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ABSTRACT

THE RELATION BETWEEN ORGANIZATIONAL SIZE AND TECHNICAL EFFICIENCY 
IN EIGHT MICHIGAN ELECTRIC UTILITIES

by

Gary Claude Chilson

The notion of an opt imal  s i z e  e x i s t s  f o r  e v e ry  o r g a n i z a t i o n .  

Economic  a n a l y s e s ,  h o w e v e r ,  which do n o t  s e p a r a t e  t e c h n i c a l  and 

pecuniary  c o n t r i b u t i o n s  t o  economies  o f  s c a l e ,  have f a i l e d  t o  f i n d  

e m p i r i c a l  e v id e n c e  of  an optimum f i r m  s c a l e .  Focus ing  on techn ica l  

e f f i c i e n c y ,  t h i s  examination of  e i g h t  Michigan e l e c t r i c  u t i l i t i e s  found 

evidence of an optimum o rg an iza t io n a l  s i z e .

Defining techn ica l  e f f i c i e n c y  to  mean the  o r g a n i z a t i o n ' s  ene rgy  

u t i l i z a t i o n  e f f i c i e n c y  allowed the use of an energy a n a ly s i s  technique 

to  measure the e f f e c t  of  f irm s ize  on t e c h n i c a l  e f f i c i e n c y .  Data f o r  

each f i r m ' s  energy  i n p u t s  and o u t p u t s  were c o l l e c t e d  from published 

documents,  p e r s o n a l  i n t e r v i e w s ,  and a q u e s t i o n n a i r e  c o m p le ted  by a 

r ep re s e n ta t iv e  of the  u t i l i t y .  D i rec t  ( fu e l )  energy co s t s  a re  converted 

to  B r i t i s h  thermal u n i t s  ( B t u ' s ) .  I n d i r e c t  (goods and s e r v i c e s )  energy  

c o s t s  a r e  c o n v e r t e d  f rom  t h e i r  d o l l a r  expense  t o  B t u ' s  u s in g  an 

inpu t -ou tpu t  energy a n a ly s i s  techn ique .  These energy c o s t s  a re  averaged 

o v e r  t h e  f i v e  y e a r  t i m e  f r a m e  o f  t h e  s t u d y  and d i v i d e d  by t h e  

o r g a n iz a t io n ' s  average k i lo w a t t -h o u rs  sold  f o r  a m easure  o f  t e c h n i c a l  

e f f i c i e n c y  in B tu ' s  per  k i lo w a t t -h o u r  d e l ive red .

Due to  the small and non-random nature  o f  t h e  sample s e l e c t e d ,  

t h e  r e s u l t s  may n o t  be g e n e r a l i z e d  t o  t h e  p o p u l a t i o n  of  e l e c t r i c
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u t i l i t i e s  as  a whole .  For  t h e  sample exam ined ,  however, a U-shaped 

energy e f f i c i e n c y  curve b e s t  d e s c r i b e d  th e  o b s e rv e d  d a t a  f o r  o v e r a l l  

t e c h n i c a l  e f f i c i e n c y .  The o r g a n i z a t i o n ' s  o pera t ions  energy e f f i c i e n c y  

was a l so  found to  be s i g n i f i c a n t l y  r e l a t e d  to  o rg an iza t io n a l  s iz e  and i s  

b e s t  d e s c r i b e d  by an a s c e n d i n g  l o g a r i t h m i c  c u r v e .  D i s t r i b u t i o n  

e f f i c i e n c y ,  however, was not d ep e n d e n t  on o r g a n i z a t i o n a l  s i z e ;  i t  i s  

r e l a t e d  t o  t h e  o r g a n i z a t i o n ' s  d i s t r i b u t i o n  d e n s i ty ,  or  customers per 

mile of l i n e ,  and i s  b e s t  descr ibed  by a d e s c e n d in g  a s y m p t o t i c  c u r v e .  

N e i t h e r  power p l a n t  s i z e  o r  age were s i g n i f i c a n t l y  r e l a t e d  to  power 

p l a n t  e f f i c i e n c y .

I t  i s  co n c lu d e d  t h a t ,  f o r  t h e  u t i l i t i e s  examined, an optimal 

s iz e  e x i s t s  fo r  t echn ica l  e f f i c i e n c y .  Th is  c o n c l u s i o n  r e i n f o r c e s  t h e  

n e e d  t o  e x p l o r e  t h e  i m p l i c a t i o n s  o f  an optimum t e c h n i c a l  s i z e  f o r  

economic o rgan iza t ions  in  g enera l .



ACKNOWLEGMENTS

Numerous persons i n c l u d i n g  u t i l i t y  r e p r e s e n t a t i v e s ,  f a c u l t y ,  

d e p a r tm e n t  s t a f f  and s tu d en ts  co n t r ib u te d  to  th e  successfu l  completion 

of t h i s  d i s s e r t a t i o n .  I am p a r t i c u l a r l y  indebted to  Mr. Ron B u l t h i u s ,  

D i r e c t o r  o f  R e g u la to ry  and Data Research, Consumers Power Company, fo r  

h i s  a s s i s t a n c e  in  d e s i g n i n g  t h e  q u e s t i o n n a i r e  used  t o  c o l l e c t  t h e  

n e c e s s a r y  d a t a .  Dr. P e te r  Kakela,  my major p ro fe s so r ,  and the  members 

o f  my g r a d u a t e  co m m it tee  a l s o  d e s e r v e  s p e c i a l  t h a n k s  f o r  t h e i r  

en co u ra g e m e n t ,  a d v i c e ,  and h e l p f u l  comments.  I t  i s  t o  my w ife  and 

family ,  however, t h a t  I owe my h e a r t f e l t  thanks.  Their  suppor t  o f  bo th  

my body and mind enabled me to  accomplish t h i s  achievement.



TABLE OF CONTENTS

L i s t  of F ig u re s ...................................................................................   v i i

L i s t  of Tables ............................................................................................................. v i i i

Chapter One: I n t r o d u c t i o n ....................    1

A Notion........................................................................................................  1

Goal and O b je c t iv e s ...............................................................................  2

Chapter One N otes ....................................................................................  4

Chapter Two: An A l t e r n a t iv e  P e r s p e c t iv e .....................................................  5

Economies of S c a le ....................................................................   5

Economies of  P lan t  S c a le ................................................... 5
Economies of Firm S c a l e .  .................    .7
Technical and Pecuniary C o n t r ib u t io n s ......................  10

An A l te rn a t iv e  P e r s p e c t i v e ................................................................  11

Energy Economies of  S c a le ................................................. 12
A Caveat ......................................................................................  13

Chapter Two Notes .................................................................................... 15

Chapter Three: The Problem..................................................................................  16

Focus............................................................................................................... 16

H is to r i c a l  P e r s p e c t i v e .......................................................  17
Economic P e r s p e c t iv e .....................................   19

S ig n i f ican ce  of  Study...........................................................................  21

A Changing Environment................................................  23
Adaptive S t r a t e g i e s .............................................................. 24

Chapter Three Notes ................................................................................ 27

Chapter Four: Conceptual D e f i n i t i o n s ............................................................ 29

Organizat ional  S i z e ................................................................................ 29

Technical E f f i c i e n c y .............................................................................  31

Chapter Four N otes .................................................................................. 34

i v



Chapter Five: Methods............................................................................................. 35

Se lec t ion  of  Analy t ic  Technique.....................................................  35

System Boundaries ..................................................................  35
Survey Inst rument Design................................................... 37

Input-Output A n a ly s is ...........................................................................  38

S e lec t ion  of  S e c t o r s ...........................................................  40
Energy Content C o r r e c t io n s ..............................................  41

Se lec t ion  of S u b je c t s ........................................................................... 46

S t a t i s t i c a l  A n a ly s is .............................................................................  47

L im i ta t io n s .................................................................................................  49

Chapter Five Notes .................................................................................  51

Chapter Six: Resul ts  and A n a ly s is ..................................................................  53

The Independent V a r i a b l e s ..................................................................  53

Organizat ional  S i z e .............................................................. 53
D is t r i b u t io n  D ens i ty ...........................................................  55
System P la n t  Age....................................................................  55
P lan t  Size and Age................................................................ 56

The Dependent V a r i a h l e s ....................................................................... 56

Total Power E f f i c i e n c y .......................................................  56
D i s t r i b u t i o n  E f f i c i e n c y ..................................................... 58
Operat ions E f f i c i e n c y .........................................................  58
Overall  E f f i c i e n c y ................................................................ 60
Production E f f i c i e n c y .........................................................  60
Power P l a n t  Overall  E f f i c i e n c y .....................................  60
Power P lan t  Production E f f i c i e n c y .............................. 61
Power P l a n t  Operat ions E f f i c i e n c y ..............................  61

Analysis  and Discuss ion of R e s u l t s ..............................................  63

Overall  E f f i c i e n c y ................................................................ 63
Total Power E f f i c i e n c y .......................................................  66
Production E f f i c i e n c y .........................................................  70
D is t r i b u t io n  E f f i c i e n c y ..................................................... 73
Operations  E f f i c i e n c y ..........................................v ............  76
System P lan t  Age....................................................................  78
Power P l a n t  Overall  E f f i c i e n c y . . .................................  80
Power P la n t  Production E f f i c i e n c y ................   82
Power P l a n t  Operat ions E f f i c i e n c y .......................   84
Power P la n t  Age......................................................................  85

Chapter Six Notes .................................................................................... 88

v



Chapter Seven: Summary and Recommendations..............................................  89

Summary of  Problem.................................................................................  89

Summary of Conclus ions ........................................................................  93

Recommendations........................................................................................  94

A Final Word............................................................................................... 97

References C i te d ...................................   98

Appendix........................................................................................................    181

vi



LIST OF FIGURES

Figure  1. The long-run average c o s t  curve as an envelope
curve con ta in ing  the  minimum po in ts  of success ive  
sh o r t - ru n  average c o s t  cu rv es .................................................... 6

Figure  2. A hypo the t ica l  long run average c o s t  curve with
techn ica l  and pecuniary c o n t r ib u t io n s  s e p a ra te d   11

Figure 3. The shape of the  proposed energy economy of sca le
cu rve .......................................................................................................... 13

Figure 4. The p r ic in g  problem in an i n c r e a s i n q - r e t u r n s - t o -
sca le  i n d u s t r y ...................................................................................... 17

Figure 5. An economic model of how two d i f f e r e n t  companies 
on d i f f e r e n t  sh o r t - ru n  average c o s t  curves ,  y e t
producing a t  the  same output  l e v e l ,  w i l l  have
d i f f e r e n t  average c o s t s .................................................................  65

Figure 6. Overall e f f i c i e n c y  and b es t  f i t t i n g  polynomial
eq u a t io n ...................................................................................................  66

Figure 7. Total power e f f i c i e n c y  and b e s t  f i t t i n g  polynomial
e q u a t io n ...................................................................................................  70

Figure 8. Production e f f i c i e n c y  and b es t  f i t t i n g  polynomial
e q u a t io n ...................................................................................................  72

Figure 9. D is t r i b u t io n  e f f i c i e n c y  a g a in s t  u t i l i t y  s i z e ...................... 74

Figure 10. D i s t r i b u t io n  e f f i c i e n c y  and the  s e le c te d  asymptotic
eq u a t io n ...................................................................................................  76

Figure 11. Operations e f f i c i e n c y  and bes t  f i t t i n g  logar i thm ic
eq u a t io n ...................................................................................................  78

Figure  12. No r e l a t i o n s h i p  between system p la n t  age and
production e f f i c i e n c y ......................................................................  79

Figure 13. Power p l a n t  o v e ra l l  e f f i c i e n c y  and b es t  f i t t i n g
logar i thm ic  e q u a t io n ......................................................................... 81

Figure  14. Power p l a n t  product ion e f f i c i e n c y  and b e s t  f i t t i n g
logar i thmic  e q u a t io n ......................................................................... 83

Figure 15. Power p l a n t  o p e ra t io n s  e f f i c i e n c y  and b e s t  f i t t i n g
logar i thm ic  eq u a t io n ......................................................................... 86

Figure  16. No r e l a t i o n s h i p  between power p l a n t  age and power
p la n t  o v e ra l l  e f f i c i e n c y ................................................................  87

v i i



LIST OF TABLES

Table 1. Conversion f a c t o r s  employed............................................................. 39

Table 2. Selected Bureau of  Economic Analysis s e c to rs
and t h e i r  corresponding energy con ten t  values 
per  1972 d o l l a r ........................................................................................  42

Table 3. Total energy consumed, gross  nat ional  product
and the energy d e f l a t o r  c a lc u la t e d  to  c o r r e c t  
energy c o n ten t  values fo r  conservat ion  s t r a t e 
g ies  employed s in c e  1972....................................................................  44

Table 4. Pr ice  d e f l a t o r s  used to  c o r r e c t  c u r re n t  expen
d i tu r e s  fo r  i n f l a t i o n  s ince  1972................................................... 45

Table 5. Example of i n f l a t i o n  and energy conservat ion
c o r re c t io n  employed...............................................................................  45

Table 6. Quali fying s t a t i s t i c s  of the p a r t i c i p a t i n g
e l e c t r i c  u t i l i t i e s .................................................................................  48

Table 7. The u t i l i t y - b a s e d  independent  v a r i a b l e s ................................... 54

Table 8. Spec i f ic  p la n t -b a se d  independent v a r i a b l e s ............................  57

Tahle 9. System energy c o s t s :  th e  dependent v a r i a b l e s ........................  59

Table 10. P lan t  energy c o s t s :  the dependent v a r i a b l e s ..........................  62

Table 11. Overall e f f i c i e n c y  s t a t i s t i c s ......................................................... 64

Tahle 12. Overall e f f i c i e n c y  s t a t i s t i c s  based on the
four most e f f i c i e n t  u t i l i t i e s  examined......................................  66

Table 13. Total power e f f i c i e n c y  s t a t i s t i c s ................................................ 68

Table 14. Total power e f f i c i e n c y  s t a t i s t i c s  based on
the  four  most e f f i c i e n t  u t i l i t i e s  examined.............................  69

Table 15. Production e f f i c i e n c y  s t a t i s t i c s ..................................................  71

Table 16. D is t r ib u t io n  e f f i c i e n c y  s t a t i s t i c s ......................................   75

Table 17. Operations e f f i c i e n c y  s t a t i s t i c s ..................................................  77

Table 18. System p lan t -a g e  s t a t i s t i c s .............................................................  79

Table 19. Power p l a n t - o v e r a l l  e f f i c i e n c y  s t a t i s t i c s ...............................  81

Table 20. Power p i a n t -p ro d u c t io n  e f f i c i e n c y  s t a t i s t i c s ........................  83

vi i i



Tahle 21. Power p i a n t -o p e ra t io n s  e f f i c i e n c y  s t a t i s t i c s ..........................  84

Table 22. Power p i a n t - o p e r a t io n s  e f f i c i e n c y  s t a t i s t i c s
excluding anomalous data p o i n t s .....................................................  85

Table 23. Power p la n t - a g e  s t a t i s t i c s .................................................................  86

Table 24. Summary of s t a t i s t i c a l  r e s u l t s ......................................................... 92

ix



CHAPTER ONE

INTRODUCTION 

A Notion'

In t o d a y ' s  i n d u s t r i a l  soc ie ty  we are condi t ioned  to  equate  big

with b e t t e r .  The general  assumption i s  t h a t  l a r g e - s c a l e  u n d e r t a k i n g s

a r e  i n h e r e n t l y  more e f f i c i e n t  than smal ler  ones. In f a c t ,  the  claim of  

e f f i c i e n c y  i s  commonly used to  j u s t i f y  b igness .

Yet in  t h e  h i s t o r y  o f  i d e a s  t h e  n o t i o n  o f  an optimal s iz e  i s  

bo th  a n c i e n t  and r e c u r r a n t .  A r i s t o t l e ^  may have begun the  recorded 

debate by c la iming t h a t :

To the  s iz e  of s t a t e s  th e r e  i s  a l i m i t ,  as th e r e
i s  to  o th e r  th in g s ,  p l a n t s ,  an imals ,  implements,
f o r  none o f  t h e s e  r e t a i n  t h e i r  n a t u r a l  power 
when they are  too l a rg e  or too small .

In Human S c a l e , K i r k p a t r i c k  Sale summarized two thousand yea rs  

o f  t h o u g h t  on t h e  s u b j e c t  o f  an optimal s i z e ,  drawing on such d iye rse  

and o f t e n  d i s p a r a t e  d i s c i p l i n e s  as  p h i l o s o p h y ,  p o l i t i c a l  and o t h e r  

soc ia l  s c iences  as well as the  na tura l  sc iences  such as phys ics ,  biology 

and m a t h e m a t i c s . ^  S a l e ' s  major focus was on the  human percep t ion  of 

s iz e  and the  s i  d e - e f f e c t s  of  l a r g e - s c a l e d  s t r u c t u r e s  and i n s t i t u t i o n s .  

Some o f  t h e  a d v e r s e  im p a c t s  he c i t e s  i n c l u d e  a l i e n a t i o n ,  a p a t h y ,  

absenteeism, reduced p r o d u c t iv i t y ,  innovation and c r e a t i v i t y  as  w el l  a s  

o th e r  psychological  a b e r a t i o n s .  S a l e ^ )  concludes  t h a t :

For every animal ,  o b j e c t ,  i n s t i t u t i o n  or  system, 
t h e r e  i s  an optimal l i m i t  beyond which i t  ought
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not to  grow.

Beyond t h i s  optimal s iz e ,  a l l  o th e r  elements of  
an animal ,  o b j e c t ,  i n s t i t u t i o n  o r  s y s te m ,  w i l l  
be a f f e c t e d  adverse ly .

Goal and Object ives

The p u rp o se  of t h i s  d i s s e r t a t i o n  was to  c o n s t ru c t  a t e s t  of the 

id e a  t h a t  o r g a n i z a t i o n s  can grow to o  b i g  and  t h u s  become e n e r g y  

i n e f f i c i e n t  i n  t h e  su p p ly  o f  goods and s e r v i c e s .  S ev e ra l  e l e c t r i c  

u t i l i t i e s  in Michigan were s e l e c t e d  as  t h e  o r g a n i z a t i o n s  t o  examine 

b e c a u s e :  1) t h e y  r e p r e s e n t  a broad range in o rgan iza t iona l  s i z e ;  2)

t h e i r  publ ic  na tu re  al lows access  to  t h e  n e c e s s a r y  d a t a ;  3) e l e c t r i c  

u t i l i t i e s  a re  presumed to  b e n e f i t  from economies of  s c a le ;  and, 4) t ime 

and funding c o n s t r a i n t s  p lus  the  need f o r  personal in te rv iew s  to  c o l l e c t  

some o f  t h e  d a t a  l i m i t e d  t h e  g e o g r a p h i c a l  d i s t r i b u t i o n  o f  th e  

o rgan iza t ions  to  be examined.

F o u r  o b j e c t i v e s  m u s t  be met  t o  a c h i e v e  t h e  goal o f  t h i s  

d i s s e r t a t i o n .  The f i r s t  i s  t o  g r a p h ic a l ly  r e p re s e n t  the  o v e r a l l  ene rgy  

e f f i c i e n c y  o f  e l e c t r i c  u t i l i t i e s  over a range of s ize s  broad enough to  

c a p t u r e  a d e s c r i p t i o n  o f  t h e  p r o p o s e d  r e l a t i o n s h i p .  The s e c o n d  

o b j e c t i v e  i s  to  a s c e r t a i n  the  r e l a t i o n s h i p ,  i f  any, between the s iz e  of 

the  o rgan iza t ion  and the  a s so c ia te d  energy c o s t s  of  opera t ion  (excluding 

p r o d u c t i o n  an d  d i s t r i b u t i o n  energy  c o s t s ) .  The t h i r d  and f o u r t h  

o b j e c t iv e s  seek to  determine the r e l a t i o n s h i p s ,  i f  any, between u t i l i t y  

s iz e  and the  energy c o s t s  of the  conversion and d i s t r i b u t i o n  of  e l e c t r i c  

power r e s p e c t iv e ly .

The rem ain ing  chap te rs  a re  organized to :  c l a r i f y  the  advantages



of  an e n e r g y - b a s e d  m easure  o f  an o r g a n i z a t i o n ' s  techn ica l  e f f i c i e n c y  

(Chapter I I ) ;  exp la in  the  s e l e c t io n  of  the e l e c t r i c  u t i l i t y  i n d u s t r y  as 

t h e  f o c u s  o f  t h i s  t e s t  c a s e  ( C h a p t e r  I I I ) ;  c o n c e p t u a l l y  d e f i n e  

o rgan iza t iona l  s iz e  and tech n ica l  e f f i c i e n c y  (Chapter IV); d e s c r i b e  t h e  

method used t o  a s s e s s  t e c h n i c a l  e f f i c i e n c y  (C h a p te r  V); p r e s e n t  the  

r e s u l t s  obtained (Chapter  VI) ;  f i n a l l y ,  t o  summarize t h e  c o n c l u s i o n s  

drawn and  make r eco m m enda t ions  on s u b s e q u e n t  avenues  o f  r e s e a r c h  

(Chapter VII) .
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(2) K i r k p a t r i c k  S a l e ,  Human S c a l e , (New York: Coward, McCann and 
Geoghegan, 1980).

(3) Sale ,  op. c i t .  p. 59.



CHAPTER TWO 

AN ALTERNATIVE PERSPECTIVE

ECONOMIES OF SCALE

Even i f  S a l e ' s  l i t a n y  o f  a d v e r s e  p h i lo so p h ica l ,  psychological  

and soc ia l  e f f e c t s  of s i z e  are  g ran ted ,  i t  may s t i l l  be to  our  economic 

o r  s o c i a l  a d v a n ta g e  to  s u f f e r  these  e f f e c t s  f o r  a g r e a t e r  t o t a l  r e tu rn  

on our l im i te d  r esou rces .  In s h o r t ,  the  advantage gained from economies 

of  sca le  may outweigh the perceived i l l  e f f e c t s  t h a t  r e s u l t .

Economies of P la n t  Scale

Econom ic  a n a l y s i s  i s  g e n e r a l l y  c o n s i d e r e d  to  be t h e  most  

powerful measure of optimal s i z e .  Here, A r i s t o t l e ' s  " n a t u r a l  po w er ,"  

when a s s o c i a t e d  w i th  a b e s t  o r  optimum s i z e ,  i s  analogous t o  the  low 

po in t  on an economist ' s  l o n g - ru n  a v e r a g e  c o s t  c u rv e  f o r  a p r o d u c t i o n  

u n i t .

The l o n g - r u n  a v e r a g e  c o s t  c u rv e  i s  an e n v e lo p e  c u rv e  t h a t  

con ta ins  the  minimum average c o s t  o f  a s e r i e s  o f  s h o r t - ru n  a v e ra g e  c o s t  

c u rv e s  ( s e e  F i g u r e  1 ) .  In t h e  s h o r t - ru n ,  the  f ixed  f a c t o r s  cannot be 

changed and diminishing marginal r e tu rn s  to  f ix e d  f a c t o r s  g e n e r a t e  t h e  

f a m i l a r  "U-shaped"  c u r v e  f o r  t h e  s h o r t - r u n  average c o s t  curve.  Over 

time,  however, the f ixe d  f a c t o r s  can be changed ( e . g . ,  e n l a r g i n g  p l a n t  

c a p a c i ty ) .  This c r e a t e s  a s e r i e s  of  s h o r t - ru n  average c o s t  c u r v e s . ^
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M o u r e  1 .  The l o n g - r u n  a v e r a g e  c o s t  cu rv e  as an e n v e lo p e  c u rv e  
c o n t a i n i n g  t h e  mini mum p o i n t s  o f  s u c c e s s i v e  s h o r t - r u n  a v e r a g e  c o s t  
c u r v e s .  (Redrawn from Robert H. Haveman and Kenyon A. Knopf, op. c i t .
p.  202).

A number of f a c t o r s  tend to  decrease  the  success ive  average c o s t  

curves as the  sca le  of product ion  in c r e a s e s .  For example, some f a c t o r s  

o f  production are  "lumpier" than  o th e r s  (a machine may not come in small 

g rada t ions  of  o u tp u t ) ,  c o s t s  p e r  u n i t  o f  i n p u t  may be l e s s  e x p e n s i v e  

when p u r c h a s e d  in  l a r g e r  am ounts ,  and e f f i c i e n c y  may be g a in e d  by 

inc reased  s p e c i a l i z a t i o n  in th e  d iv i s io n  of  l a b o r . T h e r e  i s  a l so  the 

f a c t  t h a t  the  volume of  phys ica l  o b je c t s  l i k e  c o n t a i n e r s ,  b u i l d i n g s  and 

v e h i c l e s  i n c r e a s e  w i th  t h e  t h i r d  power of  leng th  or  rad ius  and, th u s ,  

f a s t e r  than  the  ex te rna l  s u r f a c e  a r e a .  C o n s i d e r ,  a s  an i l l u s t r a t i o n ,  

t h a t  t h e  ex te rn a l  su r face  area of a cube i s  s ix  times  the  square of i t s  

leng th  and i t s  volume i s  the  leng th  cubed. As th e  len g th  i s  i n c r e a s e d ,  

t h e  volume i n c r e a s e s  a t  a f a s t e r  r a t e  t h an  does th e  ex te rna l  su rface



a r e a .  S ince  the  c o s t  a s so c ia t e d  with the  m a te r ia l s  and co n s t ru c t io n  of 

a f a c i l i t y  t e n d  t o  be r e l a t e d  t o  t h e  e x t e r n a l  s u r f a c e  a r e a ,  l a r g e r  

production u n i t s  have a g r e a t e r  volume o r  capac i ty  per  u n i t  c o s t .

E v en tua l ly ,  how ever ,  a minimum i s  r e a c h e d  in  t h e  s c a l e  o f  a 

p r o d u c t i o n  u n i t  beyond which s u c c e s s i v e  expansion leads  to  increased  

a v e ra g e  c o s t s .  T h e s e  i n c r e a s e d  c o s t s  due  t o  s c a l e  a r e  c a l l e d  

diseconomies and a re  gen e ra l ly  be l ieved  to  stem from the  increased  cos ts  

o f  managing the l a r g e r  f a c i l i t y .  In f a c t ,  as  t h e  e m p i r i c a l  e v id e n c e  

s u g g e s t s ,  t h e  p o i n t  o f  maximum e f f i c i e n c y  or  lowest  per  u n i t  co s t  in a 

s in g le  p l a n t  always appears  before  monopol is t ic  con tro l  of  th e  i n d u s t r y  

o c c u r s . (3)

Economies of Firm Scale

The d i s c u s s i o n  o f  economies  of  s c a l e  and i n d i v i d u a l  p l a n t s  

reviewed the  economic theory  and em pir ica l  e v id e n c e  t h a t  s u p p o r t s  t h e  

n o t i o n  o f  an o p t i m a l  s i z e  f o r  p r o f i t  m a x i m i z a t i o n .  But s c a l e  

c o n s id e ra t io n s  a t  the  f irm leve l  take  on a very d i f f e r e n t  a sp ec t  because 

t h e  f i r m ,  which may o p e r a t e  severa l  p l a n t s ,  i s  the sm al le s t  organized 

s y s t e m  o f  p r o d u c t i o n  l e g i t i m a t e l y  v i e w e d  a s  an  i n d e p e n d e n t  

decision-making u n i t .  Consider ing fi rm sc a le  then ,  S t e i n ^  says:

[T]here i s  s a id  to  be no problem of  diseconomies 
due t o  p l a n t  s i z e  b e ca u se  even assuming  t h a t  
d i s e c o n o m le s  o f  p l a n t  s c a l e  e x i s t  above some 
p o in t ,  g r e a t e r  o u t p u t  th a n  t h a t  p o i n t  p e r m i t s  
m ere ly  r e q u i r e s  r e p l i c a t i o n  o f  t h a t  e f f i c i e n t  
u n i t  as  o f t e n  as  n e c e s s a r y .  The i s s u e  t h u s  
r e d u c e s  i t s e l f  t o  d i s e c o n o m ie s  o f  f i r m  s c a l e  
when, f o r  exam ple ,  severa l  such optimum p la n t s  
a re  managed by a s in g l e  e n t e r p r i s e .

