets . I f  the  

e l a s t i c i t i e s  of demand a r e  th e  same In  the  m arkets , « P2 and so th e re  

Is  no p r ic e  d isc r im in a tio n .

Adding c o s ts  to  the  a n a ly s is , th e  t o t a l  ou tpu t under th i r d  degree 

d isc r im in a tio n  i s  determ ined by equating  the  m arginal c o s t o f the whole
j

ou tpu t (MC) w ith  aggregate  m arginal revenue (AMR) and th e re fo re  w ith 

th e  m arginal revenue in  each m arket, i . e . ,  MC "  AMR "  MRj *» MR2 . The 

AMR curve i s  ob ta ined  by summing h o r iz o n ta l ly  MR̂  and MR2 . F igure  2-2 

d e p ic ts  th ese  r e s u l t s  and compares them w ith  those  of uniform  o r  sim ple 

monopoly p r ic in g . and D2 a re  the  demand curves in  the  two m arkets 

and SAR ■ AD i s  th e  sim ple m o n o p o lis t 's  average revenue o r aggregate 

demand (h o r iz o n ta l  sunanatlon of and D2) . SMR is  the  m arginal curve 

to  AD o r sim ple m o n o p o lis t 's  m arginal revenue. I t  co in c id es w ith  AMR 

except fo r  a sm all t r ia n g u la r  p a r t .  EAR i s  the average revenue curve 

o f th e  d isc r im in a tin g  m onopolist and g iven  AMR and SMR, i t  must l i e  above 

SAR -  AD.

In  o rder to  maximize p r o f i t s  the  sim ple m onopolist w i l l  produce



ou tpu t q| t  a t  which MC ■ SMR. He w il l  charge a uniform  p r ic e  Pa s e l l in g  

q^a In  th e  f l r 8t  market and q28 In  the  second. The th i r d  degree d i s ­

c rim in a tin g  m onopolist w i l l  produce o u tp u t q^ and charge p r ic e s  and
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FIGURE 2-2

THIRD DEGREE DISCRIMINATION AND SIMPLE MONOPOLY PRICING

Q
1*2 1° m arkets 1 and 2 re s p e c t iv e ly . The corresponding  q u a n ti t ie s  so ld  

a re  q^d and qg^. In  r e la t io n  to  the  sim ple m onopo list, th e  d isc r im in a t­

ing one earn s a g re a te r  p r o f i t  by charg ing  a h ig h e r p r ic e  and s e l l in g

a sm a lle r amount In  the  m arket whose demand la  le s s  e l a s t i c  a t  P (m arkets
2) and charg ing  a lower p r ic e  and s e l l in g  a g re a te r  amount in  the  market

whose demand a t  P i s  more e l a s t i c  (m arket 1 ) .  A la rg e r  p r o f i t  i s  ob-8
v lous s in ce  a t  th e  eq u ilib riu m  t o t a l  o u tp u t, th e  d if fe re n c e  between

Q
The t o t a l  o u tp u ts  under th i r d  degree d is c r im in a tio n  ( q . )  and 

sim ple monopoly (qs ) a re  the  same in  t h i s  example because o f the  use of 
s t r a ig h t  l in e  demands and th e  a b i l i t y  o f  the  m onopolist to  se rve  both 
m arkets under uniform  p r ic in g .
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average revenue and th e  common average c o s t  (AC) le  g re a te r  fo r  th e  

d isc r im in a tin g  m onopolist than  fo r  th e  sim ple m onopo list.

A d e ta i le d  comparison o f sim ple monopoly and th i r d  degree d i s ­

c rim in a tio n , u s in g  the type o f a n a ly s is  i l l u s t r a t e d  above, le a d s  to  the  

fo llow ing  co nclu sions:

(a )  t o t a l  ou tpu t i s  la rg e r  under th e  l a t t e r  when n e i th e r  market 

can be served under uniform  monopoly p r ic in g  b u t both can under th ird  

degree d is c r im in a tio n . This s i tu a t io n  may a r i s e  i f  the  long run  average 

c o s t curve l i e s  above the aggregate  demand curve throughout the  range

of p o ss ib le  o u tp u ts  but below th e  d isc r im in a tin g  average revenue curve 

fo r  some o u tp u ts . Under uniform  p r ic in g  th e  m onopolist would s u f f e r  

lo sse s  b u t under th i r d  degree d is c r im in a tio n  he could e i th e r  break  even 

o r make a p r o f i t .  Hence, ou tpu t under d isc r im in a tio n  would be g re a te r
Q

by the  f u l l  amount of the f i rm 's  o u tp u t;

