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PREFACE 

This paper is the final report under Contract Number 

EC-77-C-01-8606, issued by the Department of Energy. The 

Contractor was Synergy, Inc,, 2337 18th Street, N.W., 

Washington, D.C. 20009, The purpose of the study was to 

examine the effects on the supply and demand for coal of 

mandatory divestiture of petroleum producer-owned coal 

assets. The approach utilized a modification of the 

National Coal Model and the PIES Model of the Department of 

Energy. 

The final report consists of several volumes. . Volume I 

comprises two sections; the first contains' the study 

methodology scenario development and results. The second 

section comprises a theoretical discussion of the economics 

of divestiture. Volume I1 is a technical appendix containing 

a discussion of the data, the computer algorithm's and their 

modification for this study. Volume I11 contains computer 

documentation and Volume IV embodies data on coal ownership 

which is proprietary in nature. Only Volumes I and I1 are 

publicly available, 

The project was completed under ,the general. supervision of 

Jerome Temchin, David L. Shapiro, and W, David Montgomery 111. 

The Technical Project Officer was Martin G, Taschdjian. 



Donald Zirnmerman and Lee Dymond of Synergy, Inc., were the 

principal investigators, and Robin Marris of the University 

of Maryland provided support as sub-contractor. 

Additional copies of this report are available from: 

National Energy Information Center 
1726 M Street, N.W. 
Room 850 
Washington, D.C. 20461 
(202)'634.-5694 - '  
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EXECUTIVE SUMMARY 

The U.S. Congress  'has  s e t  f o r t h  p r o p o s a l s  which would 

p r o h i b i t  o i l  companies from a c q u i ~ i n g  coa1 ,compan ies  o r  o t h e r  

non-pe t ro leum energy  r e s o u r c e s .  Some p r o p o s a l s  would r e q y i r e  

o i l  companiks t o  d i v e s t  themselves  o f  any such  r e s o u r c e s  t h a t  

t h e y  a l r e a d y  h o l d .  The f i r s t  l e g i s l a t i o n  was i n t r o d u c e d  on 

t h i s  t o p i c  i n  t h e  9 4 t h  Congress  and a l t e r n a t i v e  p r o p o s a l s  

a r e  under  s e r i o u s  c o n s i d e r a t i o n  a t  t h e  c u r r e n t  t i m e .  We have 

ana lyzed  some.major  v a r i a n t s  of  t h e s e  l e g i s l a t i v e  p r o p o s a l s  

w i t h  a .  s t u d y  o f  l i k e l y  economic b e h a v i o r  i n  t h e  c o a l  market 

a s  a  r e s u l t  o f  h o r i z o n t a l  d i v e s t i t u r e .  

A f t e r  a thorough s t u d y  o f , t h e  t h e o r e t i c a l  and e m p i r i c a l  

a s p e c t s  o f  o w n e r s h i p - r e l a t e d  b e h a v i o r ,  two -dic.hotomous s e t s  o f  

a s sumpt ions  a r e  p o s s i b l e . :  One s e t  o f  asaumpt ions  i s  o r i e n t e d .  
. . 

towards syne rg i sm and growth maximiza t ion .  The i n t ' e r p r e t a t i d n  

o f  t'hese a s sumpt ions  i n  t h e  model i s  one o f  a  . lower r a t e  of 

r e g u r n  f o r  o i l  owned c o a l  a s s e t s  r e l a t i v e  t o  n o n - o i l o w n e d  a s s e t s .  

The second s e t  o f  assumpt ions  c o u l d  b r o a d l y  be  te rmed 

"monopoly" assumpt ' ions.  The d e p i c t i o n  o f  t h e s e  w i t h i n  the .mode1  

framework i s  one o f h i g h e r  r a t e s  o f  r e t u r n f o r  o i l ,  owned c o a l  

r e l a t i v e  t o  n o n - o i l  owned. Both s c h o o l s  o f  though t  have  t h e i r  

s u p p o r t e r s  and d e t r a c t o r s -  and s t u d i e s  c a n  be  found which s e e k  

e m p i r i c a l  answers  t o  t h e s e  q u e s t i o n s  , u s u a l l y  w i t h  i n d e t e r m i n a t e  

r e s u l t s .  ~ h &  economics 'p ro fes , s ion  i t s e l f  i s ' d i v i d e d  ' o n ' t h i s  

ques r i on .  I t ' i s  o u r  o p i n i o n  t h a t  t h e  ev idence  f a v o r s  t h e , l o w e r  



r a t e  o f  r e t u r n  on o i l -owned c o a l  a s s e t s .  

Due t o  t h e  c o n t r o v e r s i a l  n a t u r e  o f  t h e  q u e s t i o n ,  we have 

t r e a t e d  b o t h  c a s e s  a s  a l t e r n a t i v e  b a s e l i n e s .  A s  one might  

e x p e c t ,  t h e  e s t i m a t e d  impact  o f  d i v e s t i t u r e  depends upon which 

b a s e l i n e  c a s e  one  b e l i e v e s .  B a s e l i n e  1, syner 'gy, l e a d s  one t o  a  

marke t  impact  o f  t o t a l  d i v e s t i t u r e  o f  i n c r e a s e d  p r i c e s  and lower 

p r o d u c t i o n .  However, t h e  a l t e r n a t i v e  monopoljr b a s e l i n e ,  B a s e l i n e '  2; 

when used a s  a  b a s e  t o  compare t o  t o t a l  d i v e s t i t u r e ,  y i e l d s  a 

d e c r e a s e  i n  p r i c e s  and an i n c r e a s e  i n  produc . t ion;  The reslll ts f o r  

B a s e l i n e s  1 and 2 and  t o t a l  d i v e s t i t u r e . a r e  p r e s e n t e d  i n  Table  1. 

These r e s u l t s  a r e  based on economic theory  ,: erlairleerillg anrl 

economet r i c  models ,  and a n a l y s i s ;  a i l  s e t  i n  t h e  g e n e r a l  

framework o f  compara t ive  s t a t i c s .  Comparative s t a t i c s  i s  an  

a n a l y t i c a l  t o o l  which p e r m i t s  ' i n v e s t i g a t i o n  o f  a s i t u a t i o n  b e f o r e  

and  a f t e r  government i n t e r v e n t i o n .  

'I'he economic t h e o r y  o f  t h e  ' f i r m  and . i t s '  modern v a r i a n t s  a r e  

used  t o  e s t a b l i s h  ' t h e  f o u n d a t i o n  f o r  h y p o t h e s i z e d  b e h a v i o r  i n  

t h e .  market  b e f o r e  and a f t e r  government i n t e r v e n t i o n . .  The e n g i -  

n e e r i n g  and economet r i c  models a r e  used  a s  a t o o l  t o  e s t a b l i s h  

a b a s e l i n e  c a s e  f o r e c a s t  i n  t h e  absence  o f  government a c t i o n .  

S e v e r g l  a l t e r n a t i v e  c a s e s ,  based  on p e r t u r b a t i o n s  o f  d i v e s t i t u r e -  

r e p r e s e n t i n g  v a r i a b l e s ,  a r e  dcvcloped and. t h e  model r e s u l t s  

compared t o  t h e  b a s e l i n e .  

The models used  i n c l u d e  t h e  N a t i o n a l  Coal Model and t h e  

P r o j e c t  Independence E v a l u a t i o n  System (PIES) model. These 

models a r e  we l l -g rounded  i n  economic t h e o r y  and' c h a r a c t e r i z e  

t h e c o a l  'and ene rgy  marke t s  w e l l  f o r  a n a l y s i s . p u r p o s e s .  



TABLE 1 

SUMMARY OF PRICE AND QUANTITY 
FORECASTS ,FOR 1 9 8 5  UNDER 

ALTERNATIVE ASSUMPTIONS 

iii 

1 9 8 5  I n d u s t r i a l  
P r i c e  

( $ / S h o r t  Ton) 

$ 3 6 . 4 9  

3 9 . 0 3  

I 1 9 8 5  . P r o d u c t i o n  

S c e n a r i o  

B a s e l i n e  1 

B a s e l i n e  ' 2 

( M i l l i o n s  o f  S h o r t .  
T o n s / Y e a r )  

1 , 0 2 9 . 7  

1 , 0 0 2 . 7  

T o t a l  D i v e s  ti t u r e  1 , 0 1 4 . 7  i 38.56 
I 
I I 



The Department o f  Energy has  used t h e s e  mode.1~ e x t e n s i v e l y  f o r  o the .  

a n a l y s e s .  

Data on c o a l  mine and r e s e r v e  ownership were r e q u i r e d  t o '  

a l l o w  f o r  hypo the s i s  t e s t i n g  r ega rd ing  changes i n  ownership-  

r e l a t e d  v a r i a b l e s .  There fore ,  a  unique methodology w a s  developed 

t o  c o l l e c t  d a t a ,  s e p a r a t e  ownership,  and modify t h e  Na t i ona l  

Coal. Model. Our work on d a t a  and program m o d i f i c a t i o n  i s  w e l l  . 

documented. Because o f  t h e  c o n t r o v e r s i a l  n a t u r e  o f  t h i s  s t u d y ,  

we have a l s o  des igned  a system whereby a n a l y s t s  who d i s a g r e e  
. . 

w i t h  t h e  assumed behav io r s ,  can r e - r u n  t h e  model u s i n g  their, own 

assumptions..  A l l  t h e  programs and d a t a ,  f i l e s  n e c e s s a r y  t o  do 

t h i s  a r e  c u r r e n t l y  up and running on t h e  DOE computer systeln. 

'volume I11 o f  t h i s  r e p o r t ,  t h e  Computer ~ocumen ta t ' i on ,  e x p l a i n s  

t h i s  p roce s s  i n  d e t a i l .  

As w i t h  any study o f  t h i s  n a t u r e ,  t h e r e  a r e  c a v e a t s . a n d  

p o s s i b l e  weaknesses whi'ch should  b e  observed.. . F i r s t ,  t h i s  s t u d y  
. . 

i s  u u t ,  and.was  not  in tcndod  t o  b e ,  a c ~ m p f e t ~  cusL-bene f i t  

a n a l y s i s  o f  h o r i z o n t a l  d i v e s t i t u r e .  . Although .it r e p r e s e n t s  a 

major sou rce  of i n fo rma t ion  on the  market impacts ,  ' it does. :not  

a d d r e s s  a l l  c o s t s .  Comparative s t a t i c s ,  whi le  i t  i s  a powerful 

' a n a l y t i c a l  ' t o o l ,  .does n o t  t a k e  i l l to  account  t h c  a d j u s t m i n t  

mechanism nor  , the  t r a n s a c t i o n s .  c o s t s  . involved.  . The' p roces s  . . 

whereby t h e  market a d j u s t s  t o  t h e  gov.ernmeht i n t e r v e n t i o n  may,  

i n  f a c t ,  c o n t r i b u t e  s u b s t a n t i a l l y  t o  t h e  t o t a l  c o s t s  o f  h o r i z o n t a l  

d i v e s t i t u r e , .  P r a c t i c a l  expe r i ence s  w i t h  fo r ced  d i v e s t i n u r e  i n  
. . 

t h e  Fede ra l  Government, such a s  ~ e n n e c o t t / P e a b o d y ,  s u g g e s t  t h a t  

t h e  t r a n s a c t i o n  c o s t s  and adjus tment  c o s t s  o f  f o r c e d  d i v e s t i t u r e  



may be s i g n i f i c a n t .  
. . 

Second, a  s t u d y  u s i n g  models and economic theory  i s  n e c e s s a r i l y  

based upon s e v e r a l  .assumptions.  We have a t tempted t o  s p e c i f y  

t h o s e  assumptions i n  a s  g r e a t  a  d e t a i l  a s . p o s s i b l e .  A s  mentioned 

above,  we have a l s o  des igned a  sys tem whereby most o f  t h e s e  

assumpt ions  do n o t  c o n s t r a i n  t h e  use  o f  t h e  r e s u l t s .  Anyone 

d i s a g r e e i n g  w i t h  t h e  assumptions can  r e - r u n  t h e  model and y i e l d  

r e s u l t s  based upon t h e i r  s e t  o f  assumpt ions .  I t  i s  n e c e s s a r y ,  

however, t h a t  a.nyone u s i n g  t h e  r e s u l t s  o f  t h i s - s t u d y  be fami1ia.r  . ,  

w i t h  t h e  assumpt ions  under ly ing  .it: 

F i n a l l y ,  t h i s  s tudy  i s  l i m i t e d  t o  t h e  c o s t s  o f  d i v e s t i t u r e  

between now and 1985. There fo re ,  t h e  s t u d y  has  a  mid-term 

p e r s p e c t i v e .  The long- term i m p l i c a t i o n s  appear  t o  b e  i n c o n c ~ u s i v e .  
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CHAPTER 1. 

INTRODUCTION 

A c u r r e n t  p o l i c y  deba te  i n  t h e  energy area '  focuses  on t h e  

.degree  o f  c o n t r o l  which t h e  U . S .  pe t ro leum i n d u s t r y  e x e r t s  over  

a l t e r n a t i v e  f u e l  r e s o u r c e s .  P a r t i c u l a r  emphasis i s  g iven t o  

o i l  company p e n e t r a t i o n  of  t h e  c o a l  and uranium i n d u s t r i e s .  

Th i s  s t udy  focuses  on o i l  company ownership o f  c o a l  r e sou rce s  

(op.era t ing  f i rms  and r e s e r v e s )  and s p e c i f i c a l l y  add re s se s  t h e  

i s s u e  o f  t h e  impacts  on c o a l  markets o f  h o r i z o n t a l  d i v e s t i t u r e - -  

d i v e s t i t u r e  of c o a l  company s u b s i d i a r i e s  and c o a l  r e s o u r c e s  b y  . 
, 

o i l  companies. Hor i zon t a l  d i v e s t i t u r e  i s  viewed a s  a  remedy f o r  

t h e  pe r ce ived  " e v i l s "  of  i n c r e a s i n g  c o n c e n t r a t i o n  o f  energy 

r e s o u r c e s ,  and i s  developing i n t o  a  major energy p o l i c y  op t i on .  

The ' ~ e p a r t m e n t  o f  Energy (DOE) s t a f f  i s  charged w i th  ana lyz ing  

t h e  major impacts  o f  va r i ous  h o r i z o n t a l  ' d i v e s t i t u r e  p roposa l s  

on. c o a l  markets .  Th i s  s t u d y  i s  p a r t  o f  a  broader  o b j e c t i v e  ' t o  

develop , a  complete s e t  o f  ana ly se s  r ega rd ing  t h e  . e f f e c t s  of 

d i v e s t i t u r e .  

Study Ob jec t i ve s  

The primary o b j e c t i v e  o f  t h i s  s t udy  i s  t o ' a s s e s s  t h e  l i k e l y  

impact of U.S. pe t ro leum i n d u s t r y  h o r i z o n t a l  . d . i v e s t i t u r e  on t h e  

B.S. c o a l  market .  The a n a l y s i s  i s  des igned t o  be a n a l y t i c a l ,  

o b j e c t i v e ,  and a s  s o p h i s t i c a t e d  ( i n  cons ide r i ng  t h e . . i n t e r r e l a t i o n -  

s h i p s  o f  v a r i o u s  energy f u e l s )  a s  p o s s i b l e .  



I t  s h o u l d  be  s t a t e d  a t  t h e  o u t s e t  t h a t  t h e  i s s u e s  i n v o l v e d  

i n  t h e  h o r i z o n t a l  d i v e s t i t u r e  d e b a t e  a r e  complex. They s u r e l y  

t r a n s c e n d  t h e  r ea lm o f  economics and weigh h e a v i l y  on p o l i t i c a l  

and  s o c i o l o g i c a l  t e n s i o n s .  A s t u d y  which f o c u s e s  on t h e  economic 

i s s u e s  a l o n e  c a n n o t  b e  e x p e c t e d  10 produ~e-clear-cut-policy 

d i r e c t i v e s .  We a r e  c e r t a i n l y  s e n s i t i v e  t o  t h e s e  l i m i t a t i o n s  

i n  t h e  p r e s e n t  s t u d y .  

An .even more i m p o r t a n t  i s s u e  c o n c e r n i n g  t h i s  . s tudy  i s  t h e  

t h e o r e t i c a l  b a s i s  arid e m p i r i c a l  l i m i t a t i o n s  t h a t  ex i ' s t .  C l a s s i c a l  

ecurlomic t h e o r y  has  l i t t l e  t o  s a y  abou t  t h e  impact  o f  d i v e s t i t u r e  
. . 

because  t h a t  t h e o r y  does  n o t  c o n s i d e r  r e s o u r c e . o w n e r s h i p .  i m p o r t a n t .  

A l t e r n a t i v e  t h e o r i e s  o f  t h e  f i r m ,  a l t h o u g h  more. d i f f i c u l t  t o  

s u b s t a n t i a t e ,  do however,  p r o v i d e  a  b a s i s  f o r  a n a l y s i s  o f  t h e  

d i v e s t i t u r e  problem. 

.The models used  i n  t h i s  s t u d y  a r e  t h e  ci-ilminat.ion o f  much 

r e s e a r c h  and developme-nt e f f o r t  o v e r  many y e a r s .  However, l i k e  

a l l  models whose f ~ i n c t i o n  i s  t o  a b s t r a c t  Trolu r e a l i t y  i n  an  e f f o r t  

t o  s i m p l i f y ,  complex r e l a t i o n s h i p s ,  t h e r e  a r e  a s sumpt ions  upon 

which t h e  models a r e  based  t h a t  may n o t  s a t i s f y  e v e r y o n e ' s  

p e r c e . p t i o n  of  o i l  compa?y involvemont  in the i o i l l  i ~ l d u s t r y .  

The . f a c t  t h a t  t h e  t h e o r y  expounded h e r e  i s  n o t  c o n s i d e r e d  

" c o n v e n t i o n a l  wisdom," and t h e  model n o t  p e r f e c t l y  r e f l e c t i v e  

of krlclustry s t r u c t u r e  o r  b e h a v i o r ,  means t h a t  o n e ' s  r e s u l t s  and 

c o n c l u s i o n s  must be  c o n s i d e r e d  s u g g e s t i v e ,  n o t  i n d i c a t i v e ,  o f  

p u b l i c  p o l i c y .  T h i s  s t u d y  does n o t  c l a i m  t o  be  t h e  d e f i n i , t i v e  

work on t h e  impact  o f  h o r i z o n t a l  d i v e s t i t u r e .  I t  i s  one  approach ,  

when combined w i t h  t h e  unique  model ing sys t em developed under  

t h i s  c o n t r a c t ,  which a l l o w s  a d d i t i o n a l  though t  and r e s e a r c h  or1 
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t h i s  t o p i c  t o  be  under t aken  by D O E ' s  s t a f f  of  p r o f e s s i o n a l s .  

The n a t u r e  o f  t h e  problem and D O E ' s  t e c h n i c a l  r e q u i r e m e n t s  

a s  s p e c i f i e d  below l e d  t o  S y n e r g y ' s  p r o p o s a l  f o r  u s i n g  a  s e t  

o f  models a s  a  f o u n d a t i o n  f o r  t h e  s t u d y .  The d i v e r s e  s e t  o f  

i n d u s t r y  and market  a t t r i b u t e s  s p e c i f i e d  by DOE c o u l d  o n l y  b e  

accommodated through t h e  u s e  o f  a  c o n s i s t e n t  s e t  o f  e n g i n e e r i n g  

and economet r i c  models .  However, g i v e n  t h i s  approach ,  we con-  

s i d e r e d  i t  i n a p p r o p r i a t e  t o  b u i l d  a  new s e t  o f  models on  a  

major  s c a l e  c o n s i d e r i n g  t h e  t ime and r e s o u r c e s  a v a i l a b l e .  Nor 

was i t  c o n s i d e r e d  n e c e s s a r y  s i n c e . o t h e r  models,  s u i t a b l e  f o r  

a d a p t a t i o n  t o  t h e  needs  o f  t h i s  s t u d y ,  a l r e a d y  e x i s t e d .  

The N a t i o n a l  Coal Model and t h e  P r o j e c t  Independence E v a l u a t i o n  

System (PIES) were proposed  a s  t h e  v e h i c l e s  f o r  d e v e l o p i n g  

q u a n t i t a t i v e  e s t i m a t e s  o f  t h e  impact  o f  h o r i z o n t a l  d i v e s t i t u r e .  

The u s e  of  t h e s e  models was combined w i t h  a d d ' i t i o n a l  d a t a  

c o l l e c t i o n ,  judgment and a n a l y s i s ,  and programming m o d i f i c a t i o n s  

t o  deve lop  an  i n t e g r a t e d  t e c h n i c a l  approach  t o  t h e  problem. 

The i s s u e s  t o  be a d d r e s s e d  and r e q u i r e m e n t s  t o  be  met b y  t h i s  

s t u d y ,  a s  s p e c i f i e d  by DOE, were:  

o  On t h e  demand s i d e ,  t h e  model developed was t o  i n c l u d e  a  

d e r i v e d  demand f o r m u l a t i o n  r e f l e c t i n g  t h e  major  u s e s  of  c o a l .  

The e f f e c t s  o f  s u b s t i t u t e  f u e l s ,  a l o n g  w i t h  o t h e r  c r i t i c a l  

exogenous v a r i a b l e s ,  were a s p e c t s  which have t o  b e  

i n c o ~ ~ p o r a t e d  . 
o  Supply e q u a t i o n s  were t o  b e ' c o s t - b a s e d  and i n c l u d e  p lanned 

and p o t e n t i a l  mine open ings ,  s o  t h a t  c h a r a c t e r i s t i c s  such  

as  m i n e  ownership  and c a p a c i t y ,  c o a l  q u a l i t y ,  and mining 



c o n d i t i o n s  c o u l d  be  i n c l u d e d .  Re levan t  p h y s i c a l  c h a r a c t e r i s t i c s  

such  a s  BTU c o n t e n t ,  s u l f u r  c o n t e n t ,  seam w i d t h s ,  s t r i p  v e r s u s  

deep  mining t e c h n i q u e s ,  a s  w e l l  a s  i n s t i t u t i o n a l  c h a r a c t e r i s -  

t i c s  were mining l e g i s l a t i o n  'and envi ronmenta l  e n d - u s e  

c o n s t r a i n t s .  

'o  Prop.osed d i v e s t i t u r e  l e g i s l a t i o n  was t o  be . rev iewed and t h e  

economic impacts  o f  such a  p o l i c y  on c o a l  dcmand a n d  supp ly  

d e l i n e a t e d .  The d i v e s t i t u r e  t r a i t s  were t o  be  . spec i f i . ed  

i n  a n a l y t i c a l  and measurable  'forms i n  a n  e x p J i c i t  and. 

j u s t i f i a b l e  framework. 

o  The d i v e s t i t u r e  r e p r e s e n t i n g  v a r i a b l e s  rnus t b e  a l t c r c d  and 

t h e  e f f e c t s  on e q u i l i b r i u m '  coa l  consumption d e t e r ~ ~ l i ~ l e d .  

S e n s i t i v i t y  a n a l y s e s  were t o  b e  done t o .  e s t a b l i s h  a  bounded 

r a n g e  o f  e f f e c t s . .  
. . 

. . 

Synargy a d d r e s s e d  and i . n t e g r a t e d  i n t o  t h e  s t u d y  t h e  b a s i c  

r e q u i r e m e n t s  of  t h e  Department o f  Encrgy. Tlle end r e s u l t  i s  

a n  o b j e c t i v e ,  a n a l y t i c a l  s t u d y  o f  h o r i z o n t a l .  d i v e s t i t u r e  p o l i c i e s .  

The r e s u l t s  a r e  based  upon ,economic t h e o r y  and mod,eling techniques.. 

I n  a d d i t i o n  t o  a d d r e s s i n g  t h c  h n n i c  d i v e s   it^^^' q u e s t i o , ~ ,  

however ,  Synergy developed a  sys tem and methodology where DOE 

a n a l y s t s  can  a n a l y z e  a d d i t i o n a l  ' q u e s t i o n s  and f u t u r e  p o l i c y  

s c e u a r i u s  i n  more d e t a i l .  . Indeed ,  many c o m p e t i t i v e  p o l i c y  

i s s u e s  and q u e s t i o n s  can  be  d e a l t  w i th ,  a n a l y t i c a l l y  and  i n  a  

f a s h i o n  c o n s i s t e n t  w i t h  P IES  and t h e  ~ a t i o n a l  Coal Model under  

t h e  sys t em t h a t  Synergy developed.  A 1  though t h e  p r i m a r y  r e s u l t  

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



Synergy developed a  methodology which a l lows DOE t o  con t i nue  

i t s  ana ly se s  o f .  compet i t ive  ques t i ons  i n  t h e  c o a l  i n d u s t r y  w i t h i n  

a  modeling, s c e n a r i o - o r i e n t e d  approach.  

The Hor i zon t a l  D i v e s t i t u r e  I s sue  

Hor i zon t a l  d i v e s t i t u r e  i s  a  comp.lex i s s u e  which may-be 

s e p a r a t e d  i n t o  s e v e r a l  s u b - i s s u e s .  These sub- . i ssues  a r e  

f r e q u e n t l y  shrouded i n  p o l i t i c a l  c o n s i d e r a t i o n s  and ' v a lue  judgments. 

I t  i s  t h e  i n t e n t  o f  t h i s  s t udy  t o  t ake  a n  o b j e c t i v e  approach 

t o  t h i s  problem based on p o s i t i v e  economic a n a l y s i s .  A s  such,  

t h i s  s t u d y  does n o t  comment on t h e  i s s u e  of o i l  company 

"bi'gness per - s e . "  We b e l i e v e  t h a t  ana ly se s  o f  ,economic i s s u e s  

s e p a r a t e  from any : p o l i t i c a l  o r  normative concerns w i l l  c l a r i f y  

t h e  deba t e  on h o r i z o n t a l ,  d i v e s t i t u r e .  

This  s t udy  a t t e m p t s  t o  poo.1 t o g e t h e r ,  and app ly  t o  t h e  problem, 

t h e  r e q u i s i t e  economic theory  and,  based on i t ,  t o  deve lop  emp i r i -  

c a l  e s t i m a t e s  o f . l i k e l y  i n p u t s  under a l t e r n a t i v e  s c e n a r i o s .  . . 

The c o l l e c t i o n  o f  r e l e v a n t  t h e o r i e s .  and a p p l i c a t i o n  o f  them t o  t h i s  

problem has  n o t  been done i n  a  s y s t e m a t i c  f a s h i o n  p r i o r  t o  t h i s  

s t u d y .  An e f f o r t  i s  under taken t o  i n t e g r a t e  s e p a r a t e  b u t  r e l a t e d  

p a r t s  o f '  economic theory  i n t o  a  cohes ive  s e t  of  too l ;  a p p l i c a b l e  

t o  t h e  h o r i z o n t a l  d i v e s  ti t u r e  i s s u e  and i t s  o b j e c t i v e ;  a n a l y s i s .  

Th i s  s t udy  a l s o  a t t emp t s  t o  u t i l i z e  t h e  b e s t  d a t a  a v a i l a b l e  on 

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

econometr ic 'models  t o  . ana lyze  t h e  i.ssl.le. 

Much o f  t h e  work i n  t h i s  s t u d y  focused upon modifying t h e  

DOE models ( P I E S ,  Na t i ona l  Coal Model) which e x i s t e d  a t ,  t h e  t i m e .  

The .modj.fi .cation o f '  t h e s e  models r e q u i r e d  t h e  c o l l e c t i o n  of 



d i v e r s e  d a t a  e l e m e n t s ,  t h e  a p p l i c a t i o n  of  judgment; and  innova-  

t i v e  i n t e g r a t i o n  w i t h  o t h e r  models through t h e  development  o f  

s e v e r a l  new computer programs.  Once t h e  models were modi f i ed ,  

h y p o t h e s e s  and s c e n a r i o s  c o u l d  be developed which were w e l l -  

founded i n  t h e  body o f  economic t h e o r y  and e m p i r i c a l  work which 

was rev iewed and s y n t h e s i z e d  f o r  t h i s  s t u d y .  

The main t h r u s t  and o r i g i n a l  i n t e n t i o n  of  t h i s  s t u d y  was 

t o  compare t h e  r e l a t i v e  impac-ts o f  a  t o t a l  d i v e s t i t u r e  s i t u a t i o n  

and a  n o n - d i v e s t i t u r e  s i t u a t i o n .  T h e r e f o r e ,  most o f  t h e  a n a l y s i s  

and r e s u l t s  which f o l l o w  a r e  based  on c-.nmparing t h e s e  two 

s i t u a t i o n s .  Conc lus ions  a r e  drawn, however,  i n  a l l  f o u r  a r e a s  

o f  d i v e s t i t u r e  and r e s t r a i n t  s i n c e  l e g i s 1  ai-i-ve p r o p o s a l s  appear  

t o  r e l a t e  v a r i o u s l y  t o  a l l  f o u r  a r e a s .  Some o f - t h e  a n a l y s i s .  

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

n e c e s s a r i l y  based  upon d e d u c t i o n s  from a v a i l a b l e  d a t a .  A l e g i t i -  

mate a t t e m p t  i s  made t o  c h a r a c t e r i z e  each l e g i s l a t i v c  concept  

a s  c l o s e l y  a s  p o s s i b l e  i n  t h e  model. IVhile i t  would have  been 

d e s i r a b l e  t o  r e l a t e  each  concep t  t o  a unique  model r u n ,  f o r  

t e c h n i c a l  r e a s o n s  t h i s  t u r n e d  o u t  t o  be' i m p r a c t i c a l .  The 

t o t a l  d i v e s t i t u r e  case c o n c l i ~ ~ i n r l s  are basod p r i m a r i l y  "11 111odel 

r u n s .  



L e g i s l a t i v e  S c e n a r i o s  

There appea r  t o  be f o u r  major  l e g i s l a t i v e  p r o p o s a l s  r e l a t i n g  

t o  h o r i z o n t a l  d i v e s t i t u r e  which 'must  be t a k e n  s e r i o u s l y  a t  t h i s  

t ime .  Three o f  t h e s e  p r o p o s a l s  a r e  embodied i n  Sena te  l e g i s l a t i o n  

w h i l e  one a p p e a r s  l i k e l y  t o  emerge from t h e  Sena te  h e a r i n g s .  

. While i n d i v i d u a l  b i l l  numbers and t h e  d e t a i l s  o f  p r o p o s a l s  

change f r o m . t i m e  t o  t i m e ,  t h e r e  a r e  f o u r  b a s i c  c o n c e p t s  invo lved  .. 

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

be d e f i n e d  by d i v e s t i t u r e  v s .  r e s t r a i n t  and by a l l  o i l  companies 

v s .  major  o i l  companies o n l y .  The c u r r e n t  and p o t e n t i a l  l e g i s -  

l a t i v e .  p r o p o s a l s  cove r  a l l  f o u r  o f  t h e s e  a r e a s .  These f o u r  

c o n c e p t s  a r e  summarized i n . T a b l e  1-1.. The i n d i v i d u a l  co r re spon-  

d i n g  l e g i s l a t i v e  p r o p o s a l s  a r e  d e s c r i b e d  i n  more d e t a i l  i n  

.Appendix 5. 

A s  o f  May 1, 1978,  t h e  c u r r e n t  s t a t u s  of  t h e s e  b i l 1 s . i ~  

a s  f o l l o w s :  . . 

S. 977 h a s  become H . R .  5146. The 1 a n g u a g e . i n  t h e  House . 

b i l l  i s  e s s e n t i a l l y  t h e  same a s  i n  t h e  S e n a t e  b i l l .  H.R.  5146 

h a s  been p l a c e d  on t h e  c a l e n d a r  b u t  has  n o t  been v o t e d  on. I t  

came o u t  o f  t h e  Energy and N a t u r a l  Resources  Committee on 

J u l y  25, 1977. S.  489 was i n t r o d u c e d  i n  t h e  94th  Congress 

and, i s  c u r r e n t l y  n o t  b e i n g  cons i .dered .  S.  1927 h a s  been r e f e r r e d  

t o  t h e  S e n a t e  J u d i c i a r y  Committee and h e a r i n g s  were h e l d  i n  t h e  

A n t i t r u s t  and ~ o n o ~ o l ~  Subcommittee i n  August 1977. No f u r t h e r  
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ALTERNATIVE LEGISLATIVE PROPOSALS 
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- -- . 
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Potential 

H.R. 5146 
(Formerly S.977) 

I 
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-. 
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/ Restraint - Total 

I (RT) 
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I - 

Future 
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X 

X 

X 

X 

EFFECTS 
Existing 

Holdings 

Only 

X 

X 

All 

Oil 

Cos. 

X 

X 

Ma j or 
Oil 
Cos. 
Only 

X 

X 



a c t i o n  has  been t aken .  The t o t a l  r e s t r a i n t  concept  m a y  b e t h e  

r e s u l t  of hea r i ngs  he ld  by t he subcommi t t e e  i n  t h e  Spr ing  of 

The Report  o u t l i n e  

The i s s u e s ,  methodologies ,- and r e s u l t s  summarized above a r e  

exp la ined  i n  d e t a i l  i n  t h e  r e s t  of  t h i s  r e p o r t  and i t s  va r i ous  

a p p e n d i c e s . ,  Volume I of t h i s  r e p o r t  i s  d iv ided  i n t o  two s e c t i o n s - -  
. . 

Sec t i on  1 and S e c t i o n  2 .  ' S ec t i on  1 e x p l a i n s  t h e  methodology, 

model changes and. r e s u l t s  o f  t h e  PIES runs  and s e r v e s  a s  t h e  

b a s i c  p r e s e n t a t i o n  of  t h e  way i n  which t h e  s tudy  was done. 

S e c t i o n  2  o f  Volume. I i s  a m o r e . d e t a i l e d  t h e o r e t i c a l  a n a l y s i s  
. . 

of  t h e  h o r i z o n t a l  d i v e s t i t u r e  i s s u e .  Chap te r '  1 - 2  p r e s e n t s  t h e  

s t udy  methodology and under ly ing  assumptions upon which t h i s  s t u d y  

i s  based., T h i s  c h a p t e r  and i t s  r e f e r e n c e d  appendices document 

i n  g r e a t  d e t a i l  each  s t e p  under taken t o  p rope r ly  develop,  

supplement,  and a l t e r  a v a i l a b l e  d a t a  used i n  t h i s  s t udy .  Caveats  

and . suspec ted  b i a s e s '  a r e  a l s o  d i s c u s s e d . .  . , . 
. . 

Chapter  1 - 3  p rov ide s  a  b r i e f  d e s c r i p t i o n  of  t h e  t h e o r e t i c a l  
. . 

background unde r ly j  n e t h e  s p e c i f i c  model pe r tu rba ' t ions , .  Chap te r .  

1 -4  p r e s e n t s  t h e  s c e n a r i o s  which were developed based on l e g i s -  

l a t i v e  p roposa l s .  l he framework i n  which impacts  and comparisons 
. . 

. . between t he se '  s c e n a r i o s  a r e  made is  a l s o  d i s cus sed .  

F i n a l l y ,  i n  S e c t i o n  1, Chapter  1 - 5  p r e s e n t s  t h e  r e s u l t s  of 

t h i s '  s t udy ;  I t  i s  impor tan t  t o  n o t e  t h a t  . no . d i r e c t  pol ic 'y  

conc lu s ions  a r e  drawn' ,here .  We on ly  s p e c i f y  . t h e  r e s u l t s  and 

any. i m p l i c a t i o n s  must be viewed ' in  a ' b r o a d e r  c o n t e x t c o n s i s t e n t  

w i th  t h e  o t h e r  a r e a s  of  ana ly se s  on t h e  d i v e s t i t u r e . , i s s u e .  



S e c t i o n  2 o f  Volume I i s  d i v i d e d  i n t o  two p a r t s  which p r o v i d e  

a  more d e t a i l e d  t h e o r e t i c a l  a n a l y s i s  of  t h e  i s s u e  of  h o r i z o n t a l  

d i v e s t i t u r e .  ~ h b s e  t w o  p a r t s  a t t en lp t  t o  p l a c e  t h e  i s s u e  o f  

h o r i z o n t a l  d i v e s  ti t u r e  w i t h i n  t h e  p r o p e r  c o n t e x t  i n  t h e  theory  

of  t h e  f i r m ,  w h i l e  a t  t h e  same t ime m a i n t a i n i n g  a  c o n s i s t e n c y  

w i t h  t h e  r e a l i t i e s  of  t h e  d i v e r s i f i c a t i o n  of  o i l  companies i n t o  
. . 

t h e  c o a l  i n d u s t r y .  The a.nal)rsir, o f  Se iL ivn  2 a l s o .  f o c u s e s  upon 

o p t i m a l  d e p l e t i o n  t h e o r y  and t h e  impacts o f  d i v e s t i t l i r e  on 

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

O the r  volumes o f  t h i s  r e p o r t ,  e s p e c i a l l y  Volume 1 1 ,  Techn ica l  

Appendices ,  a r e  p r o v i d e d  f o r  d e t a i l e d  s u b s t a n t i a t i o n  01 t h e  

t e c h n i c a l  z s p e c t s  o f  d a t a  m a n i p u l a t i o n  and model development .  