Economies  of  l a r g e - s c a l e  o r g a n i z a t i o n s  stem from a number of
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f a c t o r s .  Some o f  t h e s e  a re :  1) the  a b i l i t y  to  make th e  most of  scarce

managerial s k i l l s ;  2) the  a b i l i t y  to  r e c r u i t ,  t r a i n  and promote  s t a f f  

i n t e r n a l l y ;  3) the  a b i l i t y  to  spread r i s k  by d iv e r s i f y in g  i t s  products ;  

4) increased  market power through a d v e r t i s i n g ;  and ,  5) a l a r g e - s c a l e d  

o r g a n i z a t i o n  can f r e q u e n t l y  o b t a i n  lower  f i n a n c e  c o s t s  fo r  c a p i t a l .  

Nonetheless,  according to  Blaug, economic theory  main ta ins  t h a t  even a t  

the  level of  the  firm th e r e  i s  an optimal s i z e . ^

As in  d isec onom ies  o f  p l a n t  s c a l e ,  t h e  d i s e c o n o m ie s  o f  f i r m  

s c a l e  a r e  thought  to  a r i s e  from problems a s so c ia te d  with the  management 

o f  l a r g e ,  co m p le x  s y s t e m s .  Tow nsend^7 ) i l l u s t r a t e s  t h i s  by

suggest ing th a t :

[ L l a r g e  o r g a n iz a t io n s  may seem c h a ra c te r iz e d  by 
i n f l e x i b i l i t y ,  u n i m a g i n a t i v e n e s s ,  u n i f o r m i t y ,  
c o m p l e x i t y ,  r o u t i n e ,  s t r a t i f i c a t i o n ,  d e l a y ,  
d i s p e r s i o n ,  t i m i d i t y ,  u n r e s p o n s i v e n e s s ,  
o f f i c io u s n e s s ,  mediocr i ty  and s tag n a t io n .

As f i r m  s c a l e  i n c r e a s e s ,  a number o f  p r o b l e m s  may become 

apparent  including:  1) warehousing and inventory  con tro l  problems could

e s c a l l a t e ;  2) l a b o r  prob lems such a s  s p e c i a l i z e d  l a b o r  c o s t s ,  

a b s e n t e e i s m ,  s t r i k e s ,  g r i e v e n c e s  and a l i e n a t i o n  become major f a c t o r s ;  

3) locked-in  machine p rocesses  could make i n n o v a t i o n ,  f l e x i b i l i t y  and 

r e s p o n s i v e n e s s  t o  ch a n g in g  m ark e t  c o n d i t i o n s  more d i f f i c u l t ;  4) 

d i s t r i b u t i o n  co s ts  might i n c re a se  d i s p r o p o r t i o n a t e l y ;  and ,  5) t h e  r a t e  

o f  r e tu rn  should f a l l  as a consequence.

Yet  t h e  e m p i r i c a l  ev idence  i s  lack ing  to  support  o r  r e j e c t  the  

notion of  an optimal f i rm  s i z e .  Bain was u n a b le  t o  f i n d  e v id e n c e  o f  

s i g n i f i c a n t  economies of  s c a le  fo r  multi  pi a n t  f irms and Blaug was unable 

t o  c i t e  any evidence of  diseconomies of  firm s ize .^®»9  ̂ Summarizing the
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empirical  evidence,  Caves^10  ̂ claims th a t :

To t h e  b e s t  o f  ou r  knowledge,  no prob lem s of  
l a r g e - s c a l e  i n e f f i c i e n c i e s  e x i s t .  Sometimes the 
l a r g e s t  f irm in an indus t ry  seems to  have h igher  
co s ts  than some of  the  medium-s ized  o n e s .  But 
we can never t e l l  whether these  h igher  co s ts  are  
an i n e v i t a b l e  r e s u l t  o f  l a r g e  s i z e ,  o r  w h e th e r  
th e  la rg e  f irm i s  j u s t  p l a in  I n e f f i c i e n t ,  having 
l e t  i t s  c o s t s  g e t  a b o v e  t h e  minimum l e v e l  
a t t a i n a b l e  a t  t h a t  s c a le .

Normally, we assume t h a t  firms seek to  maximize t h e i r  r e tu rn s  as 

a bas is  fo r  an economic an a ly s i s  of  e f f i c i e n c y .  But t h i s  may n o t  be a 

v a l id  assumption because, as Galbra i th  sugges ts ,  managers of l a r g e - s c a l e  

co rpora t ions  wil l  cont inue  to  seek growth even i f  i t  i s  a t  t h e  expense  

o f  a h i g h e r  r a t e  o f  r e t u r n . I n s t e a d  of maximizing t h e i r  r e tu rn  on 

i n v e s t m e n t ,  t h e s e  managers  seek  only a s a t i s f a c t o r y  o r  t a r g e t  r a t e  of 

r e t u r n  ( s h a r e h o l d e r ' s  ex p ec ta t io n s  must be s a t i s f i e d ) .  Maximizing the  

r a t e  of  r e tu rn  f req u en t ly  incurs  a h ig h e r  l e v e l  o f  r i s k  th a n  t h e  r i s k  

found with only a s a t i s f a c t o r y  r a t e  of  r e tu rn .  Corporate managers might 

even seek to  minimize r i s k  w i th in  the  c o n s t r a i n t  of  a s a t i s f a c t o r y  r a t e  

o f  r e t u r n  by expending e f f o r t  on ob ta in ing  p o l i t i c a l  and economic power 

- -  an advantage of  l a r g e r  s i z e .

I t  i s  t h e r e f o r e  conceivable  t h a t ,  beyond a c e r t a i n  s c a le ,  gains  

made to  product ion e f f i c i e n c y  may b e g in  t o  s low ,  s t a b l i l i z e  and th e n  

d e c r e a s e  as  t h e  f i r m  e n la rg e s .  The inc reased  s i z e ,  however, cont inues  

to  increase  the f i r m ' s  economic power and these  gains  may mask t h e  l o s s  

i n  p r o d u c t io n  e f f i c i e n c y .  The growth process  becomes c y c l i c :  expending

some por t ion  of  the  f i r m ' s  economic power to  cap tu re  p o l i t i c a l  advantage 

i n c r e a s e s  t h e  f i r m ' s  economic power and f u r t h e r  masks the  d ec l in e  in  

product ion e f f i c i e n c y .
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Technical and Pecuniary Contr ibu t ions

S t e i n  d i s t i n g u i s h e s  t h e  two s o u r c e s  t h a t  c o n t r i b u t e  t o  

economies of  sca le :

N o t e  t h a t  i t  i s  p o s s i b l e  t o  r e g a r d  s c a l e  
e f f i c i e n c i e s  as composed of  two d i f f e r e n t  s o r t s :  
p e c u n i a r y  and t e c h n i c a l .  Pecuniary  economies 
( e . g .  c o s t  o f  c a p i t a l  may be l e s s  f o r  l a r g e  
s i z e d  bor row ers )  a re  here regarded as a r t i f a c t s  
of  the  economic system and t h u s  r e l a t e d  n o t  t o  
t h e  a b i l i t y  t o  supp ly  goods and se rv ice s  more 
e f f e c t i v e l y ,  g iven  i d e n t i c a l  o p p o r t u n i t y  and 
f a c t o r  c o s t s ,  b u t  t o  a b s o l u t e  s i z e  and th e  
b e n e f i t s  gained from i t .

While some pecuniary economies of sca le  may be l e g i t im a te  forms 

o f  economic power ,  such as low er  f i n a n c e  and  i n p u t  c o s t s ,  o t h e r  

p e c u n ia r y  economies  may be der ived from p o l i t i c a l  advantage and r e s u l t  

in the  e r e c t io n  o f  b a r r i e r s  t o  e n t r y .  Examples o f  t h e  l a t t e r  would 

i n c l u d e  t h e  a b i l i t y  o f  a l a r g e  o r g a n i z a t i o n  t o  a c q u i r e  s e l f - s e r v i n g  

r e g u la t io n s ,  s u b s i d i e s ,  t a r i f f s  and t a x  b r e a k s .  They a l s o  have th e  

pow er  t o  s u c c e s s f u l l y  b l o c k  t h e  e s t a b l i s h m e n t  of  such p o l i t i c a l  

advantages fo r  t h e i r  com pet i to rs .

C o n s e q u e n t l y ,  e v e n  i f  p r o d u c t i o n  o r  t e c h n i c a l  e f f i c i e n c y  

decreases beyond t h e  optimum s i z e ,  p e c u n i a r y  economies  o f  s c a l e  may 

continue to  in c rea se .  Economic a n a ly s i s  measures both the  technica l  and 

pecuniary c o n t r ib u t io n s  to g e th e r  and ca n n o t  d i s t i n g u i s h  between them. 

The r e s u l t  i s  t h e  i n a b i l i t y  t o  f i n d  an optimum s iz e  from an economic 

a n a ly s i s  (see Figure 2) .

In  o t h e r  w o r d s ,  be th ey  t e c h n i c a l  o r  p e c u n ia r y  in  n a t u r e ,  

economic a n a ly s is  t r e a t s  a l l  the  f a c t o r s  o f  p ro d u c t io n  e q u a l l y .  While 

t h i s  aggregation in an economic a n a ly s is  leads  to  important  in form at ion ,
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i t  does not address  the s p e c i f i c  problem of an optimum techn ica l  s i z e .

Output

Figure  2. A h y po the t ica l  long run average co s t  curve with techn ica l  and 
pecuniary c o n t r ib u t io n s  sepa ra ted .

to  supply  goods and s e r v i c e s  more e f f e c t i v e l y . . . . "  T r a d i t i o n a l l y ,  

e f f e c t i v e n e s s  i s  measured by an economic a n a ly s is  in  terms of c o s t  per  

u n i t  produced. But,  as d iscussed ,  an economic a n a ly s i s  cannot s e p a r a t e  

p e a u n ia r y  and t e c h n i c a l  c o n t r i b u t i o n s  t o  e c o n o m ie s /d i s e c o n o m ie s  of 

s c a l e .  R e d e f i n i n g  e f f e c t i v e n e s s  t o  mean e f f i c i e n c y  i n  e n e r g y  

u t i l i z a t i o n  t r a n s f o r m s  t h e  d e f i n i t i o n  o f  techn ica l  e f f i c i e n c y  in to  a 

physical  measure of  the  convers ion ,  d i s t r i b u t i o n  and o p e r a t i o n  p r o c e s s  

o f  an o r g a n i z a t i o n .  Thus ,  t h e  energy e f f i c i e n c y  of  conver t ing  in p u ts

TECHNICAL

TOTAL

An A l te rn a t iv e  Pe rspec t ive

S te in  def ined  tech n ica l  e f f
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i n t o  t h e  s u p p l y  o f  goods o r  s e r v i c e s  i s  one m easure  o f  t e c h n i c a l  

e f f i c i e n c y . The advantage gained from a focus on energy e f f i c i e n c y  i s  

t h e  a b i l i t y  t o  s e p a r a t e ,  e x p l i c i t l y ,  t h e  t e c h n i c a l  and p e c u n i a r y  

c o n t r ib u t io n s  to  the  long-run  average c o s t s  of  the  in d u s t r y .

Only one p r e v i o u s  a t t e m p t  has  been made to  compare f irm s c a le  

and energy e f f i c i e n c y  (and th e n  on ly  i n  p a s s i n g ) .  In a n a l y z i n g  t h e  

energy co s ts  in t h e  beverage in d u s t ry ,  H a n n o n ^ )  s t a t e s  t h a t :

I t  i s  i n t e r e s t i n g  to  compare the  b o t t l i n g  energy 
o f  t h e  m a jo r  u rban  b o t t l e r  w i th  t h e  s m a l l e r  
loca l  b o t t l e r .  The r a t i o  of s a le s  was a b o u t  10 
t o  1.  No 'energy econon\y of  s c a l e '  i s  noted as 
the  major b o t t l e r  u s e s  a b o u t  6 .3  p e r c e n t  more 
resource  energy per  ga l lon  of beverage. This i s  
due e n t i r e l y  to  the  f a c t  t h a t  the  major  b o t t l e r  
h a s  s i x  b u i l d i n g s  c o m p a r e d  t o  t h e  l o c a l  
b o t t l e r ' s  one and space  h e a t i n g  and l i g h t i n g  
account  fo r  a major share  of b o t t l i n g  energy.

Energy Economies of Scale

Given t h i s  p e r s p e c t i v e ,  a "U-shaped" lo n g -ru n  average energy 

c o s t  curve i s  proposed (see Figure  3) .  Decreasing energy c o s t s  per  u n i t  

p roduced  a r e  t h e  r e s u l t  o f  t e c h n i c a l  o r  thermodynamic e f f i c i e n c i e s  

g a in e d  by i n c r e a s i n g  s c a l e  up t o  t h e  optimum. T h e r e a f t e r ,  e n e r g y  

d i s e c o n o m i e s  o f  s c a l e  o c c u r  as  t h e  r e s u l t  o f  d i s p r o p o r t i o n a t e l y  

in c re a s in g  energy c o s t s  per  u n i t  produced.
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Figure 3. The shape of th e  proposed energy economy of sca le  curve.

A Caveat

T h is  exam ina t ion  of the p oss ib le  r e l a t io n s h ip  between firm s ize  

and energy e f f i c i e n c y  uses energy as a measureable i n d i c a t o r  of  a f i r m ' s  

t e c h n i c a l  e f f i c i e n c y .  T h is  does  n o t  mean t h a t  an energy s tandard  of 

value i s  proposed or  t h a t  a measurement of  energy c o s t s  i s  s u p e r i o r  to  

an economic v a lu a t io n .  As G eorgescu -R oegen^ )  c o r r e c t l y  i n s i s t s :

The economic  p r o c e s s  i s  e n t r o p i c  in  a l l  i t s  
f i b e r s ,  y e t  i t  c a n n o t  be r ed u ced  to  a v a s t  
the rm odynam ic  s y s t e m .  Economic  v a l u a t i o n  
p r o c e e d s  o v e r  a web of  a n th ro p o m o rp h ic ,  n o t  
p h y s i o c h e m i c a  1 , c a t e g o r i e s  - -  u t i l i t y ,  
d i s u t i l i t y ,  and d i s t r i b u t i o n .  No one, i t  must 
be e m p h a s i z e d ,  h a s  been  a b l e  t o  p r o v e  t h e  
ex i s t a n c e  of a general q u a n t i t a t i v e  r e l a t i o n s h i p  
between these  human a t t r i b u t e s  and t h e  en e rg y  
consumed or spent in t h e i r  production.

Unlike an energy a n a l y s i s ,  an economic a n a l y s i s  c a p t u r e s  t h e
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b e n e f i t s  and c o s t s  o f  p r o d u c t i o n  t h a t  a r e  e s s e n t i a l l y  i n v i s i b l e  in a 

physical  sense .  For example, increased  r ecyc l ing  o f  i ron  and s te e l  scrap 

i s  e n e r g e t i c a l l y  but not  economically f e a s i b l e J T h i s  i s  p a r t ly  the 

r e s u l t  o f  government p o l i c i e s  t h a t  encourage  t h e  o r e  t o  s t e e l  p r o c e s s  

o v e r  t h e  recy c l in g  process  through d isc r im ina to ry  f r e i g h t  r a t e s  and tax  

i n c e n t iv e s ,  as well as b iased  federa l  re se a rch ,  l a b e l i n g  r e q u i r e m e n t s ,  

and procurement p r a c t i c e s .

T h e se  p o l i c i e s  en co u rag e  t h e  o r e - t o - s t e e l  p r o c e s s  over  t h e  

s c r a p - t o - s t e e l  by i m p o s i n g  e c o n o m ic  i n c e n t i v e s  on t h e  one  and 

d i s i n c e n t i v e s  on the o th e r .  An economic a n a ly s i s ,  which inc ludes  these  

i m p o r t a n t  economic e f f e c t s ,  c o r r e c t l y  i d e n t i f i e s  t h e  e c o n o m i c a l l y  

s u p e r i o r  p r o c e s s  b u t ,  a t  t h e  same t im e ,  masks t h e  energy impacts of  

these  p o l i c i e s  from view. An energy a n a l y s i s ,  however, does not  measure 

t h e  i n f l u e n c e  of th ese  economic p o l i c i e s  because they do not c o n t r ib u te  

t o  t h e  e n e r g y  r e q u i r e m e n t s  o f  t h e  tw o  d i f f e r e n t  p r o c e s s e s .  

Consequently, energy a n a ly s i s  i s  a p a r t i a l  a n a ly s i s  which may be used to  

c l a r i f y  the  energy impacts of  a l t e r n a t i v e  economic p o l i c i e s .



15

CHAPTER TWO NOTES

(1) R o b e r t  H. Haveman and Kenyon A. Knopf, The Market System, Third 
E d i t io n ,  (New York: John Wiley and Sons, 19/8) p. 202.

(2) Haveman and Knopf, op. c i t . p. 233.

(3) See,  f o r  exam ple ,  R ic h a r d  Caves ,  American Indus t ry :  S t ru c tu r e ,
C o n d u c t ,  P e r f o r m a n c e ,  5 t h  e d i t i o n ,  ( En g l e wo o d  C l i f f s ;  
P r e n t i c - H a l l , I n c . ,  1982) pp. 23-24; Robert H. Haveman and Kenyon
A. Knopf, op. c i t . pp. 202-204; o r  Henry R. Seager and Charles  A.
Gu l i c k ,  T r u s t  and C o r p o r a t io n  P ro b lem s ,  (New York: Harper and
Brothers P u b l i sh e r s ,  1929) p. 76.

(4) B a r r y  S t e i n ,  S i z e ,  E f f i c i e n c y  a nd  Community E n t e r p r i s e , 
(Cambridge: Center  f o r  Community Economic development, 19/4) p. 5.

(5) Mark B l a u g ,  Economic Theory  in  R e t r o s p e c t , R ev ised  E d i t i o n ,  
(Homewood: Richard D. Irwin, I n c . ,  1968) p. 463 and a lso  p. 498.

(6) S te in ,  op. c i t . p. 5.

(7) Harry Townsend, S c a l e ,  I n n o v a t io n ,  Merger and Monopoly (London: 
Pergamon P re ss ,  1968) p. 21.

(8) Joe  S. Bain ,  "Economies of Scale ,  Concentrat ion and the  Condition 
o f  Entry  in  Twenty M a n u fa c tu r in g  I n d u s t r i e s , "  AER 44( 1):  15-39, 
March 1954.

(9) Blaug, op. c i t . p. 466.

(10) Caves, op. c i t . p.  72.

(11) John K. G a l b r a i t h ,  Economics and the  Public  Purpose, (New York: 
Houghton M if f l in  Co. 1973) pp. 7 / -8b .

(12) S te in ,  op. c i t . p. 95.

(13) B ru ce  Hannon,  " S y s t e m  Energy and R e c y c l in g :  A Study of  t h e  
Beve rage  I n d u s t r y , "  CAC Document No. 23,  (Urbana:  C e n te r  f o r  
Advanced Computation, u n iv e r s i t y  or I l l i n o i s ,  1972) p. 24.

(14) Nicholas Georgescu-Roegen, "Myths About Energy and M atte r ,"  Growth 
and Change 10(1.):16-22, January 1979. p. 16.

(15) B ru c e  Hannon and J .  B r o d r i c k ,  " S t e e l  R e c y c l in g  and Energy 
Conservat ion ,"  Science 216:485-491, April 1982.

(16) P e t e r  J .  K ak e la ,  " R a i l r o a d i n g  S c r a p , "  Environment 17(2) :27-33 ,  
March, 1975.



CHAPTER THREE

THE PROBLEM 

Focus

The e l e c t r i c  power in d u s t ry  was s e le c te d  to  t e s t  the  notion of 

an optimal fi rm s i z e  because e l e c t r i c  u t i l i t i e s  a re  presumed to  b e n e f i t  

from economies  o f  s c a l e .  I n d e ed ,  t h e  p roduc t ion  and d i s t r i b u t i o n  of  

e l e c t r i c  power i s  commonly be l ieved  to  be a good example o f  a n a t u r a l  

monopoly. Natural monopoly i n d u s t r i e s  enjoy in c reas in g  r e tu rn s  to  sca le  

up t o  o u tp u t s  r e l a t i v e l y  l a rg e  in  comparison to  market demand. ^  This 

i s  due to  a d e c r e a s in g  l o n g - r u n  a v e r a g e  c o s t  c u rv e  o v e r  such a l ong  

range of ou tpu t  t h a t  diseconomies of s c a l e ,  i f  they e x i s t ,  do not appear 

— a t  l e a s t  over the  range of  s ca le  the in d u s t ry  c u r r e n t ly  e x h i b i t s .

Whenever a f i r m e x p e r ien c es  a cont inuously  decreasing  long-run 

average c o s t  c u rv e  t h e  m a rg in a l  c o s t s  wi l l  a lways  be l e s s  th a n  t h e  

a v e r a g e  c o s t s  o f  p r o d u c t i o n .  O p e r a t i n g  on t h e  b a s i s  o f  p r o f i t  

maximization, the  f i rm  would s e t  marginal revenue equal to  marginal c o s t  

and produce  a q u a n t i t y  o f  o u t p u t  l e s s  t h a t  d e s i r e d  a t  a p r i c e  t h a t  

exceeds average c o s t  (X^, P^ in Figure  4 ) .

Consequently, na tu ra l  monopolies a re  p u b l i c l y  r e g u l a t e d  (a s  i n  

in v e s t o r - o w n e d  u t i l i t i e s !  o r  p u b l ic ly  owned (as  in  f e d e r a l ,  s t a t e  and 

municipal  u t i l i t i e s ) .  The goal o f  p u b l i c  in v o lv e m e n t  i s  t o  e q u a t e  

a v e ra g e  c o s t  and t h e  demand f o r  e l e c t r i c i t y ,  thereby in c reas in g  output  

and lowering the  p r ic e  (X2 , P2 in  Figure 4 ) .

16
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F i g u r e  4 .  The p r i c i n g  problem in  an i n c r e a s i n g - r e t u r n s - t o - s c a l e  
i n d u s t r y .  (Redrawn from Robin W. Boadway, op. c i t . p. 155).

P u b l i c  r e g u l a t i o n  o r  o w n e r s h i p  a l lo w s  a c c e s s  t o  t h e  d a t a  

n e c e s s a r y  t o  d e t e r m in e  a v e r a g e  c o s t s ,  and ,  by e x t e n s i o n ,  t h e  d a t a  

n e c e s s a r y  t o  make an energy a n a ly s i s  of techn ica l  e f f i c i e n c y .  In most 

ca se s ,  p r o p r i e t a r y  i n t e r e s t s  would p r o h i b i t  an independent  e v a lu a t io n  of 

th e  d o l l a r  o r  energy c o s t s  of  p roduct ion .  But the  pub l ic  u t i l i t y  na tu re  

of  the  e l e c t r i c  power in d u s t ry  e l im in a t e s  t h i s  p o t e n t i a l  b a r r i e r  t o  a 

pre l im inary  eva lu a t io n  of  an energy economy of s c a le .

H is to r i c a l  P e r sp e c t iv e

The h i s to r y  of  expansion and agglomeration in  the  e l e c t r i c  power 

in d u s t ry  a l so  suggests  t h a t  some f irms may be beyond t h e  o p t im a l  s i z e .  

In the  four  decades fo l lowing  the  f i r s t  Edison e l e c t r i c  company in  1882,
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the  number of e l e c t r i c  companies rap id ly  increased  to  about 6 ,500 in  the  

e a r ly  1920s. By t h e  b e g i n n i n g  o f  World War I I .  however ,  b e c a u s e  o f  

a d v an ces  in  t e c h n o lo g y  and a s h i f t  in the i n d u s t r y ' s  focus ,  th e  number 

o f  i n d e p e n d e n t  e l e c t r i c  co m p a n ie s  had dropped t o  on ly  3 ,6 0 0 .  

F o l lo w in g  t h e  war t h e  t r e n d  c o n t i n u e d  u n t i l  o n l y  1000 e l e c t r i c  

g e n e r a t i n g  companies remain today with nearly  80 p e rcen t  of t o t a l  power 

produced from a mere 250 investor-owned u t i l i t i e s . ^

In the ea r ly  y e a r s  many small ,  i n d e p e n d e n t  e l e c t r i c  u t i l i t i e s  

l o c a t e d  in  d e n s e ly  p o p u l a t e d  a r e a s .  Nearly every s i z a b le  town had a 

p r iv a t e  e l e c t r i c  company of  t h e i r  own. Th is  was due p r i m a r i l y  t o  t h e  

g r o s s l y  i n e f f i c i e n t  genera t ing  and t ransm iss ion  technology a v a i l a b l e  a t  

t h a t  t ime.  These i n e f f i c i e n t  systems f o r c e d  t h e  i n d u s t r y  t o  fo c u s  on 

b o th  e l e c t r i c  and steam production fo r  d i s t r i b u t i o n  in  a l o c a l i z e d  area 

b e c a u s e  n e i t h e r  p r o d u c t  c o u ld  be d e l i v e r e d  o v e r  any g r e a t  d i s t a n c e  

without  p r o h ib i t i v e  energy t ransm iss ion  l o s s e s .  S i g n i f i c a n t  improvements 

i n  e l e c t r i c  t r a n s m i s s i o n  and g e n e r a t i n g  technology,  however, allowed 

c e n t r a l i z a t i o n  to  cap tu re  economies of s c a l e .  In a d d i t io n ,  t h e  f e d e r a l  

government  l a u n ch ed  t h e  r u r a l  e l e c t r i f i c a t i o n  program and e s ta b l i s h e d  

the  Tennessee Valley Author i ty  as a benchmark per fo rm ance  s t a n d a r d  f o r  

p r i v a t e  e l e c t r i c  co m p a n ie s .  These changes  in  t e c h n o lo g y  and t h e  

in c rea se  in pub l ic  o v e r s ig h t  en co u ra g e d  t h e  change  in  t h e  i n d u s t r y ' s  

focus to  the  product ion o f  e l e c t r i c i t y  a lone .