(b ) w ith  two m arkets, t o t a l  ou tpu t i s  always la rg e r  under th ird  

degree d isc r im in a tio n  when only  the  m arket w ith  th e  le s s  e l a s t i c  demand 

can be served under uniform  monopoly p r ic in g  b u t both m arkets can be 

served  under th i r d  degree d is c r im in a tio n . 10 Furtherm ore, i f  m arginal 

c o s t  i s  e i th e r  c o n s tan t o r  f a l l in g  the  d isc r im in a tin g  m onopolist w i l l  

charge re s p e c tiv e ly  the  same o r a lower p r ic e  th an  th e  sim ple m onopolist 

in  the  common m arket. In  th i s  c a se , and a ls o  in  (a) above, th i r d  degree 

d isc r im in a tio n  i s  c le a r ly  b e n e f ic ia l  in  th a t  i t  y ie ld s  a la rg e r  ou tpu t 

and th e  same or lower p r ic e s  to  some o r a l l  custom ers, w ith  h ig h e r p r ic e s  

to  none; 11

9Robinaon, Ecoponlsf. <g£ Imperfect C om petition, p . 203.

10I b i d . ,  p p . 189-190.

U I b id . ,  pp . 204-205.
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(c) i f  both m arkets can be served  under uniform  monopoly and

th ird  degree d isc rim in a to ry  p r ic in g , i t  can be proved th a t

. . . t o t a l  ou tpu t under d isc r im in a tio n  w i l l  be g re a te r  or le s s  
th an  under sim ple monopoly acco rd ing  a s  the more e l a s t i c  of the 
demand curves in  the  se p a ra te  m arkets i s  more o r le a s  concave 
than  the le s s  e l a s t i c  demand curve; and th a t  th e  t o t a l  output w il l  
be the same I f  the  demand curves a re  s t r a ig h t  l in e s ,  o r Indeed in  
any o th e r case in  which the  c o n c a v itie s  a re  eq u a l.

The s t r a ig h t  l in e  demand case i s  the  one p ic tu re d  in  F igu re  2 -2 ;

(d) when th re e  or more m arkets a re  considered , the  f a c t  th a t  a

g re a te r  number are  served under th i rd  degree d isc r im in a tio n  than  under

uniform  monopoly p r ic in g  does n o t n e c e s s a r ily  mean th a t  ou tpu t i s  la rg e r

under th e  form er. The shapes and p o s it io n s  of th e  demand curves in  the

se v e ra l m arkets determ ine which type of p r ic in g  w i l l  y ie ld  the  la rg e r  
13o u tp u t. ■'

The theo ry  o f th ird  degree d isc r im in a tio n  can be used to  r a t io n ­

a l iz e  p a r t i a l l y  p r ic in g  by e l e c t r i c  u t i l i t i e s .  The companies e re  ab le  

to  d iv id e  custom ers in to  th re e  main groups o r c la s s e s :  r e s id e n t ia l ,

commercial, and in d u s t r ia l .  Moreover, the  e l a s t i c i t y  of demand in c re ases  

when moving acro ss  these  groups in  th a t  o rd e r . I n d u s t r ia l  demand Is  

more e l a s t i c  than  conm erclal o r r e s id e n t ia l  demands r e f le c t in g  th e  f a c t  

th a t  in d u s t r ia l  customers may f in d  i t  p o ss ib le  n o t only  to  use s u b s t i ­

tu te  sources o f energy bu t to  genera te  th e i r  own e l e c t r i c i t y .  Thus, i t  

i s  argued th a t  th is  ex p la in s why th e  r a te s  charged by th e  u t i l i t i e s  in  

g enera l decrease  when moving from r e s id e n t ia l  to  commercial to  In d u s tr ia l  

custom ers.

12I b id . ,  p . 190.