CHAPTER1-2 

STUDY METHODOLOGY, MODELS, AND UNDERLYING ASSU!!lPTIONS 

The s e c t i o n s  i n  t h i s  Chapter  d e s c r i b e  t h e  g e n e r a l  approach  

t a k e n ,  t 5 e  s p e c i f i c  methodology and models used ,  and t h e  assump- 

t i o n s  u n d e r l y i n g  t h e  s t u d y .  I n d i v i d u a l  p a r t s  of t h e  s p e c i f i c  

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

f u r t h e r  documented i n  r e f e r e n c e d  append ices .  

Genera l  Approach 

T h i s  s t u d y  i s  based  on an  a n a l y t i c a l  t echn ique  named 

"compara t ive  s t a t i c s . "  This  type  o f  a n a l y s i s  a l l o w s  e x p l i c i t  

comparison o f  t h e  s i t u a t i o n  w i t h o u t  ' i n t e r v e n t i o n  and w i t h  

i n t e r v e n t i o n .  I t  a l s o  a l l o w s  comparison o f  a l t e r n a t i v e  s c e n a r i o s ,  

each  a g a i n s t  t h e  same b a s e  o r  r e f e r e n c e  p o i n t .  

S p e c i f i c a l l y ,  we a r e  i n t e r e s t e d  i n  a n a l y z i n g  t h e  impact  o f  

h o r i z o n t a l  d i v e s t i t u r e  on c o a l  marke t s  through .comparison o f  

e q u i l i b r i u m  p r i c e s  and q u a n t i t i e s  i n  1985. These q u a n t i t a t i v e  

market  e q u i l i b r i u m  r e s u l t s  a r e  developed.  f o r  t h e  b a s e l i n e  and  

a l t e r n a t i v e  s c e n a r i o s .  T h i s  t e c h n i q u e  i s  5 l l u s t r a t e d  g r a p h i c a l l y  

through a  c o n c e p t u a l  supp ly  and demand framework i n  Figure 1-1, 

which r e f l e c t s  t h r e e  d i f f e r e n t  p e r i o d s  i n .  t h e  compara t ive  s t a t i c s  

approach .  

I n  t h c  p r o c e s s  n f  employing t h e  compara t ive  s t a t i c s  t e c h n i q u e ,  

forecasts must h e  made o f  t h e  f u t u r e .  The b.asic  r e f e r e n c e  p o i n t  

f o r  t h e  s t u d y  i s  t h e  b a s e l i n e  f o r e c a s t .  A b a s e l i n e  f o r e c a s t  

assumes t h a t  p a s t  t rend ' s  and r e l a t i o n s h i p s  ; J i l l  c o n t i n u e  i n  t h e  



FIGURE. I - 1 

GRAPHICAL ILLUSTRATION OF 
COMPARATIVE STATIC ANALYSIS FOR 

U.S. COAL IN 1985* 

PERIYU 1 
(Base1 inc )  

, Q1 
Units  o f  Coal 

PERIOD 2 
(Exngenous 

Supply Shift) 

. Q2 
Units  o f .  Coal 

' Ql 

.PERIOD 3 . 

'(Feedback and 
Equilibrium) 

0 .  
Q3 Q1 u n i t s  o f  c o a l  " 

* The curves shown here are  not based on dctual data. 
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future. Therefore, it is a reference point, or benchmark, 

indicating the situation which would' occur in the absence of 

mandated horizontal divestiture. Legislative p.roposals which 

would.cause different effects in the future can then be compared 

to the baseline forecast. 

Baseline forecasts are always made utilizing several under- 

lying assumptions. The assumptions should be explicitly identi- 

fied to enable'individuals to fully assess the results of the 

study, These assumptions are specified in later section's 'of this 

report. . We- begin in Period 1 with the supply.and demand.curves 

S1 and S2 which exist i.n the adjusted baseline case. .Simpl:is- 

tically,.a s.upply curve is defined as those - - quantities which - .  

would be forthcoming at various prices. Similarly, a demand 

curve is defined as those quantities which would be demanded at 

various prices. ..These two curves are schedules of price/quantity 
. . 

combinations. The supply and. demand schedules intersect at Point A .  
. . 

This- defines the market-clearing price and quantity (PI and Q1) 

at which supply and demand are in. equilibrium. 

While conceptually we can speak o'f curves, in the application 

of this analysis .to the modeling environment we are really observ- 

ing points on.a curve. These'curves actually exist for various 

price/quantity combinations w5thin the modeling framework. However, 

the graphic depictions in this section may not show the exact shape 
. . 

of the curve on either si.de.of those points. 

Period 2 shows the supply shift (from s1 to s2) which is the 

direct result of a perturbation in a divestiture-representing. 

variable. This variable.change. is'based.upon economic theory 



and the particular.scenario being run. All of.the initial per-. 

turbations of .variables occur on the supply side in this analysis. 

Horizontal divestiture, based upon this study, is primarily a 

policy which  impact.^ on supply. The demai~d implications are exclus- 

ively on a feedback basis from the supply shifts. The shift of 

the supply schedules is shown in the Period 2 diagram as an 

example of some divestiture variable change which has the initial 

effect of reducing .the supply (from Q1 to Q2) for any given price. 

One could also state that the same quantity of coal would now 

have a higher price in Period 2, relative to Period 1. 

We begin Period 3 with an exogenous supply shift which the 

market reacts to with a demand shi.ft. (from DI to D~). T h i s  

represents the feedback effects on demand as a result of the 

supply shift. An equilibrating process is employed to converge 

on a new equilibrium price and quantity. In the process, there 

is a new supply shift to ~ 3 .  (Actually,. we do ,not observe a11 

of the s3 curve; rather,. we observe the new equilibriunl Point C 
which we lcnow is not on s2] ,  l ' h e  new interacti.on sf demarld and 

supply is at Point C with a corresponding new price of Pg and 

new quantity of Q3. For the purposes of this study, we are inter- 

ested in comparing P1 and QI to P3 and Q3. 

There is a direct correspondence between our methodology.and 

this three-period conceptualization. Period 1 r ep resen t s  olir 

baseline PIES run with all its underlying data collection, model 

modification, and assumptions elllbodied .in it. Period 2 corresponds 

to the situation where we perturb a Coal Supply' hlodel variable; 

re-run the model, and produce-.a neiv set of supply curves. . Period 

3 is the new equilibrium PIES solution based upon a re-running 

of PIES with the shifted supply curves as a neli input. 



I t  shou ld  b e  no ted  t h a t  eve ry  a t t e m p t  has  been made t o  deve lop  

f o r e c a s t s ,  f o r  b o t h  t h e  b a s e l i n e  and t h e  a l t e r n a t i v e s  s c e n a r i o s ,  

which a r e  c o r r e c t  i n  an  a b s o l u t e  s e n s e .  That  i s ,  t h e  numbers 

which a r e  f o r e c a s t  f o r  1985 under  each  a l t e r n a t i v e  s c e n a r i o  a r e  

t h e  b e s t  ones  a v a i l a b l e  based  on c u r r e n t  i n f o r m a t i o n  and t h e  

u n d e r l y i n g  s t r u c t u r e  and as sumpt ions .  However, t h e  r e l a t i v e  

impac t s  a r e  more i m p o r t a n t  t h a n  t h e  a b s o l u t e  v a l u e s .  Because 

o f  t h e  s t r u c t u r e  of  t h i s  s t u d y  one can  p l a c e . m o r e  conf idence  i n  

t h e  r e l a t i v e  impac t s  s i n c e  t h e  comparison i s  between 

a l t e r n a t i v e  s c e n a r i o s ;  each  t o  t h e  b a s e l i n e  c a s e .  T h i s  methodology 

has  t h e  d e s i r a b l e  p r o p e r t y  t h a t  i t  s t a n d a r d i z e s ,  o r  n o r m a l i z e s ,  

t h e  u n d e r l y i n g  r e s u l t s .  T h e r e f o r e ,  t h e  r e l a t i o n s h i p  between t h e  

b a s e l i n e  and any one s c e n a r i o  can- b e  e v a l u a t e d  r e l a t i v e  t o  t h e  . 

r e l a t i o n s h i p  o f  t h e  b a s e l i n e  t o  a n o t h e r  s c e n a r i o .  T h e r e f o r e ,  i n  

r a n k i n g  t h e  v a r i o u s  l e g i s l a t i v e  p r o p o s a l s  i n  te rms o f  t h e i r  

impac t s ,  one s h o u l d  p l a c e  more emphasis  on t h e  o r d i n a l  r a n k i n g  

o f  t h e s e  impac t s .  

I n  a d d i t i o n  t o  t h e  compara t ive  s t a t i c s  approach ,  t h e  a n a l y s i s  

and r e s u l t s  a r e  embedded . in  a  model f ramework. .  The modeling 

fo rma t  i s  a p p r o p r i a t e  f o r  t h i s  s t u d y  f o r  a number o f  r e a s o n s .  

F i r s t ,  f t ' w a s  i m p o r t a n t  t h a t  t h e  r e s u l t s  be embedded i n  a  modeling 
. . 

framework a l l o w i n g  f o r  e q u i l i b r i u m  c o a l  consumption s o l u t i o n ' s .  

To accompl ish  t h i s ,  r a t h e r  s o p h i s t i c a t e d  e n g i n e e r i n g  and 

economet r i c  models o f  t h e  c o a l  and s u b s t i t u t e  f u e l  s e c t o r s  a r e  

r e q u i r e d .  1-n th-e t ime and wi th-  th.e r e - sources  a v a i l a b l e ,  t h e s e  
. , 

models c o u l d  n o t  be b u i l t  de novo. -- 



~ u r t h e r ,  a ' n ew  model might n o t  have been necessa ry  o r  d e s i r a b l e  

i f  r e s o u r c e s  were a v a i l a b l e .  The Department of  Energy has  spen t  

s e v e r a l  y e a r s  and s u b s t a n t i a l  r e sou rce s  t o  b u i l d  s e v e r a l  " s t a t e -  

o f  - t h e - a r t "  models.  Those models,  which a r e  p r i m a r i l y  ecoriometric 

ones based on eng inee r i ng  e s t i m a t e s ,  were developed and improved 

over :a  long p e r i o d . o f  t ime and they s t i l l  should no t  be viewed a s  

p e r f e c t .  However, t hey  have been used a s  a  b a s i s  f o r  a  l a r g e  

number o f  a n a l y t i c a l  and p o l i c y  s t u d i e s  w i t h i n  and o u t s i d e  of  

DOE. While impl.uvemen.ts can sti l .1 be sugges ted ,  they  have 

s tood  up w e l l  ' t o  c r i t i c a l  s c r u t i n y .  

Thcse models a r e  w e l l - s u i t e d  f o r  t h e  purposes. of  t h i s  s tudy .  

They a r e  a v a i l a b l e  and they do p o r t r a y  the.  markets by conta in ing.  

a  l a r g e  amount o f  in fo rmat ion  and r e l a t i n g  i t  t o  o t h e r  sources  

o f  in fo rmat ion .  The r e s u l t s  of t h i s  s t u d y ,  as  1nn.g a s  t h e  nssumpt io r~s ,  

changes; and m o d i f i c a t i o n s  a r e  c l e a r l y  de f i ned ,  can be  used i n  a  

c o n s i s t e n t  f a s h i o n  w i t h  o t h e r  ana ly se s  based on t he se  models. 

Th i s  r e s u l t  i s  u s e f u l ,  n o t  on ly  f o r  t h e  s t u d y  o f  t h e  ' i s sue  o f  

h o r i z o n t a l  d i v e s t i t u r e ,  b u t  a l s o  f o r  o t h e r  ana ly se s  i n  t.be,a.rea 

o f  compet i t ion  and c o a l .  

We have attempt,.ed t o  develop a  sysi;e~l.l whereby t h e  model frame- 

work we have used ,  and . t he  0wner.shi .p mod i f i c a t i ons  we have bhilt 

i n ,  w i . 1 1  al low DOE a n a l y s i s  t o  have a  capabi . l . i ty  t o  u s e  t h e  Na t iona l  

Coal Model and PIES.  We have t aken  e x t r a  measures, a l ong  t h e  way 

t o  thoroughly  document each . s t e p  of  ou r  procedure  and t o  t r y  and 

. t r a i n  DOE a n a l y s t s  t o  u se  t h i s  a s  a . t o o 1 .  This  system approach has  

a f u r t h e r  advantage  i n  t h a t  it i s  very  f l e x i b l e .  I f  some major 

change i n  energy markets  occurs  i n  s i x  months which cou ld  no t  



have been f o r e c a s t  i n  t h i s  s t u d y ,  t h e  m o d i f i c a t i o n  can  h e  made 

t o  the-  model and a l l  o f  t h e  r e s u l t s  r e - r u n  and r e - e v a l u a t e d  

e a s i l y .  O t h e r  s c e n a r i o s  which DOE s t a f f  members d e v e l o p  can  

b e  t e s t e d  q u i c k l y  and c o n v e n i e n t l y .  

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

c o n t r o v e r s i a l .  We f e e l  t h a t  t h e  u s e  o f  e n g i n e e r i n g  and econo- 

m e t r i c  models i n  t h e  f a s h i o n  which we have  used  them can  l e n d  

c r e d i b i l i t y  and o b j e c t i v i t y  t o  t h i s  type  o f  i s s u e .  

Methodology . ' 

The methodology which evo lved  from t h e  above p h i l o s o p h i e s  

and c o n s t r a i n t s  a l lows  us  ' t o  use  s t r u c t u r a l  models f o r  s ' imu la t ion  

o f  h o r i z o n t a l  d i v e s t i t u r e  p o l i c i e s .  T h i s  methodology was developed 

i n  c o n j u n c t i o n  w i t h  DOE p e r s o n n e l .  Much o f  t h e  work i n v o l v e d  was 

e x p e r i m e n t a l  and a  l a r g e  number o f  i n n o v a t i o n s  were r e q u i r e d  a t  

e a c h , s t e p .  A b r i e f  s t e p - b y - s t e p  summary of  t h e  methodology 

f o l l o w s :  

A. C o l l e c t  d a t a  on c o a l  p r o d u c t i o n  and .  
r e s e r v e s  based  on ,ownership.  

B. ~ o d i f ~  t h e  supp ly  mode.1 s i d e  o f  t h e  N a t i o n a l  
: Coal  Model and i t s  i n p u t  d a t a - b a s e  t o  a l l o w .  

f o r  t h e  e x p l i c i t  i n t r o d u c t i o n  o f  ownership a s ,  
a new dimension.  

C.  Run t h e  Coal Model t o  produce  two s e t s  o f  
s u p p l y  c u r v e s :  o i l -owned c o a l ,  and n o n - o i l -  
owned c o a l .  

D -  Develop and implement a  computer program' t o  
merge t h e  two s e t s  o f  s u p p l y  c u r v e s  i n  f a s h i o n  
c o n s i s t e n t  w i t h  downstream u s e s  o f  t h e  d a t a  s e t .  



E. Compress the resulting supply curves from 
192 coal type/region supply curves into 
50 supply curves which can be read into PIES. 

F. Run the supply curves through the PIES coal 
preprocessor and main models. 

G. Develop an initial set of scenarios and hypo- 
theses regarding horizontal divestiture which 
can be tested using the Coal Model. 

H. Change assumptions, initial values, etc. in 
the Coal Supply Model to represent each of the 
specified scenarios or hypotheses. 

I .  R.un the modcls for each hypothesis Lu generate 
a new set of supply curves and a new' PIES run. 

J. Compare the baseline case to the alternative 
scenarios and perform a comparative static analysis 
of the results. 

These individual steps are discussed in more detail below. 

A. It was necessary in the analysis to be able to identify 

ownership of reserves. Without this basic information integrated 

in the model, it would have been difficult.to study the issue of 

horizontal divestiture using the econometric fra~nework. The 

first stel.) in that process was to. collect additional data on 

coal production and ownership of reserves. This informa'tion 

was collected from a number of 'sources and judgmental. decisions 

also made where gaps exist. 

It was necessary to have information on the va r ious  types of. 

coal and the specific 1ocat.ions of the coal reserves nwned by n i l  

companies. These data were available in an incomplete form from 

publications of the Bureau of Mines (BOM), the Federal Trade 

Commission (FTC) , and the Keystone Coal Manual (Keystone). 

The exact methodology pursued in assigning reserve 

to ownership categories is explained in Appendix 2. However, 



a  b r i e f  s t e p - b y - s t e p  summary of t h a t  process  i s  inc luded  

1. I d e n t i f y  coa l  companies owned by o i l  companies. 

2 .  I d e n t i f y  t h e  e x i s t i n g  mines of t he se  coa l  companies 
which a r e  owned by o i l  companies. 

3 .  Obtain informat ion about each mine; such a s  p ro -  
duc t ion  c l a s s ,  l i f e  n f  mine, and when opened. 

4 .    ill gaps i n  t h e  d a t a  by applying judgment and 
d e c i s i o n  r u l e s .  

5 .  C a l c u l a t e  needed r e s e r v e s  of a l l  t h e  o i l  companiesr 
mines by s t a t e .  

6 .  Determine coa l  r e s e r v e s  by company and by r eg ion  
based upon t h e  FTC survey and Keystone da t a .  

7 .  Separate , '  from t o t a l  r e s e r v e s  owned by a  company 
i n  a  r eg ion ,  t h e  amount t i e d  up i n  product ion.  
The r e s i d u a l  w i l l  r e p r e s e n t  r e se rves  i n  t h a t  
reg ion  f o r  t h a t  company which a r e  no t  c u r r e n t l y  
i n  product ion.  

8 .  D i s t r i b u t e  those  r e se rves  among t h e  s t a t e s  i n  
t h e  reg ion .  

The above process  r e l i e s  upon informat ion ob ta ined  from Key- ' 

s tone ,  BOM, and t h e  FTC survey and a l s o  r e l i e s  upon judgmental 

decis ions  which were n e c e s s a r i l y  made dur ing  t h e  p roces s  uf 

developing t h e  d a t a  s e t .  Many problems which e x i s t e d  wi th  the  d a t a  

and d e c i s i o n  r u l e s  have been e x p l i c i t l y  s t a t e d  i n  Appendix 2 .  

B. The Coal Model and i n p u t  d a t a  base  were modified t o  

.allow f o r  t h e  e x p l i c i t  i n t r o d u c t i o n  of ownership a s  a  new dimen- 

s i o n  i n  t h e  model. This p a r t i c u l a r  s t e p  r equ i r ed  some a s s i s t a n c e  

from . the  o f f i c e  o'f Coal Analys is  i n  DOE.  The c u r r e n t  i n p u t  d a t a  

base  was s p l i t '  i n t o  two inpu t  d a t a  bases :  one r e f l e c t i n g  r e se rves  

owned'by o i l  i n t e r e s t s ,  t h e  o t h e r  r e f l e c t i n g  non-oil-owned r e se rves ,  



C .  Once t h e a b o v e  changes were made, two s e t s  of  

supp ly  cu rves  were gene ra t ed .  Th i s  s t e p  involved runn ing  t h e  

Coal Model once f o r  each i n p u t  d a t a  base .  Each o f  t h e s e  s e t s  

o f  supply  curves  r e p r e s e n t s  t h e  supply  which wou.ld be f o r t h -  

coming a t  var . ious  p r i c c s  f o r  each o f  192 coa l  t ype / r eg ion  p a i r s .  

One s e t  i s  based upon c o a l  a v a i l a b l e  from oil-owned a s s e t s  on ly ;  

w h i l e  t h e  o t h e r  i s  based on c o a l .  a v a i l a b l e  f r o m ' n o n - o i l  sources .  

D. A computer .program was w r i t t e n  t o  merge, sort., a n d  
. . 

i d e n t i f y ,  t h e  o i l  and no n -o i l  supply  c1.1rves. Th i s  i s  a f o u r  

hundred l i n e  program w r i t t e n  i n  FORTRAN and c u r r e n t l y  o p e r a t e s  

on D O E ' S  computer system. , l'he program . i s  fully 'documented, aid  

a  l i s t i n g  o f  it i s  provided,  i n  t h e  .volume o f  t h i s  r e p u r t  e n t i t l e d  

Computer Documentation. The a s s o c i a t e d  c o n t r u l  program and 

i n s t r u c t i o n s  f o r  running i t  a r e  a l s o  inc luded  i n  t h a t  volume. 

'l'he product  of t h i s  program i s  a  new s e t  of supp ly  ci i rves 

r e p r e s e n t i n g  a mix o f  obse rva t i ons  of- oil-uwned a n d  non-oil-orincd 

mines.  These supp ly  cu rves  a r e  concep tua l l y  i d e n t i c a l  t o  t h e  ones 

. p roduced ' be fo r e  t h e  s e p a r a t i o n , o f  ownership t a s k  was undertaken..  

However, t h e  new supp ly  curves  a l . 1 0 ~  f o r  i d e n t i f i c a t i o n  of o i l -  

owned versus  non oi l-owned c o a l  a s s e t s . .  Because t h e  supp ly  curves  

a r e  based on i n p u t  d a t a  which a r e  s e p a r a b l e  by ownership,  d i f f e r e n t i a l  

c h a r a c t e r i s t i c s  can be a p p l i e d  t o  thq two s e t s  nf data .ar id  t h c  

assumpt ions  r e l a t e d  t o  each.  These assumptions which can  be  

changed i n c l u d e  r a t e  o f  r e t u r n ,  wages, and c o s t  of  c a p i t a l  and , 

' o t he r  economic v a r i a b l e s .  

E.  The above merged supply-  curve  d a t a  s e t  was b u i l t  w i t h  t h e  

a d d i t i o n a l  c o n s ' t r a i n t  t h a t  i t  must be compat ib le  w i t h  PIES. Thcre: 

f o r e ,  t h e  merge.d d a t a  s e t  was run through a  compression program 



written in GAMMA. The resulting supply observations. represent 

50 supply curves. These curves are consistent with PIES and 

are essentially summations of various coal types and regions. 

F. Once this set of curves has been generated the PIES 

Access group within DOE can run these curves through the coal 

preprocessor and the main PIES.models. This step of the 

procedure was.done entirely by. DOE personnel. The resulting 

PIES "Wonder Cookie" reports were checked by them for gross 

errors or inconsistencies and given to us for interpretation 

and analysis. 

G. Those scenarios and hypotheses regarding horizontal 

divestiture which we wished to test using the models were deve- 

loped. Two steps were involved in this process. The first one 

was to identify those -scenarios and hypotheses based upon theoret- 

ical and.empirica1 arguments founded in economics. The scenarios 

had to be based upon the most likely legislative policy prescriptions. 

The second part of the process involved the representation of 

these hypotheses and scenarios in the context and framework of 

:the models. This representation aspect was an important step 

which effectively constrained the number and types of hypotheses 

which could be tested.. . 

H. Once it had been determined what should be changed in the 

model, these changes were carried out. The changes involved 

changing variable assumptions and re-running the series.of models 

necessary to arrive at the end result which was a PIES run. A 

list of variables which were potentially available for change in ' 



t h e  models i s  a v a i l a b l e  i n  Volume 111. A new s e t  o f  

changes  w a s  r e q u i r e d  t o  r e p r e s e n t  each  new h y p o t h e s i s  o r  

s c e n a r i o .  

I .  Once t h e  changes  were made, t h e  s e r i e s  o f  models were 

r u n  a g a i n  i n  t h e  same f a s h i o n  a s  produced t h e  f i r s t  s e t  o f  

s u p p l y  c u r v e s .  The new s e t s  o f  supp ly  c u r v e s  r e p r e s e n t  t h e  

s i t u a t i o n  which would o b t a i n  i f  t h e  hypo theses  which we have 

deve loped  and s t r u c t u r e d  w i t h i n  t h e  model come t o  pass.  A t  the 

comple t ion  of t h i s  q t ep ,  one b a s e l i n e  s e t  o f  r e s u l t s  and s e v e r a l  

o t h e r  s e t s  o f  r c s u l t s  were a v a i l a b l e .  

J.  A t  t h i s  s t e p  i n  t h e  p r o j e c t ,  we were i n  a  p o s i t i o n  t o  

per form a con ipa ra t ivc  static a n a l y s i s  of  t h e s e  r e s u l t s .  We 

u l t i m a t e l y  wanted t o  compare two s i t u a t i o n s .  The f i r s t  s i t u a t i o n  

was a  f o r e c a s t  of  c o a l  consumption and p r i c e s  i n  t h e  absence of  

' h o r i z o n t a l  d i v e s t i t u r e  l e g i s l a t i o n .  The second si t ua t . i on  was olle 

i n  which some form of h o r i z o n t a l  d i v e s t i t u r e  l e g i s l a t i o n  has  been  

passed and t h e r e  had been some e f f e c t  on t h c  p r i c e  u r  q u a n t i t y  o f  

coal bccLiuse  6.E t h i s  law. Once t h e s e  two s i t u a t i o n s  were 

modeled and r u n ,  t h e  two o u t p u t s  were used  t o  i n t e r p r e t  t h e  

r e s u l t s  based  upon t h e  s c e n a r i o s  r u n ,  

The n e x t  s e c t i o n s  p rov ide  an overview description o f  t h e  two 

ma jo r  models t o  b e  u s e d  i n  t h i s  q tvdy .  Volume I1 o f  t h i s  r e p o r t ,  

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

t o  t h e s e  models .  



The Models And T h e i r  R e l a t i o n s h i p  

The Department of  Energy h a s  been a t  t h e  f o r e f r o n t  of t h e  

movement by government a g e n c i e s  t o  u s e  econometr ic  models f o r  

p o l i c y  e v a l u a t i o n .  S i n c e  1974,  l a r g e  amounts o f  r e s o u r c e s  

have been committed t o  t h e  development and u s e  o f  t h e s e  models.  

The PIES model a s  d e s c r i b e d  below r e p r e s e n t s  t h e  pr ime example 

o f  t h i s  developmenta l  work. However, a  g r e a t  d e a l  of  e f f o r t  

h a s  gone i n t o  t h e  s a t e l l i t e  f u e l  models which f e e d  i n t o  t h e  PIES 

model and a r e  c o n s i d e r e d  by some t o  be a  p a r t  of  t h e  PIES model. 

The N a t i o n a l  Coal Model i s  a  DOE model which s t a n d s  a l o n e  and 

i s  used  f o r  a n a l y s i s  o f  c o a l  p o l i c i e s .  However, t h e  supp ly  

p o r t i o n  o f  t h e  model i s  a l s o  used  a s  an i n p u t  i n t o  PIES. T h i s  

s e c t i o n  c o n c e n t r a t e s  on t h e  Coal Supply Model (which i s  t h e  

s u p p l y  s i d e  o f  t h e  NCM) s i n c e  t h e  changes t h a t  have been  i d e n -  

t i f i e d  t h u s  f a r  a l l  e n t e r  from t h e  s u p p l y  s i d e .  The Coal Supply 

Model i s  t h e  s a t e l l i t e  model which must be changed i n  o r d e r  t o  

r u n  p o l i c y  s c e n a r i o s  e i t h e r  th rough  t h e  N a t i o n a l  Coa1,Model o r  

t h r o u g h  t h e  PIES model. 

The Coal Supply Model g e n e r a t e s  approx ima te ly  190 supp ly  

c u r v e s  b a s e d  upon a  s t a t e  l e v e l  b reakou t  of  r e s e r v e s  and 40 

d i f f e r e n t  c o a l  t y p e s .  Four o f  t h e  h e a v i e s t  c o a l  p roduc ing  

s t a t e s  a r e  d i v i d e d  up i n t o  two r e g i o n s .  Once t h e s e  s u p p l y  

c u r v e s  have been ' g e n e r a t e d ,  t h e y  can  be  used  a s  i n p u t  i n t o  t h e  

Na t iona l  Coal Model o r  a s  i n p u t  i n t o  PIES. I f  t h e y  a r e  used 

a s  i n p u t  i n t o  PIES, t h e y  must b e  r u n  th rough  a  compress ion  

program which w i l 1 , a g g r e g a t e  t h e  Coal Supply Model r e g i o n s  

i n t o  t h e  PIES s u p p l y  r e g i o n s .  F i g u r e  1 - 2  shows a  s i m p l e  

s c h e m a t i c  o f  t h e  r e 1 , a t i o n s h i p  between t h e  v a r i o u s  c o a l  models.  

1 . -23  
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The methodology does not utilize the demand sector of the 

National Coal Model which, as .an entity, includes the Coal 

Supply Model. We have not analyzed the demand side and inte- 
. . 

grative mechanism used in the National Coal Model since they 

were not employed. 

The coal supply curves generated by the model are cost-based 

and take into account the relevant physical characteristics 05 

coal. The following is a point summary of the' methodology used 
1/ - 

to generate the coal supply curves.. 

1. Begin with BOMts 'demonstrated reserve base estimates 
of coal, tonnage and quality ,characte.ristics by seam 
and county, 

2. Assign reserves to coal supply' regions, 

3. Assign reserves within each region to product classes, 

4. Eliminate negligible reserves, 

5. Estimate existing mine production and reserves 
committed to existing production, 

6 .  ~llocate uncommitted strippabler&serves to overburden 
.ratio categories, 

7. Allocate~uncommitted deep reserves to seam thickness 
and seam depth categories, 

8 .  'Allocate uncommitted reserves to mine size categories, 

9. Assign production estimates t u  ~nine--t~~es, 

10. Estimate minimum accepiable selling price for each 
mine type, 

11. Arrange mine types with associated production'levels 
in order of minimum acceptable selling prices. 

Each of the above points are explained in detail in Appendix 1 

1/ This sumnary of the methodology is taken from the FEA 
document, Coal Supply Analysis, May 1976. This point-by-point 
summary refers to the general methodology and is still correct 
'even though modifications have been made since the tirne that 
.&ocument --wa.s.. pub1 ished. 
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The Coal Supply Curves 

The supply curves generated by the Coal Supply Model are 

representations of the potential production levels available, 

at various prices, of a given type of coal in a given region. 

Figure 1 - 3  is an illustrative example of one coal supply curve 

for one region and coal'type pair. This supply curve is a 

multi-stepped function where each step represents a different 

mine type. The height of each step represents the minimum 

acceptable selling price' for that particular mine type. The 

length of each step represents the maximum annual production 

that the demonstrated reserve base could sustain from that 

particular mine type for 20 y.ears. 

Included in. the supply curves are.two kinds of production. 

The first kind of production is from existing mines and would 

be represented in the first steps of the supply curve. The 

other kind of production is potential production from new mines. 

The minimum a.cceptable selling prices represent a price which 

is based upon operating costs plus a recovery of and return on 

invested capital. For those mines already in production, the 

minimum accegtab1.e selling price will be relatively lower because 
. . 

mines which are already open have sunk capital and will rationally. 

operate as long as they can cover variable cost.. For. new mines, 

the necessary capital. will only be invested if there is an 

adequate rate of return on investment. 

The type of supply cilrve generated by tllis model assumes 

that the reserves will be developed, first which are attached to 

the least costly mines. That is, within the same geographical 
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a r e a ,  f o r  r e s e r v e s  of t h e  same q u a l i t y ,  they  w i l 1 , b e  developed 

i n  o rde r  of mining c o s t .  The assumption impl ies  t h a t  i n  t h e  

long  run,  t h e  c o a l  i n d u s t r y , i s  reasonably  compet i t ive  and 

e f f i c i e n t .  Th is  i s  no t  - t o  i n d i c a t e  t h a t  market imper fec t ions  

do no t  e x i s t .  Shor t - t e rm imbalances between supply and demand 

a r e  p o s s i b l e . a n d  have occurred i n  p a s t  pe r iods  such a s  1974.. 

The p r i c e  o f  c o a l ,  however, i n  t h e  long run does appear t o  be 

cos t -based  i n  t h e  sense  t h a t  long-run c o n t r a c t s  g e n e r a l l y  

r e f l e c t  c o s t s  of p roduc t ion .  

l 'hese supply  curves  a l s o  have t h e  assumption embedded i n  

them t h a t  no major new technolog ies  w i l l  be developed i n  t h e  

t ime pe r iod  be fo re  1990. This  i s  no t  t o  say t h a t  new technolo .  

g i e s  w i l l  no t  be developed,  bu t  t hey  w i l l  nmt be i n  widespread 
. . 

commercial use  dur ing  t h e  time per iod  mentioned. Therefore ,  

t h e  mine t ypes  shown here  a r e  based upon cu r r en t  technology f o r  

mining coa l .  Tile cusrs a r e  a l s o  based upon cur ren t  gjbctor cost ,s  

and p r o d u c t i v i t y  a l though t h e r e  i s  'a degree oE f l e x i h i ' l i t y  f o r  

change wi th in  t h e  model. 

Th is  " f ixed  technology" assumption i s  no t  e s p e c i a l l y  r e s t r i c -  

t i v e  f o r  t h e  problem a t  hand. The reason  f a r  t h i s  6 s  t h a t  

s e v c r a l  yeaIs  of  t e s t i n g  (probably a t  l e a s t  f i v e )  would be 

r e q u i r e d  before  major changes 3.q mining 3ystellls would be..wj.dely 

adapted f o r  new mines. Assuming t h a t ' t h e  c u r r e n t  devclnpment 

p e r i o d  o.f f o u r  t o  seven yea r s  p e r s i s t s ,  n e w t e c h n o l o g i e s  would 

n o t  be p r e s e n t  i n  new mines u n t i l  a . p e r i o d  a f t e r  1.985. I f  t h e  

pe r ind  betwocn 1905 alld 1990  we're t o  be analyzed,  adjus tments  

would be necessary .  New technolog ies  would s t a r t  t o  be i n  



widespread commercial use during this time' period. Since we are 

interested in analysing the period between 1980 and 1985, this' . 

does not present a problem. There are other assumptions which 

are explicitly in the model which are specified in a' later 

section. 

Project Independence Evaluation System (PIES) 

The- Project Independence Evaluation System (PIES) is a 

complex, integrated, modularized computer model developed by 

the FEA, now DOE, to analyze energy policy. ' The model predicts 

the state of the energy.sector of the U.S. economy in 1985 and 

1990. . The relationship of satellite models, such as the Coal 

Supply Model and PIES,. is presented. in Figure I- 4. 

For each of the ten DOE energy regions, for the commercial, 

industrial, residential, transportation,.and minor fuels sectors, 

PIES determines supply and demand equilibrium for the following 

fuels : 

electricity steam coal 
natural gas metallurgical coal 
residual oil liquid gases 
gasoline other petroleum products 
distillate oil jet fuel 

PIES determines 'the' sources of these fuels, the nletl~ods of 

conversio,n for end-use consumption, and inter-regional transfers 

of fuels necessary for final supply-demand equilibrium. . PIES, 

also de.Lails inport reqi.lirernents for 19 crude types and seven 

oil products. 

The PIES. model is composed of three different'model systems: 

a' collection of econometric models which predi.ct demands for 

,each, fuel by sector, by ge0graphi.c region; a 'set of Supply 
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representations--supply curves--for each fuel; and an integrat- 

ing mechanism which solves, with- the use of linear-programming 

(LP),the partial equilibrium solutions. Below we briefly 

describe each of three segments of PIES, with a more detailed 

description to be found in Appendix 4. 

The Regional Demand Forecasting Model (RDFOR) is a part of 

PIES and represents a set of demand equations which provide 

annual estimates of quantities demanded, prices, and price ana 

income elasticities of demand for 30 fuel/sector pairs for each 

of the ten DOE regions from 1977 to 1990. Fuel choices are 

price-sensitive, price induced substitution is uninhibited, 

and dynamic adjustments to changing fuel prices and economic 

conditions are incorporated into RDFOR. 

Exogenously determined macro variable forecasts, parameters, 

and initial prices and quantities are combined within RDFOR to 

define points on a demand surface. Slopes and elasticities are 

determined through price perturba,tions of log-linearly'specified 

equations.. DFACE, a Demand Interface Program transforms. the 

output of RDFOR into a format suitable for use by PIEZ. 