In a d d i t i o n  t o  t h e  e n a b l i n g  t e c h n o l o g y  an d  i n s t i t u t i o n a l  

i n c e n t i v e s ,  t h e  growth in  e l e c t r i c  power demand a l s o  encouraged the  

rap id  c o n s t ru c t io n  of  new f a c i l i t i e s  which could t a k e  a d v a n ta g e  o f  t h e  

new c o n d i t i o n s .  Dur ing  th e  f i r s t  t h r e e  decades s ince  1947, s a l e s  of 

e l e c t r i c  power doubled every t e n  y e a r s  f o r  an a v e r a g e  growth r a t e  o f
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seven p e r c e n t  a n n u a l l y .  In o the r  words, t o t a l  e l e c t r i c  power consumed 

rose  from 255 b i l l i o n  k i l o w a t t - h o u r s  i n  1949 t o  a p p r o x i m a te ly  2000 

b i l l i o n  k i low a t t -hours  in  1 9 7 9 . ^  A major r e s u l t  of t h i s  rap id  growth 

was t h a t  t h e  mix o f  p o w er  p l a n t  s i z e s  and  num ber  c h a n g e d  f ro m  

p r e d o m in e n t ly  small  and numerous to  in c re a s in g ly  la rg e  and few. As an 

i l l u s t r a t i o n ,  the t o t a l  number of  power p l a n t s  in  t h e  U.S.  r e a c h e d  i t s  

peak in  1930 w i th  4 ,0 4 3  p l a n t s  in o pera t ion .  By 1970, t h i s  number was 

reduced to  3,519 p l a n t s . ^

This b r i e f  h i s t o r i c a l  review i n d ic a t e s  t h i s  i n d u s t r y ' s  change in 

market s t r u c t u r e  from i t s  h ighly  d e ce n t r a l i z e d  infancy to  i t s  r e l a t i v e l y  

c e n t r a l i z e d  condi t ion  today.  As a r e s u l t ,  some firms are  very la rg e  and 

t h e r e f o r e  i t  i s  p o s s i b l e  t h a t  they may have grown beyond some optimum 

s iz e  fo r  t h i s  in d u s t ry .

Economic P e r sp ec t iv e

To t e s t  the  notion t h a t  some f irms may have exceeded the  optimum 

s i z e ,  I u l o  examined t h e  e l e c t r i c  i n d u s t r y  u s i n g  l i n e a r  r e g r e s s i o n  

a n a l y s i s .  ^  His  goal was t o  d e te rm in e  i f  s i z e ,  as measured by t o t a l  

a s s e t s ,  t o t a l  e l e c t r i c  p ro p e r ty ,  t o t a l  u t i l i t y  p ro p e r ty ,  k i l o w a t t - h o u r s  

s o l d  o r  g en e ra t in g  c a p a c i ty ,  could be c o r r e l a t e d  to  u n i t  e l e c t r i c  co s ts  

measured in  d o l l a r s .  Iu lo  concluded t h a t ,  "Each of  the  measures used to  

r e f l e c t  d i r e c t l y  t h e  s i z e  of an indiv idual  u t i l i t y  was found to  be not 

s i g n i f i c a n t . " ̂ )

I u l o (8 > went on to  say,  however, t h a t :

[ T ] h e  r e l a t i o n s h i p  b e t w e e n  t h e  s i z e  o f  
s t e a m - e l e c t r i c  producing u n i t s  and u n i t  e l e c t r i c  
co s ts  i s  the  underlying cause  o f  a s u b s t a n t i a l  
p o r t i o n  o f  any e co n o m ie s  t h a t  m igh t  e x i s t .  
Consequently, once t h i s  r e l a t i o n s h i p  i s  a l low ed
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f o r ,  t h e  r e m a i n i n g  r e l a t i o n s h i p  ( p e r h a p s  
a t t r i b u t a b l e  to  such f a c t o r s  as  t h e  a b i l i t y  t o  
a c h i e v e  f i n a n c i n g ,  s u p e r v i s o r y  and managerial 
economies)  i s  t o o  i n t a n g i a b l e  t o  r e s u l t  i n  a 
s i g n i f i c a n t  r e l a t i o n s h i p  between overa l l  u t i l i t y  
s iz e  and u n i t  e l e c t r i c  c o s t s .

In o t h e r  words ,  I u l o  found t h a t  economies of  p l a n t  s ca le  e x i s t  

but  was unable to  support  or r e f u t e  the  notion of  an optimum f i r m  s i z e .  

N e v e r t h e l e s s ,  t h e  q u a l i f y e r s  to  h is  conclusion presented  several  leads  

to  t h i s  i n v e s t i g a t io n .

I u l o ' s  f i r s t  q u a l i f y e r  was t h a t  the  u t i l i t i e s  he examined were 

p r e d o m in e n t ly  l a r g e  u t i l i t i e s  — s m a l l  c o m p a n i e s  and  a l l  p u b l i c  

u t i l i t i e s  were e x c lu d e d  from th e  a n a l y s i s . ^  The range in  firm s ize  

was thus  l im i t e d  to  a narrow band w i th in  a la rg e  s ized  ca tagory .

Second,  t h e  r e l a t i o n s h i p  between s iz e  and u n i t  e l e c t r i c  co s ts  

may n o t  be t h e  s im p!e  l i n e a r  r e l a t i o n s h i p  t h a t  I u lo  assumed in h is  

a n a l y s i s .  "Tha t  i s , "  as  I u l o  s a id ,  " the  r e l a t i o n s h i p  between u t i l i t y  

s iz e  and u n i t  e l e c t r i c  c o s t s  may be such t h a t ,  a f t e r  some s t r a t e g i c  

l e v e l  o f  u t i l i t y  s i z e  i s  r e a c h e d ,  u n i t  e l e c t r i c  c o s t s  would have a 

tendency to  decrease  more slowly or  remain f a i r l y  c o n s t a n t ,  o r  even to  

i n c r e a s e . " ^ 10)

F i n a l l y ,  and most i n t r i g u i n g ,  I u l o ^ ^  s t a t e s  t h a t :

The n e t  r eg re s s io n  c o e f f i c i e n t  (which i n d i c a t e s  
t h e  change in  u n i t  e l e c t r i c  c o s t s  a s s o c i a t e d  
with a change in the independent v a r i a b l e  w h i le  
h o l d i n g  t h e  o t h e r  i n d e p e n d e n t  v a r i a b l . e s  
s t a t i s t i c a l l y  c o n s t a n t )  was p o s i t i v e  in  each 
t o t a l  s i z e  c a t a g o r y  -  i n d i c a t i n g  i n c r e a s i n g  
c o s t s  w i t h  i n c r e a s i n g  s i z e  t h o u g h  n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t  u s i n g  l i n e a r  
r eg re s s io n .

I n c r e a s i n g  c o s t s  w i th  i n c r e a s i n g  s iz e  implies  diseconomies of 

f i r m  s c a l e .  At t h e  v e r y  l e a s t ,  I u l o  c l a i m s  t h a t ,  " t h e  common
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p resu m p t io n  t h a t  l a r g e r  u t i l i t i e s  are  per se able  to  produce e l e c t r i c  

power a t  low er  u n i t  c o s t s  does  n o t  seem t o  be borne  out  by even the  

gross  r e l a t i o n s h i p  between s iz e  and u n i t  e l e c t r i c  c o s t s . " ^ 12^

Iulo  leaves  the  ques t ion  of  an optimal f irm s ize  unanswered due 

t o  h i s  assumption of l i n e a r i t y  and the  d i s t o r t i o n s  imposed by inc lud ing  

p e c u n i a r y  and techn ica l  f a c t o r s .  All t h a t  can be d iscerned  i s  t h a t  the  

l o n g - r u n  a v e r a g e  c o s t  c u r v e ,  o v e r  t h e  narrow s c a l e  o f  p r o d u c t i o n  

analyzed,  does not  cont inue  to  dec l ine  a t  a co n s tan t  r a t e .  The i n v e r s e  

r e l a t i o n s h i p  between s ize  and u n i t  e l e c t r i c  co s ts  may slow, s t a b l i z e  or  

even reverse  i t s e l f  and begin to  i n c r e a se .  An energy a n a l y s i s  f o c u s e s  

on ly  upon t e c h n i c a l  e f f i c i e n c y  and i s  c a p a b le  o f  c l a r i f y i n g  some of  

these  f a c t o r s .

S ig n i f ic an ce  of Study

Given t h e  c u r r e n t  s i g n i f i c a n c e  of  l i q u i d  f o s s i l  f u e l s  in the 

U.S. economy ( n e a r l y  56 p e rc e n t  of end-use energy c o n s u m p t i o n ) an(i 

our  dependence on i m p o r t s ,  t e m p o ra ry  d i s r u p t i o n s  i n  su p p ly  such as  

o c c u re d  d u r in g  t h e  Arab o i l  embargo o f  1973-1974 have immediate and 

l a s t i n g  e f f e c t s  on the  econon\y. But more d is tu rb in g  in  the  lo n g  run  i s  

t h e  p r o s p e c t  of dwindling l i q u i d  f o s s i l  fuel r e se rv e s .  A change 1n the  

energy b a s i s  of  the  econoniy seems i n e v i t a b l e .

An a l t e r n a t i v e  e n e r g y  b a s i s  f o r  s o c i e t y  i s  e l e c t r i c i t y .  

E l e c t r i c i t y  may be a h igh ly  favored a l t e r n a t i v e  t o  l i q u i d  f o s s i l  f u e l s  

because of:  1) e l e c t r i c i t y ' s  v e r s a t i l i t y ;  2) concen t ra t ion  or  q u a l i t y ;

3) t r a n s p o r t a b i l i t y ;  4) convenience;  and ,  5) i t s  r e l a t i v e l y  low c o s t



22

c o n s i d e r i n g  i t s  h ig h  s o c i a l  v a l u e .  However, t h e  m a j o r i t y  o f  t h e  

e l e c t r i c i t y  produced in  the  U.S. i s  a form of  energy t h a t  depends  on a 

r e l a t i v e l y  i n e f f i c i e n t  conversion process  from o th e r  energy sources .

F o r tu n a te ly ,  th e  f u e l s  to  produce e l e c t r i c i t y  come in a v a r i e t y  

o f  ab u n d a n t  fo rm s .  P u t t i n g  economic and i n s t i t u t i o n a l  c o n s id e ra t io n s  

a s id e ,  nuc lear  power source m a te r i a l s  from breeder  r e a c to r s  may l a s t  fo r  

a s  much as 4,000 y e a r s  a t  a co n s tan t  world consumption r a t e  of  275 quads 

( 1 0 15 Btu)  p e r  y e a r J 14  ̂ An i n d e f i n i t e  l i f e - e x p e c ta n cy  may be p o s s ib le  

i f  f u s i o n  r e a c t o r s  b e c o m e  f e a s i b l e .  B u t  am ong  t h e  t r u e l y  

" inexhaustable"  energy sources  f o r  e l e c t r i c i t y  a r e  the  d i r e c t  o r  c lo se ly  

a s so c ia te d  s o l a r  a l t e r n a t i v e s  such as p h o to v o l t a i c s ,  hydro, w ind-pow er ,  

and b iomass  c o n v e r s i o n .  F i n a l l y ,  t h e  most  p r o b a b l e  t r a n s i t i o n  fuel 

tow ard  t h e s e  " i n e x h a u s t a b l e s "  i s  co a l ,  which Hubbert^®^ p r e d i c t s  wil l  

not reach  i t s  peak o f  d o m e s t ic  p r o d u c t i o n  u n t i l  w el l  i n t o  t h e  22nd 

century  i f  the  p re sen t  r a t e  of consumption i s  not  g r e a t ly  inc reased .

F o l lo w in g  C o t t r e l l ' s  t h e s i s ,  " t h a t  t h e  amount and k in d s  o f  

ene rgy  employed cond i t ion  man's way of l i f e  m a te r i a l l y  and s e t  somewhat 

p r e d i c t a b l e  l i m i t s  on what  he can  do and  on how s o c i e t y  w i l l  be 

o r g a n i z e d , "  a s h i f t  toward a dependence on e l e c t r i c i t y  wil l  have a 

s i g n i f i c a n t  im p ac t  on t h e  U n i t e d  S t a t e s '  s o c i o e c o n o m i c  s y s t e m .  

H i s t o r i c a l l y ,  the growth r a t e  of e l e c t r i c  power demand has a l ready made 

an impact.  This i s  r e f l e c t e d  in the  percentage share  of  energy consumed 

by t h e  e l e c t r i c  u t i l i t i e s  t o  t h e  t o t a l  e n e r g y  consumed in  t h e  

U ni tedS ta tes .  In 1949, f o r  example, e l e c t r i c  power product ion  r e q u i r e d  

15 p e r c e n t  o f  t h e  t o t a l  ene rgy  consumed. In 1979,  e l e c t r i c  power 

p roduct ion  consumed 31 p e rc e n t  of  the  t o t a l .

Yet t h e  p r o d u c t i o n  o f  e l e c t r i c i t y ,  p e r h a p s  e v e n  m o r e
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s i g n i f i c a n t l y  th a n  i t s  consumption, w i l l  a l so  e f f e c t  the s t r u c t u r e  and 

func t ion  of  s o c ie ty  in the  f u tu r e .  For exam ple ,  many have q u e s t i o n e d  

the  a d v i s a b i l i t y  of  promoting th e  production of e l e c t r i c i t y  from nu c lea r  

power i n  i t s  var ious  fo rm s .^18) Weinberg, a nuc lea r  proponent,  s e t  the 

s t a g e  by c a l l i n g  f o r  a "p r ie s thood  of  re sp o n s ib le  t e c h n o c r a t s . j n 

a "Faust ian Bargain ,"  W einberg 's  n u c l e a r  p r i e s t h o o d  o f f e r s  u n l i m i t e d  

e l e c t r i c  power in  r e t u r n  f o r  c o n t r o l  o v e r  t h e  r e s u l t i n g  p lu to n iu m  

econoniy.

Given  t h e  p o t e n t i a l  im p o r t a n c e  o f  e l e c t r i c i t y ' s  r o l e  in  any 

f u tu r e  soc ia l  t ra n s fo rm a t io n  p ro ce ss ,  i n s i g h t s  i n to  the  s t r u c t u r e  of  the  

i n d u s t r y  t h a t  p r o d u c e s  t h i s  s i g n i f i c a n t  commodity a l s o  becomes 

s i g n i f i c a n t .  This  i s  e s p e c i a l l y  t r u e  g iv en  t h i s  i n d u s t r y ' s  l i m i t e d  

f l e x i b i l i t y  in a r ap id ly  changing environment.

A Changing Environment

Until  about the  mid-1960s, th e  e l e c t r i c  u t i l i t y  indus t ry  e x i s t e d  

w i th in  a h ighly  f a v o r a b l e  e n v i r o n m e n t .  P r o d u c t i o n  and d i s t r i b u t i o n  

c o s t s  s t e a d i l y  d e c l i n e d ,  consum pt ion  and r e v e n u e s  s t e a d i l y  r o s e ,  

earn ings  tended to  i n c r e a se  every y ea r  and i n v e s t o r s  r e a d i l y  p ro v id e d  

the  ad d i t io n a l  c a p i t a l  f o r  expansion. Regulat ion of  th ese  o rgan iza t ions  

was minimal in an atmosphere o f  f r i e n d l y  coopera t ion  — P u b l i c  U t i l i t y  

Commissions o ccas io n a l ly  met to  hear  an appeal fo r  lower r a t e s .  On top 

o f  a l l  t h i s ,  planning problems were few — demand grew a t  a s t e a d y  and 

p r e d i c t a b l e  r a t e ;  s i t i n g  d ec i s io n s  were uncomplicated; r i g h t s  of way f o r  

t ransm iss ion  l i n e s  were a v a i l a b l e  with l i t t l e  oppos i ton ;  i n f l a t i o n  r a t e s  

were low; and c o n s t ru c t io n  or  l i c e n s i n g  delays were s h o r t .

By 1975, however ,  t h e s e  a s p e c t s  o f  t h e  s o c i a l ,  economic and
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i n s t i t u t i o n a l  e n v i ro n m e n t  changed .  F i r s t ,  due to  t e c h n i c a l  design 

problems and inc reased  pub l ic  concern f o r  s a f e t y ,  t h e r e  were a growing 

number o f  d e l a y s  in  p l a n n i n g ,  c o n s t ru c t io n ,  and secur ing  approval fo r  

new nuc lear  f a c i l i t i e s .  Inc reas ing  in t e rv e n t io n  by r e g u la to ry  a g e n c i e s  

f o r  t h e  i n s t a l l a t i o n  o f  e n v i r o n m e n ta l  c o n t r o l  systems on c o a l - f i r e d  

p l a n t s  came q u i c k l y  t h e r e a f t e r .  T h e se  d i f f i c u l t i e s  l e d  t o  c o s t  

i n c r e a s e s  w h ich ,  b ec a u s e  o f  i n c r e a s e d  c i t i z e n  p a r t i c i p a t i o n  in r a t e  

c a ses ,  were aggravated by delays  in r a t e  ad ju s tm en ts .  Im ppe c ise  demand 

p r o j e c t i o n s ,  which l e d  t o  low er  t h a n  expected  s a le s  and a consequent 

d ec l in e  i n  r e v e n u e s ,  p l u s  i n c r e a s e d  f u e l  c o s t s  r e s u l t e d  in  r ed u ced  

e a r n i n g s .  Eroded e a r n i n g s  d i m i n i s h e d  i n v e s t o r  conf idence  and t h i s ,  

t o g e t h e r  w i th  h igh  i n t e r e s t  r a t e s  and i n f l a t i o n ,  e x a c e r b a t e d  t h e  

problems of c a p i t a l  f in a n c i n g .^ 2°)

These  d e ve lopm en ts  c r e a t e d  an u n p re c e d e n te d  s i t u a t i o n  f o r  the  

e l e c t r i c  power i n d u s t r y .  The s t e a d y  and p r e d i c t a b l e  growth r a t e  in  

e l e c t r i c  power demand f e l l  t o  l e s s  than h a l f  i t s  previous  r a t e .  This 

led  to  s i g n i f i c a n t  reg ional  impacts on power p r o d u c e r s .  For  exam ple ,  

some p r o d u c e r s  now f i n d  th e m s e l v e s  c a r r y i n g  35 t o  56 pe rc e n t  excess 

c a p a c i t y  w h i l e  s t i l l  b e in g  com m it ted  t o  e x p e n s i v e  n u c l e a r  pow er  

deve lopm ent  p rog ram s .  ^2 ^  The growing number of such problems around 

th e  country led  Daniel Yergin t o  conclude t h a t  the  e l e c t r i c  i n d u s t r y  i s  

an " industry  in t r o u b l e . " ^ 22^

Adaptive S t r a t e g i e s

One m a j o r  p r o b l e m  f a c i n g  t h e  e l e c t r i c  i n d u s t r y  i s  how t o  

minimize the c o s t  of prov id ing  the  energy needed by consumers  in  t h i s  

r a p i d l y  changing environment.  Yet the  adapt ive  s t r a t e g i e s  a v a i l a b l e  to



25

e l e c t r i c  p r o d u c e r s  a r e  l i m i t e d .  S t r a t e g i e s  t h a t  a r e  e s s e n t i a l l y  

funct iona l  in na ture  are  v i r t u a l l y  exhausted.

Functional changes are  def ined here to  mean technica l  e f f i c i e n c y  

adjustments  in the p roduc t ion ,  d i s t r i b u t i o n  or  opera t ion  process  t h a t  do 

n o t ,  by t h e m s e l v e s ,  r e q u i r e  s t r u c t u r a l  ( i . e .  s i z e )  c h a n g e s .  The 

f u n c t i o n a l  s t r a t e g i e s  open t o  t h e  e l e c t r i c  i n d u s t r y  i n c l u d e  t h e  

s t r a i g h t f o r w a r d  energy  and economic conservat ion  t a c t i c s  a v a i l a b l e  to 

v i r t u a l l y  a l l  o r g a n iz a t io n s .  For exam ple ,  e n g in e s  n o t  in  use  may be 

t u r n e d  o f f ,  s u p e r f l u o u s  l i g h t i n g  and h ea t in g /co o l in g  of o f f i c e s  may be 

e l im ina ted  and t i g h t e r  management c o n t r o l s  on c o s t s  in  g e n e r a l  may be 

implemented t o  d i r e c t l y  improve technica l  e f f i c i e n c e s .  But func t iona l  

improvements a l so  inc lude  advances in technology which may l e a d  t o ,  b u t  

do not r e q u i re ,  s t r u c t u a l  changes.

T he  l a s t  h a l f  c e n t u r y  h a s  b ee n  m ark ed  by s i g n i f i c a n t  

improvements in t h e  th e rm a l  e f f i c i e n c y  o f  t h e  i n d u s t r y ' s  p r o d u c t i o n  

s y s te m s .  As S c h u r r  e x p la in s ,  "In the 1960s, i t  took l e s s  than h a l f  as 

much coal to  generate  a k i lo w a t t -h o u r  of  e l e c t r i c  power as i t  had t a k e n  

in  1 9 2 5 . "  ^ 3 )  Such improvements  in  m a te r ia l s  and technology allowed 

u t i l i t i e s  to  achieve h igher  conversion e f f i c i e n c i e s  u s in g  c o n v e n t io n a l  

Rankine s team c y c l e  e q u ip m en t  (39 pe rcen t  in  1965 compared to  only 17 

p e r c e n t  in  1 9 2 0 ).  gu t  even h igher  e f f i c i e n c i e s  would now re q u i re ,

" . . . e x o t i c ,  expensive m a te r i a l s  and /or  r i s k  im p o s i t io n  o f  u n a c c e p t a b l e  

r e l i a b i l i t y  p e n a l t i e s , "  a c c o r d i n g  t o  B a u e r  and  H i r s h b e r g .  ^ 5 )  

Consequently, they conclude t h a t ,  " . . .con tem pora ry ,  r e l i a b l e  g e n e r a t i n g  

technology now appears to  have reached a p l a t e a u . . .

While the  improvements in  conversion e f f i c i e n c y  could be app l ied  

t o  l a r g e r  power p l a n t s ,  e n a b l i n g  u t i l i t i e s  t o  c a p t u r e  economies of
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s c a l e ,  t h e  improvements  were e s s e n t i a l l y  func t iona l  because of t h e i r  

a p p l i c a b i l i t y  to  any s c a l e .  The same i s  t r u e  f o r  t h e  improvement in  

m a t e r i a l s  and t e c h n o lo g y  found  in the  u t i l i t y ' s  d i s t r i b u t i o n  systems. 

The use  o f  h igh  v o l t a g e  t r a n s m i s s i o n  l i n e s ,  h o w e v e r ,  w i t h  t h e i r  

a s s o c i a t e d  reduct ion  in t ransm iss ion  l i n e  lo s se s  p r i o r  to  d i s t r i b u t i o n ,  

promoted an in c rease  in th e  s p a t i a l  area served by a s in g le  u t i l i t y  and 

a r e s u l t a n t  i n c r e a s e  in  bo th  t h e  number o f  c u s to m ers  served and the 

o r g a n iz a t io n ' s  power demand.

The l i m i t e d  f u n c t i o n a l  s t r a t e g i e s  l e f t  open t o  e l e c t r i c  

u t i l i t i e s  suggest  t h a t  the  next major changes t h a t  w i l l  o c c u r  in  t h i s  

i n d u s t r y  may be s t r u c t u r a l  i f ,  t h a t  i s ,  th e re  a re  any energy e f f i c i e n c y  

gains  to  be made by such changes in o r g a n i z a t i o n a l  s i z e  o r  t h e  number 

and s i z e  o f  i n d i v i d u a l  power p l a n t s .  Th is  s tu d y  f o c u s e s  upon t h i s  

ques t ion .
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CHAPTER FOUR

CONCEPTUAL DEFINITIONS

Organiza t ional  S ize

S iz e  can be d e f i n e d  as " a physical  magnitude, e x te n t  or bulk: 

r e l a t i v e  o r  p r o p o r t i o n a t e  d i m e n s i o n s . T h i s  d e s c r ip t i o n  of s ize  

uses a physical measure, and t h i s  r e se a rc h e r  has sought to  app ly  such a 

measure to  o r g a n iz a t io n s .

Monetary measures of an o r g a n i z a t i o n ' s  s iz e  a re  r e j e c t e d  because 

d o l l a r s  a re  a means of  exchange and not  a measure of  s i z e .  What c o s t s  a 

l o t  may be very  s m a l l ,  l i k e  a diamond, while something t h a t  co s t s  very 

l i t t l e  may be very l a r g e ,  l i k e  an a c r e - f o o t  of  w ater .  Iu lo  s t a t e d  t h a t ,  

" . . .  t h e  a b s e n s e  from physical  measures of d i s t o r t i o n s  in troduced in to  

monetary measures argues s t ro n g ly  fo r  the  use o f  physical measures  as  a 

more r e l i a b l e  i n d i c a t o r  o f  r e l a t i v e  u t i l i t y  s i z e . " ^  But a p a r t  from 

the  p o s s ib le  d i s t o r t i o n s  i n t r o d u c e d  by m one ta ry  m easu re s  o f  s i z e ,  a 

p h y s i c a l  m e a s u r e  o f  t e c h n i c a l  e f f i c i e n c y  ( s u c h  a s  B t u ' s  p e r  

k i lo w a t t -h o u r  d e l iv e red )  i s  b e s t  compared to  another  physical  measure.

I d e a l l y ,  a p h y s i c a l  m easure  o f  s i z e  would quan t i fy  the  t o t a l  

amount o f  e n e r g y  c o n t a i n e d  w i t h i n  t h e  s t r u c t u r e s  owned by t h e  

o rg an iz a t io n .  A power p l a n t  con ta ins  tons  of s t e e l ,  conc re te ,  g l a s s  and 

a hos t  of o th e r  m a te r i a l s  in  varying amounts. Each o f  t h e s e  m a t e r i a l s  

r e q u i r e d  energy  f o r  t h e i r  f a b r i c a t i o n  and d i r e c t  f u e l  i n p u t s  were 

requ i red  to  assemble them to g e th e r  i n to  a power p l a n t .  The sum o f  t h e  

ene rgy  r e q u i r e d  t o  produce a power p l a n t  i s  the  embodied energy of the
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power p l a n t .  The embodied energy of an o rgan iza t ion  would then be the 

sum of  the d i r e c t  ( fu e l )  and i n d i r e c t  (goods and s e rv ic e s )  energy inpu ts  

r e q u i r e d  to  f a b r i c a t e  and e r e c t  t h e  phys ica l  s t r u c t u r e s  owned by the 

o rg an iza t io n .  The physica l  magnitude of an o r g a n i z a t i o n  would i n c l u d e  

t h e  embodied energy  c o n t a i n e d  in  t h e  o r g a n i z a t i o n ' s  power p l a n t s ,  

s u b s t a t i o n s ,  s e rv ic e  roads ,  t ra n sm iss io n  and d i s t r i b u t i o n  l i n e s ,  o f f i c e  

and s e rv ice  b u i ld in g s ,  t y p e w r i t e r s ,  v e h ic l e s ,  e t c .