13Merton H. M ille r , "P ric e  D isc rim ina tion  in  the  Railway In d u stry "  
(unpublished  Ph.D. d i s s e r t a t io n ,  Johns Hopkins U n iv e rs ity , 1952), pp. 
140-142.
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But e l e c t r i c  u t i l i t i e s  do n o t Impose a s in g le  and d i f f e r e n t  r a te  

to  each c la s s  h u t a schedule of r a t e s .  The r a t e  schedule a p p lic a b le  

to  each c la s s  u su a lly  o f fe r s  th e  in d iv id u a l custom er In  i t  a g raduated , 

descending sc a le  o f p r ic e s  fo r  Increm ental b locks of se rv ic e  taken .

For example, a ty p ic a l  monthly r a te  schedule fo r  r e s id e n t ia l  custom ers 

i s  as fo llow s: the  f i r s t  20 k ilo w a tt-h o u rs , 6$ p e r k ilo w a tt-h o u r; the

n ex t 50 k ilo w a tt-h o u rs , 5$ per k ilo w at-h o u r; the next 130 k ilo w a tt-  

hou rs, 3C per k ilo w a tt-h o u r; and over 200 k ilo w a tt-h o u rs , 1 .5c p e r^ k ilo ­

w a tt -h o u r. This type of p r ic in g  c o n s t i tu te s  b lock  or second degree 

d i s c r im in a t io n .^

F igure 2-3 i l l u s t r a t e s  th is  s o r t  o f d isc r im in a tio n  fo r  a monopo­

l i s t  w ith  zero  m arginal c o s ts  and lim ite d  to  charging  th re e  d i f f e r e n t  

p r ic e s  in  a market whose demand i s  rep re se n te d  by the s t r a ig h t  l in e  PQ.

The m onopolist w i l l  levy  p r ic e s  OP  ̂ -  <3 /4 )OP fo r  ou tpu t OQj, 0P2 -  %QP 

fo r  ou tpu t QjQ2 , and OP3 -  fcOP fo r  ou tpu t Q2Q3 (°Qi> QjQ2 » and Q2Qg 

each equals %0Q) which maximize t o t a l  revenue TR -  + QiAjX2Q2 +

Q2A2X3Q3 su b je c t to  th e  co n d itio n  th a t  OP  ̂>  OP2 >  OP3, and th a t  each 

p a i r  o f p r ic e -o u tp u t p o in ts  i s  on the demand l i n e .  Note th a t  th e  sim ple 

monopoly p r ic e  in  th is  case i s  0P2 and th a t  the  corresponding ou tpu t 

OQ2 i s  le s s  th an  OQ3 , the  t o t a l  ou tpu t achieved under b lock  d isc rim in a ­

t io n .  In  term s of the m arginal co n d itio n s  fo r  t o t a l  revenue m axim ization, 

OP  ̂ must be s e t  a t  the  ou tpu t a t  which m arginal revenue 3 i s  equal to  

th e  m arginal c o s t o f t o t a l  o u tp u t; OP2 a t  the  ou tpu t a t  which m arginal

14The theo ry  o f th i s  k ind  o f d isc r im in a tio n  was developed by Ralph 
K irby Davidson in  h i s  f r lg f .  D isc rim ina tion  S e llin g  £ u  jn g  E le c t r i c ­
i ty  (B a ltis io re : Johns Hopkins P re s s , 1955), pp. 27-37. The d isc u ss io n
above aunuarizes h is  f in d in g s .
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revenue 2 Is  equal to  OP^; and OP  ̂ a t  th e  ou tpu t a t  which m arginal re v e ­

nue 1 i s  equal to  OP2 .

Hencet w ith  a th re e  p r ic e  schedule and under co n d itio n s  of zero  

m arginal co s ts  and a s t r a ig h t  l in e  demand, " th e  p r ic e s  a re  e q u id is ta n t  

from each o th e r  and th e  b locks of ou tpu t a sso c ia te d  w ith  each p r ic e  a re  

equal to  each o th e r  and equal to  o n e -fo u rth  o f  the  t o t a l  amount the 

consumers would buy i f  a uniform  p r ic e  equal to  m arginal c o s t  were s e t . "  

For n p r ic e s  under the  same c o n d itio n s , "every b lock  w i l l  be o f  equal 

s iz e  and equal to  l / ( n f l )  tim es the q u a n tity  bought a t  a uniform  p r ic e