For residential, commercial, and industrial fuel- demands-; 

two equations are specified. The first relates the total use 

of fuel to other goods and services in the' economy. The second 

analyzes the distribution of this total 'fuel demand between 

different types of fuels. Geometric'distributed lags are used 

to extend the demand relationships to include dynamic'adjustments. 

The demands for fuel in the transportation sector are modeled 

by end use.. The major components of  transportation fuel. demand. 



are auto and non-auto highway gasoline .fuel. Rail diesel fuel 

and commercial jet fuel.are also determined within RDFOR. . 

Demands for natural gas, liquid gas; and coal in the raw 

materials .sector, the commercial 'demand for asphalt and liquid 

gas, industrial petroleum gases and metallurgical coal,.and 

household/commercial demand for coal are modeled in a separate 

category. Except for the commercial demand for liquid gas, 

price is not an independent variable. Rather, demand is a Eulic- 

t i o n  of industrial value added, time, and lagged consumption 

variables. 

There are eight supply modules analyzed within PIES: 

Coal 
Oil 
Gas 
Refineries 

Utilities 
Emerging Technology 
Transportation 
Impo'rts 

~e~resentations of supply are constructed using producti.on m.odeJ;s 

based on corporate finance and operation's research techniques. 

  he coal, oil, and gas module are similar in design. The 

r t 1 i l l e r . y  ~llodtiie highlights the transportation and conversion of crude 

oil to final products by region of the country. The utilities 

module focuses on the building of new plants .and the operation 

of new and existing' plants, by rexion of the country. Capacity 

constraints for base, intermediate, and peak demand 1oads.are 

est.i.mated and averxge c o s t  of elec~riciry to the c.ustomer 

is calculated. Synthetics, nuclear fuel, and shale make up the 

emergingi'technology module. Conversion, transportation, a n d  

necessary subsidies paid producers of expensive fuels are 

included in the analysis. Transportation supply includes: coal 



by barge and rail; natural gas by pipeline; crude oil, gasoline, 

and distillate by pipeline and barge; and residual oil by barge. 

The costs of the links between modes are carefully considered 

in the module. 

The impact supply module takes bundles of crude oil as they 

arrive at refinery regions and prices them for transportation 

module use. 

The Integrating Mechanism of PIES equilibrates supply and 

demand for each of the fuels considered and determines final 

prices and quantities sold. RDFOR provides estimates of prices, 

'denlands, and elasticities to the integrating mechanism., Step 

function approximation demand curves are constructed--each step 

indicating a range of quantities demanded at a specific price. 

Supply curves generated individually in their own modules are . 

equilibrated to demand and equilibrium prices and quantities 

determined. If demand and supply are not equal at initial prices, 

the demand cruves are re-approximated with.altered prices and 

the equilibration process is renewed. A final solution results 

when the.difference between prices for two successive iterations 

is less than or equal to two percent, or 15 iterations have occurred. 

When supply equals demand, consumer's and producer's surplus is 

maximized.and there is an optimal, solution. ' 

After initial demand curves arc constrL~.ct.ed, prices and 
. . 

quantities are adjusted to model natural gas regulation. ' Inter- 

temporal consistency when calculating the amount of new utility 

and refinery capacity is also guaranteed through the dynamics 

of the model. Markups on electricity are also included in the 

integrating mechanism. 



There  a r e  s e v e r a l  d i f f e r e n t  s c e n a r i o s  which can  b e  implc-  

mented i n  PIES t o  r e f l e c t  c u r r e n t  and p r o b a b l e  f u t u r e  p o l i c y  

c o n s i d e r a t i o n s .  Each s c e n a r i o ,  a l o n g  w i t h  changes i n  t h e  p r i c e .  

o f  impor ted  o i l ,  p r o v i d e s  PIES w i t h  g r e a t  f l e x i b i l i t y  i n  con-  

s i d e r i n g  d i f f e r e n t  s t a t e s  o f  t h e  ene rgy  economy. 

The impact  p o r t i o n  o f  t h i s  r e G o r t  h i g h l i g h t s  t h e  o u t p u t  o f  

PIES. An o u t p u t  r e p o r t  beg ins  w i t h  a  l i s t i n g  o f  t h e  supp ly  , 

modules ,  h a s  a  T a b l e  of  C o n t e n t s ,  and f i n a l l y  t h e  o u t p u t .  Fore -  

. c a s t s  of  a g g r e g a t e  q u a r l t i t i e s  o f  d i s t r i b u t i o n  o f  s u p p l y  t o  demand 

w i t h  s e l e c t e d  growth r a t e <  from 1975 Io l luw.  'kxcept .  f o r  o i l ,  

t h e  q u a n t i t i e s  r e p r e s c n t  annua l  p r n d u c t i o n  o r  C U I I ~ U I I I ~ ~ ~ O ~ .  O i i  

and ' o i l  p r o d u c t s  a r e  g i v e n  i n  thousand  b a r r e l s  p e r  c a l e n d a r  day .  

Fol lowing t h e s e  q u a n t i t y  t a b l e s  a re  demand s e c t o r  p r i c e s  and 

m a r g i n a l  p r i c e s  i n  demand, u t i l i t y ,  and r e f i n e r y  r e g i o n s .  

Assumptions 

A l l  a n a l y t i c a l  s t u d i e s  a r e  necesqasily b n ~ c c l  u p u l ~  e x p l i c i t  

and i m p l i c i t  a .ssumptions.  Any comple te  e v a l u a t i o n  of t h e  r e s u l t s  

o f  such  a  s t u d y  must t a k e  i n t o  account  t h e s e  assumpt ions .  I n  

the c a s e  of  s t u d i e s  used  a s  an a n a l y t i c a l  f o u n d a t i o n  f o r  

d e c i s i o n s ,  i t  i s  i m p e r a t i v e  t h a t  a l l  assumpt ions  be  i d e n t i f i e d .  

I n  t h i s  s t u d y ,  t h e r e  a re  t h r e e  b road  e l a s s e s  sf u n d e r l y i n g  

a s sumpt ions .  F i r s t ,  t h e r e  a r e  t h o s e  assumpt ions  d i r e c t l y .  r e -  

l a t e d  t o  t h e  i n d i v i d u a l  s c e n a r i o s .  These assumpt ions  w i l l  be  

s p e c i f i e d  i r ~  d e t a i l  i n  t h e  n e x t  c h a p t e r  o f  t h i s  r e p o r t  d e a l i n g  

wi.th s c e n a r i o s  and impact  e s t i m a t i o n .  . Second, t h e r e  i s  a  s e t .  

o f  assumpt ions  r e l a t e d  t o  t h e  models used  i n  t h i s  , s . tudy ,  p a r t i c -  

u l a r l y  t h e  s u p p l y  p o r t i o n  o f  t h e  N a t i o n a l  Coal Model. T h i r d ,  

t h e r e  a r e  a s sumpt ions  r e l a t e d  t o  t h e  methodology used  t o  i n t r o -  

duce ownership  i n t o  t h e  models.  



N a t i o n a l  Coal Model Assumations 

The s u p p l y  c u r v e s  a t  t h e  d i s a g g r e g a t e d  l e v e l  f o r  b o t h  o i l -  

owned and n o n - o i l -  owned coal .  were ,  g e n e r a t e d  by t h e .  s u p p l y  s i d e  

of  t h e  N a t i o n a l  Coal Model. The b a s i c  supp ly  mechanism i s  embodied 

i n  t h e  Reserve  A l l o c a t i o n  and Mine Cos t ing  (RAMC) Model. 

There  a r e  s e v e r a l  u n d e r l y i n g  assumpt ions  r e l a t e d  t o  t h e  Model. 

~ o s t  o f  t h e s e ' a s s u m p t i o n s  a r e .  c o n c e p t u a l  i n  n a t u r e  and a r e  r e l a t e d  

d i r e c t l y  t o  t h e  s t r u c t u r e  o f  t h e  model. T h e r e f o r e ,  t h e y  a r e  i m p l i c i t  

a s sumpt ions  which canno t  b e  changed w i t h o u t  major  a l t e r a t i o n s  t o  

t h e  model. I t  i s  s t i l l  i m p o r t a n t  t o  i d e n t i f y  t h e  i m p l i c i t  assump- 

t i o n s ,  however. 

The b a s i c ,  c o n c e p t u a l  a s sumpt ions  u p d e r l y i n g  t h i s  supply  
2 / - 

a n a l y s i s  a r e  a s  f o l l o w s :  

o  I t  was assumed t h a t  t h e  r e s e r v , e s  of  t h e  same q u a l i t y  
w i t h i n  a  g e o g r a p h i c a l  a r e a  g e n e r a l l y  a r e  developed 
i n  o r d e r  o f  mining c o s t s ,  i . e . ,  t h e  ' l e a s t  c o s t l y  t o  
mine r e s e r v e s  a r e  developed f i r s t .  This  assumpt ion  
i m p l i e s  t h a t  t h e  c o a l  i n d u s t r y  i s  r e a s o n a b l y  c o m p e t i t i v e  
and e f f i c i e n t , i n  t h e  long  run .  S i n c e  t h e  r e s e r v e s  of  
c o a l . a r e  v a s t  and t h e  ownership  o f .  c o a l  r e s e r v e s  a r e  
w i d e l y  d i s t r i b u t e d ,  no  s i n g l e  p roducc r  shou ld  b e  a b l e  t o  
i n c r e a s e  t h e  c o s t  o f  c o a l  above a c t u a l  c o s t s  ( i n c l u d i n g  
a  r e t u r n  on c a p i t a l )  o f  t h e  marg ina l  mine. Any a t t e m p t  
t o  i n c r e a s e  th-e c o s t  of  c o a l  above marg ina l  mine c o s t s  
would be  u n d e r c u t  by o the i -  p r o d u c c r s  a b l e  t o  open new 
mines and s t i l l  e a r n  a  market  r e t u r n  on inves tmen t  a t  
t h e  a r t i f i c i a l l y  e s t a b l i s h e d  p r i c e .  - 3/ 

- - 

2 /  These b a s i c  a s sumpt ions  were t a k e n  d i r e c t l y  from a  r e p o r t  en -  
t i t c d  Coal Supply A n a l y s i s  done f o r  t h e ,  t h e n ,  F e d e r a l  Energy Admin- 
i s t r a t i o n ,  O f f i c e  o f  Coal ,  Nuclear  and E l e c t r i c  Power A n a l y s i s ,  
wash ing ton ,  D.C .  T h i s  s t u d y  s e r v e d  a s  a  f o u n d a t i o n  f o r  t h e  c o a l  
s u p p l y  p o r t i o n  o f  t h e  N a t i o n a l  Coal  Model and was done by ICF, I n c .  
under  c o n t r a c t  No. C0-05-50198-00, May, 1976. 

'.3/ C e r t a i n l y ,  market  i m p e r f e c t i o n s  e x i s t  and s h o r t - t e r m  imbalances  
between s u p p l y  a n a  demand a r e  p o s s i b l e  a s  demonst ra ted  by t h e  h i g h  
s p o t  market  p r i c e s  i n  1974. However, t h e  long- t e rm c o n t r a c t  p r i c e s  
appear t o  r e f l e c t  p r o d u c t i o n  c o s t s .  Hence, c o a l  from t h e  l a s t  new 
mine t o  b e  opened shou ld  be  p r i c e d  a t  what i t  c o s t s  t.o produce t h e  
m a r g i n a l  t o n  r a t h e r  t h a n  a t  a  BTU equ iva lency  w i t h  t h e  n e x t  c h e a p e s t  
a l t e r n a t i . v e  f u e l .  



o  I t  was assumed t h a t  no s i g n i f i c a n t  change i n  c o a l  mining 
t echno logy  w i l l  b e  i n  commerc ia l .use  a t  a  s i g n i f i c a n t  
s c a l e  .by 1990. The mine t y p e s  used  i n  t h e  s u p p l y  c u r v e s  
a r e  based  upon c u r r e n t  mining technology.  The c o s t s  f o r  
each mine t y p e  a l s o  a r e  based  upon c u r r e n t  f a c t o r  c o s t s  and 
p r o d u c t i v i t y .  Given t h a t  s e v e r a l  y e a r s  o f  t e s t i n g  ( p r o b a b l y  
a t  l e a s t  f i v e )  would b e  r e q u i r e d  b e f o r e  major  changes i n  
mining  sys tems would be  wide ly  adopted  f o r  new mines and 
assuming t h a t  t h e  c u r r e n t  development p e r i o d  o f  f o u r  t o  
seven y e a r s  p e r s i s t s ,  t h e  e a r l i e s t  we would e x p e c t  new 
t e c h n o l o g i e s  t o  make an appearance  i n  new mines would be  
between 1985 .and 1988. 

o  I t  was assumed t h a t  t h e  c o s t  o f  mining a  t o n  o f  c o a l  f rom 
a g i v e n  r e s e r v e  can  be approximated  knowing o n l y  two o r  
t h r e e  seam and mine c h a r a c t e r i s t i c s .  We e s t i m a t e d  c o s t s  
a s  f u n c t i o n s  o f  two f a c t o r s  f o r  s u r f a c e  mines (overburden 
r a t i o  and mine s i z e )  a n d  t h r e e  f a c t o r s  f o r  deep mines 
[seam t h i c k n e s s ,  seam d e p t h  and mine s i z e ) .  Although t h e s e  
f a c t o r s  appea r  t o  be  i m p o r t a n t ,  o t h e r  g e o l o g i c a l  c o n s i d e r a -  
t i o n s  such a s  roof  and f l o o r  c o n d i t i o n s ,  g a s s i n e s s  a n d  
p i t c h  o f  scam may be j u s t  a s  i m p o r t a n t .  However, t h e  
c o s t  f u n c t i o n s  t h a t  were employed c o u l d  n o t  be  expanded 
t o  c o n s i d e r  t h e s e  o t h e r  f a c t o r s  i n  t h e  t ime a v a i l a b l e  f o r  
t h e  s t u d y .  Indeed ,  t h e  f a c t o r s  t h a t  were employed may 
have r e q u i r e d  pushing  a v a i l a b l e  d a t a  beyond i t s  v a l i d i t y .  

o  I t  was assumed t h a t  s t e p  f u n c t i o n s  a r e  good approx imat ions  
of  t h e  long- te rm p r i c e / s u p p l y  r e l a t i o n  f o r  c o a l .  Long- 
term c o a l  s u p p l y  c u r v e s  c o n c e p t u a l l y  a r e  an  a t t e m p t  t o  
q u a n t i f y  t h e  r e l a t i - o n s h i p  between t h e  r e s e r v e s  t h a t  are  in 
t h e  ground and t h e  c o s t s  and r a t e s  a t  which t h e s e  r e s e r v e s  
w i l l  b e  made a v a i l a b l e .  The m u l t i - s t e p  supp ly  c u r v e  a l l o w s  
u s  t o  r e l a t e  each p r i c e  and a s s o c i a t e d  p r o d u c t i o n  l e v e l  t o  
a  s p e c i f i c  mine t y p e .  The c o s t s  r e l a t e d  t o  each  mine t y p e  
c a n  be  e v a l u a t e d  e x p l i c i t l y  s i n c e  t h e  d a t a  and assumpt ions  
upon which t h e y  were based  a r e  p r e s e n t e d  i n  t h e  s e c t i o n  on 
methodology. S i m i l a r l y ,  t h e  d a t a  and assumpt ions  upon 
w l l i c h  t h e  p r o d u c t i o n  l e v e l s  were based  a r e  p r e s e n t e d  i n  
t h e  s e c t i o n  on method01 ogy. 

o  I t  was assumed t h a t  w e l l  s p e c i f i e d ,  m u l t i - s t e p  c o a l  s u p p l y  
c u r v e s  a d e q u a t e l y  r e p r e s e n t  t h e  s u p p l y  f u n c t i o n .  M u l t i - s  tep 
supply curves a re  l o g i c a l l y  sound s i n c e :  ( a )  p r o d u c t i o n  
c o s t s  w i l l  i n c r e a s e  f o r  deep and s u r f a c e  mines a s  t h e  b e s t  
r e s e r v e s  a r e  d e p l e t e d ,  (b)  t h e  model i s  a l lowed  t o  d e t e r -  
mine t h e  mix o f  mines on t h e  b a s i s  o f  c o s t  min imiza t ion  
r a t h e r  than  hav ing  t h e  mix s e t  exogeno11sl.y b a s e d  upon 
i n d u s t r y  e x p e r t i s e .  Second, o n l y  by making t h e  d a t a  and 
assumpt ions  t h a t  went i n t o  t h e  c u r v e s  e x p l i c i t  c a n  r e v i e w e r s  
comment i n t e l l i g e n t l y  on t h e  c u r v e s .  



I n  a d d i t i o n  t o  t h e  above g e n e r a l  assumpt ions ,  t h e r e  a r e  

s e v e r a l  s p e c i f i c  assumpt ions  r e g a r d i n g  mine c o s t s ,  wage r a t e s ,  

r ecovery  f a c t o r s ,  e t c .  which a r e  d e t a i l e d  i n  a p p r o p r i a t e  

append ices .  Some o f  t h e s e  economic v a r i a b l e s  a r e  f l e x i b l e  

enough t o  be  changed q u i c k l y .  A s  an example, t h e  r a t e  o f  r e t u r n  

(ROR) c a n ' b e  changed from i t s  assumed 8% t o  any o t h e r  hypo thes ized  

v a l u e  and t h e  model .can then  b e  run  t o ' s h o w  t h e  s e n s i t i v i t y  of t h e  

r e s u l t s .  

PIES Assumptions 

The main u n d e r l y i n g  assumpt ions  of t h e  PIES .model depend on 

t h e  s e r i e s  of p r o j e c t i o n s .  The p r o j e c t i o n s  c o n s i s t  of  s i x  s e r i e s  

l a b e l e d  A ,  B y  C ,  D ,  E ,  and F. E a c h . s e r ' i e s  d i f f e r s  i n  assumpt ions  

about  domest ic  o i l  and gas  supp ly ,  , t h e  g e n e r a l  economic a c t i v i t i e s  

a f f e c t i n g  energy  demand and t h e  world p r i c e  of c rude  o i l .  

The s e r i e s  a r e  a s  f o l l o w s :  

A. High s u p p l y ,  h igh  demand, c o n s t a n t  world o i l  p r i c e  

B. Low s u p p l y ,  h igh  demand, c o n s t a n t  w ~ r l d  o i l  p r i c e  

C .  Mid-supply, mid-demand, c o n s t a n t  world o i l  p r i c e  

D. Nigh s u p p l y j  low demand, c o n s t a n t  world o i l  p r i c e  

. Low s u p p l y ,  low demand, c o n s t a n t  world o i l  p r i c e  

F. Mid-supply,  mid-demand, 5% annual  i n c r e a s e  o f  wor ld  

o i l  ' p r i c e  d u r i n g  1980-1990. ' 

The range  of o i l  and gas  supp ly  i s  d e r i v e d  f r ~ m  low, mcdian, 

and h i g h  e s t i m a t e s  o'f r e s e r v e s  t a k e n  from t h e  U .  S.  Geo log ica l  

Survey ( C i r c u l a r  725) and a p p e a r s  i n  Table  1 - 2  below. The range  

o f ,  economic v a r i a b l e s ,  a f fec t . j .ng  demand i s  d e r i v e d  from t h o s e  

f o r e c a s t s  from D R I :  

CYCLELONG, TRENDLONG AND. CEASPIRIT (Shown i n  Table  1-3 )  

1-3? 



TABLE 1-2  

R A N G E  OF DOMESTIC OIL AND GAS SUPPLY 

(Thousands of B a r r e l s  Pe r  Day/Mil l ions  of  Cubic F e e t  Pe r  Day) 

- 

k~~~ = 95 p e r c e n t  p r o b a b i l i t y  of  r e c o v e r y ,  M I D  = SO p e r c e n t  

Lower-48 On-Shore O i l  

1 O u t e r  C o n t i n e n t a l  
S h e l f  O i l  

Alaskan O i l  

S h a l e  6 S y n t h e t i c  
Oil 

p r o b a b i l i t y  o f  r e c o v e r y ,  H I G H  = 5  p e r c e n t  p r o b a b i l i t y  of recuvery.  
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TABLE 1-3 

MACROECONOFlIC VALUES 

Other key assumptions for all the projection series are: 

o Continued control of domestic crude oil prices and 

the entitlements program according to the Energy Policy 

and Conservation ~ c t  (.EPCA) ; 

o Continued regulation of the price, transportation 

tariffs and distribution priorities of natural gas 

sold to interstate pipeline companies according to 

Federal Energy Regulatkon commission' guidelines; 

o Current Outer Continental Shelf leasing schedules from 

the Department of Interior through 1981 and 4 sales 

annually of $300,000 acres each thereafter, 

- 

1985 

1990 

Industrial 
Value 

Added 
(Billions 
19'78 $)  

HIGH MID LOW - -  - 
1093 1060 1022 

1320 1309 1191 

p~ 

Gross 
National 
Product 
(Billions 
1978 $ )  

HIGH MID - LOW - 

2761 2715 2623 

3191 3159 2960 

- - 

1 Real 
/(per capita) 
iDisposable 
Income 

i (Thousands 
: 1978 $ )  

!HIGH MID LOW 
!- - - 
18.1 8.0 7.8 
I 
; 9.0 9.1 8.6 

Popula -' 
tion 
(hnnual 
Percen 
Growth) 

. . 

ALL 

1 
I 

.87 
i 
1 

.90 
i 
i 

f 

i 
! 



Model M o d i f i c a t i o n  Assumptions 

I n  t h e  p r o c e s s  of a d a p t i n g  t h e  c o a l  supp ly  a n a l y s i s  f o r  u s e  

i n  t h i s  s t u d y ,  i t  was n e c e s s a r y  t o  i n t r o d u c e  t h e  concep t  

o f  ownership  i n  t h e  model. P r i o r . t o  t h i s  s t u d y ,  t h e  concep t  

o f  ownership  had n o t  been  d e a l t  w i t h  i n  t h e  model. T h e r e f o r e ,  

much b a s i c  a n a l y s i s  and d a t a  g a t h e r i n g  had t o  b e  under taken  

and a  c o m p l i c a t e d  methodology developed t o  modify t h e  model. 

T h i s  methodology,  which was e x p l a i n e d  i n  d e t a i l  above,  was 

developed i n  c o n j u n c t i o n  w i t h  t h e  O f f i c e  o f  Coal A n a l y s i s  at. 

the Department o f  El~ergy:  There  were a  number o f  d e c i s i o n  r u l e s  

and a s sumpt ions  which had t o  b e  developed and a p p l i e d  a t  each. . .  

s t e p  uf. e h e  methodology.  Some o f  t h e s e  assumpt ions  and d e c i s i o n  

r u l e s  a r e  b a s e d  upon s u b s t a n t i a l  a n a l y s i s ,  w h i l e  o t h e r s  a r e  

b a s e d  p r i m a r i l y  upon e x p e r t  o p i n i o n  and i n t u i t i o n  from a n a l y s t s .  

Some o f  t h e s e  d e c i s i o n  rulcs  and U S ~ U ~ ~ L ~ U I ~ S  may be c o n t r o v e r s j , a . l ,  

t h e r e f o r e ,  it i s  i m p o r t a n t  t o  i d e n t i f y  a l l  o f  these.  Thc assuil~p- 

t i o n s  a r €  summarized below. ' F o r  a more d e t a i l e d  ana lys ' i s ,  t h e  

r e a d e r .  i s  r e f e r e n c e d  t o  Appendix 2 , t h e  Coal  Supply Model 

M o d i f i c a t i o n s .  

The i n f o r m a t i o n  c o n t a i n e d  i n  t h e  1,977 Keystone I n d u s t r y  
Coal Manual i s  assumed t o  be  a c c u r a t e  w i t h  regar .ds  t o .  
c o a l  p r o d u c t i o n  from mines and t h e  ownership o f  o p e r a t i n g  
c o a l  companies by o i l  companies.  

. .o 1 . L :  i s  assumed t h a t  needed o r  committed c o a l  r e s e r v e s  a r e  a  
f u n c t i o n  o f  annua l  p r o d u c t i o n ,  expec ted  l i f e  o f  t h e  mines ,  
a n d . r e c o v e r y  f a c t o r s .  A d i s c ~ ~ s s i o n  o f  t h e s e  s p e c i f i c  
f a c t o r s  assumed i s  p r o v i d e d  i n  t h e  appendix  on t h e  
m o d i f i c a t i o n  'methodology .. 

o I t  i s  assumed t h a t  t h e  o i l  companies su rveyed  by t h e  
F e d e r a l  Trade Commission and t h e i r  r e p o r t e d  demonst ra ted  
r e s e r v e s  a r e  r e p r e s e n t a t i v e  o f  t h e  u n i v e r s e  o f  demons t ra t ed  
r e s e r v e s  owned by  o i l  companies.  



o  The o i l  companies have no c o a l  r e s e r v e s  nor product ion i n  
s t a t e s  o t h e r  than  t hose  inc luded  i n  the  model. 

o  The demonstrated coa l  r e s e r v e s  owned by o i l  companies 
were a l l o c a t e d  t o  s t a t e s  based on informat ion on l o c a t i o n  
o f  p roduc t ion  i n  Keystone and from in format ion  on l e a s e  
ownership.  

o  I n  some ca se s  i t . w a s  necessa ry  t o  -assume t h a t  t h e  demonstrated 
coa l  r e s e r v e s  wi th  r ega rd s  t o  su l fu r /BTU 'ca t ego r i e s ,  
r e f l e c t e d  t he  ' geo log i ca l  d i s t r i b u t i o n  t h a t  c u r r e n t l y  
e x i s t s  f o r  each s t a t e . '  

o  S t a t e  committed r e s e r v e s  and p roduc t ion  were c a t e g o r i z e d  
i n t o  sulfur/BTU groups u s ing  in fo rmat ion  from Keys tone  on 
t h e  g e o l o g i c a l  c h a r a c t e r i s t i c s  o f  coa l  seams u n l e s s  d i r e c t  

. in.formation..was given f o r  each mine. 

o  A l l  c u r r e n t  p roduc t ion  by o i l  companies was c l a s s i f i e d  a s  
c o n t r a c t ' .  mine p roduc t ion .  

Caveats  and L i m i t a t i o n s  

Because o f - t h e  n a t u r e  o f  t h i s  s t udy ,  t h e r e  a r e  a .number o f  

c a v e a t s  which should  b e  t aken  i n t o  account  when u t i l i z i n g  t h e  
. . . . 

r e s u l t s  o f  t h i s  s tudy .  F i r s t ,  i t  should  be remembered ' t h a t  t h i s  

s t udy  looks  a t  one p a r t i c u l a r  a s p e c t  namely, e q u i l i b r i u m  p r i c e  

and q u a n t i t y  i n  t h e  c o a l  market .  Th i s  i s  on ly  one a s p e c t ' o f  
- -  

t h e  h o r i z o n t a l  d i v e s t i t u r e  impact .  Th i s  s tudy '  has  tried t o  

include,some.interpret.ation of t h e  o t h e r  c o s t s  invo lved .    ow ever, 
it  ~ h o u l d  b e r e m e n b e r e d  t h a t ,  t h i s  i s  n o t  5 t o t a l  c o s t j b e n e f i t  

. . 
s t u d y  on t h e  i s s u e  o f . h o r i z o n t a 1  d i v e s t i t u r e .  The comparat ive  

s t a t i c  approach i s  a  powerful  one bu t  i gno re s  t h e  ~ r o c e s s  o f '  

ad jus tment  from t h e  o l d  e q u i l i b r i u m  t o  t h e  "new 'one..  I t  a l s o  

negl 'acts  t h c  t ime element a s s o c i a t e d  w i th  t h a t  ad jus tment  

p roce s s .  The t r a n s a c t - i o n  c o s t '  of  s e l l i n g  o f f  r e s o u r c e s  a s  

shown i n  a  c a s e  approach t o  t h e  d i v e s t i t u r e  i s s u e  would .no 

doubt be' s i g n i f i c a n t .  . These c o s t s  must b e  inc luded  in.  a  f u l l -  

s c a l e  c o s t / b e n e f i t '  e v a l u a t i o n .  
. . 
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For . t h a t  r e a s o n ,  t h e  r e s u l t s  of t h i s  s t u d y  a l o n e  cannot  b e  

used  a s  a  recommendation f o r .  o r  a g a i n s t  h o r i z o n t a l  d i v e s t i t u r e .  

The r e s u l t s  o f  t h i s  s t u d y  need t o  be  used  i n  c o n j u n c t i o n  w i t h  

some e s t i m a t e s  f o r  e a c h  s c e n a r i o  o f  t h e  c o s t s  o f  d i v e s t i n g  and . 

t h e  c o s t s  o f  l i m i t e d  f u t u r e  inves tmen t  i n  t h e . i n d u s t r y .  

~ h r o u g h o u t  t h i s  s t u d y  we have been  f o r c e d  . t o  make many d e c i s i o n  

r u l e s  and b a s e  a n a l y s e s  on  l e s s  t h a n  p e r f e c t  informatinn t h a n  

would be  o p t i m a l .  Under i d e a l  c o n d i t i o n s ,  each  o f  t h e  dec . i s ion  

1 u l e s  a n d  me thodo log ies  would bc based  on d e t a i l e d  i n f o r m a t i o n  

a s  t o  t h e  e x a c t  n a t u r e  o f  any b i a s  t h a t  may be i n t r o d u c e d  by them. 

O r ,  s e n s i t i v i t y  a n a l y s e s  would b e  per formed on e v e r y  c o n t r o v e r s i a l  

o r  v a r y i n g  a s sumpt ion  i n  t h e  s t u d y .  Time and r e s o u r c e s  d i d  n o t  
. . 

a l l o w  f o r  e i t h e r  one o f  . t h e s e  op , t ions  t o  be c o m p l e t e l y  f u l f i l l e d .  

D e c i s i o n  r u l e s  and  methodologies  were based  on t h e  b e s t  a v a i l a b l e  

i n f o r m a t i o n  a t  the timc: I f  any r c s u l t  a p p e a r s  t o  be p a r t i c u l a r l y  

s e r l s i t i v e  t o  any one o f  the d e c i s i o n  r u l e s  t.hey s h o u l d  be wci:ghcd 

c a r e f u l l y ,  

Our o v e r a l l  approach  t o  forming d e c i s i o n  r u l e s  h a s  been t o  

u s e  t h e  b e s t  d a t a  and judgment a v a i l a h l ~  and t o  i n s u r c  that the 

d e c i s i o n s  were  c o n s i s t e n t  w i t h  o u r  i n t u i t i o n .  Using t h i s  g u i d i n g  

p h i l o s o p h y ,  i t  was hoped t h a t  t h e  a g g r e g a t e  r e s u l t s  f o r  broad  

a r e a s  would b e  r o u g h l y  c o n s i s t e n t  w i t h  o t h e r  s t u d i e s .  While 

d a t a  f o r  i n d i v i d u a l .  s t a t e s  o r  i n d i v i d u a l  c o a l  t y p e s  may be  a t  

v a r i a n c e  w i t h  o t h e r  p u b l i s h e d  e s t i m a t e s ,  o u r  d e c i s i o n  r u l e s  

have  r e s u l t e d  i n  what  a p p c a r  t o  b e  r e a s v r ~ a b l e  r e s u l t s  on a  b road  

bas  i s .  

I n  t h o s e  c a s e s  where t h e  d e c i s i o n  r u l e  was c o n s i d e r e d  t o  be  

a  p o t e n t i a l  major  problem, a n a l y s e s  were conducted  t o  de te rmine  



1 

t h e  impact  o f  choos ing  t h e  d e c i s i o n  r u l e .  One example o f  t h i s  

t y p e  o f  a n a l y s i s  conce rns  t h e  a l l o c a t i o n  of  r e s e r v e s  among s t a t e s ' .  

The FTC r e p o r t e d  r e s e r v e s  o n ' t h e  b a s i s  o f  USGS b a s i n s .  T h i s  i s  

b a s i c a l l y  a  r e g i o n a l  l e v e l  of  a g g r e g a t i o n  where s e v e r a l  - s t a t e s  

a r e  i n c l u d e d  i n . o n e  b a s i n .  I n  o r d e r  t o  u s e  t h i s  i n f o r m a t i o n  i n  

t h e  c o a l  model,  we needed t h e  i n f o r m a t i o n  on. a  s t a t e - b y - s t a t e  

b a s i s .  We had p lanned  t o  a s s i g n  t h e s e  r e g i o n a l  r e s e r v e s  t o  s t a t e s  

on t h e  b a s i s  o f  p r o d u c t i o n  and l e a s e  in fo rma t ion :  T h i s  appea red  

t o  b e  t h e  b e s t  method a v a i l a b l e  g i v e n  l i m i t e d  t i m e  and re sources . .  

There i s  some conce rn  on D O E ' S  p a r t ,  and r i g h t l y ' s o ,  t h a t .  

t h e r e  was a chance  t h a t  we were e x c l u d i n g  s t a t e s  which have o i l -  

owned c o a l  r e s e r v e s  because  ' t hey  d o n ' t  have any p r o d u c t i o n .  I t  was 

a g r e e d  t h a t  t h i s  was p o s s i b l e  and a  s m a l l  s i d e  a n a l y s i s  was 

l aunched  t o  de te rmine  .whether  t h i s  was a  l a r g e  b i a s  b e i n g  i n t r o d u c e d  

i n t o  t h e  i n p u t  l a t a .  

I n  g e n e r a l ,  b e c a u s e  o f  t h e  way ' i n  which ' the d a t a  was u l t i m a t e l y  

used  i n  t h e  c o a l  model, t h i s  problem i s  n o t  a  l a r g e  one .  A s  l o n g  

a s  t h e  r e s e r v e  i n f o r m a t i o n  was rough ly  c o n s i s t e n t  on a  r e g i o n a l  

b a s i s ,  t h e  major  problem would be  one s t a t e ' s  r e s e r v e s  being. 

a s s i g n e d  t o  a n o t h e r  s t a t e .  I f  one were i n t e r e s t e d  i n  p r e c i s e l y  

d e f i n i n g  each  s t a t e ' s  f u t u r e  p r o d u c t i o n ,  t h i s  would b e  a  more 

s e r i o u s  problem, however,  . t h e  focus  o f  t h e  s t u d y  was. o r i g i n a l l y  

des ig r~ t td  to  be on a n a t i o n a l '  l e v e l .  .4t t.he r e q u e s t  o f  DOE, w e  

looked i n t o  ' t h e  problem f u r t h e r .  

We i n v e s t i g a t e d  whether  o i l -owned new mines o r  o i l -owned 
8 

c u r r e n t  mines w i t h  expans ion  p l a n s  e x i s t e d  i n  s i g r l l f i c a n t  numbers 

i n  s t a t e s  we were n o t  c o v e r i n g .  The f i r s t  s t e p  was t o  l o o k  a t  t h e  



Coal Mine Development and Expansion Survey publ ished by Keystone. 

That survey l i s t e d  2 1  s t a t e s  ( 2 3  reg ions)  where new c a p a c i t y  was 

f o r e c a s t  t o  occur  between 1976 and 1985. According t o  our d a t a ,  

based upon t h e  .above dec i s ion  r u l e ,  1 4  s t a t e s  (18 regions) .  were 

f o r e c a s t  t o  have o i l  company r e se rves  ava i l ab l e '  f o r  devel.opment. 

The re fo re ,  on a  s t a t e  b a s i s ,  t h e r e  were 7 s t a t e s  which we d i d  n o t  

show o i l  r e s e r v e s  f o r  which were t o  have new product ion dvs ing  

t h a t  pe r iod .  

However, when one looks  a t  t h e s e  s t a t e s ,  it . appears  n o t  t o  .be a  

p r o b l c a .  F i r s t ,  t h e s e  s t a t e s  a r e  very  smal l  coa l  p roducers ,  such 

a s  Maryland, Kansas, Tennessee, e t c .  The' Keystone.. d a t a  show that., 
, . 

f o r  t h e s e  s e v e n  s t a t e s ,  seventeen mines a r e  p r o j e c t e d  t o  b e  

opened. This  i s  ou t  o f  a  t o t a l  o f  315 new mines i n  a l l  2 1  s t a t e s .  