Unfor tunate ly ,  Noguchi demonstrated the  l ack  o f  a v a i l a b l e  d a t a  

to  c a l c u l a t e  the  embodied energy contained in even a s in g le  power p l a n t ,  

l e t  a l o n e  t h e  e m b o d i e d  e n e r g y  o f  an e n t i r e  o r g a n i z a t i o n . ^ )  

Consequently, an a l t e r n a t i v e  physical  measure o f  s iz e  must be used  t h a t  

c o r r e s p o n d s  t o  t h e  e m b o d i e d  e n e r g y  o f  t h e  o r g a n i z a t i o n .  Th is  

a l t e r n a t i v e  approach must meet four  e s s e n t i a l  c r i t e r i a :  1) i t  must vary  

d i r e c t l y  w i th  t h e  embodied en e rg y  o f  an o r g a n i z a t i o n ;  2) i t  must be 

ap p l icab le  to  a l l  o rg a n iz a t io n s  in  the  s tudy;  3) i t  must be m e a s u ra b le  

in  physical u n i t s ;  and, 4) i t  must be cons t ruc ted  from rea d i ly  a v a i l a b le  

and r e l i a b l e  da ta .

A f u n d a m e n t a l  a s s u m p t i o n  made h e r e  i s  t h a t  form f o l l o w s  

fu n c t io n ;  t h a t  i s ,  an o r g a n i z a t i o n ' s  p h y s i c a l  s t r u c t u r e  i s  d e p en d a n t  

upon t h e  o r g a n i z a t i o n ' s  f u n c t i o n .  As d e f i n e d  h e r e ,  t h e  f u n c t io n a l  

d e f i n i t i o n  o f  an e l e c t r i c  u t i l i t y  i s  to  genera te  and d i s t r i b u t e  e l e c t r i c  

pow er  t o  c u s to m e r s .  T h ree  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  e l e c t r i c  

u t i l i t i e s  a s s o c i a t e d  w i th  t h e s e  f u n c t i o n a l  t a s k s  c an  be r e a d i l y  

i d e n t i f i e d  and m easu red :  1) power genera t ion  and purchase;  2) power

d i s t r i b u t i o n ;  and ,  3) s e r v i c e  t o  c u s to m e r s .  Power g e n e r a t i o n  and  

p u r c h a s e  can  be m e a s u r e d  i n  t e r m s  o f  p eak  pow er  demand, power 

d i s t r i b u t i o n  can be computed in  terms o f  m i l e s  o f  l i n e ,  and c u s to m e r s
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served i s  d i r e c t l y  a v a i l a b l e .

One o f  t h e s e  t h r e e  c h a r a c t e r i s t i c s ,  peak power demand, i s  

d i r e c t l y  r e l a t e d  to  the embodied energy with in  the  o r g a n i z a t i o n s .  Peak 

power demand req u i re s  both i n s t a l l e d  power capac i ty  ( a s so c ia te d  with the 

co n s t ru c t io n  of power p l a n t s ,  s e rv ice  roads ,  fuel f a c i l i t i e s ,  e t c . )  and 

t h e  t r a n s m i s s i o n / d i s t r i b u t i o n  sys tem  ( r e p r e s e n t i n g  to n s  o f  s t e e l ,  

copper,  concre te  and o t h e r  m a t e r i a l  i n p u t s )  n e c e s s a r y  t o  h a n d le  t h e  

demand. The g r e a t e r  t h e  peak power demand, the g r e a t e r  the embodied 

energy.

While p ro p o r t io n a te  to  the  o r g a n i z a t i o n ' s  t o t a l  embodied energy, 

peak power demand does n o t  c a p t u r e  a l l  o f  t h e  v a r i o u s  s t r u c t u r e s  

embodying energy  in  t h e  o r g a n i z a t i o n .  But i t  i s  reasonable  to  assume 

t h a t  an o r g a n i z a t i o n  w i t h  g r e a t e r  peak  pow er  demand m u s t  own 

p ro p o r t io n a te ly  l a r g e r  o r  more numerous se rv ice  and o f f i c e  f a c i l i t i e s  as 

wel 1.

The u n i t s  o f  measure  f o r  t h e  t h r e e  v a r i a b l e s  follow from the 

d e f i n i t i o n  of  the v a r i a b l e s :  peak power demand i s  measured in  Megawatts  

( e l e c t r i c ) ;  power d i s t r i b u t i o n  i s  measured in  m i l e s ;  and customers 

served i s  the  number of cus tom ers  b i l l e d .  O p e r a t io n a l  d e f i n t i o n s  o f  

s i z e  f o r  t h e  o r g a n i z a t i o n s  as well as add i t iona l  independent  v a r i ab le s  

to  be s tud ied  a re  developed in Chapter VI.

Technical E f f ic iency

As p r e v i o u s l y  d iscussed ,  techn ica l  e f f i c i e n c y  i s  def ined as the 

energy e f f i c i e n c y  of  the  p roduc t ion ,  d i s t r i b u t i o n  and o p e ra t io n  p r o c e s s  

( s e e  C h ap te r  I I ) .  As such, techn ica l  e f f i c i e n c y  i s  a modified thermal
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e f f i c i e n c y  c o n c e p t .  Thermal e f f i c i e n c y  i s  genera l ly  taken to  mean the 

d i r e c t  f u e l  i n p u t s  compared to  t h e  o u t p u t  o f  a p r o d u c t i o n  p r o c e s s ,  

r e p o r t e d  as  a r a t i o  of output  to  inpu t .  Thermal e f f i c i e n c y  i s  a narrow 

p e r s p e c t i v e  in  t h a t  t h e  p r o c e s s  i s  com ple te  a t  t h e  p o i n t  where t h e  

ou tpu t  leaves  the  product ion  process .

The m o d i f i c a t i o n s  used h e re  f o r  t e c h n i c a l  e f f i c i e n c y  a r e  a 

s i g n i f i c a n t  depar tu re  from a c l a s s i c a l  d e f i n i t i o n  of  thermal e f f i c i e n c y .  

F i r s t ,  t e c h n ic a l  e f f i c i e n c y  broadens the  perspec t ive  t o  inc lude  a l l  the  

energy inputs  r e q u i r e d  t o  d e l i v e r  t h e  o u t p u t  t o  t h e  consumer .  Th is  

means  t h a t  t e c h n i c a l  e f f i c i e n c y  i n c l u d e s  t h e  energy  r e q u i r e d  in  

d i s t r i b u t i o n  and o p e ra t io n s  as well as t h a t  used  in  p r o d u c t i o n  a l o n e .  

More im p o r t a n t ly ,  i t  inc ludes  the  i n d i r e c t  energy of goods and s e rv ic e s  

r e q u i r e d  in  t h e  o v e r a l l  p r o c e s s .  Second,  t e c h n i c a l  e f f i c i e n c y  i s  

r e p o r t e d  in  t h e  r a t i o  o f  i n p u t s  t o  o u t p u t s ,  the  in v e rse  of a thermal 

e f f i c i e n c y  r a t i o .  This convent ion i s  used in o rder  to  r e p o r t  t e c h n i c a l  

e f f i c i e n c y  in  te rm s  of  the  energy inputs  requ ired  to  d e l i v e r  a u n i t  of 

e l e c t r i c i t y  t o  t h e  consumer and i s  an a lo g o u s  t o  d o l l a r s  p e r  u n i t .  

T e c h n ica l  e f f i c i e n c y ,  however, i s  reported  in terms of B r i t i s h  thermal 

u n i t s  (B tu 's )  per  k i lo w a t t -h o u r  de l iv e red .

The t e c h n i c a l  e f f i c i e n c y  of  an e l e c t r i c  u t i l i t y  i s  d ivided in to  

several  components.  O v e ra l l  t e c h n i c a l  e f f i c i e n c y  i s  t h e  sum o f  t h e  

t o t a l  power  e f f i c i e n c y ,  d i s t r i b u t i o n  e f f i c i e n c y  and o p e r a t i o n s  

e f f i c i e n c y .  Total power e f f i c i e n c y  c o n s i d e r s  t h e  d i r e c t  f u e l  e n e rg y  

consumed in  t h e  u t i l i t y ' s  power p l a n t s  p lu s  t h e  d i r e c t  and i n d i r e c t  

energy embodied in any purchased e l e c t r i c i t y .  D i s t r i b u t i o n  e f f i c i e n c y  

c o n s i d e r s  t h e  e l e c t r i c  l i n e  l o s s e s  i n c u r r e d  in  both t ransm iss ion  and 

d i s t r i b u t i o n .
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O p e r a t i o n s  e f f i c i e n c y  i s  t h e  sum o f  t h e  d i r e c t  energy in p u t s ,  

such as  e l e c t r i c i t y  and n a t u r a l  gas used t o  power ,  l i g h t  and h e a t  

o f f i c e s  and s e r v i c e  f a c i l i t i e s ,  p l u s  t h e  i n d i r e c t  ene rgy  i n p u t s  of 

m a te r ia l s  and s e rv ice s  r eq u i re d  in  the  o p e r a t i o n  o f  t h e  power p l a n t s ,  

t r a n s m i s s i o n / d i s t r i b u t i o n  n e tw o rk ,  and t h e  a d m i n i s t r a t i o n  o f  t h e  

o r g a n i z a t i o n .  O p e r a t i o n s  e f f i c i e n c y  does not inc lude  the  e l e c t r i c i t y  

consumed a t  the power p l a n t s  to  e x c i t e  genera to rs  or  to  power and l i g h t  

the  p l a n t s .  This c o s t  i s  subsumed under t o t a l  power e f f i c i e n c y  as  n e t  

a v a i l a b l e  power f o r  d i s t r i b u t i o n .  Operations e f f i c i e n c y  does include 

the  embodied energy of  o p e ra t io n ,  maintenance, r e p a i r s ,  d e p rec ia t io n  and 

a d m in i s t r a t iv e  a c t i v i t i e s  such as r e n t s ,  in surance ,  b i l l i n g ,  a d v e r t i s i n g  

and the l i k e .  O p e r a t io n a l  d e f i n i t i o n s  o f  t h e s e  d ep e n d e n t  v a r i a b l e s  

follow in Chapter VI.
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CHAPTER FIVE

METHODS

S e le c t io n  of Analy t ic  Technique 1

In t h e o r y ,  t h e  p u rp o se  o f  an energy a n a ly s i s  should determine 

t h e  sys tem  b o u n d a r i e s  to  be used. In p r a c t i c e ,  however, the  system 

boundaries  and the  choice of  a n a l y t i c  methods to  employ a re  c o n s t r a i n e d  

by the  kind and a v a i l a b i l i t y  of  d a ta .

For  example ,  t h e  p r o d u c t i o n  and d i s t r i b u t i o n  o f  e l e c t r i c i t y  

r e q u i re s  s i g n i f i c a n t  impacts on the  na tu ra l  e n v i r o n m e n t ' s  c o n t r i b u t i o n  

t o  u s e fu l  work done in  t h e  r e g i o n . ^  Large power p l a n t s  and long 

t ransm iss ion  l i n e s  to g e th e r  r e q u i r e  t h o u s a n d s  o f  a c r e s  o f  l a n d  which 

m igh t  o t h e r w i s e  be d e v o te d  to  b i o l o g i c a l  p r o c e s s e s  necessary to  the  

r e g i o n ' s  overa l l  p roduc t ive  c a p a c i ty .  This d e f i n i t i o n  o f  t h e  s y s t e m ' s  

b o u n d a r i e s ,  while ideal t h e o r e t i c a l l y ,  i s  unacceptable  because the  data 

necessary fo r  i t s  q u a n t i f i c a t i o n  i s  u n a v a i l a b l e  o r  d e r i v e d  from g r o s s  

e s t i m a t e s  o f  ecosys tem  p ro c e sse s .  For t h i s  reason,  e co en e rg e t i c s ,  the  

method used in an a n a ly s i s  of  the  t o t a l  man-nature system i s  im prac t ica l  

a t  t h i s  t ime.

System Boundaries

By s t e p p i n g  back from the  a l l - i n c l u s i v e  man-nature boundar ies ,  

one begins  to  focus on th e  more t i g h t l y  d e f i n e d  p r o c e s s e s  i n v o l v e d  in  

t h e  system defined by th e  e l e c t r i c  u t i l i t y ' s  production and d i s t r i b u t i o n  

of  e l e c t r i c i t y .  For the  p u rpose  o f  t h i s  e x a m i n a t i o n ,  t h e r e f o r e ,  t h e  

system 's  boundaries  a re  def ined  by th e  legal  d e s c r ip t i o n  of  the  e l e c t r i c
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s e rv ice  d iv i s io n  of  a pub l ic  u t i l i t y .

This d e s c r ip t io n  of  the  sys tem 's  boundaries  e l im in a te s  the  o th e r  

po s s ib le  func t ions  of  th e  u t i l i t y  such as water  and sewerage s e rv ic e s  or  

na tura l  gas d i s t r i b u t i o n .  In m u l t i - s e r v i c e  u t i l i t i e s ,  only th e  e l e c t r i c  

power d i v i s i o n ' s  inpu ts  of  f u e l s ,  m a te r ia l s  and se rv ices  a re  cons ide red .  

F u r th e r m o r e ,  d e s p i t e  the  c lo se ly  a s so c ia te d  nature  of cogenera t ion  or 

d i s t r i c t - h e a t i n g  s team  p r o d u c t i o n  and d i s t r i b u t i o n ,  t h e  b o u n d a r i e s  

chosen  a l s o  e l i m i n a t e s  t h e  steam se rv ic e s  provided. This dec is ion  i s  

made r e l u c t a n t ly  because of  the  p o te n t i a l  s i g n i f i c a n c e  o f  c o g e n e r a t i o n  

and d i s t r i c t - h e a t i n g  on o vera l l  techn ica l  e f f i c i e n c y

In the  extreme case ,  e l im in a t in g  steam output  from co n s id e ra t io n  

s i g n i f i c a n t l y  impacts th e  system 's  overa l l  e f f i c i e n c y .  I f  steam demand 

i s  the c o n t r o l l i n g  f a c t o r  in determining the  sy s te m 's  o u t p u t s  o f  s team 

and  e l e c t r i c i t y ,  t h e n  t h e  e l e c t r i c  power p r o d u c t io n  e f f i c i e n c y  i s  

g r e a t ly  r e d u ce d .  F o r t u n a t e l y ,  t h e  u t i l i t i e s  t o  be examined do n o t  

approach the  e x t r e m e . ^

The sys tem  boundar ies  s e le c te d  a lso  exclude the  energy value of 

human l a b o r .  T h i s  i s  a g e n e r a l l y  a c c e p t e d  p r a c t i c e  in  ene rgy  

a n a l y s i s .  ^  By e x t e n s i o n ,  the  c o s t s  a s so c ia ted  with wages, s a l a r i e s  

and b e n e f i t s  are  excluded wherever p o s s ib le .  Though th ese  d o l l a r  c o s t s  

impact  an economic a n a l y s i s  they  do not c o n t r ib u te  to  or  diminish the 

energy requirements  of  th e  p r o c e s s .  S i m i l a r  r e a s o n i n g  a l s o  e x c l u d e s  

such p e c u n ia r y  e f f e c t s  as  t a x e s  o r  payments  made in  l i e u  of  t ax es .  

A dd i t io n a l ly ,  f inance  charges  paid  f o r  borrowed c a p i t a l  and t h e  d o l l a r  

c o s t  of purchased f u e l s  and e l e c t r i c i t y  a re  excluded.

The boundaries  s e l e c t e d  a t tempt  t o  c r e a t e  a s t a t i c  p i c t u r e  o f  

t h e  p r o c e s s  f o r  t h e  t im e  f rame u nder  e x a m in a t io n .  Thus, the  d i r e c t
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e n e r g y  i n p u t s  t o  t h e  p r o c e s s  a r e  i n c l u d e d  as  well  as  t h e  i n d i r e c t  

(mater ia l  and s e rv ic e )  in p u ts  necessary  t o  o p e r a t e ,  manage, m a i n t a i n ,  

and r e p a i r  t h e  sys tem .  An im p o r tan t  subse t  of maintenance and r e p a i r  

expenses under the  s t a t i c  co n d i t io n s  imposed are  d e p r e c i a t i o n  e x p e n s e s  

i n c u r r e d  due t o  t h e  d e p re c ia t io n  of e x i s t i n g  s t r u c t u r e s .  Deprec ia t ion  

expense  i s  assumed t o  r e p r e s e n t  t h e  r e p l a c e m e n t  v a lu e  o f  f a c i l i t y  

d e t e r i o r a t i o n .  C o n s e q u e n t ly ,  c o n s t r u c t i o n  o f  new f a c i l i t i e s ,  n o t  

brought o n - l in e  during the  time frame, a re  not cons idered .

The d e f i n i t i o n  o f  t h e  system boundaries presented inc ludes  the 

energy c o s t  a s s o c i a t e d  w i th  t h e  e l e c t r i c  u t i l i t y ' s  d e l i v e r y  o f  t h e  

e l e c t r i c  power.  The o u t p u t  boundary e x te n d s  up t o  and inc ludes  the 

e l e c t r i c  m e te r  a t  t h e  end o f  t h e  u t i l i i t y ’s r e s p o n s i b i l i t y  f o r  t h e  

e l e c t r i c  power. But t h e  i n p u t  boundary i s  more complex. To avoid 

lo c a t io n a l  advantage in the  comparison o f  t e c h n i c a l  e f f i c i e n c i e s ,  t h e  

e ne rgy  c o s t  of c ap tu r ing  and d e l iv e r in g  the  d i r e c t  energy inpu ts  to  the  

u t i l i t y ' s  g a t e  a r e  n o t  c o n s i d e r e d .  L ik e w is e ,  t h e  e n e r g y  c o s t  o f  

d e l iv e r in g  the  m a te r ia l s  and s e rv ice s  required  a re  not  considered .  Only 

the  heat  con ten t  of the  d i r e c t  ( f u e l s )  energy and the embodied energy of 

t h e  i n d i r e c t  ( p u rc h a s e d  e l e c t r i c i t y ,  m a t e r i a l s  and se rv ic e s )  energy 

inpu ts  a re  cons idered .  These v a l u e s  r e p r e s e n t  t h e  p r o d u c e r ' s  en e rg y  

c o s t .  Thus, t h e  e n e rg y  c o s t  o f  f u e l s ,  m a te r ia l s  and se rv ic e s  a re  not  

increased  by t r a n s p o r t a t i o n  and "middleman" expenses.

Survey Instrument Design

The sys tem  b o u n d a r i e s  s e le c ted  allow the  use of e i t h e r  process  

o r  i n p u t - o u t p u t  a n a l y s i s  t e c h n i q u e s .  A g a i n ,  t h e  k i n d  and

a v a i l a b i l i t y  o f  d a t a  c o n s t r a i n  t h e  f i n a l  c h o i c e  o f  m e th o d  t o  be
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employed.

W ith  t h e  a s s i s t a n c e  o f  Mr. R. H. B u l t h u i s ,  ( D i r e c t o r  of  

Regulatory and Data Research, Consumers Power Company) and members o f  

h i s  s t a f f ,  a q u e s t i o n n a i r e  was d eve loped  to  c a p t u r e  t h e  i n p u t s  and 

ou tputs  of  the  system def ined  (see  Appendix). Two key f e a t u r e s  in  t h e  

i n s t ru m e n t ' s  design a re :  1) the  m ajor i ty  of the  in formation requ ired  i s

a v a i l a b l e  from publ ished d o c u m e n t s ; ^  and, 2) the  a v a i l a b i l i t y  of  data  

allowed the use of  a f iv e  y ea r  t ime frame to  average the  annual f i g u r e s .  

The second f e a t u r e  in  t h e  i n s t r u m e n t ' s  design i s  deemed necessary to  

smooth unusual  e x p e n s e s  i n c u r r e d  as  a r e s u l t  o f  u n f o r e s e e n  s y s t e m  

f a i l u r e s  and to  reduce the  v a r i a b i l i t y  in  the y e a r  to  yea r  da ta .

The kind of  da ta  s o l i c i t e d  in t h i s  manner determined t h e  method 

o f  a n a l y s i s  t o  be a m o d i f i e d  i n p u t - o u t p u t  technique.  D irec t  in p u ts ,  

such as co a l ,  natura l  gas ,  e t c .  are  r e p o r t e d  i n  e i t h e r  t o t a l  B t u ' s  o r  

o t h e r  p h y s ic a l  u n i t s  such as to n s ,  mcf, e t c .  consumed (see Table 1 f o r  

c o n v e r s i o n  f a c t o r s  e m p lo y e d ) .  I n d i r e c t  i n p u t s  s u c h  a s  o p e r a t i n g ,  

m a in te n a n c e ,  d e p r e c i a t i o n  and a d m i n i s t r a t i o n  c o s t s  a r e  r e p o r t e d  in 

c u r r e n t  d o l l a r s .  Of t h e  a n a l y t i c  t e c h n i q u e s  a v a i l a b l e ,  o n l y  an 

in p u t -o u tp u t  energy a n a ly s i s  method can convert  the  d o l l a r  expenses in to  

t h e i r  equ iv a len t  energy c o s t s .

Input-Output Analysis

T h is  a n a l y t i c  t e c h n i q u e ,  d ev e lo p ed  by members o f  t h e  Energy 

Research Group a t  the  Center  f o r  Advanced C om puta t ion ,  U n i v e r s i t y  o f  

I l l i n o i s  a t  Urbana -  Champaign, i s  based on the  economic in p u t -o u tp u t  

model used t o  d e s c r i b e  t h e  f low  o f  goods and s e r v i c e s  in  t h e  U .S .
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Table 1. Conversion f a c t o r s  employed.

E l e c t r i c i t y  (per  k i lo w a t t -h o u r )
d i r e c t  (hea t  e q u iv a len t ) 3,412 Btu's/Kwh

*Total 13,056 Btu's/Kwh

Coal ( in  tons)
di r e c t 25,000,000 B t u ' s / t o n

Natural Gas (in  mcf)
di r e c t 1,012,000 Btu 's /m cf

Fuel Oil ( in  Bbls)
di r e c t 5,882,898 Btu 's /Bbl

Blas t  Furnace Gas ( in  mcf)
di r e c t 9,500 Btu 's /m cf

Nuclear Fuel ( in  GMs)
di r e c t 104,958,843 Btu's/GM

Steam ( in  lb s )
di r e c t 1,000 B t u ' s / l b

*used f o r  purchased power

S o u rce :  f o r  e l e c t r i c i t y ,  n a t u r a l  g a s ,  b l a s t  f u rn a c e  gas and steam:
P e t e r  K ak e la ,  "Tab le  A - l ,  Energy C o nve rs ion  F a c t o r s  E m ployed ,"  i n  
" P e l l e t i z e d  vs.  Natural Iron Ore Technology: Energy, Labor and Capita l
Changes," CAC Document No. 251 (Urbana: CAC o f  U n v e r s i t y  o f  I l l i n o i s )  
December, 1977. p. 62; f o r  coal and fuel o i l :  c a l c u la t e d  average based
on data supplied  by p a r t i c i p a t i n g  u t i l i t i e s ;  f o r  n u c l e a r  f u e l :  from
company data based on a coal e q u iv a le n t .
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economy. ^  Every in d u s t ry  i s  placed in to  a s e c to r  def ined by a common 

c h a r a c t e r i s t i c ,  such as p ro fe s s io n a l  s e r v i c e s ,  m a in ten an ce  and r e p a i r  

c o n s t r u c t i o n ,  f i n a n c i a l  s e r v i c e s ,  e l e c t r i c a l  apparatus  manufacturing,  

e t c .  The economic a c t i v i t y  in each s e c t o r  i s  r e p r e s e n t e d  by a l i n e a r  

e q u a t i o n  t h a t  c o r r e s p o n d s  t o  each  o f  t h e  i n p u t  s e c t o r s  r e q u i r e d  to  

produce a d o l l a r ' s  worth o f  t h e  g iv en  commodity. By t r a c i n g  each  o f  

th e se  inputs  back t o  th e  c o n t r ib u t io n  made by the  d i r e c t  energy s e c t o r s ,  

such as petroleum, c o a l ,  e l e c t r i c i t y ,  e t c . ,  an energy i n t e n s i t y  can be 

d e t e r m in e d .  I t  i s  t h e n  p o s s i b l e  to  c a l c u l a t e  the  d i r e c t  and i n d i r e c t  

energy embodied in  a d o l l a r ' s  worth of  goods and s e rv ic e s  purchased from 

any s e c to r  of  the  economy.

S e lec t ion  of Sectors

A f i r s t  s t a g e  approx im a t ion  of t o t a l  i n d i r e c t  energy c o s t s  can 

be made by simply m u l t ip ly in g  the  t o t a l  d o l l a r s  spent  by the  t o t a l  B tu ' s  

consumed in  t h e  U.S. economy t h a t  y e a r  and d iv id ing  by the  number of 

d o l l a r s  in the  gross  n a t io n a l  product (GNP). This r a t i o  i s  o f t e n  used  

t o  e s t i m a t e  ene rgy  c o s t s  when the  na tu re  of the  d o l l a r  c o s t s  cannot be 

s t a t e d  more expl  i c i t l y . ^  The q u e s t i o n n a i r e  used in t h i s  a n a l y s i s ,  

however, separa ted  the  t o t a l  o p e ra t ion  c o s t s  i n to  10 Bureau o f  Economic 

A n a ly s i s  (BEA) i n d u s t r i a l  c l a s s i f i c a t i o n  s e c to r s  based on the  Michigan 

P u b l i c  S e rv ic e  Commission's (MPSC) Uniform System of Accounts f o r  Class  

A and B E l e c t r i c  U t i l i t i e s  and v e r i f i e d  by Mr. Bul thu is  as the  g r e a t e s t  

e x t e n t  the  data  may be d isagg rega ted  in to  c o n s i s t e n t  c a t a g o r i e s .  

v Despite  t h i s  l eve l  o f  r e f inem ent ,  th e  da ta  c o l l e c t e d  r e p r e s e n t s  

a h igh d e g ree  o f  a g g r e g a t i o n .  The MPSC system of accounts  l i s t s  130 

s e p a r a t e  a c c o u n t  numbers t h a t  conform t o  t h e  sys tem  b o u n d a r i e s  a s
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def ined .  But municipal u t i l i t i e s  a re  not requ ired  to  r e p o r t  to  the MPSC 

and each f irm ,  t h e r e f o r e ,  uses i t s  own, i n d iv id u a l ly  designed sy s tem  o f  

r e c o r d s .  A p a r t  form t h i s  problem, th e r e  i s  a l so  the  r e lu c tan c e  on the  

p a r t  of  u t i l i t y  execu t ives  to  p a r t i c i p a t e  in voluntary  research  e f f o r t s .  