F i n a l l y , .  on . f u r t h e r  i n s p e c t i o n ,  none o f '  t h e s e  1 7  mines are .  o i l -  

' owned: o p e r a t i o n s ;  

The re fo re ,  i n  t h i s  p a r t i c u l a r  example, our 'deciston.  . r u l e  

appeared t o  be f a i r l y  a r b i t r a r y ,  but  nonethe1ess;was demonstrated 

t o  be p roper  f o r  t h e  way i n  which we -were  applying i t .  I t  must 

be emphasized t h a t  i f  t h e s e  d a t a  a r e  used i n  ano thcr  s tudy,  b r  

i n  another  f a s h i o n  from t h e  o n e  i n  which we d i d ,  it may be 

i n a p p r o p r i a t e .  However, f o r  a9.1 but  the' most d e t a i l e d  ' s t a t e  and 

coa l  type problems,  i t  i s  'our opinion t h a t  t h e  data ndnqua.tely 

r e p r e s e n t s  ownership b r e a k o u t s .  One of our  o r i g i n a l  o b j e c t i v e s  was .  to, 

approximate t he  ownership breakout  on a s  micro a  l e v e l  a s  p o s s i b l e .  

$ h i s  has  beell achieved and t h i s  r e s u l t  is  suppor t 'ed  by t h e  f a c t  

. t h a t ,  on a '  n a t i o n a l  l e v e l ,  our da t a  appear t o  be rough ly  cons i s -  

t e n t  wi th  most o t h e r  ' s t u d i e s  which have a t tempted t o  i d e n t i f y  



o i l  ownership  o f  c o a l .  I n  t h e  a r e a  o f  p r o d u c t i o n ,  no one t o  o u r  
. . 

knowledge h a s  used t h e  methodology we have used t o  i d e n t i f y  

ownership o f  s p e c i f i c  c a t e g o r i e s  o f  c o a l  by o i l  companies a c c o r d i n g  

t o .  o p e r a t i n g  mines and committed r e s e r v e s .  Again,  we. f e e l  t h a t  

t h e  d e c i s i o n  r u l e s  a p p l i e d  a r e  r e a s o n a b l e  and' based  on t h e  L e s t  

in . . tormation a v a i l a b l e .  

Confidence i n  t h e  S tudy  and I t s '  ~ e s u l t s  

I n  summarizing' t h i s  ' c h a p t e r ,  we f e e l  t h a t  t h e  g e n e r a l  approach  

used  is  a  sound one and t h e  b e s t  one a v a i l a b l e .  t o  answer t h e  

q u e s t i o n s  'posed by DOE. We f e e l  t h e r e  a r e  problems i n  t h e  d a t a ,  

b u t  t h a t  ' it i s  t h e  b e s t  a v a i l a b l e .  The m o d i f i c a t i o n  p r o c e s s  we 

have used  may be.  somewhat c o n t r o v e r s i a l  i n  some o f  i t s  d e c i s i o n .  

r u l e s  and judgments a p p l i e d .  However, i t  was based  on t h e  b e s t  
. . 

i n f o r m a t i o n  a v a i l a b l e  and produced r e a s o n a b l e  r e s u l t s .  

While t h e  r e s u l t s  o f  t h i s  s t u d y  a p p e a r  t o  b e  v a l . i d ,  we do n o t  
. . 

'group a ' l l  a s p e c t s  o f  t h e  r e s u l t s  i n t o  t h e  same - l e v e l  o f '  c o n f i d e n c e  
. . 

c a t e g o r y .  I t  i s  . i m p o r t a n t  t o  t r y '  and e s t i m a t e  . t h e  l e v e l  o f  

c o n f i d e n c e  t h a t  a  s e n i o r  dec i s ion -maker ,  c o u l d  r e a s o n a b l y  app ly  

t o  :.the r e s u l t s . .  . 

The r e s u l t  which seems most l i k e l y  t o  b e  c o r r e c t  i n  t h i s  

s t u d y  i s  t h e  d i r e c t i o n  o f  impact .  . .  . We a r e  r e l a t i v e l y  c o n f i d e n t  , 

. . 

th 'a t  t h e  d i r e c t i o n s  of  impact '  between t h e  b a s e l i n e s  w i t h  no i n t e r -  

v e n t i o n  and t h e . s c e n a r i o s  with.  some form o f  d i v e s t i t u r e  a r e  

c o r r e c t .  These d i r e c t i o n a l  -sh. i f  t s  .are s u p p o r t e d  by a  . l a r g e  



amount of  economic t h e o r y ,  empi r i c i sm,  and s t r u c t u r e d  i n t u i t i o n .  

Second, we t r u s t  t h e  r e l a t i v e  impact .  That  i s ,  we t r u s t  

t h e  r e . l a t i v e  d i f f e r e n c e s  between p r i c e s  and '  q u a n t i t i e s  between 

t h e  b a s e l i n e  and o t h e r  s c e n a r i o s  o r  between t h e  o t h e r  s c e n a r i o s  

and  themse lves .  We b e l i e v e  t h e s e  a r e  a p p r o p r i a t e  a n d  a d e q u a t e  

e s t i m a t e s ,  g i v e n  t h e  models which were used  and t h e  d a t a  

a v a i l a b l e .  However, one s h o u l d  p l a c e  somewlrat l e s s  conf  ideilce 

i n  them t h a n  i n  t h e  p u r e  d i r e c t i o n a l .  change.  

F i n a l l y ,  w e  would p l a c e  t h c  l e a s t  c o n i i d e n c e  i n  t h e  a b s o l u t e  

f o r e c a s t  v a l u e s ,  a l t h o u g h  , they  have v a l u e  a s  working h y p o t h e s e s .  

I n  t h i s  s t u d y  we have been  i n t e r e s t e d  p r i m a r i l y  i n  o r d e r s  o f  magni- 

t u d e ,  r e l a t i v e  i m p a c t s ,  a n d  broad  d i r e c t i o n a l  c h a n g e s .  We have 

a t t e m p t e d  t o  a p p l y  t h e  b e s t  d a t a . a n d  models p o s s i b l e  t o  come up 

w i t h  a  r e a l i s t i c  f o r e c a s t  o f  t h e  s i t u a t . i n n  i n  t h e  c o a l  murlcot 

w i t h  and w i t h o u t  h o r i z o n t a l  d i v e s t i t u r e .  However, because  o f  t h e  

d a t a  and met.hndnlogy and l i m i t c d  t ime a v a i - l a b l e ,  we f e e l  t h a t  

t h e  a b s o i u t e  p r i c e s  and q u a n t i t i e s  t h a t  we have d e r i v e d  shou ld  

be  s c r u t i n i z e d  c l o s e l y  and used  o n l y  a s  a  working h y p o t h e s i s .  

I n  g e n e r a l ,  t h e  fnrecas t p r i ~ e s  and q i 1 R n t i t i e ~  U I I C Z H Z '  dlvc3titusc 

o r  any o f  o u r  s c e n a r i o s  s h o u l d  o n l y  be e v a l u a t e d  i n  r e l a t i o n  t o  

t h e  b a s e l i n e  f o r e c a s t s  . 
We have r e p o r t e d  the  r e s u l t s  h e r e  i.n a's much d e t a i l  .as p o s s i b l e ,  

i . e . ,  we have  r e p o r t e d  t h e  d i r e c t i o n ,  t h e  magnitude o f  t h e  

change ,  and t h e  p o i n t  e s t i m a t e s .  However, we have a l s o  a t t en lp ted  

t o  e s t i m a t e  t h e  c o n f i d e n c e  l e v e l  o f  each  one o f  t h e s e .  



CHAPTER 1 - 3  

THEORETICAL ISSUES IN DIVESTITURE ANALYSIS 

C l a s s i c a l  economic t h e o r y  h a s  l i t t l e  t o  s a y  on t h e  q u e s t i o n  

o f  how d i v e s t i t u r e  w i l l  a f f e c t  t h e  conduc t  and per formance  

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

b e h a v i o r  o f  f i r m s  o r  i n d u s t r i e s  i s  de termined by c o n d i t i o n s  

t h a t  t r a n s c e n d  t h e  mot ives  t h a t  d i f f e r e n t  t y p e s  of  f i r m s  might  

wish  t o  p u r s u e .  An a l t e r n a t i v e  group o f  t h e o r i e s  o f  t h e  f i r m ,  

which may be  r e f e r r e d  t o  a s  d i s c r e t i o n a r y  o r  manager i a l  t h e o . r i e s ,  

does  p r o v i d e  some i n s i g h t s  i n t o  . t h e  q u e s t i o n ,  o f  t h e  impac t s  o f '  

d i v e s t i t u r e .  However, t h e s e  a l t e r n a t i v e  t h e o r i e s  a r e  based  

upon as sumpt ions  of  f i r m  g o a l  p u r s u i t  which a r e  sometimes d i f f i c u l t  

t o  s u b s t a n t i a t e  e m p i r i c a l l y . . ,  T h e r e f o r e ,  one needs t o  make 

a l t e r n a t i v e  assumpt ions  a b o u t  f i r m  g o a l  p u r s u i t  i n  o r d e r  t o  

e v a l u a t e  d i f f e r e n t  s c e n a r i o s  of  p o s ' s i b l e  r e s p o n s e s  t o . d i v e s t i t u r e  

by f i r m s  i n  b o t h  t h e .  o i l  and c o a l  i n d u s t r i e s , .  Assumptions a l s o  

need  t o  be  made abou t  t h e  b u s i n e s s  m o t i v a t i o n  and d i s c r e t i o n a r y  

b e h a v i o r  o f  s u c c e s s o r  f i r m s  t o  d i v e s t i t u r e .  

We assume f o r  t h e  f i r s t  s c e n a r i o  t h a t  o i l  companies have 

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

s . i g n i f i c a n t l y  from t h o s e  o f  s u c c e s s o r  companies.  O i l '  companies 

may a l s o  p o s s e s s  d i f f e r e n t  t e c h n o l o g i c a l  r e s o u r c e s  from s u c c e s s o r  

companies and may be  . a b l e  t o  p r o v i d e  t h e  -means. f o r  t r a n s f e r r i n g  

through d i r e c t  in 'vestment i n t o  c o a l  mining t echno logy  t h e  e x p e r -  

t i s e  t h a t  t h e y  have a c q u i r e d  i n  t h e i r  o i l  o p e r a t i o n s . ,  Thus, ' 

t h e r e  may e x f s t  some "syner iy"  between t h e  technokogi .cal . ,  

a d m i n i s t r a t i v e  and commercigl f u n c t i o n s  o f  t h e  o i l  and c o a l .  



companies. In addition, oil companies, being in general very 

large, and operating under a financial posture that relies heavily 

on extensive cash holdings, may have access to larger and/or 

cheaper supp1i.e~ of capital than successor companies might have. 

These assumptions imply that the behavior and of 

successor companies and divested coal companies would be differ- 

ent than in a non-divestiture situation. However, to rely upon 

synergistic potential and the loss of synergy as an unintended 

impact of divestiture requires one to forego the classic "tenet" 

of prof it maximization. 

Alternative theories of the firm, e.g., growth or sales 

maximization, suggest that diversification into an industry 

earning lower rates 'of return than might be earned in alternative 

investments at the preSen..t time, might bc in the best i~~lerest 

'of the ail company stockholders. If we believe that the lar~e 

oii companies, a s  firms, are admfnlserative organizations con- 

taining an association of commercial, managerial, and technolo- 

gical resources, then the analysis does not- fit. we11 in t h e  

regular neo-classical. framework. This view of the fir111 is more 

i.n tune wiLh.manager-ialist or behaviorist outlooks. 

Economic theory argues that a growth maximizing firm will 

grow faster for a given operating profit, ratc and will display 

a lolier.rsported profit rate than a firm max~.mizing~stockholdcr 

welfare. Oil r.om.panies have made many acquisitivris of firms 

,with mediocre performance records. This acquisition behavior 

of oil.firms is not inconsistent with an assumption of growth 

maximization. Under' this assumption, oil'comyanies might ,acquire 



c o a l  companies whose r e p o r t e d  p r o f i t  r a t e s  were lower than '  t h e  

r e p o r t e d  p r o f i t  r a t e s  o f  o t h e r  f i r m s  i n  o t h e r  . s e c t o r s  o f  t h e  

economy. 

T o t a l  d i v e s t i t u r e  would have t h e  e f f e c t ,  assuming t h a t  t h e  

s u c c e s s o r  f i r m  i s  n o t  m a n a g e r i a l l y  mot iva ted  t o  t h e  same d e g r e e  

t h a t  t h e . o i l  c o m p a n y ' i s ,  o f  r a i s i n g  t h e  r a t e  o f  r e t u r n  of  t h e  

c o a l  company f o r m e r l y  owned by t h e  o i l  company. T h i s  would 

c a u s e  an i n c r e a s e  i n  t h e ' p r i c e  of  c o a l  and a  r e d u c t i o n  i n  t h e  

q u a n t i t y  a v a i l a b l e .  . The "synergy" and growth maximiza t ion .  

a s sumpt ions  a r e  t e s t e d  i n  t h e  Coal Supply Model and PIES System 

by assuming t h a t ,  b e f o r e  d i v e s t i t u r e  t a k e s  p l a c e ,  c o a l  companies 

owned by o i l  i n t e r e s t s  have a  r a t e  of  r e t u r n  o f  3 % .  A f t e r  

d i v e s t i t u r e ,  t h a t  r a t e  of  r e t u r n  i n c r e a s e s  t o  8 %  which i s  t h e  

r a t e  o f  r e t u r n  f o r  t h o s e  c o a i  companies n o t  owned by o i l  

i n t e r e s ' t s . l '  C a p i t a l  and l a b o r  c o s t s  a r e  81so i n c r e a s e d b y  1 0 %  

f o r  o i l -owned c o a l  f i r m s .  

An a l t e r n a t i v e  assumption o r  a  f a c t o r  working i n  t h e  o p p o s i t e  

d i r e c t i o n  would be any tendency o f  o i l  companies t o  r e d u c e  t h e  

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

Th i s  would be r e f l e c t e d  i n  a  h i g h e r  r a t e  o f  o p e r a t i n g  p r o f i t  

l e a d i n g  i n  t u r n  t o  h i g h e r  t a r g e t  r e t u r n s  and a g e n c r a l  upward 

s h i f t  i n  t h e  i n d u s t r y  s u p p l y  cu rve .  I t  would a l s o  have t h e  

secondary  e f f e c t  of  c a u s i n g  f a s t e r  d e p l e . t i o n .  T h i s  would be 

I /  T h i s  p r o c e s s  i s  d e s c r i b e d  i n  more d e t a i l ' i n  Chap te r  5 
and The T e c h n i c a l  Appendic ies  of  Volume 1'1. The 3 %  f i g u r e  r e p r e -  
s e n t s  a  5 %  p e r t u r b a t i o n  i n  r a t e  o f  r e t u r n .  T h e ; b a s i c  r a t e  of 
r e t u r n . c h a n g e s  r e f l e c t  'a.n a r b i t r a r y  p l u s  o r  minus 5 p e r c e n t a g e  
p o i n t  c h a r g e . .  



represented in the Coal Supply Model and PIES Systems by assuming 

a pre-divestiture rate of return for coal companies owned by oil 

interests of 13% and a post-divestiture rate of return of 8% 

coincider~t with coal companies which are not owned by oil 

companies. 

If the appropriate legislative scenario to be analyzed is. 

one of "restraint" rather than total divestiture, then the 

monopolization theory has the effect of sustaining or erecting 

barriers to entry and,thus entrenching the monopoly position-- 

both for oil and non-oil-owned coal companies. We measur'e this 

impact by assuming a baseline.of 3% rate of return'.for oil-owned 

coal companies and 8% for non-oil-owned. coal companies and 

perturb these rates of return upward to 5% and 10% for oil and 

non-oil-owned coal companies, respectively. 

Section 2 of this volume contains two parts which set'out in 
. . 

a more rigorous manner the relationship between economic theories 

of the firm and the problem of horizontal divestiture'. Included 

is a detailed examination of optimal depletion rates, given the 

oligopolistic nature of the coal industry. . This discussion in 

Section 2, separated from the 'rest of this report, relies 

heavily upon economic theory which, because of its complexity, 

has been subjected to little empirical ana1,ysis. 1t.is.not the 

intent of this report to provoke controversy on the theoretical 

issues involved in the problem of divestiture.. There are seve.ral 

methods of analyzing the problem and, in section 2 of thisreport 

we- suggest ones which we believe make intuitive sense and are at 



least reasonable approximations of reality. These methods are 

believed to be consistent wi.th established economic theory. 

However, whether one accepts the arguments made in Section 2 or 

not, the model results presented i.n the rest of Section 1 of 

'this.report effectively establish ranges and bounds on the 

impacts of horizontal divestiture. 'We now .turn our attention 

to the estimation of the effects of horizontal divestiture on 

coal consumption. 



CHAPTER 1 - 4  

SCENARIO DEVELOPMENT AND 
. IMPACT ESTIMATION 

The previous chapters of this report have described the 

problem, methodology developed, and underlying economic theory. 

This chapter presents the process used to represent divestiture 

in a scenario-oriented framework relating to 1.egislat . ive: pro- 

posa.1-s. As mentioned in Chapter 1-1, thcre are four basic 

divestiture policy concepts which require analysis. These 

four areas.are: divestiture - total; divestiture - major; 

restraint -. total; and, restraint - major. 

Several difficulties were encountered in attempting to 

implement all of the above alternative legislative concepts 

in the modeling environmcnt. These di.fficulties are discussed 

here for the benefit of DOE analysts who may do future work in 

characterizing scenarios within this mudeling framework. 

First, the original project specifications called for the 

analysis o'f divestiture in the period 1980 to 1985. Once the 

project was begun, this was determined to be inlyossible. This 

framework would have- required runs of the ~ational Coal  Model 

and the PIES model for two different time periods, 1980 and 
. . 

1985. After the project had begun, we discovered that the 1980 

version of both models had been retired by DOE. Much time and 

effort. was spent in seeking a solution to this prob'lcm. There 

are some methods fo.r.arriving at a 1980 interim set of figures 

and runs. These methods, however, were costed out' and it was 



decided that they were simply impractical for the resources 

available. 

Therefore, in the present report, we.study 'the restraint 

scenario on the assumption that the appropriate legislation 

has, in fact, been effective since 1975. We then calculate 

the effects hypothesized for the year 1985. This alteration 

is not considered to be a serious problem since we are assessing 

relative impacts. Therefore, while absolute realism is 

sacrificed, the direction and relative impacts of the results 

are-still sound in our judgment.. 

The second area of consideration was the modeling of acqui- 

sition behavior in the forecast.period. The question was 

one of how to integrate the concept of further acquisition of 

non-oil coal ass'ets by oil companies. It is imp0rtan.t to 

mention that we are not discussing the production owned by 

oil companies fncreasing due to planned new mine openings. 

The model handles ,that'part. The.problem relates to production 

which is due to come on board,.which is currently non-oil, 

being acquired by oil companies. 

We believe that, within the relevant time frame, the 

relative shares of oil and non-oil coal assets as defined in the 
. . 

model will change very little in the 75-85 period: The reasons 

for this are many. First, the simulation of acquisition in 

great detail is quite possible within the model; in fact, this 

is part of the problem. In order to simulate the acquisition, 

one needs to make detailed assumptions about the state in which 



the acquisition will occur, the type of coal, and the mine type. 

Percentage changes, on a unilateral basis, would not be much. 

appropriate since the East and the West will have different 

distributions of any potential oil acquisition behavior. 

Therefore, for all of these reasons, the process of simulating 

this acquisition behavior may introduce rriore bias than the gain 

from realism. This is especially true since we believe that 

the amount involved is negligible. 

A simple straight-lining of the past acquisition behavior 

would also be inappropriate. This is because there was a 

large acquisition wave before the early 1970's. In past years 

there has been virtually no acquisition behavior. To project 

a trend over the past 5 to 10 years or, to.consider just the. 

last few years, would give entirely misleading results wj-th 

respect to acquisition behavior. There has been a structural 

shift i l l  L l ~ t t .  acqrxisition'behavior of oil firms which i s  difficult 

to model without introducing more bias into the 1-esults .  

There ,are several reasons why there ny:~pcurs to be a recent 

lull in acquisition behavior and why we expect there to be only 

negligible acquisition behavior in the near future. First, most 

! ~ f  the medium-'and large-sized coal companies have already been 

acquired by 'someone. Sinde each acquisition requires high trans- 

action costs and. increased visibility for th .e  oil companics, . . 

there would appear to be little incentive to acquire large 

numbers of small coal companies. ' The oil companies in the .past. 

havc appeared to show a preference for'larger coal operations. 

All of the coal companies which would be left for acquisition 



are much smaller than the ones which were acquired in the past 

by oil companies. Almost all of the firms left represent less 

than one percent of -the reserve base. 

Perhaps the most significant disincentive for oil companies 

to acquire more coal companies, is the gener'al uncertainty 

surrounding government intervention in the,market. . This takes 

the most direct form in terms of several different legislative 

proposals forcing horiz.onta1 divestiture or prohibition of 

future acquisitions. It comes in an indirect form through the 

myriad of proposed rules and regulations which affect the oil 

companies and coal companies. 

The antitrust agencies such as FTC and Justice are particularly 

vigilant with regard to any interfuel 'competitive arrangement 

and are bound to scrutinize it in detail. Any large-scale 

acquisition of coal assets by oil companies r\rould,be extremely 

difficult to get approved by the antitrust commun.i.ty.. 

Finally, the method.of using the relative shares in the model, 

suggests that the ultimate impact on a relative basis would be 

small. Therefore, even if some .small amount of acquisition 

behavior occurred, it would have negligible impact on the.results 

as we are using them. For all of the above reasons, it was jointly 

agreed by the Technical Project Officer and Synergy, that it 

would be of limited value to try and simulate any forecasted 

acquisition bchavior. However, the met.hndoS.ogy f o r  developing 

another set of data bases, reflecting a different relative distri- 

bution of oil vs. non-oil coal assets in 1985, is straightforward 



and can  b e  accompl ished  a t  a  l a t e r  d a t e  i f  i t  i s  d e c i d e d  t h a t  

t h i s  i s  a p p r o p r i a t e .  One r e a s o n  why one m i g h t . w a n t  t o  b u i l d  

a  h i g h  a c q u i s i t i o n  d a t a  b a s e  i s  t h a t  a  range  o f  s e n s i t i v i t y  

t o  t h e  a c q u i s i t i o n  b e h a v i o r  would b e  e s t a b l i s h e d .  Based on o u r  

l i m i t e d  r e s o u r c e s  and t h e  e x p e c t a t i o n  t h a t  t h e  s e n s i t i v i t y  would '  

b e  n e g l i g i b l e ,  t h e  c o s t s  would outweigh t h e  p e r c e i v e d ,   benefit.^ o f  

such  an  a c t i v i t y .  

One of  t h e  more s o p h i s t i c a t e d  probl.cms d e a l t  w i t h  was the 

depletion problem. The N a t i o n a l  Coal Model and t h e  PIES  model 

t r e a t  t h e  r a t e  o f . r e t u r n  a lmost  p u r e l y  a s  a c o s t  f a c t o r  which 

i s  n e g a t i v e l y  a s s o c i a t e d  w i t h  t h e  supp ly  c u r v e .  T h i s  i s  appro -  

p r i a t e  and makes i n t u i t i v e  s e n s e ;  however, one s t e p  beyond t h a t  

i s  t h e  problem and i t s  impact upon t h e  1985 o u t p u t .  I n  S e c t i o n  

2 ,  a  d e p l e t i o n  model i s  s e t  o u t  which demons t ra t e s  t h a t  a  

d e c r e a s e  i n  t h e  r a t e  of  d i s c o u n t  may reduce  1985 o u t p u t  w h i l e  

i n c r e a s i n g  t h e  o u t p u t  o f  l a t e r  y e a r s .  An i d e a l  model,  based  on 

a  h i e r a r c h y  of d i s c m i n t e d  p r e s e n t  v a l u e s  f o r  d i f f c r c n t  mines and 

d i s c o u n t  r a t e s ,  would accommodate b o t h  e f f e c t s .  T h e r e f o r e ,  w h i l e  

somewhat o u t s i d e  t h e  scope  o f  t h i s  s t u d y ,  we f e l t  i t  n e c e s s a r y  

r o  e v a l u a t e  t h e  e x t e n t  t o  w h i c h  t h e  d e p l e t i o n  problem causcd n 

h i a s .  

A s e p a r a t e  model was developed and s i m u l a t e d  t o  de te rmine  t h e  

impact  ok d e p l e t i o n  e f f e c t .  i ;or t h e  r e a s o n s  g i v e n  e a r l i e r ,  we 

have  c a l c u l a t e d  t h a t  f o r  t h e  p r e s e n t  r e p o r t , .  , the d e p l e ' t i o n  e f f e c t .  

can  b e  r e g a r d e d  a s  secondary .  T h e r e f o r e ,  t h e  d i r e c t  effects nf 

m a n i p u l a t i n g  t h e  r a t e  o f  r e t u r n  . i n  t h e  c o a l  model i n  i t s  p r e s e n t  

form a p p e a r s  t o  b e  rough ly  c o r r e c t .  A l so ,  i t  i s  n o t  a p p a r e n t  a s  



t o  which way t h e  n a t i o n a l  i n t e r e s t  l i e s  w i t h  ' r e g a r d  t o  c o a l  

p r o d u c t i o n  "now" o r  " l a t e r .  " 

I n  t h e  f u t u r e ,  i t  may be d e s i r a b l e  t o  develop  t h e  u s e  of  

PIES and t h e  N a t i o n a l  Coal Model s o  t h a t  the'y can p r o p e r l y  
. . 

a d d r e s s  t h e  , o p t i m a l - d e p l e t i o n  problems.  The q u e s t i o n  o f  

s o c i a l l y  o p t i m a l  d e p l e t i o n  r a t e s  i s  an impor tan t  one w i t h  

r e g a r d  t o  n a t i o n a l  ene rgy  p o l i c y .  I f , ,  a s  i s  f r e q u e n t l y  a l l e g e d ,  

o i l  companies a r e  i n c l i n e d  t o  d e p l e t e  more s lowly  t h a n  o t h e r  

companies ,  t h i s  i s  a  h y p o t h e s i s  which cou ld  be t e s t e d  u s i n g  t h e  

t e c h n i q u e s  developed h e r e  i n  t h e  PIES model. 

The f o u r t h  d i f f i c u l t y  encoun te red  y a s  i n  modeling t h e  major  

v e r s u s  non-major  o i l  f i r m  q u e s t i o n .  Again,  t h i s  i s  one of  t h o s e  

s i t u a t i o n s , w h e r e  i t  . i s  q u i t e  p o s s i b l e  t o  d i v i d e  t h e  ma jo r s  and 

non-majors  and s i m u l a t e  t h e  impact i n  t h e  model. However, 

t h e r e  i s  a  q u e s t i o n  o f  how t o  d e f i n e  a  major. '  T h i s  i s  n o t  a  
,. 

t r i v i a l  problem , s ince  s e v e r a l  s t u d i e s  have d e f i n e d  a  major  o i l  

company i n  many d i f f e r e n t  ways. The l i s t  o f  o i l  compani'es which 

i s  developed c a n . t h e n  be used  t o  s e p a r a t e  p r o d u c t i o n ,  committed 

. r e s e r v e s ,  a n d ' d e m o n s t r a t e d  r e s e r v e s  on an o i l -owned ,  n o n - o i l -  

owned b a s i s .  

A n a l y s e s , c a n  be done,  a s  shown i n  t h e  n e x t  c h a p t e r ,  w i t h o u t  

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

s e t  o f  d a t a  b a s e s  i s  what i s  r e q u i r e d  t o  b reak  o u t ' t h e  ma jo r s  

from t h e  non-majuis .  Again,  wh i l e  t h i s  i s  p n q s i h l e ,  i t  i s  

c o s t l y  and i s  n o t  c l e a r  what i n f o r m a t i o n  t o  u s e  a s  a  b a s i s  f o r  

do ing  t h i s .  T h e r e f o r e ,  on a  l i m i t e d  r e s e a r c h  budge t ,  i t  is  



questionable whether the additional effort on this particular 

subject is warranted. We feel that adequate analysis can be 

made based on deductions from the data we have collected and 

-@thew -analyses -done. . Th.e.se. .de.ductT:_cns can then be related 

back to the runs involving all oil firms to arrive at conclusions. 

The Perturbations of the Variables 

The first section of this chapter described the basic 

scenarios, or legislative proposals, to be evaluated using the 

model and other analytical tools. For those proposals to be 

evaluated within the.mode1, the changes of the variables relat- 
. . 

ing to the scenarios must be hypothesized. These changcs, which 

are integrated in each model run, are based on thc economic 

theory and empirical studies and models which we have developed 

in this study. 

Because of the structure of the coal mndeX and tho nature 

of the problem, we have narrowcd down our choice of var.iables 

to perturb. We have focused on three economic~variables. The 

first and, we believe, the most important is the rate of return. 

The others are the wage rate and capital requirements. We are 

aiso interested in productivity changes,although this can be. 

indirectly analyzed through the change in.wage rate. The model 

has the capability to .analyze changzs i n  these varinhl c s  e i t l~t tr  

.up or down, for 'oil or non-oil, and for deep or surface. .There 

are also othcr variables available for change. The number of 

perh~~utations and combinations of variable changes which. are 

available is large. With very little imagination, one can specify 

30 to 40 different scenarios. 



Because of the capability of the system to analyze many 

different scenarios, it was necessary to limit the number of 

runs. These scenarios and variable changes were jointly 

determined by the DOE Technical Project Officer and Synergy. 

Before specifying the variable changes, a comment on the base- 

line scenario is necessary. 

The baseline scenario is defined explicitly as.that scenario 

which would result if there were no government interve'ntion 'in 

the market and iE conditions continued as in the past. It is 

also based on the PIES mid-level, TRENDLONG assumptions. 

Within our analytical framework and the structure of the models, 

this implies that any differential characteristics between oil- 

owned coal assets and non-oil-owned .coal assets would continue 

to exist in the .absence of legislation. 

On the other hand, a total divestiture legislation would . 

imply that, conceptually. at least, all coal assets were now the 

same. Therefore, there would be no differential characteristics 

ascribed ,to oil-owned versus non-oil-owned since all would be 

non.-oil-owned. In terms of the runs, this implies that the 

baseline would have differential variables while the total 

divestiture would have the same variables. 

Verification Run of the Model 

This study involve'd: the use of existing models in an experi- 

mental fashion;. a large amount of data collection and verification:; 

new program .development; and, the development and application of 



s e v e r a l  d e c i s i o n  r u l e s .  There was some r i s k  t h a t  t h e  end r e s u l t ,  

a  PIES r u n  based upon t h i s  methodology, would be  unusable .  

F u r t h e r ,  t h e  h y p o t h e s i s  t h a t  we cou ld  u s e  t h e  PIES r u n ,  cou ld  

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

t h e  r i s k  invo lved .  

Jn o r d e r  t o  t e s t  whether  s i g n i f i c a n t  a b e r r a t i o n s  had been 

c r e a t e d  by o u r  methodology, s e v e r a l  v e r i f i c a t i o n  checks werc 

c r e a t e d  b e f o r e  the  run  was done. The b a s i c  v e r i f i c a t i o n  y r o c c s ~  

invo lved  r u n n i - n g . t h e  complcte s e t  01 s ~ o d e l s  from t h e  i n p u t  c o a l  

d a t a  bases L11ruugh t o  t h e  PIES Wonder Cookie r e p o r t .  This  run  

was t o  b e  made u s i n g  t h e  a f t e r - o w n e r s h i p  v e r s i o n s  o f  t h e  models 

and d a t a  b a s e s  b u t  w i t h  no v a r i a b l e  changes.  Th i s  run  was then  

t o  b e  compared t o  a  run  done b e f o r e  ownership u s i n g  t h e  same 

PIES assumpt ions .  . T h e r e f o r e ,  once a  run  had been made a l l  t h e  

w a y t h r o l l g h ,  M J ~  had two s c t s  of. curls, one r e p r e s e n t i n g  t h e  

s i t u a t i o n  b e f o r e  ownership b reakou t  and one r e p r e s e n t i n g  thc 

s i t u a t i o n  a f t e r  owne ["ship breakou t .  These two r u n s  i d e a l l y  

would have been e x a c t l y  t h e  same. I n  f a c t ,  ,because o f  t h e  new 

methodology i n t r o d u c e d ,  we knew t h e r e  wou ld  be s m a l l  d i f f e r e n c e s  

between t h e  two r e s u l t s .  

I n  conjunct5on w i t h  pe r sonne l  from t h e  O f f i c e  o f  Coal. A n a l y s i s  

a t  DOE, we developed a  s e t  o f  checks t o  .be made when comparing 

t h e  t w o .  r u n s .  . These checks were des igned  t o  i n s u r e  t h a t  t h e r e  

were no major  problems which needed t o  h e  c o r r e c t e d  b e f o r e  t h e  

models c o u l d . h e  used.  F ive  i n d i v i d u a l  c o a l  ' t y p e / r e g i o n  s e t s  o f  



f i g u r e s  were reviewed and compared f o r  t h e  two Se t s  of runs .  

Our dec i s ion  r u l e  t o  determine i f  we had se ' r ious d i f f i c u l t y  

was t o  look a t  t h e  percentage d i f f e r e n c e  between p r i c e s  and 

q u a n t i t i e s  f o r  t hose  f i v e  c e l l s  of t h e  coa l  type./region matr ix .  

These f i v e  c e l l s  r ep re sen t ed  t e n  percen t  of t h e  a v a i l a b l e  50 c e l l s  

i n  t h a t  mat r ix .  They were chosen because they were deemed t o  be  

t h e  c e l l s  which would show any problems which had developed. 

The f e e l i n g  of t h e  personnel  i n  t h e  O f f i c e  of  Coal' Ana lys i s  was. 

t h a t  i f  t h e s e  f i v e  c e l l s  were w i th in  our t o l e r ance  range,  t h e r e  

would be a  r e l a t i v e l y  h igh  l e v e l  of  conf idence which could be 

p laced  i n  t h e  r e s t  of  t h e  r e s u l t s .  Tables 1 - 4  through 1 - 6  

show t h e  r e s u l t s  o f  t h i s  comparison and v e r i f i c a t i o n  t e s t .  

Table 1 - 4  p r e s e n t s ,  f o r  each of t h e  f i v e  c e l l s ,  t h e  1985  
. 

f o r e c a s t  of  product ion be fo re  and a f t e r  ownership a n d . t h e  

percen tage  change. T h e . r e s u l t s  were r ea s su r ing  i n  t h a t  they 

a l l  f e l l  w i t h i n  t h e  20 pe rcen t  dec i s ion  r u l e  (a l though CW/C4 i s  

ve ry  c l o s e )  :and. they show d i f f e r e n t i a l  d i r e c t i o n s .  The f a c t  

t h a t  some went up and some went down has t h e  o v e r a l l  e f f e c t  o f  

ba lanc ing  o u t  any problems. Therefore ,  whi le  i nd iv idua l  c e l l s  

showed a  f a i r  range of d i f f e r e n c e ,  t h e  sum of t h e  p a i r s  was 

moderated t o  a  r e l a t i v e l y  small  nega t ive  6 percen t  d i f f e r e n c e .  

Table 1 - 5  shows t h a t ,  i n  t h e  aggrega te ,  t h e  r e s u l t s  a r e  

even more favorable ' .  The East  shows a  very  smal l  i n c r e a s e  i n  

product ion w h i l e  t h e  West s h o w s . a . 7 . p e r c e n t  decrease .  Overa l l ,  

f o r  t h e  U . S .  a s  a  whole however, t h e  t o t a l  d i f f e r e n c e  i s  on ly  

2 pe rcen t .  



TABLE 1-4 

COMPARISON OF PRODUCTION FOR SELECTED COAL TYPE/ 
REGION PAIRS BEThlEEN PIES RUNS 

BEFORE AND AFTER OWNERSHIP DISAGGREGATION 

Source: PIES Wonder Cookie Reports 

Coal Types 

High Sulfur 
Bituminous 

Premium 

Hi h Sulfur 
M i  2 - 
Rituminous 

Low-Sulfur 
Sub 
R i  tllrninous 

Medium 
Sulfur 
Lignite 

PAlKS 

Percentage 
Change 

A0 - BO 
BO 

+12.9% 

-11 - 6  

-19.9 

+ 5 . 7  

- 0 -  

SUM OF 

Code 

CH 

CM 

CW 

CX 

CU 

1985 Production 
(MM Sh.Tons/Year) 

Before 
Ownership 

74.82 

156.64 

165.14 

124.14 

51.90 

Regions 

Northern 
Appalachia 

Central 
Appalachia 

Midwest 

N.W. Great 
Plains 

Gulf 

After 
Ownership 

84.46 

138.51 

1 3 2 . 3 4  

131.26 

51.90 

Code 

C-1 

C-2 

C-4 

C-8 

C-6 



TABLE 1 - 5  

COMPARISON OF OVERALL COAL PRODUCTION 
FOR P I E S  RUNS BEFORE AND AFTER OWNERSHIP DISAGGREGATION 

S o u r c e :  P I E S  Wonder  C o o k i e  R e p o r t s  

EAST 

I\'E ST 

u .  S. 
TOTAL 

1 9 8 5  PRODUCTION (Mfrl SH. TONS/YEAR) 

BEFORE OIVNERSHIP 

6 7 8 . 5  

3 5 5 . 4  

I 

AFTER OWNERSHIP 

6 8 4 . 4  

3 2 9 . 5  

1 , 0 1 4 . 0  

PERCENTAGE CHANGE 

+1% 

- 7'% 

- 2 %  



We a l s o  looked a t  s e v e r a l  d i f f e r e n t  c o a l  p r i c e s  t o  compare 

t i le  two r u n s  bn t h e  p r i c e  s i d e .  The r e s u l t s  of  t h i s  e x e r c i s e ,  

a r e  shown i n  Tab le  1-6 .  O v e r a l l ,  c o a l  p r i c e s  appear  t o  change 

on t h e  o r d e r  o f  1 1 - 1 2  p e r c e n t .  Again, t h i s  i s  w e l l  w i t h i n  

t h e  20 p e r c e n t  t o l e r a n c e  l i m i t  which had been s e t .  I n  the  c a s e  

o f  p r i c e s ,  however, t h e  d i r e c t i o n  was always upward. This  

r e s u l t .  j.s con.si.st .ent w i t h  t h e  overa l l .  d e c l i n e  i n  pr:uiluction 

which would imply h i g h e r  p r i c e s .  

On t h e  b a s i s  of  t h e s e  v e r i f i c a t i o n  checks  and r e s u l t s ,  we 

dec ided  t h a t  t h e  b a s i c  methodology was working c o r r e c t l y  and 

t h a t  t h e  two r u n s  were c l o s e  enough t o  i n d i c a t c  t h a t  conf idence  

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

A l l  o f  t h e  s c e n a r i o s  d i s c u s s e d  h e r e a f t e r  a r e  based upon t h e  

a f t e r - o w n e r s h i p  d i s a g g r e g a t i o n  d a t a  b a s e  and PIES r u n s .  The 

a f t e r - o w n e r s h i p  v e r s i o n  i s  used t o  e s t a b l i s h  t h e  b a s e l i n e  and 

i s  used f o r  a l l  a l t e r n a t i v e  s c e n a r i o s .  I t  is  impor tan t  t o  

remernber t h a t  i t  i s  c o n s i s t e n t  and c o r r e c t : t o  apply  t h i s  approach 

on a  r e l a t i v e  b a s i s  t o  t h e  new s e t  of models. However, d i r e c t  

c o m p a r i s o n s b e t w e e n  r u n s  h e r e  and PIES runs  done f o r  any  n t h e r  

purpose  w i t h i n  1)OE.cannot b e  made d i r e c t l y .  There must b e  an  

a d j u s t m e n t  made f o r  t h e  d i f f e r e n c e  i n  th.e two v e r s i o n s  of  t h e  

c o a l  model employed. The 'method o f  doing t h i s  wni.13.d be to simply 

a d j u s t  t h e  r e s u l t s  by t h e  amount o f  t h e  d i f f e r e n c e  between t h e  

o r i g i n a 1 , F I E S  run  and t h e  new PIES run from any r e s u l t s  p r e s e n t e d  

h e r e .  



TABLE I - 6  

COMPARISON O F  COAL P R I C E S  
BEFORE AND A F T E R  OWNERSHIP DISAGGREGATION 

SOURCE: P I E S  Wonder C o o k i e  R e ~ o r . . t s  

SECTOR 

COMMERCIAL 

I N D U S T R I A L  

I N D U S T R I A L  

FUEL 

' COAL 

COAL 

M E T  
COAL 

I .  
1 9 8 5  

P R I C E  
BO 

PHYS.  
I 

$34.74  $1.54 

33 .53  1 . 4 9  

PERCENTAGE' CHANGE 

( A 0  - BO) 
7) 

1985  
P R I C E  

A 0  

B T U . P H Y S .  BTU 

$38.89  $1.73 

3 7 . 8 6  1 - 6 8  

PHY S . 

+ 1 1 . 9 %  

+ 1 2 . 9 %  

+ 1 0 . 6 %  46 .56  1 .72151 .54  1 . 9 1  
I 

BTU 

+12 .3% 

+ 1 2 . 8 %  

+11 .0% 



CHAPTER 1 - 5  

RESULTS 

Th i s  c h a p t e r  d e s c r i b e s  and i n t e r p r e t s  t h e  r e s u l t s  which 
. . 

s t e m  from t h e  a n a l y t i c a l .  framework developed i n  p r e v i o u s  c h a p t e r s .  

I n  nlost c a s e s ,  t h e  PIES runs  a r e  summarized and t a b l e s  have been 

e x t r a c t e d  which a r e  r e l e v a n t  t o  t h e  c o n c l u s i o n s .  However, f o r  

t h o s e '  i n t e r e s t e d  i n  t h c  t o t a l  PI'ES r u n s ,  a  f u l l  s e t  of bound 

computer p r i n t o u t s  r e l a t i n g  t o  each '  run  of  each model and 

submodel was d e l i v e r e d  t.o t h e  Techn ica l  P r o j e c t  O f f i c e r .  Thcsc 

bound p r i n t o u t s  i n c l u d e ,  i n  a d d i t i o n  t o  t h e  PIES o u t p u t  t a b l e s ,  

o r i g i n a l  i n p u t  d a t a  s e t s ,  s u p p l y  c u r v e s  f o r  1 9 2  NCM r e g i o n  c o a l  

t y p e  p a i r s  merged f o r  o i l  and n o n - o i l ,  and supp ly  c u r v e s  f o r  

50 PIES r e g i o n / c o a l  type  p a i r s .  

Four b a s i c  t y p e s  of  s c e n a r i o s  a r e  c o n s i d e r e d  i n  t h i s  c h a p t e r .  

The re  a r e  two t y p e s  of  b a s e l i n e  cases  ,. r e f l e c t i n g  d.j v c r g e n t  

t h e o r e t i c a l  and b e h a v i o r a l  assumptions. .  There i s  a  T o t a l  

DiVeS,Liture s c e n a r i o  and a  R e s t r a i n t  s c e n a r i o .  F u r t h e r ,  r anges  

have  been e s t a b l i s h e d  f o r  t h e  v a r i a b l e  p e r t u r b a t i o n s  and i n c o r -  

p o r a t e d  i n t o  r u n s .  The two b a s e l i n e s  and t h e  T o t a l  D ives t i - tu re  

r e s u l t s  a r e  r e p o r t e d  a t  t h i s  t ime.  The PIES - r u n s  f o r  . the  R e s t r a i n t  

s c e n a r i o  and r ange  e s t i m a t e s  w i l l  be  run  by .  DOE i n  t h e  n e a r  

f ~ l t ~ ~ r o .  When t h o s e  a r e  comple ted ,  a s h o r t  .addendum t o  this 

r e p o r t  w i l l  b e  produced d e s c r i b i n g  t h o s e  r e s u l t s .  

R e s u l t s  f o r  t h e  Adjus ted  'PIES B a s e l i n e  Ruris 

The p r e v i o u s  c h a p t e r  d e s c r i b e d  t h e  methodology and r a t i o n a l e  

b e h i n d  t h e  a d j u s t e d  b a s e l i n e s .  The a d j u s t e d  b a s e l i n e s  a r e  



r e p r e s e n t a t i v e  o f  t h e  f o r e c a s t e d  1985 . s i t u a t i o n  which would. o c c u r  

i f  p a s t  r e l a t i o n s h i p s  c o n t i n u e .  I t  i s  assumed t h a t  no government 

i n t e r v e n t i o n  i n  t h e  form o f  h o r i z o n t a l  d i v e s t i t u r e ' I . e g i s l a t i o n  

w i l l  b e  b r o u g h t  a b o u t .  Therefore . ,  t h e s e  runs  r e p r e s e n t  t h e  

b a s e l i n e  f o r e c a s t s  a g a i n s t  which o t h e r  a l t e r n a t i v e  s c e n a r i o s  

a r e  e v a l u a t e d .  

A s  mentioned i n  e a r l i e r  c h a p t e r s ,  t h e r e  a r e  two b a s e l i n e s  

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

r e l a t i o n s h i p  between ownership and r a t e  of r e t u r n  a s  d e f i n e d .  

i n  t h e  model.  B a s e l i n e  1 is  one which assumes some c o n b i n a t i o n  

o f  c h a r a c t e r i s  t i c s  o f  syne rg i sm and growth maximiza t ion  b e h a v i o r  

on t h e  p a r t  o f  o i l  f i r m s  w i t h  c o a l  a s s e t s .  The i m p l i c a t i o n  o f  

t h i s  i s  t h a t ,  i n  t h e  model,  o i l  f i r m s '  r a t e  o f  r e t u r n  on c o a l  

asse-t-5 w i l l  be lower t h a n  non-oi l -owned c o a l  a s s e t s .  The 

r e s u l t s  f o r  B a s e l i n e  1 a r e  shown f o r  o ' i l ,  ROR=3%, and n o n - o i l ,  

ROR-8%. The 8 %  f i g u r e  i s  c o n s i d e r e d  t o  be a  normal-  r a t e  of  

. r e t u r n  i n  t h e  c o a l  market .  

The second b a s e l i n e  c a s e , . B a s e l i n e  2 assumes t h a t  o i l  com- 

p a n i e s  a r e  m o n o p o l i s t s ,  and t h e r e f o r e  t h e y  w i l l  p u r s u e  a p o l i c y  

which l e a d s  t o  h i g h e r  p r i c e s  and lowcr q u a n t i t i e s .  T h i s  i s  

m a n i f e s t e d  i n  t h e  model by a  h i g h e r  r a t e  o f  r e t u r n . - f o r  o i l -owned 

a s s e t s  r e l a t i v e  t o  non-oi l -owned a s s e t s .  The r e s u l t s  shown f o r  

B a s e l i n e  2 a r e  f o r  o i l ,  R O R = ~ ' ~ %  and n o n - o i l ,  ROR=8%. The f i r s t  

r e s u l t s  below a r e , f r o m  t h e  B a s e l i n e  1 s c e n a r i o .  

The r e l e v a n t  'summary r e p o r t s  from t h e  PIES Wonder Cookie 

r e p o r t  have been  e x t r a c t e d  and a r e  p r e s e n t e d  h e r e .  T a b l e s  1 - 7  

and 1 - 8  a r e  t h e  PIES Execu t ive  Data Summary 'I'ables i n  p h y s i c a l  



u n i t s  and t r i l l i o n s  o f  B T U ' s ,  r e s p e c t i v e l y .  Tab le  1 - 7  is t h e  

PIES Coal  Reg iona l  P r o d u c t i o n  Summary (by mine t y p e ) .  Tab les  

1-10  and 1-11 a r e  t h e  PIES Demand Regional  R e t a i l  P r i c e  Summaries 

i n  d o l l a r s  p e r  u n i t s  and m i l l i o n s  o f  'BTU; r e s p e c t i v e l y .  

T a b l e .  1-7  shows t h a t  f o r  B a s e l i n e  1, a  t o t a l  1985 supp ly  

o f  c o a l  of  a p p r o x i m a t e l y  1 ,029 .7  m i l l i o n  s h o r t  t o n s  i s  f o r e c a s t .  

R e f e r r i n g  t o  Tab le  1 - 8 ,  t h i s  domes t i c  'supply f i g u r e  i s  rough ly  

e q u i v a l e n t  t o  22.7 q u a d r i l l i o n  BTU1s. The t o t a l  s u p p l y  o f  

e n e r g y  i n  1985,  a c c o r d i n g  t o  PIES, i s  e s t i m a t e d  t o  b e  a p p r o x i -  

m a t e l y  94 .3  q u a d r i l l i o n  BTU's. 

' l 'able 1-9 c o n t a i n s  the  c o a l  r e g i o n a l  y roduc  L i u l ~  sununary by  

mine t y p e .  I n  d e s c r i b i n g  t h e s e  a l t e r n a t i v e  s c e n a r i o s  ' l a t e r ,  

we w i l l  be conce rned  p r i m a r i l y  w i t h  t o t a l  E a s t ,  t o t a l  West, and 

t h e  t o t a l  U . S .  f i g u r e s .  T h e r e f o r e ,  w h i l e  t h e  i n d i v i d u a l  mine 

t y p e  and r e g i o n  f i g u r e s  a r e  of  i n t e r e s t ,  we a r e  p r i m a r i l y  

f o c u s i n g  o u r  a n a l y s i s  on t h e  o v e r a l l  t o t a l s .  From T a b l e  . I - 9 ,  

t h e  1985 f o r e c a s t  v a l u e  f o r  t o t a l  E a s t e r n  p r o d u c t i o n  i s  685.9 

m i l l i o n  s h o r t  t o n s  p e r  y e a r .  For  t h e  West, t h i s  f i g u r e  i s  343.8 

m i l l i o n  s h o r t  t o n s  p e r  y e a r .  ' T h i s  g i v e s  a  t o t a l  U.S. p r o d u c t i o n  

f i g u r e  i n  1985 o f  1 ,029 .7  m i l l i o n  s h o r t  t o n s  o f  a n n u a l  mine 

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

1975 p r o d u c t i o n  o f  639.9 m i l l i o n  s h o r t  t o n s .  

Tab le  1 -10  shows t h a t  t h e  r e s i d e n t i a l  and commercial  p r i c e s  

f o r  ' c o a l  i n  1985 . a r e  expec ted  t o  bc  $37.53  p e r  t o n  - w i t h  an 
- 

i n d u s t r i a g  p r i c e  o f  $36.49. commercial  and i n d u s t r i a l  p r i c e s  

1/ I n  t h e  middle  of  making r u n s  d u r i n g  t h i s  p r o j e c t ,  DOE 
changed t h e i r  p r i c e s  t o  r e f l e c t  1978 i n  t h e  newest  PIES r u n s .  
However, o u r ' i n i t i a l  r u n s  were done w i t h  1975 d o l l a r s . .  T h e r e f o r e ,  
\Ire have  k e p t  p r i c e s  i n  '75  te rms w i t h  a  d e f l a t o r  f a c t o r  from DOE, 
$44.22/1.17819=$37.53.  A l so ,  t h e . n e w  o i l  impor t  p r i c e  o f  $15.52 'is 
e q u i v a l e n t  t o  a l l  o l d  r u n s  showing a $ 1 3 . 0 0 . i m p o r t  p r i c e .  



TABLE 1-7 

P A G E  1 
---------------------------------------* 
1 9 8 5  M I D - R b K G E I T Y E N D L O h G  S C E N d H l O  
w I T n  N A T U R A L  G A S  REGULATION 

O I L  I M P O K T  P R I C E 1  1 5 . 3 2  
R U h  D A T E 8  6 . 1 0  --.------.----------------------..--.--- 

E X E C U T I V E ' O A T A  SUMMARY 
---1-----1---------___ 

U J I T E D  S T A T E S  T O T A L  GWOSS Y U P P L Y / C O k S U M P T I O N  OF ENERGY RESOURCES 
E k E U G Y  S O U 9 C E S  11: STAtdDARD P H Y S I C A L  U t i I T S  P E R  YEAR 

- - - - - - - - - - - C - - - - - r - - - - r l r - - - - - r - - - r - r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - m - - - - - - - - - - . - - . - - - - - - - - - - - - - - - - - m  

U Y l l l i O , S O L A R ,  S O L L R / G E O  TOT bL E L E C .  
S E C T U P  COAL O I L  G A S  N U C L E A R  G E F T U E P H P L  F O S S I L  SUBST.  O I S T Q I B U T E O  

. . ( M M S T )  (MNR)  ( B C F )  ( T B T U )  [MMMKNH) ( n * n a r n )  ( M M P X Y H )  --------------C--..-----------------------------------------------------------------------------------.------------.--------. 
O D n E S T I C  SUPPLYI 1 0 2 9 . 1 2  3 7 3 5 . 4 3  1 6 1 2 6 . 6 4  5 6 6 . 0 9  4 1 0 . 0 2  1 1 9 . 8 6  5 0 2 9 . 6 0  

(COALIGLSIELEC.)  1 0 2 9 . 7 2  1 3 5 0 5 , 3 Z  5 6 6 . 0 9  3 9 5 . 6 8  3 6 2 9 . 6 0  
(CRIJDE 3 2 6 2 . 1 5  
(CO-PROOUCTS/ASSOC.  G A S )  U 5 b 0 1 3  3 2 2 1 . 3 2  
( S Y N T H E T I C S )  
( S U A L E )  1 7 . 1 5  
( D I R E C T  S D L & R / G E O )  . . 1 0 . 3 5  . 1 1 9 . 8 6  

l n P O R T S 1  
( C R U D E )  
( P R O D U C T S )  
( L N G )  
( C A ~ A @ I A h l M E X I C A N )  
( C O A L ) .  

C O N S U M P T I O N 1  
R E S I D E N T I A L  1 . 0 3  
C D M M E U C I A L  e 5 5  
1 r i D U S T U I A L  1 9 6 . 0 1  
TUANSPLIRTATIOY ~ 0 2  
E L E C T Q I C A L  G E N E R A T l O k  l U U . 6 0  
S Y h T h E T I C S  1 3 . 6 6  . ----.--- 

TOTIL ~ O ~ E S T I E  CONSUWPTIDN 9 5 6 . 7 2  

N O T E I  OIL I M P O ~ T S  IN M n a / c o  I 11.02 
GAS C U Y S J N P T I O k  1% T r E  T R I N S F ' O R T A T I O *  SECTOR I N C L U D E S  N A T U R P L  G A S  T R A h S P O R T A T I D Q  L O S S E S .  
I N D U S T R I P L  C O N S ~ J M P T I O ~  I N C L U D E S  R E F I N E R T  F U E L  C O N S U H P T I U k r  

- G I I N S  ARE M E F I N E H I  G A I N S .  L O S S E S  AYE T R A N S M I S S I O C  L O S S E S .  
. S ~ P P L Y / D E I ~ A N O  1 M Y b . L b N C E S  M b Y  B E  9 U E  T J  EKRORS Y I T H I N  T H E  E O U I L I B R A T I O H  C O N V E R G E N C E  T O L E L L N C E ,  



TABLE 1 - 8  

PAGE 2 .--------.----.--f.-------------------.. 
1 9 8 5  MID-RANGE/TYENOLONG SCENAkIO 
h:TH NATURAL GAS UEGULATION 

O I L  I5PORT ' P S I C E I  1 5 . 3 2  
RL'N OATEI  6.10 

EXECUTIVE ObTA SJYMAkY _.I_____________.-----------------..---- C----------------..___ 
U N I T E D  STATES TOTAL GRDSS S U P P L Y / C U N S U M ~ T I O N  OF ENERGY RESDURCES 

E ~ L ~ G I  S c u n c E s  IN i R I L L I o r s  OF B T U ~ S  PEW YCIR -r-.-.-------r*.--------------r-------------------.-----------.--------.------.-----------.-.-.-.------------*----.---------.-.. 
T O T I L  M'DRO FOTAL 6  C R O S S  T O T A L  4  UTILITY NET  F O U R  

F O S S I L  SDLAR SCCTOR ELECT. SECTOR E L E C T R I C  SECTOR 
S E C T O R  C O A L  OIL G S S  FUEL NUCLEAP SEO. JNPUTS INPUTS. INPUTS DISTRIB~ I N P U T S  

-I-----------------------r---------------.---*------.----------.-----...-.-.-.-.-----. ----.*-.----..---.---------.---.---,..-.-.. 
03MESTIC SUPPLYI  2 2 7 U 8  2 1 0 2 9 .  1 7 2 b 2  6 1 0 3 9  6 2 3 1  4 2 i O  

[COdL'rGbSrELLC.) 2 2 1  4 8  1 3 9 3 7  S b 6 8 €  6 2 3 1  1 9 5 7  
1 8 9 8 6  ( C k J D E )  1 8 9 8 5  

( C O - P Y O D U C T S ~ P S S O C .  G A S )  l 9 U l  3 3 2 0  5 2 6 e  
(SY-4:HETICS) 

I M = O R ~ S I  1 9 1 8 -  2 3 2 C O  1 1  2 3 1 9 0  
(CRdJOE) J 608; l b U 8 7  
I P ~ ~ C U C Y S I  b t l e  6 7 1 0  
[LNG) 9 7 1  
t c n m b o I A N / n E x r c ~ N )  q7T 9 3 5  9 3 5  
:COa L )  19118. 1 9 1 8 -  ------ -----. ------ ..---- . .  ----... .----. . .  -----. .---.- .----. 

TO-AL SUPPLY 2 0 8 3 0  4 4 2 3 0  1 9 1 7 0  8 4 2 3 0  6 2 3 1  ~ 2 2 r  9 1 6 8 5  1 0 3 3 1  
CA:  N S I * ) / L O S S E S f - )  3 6 0 -  8 b S -  ----. r-----..--.r-----....-------.---.-.----------.-----.------------.--.-----------.-.-.-------..----------.-*-----.--.----.... 

C O h S U ~ P T l O N l  
6 E S l O E N l I h L  
:OW€RC I A L  
3NDISTWIAL - - -  - -  
lRAH5PUWTATIOh 2C9U9 U l l  2 1 3 6 0  2 1 3 6 0  0 6  2 1 0 0 1  1 4  2 1 3 7 4  
Z l C C T E I C b L  G E ~ E H A T I O N  1 5 6 6 0  3 3 9 3  2 1 2 8  2 1 1 8 6  6 2 3  1  S F 5 1  3 1 3 7 0  9 3 9 9 -  
b v ~ l - r E T l C S  2 0 5  8 8 8  9 0 0 -  1 9 6  1 9 6  . .  .----- .----. -.---I .---.- ----.) ------ .----- .I--..- - .  .--... 

T O - A L  COGSU-PTICN 2 ~ 8 5 ;   USE^^ 1 9 1 o b  8 3 8 6 s  6 2 3 1  u i l o  9 a s i l  ~ 1 5 1 0  9 1 3 1 7  1 2 1 0 s  -.----.-----*-----.-----.-------..-------..--.---.---.--.------.--------------..-----.------.----------.-----.-.------------.-- 
NOTE1 GAS CDNSUHPTION I h  THE TKANSPOYTATIUN SECTOR I N C L l Q E S  hbTUR6.L GAS T H A N S P D ~ T A T I O N  LOSSES* 

I h D U S T R I b L  CONSUMPTION INCLUOCb R E F I h E M i  FUEL CONSUMPTION. 
LOSSES ARE R E F I N E M Y  C r n C r I N G  LOZSES bNO E L L C T H I C I T l  TMANSV13SlON .USSES. 
*YO/SOL/GEU ENTkT E S T I f l b l E S  8 T U  :ONSllnPTlON FOk AN E O u I V A L E i T  FOS31L  FUEL PLANT A T  1 0 0 0 0  B T U l l t M t i l  
NUCLEAR ENTRY E S T I * A T E 3  e T u  CONIJ*PTION FUR AN EOUIVbLENT F J S $ 1 L  ;UEL P L l N T  AT 1 1 0 0 3  BTUlMUW. 
SUPPLY/OErAND IMRALANCES MAY EE DUE TO ERMDNS MITHBV THE E O U f L I B R I T l O N  CCVVERGENCE TOLERANCE 
OH hVE4bGE BTU COt*VERSlUh OF PGGQECATESr 
O f R E t T  SOLAW/tEO SUPPLY LNCLUDES F O S S I L  FUEL DEMAND REPLACEaENT I Y  TBTUS OF 119 .86  
A ~ O  ELECTRICITY DEMAND i (€P~bcEnEaT A T  ~ L Q O O  e T u s / & u n  OF DEMLNO IN T B T U S  w i a 3 . 5 0  

~ D T L L  SUPPLV DULOS NET OF R E F I ~ E R Y  CnAtNI iuG ~ 0 3 s :  - 9 a . j ~  
TOTAL CHOSS OUIOS CONSU*EOI 90 .32  



TABLE 1 - 9  

PAGE LO 
------I--.----.------------------------. 

1 9 8 5  MI@-RANGE/TRENDLONG SCENARIO 
* I T U  NbTURAL GAS REGULATION 

O I L  I H P O R l  PRICE1 15.32 
RUN DATE1 6.10 *--.--.------------.-.-----.--.--.---.-. 

- - 
LOW SULFUe *EOIUl l  SULFUR H l G h  SULFUR PREMIUH TOTAL 1 9 7 5  GROWTH 

REGION SUSFACE D t k P  SURFACE DEEP SURFACE DEEP SURFACE OEEP SURFACE DEEP TOTAL 1 0 1 h L  RATE 
--r---r-------rr--r----------..--------.-.------.---.----------------------------.----..-------.---------------------..-..----.. 

NOHI*ERk PPPLACHIbN .6 0 2  23.4 14.0 , a9.6 81.5 3.9 l b . 1  71.6 l l l r 8  189.4 180.0 - 5  
CENTRAL PPPLbCHIAN 15.4 12.9 25.6 56.6 2.2 15.5. 35.5 89.1 l b . 7  1 7 a . i  250.8 189.9 2.8 
SOUTHEPN APPLbCUl4U 1.3 11.4 6.2 2  11.4 7.7 1  22.0 1  .6- 
* I D ~ E S T  1.4 3.2 23.U 60.0 138.1 63.1 163.5 22b.6 131.1 5.2 ------ ------ ------ ------ ------ --.-.- -.-.-- ------ .----- -----. 9-.-9. -.--.. .----. 

~ O T A L  E I ~ T  16.1 1  b1.b 100.2 111.7 235.8 9  1 0 5 . ~  228.e u s 1 , l  685.9 538.9 t , u  

CENTRAL YEST 
GULF 
N.E. t ~ t ~ i  PLAIN: 
N . r .  G U E A 7  PLAIN: 
ROC61ES . 
SOUThi.CST 
NURTHGEST 
4LPSKb 

TOTAL WEST 

------ ------ --.--. -.---. ----.- ----.- .---.. .----- -..--. -.---. ..--.. -----. 
TOTAL O.S. 195.0 40.3 172.3 102.4 119.5 208.0 U0.5 111.5 521.6 502.1 l O Z 9 e l  639.9 u ,q 



TABLE 1-16 

PaGE , e l  . 
r------------'--'-'----.---.---*.---.-.. 

1 9 8 5  MID-RbNGE/THEkDLONC SCENARIO 
U I ? U  ,NATUQAL GAS REGULATION 

O I L  IMPORT PRICE1 15.32 
R1'4 DATE1 6.19 ------*------------'---*--..-.---.-----.. 

DEYPND REGION RETAIL  P a I C E  S U ~ , M A U Y  IN ! 9 7 8  $1 s:rNnrao P A Y S ~ C A L  UNIT 
~ ~ * ~ - ~ ~ ~ - ~ ~ - ~ _ ' ~ ~ ~ ~ - - - ~ ~ ~ ~ ~ ~ - - ~ ~ - - - * - - ~ * - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - ~ - - - - - - * - - - * - - * - . - - - - - - - - - - ~ - - - - - - - - . - - - - -  

DEMAND RE610N3 
S E C T O H  [FLJEL) Nh-ENG. N V l N J  VlO-ATL S.-&TL MIOUEET 3.-WEST CCNTRAL N-CNTPL YEST N.*UEST TOTAL ----------------*-*-----------.--------.---.------.-.---.---.--.------.------.----.---------------------------------*--..---.. 

R E J I O E g T I A L  
(ELECT.) 45,741 50.36 01.96 58.23 4 1 , b t  43.81 13.91 3 . 2  43.40 19.93 00 ,0 l  
[ O l f T . )  22.69 23.11 24.26 20.68 2 2 . i ~  2 2 . 1 9 ' 2 1 . 5 0  22.61 22.40 22.00 22.92 

.[LG: 1 5 - 6 2  16.08 17.33 17.33 15.95 1 5 - 1 3  :5.69 16.32 15.80 15.80 1 6 ~ 2 1  
! C O A L )  U8.82 a6.13 00.01 0b.bO 03,TZ 33.21 dI .P1 SU.76 42.57 39.76 00.22 
[NC: U.61 4.26 3.69 5 - 2 5  3.ZC 2 - 0 8  2 - 1 6  2.33 3.4b 3.76 3 - 1 8  

CClMERCIAL 
.ELECTI) 05.02 60.07 15.91 38.68 01.57 39.73 ~ 3 . 0 0  30.33 40.16 19.85 01.00 
:013T.) 21.27 21.68 21.95 21.91 21.04 . 21.,?8 20.50 21.25 20.76 20.16. 21.35 

TRANSFOR~ATIOPJ 
1CLECT.I 42.7b 28.72  42.10 SS.81 36.19 3i .60 L0.6U 29.62 38.99 16,OO 05.38 
lD1ST. l  27.93 28.25 29.20 29.14 2 7  Z V . a 5  Z7.13 2 8 . l b  21.04 21.04 28.11 
~RESIO.) 18.55 19.00 20.22 18.19 19.cP 1 Y9.37 18.10 18.33 18.68 18.9U 
I L G )  l 3 , 1 0  13.10 13.10 13.10 13.F9 15.10 h3.88 13.93 15.10 I 3 . 1 0  13.27 
IGPSOLIWE) 3 : ~ 7 1  32.88 31.59 31.15 S l e Z 9  32vG5 10.58 30.79 31.50 31.61 31.28 
I J E T  F L E L l  22 ,98  23.57 25.05 25 .29  22.!P 21.20 21.91 23.<2 22.80 22.80 2 5 1 5 1  

----C-----l----.-.---------...-.---------*---...------.------*-CCCCCCC--.-.-----------------.-*--------..-----.---..-..)-.).-C* 

* L l O U I f l  GAS I N  T4E P A h  MATERIAL S t C i O E  INCLUDES h I O U 1 3  GAS FEEDSTOCK. 
* * P E T  COAL PNCL'JIES 1 0 %  PREMIUM COAL A N 3  30X BITJWlhOUS LO* SULFUQ COIL. 
* * r I N D U S T R I P L  SELT04 HERE ODES Nl' INCLUDE REFINIRIES.  



TABLE 1711 

PbGE 22 
C - - - - - - - - - - ' - - - - - - - - - - - - - - - - ' - - - - - - - - - - - O  

1 9 8 5  HID-UlhGE/TWEhOLONG SCENAW10 
WITH bATUQAL GAS NtCULATION 

OIL I n P o n T   PRICE^ 15.32 
RUN DATE1 6.10 ------'---."-------"------------------(.- 

OE*AND REGIOv AVEWAGE RETAIL  PRICE SUHHARV I N  1 9 1 8  S / H I L L l O N  BTUS 
- -o-- - - - - - -rr -rr- - - - - - - - - - - -r - - - . - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - . - - - - - -o-- - - - - -  

-----------------------------------------------------------.---------------------------- 
RESIDENTIAL 5.12 5.61 6.11 l V 9 a  u.58 5.22 u , u i  

(ELECT.) 13.41 15.93 10.06 11.21 1 2 - 2 1  11.96 12.81 
(OIST.1  3.90 3.98 0 . 1 6 .  4.20 3.80 3.91 3.70 
( L G I  3.90 0.01, 0.32 0.32 3.99 3.92 3.91 
( ~ 0 4 ~ )  2.17 2.05 1;9b 2.01 J.9U 1.10 1.80 
(NG) 4.53 4.13 3.57 3.15 3.10 2.UO 2.09 

COrlnERCIAL 
(ELECT.1 
(OXST.) 
1RESIO.) 
(LC) 
(COAL1 
(ASPhALT) 
(NG) 

--*1--------1--- 

1 5.59 
9.14 12.12 
3.88 3.85 
0.01 3.9U 
1.54 1.89 
2.26 3.35 

5.29 6 - 8 1  
8;89 l l r l l  
3.65 3.56 
3.03 2.92 
3.Ul  3.21 
1.50 1.89 
3.20 3.01 
3.13 2.83 

RAW MbTERIAL* 3.U3 3.35 3.18 2.92 3.25 5.27 3.29 3.20 3.08 2.92 3 - 2 2  
(LC)  3.60 3.60 3.59 3 5  3.59 3.52 3.52 3.56 J + U Q  3.00 3 - 5 5  
( O I L )  3.20 3 - 2 0  3.20 3.18 3.21 3.19 3.15 3.20 5 - 0 1  S r O l  3.16 
(NG) 3.28 2.83 2.68 2.19 2vUO 2.21 3 . 3  2.65 2.uO 2.37 2.36 

1NOUSTHlAL***  U.89 0.19 0.51 5.16 0.26 3.03 9.90 3.01 3.92 3 v 2 8  4.02 
(ELECT.) 11.06 9 - 0 9  1 1 - 1 4  9.56 9.51 9.66 10.12 1 3  lO,O2 3.86 9.U3 
(OIS1.1 3.65 3 1 0  3.81 3.86 3.61 3.63 3.51 3.69 3.56 3.5b 3.61 
(RESID.) 2.95 3.09 3.22 2.89 3 1 1 0  2.99 3.08 2.91 2.92 2.97 3.01 
(LC) 3.66 3.10 3.95 3.96 3.82 5.10 3.7b 5 - 8 5  S r b 9  3.69 3.19 
( C O A L )  2.17 2.05 1.9b 2.07 1.90 a 1 . e ~  1 . 5 ~  1.89 1.11 1.91 
(WE? COAL**) 3 - 5 8  5.U8 3.38 3.50 3.42 5 - 5 2  5.36 1 5 - 9 9  1 3.00 
(NAPHTHA) 3.60 3.60 3.59 3 0 5 7  3.59 3.5Z 3.52 3.56 3 3.OU 3.55 
(NG) 3.28 2.83 2.68 2.20 2vU4 2.21 3 1  2.65 2.UU 2.31 2 .30  

TRAYSP09TATI04 5.13 5.78 5.66 5.62 5.61 5.22 5.52 5.u9 5.31 Sou2 5.55 
(ELECT.) 12.53 10.28 12 .51  10.49 10.81 10.13 11.91 8.68 11.43 4.96 13.30 
( 0 1 S f  I )  4.80 0.89 5.01 5 1 0 0  U.16 u.16 4.66 4.83 U.11 U.11 0.83 
 RES SIC^) 2.95 3.09 3.22 2.89 3.10 2.99 3.08 2 . 9  2.92 2.97 3,Ot 
(LC)  3.21 3.21 3.27 3.21 5.U9 3 . 2  3,Ub 3.Ul 3.21 3.21 3.31 
( G r s 0 ~ 1 N E l  b.OU b.21 6.02 5.9U 5.96 5.12 5.83 5.89 6.01 6.02 5.86 
( J E T  FUEL) 1 u.23 0.49 4 . 5 ~  u.05 4.16 3.93 u . 1 ~  0 . 0  o.10 0.22 

---.-I -----. .----- -I---- ------ -----. -----I ---'.- o m - - - -  ------ 
P V E W ~ G ~  P R I C ~  5.18 5.61 5.12 5.83 4.81 3.86 s.ou ~ , U P  5.13 u.42 0.90 

. - - - - - - - - - . - - . - - - . - - - - - . - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -w- - - - - - - - - - - - - - - -w- - - - - . - - - - - - - - - - - - - - - - - - - - - - - - * -" - .e - - - - - - - -e  

* L I Q U I P  GAS I N  THC RAh HATERIAL SECTDQ INCLUDES L I Q U I D  GAS FEEOSTOCKr 
**NET COAL INCLUOCS 1 0 %  PRE*IU* COAL AND 3 0 %  BITU4INOUS LOW SULFUR COPL. 
* * * INOUSTWIbL SEC'OR HERE 00E3 NO7 IhCLUDE REFINE71ES. 



f o r  c o a l  . a r e  f o r e c a s t  t o  be $ 1 . 6 7  p e r  m i l l i o n  B T U ' s  and $ 1 . 6 2 , '  

r e s p e c t i v e l y ,  a s  shown i n  'Table 1-11.  

The n e x t  s e t  o f  t a b l e s  r e f e r . t o  t h e  B a s e l i n e  2 s c e n a r i o ,  

o r  t h e  B a s e l i n e  s c e n a r i o  based  upon monopoly as sumpt ions .  