According to  Mr. B u l th u is ,  c o l l e c t i n g  the  data on a l l  130 accounts  f o r  a 

f iv e - y e a r  time frame i s  an unreasonable  reques t  to  make. The r e s u l t i n g  

l e v e l  o f  a g g r e g a t i o n  e l i m i n a t e d  t h i s  l a t t e r  o b jec t ion  and allowed fo r  

i n d i v i d u a l i t y  in accounting systems.

T a b le  2 shows t h e  10 s e c t o r s  s e l e c t e d  and t h e  co r respond ing  

in p u t -o u tp u t  model 's  energy con ten t  va lues .  In 1972, t h e  t o t a l  en e rg y  

consumed in the  U.S. economy was 71.63 q u a d r i l l i o n  B t u ' s ^ ^  and GNP was 

1 .1075  t r i l l i o n  d o l l a r s .  Thus t h e  a v e ra g e  B tu 's  per  d o l l a r  was

64,677 in  1972. None o f  t h e  i n d u s t r i a l  s e c t o r s  chosen  s u r p a s s  t h i s  

a v e r a g e  v a lu e  and ,  indeed ,  several  s ec to rs  f a l l  cons iderab ly  below the  

average .  While h i g h l y  a g g r e g a t e d ,  t h e  l e v e l  o f  a g g r e g a t i o n  chosen  

r e p re se n t s  a second s tage  approximation.

Energy Content Correc t ions

The l a t e s t  economic data a v a i l a b le  to  c a l c u l a t e  the  in p u t -o u tp u t  

energy values  a re  based on 1972 d a ta .  Consequently, the  embodied energy 

p e r  d o l l a r  expended must  be c o r r e c t e d  not only fo r  i n f l a t i o n  but a l so  

f o r  t h e  c o n s e r v a t i o n  s t r a t e g i e s  em p lo y ed  s i n c e  t h a t  d a t e .  T h i s  

in t roduces  an unknown degree of e r r o r  In to  the  co r rec te d  va lues .

The Herendeen-Bullard approximation  used  t o  u p d a te  t h e  en e rg y  

co n ten t  values i s  a two s tep  p r o c e s s . ^ 3 )  p i r s t ,  the  changing energy to  

GNP r a t i o  i s  used to  a d j u s t  the  energy con ten t  v a lu e s  f o r  economy-wide 

c o n s e r v a t i o n  s t r a t e g i e s .  Second, the  changing p r ic e  index i s  used to
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Table 2. Selected Bureau of Economic Analys is  s ec to rs  and t h e i r  
corresponding energy c on ten t  values  per  1972 d o l l a r .

Descr ip t ion B tu ' s /$  (1972) BEA Sector

New co n s t ru c t io n ,  publ ic  u t i l i t i e s 64027 1103

Maintenance and r e p a i r 62551 1202

O ffice  suppl ies 61778 8200

Regulatory se rv ices 52075 7903

Cred i t  and f in a n c ie l  accounting 43784 7002

Educational s e rv i c e s /p u b l i c  r e l a t i o n s 40294 7704

Advert is ing 39717 7302 •

Miscel laneous bus iness  s e rv ic e s 22211 7301

Insurance 15099 7004

Rentals and real e s t a t e 12110 7102

Source: Bureau of Economic Analys is  s e c to r s  and t h e i r  d e s c r ip t io n s  from 
C lark  W. B u l l a r d ,  P e t e r  S. Penner and David A. P i l a t i ,  Energy Analysis 
Handbook, CAC Document No. 214 (Urbana: CAC of  Univers i ty  ot  I l l i n o i s ,
1976) pp. 32 -35 ;  and ene rgy  c o n t e n t  v a lu e s  from Bruce Hannon, Energy 
Cost of Goods and S e rv ic es ,  1972, Energy Research Group Document No. 307 
(Univers i ty  of I l l i n o i s  a t  Urbana - Champaign, 1981).
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a d j u s t  t h e  v a l u e s  f o r  i n f l a t i o n .  T a b l e  3 p r e s e n t s  t h e  energy  

conservat ion  d e f l a t o r s  and Table 4 shows the  p r ic e  d e f l a t o r s  employed.  

The ene rgy  c o n t e n t  v a l u e ,  o r  energy i n t e n s i t y ,  f o r  a given i n d u s t r i a l  

s e c t o r  in  a g i v e n  y e a r  i s  t h e r e f o r e  c a l c u l a t e d  by a s e r i e s  o f  

m u l t i p l i c a t i o n s .  For example, $100 spen t  on o f f i c e  supp l ies  in 1977 i s  

eq u iva len t  t o  3,885,639 B tu ' s  (see  Table 5).



Table 3. Total energy consumed, gross nat ional product and the  energy d e f l a t o r  c a lcu la te d  to  c o r r e c t  
energy conten t  values fo r  conserva t ion  s t r a t e g i e s  employed s ince  1972.

Year
Energy Consumed 

( in  Q uadr i l l ion  B tu ' s )
Gross National Product 

( in  T r i l l i o n  1972 $)
B t u ' s / $ ( 1972) 

(xlOOO)
Energy

Def la to r

1972 71.63 1.1075 64.68 1.0000

1977 76.33 1.3697 55.73 0.8616

1978 78.18 1.4386 54.34 0.8402

1979 78.91 1.4794 53.34 0.8247

1980 75.91 1.4740 51.50 0.7963

1981 73.91 1.5026 49.19 0.7605

S ource :  T o ta l  energy  consumed from the Energy Information Administ ra t ion,  1981 Annual Report to  Congress, 
Vol .  I I ,  Energy S t a t i s t i c s ,  USDOE, May 1982; Gross National Product from the U.S. Department of  Commerce, 
"T ab le  1 . 2 :  GNP i n  C o n s t a n t  D o l l a r s , "  Survey of  C u r r e n t  Business  62(7>:23 Ju ly  1982: Energy D ef la to r
equals  B t u ' s ( y ) / B t u ' s (1972) X GNP(1972)/GNP(y) from Robert A. Herendeen and Clark W. Bul la rd ,  Energy Cost of  
Goods and S e r v i c e s ,  1963 and 1976, CAC Document No. 140 (Urbana: CAC of Univers i ty  of I l l i n o i s ,  1974) p.
W . »

i
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Table 4. P r ice  d e f l a t o r s  used to  c o r r e c t  c u r re n t  expend i tu res  fo r  
i n f l a t i o n  s ince  1972. Index y e a r ,  1972 = 1.000.

In d u s t r i a l  C l a s s i f i c a t i o n  Year
(BEA Sectors)  1977 1978 1979 1980 1981

Services
(7301;7302;7704) 0.701 0.655 0.605 0.552 0.508

Finance
(7102;7002;7004) 0.752 0.686 0.640 0.587 0.544

Construction
(1103;1202) 0.635 0.575 0.503 0.440 0.409

Government
(7903) 0.702 0.659 0.618 0.570 0.521

Manufacturing
(8200) 0.730 0.689 0.652 0.604 0.558

S o u rce :  U.S. D epar tm en t  o f  Commerce, " 
D e f l a t o r s  f o r  Gross  N a t io n a l  P r o d u c t  by 
Business  62(7):115 Ju ly  1982.

Tab le  7 .2 2 :  
Indus t ry ,"

I m p l i c i t  P r ic e  
Survey of  Current

Table 5. Example of  i n f l a t i o n  and energy conserva t ion  c o r re c t io n  
employed.

s t a r t  with $100 in o f f i c e  
supply expense in 1977 $100.00 (1977 $)

times  i n f l a t i o n  d e f l a t o r (X) 0.730 

$ 73.00 (1972 $)

t imes energy con ten t  per  1972 $ (X) 61,778 

4,509,794

B t u ' s / (1972 $) 

B t u ' s ' s

times  energy d e f l a t o r (X) 0.8616

o f f i c e  supply energy expense 3,885,639 B t u ' s ' s
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S e le c t io n  of Subjects

A random sample from the  popula t ion  of 1000 e l e c t r i c  genera t ing  

companies in the  United S t a t e s ,  though idea l  f o r  a s t a t i s t i c a l  a n a l y s i s ,  

i s  r e j e c t e d  as being both im prac t ica l  and in ap p ro p r i a t e  a t  t h i s  time due 

to  u n av o id a b le  c o n s t r a i n t s  and t h e  need f o r  d a t a  c o n s i s t a n c y .  For 

exam ple ,  t ime and funding c o n s t r a i n t s  requ ired  a s e l e c t io n  of u t i l i t i e s  

from the s t a t e  of  Michigan. In most c a s e s ,  p e r s o n a l  i n t e r v i e w s  were 

r e q u i r e d  t o  i n t r o d u c e  t h e  p u rp o se  o f  t h e  r e s e a r c h  p r o j e c t  and to  

descr ibe  the  na ture  of involvement r equ i red  by the  p a r t i c i p a t i n g  company 

e x e c u t i v e s .  This personal c o n tac t  a lso  insured  a c o n s i s t e n t  d e f i n i t i o n  

of  the  data  req u i red .  Thus the  popula t ion  to  be sampled i s  r e d u c e d  t o  

the  47 genera t ing  companies in Michigan.

Of th ese  47 companies, s i g n i f i c a n t  d i f f e r e n c e s  in t h e i r  leve l  of  

s e l f - s u f f i c i e n c y  in genera t ing  power to  meet t h e i r  power demand requ ired  

f u r t h e r  winnowing.  The goal in  t h i s  p r o c e s s  was t o  l o o k  o n l y  a t  

companies  t h a t  p rod u ced  a t  l e a s t  t h e  m a j o r i t y  o f  t h e i r  t o t a l  power 

demand. Companies t h a t  opera te  p r im a r i l y  as  d i s t r i b u t o r s  o f  e l e c t r i c  

power do n o t  conform t o  t h e  d e f i n i t i o n  o f  an e l e c t r i c  genera t ing  and 

d i s t r i b u t i n g  company as def ined in  Chapter IV. An a l lo w a n c e  was made, 

however ,  f o r  t h o s e  companies  t h a t ,  f o r  accounting purposes ,  cons ide r  

power o b t a i n e d  from f a c i l i t i e s  t h a t  t h e y  own in  w h o le  o r  p a r t  a s  

p u r c h a s e d  power. This requirement reduced the  t o t a l  number of e l e c t r i c  

companies t o  10 in  Michigan t h a t  conform to  th e  d e f i n i t i o n .

T h i s  winnowing p r o c e s s  l e f t  on ly  t h o s e  companies in  Michigan 

t h a t  d i f f e r e d  from each o th e r  on the  b a s i s  of  s i z e  and t e c h n o l o g y .  In
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o r d e r  to  compare com panies  on ly  on t h e  b a s i s  of  s i z e ,  t h e  k ind  of  

g e n e r a t i n g  u n i t s  and t h e i r  age had to  be com parab le  as  w e l l .  The 

w e ig h te d  average date  a company's production system was brought  on l i n e  

i s  c a lc u la t e d  by weight ing the date  each u n i t  w i t h i n  a power p l a n t  i s  

brought on l i n e  by the  u n i t ' s  r a te d  c a p a c i ty .  For multi  pi an t  companies, 

t h e  w e ig h te d  a v e ra g e  d a t e  f o r  a l l  pow er  p l a n t s  i s  c a l c u l a t e d  by 

w e i g h t i n g  t h e  w e ig h te d  a v e r a g e  d a t e  of  each power p l a n t  by th e  net 

k i l o w a t t - h o u r s  p roduced  by t h e  p l a n t .  None o f  t h e  10 r e m a i n i n g  

c o m p a n i e s  i n  M ic h ig a n  were e l i m i n a t e d  from th e  sample u s in g  t h i s  

technique because the companies d id  n o t  d i f f e r  by more th a n  10 y e a r s  

from each o ther .

F i n a l l y ,  t o  in su re  t h a t  the  kind of genera tors  employed by each 

company was comparable,  f o s s i l - f u e l e d  power p l a n t s  a re  r e q u i re d  t o  make 

up th e  m a j o r i t y  o f  t o t a l  i n s t a l l e d  c a p a c i t y .  Th is  e l im in a te s  those 

companies t h a t  a re  l a r g e ly  dependent on nuc lear  or  hydro-power, assuming 

t h a t  t h e s e  f a c i l i t i e s  a r e  t e c h n i c a l l y  incompariable  with conventional  

f o s s i l - f u e l  t e c h n o lo g ie s .  This requirement e l im ina ted  only one company 

w h ic h  used hydro-pow er  aq i t s  ppedom inan t  energy  s o u r c e .  Tab le  6 

p re sen ts  the e ig h t  p a r t i c i p a t i n g  e l e c t r i c  companies  examined in  t h i s  

a n a l y s i s .  While 9 companies  q u a l i f i e d  under the c o n s t r a in t s  imposed, 

one company refused  to  p a r t i c i p a t e .

S t a t i s t i c a l  Analysis

Both l i n e a r  and polynomial r eg re s s io n  ana lyses  (with ap p ro p r ia te  

data t ransfo rm at ions )  a re  used to  t e s t  the  s t r e n g th  o f  any c o r r e l a t i o n  

between the v a r i a b le s  p resen ted  in  Chapter In each case ,  the
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Table 6. Qualifying s t a t i s t i c s  of the  p a r t i c i p a t i n g  e l e c t r i c  u t i l i t i e s .

S e l f -S u f f ic ie n c y  Average Date F o s s i l - f u e l e d
(%) Power produced Production system Capacity [%) Total  

Company to  t o t a l  power s a le s  was o n - l in e  i n s t a l l e d  cap ac i ty

A 86.98 1966 95.13

B 76.00 1965 71.30

C 99.93 1964 99.10

D 31.18* 1960 84.20

E 93.56 1962 100.00

F 89.49 1969 93.46

G 93.55 1959 99.53

H 70.46* 1968 94.29

* These  companies "purchase" power from f a c i l i t i e s  they own in whole or 
p a r t  fo r  accounting purposes and q u a l i fy  a t  the  70 percen t  level i f  t h i s  
purchased power i s  cons idered  in-house generated.

S ource :  s t a t i s t i c s  c a l c u l a t e d  from d a t a  i n  t h e  Energy I n f o r m a t i o n  
A d m i n i s t r a t i o n ,  "Table 6: E l e c t r i c  Generation Uni ts  by S ta t e ,  Company,
P l a n t  and Coun ty ,"  I n v e n t o r y  o f  Power P l a n t s  in  the  U .S . , USDOE June 
1981 p p .  125 -  137 ;  and t h e  E l e c t r i c  World D i r e c t o r y  of  E l e c t r i c  
U t i l i t i e s ,  89 th  e d i t i o n ,  (New York: McGraw H i l l ,  I n c . ,  i960) pp. 381 -
1 5 9 :
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n u l l  h y p o t h e s i s  s t a t e s  t h a t  no r e l a t i o n s h i p  e x i s t s .  The a l t e r n a t i v e  

hypotheses a re  t e s t e d  a g a in s t  the  observed d a t a  and a r e l a t i o n s h i p  i s  

c o n c lu d ed  to  e x i s t  i f  the  p ro b a b i l i t y  of i n c o r r e c t ly  r e j e c t i n g  the  null  

hypothesis  (a Type I e r r o r )  i s  l e s s  than f iv e  chances  o u t  o f  a hundred  

(P = 0 . 0 5 ) .  When more than one a l t e r n a t i v e  hypothesis  may be accepted,  

th e n  th e  a l t e r n a t i v e  t h a t  b e s t  d e s c r i b e s  t h e  d a t a  an d  s a t i s f i e s  

t h e o r e t i c a l  and/or  empir ical  c o n s t r a i n t s  i s  s e le c te d .

L im ita t ions

The primary l i m i t a t i o n  in t h i s  a n a ly s is  stems from the small and 

highly  s t r u c tu r e d  na tu re  o f  the sample. C o n c lu s io n s  may be drawn b u t  

only on the  data  c o l l e c t e d .

Beyond t h e  l i m i t a t i o n s  o f  any p r e l i m i n a r y  r e s e a r c h  e f f o r t ,  

however, are  the in h e ren t  l i m i t a t i o n s  a s so c ia te d  with the  n a t u r e  o f  t h e  

d a t a  i t s e l f .  For  example, coal i s  a h ighly heterogenous energy source 

with a g rea t  deal of  v a r i a b i l i t y  in i t s  Btu co n ten t .  One pound o f  coa l  

w i l l  d i f f e r  from the next  pound due to  the  v a r i a b i l i t y  in  the  geological  

processes  tha t ,  c rea ted  i t  and the  m o is tu re  ab s o rb e d  in  t h e  coa l  p i l e s  

j u s t  p r io r  t o  combustion. Yet an average heat  con ten t  value was used to  

a s sse ss  t h i s  s i g n i f i c a n t  energy source .

F i n a l l y ,  t h e r e  a r e  t h e  l i m i t a t i o n s  imposed by t h e  methods 

employed. Converting c u r r e n t  d o l l a r s  expended in  v a r i o u s  i n d u s t r i a l  

s ec to rs  back to  1972 d o l l a r s  to  ob ta in  t h e i r  embodied energy incurs  both 

i n f l a t i o n  and energy conserva t ion  u n c e r t a i n t i e s .  Beyond th e se  p rob lem s  

th e r e  are  a l so  the  general l i m i t a t i o n s  of  an in p u t -o u tp u t  a n a ly s i s .  For 

example, c l a s s i f y i n g  expenses i n to  a given s e c to r  may in t roduce  an e r r o r



due t o  t h e  l e v e l  o f  a g g r e g a t i o n  in t h a t  s e c to r .  The actual  purchases  

w i th in  the  s e c to r  nay be made of  goods or  s e rv ic e s  t h a t  a re  n o t  t y p i c a l  

to  t h a t  s e c to r .  F u r th e r ,  t h e r e  are  u n c e r t a i n t i e s  in  the  computed energy 

c o s t  per  d o l l a r  f o r  th e  357 -sec to r  model t h a t  stem from d i s a g g r e g a t i n g  

the  9 0 - sec to r  model.
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CHAPTER SIX

RESULTS AND ANALYSIS 

The Independent Variab les

Organizat ional  Size

The  p r i m a r y  i n d e p e n d e n t  v a r i a b l e  i n  t h i s  a n a l y s i s  i s  

o rgan iza t iona l  s i z e .  As the  s in g l e  b e s t  i n d i c a t o r  of  the  p h y s ic a l  s i z e  

o f  an e l e c t r i c  u t i l i t y ,  I u l o  recommends using peak power demand. As 

Iu lo  e x p la in s ,  peak power demand "recognizes  both the  capac i ty  t h a t  must 

be b u i l t  i n t o  t h e  d i s t r i b u t i o n  sys tem  and t h e  c a p a c i t y  t h a t  must be 

provided by the  product ion system in o r d e r  t o  meet  t h e  maximum demand 

p l a c e d  upon t h e  u t i l i t y . "  ^  I u l o ,  however,  was unable to  use peak 

power demand i n  h i s  a n a l y s i s  b e c a u s e  h i s  d a t a  s o u r c e s  d i d  n o t  

c o n s i s t e n t ly  r e p o r t  peak power demand. But one of  the  advantages of the 

small sample se le c ted  and the  personal c o n tac t  i t  p e r m i t s  w i th  u t i l i t y  

e x e c u t i v e s  i s  t h e  a b i l i t y  t o  o b t a i n  a con s i  s t a n t  measure  o f  t h e  

u t i l i t y ' s  peak power demand. Consequently, t h i s  a n a ly s i s  fol lows I u l o ' s  

recommendat ion and u s e s  peak power demand as t h e  measure of u t i l i t y  

s i z e .

Each company's f i v e  y ea r  average value f o r  peak power demand and 

the  o the r  u t i l i t y - b a s e d  independent  v a r i a b le s  a re  r e p o r t e d  i n  T a b le  7. 

The average peak power demand i s  c a l c u l a t e d  by averaging the  f iv e  annual 

peak power demand f ig u r e s  r ep o r ted  by the  company.
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Ta b le  7 .  The U t i l i t y - B a s e d  Independent V a r ia b le s

Company

U t i l i t y  Size 
Peak Power 

Demand 
(Mw)

D is t r ib u t io n  
System 
(in  Mi)

Customers
Served

D is t r ib u t io n  
Densi ty  

(Customers 
per Mile)

Production 
System Age 

(Average 
Date On-Line)

A 7083 41,073 1,735,235 42.2 1966

B 4731 54,368 1,293,221 23.8 1965

C 371 1,280 77,613 209.3 1964

D 140 3,076 58,588 19.0 1960

E 61 208 13,707 65.7 1962

F 43 244 13,481 55.2 1969

G 33 110 8,375 76.1 ’ 1959

H 28 79 6,711 85.0 1968

Note: All values except System Age values are averages based on the  f iv e  y e a r  t ime frame.
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D is t r ib u t io n  Density

The com panies '  ene rgy  co s ts  in d i s t r i b u t i n g  e l e c t r i c  power may 

be dependent upon the dens i ty  of  customers w i t h i n  t h e i r  s e r v i c e  a r e a .  

As t h e  f i g u r e s  in  T a b le  7 show, th e  p a r t i c i p a t i n g  companies d i f f e r  in 

t h e i r  f i v e  y e a r  a v e r a g e  m i l e s  o f  l i n e  and c u s to m e rs  s e r v e d .  These 

d i f f e r e n c e s  are  made more d i s t i n c t  in  the  d i s t r i b u t i o n  dens i ty  column of 

Table 7. D i s t r ib u t io n  den s i ty  i s  c a l c u la t e d  from the  f iv e  y ea r  averages 

f o r  cus tom ers  served and d i s t r i b u t i o n  miles and equals  customers served 

per  mile of  l i n e .

System P la n t  Age

The l e v e l  o f  t e c h n o lo g y  employed in the system's  power p la n t s  

may a l so  e f f e c t  the  energy e f f i c i e n c y  o f  t h e  com pan ies .  O lder  p l a n t s  

may be l e s s  e f f i c i e n t  than more modern p l a n t s .  The process  of s e l e c t i n g  

the  p a r t i c i p a t i n g  companies in t h i s  ex am in a t io n  a t t e m p t e d  t o  min im ize  

t h i s  p o t e n t i a l l y  confounding v a r i a b l e .  As Table 5 showed, the weighted 

average date  o n - l in e  fo r  the power p la n t s  in opera t ion  do not d i f f e r  by 

more th a n  10 y e a r s .  Nonetheless ,  t h i s  f a c to r  may s t i l l  play a p a r t  in 

c o n t r ib u t in g  to the  sys tem 's  energy e f f i c i e n c y .

The c a l c u l a t i o n  f o r  d e t e r m in i n g  the  system p la n t  age shown in 

Table 7 was described p rev io u s ly .  To r e i t e r a t e ,  the  system p la n t  age i s  

a w e igh ted  av e ra g e  b ased  on t h e  i n s t a l l e d  capac i ty  of the  ind iv idua l  

u n i t s  with in  a power* p l a n t  and th e  date  th e  u n i t s  were b ro u g h t  o n - l i n e  

w i t h i n  t h e  p l a n t .  Thus l a r g e r  u n i t s  w i t h i n  t h e  p l a n t  have a l a r g e r  

in f luence  on the  c a l c u l a t e d  overa l l  age of  the  p l a n t .  For  m u l t i - p i  a n t  

u t i l i t i e s ,  the  system p l a n t  age i s  c a lc u la te d  by weighting the  weighted 

average age of each p l a n t  by t h e  n e t  k i l o w a t t - h o u r s  p roduced  by t h e
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p l a n t .  Thus t h e  l a r g e r  u n i t s  w i t h i n  t h e  p la n t  and the  l a r g e r  p la n t s  

have a p ro p o r t io n a te ly  g r e a t e r  in f lu en c e  on the  age of  the  system. This 

p r o c e d u re  f o r  d e te rm in in g  the  sys tem 's  average age i s  used because the 

m ajor i ty  of  the  power p ro d u ced  i s  base -1  oad power and t h i s  power i s  

produced p r im ar i ly  by th e  l a r g e r  p l a n t s  and u n i t s  with in  the  p l a n t s .

P lan t  Size and Age

I t  i s  p o s s i b l e  t h a t  pow er  p l a n t  e n e r g y  e f f i c i e n c i e s  a r e  

d ep en d en t  upon t h e  s i z e  o f  t h e  pow er  p l a n t  a n d / o r  t h e  l e v e l  o f  

t e c h n o lo g y  employed in  t h e  p l a n t .  Thus,  in  o r d e r  to  more c a r e f u l l y  

perce ive  the  impact of  power p l a n t  s iz e  and age on the  sy s te m 's  o v e r a l l  

ene rgy  e f f i c i e n c y ,  o p e r a t i n g  s t a t i s t i c s  on e i g h t  power p l a n t s  were 

obtained from the  p a r t i c i p a t i n g  companies .  Changes in  r a t e d  c a p a c i t y  

o v e r  t h e  t ime f ram e ,  from r e t i r e m e n t  o r  a d d i t i o n  t o  p l a n t  c a p a c i ty ,  

generated  data fo r  e s s e n t i a l l y  11 d i f f e r e n t  p la n t s  based on s i z e .  P lan t  

s i z e  i s  based  on i n s t a l l e d  c a p a c i t y .  The p l a n t ' s  age i s  the  weighted 

a v e ra g e  age o f  t h e  i n d i v i d u a l  u n i t s  w i t h i n  t h e  p l a n t  as  d e s c r i b e d  

p rev ious ly .  Table 8 p r e s e n t s  the  p l a n t  s i z e s  and ages examined.

The Dependent V ar iab les

Total Power E f f ic iency

As d e f i n e d  in  C h a p t e r  IV, t o t a l  power e f f i c i e n c y  combines the 

heat  co n ten t  of the  d i r e c t  e n e rg y  consumed in  t h e  p r o d u c t i o n  p r o c e s s  

w i th  t h e  d i r e c t  and i n d i r e c t  hea t  con ten t  of the  e l e c t r i c i t y  purchased 

from o t h e r  e l e c t r i c  p r o d u c e r s .  The d i r e c t  h e a t  c o n t e n t  o f  t h e  

e l e c t r i c i t y  purchased i s  m u l t i p l i e d  by i t s  energy i n t e n s i t y  (from Table
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Table 8.  S p ec i f ic  P lant-Based Independent V ar iab les

Size Average Date
P la n t  No._____________________ (Mw(e) capac i ty )_________________ On-Line

1 3280 1973

la 3014 1973

2 1905 1960

2a 1775 1960

3 1369 1974

3a 650 1965

4 510 1954

5 386 1964

6 70 1958

7 34 1970

8 17 1968

Source :  S iz e  based  on i n s t a l l e d  capac i ty  from c o l l e c t e d  da ta ;  average
d a t e  o n - l i n e  i s  a w e ig h te d  a v e r a g e  based  on d a t a  f ro m  t h e  E n e rg y  
I n f o r m a t i o n  A d m i n i s t r a t i o n ,  " T a b le  6: E l e c t r i c  Generat ing  Units  by
S t a t e ,  Company, P lan t  and County," op. c i t .  pp. 125-137.
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1) t o  c a l c u l a t e  bo th  t h e  d i r e c t  and i n d i r e c t  energy  embodied in  the  

power made a v a i l a b l e  to  the  d i s t r i b u t i n g  company.