Tab les  1-12 and 1 - 1 3  a r e  t h e  e x e c u t i v e  summary t a b l e s  i n  

p h y s i c a l  u n i t s  a n d ' t r i l l i o n s  o f  B T U 1 s ;  r e s p e c t i v e l y .  Table  1-11 

shows t h a t  f o r  B a s e l i n e  2 ,  a  t o t a l  1985 supp ly  of '  c o a l  o f  

approx imate ly  1 ,002 .7  m i l l i o n  s h o r t  t o n s  is  f o r e c a s t .  The 

accompanying ' t a b l e ,  Table  1 - 1 2 ,  shows t h a t  t h e  e q u i v a l e n t  o f  

t h i s  f i g u r c  i n  BTU13 i s  approx imate ly  2 2 . 3  y u a c l r i l l i o r ~  B T U ' s .  

The t o t a l  s u p p l y  o f  ,energy i n  1985,  a c c o r d i n g  t o  PIES f o r .  

B a s e l i n e  2, i s  e s t i m a t e d  t o  b e  a p p r o x i m a t e l y 9 4 . 0  q u a d r i l l i o n  

BTU1s. 

Table  1 - 1 4  . g i v e s  t h e  r e g i o n a l  c o a l  p r o d u c t i o n  summary by 

mine type .  Again,  we a r e  p r i m a r i l y  i n t e r e s t e d  i n  t h e  E a s t ,  
. . 

t h e  West, and t o t a l  U . S .  v a l u e s .  The 1985 f o r e c a s t  v a l u e  f o r  

t o t a l  E a s t e r n  p r o d u c t i o n  i s  672.4 . m i l l i o n  s h o r t  t o n s  p e r  year. .  

Western p r o d u c t i o n  i s  shown t o  be  330.3 m i l l i o n  s h o r t  t o n s ' p e r  

. y e a r .  These sum t o  a  t o t a l  U.S. p r o d u c t i o n  f i g u r e  o f . l , 0 0 2 . 7  

m i l l i o n  s h o r t  t o n s  o f  annua l  mine p r o d u c t i o n .  

Table  1 -15  g i v e s  t h e  r e s i d e n t i a l  and commercial p r i c e s  f o r  

c o a l  i n  1985. The r e s i d e n t i a l  p r i c e  i s  f o r e c a s t  t o  b e  $40.,10 p e r  

t o n  w h i l c  t h c  i n d u s t r i a l  p r i c e  i s  f o r c c a s t c d  t o  be $ 3 9 . 0 3 .  

The f o l l o w i n g  t a b l e ,  Table  1 - 3 6 ,  g i v e s  t h e  ana lagous  p r i c e s  

on a  BTU b a s i s .  These p r i c e s  a r e  $1.78 p e r  m i l l i o n  BTU1s f o r  

t h e  commerci.al s e c t o r  and $1 .73  p e r  m i l l i o n  B T U 1 s  f o r  t h e  

i n d u s t r i a l  s e c t o r .  



TABLE 1 - 1 2  

P A G E  1 
-I-------------------------------------- 

1 W 5  M I D - Y A N G E I T H E N O L O N G  S C E h ' A R I O  
C I T H  N A T U U A L  G A S  R E G U L I T I O N  

OIL I M P O R T  PRICEI i s . 3 2  
WLN O A T C I  6 . 1 0  ---.------------------------------------ 

E X E C U T I V E  D A T A  S U M ~ A U Y  ---------------------- 
' J N I T E O  S T A T E S  T O T A L  GwOSS S U P P L V / C O C S U U P T I O h  OF ENERGY R E S O U H C E S  

ENEk;Y S U U f i C E S  114 S T A N O A R O  P H Y S I C I L  U N I T S  P C Y  YEAR .-------------------------------------------------------------------------'--------------------------------------------------- 
H Y O R O , S O L I R ,  S O L A R l G E O  T O T A L  E L E C .  

C O A L  O I L  G A S  N U C L E A R  . GEOTHERMAL F O S S I L  S U U S T .  O I S T H I B U T E D  
( H ~ S T )  (nna) [BCFI  ( n ~ n ~ w . 4 )  ( n n n s w n )  ( T U T U )  ( M H ~ I ~ ( u w ) .  

) O H E S T I C  S U P P L V l  1 0 0 2 . 7 1  . 3 7 3 5 . 5 3  1 6 7 3 0 . 9 5  5 6 6 . U 9  (110.02 1 1 9 . 8 6  3 0 0 0 . 9 U  
(CObL,GAS,ELEC.)  l O G 2 . 7 1  56b.U)  3 9 5 . 6 1  3 0 0 0 . 9 P  1 3 5 0 9 . 6 2  
( C R U D E )  3 2 6 ? . 1 5  
( C O - P R D D U C T S ~ A S S O C ,  GAS)  s 5 5 . 2 2  5 2 2 1 . 3 2  

, ( S Y N T H E T I C S )  
( S n r L E )  L 7 . 1 5  
( D I R E C T  Y O L b l l G E O I  1 1 . 3 5  1 1 9 . 8 6  

[ M P O W T S I  
( C R U D E )  
( P R O D U C T S )  
( L N G )  
( C A N A O I A N / n E X I C A N )  
( C O A L )  

T O T A L  S U P P L Y  

: O N S U M P T I O N 1  
R E S I O E H T I A L  
C O M M € H C I A L  
I N D U S T R I  4 L  
T R A N S P O * 7 B T I O k  
E L E C T R I C A L  , G E * l E P P T I O N  
S Y N l n E T I C S  

N O T E 1  O I L  1 - P I R T S  I h  H R B f C D  . 1 l . D E  
GAS C D V S L ~ * P T I O N  I h  T H L  T k b h S P O ~ T A T I O N  SECTOR I N C L U D E S  N A ~ U R P L  G A S  T R I N S P O R T A T I O N  L O S S E S ,  
1 ~ 3 U S T 1 I b L  C U Y S I I * P T I O N  I N C L U G E S  R E F I N E k Y  F U E L  CONSLIMPTION.  

. G A I N S  A7E V E F I N E U V  G A l h S .  L O S S E S  ARE T ~ A N S M I S S 1 O ) J  L U S S E S .  
S U P P L V l O E M B N D  I F R A L A N C E S  MAY b E  OUE TO € R H U N S  W I T H I N  T H E  E Q U ~ L ~ B R A ~ ~ O N  CONVERGENCE T O L E R A N C E .  



TABLE 1-13 
PAGE 2 

C- - ' - - - - - - - - - - - - - - - - - - - - . - l - - - . - - - - - - - - - -  

1 9 e 5  f l l f l * R A ~ G E / T ~ E h D L O h G  S C E h A R I o  
uITW NATURAL GAS M t G U L A T I O N  

O I L  InPORT P R I C E 1  15 .32  
RUN DATE8 6.10 

;EXECUTIVE .DbTP SUNNARY ..-.---.--.---l---------.-----------o--- 
.--------.------*------ 

U k I T E O  S T A l E S  r C T I L  GRGSS SUPPL'V/CtiNSUYPTYUN OF ENEfiGY RSSJURCEE 
ENhCGY SDUVCES I N  T R I L L I U Y S  0: MTU'S PCP YEA? 

SECTOR 

TOTAL ti1030 TOIAL 6  G R O S S  T O T A L  0  UTILITY NET FOUR 
F O S S I L  SOLbR SECTOR ELECT. SECTOR ELECTRIC 8ECTOR 

COAL 0'1 L GAS FUEL NUCLEbR GE3. I h P U T S  I N P U T S  I N P U T S  O I S T R I l .  INPUTS 

;OMESTIC SUPFLY:  2 2 3 2 5  E l 1 3 0  1 7 2 6 6  6 0 6 2 1  6 2 3 1  0 2 2 0  ' 
( F O I L I G A S ~ E L E C ,  I , 2 2 3 2 5  1 3 9 0 2  3 6 2 6 7  6 2 5 1  3 9 5 1  
(CRUDE i 8 9 9 6  1 8 9 8 b  
(CO-PROOUCTS/AESOC. GAS) 1 9 1 U  3 3 2 0  5 2 6 9  
t s ~ N l n E T l C 9 )  
(SHALE) 1 0 0  1 0 0  
( 3 I R E C T  SDLbXIGKD) 2 t . 3  

IMP:RTS: 1 9 1 6 -  -23;21 1 9 1 0  2 3 3 1 7  
(:RUDE) : b t 0 2  I b 6 0 2  
C3RODUCTS) b7.19 6 1  1 4  
(;NG) 9 ? 9  9 1  9  
( ~ A N A D I A N / P E ~ I C ~ N )  9 3 5  9 5 5  , 
(001L) 1 9 1 8 -  1 9 1 6 -  ------ - - -  - 9  P C C I I I  ------ .----- ------ -----9 

'OTAL SUPPLY 2 0 u 0 7  4 4 1 5 1  l 9 l b O  8 3 9 3 8  6 2 3 1  4 2 2 3  P a 3 9 0  1 0 2 3 9  
7 4 1 r S ( * ) / L D S S I S ( - )  2 6 2 -  855 -  .-----(.------.------------*-------*------.-.--------------------------.------------------------------------------------------ 
?ONSUHPTIDN! ' 

RESIDENT I A L  
c o i n E r c I n L  
1M)USTUIAL 
T~bNS?OPlPT. :L IN  
E L E C T Q l C A L  C E * E I U T I D N  
S ~ L . ~ T H E ~ I C S  

- - - . - - - . - - - - - - - .- - 

NOTE: GA? CO:d:rSL#nPTION I h  + H E  T Y ~ I . ~ ~ ~ P U I ~ T I T I D ~ .  SECT02 I h C L U D F 5  hA lUWAL GAS ~ ~ ~ N S P O F ~ T ~ T I O N  LOSSES. 
' 

I K C U S T P I A L  CUNSUHPTIOh : k t - U U E S  <EFINEEY FUEL CUN3lJMPTION. 
LO.SSiS &HE PEFIhEUV Ckb?:hl:N; LOSSZS bN0 E L E C T Y I C J T Y  TRANSHISSXON L I S S E S .  
uYC/SOL.fGED ErVTkT EST1fiA;ES B7U C3NYUMPTION FOR AN t O l J I V b L E N T  FOSSEL FUEL PLANT AT 1 0 0 0 0  BTU/KYN. 
NUCLEAC. ENTRy E S i I n A T E S , b T u  C D F 3 ~ I i P T I U N  FOR I h  EDtJ lYALENT F O S S I L  FlJEL PLbNT AT 1 1 0 0 0  BTU/KWn, 
S U F P L Y ~ D E W A N G  IMBAL4hCES m 1 *  BE DJE TO EYPOk8 Y J T * I Y ' T i E  EOUILIBRA' : ION COYVERGENCE TOL,ERANCE 
O I  bVEfihGE B T U  C O N V E K ~ ~ L *  O r  bGGEiG1TES. 
O l R E C l  S D L A ~ / G E O  S d P P L l  INCL l !bES C O S S I L  FUEL DEMAND REPLACEMENT I N  TBTUS OC 1 1 9 . 8 6  

TOTAL SUPPLY OdbOS NET OF REF!hE?*  CRACCINC LOSS1 . 9U.O) 
TOTAL GMLPSS BUAOY C ~ N S L l k E O t  9U ..02 



TABLE 1-14 

O I L  If iPORT PRICE1 15.32  
RUN DATE1 6.10 --------------.------------------------- 

COAL REGIONAL P R O O U C T X O ~  suctnnuv IN RILLION SHORT TONS PER yerR (BY M I N E  TYPE)  , . 

-----------------------------------------.---------.--------------------.------------------.-.-..-------------.*--------------.. 
LO*  SVLFUR ~ E O I u M  SULFUR n r c n  SULFUR , PRERIUM ' T O T A L  1 9 7 5  GROYlH 

.REGION S J ~ + F A C E  OLEP SUUFPCE - DEEP SIJYFACE DEEP SLIRFACE DEEP SURFICE DEEP T O T A L ,  T O T A L  H A T E  
------------P-------------------------.---------.-----.----------------------------------------.---.----------.---------------.. 

' NORTHEUN' APPLACH'IAN .b .2 23.9' 87.1 47.1 ' 60.3 4.0 ' 16.2 76.1 163.8 239.9 1 8 0 1 0  2.9 
CENTRAL APPL.LCr(IAN 18.7 .15.2 24.0 59.7 2.2 15.9 36.2 ' 88.4 81.1 179.2 260.3 189.0 , 3.2 

, S O U T ~ E W N  r P p ~ . r c W I ~ r !  2.1 11.4 6.2 2 11.0 8.4 19.9 22.9 1.2- 
MIDWEST 1.5 3.7 1 . 0  7 . 7  87.0 51.4 101.0 152.4 137.1 1.1 ------ ----*- -----. ----'- ------ ------ ------ -----r r----. .----- -.--I. r-.-rr ---r-- 

T O T A L  E A S T  19.3 18.9 63.1 lb5 .0  97.0 lb3.7 00.6 104.8 220.0 a52.4 672.0 538.9 . 2.2 

CENTRAL NEST 1.1 .9 *I 7.1 l l r 9  1.2 1.a 9.8 20.6 30.3 10.0 11.7 
GULF 51.9 51.9 51.9 11.0 16.8 
N,E. CQEPT I 'LPIhS 9.3 . 23.6, 
N.d.  GNEAT " L L l N S  13U.O . lSe7 4.U . 
h o c r  IES 1.1 12.6 . Q 1 .Z 
SOUThmEST. 5. u 24.3 1 * O  
NORTYhEST . ' ' 5.7 
PLASltA ' . ' .8 ------ *----- ------ .----- -----. ------ ---.t- --.--. ---.-- .--.-- -----. -----. -.--.. 

TOTAL GEST 156.2 33.4 106,l . 2.3 7.7 17.9 1.2 5.5 271.1 ' 59.1 330.5 101.0 12.6 

------ ------ ------ -.r.-r -r---- ------ r-rrr- ---..* ------ .----. -----. -----. ------ 
TOTAL U.S. 175.5 5 ,  169.1 167.3 104.6 181.6 01.8 110.3 491.2 511.5 1002.7 639.9 0.6 

-------------------------------*--------------------------.-----.----.--------------*---------*---.-------------.------.----*.. 



TABLE 1 7 1 5  
. PAGE 2 1  

1985 h I O ~ R A ~ G E / l C E h O L O ~ G  5CEhAE10 
Y I l h  NATURAL GAS REGULATION 

OIL 1MPORT PU lCE l  15,32 
RUN DATE1 6.10 .-------- ---*-...---------------.------- 

3 E r w O  I(EG1On RETAIL PRICE SurtMtkY Ih.  lQT8 S,'.STANOARD PdYSICIL UNIT -------..-----.*--..--------.--.------.---------..-.-------------..-----.-------------.---------.--------------------.-.----- 
OEMbriO EEGlOV3 

SECTOS (FUEL) hr-ENS. N.Y/NJ MID-ATL S.-ATL MICUEST S.-WES' CENTRAL *-CNTHL' *EST NI-wEST 'TOTAL -------------------.------.)----------------*----------.-.---------.-----------.-----.-..-----.--------..-.-----..---.-------. 
HESIOENTIAL  

(ELLCT.) 4b.01 56.13 48.94 39.16 82.9b U , 0 8  05.59 3U.99 0 3 - 6 2  19.92 01.25 
(D1ST.l 22.10 23.17 24.26 20.69 ?Z. la  PZ.19 21.50 2 1  22.00 22.40 22.92 
(LC1 15.6Z 16.08 11.33 11.33 1.5.99 15.73 15.69 16.32 15.80 lSm8O lb.21 
(CUAL) 51.91% 09.25 07.13 49.91 4t.'Sb 93.2'2 00.55 31.02 Pb.20 ~ 2 . 0 5  ' O1,ZU 
(NG) U.62 0.26 3.69 3.25 ?.PO 2.40 2 6  2 . 3 0 '  3.46 3 r l b  3.10 

COn*ERClrL 
(ELECT .,I 45.69 b0.83 06.95 39.61 02.87 m.4C 0U.bd 32.08 90.38 19.80 02.23 
[DIST.) ,21.27 21.b1 21.95 21.98 c?l.05 23.28 20.50 21.25 20.17 20.11 2 l r S b  
(RESIO.) 1d. lQ . 1 8 * 1 9  20.72 18.00 !5.60 lB.80 19.63 19.05 18.36 l l r 9 1  18.95 
(LC)  13.10 13.10 13.10 13.10 :1.99 1S.lC 13.88 13.93 13.10 15.10 13.50 
(CO4L) 5 I .PL 09.25 01.13 09.91. .lp.56 05.20 00.55 37.02 Ub.20 02.45' 01.20 
(LSPHALT) 1'3.1t. 19.18 19.18 19.08 .S.27 18,.8S 18.93 19.21 18.02 18.02 19.00 
ING) 3.9C 3.63 3.20 2.12 2.86 Z.57 3.bO 5 - 2 3  2.92 3.15 3.00 

HAW' MPTEYIAL* 
(LC1 lam87 18.87 18.Bb 18.13 tE.82 19-49 .18.08 1 8 - 6 0  18.08 18.08 18.55 
( O I L )  l 9 . l C  19.18 19.18 19.08 :9,21 '19,83 18.93 19.21 18.02 18.02 18.98 
(KG,) 3 '  2.92 2.77 2.26 2.52 ? r 2 7  3.20 2.13 2.52 2.40 2 - 4 3  

.. I ~ D U S T R I A L * * ~  
. (ELECT.) 3a.o: 32.15 30.99 3 3 . 5 ~  ':3.95 35.62 38.27 26.98 3a.41 1 3 . 1 ~  33.00 

IOlST.)  I 21.57 22.52 22.06 21.02 21.18 20.0b 2 l .ue 20.11 20.11 21.41 
(QEYlO.) ld.5a 19.00 20.22 18.19 :?.49 13w18 19.40 18.10 1 8 3 3  18.69 18.92 
(LC)  14.67 15.01 15.82 15.89 :5.3I 12 -05  15.01 15.46 14.81 10.81 1Sm91  
[COAL). 51.94. 09.25 07.13 49.91 rb .5b  05.20 UY.95 37.U2 ' 0 6 . 2 0 -  02.05 05.99 
(MET COAL*.). 103.80 100.96 98.23 I O l e b l  'P.39 I O ? w l b  97.b3 100.53 11U.70 111.93 99.00 
I fdAPHTNA) 18.87 18.81 18.8b 18.13 :e.BZ 13.09 18,08 18.68 18.08 18.08 18.b2 
( N G )  5 - 3 9  2.92 7 1  ,2.32 2.52 ?.27 3.20 2.13 2152 2.00 2.01 

1RDYSPDRTATIO-i 
(ELECT.) 43.03 49.08 03.68 36.13 9 2 1  02.32 31.37 39.21 16.93 45.99 
(DIST.) 27.9c 28.25 29.20 29.14 27.70 21.86 21.10 28.16. 27.45 21.05 26.12 
CGESIO.) 1 19.04 20.22 18.19 :?.US .13.?8 19.00 18.10 18.33 18.69 1 8 - 9 0  
(LG) 13.10 13.10 13.10 13,10 :5.99 1 5 1 0  13.88 13.93 13.10 13.10 13.21 
LGLSULINE) 31.71 32188 31.59 31.15 31.2F 33-03 30.59 30.19 31.50 31.62 31.28 
(JET FUEL) 22.9P. 23.51 25.00 25.29 5 . 2 . 5 5  25.19 21.91 23.22 22.85 22.85 23.51 .- ---------------.-.---.----.-.-..----*.---.-------.-..-.,.------------......--..----.---.-.....--..--.---..---*-.-.------.CC.. 

*L'IT)UIO G A S  xu I n c  R A W  M ~ T E R I A L  S E C T O R  INCLUOES LIOUIO G A ~  FEEOSTOCU.  
*flf lET CObL INCLUDES 10% PREMIUM COAL Ah;) 30% 811UHlNDU8 LON SULFUR COAL. 
**.I~OUSTRIAL.SECTOR nERE DUES * D l  INCLJOE REFINERIES. 



TABLE 1 - 1 6  

P'AGE 2 2  ------------------'--.---------'--------. 
1 9 8 5  MID-RANGE/lRENOLOhC SCEhARIO 
Y I T h  NATURAL GAS REGULATION 

O I L  IMPORT PRICE1 15.32 
RUN D b T E l  6.10 --------------------------------------.. 

OtUANO RECIO'4 AVEwAGE RETAIL  PHICE SUUMARV I N  1 9 7 8  S / M I L L I O N  6TU8 
----.-------------------------------------------------------------------------------*-------*---------------.--.------------.- 

DEMANO k f G l O N S  
SECTOd [FULL) h*-ENG. N Y l N J  MlD-A7L 9.-ATL MlOh'EST S.-YEST CENTRAL N-CNTRL YE81 N.-WEST TOTAL 

- - - - - - - - - - - - - - - - - - - - . - - - - - I - - - - - - . - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - . - - - - - - - - - - - - - . - . - - - - . .*  

RESIOEhTlAL 5.13 5 - 6 8  6.21 8.05 0.62 5.25 4.47 8 5.60 0.83 5.46 
(ELECT.) 13.09 1 6 - 0 4  10.30 11.08 12.59 12.16 13.36 10.26 12.79 5.80 12.09 
( 0 I S T . I  3 - 9 0  3 - 9 8  U.17 0.20 3.80 3.91 3.10 3.88 3.85 3.85 3.93 
(LC)  3.9q 0 ~ 0 1  0.32 0.32 3.99 3.92 3.91 1 3.94 3.94 0.04 
[COAL) 2.31 2 . 1  2.09 2.22 2.01 1.92 1.98 1.66 2.05 1.89 2.10 
( N C )  r .53  0.13 1.51 3.10 3.10 Z . ~ O  2.10 2 . 2 ~  3.35 3.65 3.08 

COn'jERCIAL 1 6.09 6.55 6.80 5.23 1 3  6.20 5.02 b.89 0.22 5.93 
(ELECT.) 13.39 11.83 13.16 I l v h l  12.51 11.55 13.09 9.40 11.84 S.81 12.38 
[OIST.) 3.65 7 3 - 1 1  3.17 3.61 3 - 6 5  3.52 3.65 3.51 3.51 3.61 
(RES1D.I 2.89 2.99 3.30 2.93 3.12 3.00 1 3.03 2.92 2.85 3.01 
(LC)  3.27 1 5 + 2 1  3 2 1  3.49 3.27 3.06 3.07 3 3.21 3.38 
(COAL) 2.31 2 . 9  2.09 2.22 2 0 1  1 1.98 1.66 2.05 1.89 2.10 
(LSPHALT)  3.2C 3.20 3.20 3.18 5.21 3. lU 3.15 3.20 9.07 3 0  3.11 
( k t 1  5 - 8 5  3.52 3.10 2.63 2.71 2.49 3.09 3.13 2.83 3.05 2.95 

R I *  W A I E R I A L *  3 - 0 3  3.35 3.18 2.92 3.25 3.21 3.29 3.20 3.08 2.92 3.22 
(LC) 5.59 3.59 3.59 3.57 3.59 3.52 5 - 5 2  5 - 5 6  3 ~ 4 0  3,UU 3.53 
( J 1 L )  3.20 3.20 5 - 2 0  3.18 3.21 3.10 3.15 3.20 3.01 3.07 3 - 1 6  
(hC1 3 2 8  2.83 2.68 2.19 2 2.20 3 - 1 4  2.65 2 - 0 4  2.37 2.35 

I h D l ~ s T n l A ~ + * r  0.90 U.87 7 5.2@ 0 r U l  3.Oa 5.02 3.50 3.95 3.30 0.10 
1ELECT.I 11.10 9.bF 11.U3 9.83 9.95 9.85 1 1 2 2  7.91 10.09 3.86 9.68 
( I J I S T ~ )  3.55 3.70 3.87 3.86 1 3 3.51 3.69 3.57 3157 3.60 
(dESXD.1 2.95 3.09 5 - 2 2  2.89 3 r l O  2.99 5.09 2.98 2.92 2.97 3 1 0 1  
(LC1 5.66 7 3 - 9 5  3.96 3 8 2  3.10 5.76 3.85 3.69 3.69 3.19 
(COAL) 2.31 2 1 9  2.09 2.22 2.07 1.92 1.98 1 - 6 6  2.05 1189 2.00 
( M E T  C O A L * * )  3.8u 3.70 3.60 3.16 3.68 3.78 3.62 3 .81  4.25 4.31 3.10 
[ r n ~ n r u r )  3.59 3.59 3.59 3.51 3.59 3.52 3.52 3.56 3.44 3,aa 3.55 
(NG) 3 . 2 ~  2 . 3  2.68 2.24 2 . a ~  2.20 3.10 2.65 2 . u ~  2.37 2.30 

T~bNSPOHTATIUN 5.73 5.79 5.66 5.62 5.67 5.22 5.52 5.U9 5.38 5.u2 5.55 
(ELECT,) 12.61 10.39 12.80 10.71 11.19 10.92 12.00 9.19 11.09 0.96 13.u8 
(OIST.1 U.80 0.85 5.01 5.00 0.76 0 . 1  0.66 0.83 0.71 4.11 0.83 
(dESIO.) 2.95 3.09 3.22 2.89 3.10 2.99 3.09 2.98 2.92 2 9 1  3.01 
( L G I  3 - 2 7  3 7  3 2 1  3.27 3.89 2 3 - 4 6  3.07 3.21 3.21 3.31 
(CbSOLI '4E) b.00 b e 2 7  6.02 5.94 5.96 5.72 5.83 5.87 b.01 6.02 5.9b 
(JET FUEL) 0.12 4.23 4.09 0.50 u.05 P.16 3 - 9 3  0.17 0.10 4,10 u.ZZ .----. ------ .----- w - - - - -  .----. .----* .r---r p--- -r  -I".-- .--om. I.-.-. 

A v E H b G E  PRICE 5.18 5.69 5.39 S.89 0.88 3.87 5.09 4.55 5.10 Oe42 4 .90 ..--------------.------- v - - . . ~ - ~ - - . - - - - - - - - - - - - - * - - . - - - - w - - - - - - - . - - - - ~ - - - - - . ~ ~ - ~ ~ ~ ~ - - - - - ~ ~ ~ * - - - o ~ - - - - - - - . ~ - . . ~ - ~ . w ~ - ~ . - . ~ . ~ . . .  

* L I O U I D  GAS I h  TVE RA* MATERIAL SECTOR INCLUDES L I Q U I D  GAS FEEDBTOCK. 
**MET COAL IhCLU3ES 1 0 %  PXEt l IU f i  COAL AND 3 O t  B ITUHIkOUS LOM SULFUR COAL. 
**+INDUSTRIAL SEZTOR HERE ODES YO1 IhCLUOE HEFINERIES. 



The T o t a l  D i v e s t i t u r e  Run 

We a r e  i n t e r e s t e d  i n  comparing t o  t h e  b a s e l i n e  runs  p r e s e n t e d  

above,  a  r un  r e p r e s e n t i n g  t h e  s i t u a t i o n  w i t h  t o t a l  d i v e s t i t u r e .  

T o t a l  d i ' v e s t i t u r e  i s  r e p r e s e n t e d  a s  an  e q u a l i z a t i o n  o f  r a t e s  o f  

r e t u r n  i n  t h e  model s i n c e  d i f f e r e n c e s  i n  r e l e v a n t  ownership 

c h a r a c t e r i s t i c s  would no longer  e x i s t .  Fu r the r ,  we have added 

a s l ig l l l :  (105 each) i n c r e a s e  i n  c a p i t a l  and l a b o r  c o s t s  t o  

s i m u l a t e  t h e  i n c r e a s e d  c o s t s  t o  f i r m s  and a . l e s s  t han  optimal 

based  o r g a n i z a t i o n .  Tahles  1-17 through 1 -21  p r e s e n t  t h e  PIES 

t a b l e s  which a r e  comparable t o  t h e  ones p r e sen t ed  f o r  t h e  PIES 

r u n  r e p r e s e n t i n g  t h e  b a s e l i n e  cases. .  

Table  1-17 shows t h a t ,  f o r  t h e  t o t a l  d i v e s t i t u r e  r u n ,  a  

t o t a l  1985 supp ly  o f  c o a l  o f  approximate ly  1,014.7 m i l l i o n  s h o r t  

t o n s  i s  f o r e c a s t .  Re fe r r i ng  t o  Table 1 -18 ,  , t h i s  domest ic  supp ly  

f i g u r e  i s  roughly  e q u i v a l e n t  t o  22.5 q u a d r i l l i o n  BTU's. The 

t o t a l  d i v e s t i t u r e  r u n  shows a  total supp ly  of approximate ly  

94 .1  q u a d r i l l i o n  B T U ' s .  

The c o a l  r e g i o n a l  p roduc t i on  summary, Table 1 - 1 9 ,  shows 

p r o d u c t i o n  by mine type .  The 1985 f o r e c a s t  va lue  f o r  t o t a l  

E a s t e r n  p roduc t i on  is  680.1 m i l l i o n  s h o r t  t o n s .  For t h e  West, 

t h i s  f i g u r e  i s  334.5 m i l l i o n  s h o r t  t ons  of annual  mine p roduc t ion .  

Th i s  gives  a total U.S. prndllr.ti.on f i g u r e  i n  1985 o f  1,014.7 

m i l l i o n  s h o r t  t o n s .  

Table  1-20 shows t h a t  t h e  r e s i d e n t i a l  and commercial p r i c e s  

f o r  c o a l  i n  1985 a r e  expected  t o  ' b e  $39.62 p e r  ton ,  w i t h  an 

i n d u s t r i a l  p r i c e  of  $38.56. Table 1 -21  shows t h e  same f i g u r e s  

i n  BTU's. Commercial and i n d u s t r i a l  p r i c e s  f o r  c o a l  a r e  f o r e c a s t  



TABLE '1-17 

PAGE I .---------------.-------------------.-.- 
1 9 8 5  M I D - R A N G E / T R E ~ O L O N G  S C E N r R I O  
WITU NATURAL GAS REGULATfON 

O I L  IMPORT P R J C E I  15 .32  
. . 

RUN DATE8 , 6.09 
f - - - - - - - - - - - r - r - - - - - r - - - - - l - r - - - - . - - - - - - - - - *  

EXECUTIYE DATA SUMMARY .--------------------- 
. U N I T E D  STATES TUTAL GROSS SUPPCY/CONSU*PTl?N.OF ENERGY RESOURCES 

ENEYGY 8UUaCES I N  STANDPHO P H Y S I C I L  U N I T S  PEW YEAR 
. --------.-r---r-r-------------*---------------------------------------------------------------------------------------------. . . .  HYORDrSOLAR, SOLAHlGEO TOTAL ELEC, 

SECTOR COAL O I L  GAS . NUCLEAR GEOTHERMAL F O S S I L  SUBST. D I S T R I B U T E D  
(MCCST) (WMBI (BCF)  ( n w h ~ u n )  (MMMKWH)  (TBTU)  [ a m w r w n )  

--r---r-----r----ir.----r---r---r---.--r------------------------------------------------------.------------------------------ 

DOMES'TIC SUPPLY, 1 0 1 4 . 6 6  3 7 3 5 . 5 0  1 6 1 2 9 . 1 0  566 .49  410.02 1 1 9 . 8 6  3006 .1  1 
(COALvGASvELEC.)  101U,66 1 3 5 0 8 . 3 8  . 5 6 6 . 4 9  395 .67  3 0 0 6 . 7 1  
l C 3 U D E )  
(CD-PRDOUCTS/ASSOC. GAS) 
( S Y N T H E T I C S )  
(SHALE)  . ' 11 .15  
( D I R E C T  SnCARIGEO)  

IMPORTS: . ,: - ' 70.00-  U020 .51  1 8 5 3 . 7 1  
(CRUDE) 2 8 3 0 . 0 3  . 
.(PRODUCTS) L190 .54  
(LNG)  9 4 7  .77 
( C A h I O I A N / ~ E X I C b N )  8 0 6 . 0 0  
(COAL) 1 u. 0 0 -  . . -------- -------- --_----- .------., -------- *------- ' ----*--* 

TOTAL SUPPLY , 9 4 0 . 6 6  1 7 5 6 . 0 7  18583'.47 566.U9 . . 010 .02  1 1 9 . 8 6  3 0 0 6 . 7 1  

'CONSU~IPTIOC: 
M E S l O E N T I A L  
COkMERCIAL  
I N D U S T R I A L  
TRANSPORTAT.ION 

' E L E C T S I C A L  G E h E R I T I O h  
S Y N T H E T I C S  

NOTE: OIL I ~ P O R T S  IN n * n / c o  - 11 .02  
6 4 6  CONSUMPTION I h  THE THbNSPOQTATION SECTOR I b C L U D E S  NATUQAL GAS  RANS SPORT AT ION LOSSES* 
I N n U S i R I A L  CONSUMPTION I h C L U O E S  REFINEMY FUEL CONSUMPTION. - - - - - . - 

GAINS. AUE HEFIhERY GAINS, LO$SES ARE TRANSHISSION LOSSES. 
S U P P L I / ~ E k A N D  IMBALANCES MAY BE DUE TO ERRORS W I T H I N  THE E O U l L I 0 R A T I O N  CONVERGENCE TOLERANCE, 



TABLE 1-18 

~?. 

PAGE 2  
. - - - r r - - - - - r - r - - r r . - - - - - - - - - r r  

1 9 8 5  Mln-RINGE/THENDLONG SCENARIO 
WITH NPTURIL  GAS REGULATION 

O I L  IMPORT P R I C E 1  15 .32  
RUN OATEI b e 0 9  

EXECUTIVE D A T A  S U H M A W Y  . t - - - - - - . - - - r - - - - r - . - - - l r - r - . - - - - - - - - - - - - - - - -  --.--.---------------- . . 
U N I T E 0  SYATEB TOTAL GHOSS SUPPLY/CONSUl iPTION OF ENERGY RESOURCES 

ENErGY JOU9CES EN T R I L L I O M S  OF 8 T U U  PER YEAP 
--------------------------------.--.--------.----------*-.-----.-------------.-----*---.-----------------*--------------------.-- 

T O I d L  . UYORO TOTAL b  GROSS TOTAL 4  U T I L I T Y  NET FOUR 
F O S S I L  SOLkR SECTOR ELECT. SECTOR ELECTRIC SECTOR 

: S E C T O H  C O A L  01s G A S  FL'EL NU'CLUR CEO. INPUTS INPUTS INPUTS OISTRIB. INPUTS 
--------------C-----------------------u--------------------------------------*.---------.-------------------------**---------- 

DOMESTIC SUPPL Y I 2 2 5 k 3  r l . o ~ a  1 7 2 6 s  b o e 3 a  6 2 3 1  a z z o  1 0 2 5 9  
(C04LrGASrECEC.)  E 2 5 u 3  1 3 9 4 1  5 6 9 8 4  b235 3951 1 0 2 5 9  
(CRlIDE) 1 8 9 8 6  1 8 W 6  
(:O-PRUDUCTS/P~SOC, GAS) 1 5 4 0  3 3 2 4  5 t b 9  
(SYNTHETICS)  
(.9HALE) LOO 100,  
(OIWECT S O L h R f i E O )  E  b3 

I U P J P T S I  1 9 1 8 -  - Z S l 8 P  1 9 1 3  2 3 1 8 0  
1CfiUOE) 16&7  1 l b 4 l l '  
tPRODUCT8) 67.1 8  6 7 1 8  . 
( L h C )  . 9 7 8  9 7 8  
(CANADIAN/MEXIZAN)  9 3 5  . 9 3 5  
(COAL) 1315-  19'.B- . . - . -  - -  - -  . . .  .-I-.-- ------ .--we. -.---- ------ 

~ O T L L  SUPPLV 2062 '5  u r g i e .  1 9 1 7 8  a u 0 2 2  . . b 2 3 1  ozzo  P U O T S  1 0 2 5 9  
G ~ l u S ( * l  /CUSSE5(.) . ' 3bO- , 8 5 1 -  
~ * - - t - C - - . - - - - - L . - - . - - - - . - . - - . C . - - - - - . ~ ~ * - - - - - - - - . - ~ ~ ~ ~ - - - - - - - - - - - . - - - - - - ~ ~ - - ~ - ~ - ~ ~ - - - - ~ ~ - - - - - - ~ ~ ~ - - ~ - - * - - - - - - ~ - ~ ~ - - . - .  

. . 
:ONSUMPTlOhl 

R E S l D E N l l A L  2  U  3838 5 0 3 6  . 9 2 F e  . $8  9 3 8 b  9 9 1 0  1 8 9 0 0  2 8 3 1  1 2 2 1 1  
ccn-E R C I ~ L  1 3  3 5 5 9  1 9 1 2  s s e 3  T : 5 5 5 5  7 8 6 4  1 5 0 1 9  ' 2 3 u o  T ~ P S  
I t i D U b l H l P L  . a.10 ! 1 2 b 3  1 0 1 7 9  2 6 3 5 2  10' 2 b 1 5 6  1 3 9 1 7  PO373  a 1 4 2  3 0 5 9 8  

' Tf?A.VSYGRTAT]bN 2 0 9 5 U  0 1 1  2 1 3 6 5  2 1 3 b 5  Ob 2 1 4 1 2  1 4  21 '379  
ELECTRICAL GEN8RATIOh ! S t 9 2  3 3 5 5  E l l 2  2 0 9 5 B  6 2 S I  > P S I  S l l U b  9 3 2 7 -  
SYNTHETICS . Z O B  e.! e 9 0 0 -  I P ~  1  q b  - .  - -  -----. - *I---- ------ ---*-- ----*- *----- ,---,- *---*- 

'OJAL CONSUMPl ICk  . Z O b u  ~ 3 8 5 6  . ~ P I S ~  8 3 6 5 3  6 2 3 1  , 4 2 2 ~  9 ~ 1 0 1  3 1 3 4 2  9 0 1 0 4  7 2 0 9 0  
-----..-----.*.----------------------*--.-------*--------*------.--*-------.------------------.--------*-.-----.----.--------- 

NOTE: CIS CCNBUMPTIUN I& THE T R A N S P Z R T A T I O ~ ~  SECTOR.  INCLUOES N~TJRIL  GAS T R A N S P D R T A T X O N  LOSSES. 
I N D L S ~ P I A L '  CONSUMPTIOh INCLUCES REFINERY FUEL c O N S U U P T I ~ M .  
LOSSES P R €  R E F X N E ~ Y  C w l t r ( I N G  LOSSES &NO E L t t T R I C l T V  T R A N S 4 l S S l P 1  C0S3ES. . .  
HYO/SaL/GEO ENTUV EBT l rdATES BW COWBUMPTION FOR d h  EOUIVALENT FDSSJL  FUEL PLANT AT 1 0 0 0 0  BTu/uwH, 
NUCCfLR ENT*Y E S T l m A T E t  8 1 2  CWSUMPTION FOR AN E > U I v A L E N T  POSSI; IWC P L A N T  AT 1 lOOO BTU/I(wW. 
S U P S r / O E * A N D  I r l 0 ~ L A N C t S  MAY BE OUE TO ERRORS W I r H I N  THE C G U l L I a R b T 3 0 N  CONVERGENCE TOLERANCE 
Oh r v E q n G E  6 T U  CONVE2SION OF IGGUEGATEB. 
O I R E C l  SOLAR/GEO SUPaLp  INCLUCES F O S S I L  FUEL OEf l INO REPLACEHEMI I N  TBTVS OF I I 9 . 8 b  
AN0 E L E C T R I C I T Y  OEMAUO M E P L ~ C E ~ E U T  AT ; b o o 0  BTUS!KWU OF DIMAND I N  T3TU9 OF l(13.50 

TOTAL SUPP.Y QUADS NET OF Y E F l N E R v  C?A.C#ING L O 8 5 1  94 .11  
TOTAL GROSS W A D S  CONSUnEDl 91.10 



TABLE 1-19 

PbGE 1 0  -------------..------------------------- 
1 9 8 5  RID-RbNGE/lkENOLONG SCENARIO 
WITH NATURAL GAS REGULATION 

OIL I m p o u r  PRICE: 15.32 
RUN OATEt 6.09 
I----.-----------------------------..--- 

COAL REGIONAL PRODUCTION SUMUARY I N  MILLION SHORT .TONS PER YEAR (BY MINE TYPE)  

---------------------------.-------------------.-----------------------------------------.------------------------------------* 
L O N  SULFUR MEDIUM SULFUR ~ I G H  SULFUR PRE~IUM T O T A L  1 9 7 s  G R O W T H  

REGION SUUFbCE DEEP SURFACE DEEP SURFACE DEEP SURFACE DEEP SURFACE DEEP TOTAL TOTAL RATE 

. - - - .  - - -  
'IIOLiEBT . ' 1 r U  3 3  l i . 8  06.3 102.6 09.5 1 1 6 ; ~  1 6 6 ; ~  131;l 2.0 

---.-i --om-. ---r-. rr-r-. --r-r- r.-r-r -r--r. r - - - - r  r-rr-- r---rr -----r I.-.-. ..---r 

TOTAL EAST 19.3 18.9 61.8 159.9 99.0 115.8 39.9 105.5 . 220.0 UbO.1 b8O.l 538.9 2.0 

CENTRAL NERT 
GULF 
N.E. GHEAT PLPINS 1.1 
N.W. GREAT PLAINS 100.8 
ROCfiIES 1  m l  

SOUTduEST 5.0 
NOHTtidEST 5.1 
~ L A S K A  . 8  ------ 

TOTAL NEST 1S5,O 

--*--. .---.- ---". ------ .--*-- --.--- ------ ---rr- r - m - r r  ----re r----. - 0 - r - e  *----I 

TOTAL U.9. 1 7 u . l  51.9 115.1 1 6 2 1 1  lOb.8 191.0 Ul .1 111.0 498.2 f l b . 5 ' 1 0 1 ? , 1  639.9 0.1 



TABLE 1 - 2 0  

PAGE 2 1  ........................................ 
1 9 8 5  MID-RAhGEITYEN7LONG SCENARIO 
WlTM NATURAL GAS StGULATION 

O I L  IMPORT PRICE1 15.32 
RUN D b T E l  ' 6.09 
.-----------C.--.l---------------.-----. 

DEKANh QEGIUI* Q E T A l L  PRICE SUMMARY 1 N  8978 3 1  STANDARD PkYSlCAL.  UNIT 
- - - . -C ' - . - - - - I ' - - - - - - - - - - - - - - , - - - r r - - - - - . - . - - . - . - - - . -~ - - - - - - - - - - - - - - - - . - . - - - - - - - . - . - - - - - - - - - - . - . - . - - - - - - - - - - - - - . - - . - - - - - *  

DEMAND RESIOYB 
SECOOR(FUEL:~ . b e ~ L G .  NYINJ M I D - ~ T L  9 . - ~ T L   IDW WEST $.-#EST :ENTRPL' N -CNTRL YEST N. -YEST T O T ~ L  ----------.----- ------.-----.----------...------.---.----.------------------.-.------------.-*------------------. 

R E ~ I D E ~ Y I ~ ~ ;  
(ELECT.) '. '45.78 50.69 48.80 39.06 92.76 41.14 05.28 30.59 4 ~ ~ 5 9  19.94 
(DIST.) 22.69 23.17 24.26 20.69 22.:4 822.19 21,50 22.61 22.40 22.40 
( L G I  ' 15.62 16.08 17.33 17.33 15.99 15.15 15.69 1b.32 15.80 1 5 1 8 0  
( C O A L ]  , 51.c8 .48.79 06.67 ~ 9 . ~ 5  05.95 . 42 .10  43.85 56.97 45.73 41.78 
(KG,)- , 4.67 0 . 2 6 '  5.69 3.25 3.20 2.68 2.16 2.39 3.4b 3 , l b  

CIH*EYCTPL 
(ELECT,) . . B5,eCb 60.79 06.85 39.51 02.b8 39 ,C7 4U.37 31.68 00.35 19.86 
(DIST.1  ?1.27 2 1 - 6 8  21.95 21.98 21.00 Z l . t B  20.50 21.25 20.76 20.76 
IRES1D.I 16.20 1 8 - 8 0  20.75 18.41 19.04 l B , e Q  19.63 19.04 18.35 . 1 7 . 9 0  

. ( L G I  13.10 13 .10  13.10 13.10 13.(19 13 ,LO 13.88 13.93 13.10 l S r 1 0  
(COt,Ll 51.a8 08.79 46.67 09.45 4S.PS YZ170  U3.85 36.97 45.73 41.18 
( A S P U A L T : ~  19.19 19.19 19.19 19.08 19.17 18,.83 18.93 19.21 18.42 18.02 
OrG) ' . 3.P8 3.63 ' 3.20 2 - 7 2  2 .Cb.  2b.SP 5.60 ' 3.25 2.92 3.15 

F I* w d T E R I r L *  
[LG) . '  Itr.BT 18.87 18;87 18.14 18 .e2  1 8 0 p 4  18.47 16.68 18.07 18.07 
( O I L )  1 9 - 1 9  19.19 '19.19 19.08 7 18.83 18.93 9 2  1 4 2  18.42 

( N G )  . . 3 . S 9  2.92 2.77 2.26 2 .52  2.2%. 5.20 2 7 3  2.52 2 - 4 4  
. . 

I U D U S T R I A L ~ * *  
(ELECT,) 37.Q0 32.72 38.89 33.40 53 .76  33.m 37.9b 26.58 7 13.19 
(OIST.) 21.2b 21.57 22.52 2 2 . u b '  21 .C2 21-17 2 0 r 4 6 .  21.46 20.7b 20.76 
(RESIC,) 1b.55 I'+.U5 20.22 16.20 1 9 . 4 9  1 8 - 1 9  19.49 18.70 18.33 18.b8 

. ILG)  lu .b7  15 .0 t  15.82 15.89 1 5 - 3 1  14.85 15.07 15.06 14.81 14.81 
(CDbL) 51.UR. U5.79 ob.67 U9.05 05.93 12.7C 03.85 36.97 U S . 7 3 '  01.78 
(MET COAL**) tCb.24 105.uQ 102.67 106.05 103.e2 116.55 :02.07 108.97 119.10 122.36 
( v A P M T H A :  . 18.87 18.87 18.87 l b . 7 4  . ) 8 . 8 2  IBmU'3 1 . L 4 7  1 8 - 6 8  18.07 18.07 

. (NG) 3.39 2 . 9 2 ' 2 . 7 7  2 - 5 1  2.52 2.21 3.*24 2.73 2 1 5 2 ' 2 . 4 4  

~!?hKSP'JRTAI JON 
(ELECT.) U3.00 09.05 43.58 3b.65 38.00 Sb.93. 42.01 30.96 39.18 16.95 
t o r s r . )  2 7 . 9 ~  28.25 2 9 , ~ ~  ~ P , I P  2 1 . ~ 0  ?T.BS 21.14 2 8 , i b  2 7 . 0 ~  Z T * O O  
(RESID.1 i 8 . 5 5  19.45 20.22 IR .20  19..fl9 10.71 , 1 9 . 4 4  l S 1 7 0  , 1 8 . 3 3  16.68 
( L G I  13.10 1 3 e 1 0  13.10 . lS.10 l S v 9 9  13.11 13.88 13.95 I s m 1 0  13.10 
(G&SOCIhE) S1.11 3 2 . 8 9 .  3 l e 5 9  31.15 5lt&!Q S0.00 30.59 30.79 51.54 1 31.28 
(JET FUEL) .22,9'3 tS.5P 25.05 15.30 2 2 a 6 5  2 3 - 2 3  2 l r 9 l  23 .22  22.84 LZ.bu 23.51 

----------.-.--i---.----------..-------.-------.----------.--.-------.---------------------------------------------------.--. 

~LIOVID G A E  x h  rnE aA* M A T E R I A L  SECTUS I ~ L U D E S  LIOUIO G A S  F E E O S T O C U ,  
* * M E T  COIL INCLJOES 7 0 %  Y w E r I u n  CWL AND 3 o z  RITUHINDUS LOI. SULFUH COAL, 
* = * I N O u S T k I n L  SiCTOR HEHE OOES MOT IhCLUDL REFINERIES. 



PrGe 22 
---.----------I------------------------. 

1 9 8 5  ?ID-RINGE/.TIENOLONG SCENARIO 
N I T U  NATURAL GAS WEGULATION 

OIL IMPORT PRICEI 15.32 
. QUN DITEI  b e 0 9  , 

*-----------------------------------.--- 
DEMAN? UEGIUN AVEPAGE k E T A I L  PHICE SU*mARV I h  1 9 7 8  S I M I L L I O N  RTUS 

- - - - . - - - r - . r - - - r - - C - - - - - - - - - - - - - - . - - - - - . - - - - - - - - - - - - - - - . - - - - - ~ - ~ ~ ~ ~ - . C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ . ~ ~ ~  

. - - - - - - - - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - . - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - . - - - - -w  

HESIOE~dTIAL 5.12 5.68 6.21 8.00 0.61 5.20 0.46 0.16 5.60 0.83 5.05 
(ELECT.) 13,4@ 16.03 10.32 11.45 12.53 12.06 13.27 10.10 12.71 5.8U 1 2 8 0 5  
( O I S l . )  3.90 5 - 9 0  1 7  4 - 2 4  3.80 3.91 3.70 3.68 3.85 3.85 3.93 
(LG) 5 - 9 0  4.01 U.32 0.32 3 1 9 9  3.92 3.91 0.01 3.99 3.90 4,OO 
(COAL) 2 2 - 1 1  ?107 2.20 2.00 1.90 1.95 1.60 2.03 1.86 2.08 
(NG) 4.53 1 3  3.57 3.14 3.10 2.00 2.09 2.26 3.35 3.65 3.08 

COMMEICIAL 4.61 6.09 6.55 6.79 5.23 6.10 6.18 5.39 6.88 4.22 5.92 
(ELECT.) 13.38 17.82 13.13 l l e S 8  2 5  11.45 13.00 9.28 11.83 5.62 12.33 
( 0 I S T . I  3 e b 5  3.12 3.77 3.17 5 - 6 1  3.b5 5 - 5 2  3.65 3.56 3.56 3.b7 
(RESID.) 2.P9 2.89 3 - 3 0  2.93 3.12 3.00 3.12 5 - 0 3  2 - 9 2  2.85 3.01 
1LG) 3.27 3.e7 3.21 3.27 3.49 7 S . U ~  3.47 2 3.21 3.38 
(COAL) 2.29 2.11 2.07 2,20 2.00 1.90 1.95 1.60 2.03 1.86 2.08 
(ASPHALT) 3.20 3.20 5.20 3.18 3.21 3.14 3.15 5 - 2 0  3.07 3.07 3.17 
(NGI 3.85 3.52 0 3 2 7 7  2.51 3.49 3.13 2.83 3.05 LIPS 

RAW MATERIAL* 3.43 3.35 3.18 2.92 3.25 3.21 3.29 3 . 2  3.08 2.92 3.22 
(LC)  3.60 3.60 3.bO 7 3.59 3.52 3.52 Se56 3.00 SeQQ 3.53 
( O I L )  3.20 3.20 3.20 3 1 1 8  3 2 1  3 1  3.15 3.20 3.07 3.07 3.16 
(NG) 3.28 2.83 z.68 2.19 2.0U 2.21 3.14 2.b5 2.00 2.37 2.36 

l N D U S T 2 I I L * * *  u.90 PrOO 0 ~ 7 5  5.29 0.03 3.04 5 r 0 0  3.50 3.95 3.30 0.11 
(ELECT.) 11.13 9 - 5 9  I l . 4 0  9.80 9.90 9.76 11.13 7.79 10.07 3.87 9.bU 
(OXST.) 3.b5 3.70 3.87 3.86 1 3.bU 3.51 3.bQ 3.56 3.56 3.68 
(RESIO.) 2.95 3.09 3 2.89 3 0  2.99 3.09 2.97 2.92 2.91 3.01 
(LC) 3.66 3.10 3.95 3.96 3.82 3 1 0  1 3.85 1.69 3.69 3.79 
( C O A L )  2.29 2.17 2.07 2.20 2.6Q 1.90 1.95 1.64 2.03 1.86 2.02 
( * E l  COAL*r)  4.01 3.90 3.80 3.93 3.85 3.95 3.78 4.00 4 . 0  4.53 3.8b 
(NAPHTHA)  3 6  5 - 6 0  3 - 6 0  3.57 Sr5Q 3.52 3.52 3.56 3.40 3.49 3.55 
(YG 3.2 ? r 8 3  2.6s 2 - 2 9  2.00 2 2 1  3.10 2.65 2eQO 2.37 2.35 
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* L I U U I O  GAS I N  7WF Rb* MATERI IL  SECTOR INCLUDES L IQUIO'  GAS FEEDSTOCK. 
**MET C O I L  INCLUDE6 ?OX PREMIUn CUAL AND 3OX BITUMINOUS LON SULFUR COAL, 
* * * INOUSTRIAL SECTLR HERE DOES NOT lNCLUDE fiEFINERIES. 



t o  b e  $1..77 p e r  m i l l i o n  B T U 1 s  and $ 1 . 7 1  p e r  m i l l i o n  B T U ' s ,  r e s p e c -  

t i v e l y .  

The R e s t r a i n t  S c e n a r i o  

The PIES r u n s  r e f l e c t i n g  t h e  R e s t r a i n t  s c e n a r i o  a r e  n o t  a v a i l -  

a b l e  a s  o f  t h i s  r e p o r t .  Ho~vever, t h e  ones which a r e  forthcoming a r e  

s e t  up t o  a l l o w  f o r  an  i n c r e a s e  o f  t h e  mid-range B a s e l i n e  1 r a t e s  

of  r e t u r n  by 2  p e r c e n t a g e  p o i n t s  each.  The r a t i o n a l e  i s  t h a t  

t h e  e s t a b l i s h m e n t  o f  restraint by law w i l l  e f f e c t i v e l y  erect 

b a r r i e r &  t o  e n t r y  i n  t h c  c o a l  i n d u s t r y  which s p e c - i f i c a l l y  bar 

t h e  most l i k e l y  p o t e n t i a l  e n t r a n t s  ( o i l  f i r m s ) .  The d i r e c t  

impact  o f  t h i s ,  as i n t e r p r c t c d  i n  t h e  model., would b e  t h e  i n c r e a s e  

i n  ROR f o r  b o t h  o i l  and n o n - o i l .  Both ownership c l a s s e s  of e x i s -  

t i n g  f i r m s  g a i n  and a r e  a b l e  t o  r a i s e  ROR w i t h o u t  a t t r a c t i n g  

e n t r a n t s .  We e x p e c t  t h i s  run  t o  show t h a t ,  r e l a t i v e  t o  B a s e l i n e  1, 

r e s t r a i n t  w i l l  cause l e s s  q u a n t i t y  and h i g h e r  prices i n  1985 .  

Comparison of  S c o n a r i o s  

Table 1-22 p r e s e n t s  t h e  v a r i o u s  runs  and t h e i r  assumpt ions .  

A s  mentioned ' b e f o r e ,  because  o f  o t h e r  p r i o r i t i e s , .  DOE cannot  

run  t h e  r e q u i , s i t y  PIES r u n s '  f o r  a l l  of  t h e s e  runs  a t  t h i s  t ime.  

We do have 'PIES.  r e s u l t s  Tor some of  t h e  more b a s i c  r u n s ,  however. 

The r e s t  w i l l  be  p r e s e n t e d  i n  o u r  addendum. 



TABLE 1 - 2 2  

SUIWARY OF RUN ASSUMPTIONS 

Scenar io  .. 

Base l ine  1 

Lower 

Mid 

Upper 

Base l ine  2 

Lower 

Mid 

Upper 

To ta l  D i v e s t i t u r e  

Lower 

Mid 

Up pe r 

R e s t r a i n t  

Lower 

Mid 

IJpper 

.,-- 

% A  

O i l  C a p i t a l  
Costs 

. _ _ .  

- - 

- - 

- - 

- - 

- - 
. . 

. +;, 

+ l o  

+ 20 

- - 

- - 

- - 

ROR 
,, O i  1 

% 

.1 

3 

8 

8 

10 

1 3  

8 

8 

8 

3 

5 

'8 

O i l  
Wages 

- - 

- - 

- - 

- - 

- - 

- - 

+5 

+10 

+ 2 0 '  

- - 

- - 

- - 

RO R 
Nonoil 

% 

8 

8 

8 

(3 

8 

8 

8 

8 

8 

8 

10 

13  



We compare t h r e e  r u n s  h e r e .  We compare B a s e l i n e  1 t o  T o t a l  

D i v e s t i t u r e  and B a s e l i n e  2 t o  T o t a l  D i v e s t i t u r e .  F G ~  B a s e l i n e  1 

and T o t a l  D i v e s - t i t u r e  t h e  midrange c a s e s  a r e  p r e s e n t e d  whi l e  

f o r  B a s e l i n e  2 ,  t h e  u p p e r  c a s e  i s  p r e s e n t e d .  The r e s u l t s  ' o f  

t h e s e  r u n s  a r e  summarized i n  Table  1-23 .  . 
A s  Table  I - 23'. c l e a r l y  ' i n d i c a t e s ,  t h e  . r e s u l t s  a r e  depea.dent 

. . 
upon o n e ' s  a s sumpt ion  a b o u t  t h e  b a s e l i n e .  . I f  ~ a s e l ' i n e  3 i .s  . 

b e l i e v e d ,  i . e . ,  syne rg i sm and growth maximiza t ion  a r e  p o s s i h i l i t i u s ,  

t h e n  t h e  impos i t io l i  o f  T o t a l  D i v e s t i t u r e  w i l l  lower q u a n t i t i e s  

o f  c o a l  a v a i l a h ' l e  i n  1985 and il- crease t h e  p r i c e .  I f  one 

b e l i e v e s  t h a t  B a s e l i n e  2 i s  more r e a l i s t i c ,  i . e . ,  monopoly power 

a l l o w s  h.iglier r a t e s  o f  r e t u r n  t o  be  e a r n e d  by o i l  companies on 

t h e i r  c o a l  a s s e t s ,  t h e n  t h e  o p p o s i t e  r e s u l t  i s  o b t a i n e d .  Comparing 

T o t a l  D i v e s t i t u r e  t o  B a s e l i n e  2 y i e . l d s  a n  i n c r e a s e  i n  c o a l  

a v a i l a b l e  and  d e c r e a s e  in. p r i c e .  

The q u a n t i t y  d i f f e r e n c e s  a r e  s m a l l  and rough ly  s y m m e t r i . ~  jra 

t h e  two compar isons .  l'he change i n  q u a n t i t y  under  T o t a l  Dives-  

+ 
t i t u r e  i s  a p p r o x i m a t e l y  - 1 . 5 % .  For p r i c e s ,  however,  go ing  from 

B a s e l i n e  1 t o  T o t a l  ~ i v e s t i t u r e  y i e l d s  approx ima te ly  o 6 %  i n c r e a s e  

i n  t h e  i n d u s t r i a l  pr ' i ce .  o f  c o a l .  Conver sc ly ,  fro111 B a s e l i n e  2 

t o  T o t a l  D i v e s t i t u r e  would o n l y  y i e l d  approx ima te ly  a 1 0 %  d e c r e a s e  

i n  p r i c e .  



TABLE 1-23 

SUMMARY OF PRICE AND QUANTITY 
FORECASTS FOR 1985 UNDER 
ALTERNATIVE ASSUMPTIONS 

Scenario, 

Baseline 1 

Baseline 2 

Total, Divestiture 

1985 Production 

1,029.7 

1,002..7 

1,014.7 

1985 Ind. Price 

$36.49 

48.56 
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CHAPTER 2-1 

THE ECONOMICS OF DIVESTITURE 

There are four main ways in which divestiture may affect the 

behavior or performance of the coal industry in directions that 

are relevant to this study. The first is through so-called 

"synergistic" effects, e.g., useful technology that might fail 

to be transferred'to coal from.'oil if- oil companies'were not. 
. . 

present in the coal industry. The second is effectsof possible 

differences in the investment and growth policies of oil corn- 
. . 

panies owning coal reserves compared to the'corresponding. 

policies of'companies that might'succeed them.. The third is the 
. . 

effects on depletion rates and the fourth is through effects on the 
. . . . 

competitive behavior of the co.al industry as.a'whole resulting 

from thi presence or absence of oil companies. .Followtng a 

general discussion, these four' elements are discussed in turn. 

f ow should the "eviction" of a..certain type of company from 
. . . . 

a .  certain industry affect the subsequent performance of that 
. . 

industry? Subsequent performance, can be significantly affected . . 
. . 

if, and only if, the -companies that succeed the, evicted companies 

have . . .  both the desire a n d  the mkans to beha~e/~erform differently 
. . 

'from the' evicted companies, in. this case ,. coal-owning. oil 

..companies. . A considerable ?ortion of traditional economic 

.'theory has nothing whatsoever to say 'on this question; as, it 

assumes..that the behavior . . or performance.of firms. and industries 

is. determined mainly by. conditions 'that .t,ransce;nd any motives 

that firms of different types  night o r  might 1iu.t possess.. 



There exists, however, .an alternative group of economic theories 

w-hicll may 'be referred to as "discretionary" or "managerial" 

theories, that do provide some answers to these questions.. 

These theories can be combined with rel.evant aspects of tradi- 

tional theory to provide a useful. framework for the divestiture 

problem. 

The Economic Implications of Legislative Divestiture 

Divestiture prohibits a class of firms from continuing to 

carry on a certain tygc of business. It may rcquirc that all 

firms of the class divest themselves of their existing assets 

in that business, or it may only prcvent futurc acquisitions. 

The first kind of action may be called divestiture proper, the 

second, restraint. Assuming that the type of business in ques- 

tion (e-g., the coal business) is profitable, and also that 

other classes of firms will not legally be rcstrained from entry, 

one may assume that in the case of divestiture proper some other 

firms--either already in the industry or from outside--will 

wholly or partly seek entry into the divested activity. In the 

case of restraint, some part of any expected future growth of 

the industry that would otherwise have been accounted for by 

restrained companies, e.g., oil-owned coal companies, will be taken 

up by othcr organizations cithcr from within or outsidc thc industry. 

In the case of ei'ther' divestiture or restraint it is convenient to 

speak of organizations that may replace the actual or potential 

coal production of oil-owned coal companies as llsuccessor" firms. 

Th.e possible differences in the policies of~successor companies, 



as compared with either oil companies or existing non-oil coal 

companies are obviously crucial elements in this inquiry. 

Private industrial corporations are free to vary their 

policies with respect to investment and output if, and only if, 

circumstances are such as to endow them with economic discre- 

ti0n.l' Divestiture or restraint can affect policies, therefore', 

only if discretionary circumstances are already present or are. 

created by the legislation itself. Otherwise divested organi- 

zations and successor organizations must behave identically and 

neither divestiture nor restraint will significantly affect the 

coal market. 

Necessary conditions for divestiture to have significant 

economic effects are not however sufficient conditions. ~t is 

also necessary that divested and successor.firms not only have 

the means to behave differently from one- another but also wish 

to do so. In addition to the economics of discretionary behavior, 

we are also required to consider the general theory of business ,.. 

motivation;. in particular, as i t  predicts that the motives of one 

type of corporation, such as an oil company in the coal business, 

may differ or not differ from that of another type of business 

2 /' such as an independent coal operator.- 

1/ "Economic discretion" is. said to exist when firms who 
pursue policies, other than those which strictly maximize the 
financial returns to stockholders can at least survive and 
probably prosper. See 0. E..Williamson, The Economics of 
Discretionary Behavior, - 1964. 

2 /  For background, see Williamson, ibid., and/or Marris, 
"A. ~ s d e l  of the Managerial Enterprise," Quarterly Journal of 
~conomics (19G3). 



Let us assume that oil companies have the necessary discre- 

tion to choose and execute policies that could differ signifi- 

cantly from those of successor companies. They are conglomerates 

by'virtue of their diversification into coal and other activities; 

their' main business, oil, i s  conducted. under conditions far from 

pure competition, and the coal business itself, though more com- 

petitive than the oil business, is more appropriately described 

as "low-level oligopolyw/ than perfect competition. Therefore, 

with respkct to investment, technological, and-output decisions, 

oil.companies in the coal industry are by no means confined to a 

narrow framework; for example, they are to a...considerable extent. 

free to choose whether to devote. available cash to, developing 
. . 

their coal interests quickly, or alternatively to.delay develop- 

ment while employing the.same cash resources in.non-coal activi- 

ties or. in purrfolio Investment. ,-They may choose different 

depletion rates (see discussion below) from other owners or 

lessors of coal reserves, a type of action that is,.of course, 

the obverse of different investment policies.' 

Oil companies may also possess different technological 

resources from other companies and might have, in this respect, 
. . 

the me.ans for performance different from non-oil-owned coal 

companies in the coal industry. A difference in technological 

orientation and know-how among oil companies could be transferred 

3/ , A  technfcal expression for conditions in which. the .effec-. 
tive-number of producers in.a defined market is.too large for, 
sophisticated cooperation but small enough relative to the rele- 
vant conditions, that'simple interdependent behavior will occur. 



t h rough  d i r e c t  inves tment  i n t o  c o a l  mining t echno logy  i n  t h e i r  

c o a l  s u b s i d i a r i e s ;  d i v e s t i t u r e  would b a r  t h i s  t r a n s f e r  and t h u s  

a f - fec t .  t h e  t e c h n o l o g i c a l  devel'opment o f  t h e  c o a l  i n d u s t r y .  The 

i m p l i c a t i o n s  o f  t h i s  p o i n t ,  which i s  based. on t h e  i d e a  o f  

"synergy" between t h e  t e c h n o l o g i c a l ,  a d m i n i s t r a t i v e  and cornmerL 
. . 

c i a 1  f u n c t i o n s  o f  b u s i n e s s  c o r p o r a t i o n s  i s  f u r t h e r  d i s c u s s e d  

below. I t s  s i g n i f i c ' a n c e  depends on t h e  e x t e n t  t o  which the ,  

t echno logy  i n  q u e s t i o n , . i f  b a r r e d  from t r a n s f e r  by t h e  d i r e c t -  
. . 

i nves tmen t  r o u t e  would not , ,  i n  t h e  e v e n t  o f  d i v e s t i t u t e ,  e v e n t u a l l y  

f i n d  i t s  way i n t o  t h e  c o a l  i n d u s t r y  by a l t e r n a t i v e  r o u t e s .  

I t  h a s  a l s o  been argued t h a t  o i l  companies have ,  g e n e r a l ,  
.. . 

a c c e s s  t o  e i t h e r  l a r g e r ,  a n d / o r  cheaper  s u p p l i e s  o f  c a p i t a l  

t h a n  s u c c e s s u r  companies might have. , .  I f  i t  i s  t r u e  t h a t  ' o i l  

companies . . .have a c c e s s  t o  r e l a t i v e l y  cheaper  s u p p l i e s  o f  c a p i t a l  

t h a n  s u c c e s s o r  companies,  non- 'd ives t i tu r ' e  w i l l  a f f e c t  c o a l  

i n d u s t r y  performance.  o n l y  i f  t h e  cheaper  c a p i t a l  r e s u l t s  i n  i n -  

ves tmen t s  i n  c o a l  which would y i e l d  lower e x p e c t e d . r a t e s  of  

r e t u r n  t h a n  would be r e q u i r e d  by s 'uccessor  companies. To assume 

t h a t  o i l  companies would behave i n .  t h i s  way i s  a  l a r g e r  s t e p  t h a n  

i s  sometimes supposed,  and by no m e a n . s , n e c e s s a r i l y  a  l o g i c a l  s t e p .  

There 'is no p r e s u m p t i o n  t h a t  mere , o f  cheap c a p i t a l  ' i s  

, . reason enough f o r  u n d e r t a k i n g  r e l a t i v e l y  l o ~ ' - ~ i e l d i n ~  

i n v e s t m e n t s  when,. a s ' i s  e v i d e n t l y  t h e  . c a s e  f o r  o i l  companies,  
. . . . 

o t h e r  inves tmen t  o u t l e t s  a r e  a l s o  a v a i l a b l e .  For example,  i f  

o i l  companies were s t r i c t l y  mot iva ted  t o  maximize t h e  i n t e r e s t s  

o f  t h e i r  ' s t o c k h o l d e r s ,  it might be -argued ( p a r t i c u l . a r l y  i f  



"synergistic" effects are discounted) that if oil companies have 

excess cash, this should be returned to stockholders to reinvest 

according to their individual expectations and interests 

lternatively, if management believes that it has access to a 

range of better investment opportunities (including skilled port- 

folio management) than do individual stockholaers acting alone, rather 

than undertake low-yielding investments in coal, it might be better 

for stockholders of the comp~nj.es  to invc5t in o the r  industries or 

in portfolios. Consequently, if oil companies do, and non-oil com- 

v a ~ l i e s  do not, in fact, strictly pursue policies which maximize 

stockholder welfare, divestiture would have no economic impact. 

There is, however, some empirical evidence that large corpora- 

tions, although considerably influenced by stockholder interests, 

4 /  do not pursue policies that strictly maximize such interests.- 

Any investigation of the economic impart of Rivcstiture J I I U S L ,  

therefore, take account oP alternative objectives. It is there- 

fore necessary, in order to study thc divestilure problem, to 

c u ~ ~ l b i n e  appropriate elements of ",traditional" economic theory 

with elements from the theories that have developed over the past 

twcnty years that are e s p e c i a l l y  concernad with the implica.tions 

of the presence of multiple objectives in the decision-making 

and general behavior of large business corporations. 

4 /  See, for example, W.J. Baumol, Business Behavior Values 
and Growth. 1959: R. Marris. OD. cit.: Williamson. on. cit.: 

I ' A  - 
m - ~ h e  ~;onomic Theory o f ~ a i a ~ e r i a l "  Capitalism, Chaps. 
2 and 5, 1964;DennisMueller,e~ofers," . . , 1969; ~ennis ~ueller,.'!A ~ i f e -  

nal of Industrial Econdmics, 1972; 
Dennis' Mueller and Henry Grabowski. "Managerial and Stockholder- 
Welfare Models of Firm ~x~enditures ," ~ e v i e w  of Economics and 
Statistics. 1972. 



As regards the "traditional" elements, the appropriate 

aspects relate to (i) price formation and (ii) investment and 

growth decisions, which will now be discussed in that order. 

The question of price formation is essentially the question 

of the determination of the supply curve; that is, the schedule 

of the outputs of different types of coal that will be produced 

on alternative assumptions concerning the prices the different 

grades will command. In economic theory'concerned with less than 

competitive'conditions, firms do not "take" prices but rather 

"make" them, so no supply curve strictly exists. But in the case 

of "low-level oligopoly," it is possible to obtain a reasonable 

approximation to a realistic characterization of the general 

situation by assuming that once the price level has been (oligo- 

polistically) determined, -firms will behave as if they were 

"price takers" so that a supply curve may bespecified. A com- 

plex supply curve is built-into PIES, on the assumption that as 

progressively higher prices are assumcd, new hypothetical coal 

mines (with specified. production-cost characteristics) will 
. . 

become econorni~'~tcs operate, and will place on the market pre- 

determined quantities of coal of a specified grade and geogra- 

phical location. 

In traditional theory a person who owns or leases a natural 

resource will determine the time-path of output from the reserve 

(and hence the investment policy) on the criterion of maximizing 

the discounted present value of expected future net.cash flow. 

Such a person or institution, will not pay for a leasc or for 



ownership  u n l e s s  maximized d i s c o u n t e d  p r e s e n t  v a l u e ' e x c e e d s  t h e  

c o s t  o f  a c q u i r i n g  t h e  r i g h t  by an  amount t h a t  r e p r e s e n t s  a  

g r e a t e r  r e t u r n  t h a n  any  a l t e r n a t i v e  u s e  o f  inves tmen t  funds .  