T o ta l  B t u ' s  consumed in  t h e  d i r e c t  conversion of f u e l s  and in  

the  purchase of e l e c t r i c i t y  are  t o t a l e d  over the  f iv e  y ea r  s tu d y  p e r i o d  

f o r  an a v e ra g e  v a l u e .  T h i s  a v e r a g e  i s  then divided by the  f iv e  y e a r  

average of  the company 's  t o t a l  k i l o w a t t - h o u r  s a l e s  t o  c a l c u l a t e  t h e  

average energy co s t  per k i lo w a t t -h o u r  so ld .  The dependent v a r i a b l e s  are 

repor ted  in  Table 9.

D i s t r i b u t io n  E f f ic iency

L ine  l o s s e s  i n c u r r e d  as  t h e  i n e v i t a b l e  r e s u l t  of t r a n s m i t t i n g
. . . .

and d i s t r i b u t i n g  the  e l e c t r i c  power produced and purchased a r e  m easured  

in  k i l o w a t t - h o u r s  and conver ted to  B tu ' s  via the  s t r a i g h t  conversion of  

e l e c t r i c i t y  in to  hea t  (see  Table 1) .  The f iv e  y ea r  average hea t  c o n ten t  

o f  t h e s e  l i n e  lo sses  a re  d iv ided  by the  average k i low a t t -hours  so ld  f o r  

the  d i s t r i b u t i o n  energy c o s t s  per  k i lo w a t t -h o u r  de l ive red  (Table 9 ) .

Operat ions E f f ic iency

D o l l a r  c o s t s  o f  o p e r a t i n g  the  sys tem 's  power p la n t s  (excluding  

the  c o s t  of  f u e l s ) ,  t r a n s m i s s i o n / d i s t r i b u t i o n  system and t h e  com pany 's  

a d m i n i s t r a t i v e  f u n c t i o n s  are  converted to  B tu ' s  using the  i n p u t -o u tp u t  

energy a n a l y s i s  t e c h n i q u e  p r e v i o u s l y  d e s c r i b e d .  Once c o n v e r t e d  t o  

B t u ' s ,  t h e  annual o p e r a t i o n s  energy c o s t s  were summed fo r  a f iv e  y e a r  

average and divided by th e  average k i lo w a t t -h o u rs  so ld  (Table 9 ) .



Tab le  9 .  System energy costs: the  dependent v a r ia b le s .

Company

Megawatt-hour 
sal es 
(Mwh)

Production 
(Btu*s/Kwh)

Total* 
Power 

(Btu1s/Kwh)
Operations 
(Btu1s/Kwh)

D is t r ib u t io n  
(Btu's/Kwh)

Overall** 
(Btu1s/Kwh)

A 35,782,121 12,623.0 12,799.5 276.4 248.1 13,324.0

B 26,608,582 11,651.0 12,250.7 235.7 295.5 12,781.9

C 2,209,191 11,542.9 11,541.2 242.1 140.1 11,923.4

D 758,499 11,891.1 13,573.1 256.0 306.4 14,135.5

E 255,078 15,414.6 15,312.4 215.7 266.5 15,794.6

F 201,591 13,665.4 13,614.0 224.7 174.7 14,013.4

G 156,539 14,763.8 14,760.0 193.7 134.6 15,088.3

H 137,754 11,641.4 12,256.2 205.5 179.6 12,641.3

*Tota1 power energy cos ts  per  k i low at t -hou r  de l ivered  i s  the sum of product ion and purchased e l e c t r i c  
energy co s ts  per  k i lo w a t t -h o u r  de l iv e red .

**0verall  energy co s ts  per  k i lo w a t t  hour de l ivered  i s  the sum of Total Power, Operations and 
D is t r ib u t io n  energy co s ts  per  k i low at t -hou r  de l ive red .
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Overall  Ef f ic iency

A company 's  a v e r a g e  o v e r a l l  ene rgy  c o s t s  p e r  k i l o w a t t - h o u r  

d e l i v e r e d  i s  t h e  sum o f  t h e  c o m p a n y ' s  a v e r a g e  e n e r g y  c o s t s  p e r  

k i l o w a t t - h o u r  d e l i v e r e d  f o r  t h e  c a t a g o r i e s :  1) t o t a l  power; 2) 

d i s t r i b u t i o n ;  and, 3) o p e ra t io n s .  A l t e r n a t iv e ly ,  t h e  a v e ra g e  c o s t  p e r  

k i l o w a t t - h o u r  d e l i v e r e d  may be computed by summing to t a l  annual energy 

c o s ts  fo r  a f iv e  yea r  average and d iv id ing  by the  average k i low a t t -hou rs  

sold (Table 9 ) .

Production Eff ic iency

P r o d u c t io n  e f f i c i e n c y  i s  the  energy c o s t  of the  fu e l s  consumed 

in the company's production system and excludes  a l l  o t h e r  ene rgy  c o s t s  

i n c l u d i n g  purchased e l e c t r i c i t y .  The f iv e  yea r  average energy consumed 

i n  c o n v e r t i n g  f u e l s  t o  e l e c t r i c i t y  i s  d i v i d e d  by t h e  a v e r a g e  

k i low at t -hou rs  sold (Table 9 ) .

Power P la n t  Overall E f f ic ien cy

U n l i k e  t h e  o u t p u t  o f  t h e  e l e c t r i c  company i t s e l f ,  where 

k i low at t -hou rs  de l iv e red  forms the  denominator of t h e  energy  c o s t s  p e r  

u n i t  measure of  e f f i c i e n c y ,  the  ou tpu t  of  the  power p la n t  i s  measured a t  

the  p l a n t ' s  gate  j u s t  p r i o r  to  d i s t r i b u t i o n .  The power p l a n t ' s  g r o s s  

e l e c t r i c  pow er  p r o d u c t i o n ,  minus p l a n t - u s e ,  e q u a l s  t h e  n e t  power 

produced. The p l a n t ' s  average ne t  power produced i s  then c a l c u l a t e d .

The n u m era to r  f o r  power p l a n t  overa l l  e f f i c i e n c y  i s  the  sum of 

the  d i r e c t  energy consumed i n  c o n v e r s i o n  p l u s  t h e  i n d i r e c t  e n e rg y  o f  

o p e r a t i n g  c o s t s  ( e x c l u d i n g  t h e  d o l l a r  c o s t  of f u e l s ) .  The opera t ing  

co s t s  were r e p o r t e d  in  d o l l a r s  and a r e  c o n v e r t e d  t o  B t u ' s  u s in g  t h e
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inp u t -o u tp u t  energy a n a ly s i s  technique .  The average energy c o s t  i s  then 

c a l c u l a t e d  and divided by the average ne t  power produced. This produces 

t h e  power p la n t  overa l l  energy c o s t  per  ne t  k i low at t -hou r  produced (see 

Table 10).

Power P la n t  Production E f f ic ien cy

Power p l a n t  o v e r a l l  e f f i c i e n c y  i s  t h e  sum of the  power p la n t  

production e f f i c i e n c y  and the  power p l a n t  opera t ions  e f f i c i e n c y .  Power 

p l a n t  product ion e f f i c i e n c y  i s  the  average d i r e c t  ( fue l )  energy consumed 

divided by the average n e t  k i lo w a t t -h o u rs  produced (Table 10).

Power P la n t  Operat ions  E f f ic ien cy

Power p l a n t  o p e r a t i o n s  e f f i c i e n c y ,  the  l a s t  component in power 

p la n t  overa l l  e f f i c i e n c y ,  i s  the  energy c o s t  of th e  goods and s e r v i c e s  

requ ired  to  opera te  the p l a n t .  These i n d i r e c t  energy c o s t s ,  r ep o r ted  in 

d o l l a r s ,  a re  conver ted t o  B tu ' s  using the  i n p u t - o u t p u t  e n e rg y  a n a l y s i s  

technique .  The average o p e ra t io n s  energy c o s t  i s  divided by the average 

ne t  power produced (Table 10).
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Table 10. P lan t  energy c o s t s :  the  dependent v a r i a b le s .

Net Power
Produced Production Operations Overall  

P l a n t  No.__________ (Mwh)_________ (Btu1 s/Kwh) (Btu's/Kwh) (Btu*s/Kwh)

1 15,591,794 9864.6 90.8 9955.4

la 17,467,673 9688.2 79.1 9767.3

2 7,160,991 10468.4 122.6 10591.0

2a 6,142,878 10575.9 144.6 10720.5

3 7,690,944 9410.0 87.3 9497.3

3a 3,546,307 9497.7 100.4 9598.1

4 2,784,377 10809.6 113.5 10923.1

5 1,183,854 11651.8 122.9 11774.7

6 257,337 14162.7 120.8 14283.5

7 169,055 14202.3 129.5 14331.8

8 125,380 11261.0 140.5 11401.5
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Analysis  and Discussion of Resu l ts

Overall  E f f ic ien cy

The r e s u l t s  of  t h e  s t a t i s t i c a l  an a ly s is  (Table 11) confirm the  

null  hypo thes is ,  so t h a t  a t  th e  5.0 pe rcen t  level  o f  s i g n i f i c a n c e ,  one 

nay  c o n c l u d e  t h a t  no r e l a t i o n s h i p  e x i s t s  between u t i l i t y  s i z e  and 

overa l l  e f f i c i e n c y .  But an e n t i r e l y  d i f f e r e n t  conclusion i s  r e a c h e d  i f  

only the most e f f i c i e n t  u t i l i t i e s  are examined.

This d iv i s io n  of  the data  assumes t h a t  the  f o u r  most e f f i c i e n t ,  

u t i l i t i e s ,  which r an g e  from t h e  l a r g e s t  t o  t h e  s m a l l e s t  (companies 

A,B,C, and H r e s p e c t i v e l y ) ,  a r e  o p e r a t i n g  c l o s e r  t o  t h e  op t imum 

e f f i c i e n c y  o b t a i n a b l e  a t  t h e i r  s c a l e  th a n  a r e  t h e  r em a in in g  f o u r  

u t i l i t i e s .  Figure  5 i l l u s t r a t e s  an economic model t h a t  u n d e r l i e s  t h i s  

assumption.

The LRAC curve  in  F ig u r e  5 i s  t h e  t h e o r e t i c a l  envelope curve 

composed of the  minimum po in ts  ob ta in ab le  from s u c c e s s i v e  SRAC c u r v e s .  

But e m p i r i c a l  d a ta  i s  s o l e l y  o b t a i n e d  from o r g a n i z a t i o n s  o p e r a t in g  

somewhere along a SRAC curve.  Two o r g a n i z a t i o n s  may produce  t h e  same 

q u a n t i t y  of  o u t p u t  y e t  be on d i f f e r e n t  SRAC c u r v e s .  The assumption 

being made h e r e  i s  t h a t  t h e  most e f f i c i e n t  u t i l i t i e s  a r e  o p e r a t i n q  

c l o s e r  t o  t h e  minimum c o s t  p o i n t  on t h e i r  r e sp e c t iv e  SRAC curves and 

th e r e f o r e ,  r e p re sen t  a c l o s e r  approximation  o f  t h e  maximum e f f i c i e n c y  

o b ta in ab le  a t  t h e i r  s c a le  on the LRAC curve.



Table  11 . O vera ll  e f f i c ie n c y  s t a t i s t i c s .

(x = peak power demand, y = overa l l  energy c o s ts )

Hypothetical Rela t ionship  
(Y = General Form) A

Constants
B C

C oef f ic ien ts  
R R2

Two-Tailed 
P (Type I)

a + bx 13940 -0.143 - -0.303 0.092 0.4660

a + b/x 13270 30690 - 0.332 0.110 0.4224

a + b(logx) 15110 -600.0 - -0.442 0.196 0.2726

a + bx + cx2 14057 -0.851 0.0001 -0.419 0.175 > 0.30

a + b( logx)  + c ( lo g x )2 17294 -2485 354.2 -0.468 0.217 > 0.20
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SRAC1

c1

SRAC2
K

c2

LRAC

x Output
-To-it't- !5. An economic model of how two d i f f e r e n t  companies on h-; •• t
short-run average cos t  curves ,  y e t  producing at the same c u to u t  1 e*ve-1 , 
wi l l  *ave d i f f e r e n t  averane c o s t s .

Making t h i s  assumption i s  b o l s te re d  by precedent .  Messino, e t .  

a l .  c h o s e  t o  lo o k  o n l y  a t  t h e  m o s t  e f f i c i e n t  power p l a n t s  in  

o p e r a t i o n .  • - )  This  examination also  looks a t  the eneroy e f f i c ie n c y  of 

the  most e f f i c i e n t  u t i l i t i e s .  But u s in o  t h e  d a ta  from only  t h e  f o u r  

m o s t  e f f i c i e n t  u t i l i t i e s  i n c r e a s e s  t h e  d i f f i c u l t y  of  f i n d i n g  a 

s t a t i s t i c a l l y  s i a n i f i c a n t  r e s u l t .  When the  complete d a ta  s e t  of  e i g h t  

u t i l i t i e s  i s  t e s t e d ,  t h e  d e g r e e s  of  freedom a s s o c i a t e d  w i th  t h e  

s t u d e n t ' s  t  d i s t r i b u t i o n  i s  s i x ;  whereas  t h e  s m a l l e r  d a ta  s e t  a l l o w s  

o n l y  two d e g r e e s  of  f reedom .  N o n e t h e l e s s ,  based  on th e  f o u r  most 

e f f i c i e n t  u t i l i t i e s ,  a U-shaped r e l a t i o n s h i p  between u t i l i t y  s i z e  and 

overa l l  e f f i c i e n c y  e x i s t s  (see Table 12 and Figure 6 ) .



Tab le  1 2 .  O v e ra ll  e f f i c ie n c y  s t a t i s t i c s  based on the fo u r  most e f f i c i e n t  u t i l i t i e s  examined

(x = peak power demand, y = overa l l  enerqy cos ts )

Hypothetical Rela t ionship  
(Y = General Form) A

Constants
B C

C oef f ic ien ts  
R R*

Two-Tailed 
P (Type I)

a + bx 12240 0.139 - 0.826 0.683 0.1737

a + b/x 12700 -3120. - -0.094 0.009 0.9060

a + b( logx) 11900 267.7 - 0.517 0.267 0.4831

a + bx + cx^ 12310 -0.05 2 .RE-5 0.862 0.743 > 0.10

a + b(logx) + c ( lo g x ) 2 16292 -3553. 715.R 0.9R7 0.974 < 0.02
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Figure  6. Overall  e f f i c i e n c y  and b e s t  f i t t i n g  polynomial equat ion .

This r e l a t i o n s h i p ,  however t e n t a t i v e ,  demonstrates  the  e x i s t a n c e  

o f  t h e  p ro p o se d  energy  economy of s c a l e  curve (F igure  3 ) .  As such, i t  

r e p r e s e n t s  t h e  f i r s t  e m p i r i c a l  e v i d e n c e  o f  a r e l a t i o n s h i p  b e t w e e n  

t e c h n i c a l  e f f i c i e n c y  and o r g a n i z a t i o n a l  s i z e .  In te rm s  o f  o v e ra l l  

e f f i c i e n c y ,  based on the  most e f f i c i e n t  u t i l i t i e s  examined, t h e  optimum 

s iz e  of an e l e c t r i c  u t i l i t y  i s  approximately  300 Megawatts of peak power 

demand (Figure  6 ) .  Overall  e f f i c i e n c y ,  how ever ,  i s  t h e  r e s u l t  o f  t h e  

combined e f f e c t s  of severa l  f a c t o r s .

Total Power E f f ic ie n c y

As e x p e c t e d ,  the  energy c o s t  of  making e l e c t r i c  power a v a i l a b l e  

t o  consumers c lo s e ly  p a r a l l e l s  the  u t i l i t i e s '  o v e ra l l  energy c o s t s .  In 

f a c t ,  t h e  energy c o s t  of  product ion  and purchase  equals  96.7 p e r c e n t  of
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o v e r a l l  energy  c o s t s .  Thus , t h e  d a t a  used to  g e n e ra te  Table 13 are  

a p p r o x i m a te ly  3 .30  p e r c e n t  lower  t h a n  t h e  d a ta  p o i n t s  used in  t h e  

overa l l  e f f i c i e n c y  c a l c u l a t i o n .

The s t a t i s t i c a l  a n a l y s i s  of  the complete data s e t  aoain showed 

no r e l a t i o n s h i p  between u t i l i t y  s i z e  and t h e  u t i l i t y ' s  t o t a l  power 

e f f i c i e n c y  ( T a b l e  1 3 ) .  E x a m in in n  o n l y  t h e  f o u r  most e f f i c i e n t  

u t i l i t i e s ,  however, sungests  t h a t  the  u t i l i t i e s '  t o t a l  power e f f i c i e n c y  

i s  d ependen t  upon u t i l i t y  s ize  (Table 1 4 ) .  The a l t e r n a t i v e  hypothesis  

s e le c te d  i s  e s s e n t i a l l y  the  same as the U-shaped curve s e l e c t e d  f o r  t h e  

u t i l i t i e s '  ove ra l l  e f f i c i e n c y  r e l a t i o n s h i p  (F igure  7 ) .

As shown in Figure 7, the  optimum s ize  (based on the t o t a l  power 

e f f i c i e n c y  of the  most e f f i c i e n t  u t i l i t i e s  examined) i s  35n Megawatts of 

peak demand o r  50 Megawatts  g r e a t e r  t h an  t h a t  o b se rv ed  f o r  o v e r a l l  

e f f i c i e n c y .  Because t o t a l  power energy co s t s  r e p re s e n t  the  energy co s ts  

of  making e l e c t r i c  power a v a i l a b l e  to  t h e  sys tem  h u t  n o t  t h e  c o s t s  o f  

d i s t r i b u t i o n  or o p e ra t io n s ,  the  50 Megawatts d i f f e r e n c e  in optimum s ize  

may be the r e s u l t  o f  d i s t r i b u t i o n  and o p e ra t io n s  energy c o s t s .

N e v e r t h e l e s s ,  t o t a l  power e f f i c i e n c y  appears  to  be the maior 

f a c t o r  in de te rm in ing  t h e  o b se rv e d  shape o f  t h e  e l e c t r i c  u t i l i t i e s '  

o v e r a l l  e f f i c i e n c y  c u r v e .  Tota l  power energy co s t s  inc lude  the  f u e l s  

consumed in the companies' power p lan t s  and th e  energy c o s t  of  purchased 

e l e c t r i c  power. When t h e s e  c o s t s  a r e  d i v i d e d  by th e  e l e c t r i c  power 

a c t u a l l y . s o l d  by the  u t i l i t y ,  the  t o t a l  power e f f i c i e n c y  c-urve hecomes a 

m easure  of  t h e  u t i l i t y ' s  load management e f f i c i e n c y .  The r e l a t i o n s h i p  

between s i z e  and t h e  a b i l i t y  t o  c o o r d i n a t e  power supp ly  w i th  power 

demand (load management e f f i c i e n c y )  i s  c l a r i f i e d  by. the r e s u l t s  obtained 

f o r  product ion e f f i c i e n c y .



Tab le  13. To ta l power e f f i c ie n c y  s t a t i s t i c s .

(x = peak power demand, y = t o t a l  power eneroy co s ts )

Hypothetical Rela t ionship  
(Y = General Form) A

Constants
B C

Coef f ic ien ts  
R R2

Two-Tailed 
P (Type I)

a + bx 13510 -0.16 - -0.339 0.115 0.4121

a + b/x 12760 34990. - 0.378 0.143 0.3564

a + b(loc|x) 14790 -657 - -0.483 0.233 0.2253

a + bx + cx2 13638 -0.89 1. IE—4 0.452 0.204 > 0.20

a + b(logx) + c ( lo p x )2 17158 -2700 384 0.508 0.258 > 0.10



Table  14 . To ta l power e f f i c ie n c y  s t a t i s t i c s  based on the fo u r  most e f f i c i e n t  u t i l i t i e s  examined.

(x = peak power demand, y = to t a l  power energy c o s ts )

Hypothetical Rela t ionship  
(Y = General Form) A

Constants
B C

C o ef f ic ien t s  
R R*

Two-Tailed 
P (Type I)

a + bx 11860 0.116 - 0.771 0.594 0.2293

a + b/x 12210 -148. - -0.450 0.250 0.9950

a + b( logx) 11630 200. - 0.433 0.187 0.5674

a + bx + cx^ 11939 -0.103 3.2E-5 0.835 0.697 > 0.10

a + b(logx) + c( logx)2 15734 -3363. 667.6 0.978 0.956 < 0.05
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Figure  7. Total power e f f i c i e n c y  and b e s t  f i t t i n g  polynomial equa t ion .

Production E f f ic ien cy

A s i g n i f i c a n t  and U-shaped  r e l a t i o n s h i p  a l s o  e x i s t s  between 

u t i l i t y  s iz e  and production e f f i c i e n c y  based on the  four  most e f f i c i e n t  

u t i l i t i e s  (Table 15) .  But un l ike  the  r e l a t i o n s h i p  found fo r  overa l l  and 

t o t a l  power e f f i c i e n c y ,  t h e  b e s t  a l t e r n a t i v e  h e r e  i s  t h e  s i m p l e  

p o l y n o m ia l :  y = a -  bx + c x ^ .  F i g u r e  8 i l l u s t r a t e s  the  r e l a t i o n s h i p  

found.

Based only on th e  energy c o s t s  of  e l e c t r i c  power p roduct ion ,  the  

curve in Figure  8 suggests  t h a t  the  optimum s iz e  of  an e l e c t r i c  u t i l i t y  

i s  2500 Megawatts  of  peak demand. The l a r g e  d i f f e r e n c e  between the  

optimum s iz e  in d ic a ted  by production ( a t  2500 Megawatts) and t o t a l  power 

e f f i c i e n c y  ( a t  350 M e g a w a t t s )  s u g g e s t s  t h a t  t h e  ene rgy  c o s t s  o f  

c o o r d i n a t i n g  p u rc h a se d  power i n p u t s  and i n - h o u s e  power t o  meet  t h e



Table  15 . P roduction  e f f i c ie n c y  s t a t i s t i c s .

(x = peak power demand, y = production enerqy c o s ts )

Hypothetical Rela t ionship  
(Y = General Form) A

Constants
B C

C oef f ic ien ts  
R R2

Two-Tailed 
P (Type I)

a + bx 1.3E+4 -n.16 - -0.280 0.078 0.5015

a + b/x 1.2E+4 4.3E+4 - 0.394 0.155 0.3340

a + b(loqx) 1.5E+4 •

oi

- -0.442 0.195 0.2733

a + bx + cx2 1.3E+4 -1.10 1.5E-4 0.431 0.186 > 0.20

a + b(loqx) + c ( lo q x )2 1.9E+4 -4270. 670.8 0.498 0.248 > 0.20

*a + bx 1.2E+4 0.12 - 0.809 0.655 0.1908

*a + b/x 1.2E+4 -96734. - 0.331 0.110 0.6688

*a + b(loqx) 1.1E+4 264.8 - 0.581 0.337 0.4193

*a + bx + cx2 1.2E+4 -0.274 5.8E-5 0.999 0.999 < 0.001

*a + b( loqx)  + c ( lo g x )2 1.3E+4 -1699. 368.1 0.760 0.578 > 0.20

*Rased on the  four most e f f i c i e n t  u t i l i t i e s .
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com pany 's  power demand i s  t h e  major f a c t o r  in determininq the  optimum 

s i z e  of  an e l e c t r i c  u t i l i t y .  In s h o r t ,  i f  t h e  u t i l i t y  p rod u ced  100 

p e r c e n t  o f  i t s  power demand th e n  t h e  optimum s i z e  in d ic a te d  by t h i s  

a n a ly s i s  would be approximately 2500 Megawatts of  peak demand. As t h e  

p r o p o r t i o n  o f  t o t a l  p o w er  made up by p u r c h a s e d  power i n p u t s  i s  

in c re a se d ,  problems of  e f f e c t i v e  power c o o r d i n a t i o n  a p p e a r  and r e d u c e  

th e  observed optimum s i z e .
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Figure  8.  Production e f f i c i e n c y  and b e s t  f i t t i n g  polynomial equa t ion .

One o f  t h e  p rob lem s  of  e f f e c t i v e  power co o rd ina t ion  may be the  

untimely ad d i t io n  of purchased power to  the  system w h i l e  t h e  com pany 's  

pow er  p l a n t s  a r e  s t i l l  o n - l i n e .  T h is  may o c c u r  as t h e  r e s u l t  o f  

co n t ra c tu a l  arrangements t h a t  a u to m a t ic a l ly  dump power i n t o  t h e  sys tem  

i r r e s p e c t i v e  of the  power demand a t  the  time.  For example, demand might 

in c re a se  s u f f i c i e n t l y  over  the p roduct ion  sys tem 's  c ap ac i ty  t o  meet  t h e
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demand. This  t r i g g e r s  t h e  p u r c h a s e  of  power from an o u ts id e  source.  

But the  con t rac tua l  arrangement  i s  f o r  bulk power which may be in excess  

o f  t h e  i n c r e m e n ta l  amount of  a d d i t i o n a l  power ac tu a l ly  needed. As a 

r e s u l t ,  the power produced from some or a l l  of  the power p l a n t s  o n - l i n e  

becomes s u p e r f l u o u s .  This a n a ly s i s ,  however, did not c o l l e c t  the  data  

necessary to  f u l l y  exp lore  the s ig n i f i c a n c e  of  p r o d u c t io n  v e r s u s  t o t a l  

power e f f i c i e n c y .  N ev e r th e le ss ,  the  very high c o r r e l a t i o n  c o e f f i c i e n t  

(0.999) and very low p r o b a b i l i t y  of  a Type I e r r o r  (0.001) o b s e rv ed  f o r  

t h e  polynomial  r e l a t i o n s h i p  in production e f f i c i e n c y  suggests  t h a t  the 

p roport ion  of  t o t a l  power produced in-house i s  a s i g n i f i c a n t  v a r i a b l e  in 

determining the  overa l l  optimum s iz e  fo r  t h i s  in d u s t ry .

D is t r i b u t io n  E f f ic ien cy

With 9 6 .7 0  p e rcen t  of the  overa l l  energy co s ts  conta ined  wi th in  

t h e  p r o d u c t i o n  and p u r c h a s e  o f  e l e c t r i c  power ,  t h e  r e m a i n in g  3 . 3 0  

p e r c e n t  i s  d i v i d e d  be tween  t h e  u t i l i t i e s '  d i s t r i b u t i o n  and o p e ra t io n s  

e ne rgy  c o s t s .  The e n e rg y  c o s t  o f  d i s t r i b u t i n g  e l e c t r i c  power was 

i n i t i a lT y " th o u g h t  to  be second in importance to  the energy co s t  of  t o t a l  

power but t h i s  i s  not the  case .  D i s t r i b u t io n  energy c o s t s  a v e r a g e d  13 

B t u ' s  p e r  k i l o w a t t - h o u r  d e l i v e r e d  l e s s  than o pera t ions  energy c o s t s .  

The d i f f e re n c e  i s  not  s i g n i f i c a n t  and i t  appears  t h a t  d i s t r i b u t i o n  and 

o p e r a t i o n s  e n e r g y  c o s t s  d i v i d e  t h e  r em a in in g  3 .3 0  p e r c e n t  a lm o s t  

equa l ly .  Figure  9 p l o t s  d i s t r i b u t i o n  energy c o s t s  a g a in s t  u t i l i t y  s i z e .
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Figure  9. D i s t r i b u t io n  e f f i c i e n c y  a g a in s t  u t i l i t y  s iz e .

The p l o t t e d  d a t a  a p p e a r  t o  d i v i d e  i n t o  two s e p a r a t e  g ro u p s .  

With two d i s t i n c t  g r o u p s ,  bo th  c o v e r i n q  a lm o s t  t h e  e n t i r e  range of 

u t i l i t y  s iz e s  in the  s tudy ,  the  p l o t t e d  data suggest  t h a t  e i t h e r  samples 

from two sepa ra te  popu la t ions  are  being examined or  t h a t  u t i l i t y  s iz e  i s  

not  the  d i s t i n g u i s h in g  v a r i a b l e .  In t h i s  i n s t a n c e ,  u t i l i t y  s i z e  was 

s u s p e c t e d  as  b e in g  i r r e l e v a n t  and d i s t r i b u t i o n  dens i ty  was used as the  

independent v a r i a b l e  (see Table 16).

The asymptotic equat ion  (y = a + b/x) c o n s i s t e n t ly  su rpasses  the

level of s ig n i f i c a n c e  r equ i red  and i s  chosen  as  b e s t  r e p r e s e n t i n g  t h e

r e l a t i o n s h i p  between d i s t r i b u t i o n  dens i ty  and d i s t r i b u t i o n  energy co s t s  

d e s p i t e  t h e  f a c t  t h a t  t h e  l o g  e q u a t i o n  e x p l a i n s  t h e  o b s e r v e d  d a t a  

s l i g h t l y  b e t t e r  (T ab le  16) .  This choice seems reasonable  because some 

thermodynamic l i m i t  to  d i s t r i b u t i o n  e f f i c i e n c y  might  be e x p e c t e d .  The
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a s y m p to t i c  e q u a t i o n  s e l e c t e d  descends  t o  a l i m i t  o f  138.3 B tu ' s  per 

k i low at t -hou r  d e l iv e re d .  Of course ,  d e t e r m i n a t i o n  o f  t h e  a c t u a l  l i m i t  

r e q u i r e s  a l a r g e r  sample  s i z e .  F i g u r e  10 i l l u s t r a t e s  th e  asymptotic 

equat ion  s e le c te d  fo r  t h i s  r e l a t i o n s h i p .

Table 16. D i s t r i b u t io n  e f f i c i e n c y  s t a t i s t i c s .

(x = customers per  mile of  l i n e ,  y = d i s t r i b u t i o n  energy c o s t s )

Hypothet ical Re la t ionsh ip  Constants  C o e f f ic ie n t s  Two-Tailed
(Y = General Form) A B R R2 p (Type I)

a + bx 276.2 -0.805 -0.701 0.492 0.05262

a + b/x 138.3 3524.0 0.835 0.698 0.00985

a + b( logx) 525.2 -175.8 -0.836 0.699 0.00970

* a + bx 283.3 -0.749 -0.902 0.813 0.09840

* a + b/x 130.0 4173.0 0.980 0.961 0.01969

* a + b(logx) 520.4 -168.0 -0.986 0.972 0.01432

*Based on the  four  most e f f i c i e n t u t i l i t i e s .

B ec a u se  d i s t r i b u t i o n  e f f i c i e n c y  i s  r e l a t e d  t o  d i s t r i b u t i o n  

d e n s i t y ,  b u t  n o t  t o  u t i l i t y  s i z e ,  i t s  im pac t  on o v e r a l l  e f f i c i e n c y  

cannot be d i r e c t l y  observed.  Moreover, an o rgan iza t ion  a t  any sc a le  may 

b e n e f i t  from a high d i s t r i b u t i o n  d e n s i ty .  Consequently, and in  l i g h t  o f  

I t s  v e r y  small  c o n t r i b u t i o n  to  o v e r a l l  energy  c o s t s ,  d i s t r i b u t i o n  

e f f i c i e n c y  may be ignored in  subsequent i n v e s t i g a t i o n s  o f  t h e  op t im a l  

s iz e  of  e l e c t r i c  u t i l i t i e s .
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Operat ions Ef f i c i ency

The remaining component of overa l l  e f f i c i e n c y  i s  the enerqy cos t  

of opera t i ng  the  u t i l i t y .  A r e l a t i o n s h i p  c l e a r l y  e x i s t s  between u t i l i t y  

s i ze  and the energy cos t  of opera t ions  (Table 17) .

While the asymptot ic equat ion ( y = a - b /x)  i s  s u p e r i o r  t o  t h e  

l o g a r i t h m i c  e q u a t i o n ,  a t  l e a s t  f o r  t h e  o b s e r v e d  d a t a  i n  t h i s  

examinat ion,  t h e o r e t i c a l  co ns ide ra t i on s  argue f o r  c a u t i o n  in a c c e p t i n g  

t h e  a s y m p t o t i c  e q u a t i o n .  An a s y m p t o t i c  e q u a t i o n  s u n g e s t s  a 

thermodynamic l i m i t  to  the  amount of  energy an o r g a n i z a t i o n  can expend 

i n  o p e r a t i o n s  y e t  no l i m i t  t o  t h e  s i z e  o f  t h e  o r g a n i z a t i o n .  The 

l o g a r i t h m i c  e q u a t i o n  f o l l o w s  e s s e n t i a l l y  t h e  same p a t t e r n  as  t h e  

a s y m p t o t i c  e q u a t i o n  and a l s o  q u a l i f i e s  a t  t h e  l e v e l  of s i g n i f i c an ce
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c h o s e n ,  y e t  d o e s  n o t  i mp ly  a l i m i t  t o  t h e  a mo un t  o f  eneroy  an 

o r aan iza t i on  can spend on ope r a t i on s .  Thus the  looar i thmic  equat ion y = 

a + b( loq x) bes t  desc r ibes  the  observed r e l a t i o n s h i p  between opera t ions  

e f f i c i e n c y  and u t i l i t y  s i ze  (see Figure 11).

Table 17. Operat ions e f f i c i e n c y  s t a t i s t i c s .

(x = peak power demand, y = o per a t ions  energy cos t s )

Hypothet ical  Rela t ionship  Constants  Co ef f i c i en t s  Two-Tailed
(Y = General Form) A B R R2 p (Type I)

a + bx 221.1 0.007 0.660 0.436 0.0748

a + b/x 254.8 -1625. -0.843 0.710 0.0086

a + b(logx) 180.9 21.6 0.764 0.583 0.0275

* a + bx 219.4 0.007 0.795 0.632 0.2053

* a + b/x 252.9 -1344. -0.804 0.646 0.1964

* a + b(logx) 177.4 21.67 0.830 0.689 0.1700

*Based on the four  most e f f i c i e n t u t i l i t i e s .

Th i s  obs e rv ed r e l a t i o n s h i p  i s  s i g n i f i c a n t despi  t e i t s  small

c o n t r ib u t i o n  to an e l e c t r i c  u t i l i t y ' s  o v e r a l l  enerqy  c o s t s .  Of t he  

v a r i a b l e s  examined in  t h i s  a n a l y s i s ,  only opera t ions  e f f i c i en cy  may be 

appl ied  to o rgan i za t ions  in genera l .  The o t he r  v a r i a b l e s  examined a r e  

s p e c i f i c  t o  t h e  e l e c t r i c  u t i l i t y  i nd us t ry .  But a l l  o rgan iza t ions  face 

s i m i l a r  o p e r a t i o n  e x p e ns e s  such as  f a c i l i t y  m a i n t e n a n c e ,  r e p a i r ,  

d e p r e c i a t i o n ,  day to day opera t ion  inputs  of goods and se rv i ces  and the 

energy c o s t s  o f  managing t h e  o r n a n i z a t i o n .  C on s e q u e n t l y ,  t h e  b e s t  

f i t t i n g  l o g a r i t h m i c  e q u a t i o n  ( F i g u r e  11) f o r  o p e r a t i o n s  e f f i c i e n c y  

sugges t s  t h a t  t h e  e ne r gy  p e n a l t y  f o r  growth in o r g a n i z a t i o n a l  s i z e
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becomes l e s s  as the  o rga n i za t i on  becomes l a r g e r .
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Figure  11. Operat ions  e f f i c i e n c y  and b e s t  f i t t i n g  loga r i t hmi c  equa t ion .

T h i s  r e s u l t  i m p l i e s  t h a t  i f  t h e  energy economy of s c a l e  curve 

holds f o r  o rg an iza t i ons  in g ener a l ,  i t  i s  more t he  r e s u l t  of  p r o d u c t i o n  

o r  t o t a l  power e f f i c i e n c y  d ec l i n i ng  beyond the  optimum s i ze  r a t h e r  than 

the  i n f l uenc e  of  ope r a t io ns  e f f i c i e n c y .  In s h o r t ,  s e rv i c e  o r g an i za t i o ns  

t h a t  do not  have a product ion or  t o t a l  power component may not  e x h i b i t  a 

t echn ica l  optimum s i z e .

System P l a n t  Age

The l a s t  u t i l i t y - b a s e d  v a r i a b l e  t o  examine i s  the  p o t e n t i a l  

c o n t r i b u t i o n  made by the  sys t em' s  l evel  o f  t e c h n o l o g y ,  as  measured  by 

t h e  w e i g h t e d  a v e r a g e  d a t e  o n - l i n e  o f  t h e  p l a n t s  i n  t h e  p r o d u c t i o n  

system.  No r e l a t i o n s h i p  e x i s t s  between t h e s e  v a r i a b l e s  ( T a b l e  18 and
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Table 18. System p la n t - a ge  s t a t i s t i c s .

(x = weighted average data  o n - l i n e ,  y = product ion energy c o s t s )

Hypothet ical  Re l a t ionsh ip  Constants  
(Y = General Form) A B

C o e f f i c i e n t s  Two-Tailed 
R R2 p (Type I)

a + bx 300000 -146.6 -0.344 0.119 0.4035

a + b/x -280000 5.7E+8 0.345 0.119 0.4028

* a + bx -  80130 46.80 0.157 0.025 0.8427

* a + b/x 100000 -1.8E+8 -0.158 0.025 0.8422

*Based on the  four  most e f f i c i e n t  u t i l i t i e s .
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A m aj o r  f a c t o r  in the s e l e c t i o n  of the u t i l i t i e s  to  be examined 

was t h e  a t t e m p t  t o  c o n t r o l  t h e  p o s s i b l e  i n f l u e n c e  of  t e c h n o l o o y  on 

e f f i c i e n c y .  The average age of the  product ion systems in the u t i l i t i e s  

accepted fo r  a n a ly s i s  d i f f e r e d  by no more than ten  years  of  each o t h e r .  

The s t a t i s t i c a l  r e s u l t s  shown in Table 18 and i l l u s t r a t e d  in Figure 12 

demons t ra t e  t h e  l ac k  o f  any s i g n i f i c a n t  d i f f e r e n c e  in  t h e  l e v e l  of  

technology employed.

Power P l a n t  Overal l  Ef f ic i ency

In o r d e r  t o  b e t t e r  u n d e r s t a n d  the c o n t r i b u t i n a  f ac t o r s  to the 

t o t a l  power e f f i c i e n c y  r e l a t i o n s h i p ,  t h i s  e x a m i n a t i o n  i n c l u d e s  an 

a n a l y s i s  of  the  p o s s ib l e  r e l a t i o n s h i p s  between energy e f f i c i en cy  and the 

power product ion system. Beginning with an a n a l y s i s  o f  p l a n t  s i z e  and 

p ower  p l a n t  o v e r a l l  e f f i c i e n c y ,  s t r o n g  s u p p o r t  was found f o r  t h e  

ex i s t an ce  of  a r e l a t i o n s h i p  between these  two v a r i a b l e s  (Table 19).

The logar i thmic  equat ion y = a - b( log x) i s  c l e a r l y  super ior  to 

the  l i n e a r  equat ion though both succeed in exp la in ing  the  observed  d a t a  

a t  b e t t e r  t h a n  t h e  l e v e l  o f  s i g n i f i c a n c e  c ho se n .  Moreover ,  t h e  

logar i thm sugges t s  a r ap id ly  dec l in i ng  curve which f l a t t e n s  o u t  as  t h e  

s c a l e  i n c r e a s e s .  This mi r rors  the  economic model of  economies of sca l e  

f o r  power p l a n t s .  Figure  13 i l l u s t r a t e s  t h e  b e s t  f i t t i n g  l o g a r i t h m i c  

equat ion.
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Tab le  19.  Power p l a n t  -  o v e r a l l  e f f i c i e n c y  s t a t i s t i c s .

(x = i n s t a l l e d  c ap a c i t y ,  y = power p l a n t - o v e r a l l  enerqy c os t s )

Hypothet ical  Re l a t ionsh i p  Constants  C o e f f i c i e n t s  Two-Tailed
(Y = General Form) A P R R2 P (Type I)

a + bx 12270 -0.929 -0.640 0.409 0.0341

a + b/x 10730 43070. 0.465 0.216 0.1500

a + b( loax) 15500 -1623. -0.755 0.570 0.0072

* a + bx 11040 -0.395 -0.564 0.318 0.1137

* a + b/x 10330 19150. 0.452 0.205 0.2215

* a + b( logx) 12510 -705. -0.609 0.371 0.0818

*Based on the four most e f f i c i e n t u t i l i t i e s .
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F i g u r e  13.  Power plant,  over a l l  e f f i c i e n c y  and b e s t  f i t t i n g  logar i t hmic  
equat ion .
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Four  co nce r ns  make the r e l a t i o n s h i p  shown in Figure  13 suspect :

1) the observed r e l a t i o n s h i p  does not ho ld  when only  t h e  power p l a n t s  

o p e r a t e d  by t h e  most  e f f i c i e n t  u t i l i t i e s  a r e  examined;  2) previous  

r e s e a r c h  by Mess ing ,  e t .  a l . ^ 3  ̂ i n d i c a t e s  t h a t  no r e l a t i o n s h i p  e x i s t s  

between p l a n t  s i z e  and thermal  e f f i c i e n c y ;  3) a t h e o r e t i c a l  l i m i t  

e x i s t s  f o r  c o n v e r s i o n  e f f i c i e n c y  which the  observed r e l a t i o n s h i p  does 

not  suggest ;  and, 4) the very low c o e f f i c i e n t  of  d e t e r m i n a t i o n  ( 0 .5 7 0 )  

o bs er ved  s u g g e s t s  t h a t  very  l i t t l e  of  t h e  v a r i a b i l i t y  in the  data  i s  

explained by t h i s  r e l a t i o n s h i p .  Nonetheless,  based on the small  sample 

o b s e r v e d ,  t h e  r e s u l t s  show a c o r r e l a t i o n  between power p l a n t  s ize  and 

power p lan t  overa l l  e f f i c i e n c y .

Power P l an t  Product ion Ef f i c i ency

As e x p e c t e d  from t h e  r e s u l t s  o b t a i n e d  in the  a na l y s i s  of the 

s y s t e m ' s  t o t a l  power e f f i c i e n c y ,  t h e  d i r e c t  c o n v e r s i o n  o f  f u e l s  

c o n s t i t u t e  t h e  major  f a c t o r  in t he  power p l a n t ' s  ove r a l l  e f f i c i e n c y .  

Once again,  the logar i thmic  equat ion i s  c l e a r l y  s u p e r i o r  t o  t h e  l i n e a r  

a l t e r n a t i v e  (Table 20) .

D e s p i t e  t h e s e  o b s e r v e d  r e s u l t s ,  t h e  c o n c e r n s  e x p r e s s e d  f o r  

a c c e p t i n g  t h e  s i m i l a r  r e l a t i o n s h i p  found f o r  power  p l a n t  o v e r a l l  

e f f i c i e n c y  may a l s o  be a p p l i e d  t o  t h e  observed r e l a t i o n s h i p  shown in 

Figure 14.
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Tab le  20 .  Power p l a n t - p r o d u c t i o n  e f f i c i e n c y  s t a t i s t i c s .

(x  = i n s t a l l e d  c a p a c i t y ,  y  = power p l a n t - p r o d u c t i o n  energy c o s ts )

Hypothet ical  Re l a t ionsh i p  Constants  C oe f f i c i e n t s  Two-Tailed
(Y = General Form) A B R R2 p (Type I)

a + bx 12140 -0.918 -0.637 0.405 0.0352

a + b/x 10630 424500. 0.461 0.213 0.1535

a + b( logx) 15340 -1607. -0.753 0.567 0.0075

* a + bx 10910 -0.384 -0.561 0.315 0.1162

★ a + b/x 10220 18550. 0.448 0.201 0.2260

★ a + b( logx) 12340 -686.6 -0.606 0.368 0.0834

*Based on the  four  most e f f i c i e n t  u t i l i t i e s .
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F i g u r e  1 4 .  Power  p l a n t  p r o d u c t i o n  e f f i c i e n c y  and b e s t  f i t t i n g  
logar i t hmi c  equa t ion .
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Power P l a n t  Operat ions  E f f i c i e n c y

The r e m a i n i n g  e n e r g y  c o s t s  i n  t h e  power  p l a n t ' s  o v e r a l l  

e f f i c i e n c y  stem from the  opera t i ng  energy c o s t s .  The complete d a t a  s e t  

s u g g e s t s  t h a t  no r e l a t i o n s h i p  between power p l a n t  s i ze  and opera t ions  

e f f i c i e n c y  e x i s t s  (Table 21).

Table 21. Power p i a n t - o p e r a t i o n s  e f f i c i e n c y  s t a t i s t i c s .

(x = i n s t a l l e d  c ap a c i t y ,  y = power p l a n t  opera t ions  enerny c os t s )

Hypothet ical  Re la t ionsh ip  Constants C o ef f i c i e n t s  Two-Tailed
(Y = General Form) A B R r2 p (Type I)

a + bx 126.5 -0.011 -0.580 0.336 0.0615

a + b/x 107.6 618.6 0.526 0.277 0.0965

a + b( logx) 156.3 -15.92 -0.584 0.341 0.0591

* a + bx 126.9 -0.011 -0.540 0.291 0.1337

* a + b/x 107.0 580.9 0.478 0.229 0.1927

* a + b( logx) 164.4 -18.38 -0.553 0.306 0.1225

*Based on the four  most e f f i c i e n t u t i l i t i e s .

T h i s  may be due t o  two anomalous data  po in t s  o r i q i n a t i n n  from a 

s ing l e  power p l a n t  a t  two d i f f e r e n t  capac i ty  l e v e l s  (p la n t  number 2 and 

2 a ) .  By e x c l u d i n g  t h e  anomalous data  a d i f f e r e n t  conclusion i s  drawn. 

The r e s u l t s  now s t r on gl y  s u p p o r t  t h e  e x i s t a n c e  o f  a r e l a t i o n s h i p  and 

c o n s i s t a n t l y  i n d i c a t e  the  loqar i thmic  a l t e r n a t i v e ,  y = a - b ( log  x) ,  as 

the  b e s t  model (Table 22) .  Unlike the  t h e o r e t i c a l  o b j ec t ions  e x p r e s s e d  

a b o u t  t h e  p o s s i b i l i t y  o f  a r e l a t i o n s h i p  between p l a n t  s i z e  and 

p r o du c t ion  e f f i c i e n c y ,  no known o b j e c t i o n s  e x i s t  f o r  a l o g a r i t h m i c  

r e l a t i o n s h i p  between p l a n t  s i z e  and o p e r a t i o n s  e f f i c i e n c y .  Indeed,



85

a p p r o x i m a t e l y  87 p e r c e n t  o f  t h e  o b s e r v e d  v a r i a b i l i t y  in the data i s  

expla ined by the bes t  f i t t i n g  loga r i t hmi c  equat ion i l l u s t r a t e d  in Figure 

15.

Table 22. Power-plant  opera t i ons  e f f i c i e n c y  s t a t i s t i c s  excluding 
anomalous data  po in t s

(x = i n s t a l l e d  c ap ac i t y ,  y = power p l a n t - o p e r a t i o n s  energy cos t s )

Hypothet ical  Re la t ionsh ip  Constants  C o e f f i c i e n t s  Two-Tailed
(Y = General Form) A B R R2 p (Type I)

a + bx 123.9 -0.014 -0.841 0.707 0.00455

a + b/x 99.57 805.90 0.767 0.588 0.01591

a + b( logx) 169.2 -23.57 -0.931 0.866 0.00027

* a + bx 122.6 -0.013 -0.809 0.654 0.02773

* a + b/x 97.87 745.9 0.744 0.554 0.05510

* a + b( logx) 177.6 -26.12 -0.927 0.860 0.00264

*Based on the four  most e f f i c i e n t  u t i l i t i e s .

Power P lan t  Age

The l a s t  a n a l y s i s  o f  power  p l a n t  e f f i c i e n c y  a t t e m p t s  t o  

determine i f  a r e l a t i o n s h i p  e x i s t s  between t h e  w e i g h t e d  a v e r a g e  d a t e  

o n - l i n e  f o r  t h e  p l a n t s  examined,  as a measure of the  p l a n t ' s  l evel  of  

technology,  and t h e  p l a n t ' s  o v e r a l l  e f f i c i e n c y .  From t h e  o bs e r v e d  

d a t a ,  ( Tab l e  23 and Figure  16) ,  the  only conclus ion t o  be drawn i s  t h a t  

no r e l a t i o n s h i p  e x i s t s  between the  date  o n - l i n e  and the  p l a n t ' s  o v e r a l l  

e f f i c i e n c y .  This conclusion r e i n f o r c e s  the  observed r e s u l t s  f o r  system 

average date  o n - l i n e  and product ion e f f i c i e n c y .
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F i g u r e  15 .  Power  p l a n t  o p e r a t i o n s  e f f i c i e n c y  and b e s t  f i t t i n g  
l oga r i t hmi c  equat ion .

Table 23. Power p lan t -age  s t a t i s t i c s .

(x = average date  o n - l i n e ,  y = power p l a n t - o v e r a l l  energy c o s t s )

Hypothet ical  Re l a t ionsh i p  Constants  C oe f f i c i e n t s  Two-Tailed
(Y = General Form) A B R R2 p (Type I)

a + bx 155700 -73.55 -0.292 0.085 0.3842

a + b/x -133000 2.8E+8 0.291 0.085 0.3852

* a + bx 131900 -61.77 -0.526 0.277 0.1455

* a + b/x -110600 2.4E+8 0.525 0.276 0.1464

*Based on the  four  most e f f i c i e n t  u t i l i t i e s .
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CHAPTER SIX NOTES

(1) Iulo,  op. c i t . p. 43.

(2) Messing, e t .  a l . ,  Cen t ra l i zed  Power, op. c i t . p. 9.

(3) Messing, e t .  a l . ,  op. c i t .  p. 9.



CHAPTER SEVEN 

SUMMARY AND RECOMMENDATIONS

Summary of Problem

In t h i s  d i s s e r t a t i o n ,  the  r e l a t i o n s h i p  between the  physical  s i ze  

of economic o rgan i za t i ons  and t h e i r  t e c h n i c a l  e f f i c i e n c y  in  s u p p l y i n g  

p o o d s  a n d  s e r v i c e s  w i t h  t h e  h o p e s  o f  d i s c o v e r i n o  an o p t i m a l  

o rgan i za t iona l  s i ze  was examined.

Economies of sca l e  f o r  individual  p l a n t  s i ze  e x i s t  and are  well 

documented fo r  a v a r i e t y  of  p r o d u c t i o n  t e c h n o l o g i e s .  But  e m p i r i c a l  

s t u d i e s  f a i l  t o  i n d i c a t e  an opt imal  f i rm or  o rgan iza t iona l  s i ze .  One 

reason fo r  t h i s  lack of empir ical  evidence may be t h a t  economic analyses  

f a i l  to d i s t i n g u i s h  between the  two sources c o n t r i b u t i n g  to economies of 

s ca l e  c a l c u l a t i o n s :  t echnica l  and pecuniary economies.

As t h e  s c a l e  o f  a f i r m  a p p r o a c h e s  i t s  optimum s i z e ,  both  

t echnica l  and pecuniary economies may be expected t o  c o n t r i b u t e  t o  t h e  

d e c l i n i n g  long  run a v e r a g e  c o s t  curve.  Beyond the optimum, pecuniary 

economies could cont inue to decrease a ve r a g e  c o s t s  t h ro u g h  t h e  f i r m ' s  

use  of  mar ke t  and p o l i t i c a l  power.  But the  t echnica l  c o n t r i b u t i o n  to 

decreased average cos t s  may slow, s t a b i l i z e ,  or  even r ever se  i t s e l f .  As 

t h e  f i r m ' s  s c a l e  c o n t i n u e s  t o  i nc r ea se ,  t echn ica l  diseconomies may be 

balanced or  outweighed by the pecuniary c o n t r i b u t i o n s  t o  economies  o f  

s c a l e  which would cont inue to decrease  the  average c o s t s .  As a r e s u l t ,  

i t  would not  be pos s i b l e  to d i sce rn  a t e c h n i c a l l y  optimum f i rm s i z e  with 

an economic a na l y s i s .

89
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T r a n s f o r m i n g  t h e  m e a s u r e  o f  t e c h n i c a l  e f f e c t i v e n e s s  or  

e f f i c i e n c y  from a monetary measure i n t o  a physical  measure of  e f f i c i e n c y  

a l l o w s  t h e  two c o n t r i b u t i n g  s o u r c e s  t o  be d i s a s s o c i a t e d .  One such 

p h y s i c a l  measure  o f  e f f i c i e n c y  i s  t h e  f i r m ' s  e n e r g y  u t i l i z a t i o n  

e f f i c i e n c y  i n  c o n v e r t i n g  i nput s  i n t o  ou tpu t s .  I f  an optimum t echnica l  

e f f i c i e n c y  r e l a t i o n s h i p  e x i s t s  i t  s hou ld  p roduce  a U-shaped c u r v e  

a n a l o g o u s  to  the economis t ' s  U-shaped long run average cos t  curve.  The 

v e r t i c a l  a x i s ,  however ,  would he measured in  ene rgy  c o s t s  p e r  u n i t  

produced i ns t ead  of d o l l a r  cos t s  per  u n i t  produced.

The Michigan e l e c t r i c  power indust ry  was s e l e c t e d  t o  t e s t  t h i s  

n o t i o n  b ec a u s e  t h e  i n d u s t r y  i n c l u d e s  f i rms  of var ious  s i ze s  from the 

very small municipal  t o  t h e  very  l a r g e  i n v e s t o r - o w n e d ,  b u t  p u b l i c l y  

r e g u l a t e d ,  u t i l i t i e s .  Apart  from the range of s i z e ,  the  publ ic  u t i l i t y  

n a t u r e  o f  t h e  i n d u s t r y  a l s o  meant  t h a t  t h e  d a t a  n e c e s s a r y  t o  t h e  

a n a l y s i s  was a v a i l a b l e  and n o t  s u b j e c t  t o  p r o p r i e t a r y  i n t e r e s t s .  

Another advantage i s  the  ex i s t an ce  of  a widely c i t e d  economic a n a l y s i s  

o f  economies  of  s c a l e  in  t h e  e l e c t r i c  i n d u s t r y .  I u l o ' s  r e s u l t s ,  as 

d i scussed in Chapter  I I I ,  could n e i t h e r  support  nor r e f u t e  the  not ion of 

an optimum s c a l e .

The e x a m i n a t i o n  o f  s i z e  and  t e c h n i c a l  e f f i c i e n c y  in  t h e  

p r o d u c t i o n  and d i s t r i b u t i o n  o f  e l e c t r i c  power r e o u i r e d  f o u r  main  

o b j e c t i v e s .  F i r s t  i s  an a s s e s s m e n t  o f  t h e  p a r t i c i p a t i n g  companies'  

t o t a l  energy co s t  in d e l i v e r i n g  e l e c t r i c  power to  i t s  cons umers .  Thi s  

t o t a l  c os t ,  however, i s  composed of t h re e  s epa r a t e  c o n t r i b u t i n g  f a c t o r s .  

The re  i s  t h e  e n e r g y  c o s t  o f  f u e l s  con su me d  i n  g e n e r a t i o n  a n d ,  

i n d i r e c t l y ,  t h e  e ne r gy  c o s t s  o f  purchased e l e c t r i c  power. Then t h e r e  

a re  the  i n e v i t a b l e  energy c o s t s  o f  t r a n s m i t t i n g  and d i s t r i b u t i n g  t h e
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power a v a i l a b l e  t o  t h e  sy s t em.  On top  o f  t hese  co s t s  are  the energy 

c o s t s  of  op er a t ing  the system such as hea t i ng ,  l i g h t i n g ,  a d m i n i s t r a t i v e  

f u n c t i o n s ,  and t h e  goods and s e rv i c es  requi red  in maintenance,  r e p a i r ,  

d ep r ec i a t i on  and everyday opera t ion .

In a d d i t i o n  to the main o b je c t i v e s  in  t h i s  s tudy,  data  was a l so  

c o l l e c t e d  on the p o t e n t i a l  i mp ac t  t h a t  t h e  s i z e  and age o f  a f i r m ' s  

p r o d u c t i o n  sys tem might  have on t h e  energy  e f f i c i e n c y  of  producing 

e l e c t r i c i t y .  In s h o r t ,  energy economies of p l a n t  s ca l e  and the l evel  of  

t e c h n o l o g y  employed in  t h e  p l a n t  migh t  be the  c o n t r o l l i n g  f a c t o r s  in 

determining the  f i r m ' s  overa l l  energy e f f i c i e n c y .

S t a t i s t i c a l  ana lyses  performed on the  c o l l e c t e d  data determined 

t h e  n a t u r e  and s t r e n g t h  o f  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  v a r i o u s  

t e c h n i c a l  e f f i c i e n c y  components  and the  s i ze  of the  e l e c t r i c  u t i l i t y .  

Both l i n e a r  and po l ynomia l  r e o r e s s i o n  t e c h n i q u e s  we r e  u s e d ,  w i t h  

a p p r o p r i a t e  d a t a  t r a n s f o r m a t i o n s ,  to  t e s t  whether several  a l t e r n a t i v e  

hypothe t i ca l  equat ions  f i t  t h e  d a t a  b e t t e r  t h a n  t h e  nu l l  h y p o t h e s i s .  

Ac cep tan ce  of  an a l t e r n a t i v e  h y p o t h e s i s  r e q u i r e d  th e  p r o b a b i l i t y  of  

i n c o r r e c t l y  r e j e c t i n g  the  nul l  hypo t hes i s  (a Type I e r r o r )  t o  be l e s s  

t h a n  5 . 0  p e r c e n t  on a t w o - t a i l e d  s t u d e n t ' s  t  d i s t r i b u t i o n .  In those  

i ns t ance s  where more than one a l t e r n a t i v e  hypothes i s  could be a c c e p t e d ,  

t h e  c o e f f i c i e n t  of  de te rmina t ion  ( the  percentage of  v a r i a b i l i t y  in the 

d a t a  e x p l a i n e d  by t h e  l e a s t - s q u a r e s  r e g r e s s i o n  l i n e )  was u s e d  t o  

d i s t i n g u i s h  t h e  b e s t  f i t t i n g  a l t e r n a t i v e .  Beyond t h i s  . d i s t ingu i sh i ng  

s t a t i s t i c ,  t h e o r e t i c a l  and/or  empir ica l  c o n s t r a i n t s  were a l s o  r e o u i r e d  

t o  be s a t i s f i e d  by t h e  a l t e r n a t i v e  hypothesi s  s e le c t e d .  A summary of  

the  s t a t i s t i c a l  r e s u l t s  i s  presented in  Table 24.



Table  24 .  Summary of  s t a t i s t i c a l  r e s u l t s .

Dependent
Variable

(Y)

Independent
Variable

(X)
Relat ionship 

(Y = )

Overal1 

Total  Power 

Production 

Production 

Di s t r i bu t i on  

Di s t r ibu t ion  

Operat ions 

P l an t -overa l l  

P lan t -overa l l  

P lant -product ion 

Plan t -opera t ions

Peak demand in Megawatts 

Peak demand in  Megawatts 

Peak demand in Megawatts 

System age 

Peak demand in Menawatts 

Customers per  mile 

Peak demand in Megawatts 

Plant  capaci ty  in Megawatts 

P l an t  age 

P lan t  capac i ty  in Megawatts 

P lan t  capaci ty  in Menawatts

16292 -  3663 log(x)  + 715.8 ( l o o ( x ) ) 2 

15734 -  3363 log(x)  + 667.6 ( l o g ( x ) ) 2 

11643 - 0.274(x) + 0.0000583(x)2 

NONE 

NOME

138.3 + 3524/(x)

180.9 + 21.6 log(x)

15500 - 1623 log(x)

HONE

15340 - 1607 loq(x)

169.2 - 23.57 lon(x)
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Summary of Conclusions

S e v e r a l  r e l a t i o n s h i p s  we r e  o b s e r v e d  t o  e x i s t  between t h e  

v a r i a b l e s  examined. However, the  small and highly s t r u c t u r e d  sample o f  

e i g h t  e l e c t r i c  companies in Michigan does not  al low these  conclus ions  to  

be genera l i zed  to the e l e c t r i c  power i n d u s t r y  as  a whole .  The e n t i r e  

p o p u l a t i o n  of e l e c t r i c  generat ing u t i l i t i e s  in the United S t a t e s  number 

approximately 1000 separa t e  f i rms.  Consequently,  the sample s e l e c t e d  i s  

i n s u f f i c i e n t  both in s i ze  and randomness to s t a t i s t i c a l l y  r e pr es en t  the 

popula t ion .  Conclusions may be drawn, however ,  f o r  t h e  n a t u r e  of  t h e  

r e l a t i o n s h i p s  found f o r  the p a r t i c i p a t i n g  u t i l i t i e s .  Most important  i s  

the  f a c t  t h a t  t hese  r e s u l t s  form the  f i r s t  body o f  e m p i r i c a l  e v i d e n c e  

t h a t ,  however t e n t a t i v e ,  support  the ex i s t ance  of a r e l a t i o n s h i p  between 

t echnica l  e f f i c i e n c y  and organ i za t iona l  s i ze .

The m o s t  i m p o r t a n t  c o n t r i b u t i n g  f a c t o r  i n  t h e  U-shaped 

r e l a t i o n s h i p  found between o v e r a l l  e f f i c i e n c y  and u t i l i t y  s i z e  was 

d e t e r m i n e d  to  be t h e  energy  c o s t s  a s soc i a t ed  with the coord ina t ion  of  

power s u pp ly  t o  t h e  u t i l i t i e s ’ c o n s t a n t l y  c h a n g i n g  power  demand .  

Appr ox i ma te ly  97 p e r c e n t  of  overa l l  energy c os t s  were contained in the 

t o t a l  power v a r i a b l e  which measures  t h e  u t i l i t y ' s  l o ad  management  

e f f e c t i v e n e s s .  The observed r e s u l t s  found f o r  product ion e f f i c i e n c y ,  a 

p a r t i a l  measure of  load management e f f e c t i v e n e s s ,  s u g g e s t  an optimum 

o r g a n i z a t i o n a l  s i z e  o f  2500 Megawat ts  o f  peak demand. Thi s  i s  in  

c o n t r a s t  t o  t h e  350 Megawatts o f  peak demand i n d i c a t e d  by t o t a l  power 

e f f i c i e n c y .  I t  was concluded,  t h e r e f o r e ,  t h a t  the  coord ina t ion  of power 

supply to  power demand i s  t h e  c o n t r o l l i n g  f a c t o r  i n  d e t e r m i n i n g  t h e  

shape of the  overa l l  e f f i c i e n c y  r e l a t i o n s h i p .
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The o t h e r  f a c t o r s  examined ,  though s i g n i f i c a n t  in themselves,  

were deemed i n s i g n i f i c a n t  in  d e t e r m i n i n g  t h e  shape  of  t h e  o v e r a l l  

e f f i c i e n c y  r e l a t i o n s h i p .  In combinat ion,  d i s t r i b u t i o n  and opera t ions  

energy c o s t s  a c c o u n t e d  f o r  on ly  3 . 3  p e r c e n t  o f  t o t a l  e ne r gy  c o s t s .  

M o r e o v e r ,  d i s t r i b u t i o n  e f f i c i e n c y  was f o u n d  t o  be r e l a t e d  t o  

d i s t r i b u t i o n  dens i ty  and not  to u t i l i t y  s i z e .  The observed r e s u l t s  f o r  

oper a t ions  e f f i c i e n c y ,  whi le  c o r r e l a t e d  to u t i l i t y  s i ze  in an inc reas i ng  

l o g a r i t h m i c  r e l a t i o n s h i p ,  i n d i c a t e  a d e c r e a s i n g  energy  p e n a l t y  f o r  

i n c r e a s e d  o r g a n i z a t i o n a l  s i z e .  This decreas ing penal ty  may be pa r t ly  

the  r e s u l t  of  increased  opera t ions  e f f i c i e n c y  in l a r g e r  power p l a n t s .

Recommendations

The r e s u l t s  of t h i s  examination demonstrate the  need to cont inue 

i n v e s t i g a t i n g  the  r e l a t i o n s h i p  between o r gan iza t iona l  s i ze  and technica l  

e f f i c i e n c y .  Three po ss i b l e  research avenues are  suggested in the hopes 

of  promoting f u tu r e  e f f o r t s .

1) R e p e a t  t h i s  e x a m i n a t i o n  of  e l e c t r i c  u t i l i t i e s  wi th  an 

i n c r e a s e d  sample  s i z e . The knowledge g a i n ed  from t h i s  e x p l o r a t o r y  

e f f o r t  i n d i c a t e s  t h a t  system power coord ina t ion  may be the c o n t r o l l i n g  

f a c t o r  i n  t h e  U-shaped t e c h n i c a l  e f f i c i e n c y  c u r v e  f o r  e l e c t r i c  

u t i l i t i e s .  Because  o p e r a t i o n s  energy expenses are  the  most d i f f i c u l t  

data to ob t a i n  and to conver t  from d o l l a r s  t o  B t u ' s ,  f u t u r e  r e s e a r c h  

i n t o  the  t echn ica l  e f f i c i e n c y  of  e l e c t r i c  u t i l i t i e s  might focus on t o t a l  

power,  product ion and d i s t r i b u t i o n  e f f i c i e n c y  t o  v e r i f y  and r e f i n e  t h e  

equat ions  found in t h i s  a na l y s i s .

The m a j o r i t y  o f  t h e  d a t a  nece s sa r y  f o r  such an examinat ion i s
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a v a i l a b l e  th rough f edera l  and s t a t e  r eg u l a t o r y  agencies .  The remainino 

informat ion r equ i red ,  such as f u e l s  consumed and peak power demand, must 

be obta ined from the p a r t i c i p a t i n g  companies to insure  data  cons i s t ancy .  

A random s a m p l e  f rom  t h e  1000 g e n e r a t i n g  c o m p a n i e s  c a n n o t  be  

r e c o m m e n d e d ,  h o w e v e r ,  b e c a u s e  o f  t e c h n o l o g y  d i f f e r e n c e s  and t h e  

d i f f e r i n g  degree of  genera t ing  s e l f - s u f f i c i e n c y ;

2) Examine t h e  r e l a t i o n s h i p  between o r ga n i z a t i o n a l  s i ze  and 

t e c h n i c a l  e f f i c i e n c y  in a p rod uc t io n- o r i en t ed  i n d u s t r y . An examination 

o f  a p r o d u c t i o n - o r i e n t e d  i n d u s t r y ,  such as the  American i ron and s te e l  

i n d u s t r y ,  could c l a r i f y  t h e  i m p o r t a n c e  o f  t h e  p r o d u c t i o n  e f f i c i e n c y  

r e l a t i o n s h i p  f o r  o t h e r  e n e r g y - i n t e n s i v e  manufacturing o r gan iza t i on s .  

Dependent upon i t s  ex i s t anc e  or s i g n i f i c a n c e  to  overa l l  e f f i c i e n c y ,  t h e  

o r g a n i z a t i o n ' s  d i s t r i b u t i o n  of  i t s  p r o d u c t  may be i g n o r e d  and t h e  

r e s e a r c h  e f f o r t  c ou l d  c o n c e n t r a t e  on p r o d u c t i o n  and  o p e r a t i o n s  

e f f i c i e n c y .

O r g a n i z a t i o n a l  s i z e  may b e s t  be measured in terms of  raw s tee l  

c a p a c i t y .  The d e p en de n t  v a r i a b l e s  would be p r o d u c t i o n  e f f i c i e n c y ,  

m e a s u r e d  i n  B t u ' s  p e r  t o n  o f  raw s t e e l  p r o du ce d ,  and o p e r a t i o n s  

e f f i c i e n c y ,  a l so  measured in Bt u ' s  per  t on  o f  raw s t e e l  p r o du ce d .  I t  

would be necessary to d e l i n e a t e  the  energy i nput s  requi red in the actual  

product ion process  from t he  a s s oc i a t e d  energy c o s t s  o f  o p e r a t i o n .  For  

exampl e ,  t h e  energy  c o s t s  to  opera t e  the  product ion p l an t s  include a l l  

o f  t h e  d i r e c t  and i n d i r e c t  e ne r gy  i n p u t s  e x c e p t  w a g e s ,  s a l a r i e s ,  

b e n e f i t s ,  t ax es ,  e t c . ,  and the product ion f u e l s  themselves.

Given t h e  p o t e n t i a l  c o n t r a c t i o n  i n  t h i s  i n d u s t r y  and  i t s  

e n e r g y - i n t e n s i t y ,  such an examinat ion may o f f e r  i n s i g h t s  i n to  the f u t u r e  

s t r u c t u r e  of  t h i s  and o t h e r  e ne r gy - i n t ens i ve  i n d u s t r i e s .  Thi s  i n s i g h t
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nay be enhanced i f  the research e f f o r t  i nc l udes ,  but  keeps s ep a r a t e ,  an 

examinat ion of  the s c r a p - t o - s t e e l  i n d u s t r y .  The v a r i a b l e s  t o  examine 

w ou l d  be t h e  same in  both  i n d u s t r i e s  b u t ,  b ec au s e  t h e  u n d e r l y i n g  

technology i s  d i f f e r e n t ,  the two i n d u s t r i e s  cannot  be examined t o g e t h e r .  

In e i t h e r  case ,  however, overa l l  e f f i c i e n c y  should mi r ror  the product ion 

e f f i c i e n c y  r e l a t i o n s h i p  and c o u l d  be e x p e c t e d  t o  r e s em b l e  a U-shaped 

curve;  and,

3) Examine t h e  r e l a t i o n s h i p  between o r g a n i z a t i o n a l  s i ze  and 

t e c h n i c a l  e f f i c i e n c y  i n  a s e r v i c e - o r i e n t e d  i n d u s t r y . Because 

s e r v i c e - o r i e n t e d  o r g a n i z a t i o n s  do n o t  have a p h y s i c a l  commodity to 

produce,  i t  may be d i f f i c u l t  to  d i s t i n g u i s h  the energy  i n p u t s  r e q u i r e d  

for  the actual  product ion of the  s e r v i ce  from the  energy inputs  r equi red  

f o r  t h e  o r g a n i z a t i o n ' s  o p e r a t i o n .  A d d i t i o n a l l y ,  t h e  p r o d u c t i o n  

c o m p o n e n t  may be r e l a t i v e l y  i n s i g n i f i c a n t  e v e n  i f  i t  e x i s t s .  

N o ne t he l e s s ,  t h e  o r q a n i z a t i o n ' s  use  o f  d i r e c t  ( f u e l )  e ne r gy  may be 

analyzed s ep a r a t e l y  from i t s  opera t ions  energy c o s t s .

Higher educat ion i n s t i t u t i o n s  may be a l i k e l y  c a n d i d a t e  f o r  t h e  

e x a m i n a t i o n  o f  o r g a n i z a t i o n a l  s i z e  and t e c h n i c a l  e f f i c i e n c y  in a 

s e r v i c e - o r i e n t e d  i nd u s t r y .  As in pub l ic  u t i l i t i e s ,  many c o l l e g e s  and 

u n i v e r s i t i e s  a r e  p u b l i c  i n s t i t u t i o n s  and may, t h e r e f o r e ,  p e r mi t  an 

i n v e s t i g a t i o n  i n t o  t h e i r  energy c o s t s .  Moreover,  demogr aph i cs  s u g g e s t  

t h a t  t h e  end of  t h e  babyboom w i l l  c o n t i n u e  to  f orce  a c on t r a c t i o n  in 

t h i s  i n d u s t r y .  F u t u r e  i n c r e a s e s  in  t h e  p r i c e  o f  e n e r n y  c a n  o n l y  

e x a c e r b a t e  t h i s  process .  Consequent ly,  the  r e s u l t s  of  t h i s  examinat ion 

may c o n t r i b u t e  t o  t h e  p l a n n i n g  p r o c e s s  by i n d i c a t i n g  t h e  t e c h n i c a l  

optimum s i z e  of  our  p u b l i c  i n s t i t u t i o n s  of h igher  educat ion.  Optimum 

s i z e  determined by an energy a n a ly s i s  i s ,  of  c o u r s e ,  o n l y  one e s t i m a t e
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o f  an op t imum s i z e .  T r a d e - o f f s  m u s t  be made between t e c h n i c a l  

e f f i c i e n c y ,  economic e f f i c i e n c y ,  and many o t h e r ,  n o n - q u a n t i f i a b l  e 

determinants  of  o p t i m a l i t y  in providing q u a l i t y  educat ion.

Organizat ional  s i z e  may be measured in terms of  f l o o r  s p a c e  o r  

s ea t ing  capac i ty  whi le  the  dependent  v a r i a b l e ,  overa l l  e f f i c i e n c y ,  might  

b es t  be measured in terms of  Bt u ' s  per  d eg r ee  g r a n t e d .  A d i s t i n c t i o n  

must  be made,  however ,  between the d i f f e r e n t  types of  h igher  educat ion 

i n s t i t u t i o n s .  Res iden t i a l  and commuter co l l eg es  provide a d i f f e r e n t  s e t  

o f  s e r v i c e s  in con. iunction with the  degree granted.  This i s  e s p e c i a l l y  

t r u e  between the s e r v i c e s  provided by j u n i o r  and s en io r  c o l l e g e s .

A Fi nal Word

While t h e  r e s u l t s  of  t h i s  examinat ion should be accepted with 

c a u t i o n ,  t h e y  do s u g g e s t  an e x c i t i n g  new a r e n a  f o r  p r o d u c t i v e  

i n v e s t i g a t i o n s .  The concept  of  a optimum organiza t iona l  s i z e ,  based on 

energy u t i l i z a t i o n  e f f i c i e n c y ,  may become a s i g n i f i c a n t  p e r s p e c t i v e  and 

p l a n n i n q  t o o l  as  t h e  s u p p l y  of  u s e a b l e  ene r gy  becomes s c a r c e  and,  

t h e r e f o r e ,  more expensive .  While one form of  energy may be s u b s t i t u t e d  

f o r  a n o t h e r ,  t h e r e  i s  no s u b s t i t u t e  f o r  ene rgy  in  q e n e r a l .  Future 

energy p r ic e s  may thus  r e s u l t  in a movement toward the t echn i ca l  optimum 

s i z e  as  p e c u n i a r y  c o n t r i b u t i o n s  t o  economies  of  s c a l e  l o s e  t h e i r  

r e l a t i v e  importance.  P r i o r  knowledge of  what t h a t  optinun? s i ze  i s  f o r  a 

g iven  i n d u s t r y  c o u l d  prove to  be an inva luab le  planning advantaoe in a 

t r a n s i t i o n  t o  a l e s s  energy i n t e n s i v e  s o c i e t y .
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APPENDIX 

ENERGY ANALYSIS QUESTIONNAIRE

The f o l l o w i n g  q u e s t i o n s  formed the  b as i s  of  the  survey ins t rument  used 
i n  t h i s  e x a m i n a t i o n .  The form o f  t h e  q u e s t i o n n a i r e  s u b m i t t e d  t o  
i n d i v i d u a l  e l e c t r i c  u t i l i t i e s  d i f f e r s  from t h a t  presented  only in the 
a d d i t i o n  o f  s p ace  f o r  t h e  answers  f o l l o w i n g  each o f  t h e  y e a r s  1977 
through 1931.

P a r t  1; General Informat ion

1) Total  i n s t a l l e d  power capaci ty  in Megawatts (name-plate r a t i n g ) .

2) Total  net  output  from a l l  nenera t ing  f a c i l i t i e s  in k i lowa t t -hour s .

3) T o t a l  e l e c t r i c  p o w e r  c o n s u m e d  by e l e c t r i c  u t i l i t y  i n
k i l o w a t t - h o u r s  ( e x c l u d i n g  e l e c t r i c  p o we r  r e q u i r e m e n t s  o f
genera t ing  p l a n t s ) .

4) T o t a l  e l e c t r i c  t r a n s m i s s i o n  and d i s t r i b u t i o n  l i n e  l o s s e s  in
k i l owat t -hour s  ( inc luding  unaccounted f o r  l o s s e s  i f  any) .

5) To t a l  e l e c t r i c  power p u r c h a s e d  p l u s  n e t  d e l i v e r e d  interchange
power in k i l owa t t -hou rs .

6) Total  e l e c t r i c  power sold in k i l owa t t -hou r s .

7) T o t a l  p o l e  m i l a q e  ( ov erhead  and u nde r grou nd  t r a n s m i s s i o n  and
d i s t r i b u t i o n  power l i n e s ) .

8) Annual average number of e l e c t r i c  customers.

9) Peak demand f o r  t o t a l  system in Megawatts (60 minute r eading) .

10) To t a l  f u e l s  consumed a t  genera t ing f a c i l i t i e s  in B r i t i s h  thermal
u n i t s  (by type of f u e l ) .

11) Total  s a l a r i e s  and wages paid ( e l e c t r i c  d i v i s io n  only) .

12) Total  number of employees ( e l e c t r i c  d i v i s io n  on ly) .

P a r t  I I :  Spec i f i c  P l a n t  Informat ion
• •

The f o l l o w i n g  ques t ions  r e f e r  s p e c i f i c a l l y  t o  the  (name of p l an t )  power 
p l a n t .

1) Total  ne t  output  in k i lo wa t t -ho ur s .

2) Total  i n s t a l l e d  capac i ty  in Megawatts (name-plate r a t i n g ) .

3) Total  f ue l s  consumed a t  p l a n t  in B r i t i s h  thermal u n i t s  (by type of
f u e l ).
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4) Total  opera t ion expense.

5) To t a l  f u e l  expense  ( c o s t  of f ue l s  burned excluding fuel  handl inq
expenses ) .

6) Total  r e n t  expense ( i f  any).

7) Total  maintenance expense.

8) Total  depr ec i a t ion  expense.

P a r t  I I I :  General Product ion Expenses

1) Total  opera t ion expense.

2) To t a l  f u e l  expense  ( c o s t  of f ue l s  burned excluding fuel  handl ing
expenses) .

3) Total r e n t  expense.

4) Total  maintenance expense.

5) To t a l  d e p r e c i a t i o n  expense  c ha r ge d  t o  product ion p l a n t  ( s t ean ,
n u c l e a r ,  c o n v e n t i o n a l  h y d r a u l i c ,  pumped s t o r a g e  and o t h e r  
product ion p l a n t ) .  ~

P a r t  IV: General T r ans mis s i on /Di s t r i bu t i on  Expenses

1) Total  t ransmiss ion  and d i s t r i b u t i o n  opera t ion  expense.

2) Total  t ransmiss ion  and d i s t r i b u t i o n  r e n t  expense ( i f  any).

3) Total  t ransmiss ion  and d i s t r i b u t i o n  maintenance expense.

4) T o t a l  d e p r e c i a t i o n  e x p e n s e  c h a r g e d  t o  t r a n s m i s s i o n  and 
d i s t r i b u t i o n  p l a n t .

P a r t  V: Customer Accounts /Service and Sales  Expenses

The fol lowing ques t ions  r e f e r  to  the  e l e c t r i c  d i v i s io n  only.

1) Total  supervi s ion expense.

2) Total  meter reading expense.

3) T o t a l  cu s t omer  r e c o r d s  and c o l l e c t i o n  expense  ( e x c l u d i n g  bad
deb t s) .

4) Total  miscel laneous  customer accounts expense.
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5) Total  customer s e r v i ce  and informat ional  expense.

6) Total  s a l e s  expense ( i f  any).

P a r t  VI: Admini s t ra t ive  and General Expenses

The fol lowing ques t ions  r e f e r  to the e l e c t r i c  d i v i s i on  only.

1) Total  o f f i c e  s uppl i es  expense.

2) Total  ou t s ide  s e rv i ces  employed expense.

3) Total  proper ty  insurance ,  i n j u r i e s  and damages paid.

4) Total  r egu la to ry  expense.

5) Total  miscel laneous  general  expense.

6) Total  r e n t  expense ( i f  any).

7) Total  maintenance of general  p l a n t  expense.

8) Total  d ep rec i a t i on  expense charqed to  general  and common p l an t .