A f t e r  a  r i g h t  h a s  been a c q u i r e d ,  however, i f  economic c i rcum-  

s t a n c e s  move a d v e r s e l y  t o  make t h e  d i scoun ted  p r e s e n t  v a l u e  lower . 

t h a n  had been a n t i c i p a t e d ,  some p r o d u c t i o n  w i l l  c o n t i n u e  u n l e s s  

t h e ' d i s c o u n t e d  p r e s e n t '  v a l u e  f a l l s  t o  zero .    he N a t i o n a l  Coal  

Supply Model con . t a ins  a r a t e  of r e t u r n  (ROTC) t h a t  i s . . t o  b e  r e -  

g a r d e d  a s . a .  s p e c i f i c .  e l emen t  i n  l o n g - r u n  u n i t  c o s t s ,  The supp1.y 

o f  ' any  g rade  o f .  c o a l  p r e d i c t e d  t o  be.  o f f e r e d  f o r  saIc a t  a  

s p e c i f i e d  p r i c e  i s  c a l c u l a t e d  on t h e  assumpt ion  t h a t  any  mine 

t h a t  o f f e r s  a  p o s i t i v e  d i s c o u n t e d  p r e s e n t  value  on ' t h e  assumed 

ROR w i l l  i n  f a c t  b e  b r o u g h t  i n t o  o r  k e p t  i n ' o p e r a t i o n ,  and t h a t  

f rom i t ,  a  f i x e d  o u t p u t  (de te rmined  by assumed c a p a c i t y )  w i l l  
5 /  - 

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

rhe  e n t l r e  s u p p l y  c,urve o f  t h e  coal ind1.1stry a p p r o p r i a t e  to t he  

i n d i c a t e d  r a t e  o f  r e t u r n .  A lower r a t e  o f ' r e t . l ~ r n  w i l l  s h i f t  t h c  
6/ - 

s u p p l y  cu rve  downwards , a  h i g h e r  r a t e  upwards. The PIES 

r a t e  o f  r e t u r n  s h o u l d  b e  r e g a r d e d  a s  a  " r e a l "  r a t e  o f  r e t u r n  

s u c h  a s  would r u l e  i f  no long-  term i n f l a t i o n  o f  p r i c e s  and c o s t s  

in t h e  economy a t  l a r g e  were g e n e r a l l y  a n t i c i p a t e d :  t h e  pr ices  

p r e d i c t e d  on t h e  s u p p l y  c u r v e  a r e  . t h e r e f o r e  t o  b e  r e g a r d e $ . a s  

i n f l a t i o n - f r e e  p r i c e s ;  t h e y  p r e d i c t , .  i n  e f fcr . t ,  the iiiuverrrcnts 

5/ PIES a b s t r a c t s  Prorlt s h o r t - t e r m  o u t p u t  d e c i s i o n s .  I t  
also-doeg n o t  d e a l  w i t h  o p t i m a l  d e p l e t i o n  p a t h s  t h r o u g h  t ime ,  
b u t  r a t h , e r  p r e d i c t s  o u t p u t  ' f o r  s i n g l e  y e a r s ,  such  .as ,1985,  wi.thoue 
c o n s i d e r i n g  w h e t h e r . a n  i n c r e a s e d  o u t p u t  i n  1985 migh t  

. imply  h i g h e r  o p e r a t i n g  c o s t s  and hence lower o u t p u t  a t  s-ome p o i n t  
i n  t h e  f u t u r e .  

6 /  ' The b a s e l i n e  ROR i n  PIES i s  e i g h t  p e r c e n t .  A t  , t he  p r e s e n t  - 



o f  c o a l  p r i c e s  r e l a t i v e  t o  o t h e r  p r i c e s  on whatever  assumpt ions  

, a r e  be ing  i n v e s t i g a t e d  i n ,  t h e  model a t  t h e  t'ime. 

Turning now t o  t h e  inves tment  and growth d e c i s i o n s ,  w e n o t e  

t h a t  i n  r e c e n t  developments of t r a d i t i o n a l  theory  i t  h a s  become 

customary t o  assume t h a t  t h e  s o l e  c r i t e r i o n  f o r  such d e c i s i o n s  

w i l l  be  t h e  maximum, w e l f a r e  of .  t h e  owners o f  t h e  b u s i n e s s .  I f  

6/ (Continued) t ime ,  p r i c e s  a r e  r i s i n g  a lmos t  a s  f a s t  a s  
t h e  y i e l d  on long- te rm government bonds, s o  t h a t  i t  c o u l d  be 
argued t h a t  t h e  " r e a l "  r i s k l e s s  d i s c o u n t  r a t e  of  t h e  economy 
was ze ro  o r  n e g a t i v e .  There a r e  s e v e r a l  r e a s o n s ,  however,  why 
t h i s  type  o f  c a l c u l a t i o n  t ends  t o  o v e r s t a t e  t h e  nominal r a t e  o f  
i n t e r e s t  t h a t  would be e s t a b l i s h e d  i f  a l l  i n f l a t i o n a r y  expec- 
t a t i o n s  were e l i m i n a t e d .  F i r s t l y ,  i t  i s  p robab le  t h a t  even 
today peop le  do n o t  f u l l y  t r a n s f e r  c u r r e n t  i n f l a t i o n  i n t o  
long- te rm inves tment  d e c i s i o n s ,  i . e . ,  t hey  make such d e c i s i o n s  
on t h e  assumption ( o r  perhaps  t h e  hope) t h a t  a t  some t ime  i n  
t h e  f u t u r e  i n f l a t i o n  r a t e s  w i l l  d e c l i n e .  Secondly,  t h e  
t h e o r y  of  inves tment  t h a t  r e l i e s  upon c a l c u l a t i n g  t h e  r e a l  r a t e  
o f  i n t e r e s t  a s  t h e  excess  o f  t h e  nominal i n t e r e s t  r a t e  over  t h e  
expec ted  i n f l a t i o n  r a t e  i s  incomple te  because i t  f a i l s  t o  c o n s i d e r  
a d e q u a t e l y  t h e  p o r t f o l i o - h o l d i n g  a s p e c t  o f  inves tment  d e c i s i o n s .  
Any pe r son  o r  o r g a n i z a t i o n  w i t h  money t o  p l a c e  must choose exhaus-  
t i v e l y  between h o l d i n g  i t  a s  c a s h ,  s h o r t -  term i n t e r e s t - b e a r i n g  
d e p o s i t s  o r  l o a n s ,  long- te rm l o a n s ,  r e a l  p r o p e r t y  o r  some o t h e r  
d i r e c t  inves tment .  I n  t imes  o f  b r i s k  i n f l a t i o n ,  however,  s u p p l i e s  
o f  t h e  l a s t - m e n t i o n e d  group a v a i l a b l e  t o  t h e  t y p i c a l  i n v e s t o r  
( i n d i v i d u a l ,  i n s t i t u t i o n a l  o r  c o r p o r a t e )  a r e  l i m i t e d ,  i f  on ly  
because  one o f  t h e  most impor tan t  e lements  i n  i n f l a t i o n  i s  t h e  
r i s i n g  c o s t  o f  l a b o r  and because ,  i n  t h e  absence o f  s l a v e r y  o r  
c o n s c r i p t i o n ,  t h e r e  i s  no pe r son  o r  i n s t i t u t i o n  i n  Western s o c i e t y  
l e g a l l y  empowered t o  hoard  t h i s  commodity. Other  i n f l a t i o n  hedges ,  
such  a s  f a c t o r i e s ,  commodities o r  c o a l  mines, a r e  s u b j e c t  t o  
c o n s i d e r a b l e  s p e c i f i c  r i s k s .  For example, a l though  the p r i c e  
o f  c o a l  and o f  energy i n  g e n e r a l  c o n t i n u e s  t o  r i s e ,  t h e  p a r t i c u l a r  
c o a l  mine i n  which one has  i n v e s t e d  may be d e s t r o y e d  by an 
e x p l o s i o n .  Many i n d i v i d u a l s  who s p e c u l a t e d  i n  commodities i n  t h e  
i n f l a t i o n  waves of  t h e  e a r l y  ' 70s  subsequen t ly  s u f f e r e d  l o s s e s ,  
and a r e  now a p p a r e n t l y  p repared  t o  p l a c e  t h e i r  money i n  f i x e d -  
i n t e r e s t  s e c u r i t i e s  i n  t h e  b e l i e f  t h a t ,  a l though  t h e y  may e a r n  
s m a l l  o r  even n e g a t i v e  r e a l  r e t u r n s ,  t h e y  a r c  doing b e t t e r  i n  
r e l a t i o n  t o  t h e i r  own f o r e c a s t i n g  c a p a c i t i e s  and r i s k  a v e r s i o n s  
than  they  cou ld  by any o t h e r  course  o f  a c t i o n .  T t  i s  t h e r e f o r e  
d i f f i c u l t  t o  e s t i m a t e  an a p p r o p r i a t e  r e a l  i n t e r e s t  r a t e  f o r  t h e  
IJ. S. economy a t  t h e  p r e s e n t  t ime ,  because  t h e  f o r e g o i n g  c o n s i d e r a -  
t i o n s  a r e  u n q u a n t i f i a b l e .  However, i t  i s  worth n o t i n g  t h a t  d u r i n g  
t h e  p e r i o d  1952-62,  which was a  p e r i o d  o f  e x c e p t i o n a l l y  l o w  
i n f l a t i o n  i n  t h e  U.S., t h e  average  excess  o f  t h e  y i e l d  on l o n g -  
term government bvr~ds  nvcr  t h e  average  i n f l a t i o n  r a t e  o f  consumer 
( ~ o n t i n u e d -  on n e x t  page) 



a l l  c o r p o r a t i o n s  a t  a l l  t imes  adop t  t h i s  c r i t e r i o n ,  e x c e p t  f o r  

t h e  argument based  on t h e  p o s s i b i l i t y  o f  s y n e r g i s t i c  e f f e c t s .  

a  change i n  ownership  o r  c o n t r o l  b rough t  abou t  by d i v e s t i t u r e  

s h o u l d  have  l i t t l e  e f f e c t .  For t h e  r e a s o n s  a l r e a d y  s e t  o u t ,  

an o i l  company s h o u l d  t r e a t  i t s  c o a l  r e s e r v e s  a s  a  p o r t f o l i o  

inves tmen t .  and when an o i l  company a p p r a i s e s  i n v e s t m e n t  p r o j e c t s  

a s s o c i a t e d  w i t h  t h e  development o f  p r o d u c t i o n  from i t s  c o a l  r e -  

s e r v e s ,  i t  s h o u l d  n o t  t h e r e f o r e  a p p r a i s e  such  p r o j e c t s  a t  any 

r a t e  o f  r e t u r n  lower  t h a n  t h e  b e s t  r e t u r n  i t s  s t o c k h o l d e r s  

c o u l d  0bta.i.n. ( o r  t h c  n ~ a ~ ~ a g e m e n t  c o u l d  o b t a i n  on t h e  s t o c k h o l d e r s  ' 

h e h a l f )  i n  a l L e r i l a t i v e  u s e s - - a  theorem which,  we have s e e n ,  

a p p l i e s  e q u a l l y  f o r c e f u l l y  whe the r  o r  n o t  o i l  companies h.ave 

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

w.o.u.l.d. h a; e . 

6 /  (Cont inued)  p r i c e s  w a s  a b o u t  two p e r c e n t .  S i n c e  bond y i e l d s  
were- ra ther  s t a b l e  th roughou t  t h e  p e r i o d ,  t h e  r i s k  a t t a c h e d  t o  hnnd 
h o l d i n g s  was r e l a t i v e l y  lox?, sn t h i s  f i g u r e  c o u l d  be c o n s i d e r e d  
t o  havc  bee11 a l m o s t  r i s k  f r e e .  I f  i t  i s  a d j u s t e d  upwards t o  a l l o w  
f o r  u n d e r - p r o j e c t i o n  o f  t h e  i n f l a t i o n  r a t e ,  ( f o r  t h e  r e a s o n s  g i v e n  
above)  t h e  r i s k l e s s  d i s c o u n t  r a t e  f o r  t h e  U.S. economy i n  1 9 5 6 - 6 2  
might  have been  p u t  at. t h r e e  p e r c e l l t .  S i n c e  PIES i s  i n  p r i n c i p l e  
i n f l a r i o n - - f r e e ,  i t s  c o n s i d e r a b l y  h i g h e r  b a s e l i n e  ROR must b e  
a t t r i b u t a b l e  t o  t h e  i m p l i c i t  e s t i m a t e  o f  commercial  r i s k  i n  
e n e r g y  p r o d u c t i o n .  An a l t e r n a t i v e  i n t e r p r e t a t i o n ,  however,  i s  
t o  suppose  t h a t  PIES r e l a t e s  t o  a n  i n f l a t i o n a r y  w o r l d  w i t h  h i g h  
borrowing r a t e s ,  b u t  t h a t  f o r  convenience  i t s  p r i c e -  f o r e c a s t s  
a r e  e x p r e s s e d  i n  r e l a t i v e  t e r m s ,  i . e . ,  a r e ,  i n  e f f e c t ,  i m p l i c i t l y  
d e f l a t e d  o f  t h e  i n f l a t i o n  t h a t  i s  a c t u a l l y  e x p e c t e d  t o  o c c u r .  On 
t h i s  i n t e r p r e t a t i o n  however,  a  bor rowing r a t e  o f  e i g h t  p e r c e n t  
seems t o o  low: w i t h  government-bond y i e l d s  c u r r e n t l y  around 
s e v e n  p e r c e n t ,  t h e  margin f o r  r i s k  would seem i n a d e q u a t e .  A l l  
t h e s e  c o n s i d e r a t i o n s  a r e  o f  c o n s i d e s a h l c  inlpurtance t o  t h e  p r e s e n t  
i n q u i r y ,  because  t h e y  a r e  r e l e v a n t  t o  t h e  d imens ions  o f  t h e  
v a r i a t i o n s  i t  i s  r e a s o n a b l e  t o  e x p e c t  i n  t h e  r a t e s  o f  r c t u r n  t h a t  
migh t  b e  a p p l i e d  by d i v c s t e d  companies v i s - a - v i s  t h o s e  o f  s u c c e s s o r  
companies .  As i n d i c a t e d  i n  t h e  t e x t ,  we have d e c i d e d  t h a t  t h e  
t h e o r e t i c a l  and p r a c t i c a l  c o n s i d e r a t i o n s  w e  have adduced a r e  
s i ~ f f i c i c n t  t o  j u s t i f y  o u r  t r e a t i n g  t h e  b a s e l i n e  ROR i n  P I E S  a s  
if i t  were a  " r e a l "  c o n c e p t ,  and t h a t  c o n s e q u e n t l y  t h e  v a r i a t i o n s  
p o s s i b l y  a t t r i b u t a b l e  t o  d i v e s t i t u r e  such  a s  a r e  i n v e s t i g a t e d  
below a r e  a l s o  t o  be r e g a r d e d  a s  v a r i a t i o n s  o f  t h e  " r e a l "  d i s c o u n t  
r a t e .  



The owner o r  l e a s e r  o f  a c o a l  r e s e r v e ,  however, . f a c e s  'a 

s e r i e s  o f  t e c h n i c a l  problems which c o m p l i c a t e  ' t h e  f o r e g o i n g  

d i s c u s s i o n .  These r e v o l v e  around t h e  s i g n i f i c a n c e  o f  t h e  t h i c k -  

n e s s e s  o f  seams and a s s o c i a t e d  underground d i s t r i b u t i o n  o f  seams 

a c c o r d i n g  t o  t h i c k n e s s .  I n  t h e  c a s e  o f  a  s t r i p  mine, once t h e  

workings have .been opened i t  i s  i m p c s s i b l e ,  w i t h o u t  e n c o u n t e r i n g  

i n c r e a s i n g  c o s t s ,  t o  , t ake  o u t  c o a l  a t  u n l i m i t e d  r a t e s ,  i f  o n l y  

f o r  t h e  r e a s o n  t h a t  i n  o r d e r  t o ' g e t  a t  t h e  lower p a r t s ' o f  t h e  

d e p o s i t ,  i t .  i s  f i r s t  n e c e s s a r y  t o  .remove t h e  p a r t s  above .  I n  

a  deep d r i f t  mine (where t h e  underground seams a r e  r eached  by 

d r i v i n g  a  g e n t l y  f a l l i n g  t u n n e l )  where t h e  d r i f t  h a s  been  con-  

s t r u c t e d ,  i t  i s  i m p o s s i b l e  t o  g a i n  a c c e s s  t o  more t h a n  a  p r o p o r -  

t i o n  o f  t h e  a v a i l a b l e  c o a l  a t  any one t ime  w i t h o u t  e i t h e r  ' i n -  

c r e a s i n g  o p e r a t i n g . c o s t s  o r  c o n s t r u c t i o n  of  a n o t h e r  d r i f t .  

A l t e r n a t i v e l y ,  where a c c e s s  i s  ga ined  by v e r t i c a l  s h a f t s ,  on ly  

a  c e r t a i n  amount o f  c o a l  can  economica l ly  b e  produced from t h e  

seams opened up by a  s i n g l e  s h a f t ,  s o  t h a t  more i n t e n s i v e  e x p l o i -  

t a t i o n  r e q u i r e s  e i t h e r  r i s i n g  opera t i .ng  c o s t s  o r  t h e  s i n k i n g  o f  

new s h a f t s .  I n  f a c t ,  t h e r e  a r e  s a f e  l i m i t s  t o  t h e  numbers o f  

s h a f t s  r h a t  luay be crowded t o g e t h e r ,  s o  t h a t  even t h i s  l a t t e r  

r e c o u r s e  i s  l i m i t e d .  

M a r t i n  B .  Zimmerman h a s  r e c e n t l y  measured t h e  c o s t  . c o n d i t i o n s  

o f  c o a l  p r o d u c t i o n  i n  t h e  Uni t ed  S t a t e s  u s i n g  much t h e .  same. 

s o u r c e s  o f  i n f o r m a t i o n  used  i n  c r e a t 5 n g  t h e  Coal Supply 'Model  o f  



7/ - 
PIES. He found t h a t  t h e  i n c r e a s i n g  c o s t  e f . f e c t  i n  r e l a t i o n  

t o  c u r r e n t  o u t p u t  c o u l d  be r e p r e s e n t e d  by an e l a s t i c i t y  r e l a t i o n -  
a 

s h i p  i n  which t o t a l .  c o s t s  o f  an  o u t p u t  q  v a r i e d  a s  q where a 
t t 

i s  a  number g r e a t e r  than  one .  T y p i c a l l y ,  f o r  E a s t  Coas t  mining 

i n  t h e  U.S.,  a w a s  e s t i m a t e d  a t  a b o u t  1 . 3 .  I t  f o l l o w s  t h a t  

marg ina l  c o s t s  v a r y  w i t h  q a s  q.t(a-l)  and i f  K r e p r e s e n t s  a  
t 

c o n s t a n t  e l emen t  i n  c o s t s ,  u n i t  c o s t s  v a r y  a s  ( a -1 )  q t  (=- 2) 

The foi-egoi-ng r e l a t i o n s h i p  a p p l i e s  t o  c u r r e n t  o p e r p t i n g  

c o s t s .  I n  a d d i t i o n ,  a s  a  r e s e r v e  is  d e p l e t e d ,  i t  i s  n e c c s s a r y  

t o  work seams o f  d e c r e a s i n g  t h i c k n e s s .  Zimmerman c a l c u l a t e d  

t h e  e f f e c t  o f  t h i c k n e s s  v a r i a t i o n s  on t h e  l e v e l  o f  c o s t s  a t  

t h e  minimum c o s t  o u t p u t  and found t h a t  underground seam t h i c k -  
8 / - 

n e s s  was l o g - n o r m a l l y  d i s t r i b u t e d .  . By combin'ing t h e  measured 

p a r a m e t e r s  o f  t h e  c o s t  f u n c t i o n  w i t h  t h o s e  of t h e  s e a m - d i s t r i b u t i o n  

f u n c t i u l . ~  he  c a l c u l a t e d  t h e  r a t e s  at. which minimum-level unit .  

o p e r a t i n g  c o s t s  would r i s e  i f  c u r r e n t  o u t p u t  r a t e s  were ma in ta ined  

f o r  v a r i o u s  p e r i o d s  o f  t ime .  For example,  i f  1977 . o u t p u t  r a t e s  

a r e  m a i n t a i n e d  i n t o  t h e  f u t u r e ,  t h e  c o s t s  o f  . p roduc ing  low-su lphur  

South  Appa lach ian -  c o a l  , a r e  e s t i m a t e d  t o  r i s e  a t  1'.3 p e r c e n t  p e r  

7 /  ' M a r t i n  B.  Zimmerman, " ~ o d e l l i n ~  D e p l e t i o n  i n  a Minera l  
1nduFtl-y: The Case o f  Coal.," B e l l  J o u r n a l  o f  Economics, 1 9 7 7 ,  
and  a l s o  by t h e  same a u t h o r ,  " E s t i m a t i n g  a  P o l i c y  Model o f  U.S. 
Coa l  ~ u ~ ~ l ~ , "  M I T  Energy ~ a b o r a t o r ~  working pape r ,  December 1 9 7 7 .  
PIES itself c a n n o t  hc; i ~ s e d  t o  es t imate  c o l r e s p o n d i n g  f u n c t i o n s  
b e c a u s e  ( .a)  i t  does  n o t  p e r m i t  v a r i a t i o n  o f  o u t p u t  from o p e r a t i n g  
mines ,  and  (b)  i t  does  n o t  p e r m i t  v a r i . a t i o n s  i n  d c p l e t i o n  r a t e s  
t o  a f f e c t ,  1985 s u p p l y  c u r v e s .  

8 1 .  I n  s h n r t ,  i f  t h c  p r o b a b i l i t y  of  f i n d i n g  a  seam o f  g iven  
t h i c k n e s s  i s  measured on a  r e g u l a r  v e r t i c a l  s c a l e ,  w h i l e  t h i c k n e s s  
i t s e l f  i s  measured on a  l o g a r i t h m i c  h o r i z o n t a l  s c a l e ,  t h e  r e s u l t i n g  
c u r v e ,  based  on t h e  a v a i l a b l e  g e o l o g i c a l  i n f o r m a t i o n  i s  a  s t a t i s t '  1 
Normal, Curve. 



annum. I f  o u t p u t  r a t e s  a r e  i n c r e a s e d ,  c o s t s  w i l l . r i s e  f a s t e r  

and v i c e  v e r s a .  Zimmerman has  e s t i m a t e d  what i s  known a s  t h e  

cumula t ive  c o s t  f u n c t i o n  ' f o r  c o a l ,  i n d i c a t i n g  t h e  'way t h a t  

u n i t  c o s t s .  o f  c u r r e n t  o u t p u t  v a r y ,  a s  w e i l  a s  ' v a r y i n g  w i t h  t h e  

c u r r e n t  r a t e  o f  o u t p u t ,  a c c o r d i n g  t o '  the '  cumula t ive  t o t a l  o f  
. . 

p a s t  o u t p u t .  

A c o a l  r e s e r v e  h o l d e r ,  w i sh ing  t o  maximize t h e  w e l f a r e  o f  

s t o c k h o l d e r s ,  would maximize t h e  d i s ~ o u n t e d  p r e s e n t  v a l u e  o f  

t h e  f u t u r e  n e t  r evenues ,  u s i n g  t h e  h i g h e s t  d i s c o u n t  r a t e  a v a i l a b l e  
. . 

t o  s t o c k h o l d e r s  on a l t e r n a t i v e  u s e s  o f  " t h e i r "  money. - I n  . o r d e r  

t o  c a l c u l a t e  c o a l  s u p p l y  f o r  a  g i v e n  f u t u r e .  y e a r  on t h e  assump- 

t i o n  t h a t  a l l  r e s e r v e  owners. and mine o p e r a t o r s  were t h u s  m o t i -  

v a t e d ,  i t  i s  n e c e s s a r y  t o  e s t i m a t e  t h e  a p p r o p r i a t e  microeconomic 

o p t i m a l  d e p l e t i o n  p a t h s  o f  r e p r e s e n t a t i v e  i n d i v i d u a l  f i r m s ,  and 
. . 

t h e n  t o  a s c e r t a i n  ' t h e i r  exp1ici . t  p r e d i c t i o n s  f o r  t h e  y e a r  f o r  

which i n f o r m a t i o n  i s  d e s i r e d .  I n  t h e  p r e s e n t  s t u d y  i t  h a s  been 

n e c e s s a r y  t o  c r e a t e  such models i n  o r d e r  t o  i n v e s t i g a t e  how t h e  

p r e d i c t e d  t ime  p a t h s  o f  f u t u r e  s u p p l i e s  a r e  a f f e c t e d  by p e r -  

t u r b a t i o n s  o f  v a r i a b l e s  . t h a t  . might b e  a f f e c t e d  by d i v e s t i t u r e .  

'I'he r e s h l t s  a r e '  p r e s e n t e d  i n  a l a t e r  s e c r i o n .  

I m p l i c a t i o n s  o f  "Synergy" 

I t  h a s  a l r e a d y  been s u g g e s t e d  t h a t  f a c t o r s  e x i s t  t h a t  c r e a t e  

a c t u a l  o r  p o t e n t i a l '  advan tages  f o r  o i l  ' f i rms  o p e r a t i n g  i n  t h e  c o a l  

i r ~ d u s  try that would not bc available . t o  o t h c r  b u s i n c s s  
. .  

o r g a n i z a t i o n s .  and t h a t  might n o t  be ' . ava i iab l ' e '  t o  o t h e r  

b u s i n e s s  organiza t - ions  and-. o i l  f i r m s  i n  a 1  t e r n a t i v e  i n v e s t m e n t  

o u t l e t s .  Such f a c t o r s  a r e  r e f . e r r e d  t o  a s  s y n e r g i s t i c  e f f e c t s  



when t h e y  a r e  i n t e r n a l  t o .  t h e  type  o f  o r g a n i z a t i o n  i n  q u e s t i o n  

and n o t  -mere ly  t h e  r e s u l t ,  f o r  example,  of  t h e  e f f e c t s  o f  reduced  

c o m p e t i t i o n  which might  occur  when c o r p o r a t i o n s  h e a v i l y  i n v o l v e d  

i n  one b r a n c h  o f  t h e  ene rgy  b u s i n e s s  d i v e r s i f y  i n t o  a n o t h e r  

b ranch .  "Synergy" i s  an  e x p r e s s i o n  t a k e n  i n t o  economics from t h e  

b i o l o g i c a l  s c i e n c e s  where i t  r e f e r s  t o  t h e  c o r r e l a t e d  a c t i o n s  o f  

body o r g a n s ,  men ta l  p r o c e s s e s  o r  r emed ia l  drugs :  a s  a  r e s u l t  o f  

c o r r e l a t e d  a c t i o n ,  t h e  power o f  a  sys t em exceeds  t h e  s u m - o f  t h e  

p w e r s  o f  i t s  p a r t s .  

I n  t h c  cconomics o f  i n d u s t r i a l  o lga~ l i zaL iv r l ,  a merger, f o r  

example,  i s  s a i d  t o  have  s y n e r g i s t i c  e f f e c t s  i f  t h e  t o t a l  p r o f i t -  

e a r n i n g  power o f  t h e  merged o rga i l i za t io r l  i s  g r e a t e r  ( o t h e r  t h a n  

on accoun t  o f  m o n o p o l i s t i c  e f f e c t s )  t h a n  t h e  sum o f  t h e  p r e v i o u s  
9/ - 

p r o f i t - e a r n i n g  c a p a c i t i e s  o f  t h e  c o n s t i t u e n t  o r g a n i z a t i o n s .  

I n  t h e  p r e s e n t  example,  syne rgy  r e f e r s  t o  t h e  p o s s i b i l i t y  

o f  t echno logy  t r a n s f e r  from t h e  o i l  i n d u s t r y  t o  t h e  c o a l  i n d u s t r y  

t h a t  might  o c c u r  o n l y  v i a  d i r e c t  i n v e s t m e n t  b y . l a r g e - f i r m s  w i t h  

l o n g  e x p e r i e n c e  i n  t h e  o i l - i n d u s t r y ,  and which m i g h t . n o t  b e  

t r a n s f e r r e d  by o t h e r  means. When any c o r p o r a t i o n  d i v e r s i f i e s  

i n t o  a n o t h e r  i n d u s t r y ,  i t  u n d e r t a k e s  c o r r e l a t e d  a c t i o n s  i n v o l v i n g  

management, a d m i n i s t r a t i o n , ,  commercial  p r a c t i c e  and commercial  

and  t e c h n o l o g i c a l  know-how o r  " i n f o r m a t i o n , "  I t  i s  n o t  argiled 

h c r c  t h a t  6 i l  companies cur;r*e~lLl,y p v s s e s s  a p p r o p r i a t e  eechn iques  

t h a t  o n l y  t h e y  have t h e  l e g a l  r i g h t  t o  employ i n  c o a l  p r o d u c t i o n .  

9 /  A s  a m a t t e r  o f  f a c t ,  t h e r e  i s  c o n s i d e r a b l e  e v i d e n c e  t h a t  
g e n u i n e l y  s y n e r g i s t i c  mergers  among l a r g e  c o r p o r a t i o n s  a r e  
r e l a t i v e l y  r a r e .  See Dennis Mue l l e r .  "Evidence on t h e  E f f e c t s  
of  c o r p o r a t e  Mergers ,"  J o u r n a l  of  ~ a A k i n ~  & Finance ,  1977,  
pp .  315-347. 



Rathe r  i t  i s  s u g g e s t e d  t h a t  t h e i r  t o t a l  r e s e a r c h  and t e c h n o l o -  

g i c a l  e x p e r i e n c e  i s  o f  a  c h a r a c t e r  t h a t  makes them more l i k e l y  

t o  a c h i e v e  f u t u r e  b reak th roughs  t h a t  might  l e a d  t o  major  r educ -  

t i o n s  i n  t h e  c o s t  o f  c o n v e r t i n g  t h e  energy  i n  c o a l  t o  u s a b l e  

ene rgy  a t  t h e  home, o f f i c e  o r  f a c t o r y .  Underground g a s i f i c a t i o n  

o r  l i q u e f a c t i o n  a r e  examples o f  t h e  t y p e s  o f  p o s s i b i l i t i e s  

s u g g e s t e d  h e r e .  Many such i d e a s  have been  pur sued ,  u s u a l l y  

i n  t imes  o f  ex t reme s c a r c i t y  o f  o i l  s u p p l i e s  and have t e n d e d  

t o  be  abandoned a s  o i l  became p r o g r e s s i v e l y  cheape r .  A t  t h e  

p r e s e n t  t ime ,  w i t h  t h e  h i g h  p r i c e  o f  pe t ro leum and a  g e n e r a l  

conce rn  f o r  ene rgy  s h o r t a g e s ,  r e s e a r c h  on t ec l lno log ies  o f  t h i s  

t y p e  ( i n  e f f e c t ,  t e c h n o l o g i e s  t h a t  t r e a t  c o a l  l i k e  a  r e f i n e r y  

i n p u t )  i s  more t o p i c a l .  

I f  such  a  p o t e n t i a l  t e c h n o l o g y - i s  a b o u t  t o  emerge, why 

c a n n o t  t h e  a c t i o n s  o f  technology c r e a t i o n ,  technology t r a n s f e r ,  

and administrative/commercial o r g a n i z a t i o n  be s e p a r a t e d ?  The 

answer i s  t h a t  i n  l a r g e  f i r m s ,  t h e  f u n c t i o n s  o f  t echno logy  manage- 

ment,  development and p l a n n i n g ;  commercial  management and  p l a n n i n g ;  

and f i n a l l y  t h e  g e n e r a l  a d m i n i s t r a t i v e  s t y l e  a r e  s y m b i o t i c a l l y  
l o /  - 

l i n k e d .  The "know-how" invo lved  i s  a c l a s s  o f  p a r t l y  i n d i v i s i b l e  

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

t o  a n o t h e r  by market  p r o c e s s e s  because ,  b e i n g  d i f f i c u l t  t o  d e f i n e ,  

i t  i s  n o t  e a s i l y  p a t e n t e d  o r  a p p r o p r i a t e d .  An o r g a n i z a t i o n  

p o s s e s s i n g  i n f o r m a t i o n  of  t h i s  k i n d  can  p r o t e c t  i t s e l f  a g a i n s t  

p r o v i d i n g  b e n e f i t s  f a r  f r e e - r i d e r s  on ly  by do ing  t h e  work i t s e l f .  

101  See f o r  example,  T. Rurns and G .  S t a l k e r ,  The Management 
o f  I n n o v a t i o n  (2nd e d . )  1966. 
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The t r a n s f e r  is  e f f e c t e d  by t h e  accumu.la.ted exper ie 'nce  of a team 

o f  p e o p l e ,  a  commodity which by i t s  n a t u r e  canno t  e a s i l y  be bough t  

and s o l d .  

The f o r e g o i n g  a r e  t h e  r e a s o n s  f o r  e x p e c t i n g  t h e  p r e s e n c e  o f  

s y n e r g i s t i c  e f f e c t s .  The argument t h a t  e f f e c t s  o f  t h i s  k i n d  may 

e x i s t  is  b o t h  l o g i c a l l y  powerfu l  and s u p p o r t e d  e l s e w h e r e  by empi- 

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

s o  much the prublern o f  a s s e s s i n g  whe the r ,  i f  r e l e v a n t  t echno logy  

were  t o  d e v e l o p ,  i t  would be  p a r t l y  s y n e r g i s t i c  to o i l  majors, 

b u t  r a t h e r  whe the r  t h i s  t echno logy  w i l l  i n  f a c t  deve lop  and what  

migh t  be t h e  p l a u s i b l e  range  o f  e f f e c t .  Conceivably  t h e r e  c o u l d  

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

o f  u s a b l e  e n e r g y  from an underground c o a l  d e p o s i t .  A l t e r n a t i v e l y ,  

owing t o  t h e  i n h e r e n t  c h a r a c t e r  o f  c o a l  depos ' i t s  ( i n c l u d i n g  t h e  

log -normal  d i s t r i b u t i o n  o f  seams by t h i c k n e s s ,  r e f e r r e d  t o  a b o v e ) ,  

i t  might  b e  t h a t  q u i t e  l a r g e  changes i n  technology would have on ly  

r e l a t i v e l y  modest e f f ec t s  on e i t h e r  1a.hnr costs or c a p i t a l  cos t s .  

For t h i s  r e a s o n ,  a s  w i l l  be  s e e n  below, we have p r e f e r r e d  t o  

approach  t h e  problem i n  o u r  s e n s i t i v i t y  a n a l y s i s  by s e t t i n g  r a t h e r  

nar row l i m i t s  t o  t h e  s u g g e s t e d  r ange  o f  p l a u s i b l e  v a r i a t i o n  i n  

l a b o r  c o s t s  and  c a p i t a l  c o s t s .  I f  t h e s e  produce s i g n i f i c a n t  

r e s u l t s ,  i t  w i l l  b e  a p p a r e n t  t h a t  more d r a m a t i c  changes  of  

unknown dimensions wou1.d indeed have a c u l ~ s i d e r a b l e  e f f c c e  on 

t h e  c o a l  marke t .  



CHAPTER 2-2 

THE INVESTMENT AND GROWTH BEHAVIOR 
OF SUCCESSOR COMPANIES 

COMPARED TO DIVESTED COMPANIES 

As already .argued, oil companies are.large conglomerates 

possessing a considerable degree of economic discretion. The 

precise character of the successor c0mpanies.i~ a matter of 

speculation, but it is'reasonable to suppose'that they would on 

average be less ."managerial", than oil cu~apanies. (If this 

proposition is denied, apart from possible synergistic effects, 

this report need go no further, as divestiture can have no other 

effects. ) 

It is essential, therefore, in order to procede further, to 

consider the contribution of so-called "managerial" economic 

theories -5' These models are essentially due to William Baumol 
(1962), 0. E. Williamson (1964), R. Marris (1963, 1964), John 

Lintner (1971) and Robert Solow (1971). The 1972 models of, 

Baumol and Williamson are not mainly concerned with investment; 

~intner is mainly concerned with the. relation between the growth 

of the firm and the .behaviui of thc stock market and the model 

of Solow is based on assumptions of monopolistic competition 

which, however useful in a more general context, are rather 

11/ More precisely of theories of the output, pricing and 
gruwth of thc firm which account of a degree of autonomy 
of management. Typically such theories permit a degree of 
variation in assumed management motivation, e.g., Solow compares 
the effects of the criterion of'stockholder-welfare maximization, 
.with those of 'the criterion of maximizing grow-th subje'ct to a 
constraint. 



i n a p p r o p r i a t e  t o  t h e  c o a l  i n d u s t r y .  We t h e r e f o r e  ma in ly  employ 

t h e  model o f  M a r r i s ,  f o r  t h e  r e a s o n s  g iven  and  a l s o  because  it 

i s  a s s o c i a t e d  w i t h  one o f . t h e  a u t h o r s  of  t h i s  r e p o r t  and t h e r e -  

f o r e  more r e a d i l y  a d a p t e d  t o  t h e  p a r t i c u l a r  problem of  c o a l .  

T h e o r i e s  o f  t h e  growth o f  t h e  f i r m  g e n e r a l l y  assume t h a t  t h e  

d e s i r e s  o f  management may be summarized under  two h e a d i n g s ,  t h e  

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

grawtli  u 1  Lhe o r g a n i z a t i o n .  These two o b j e c t i v e s  a r e  . no t '  n e c e s -  

s a r i l y  corrlpl-ementary and may have t n  lie t r a d e d  o f i . .  O I t e l l ,  a f t e r  

a  c o r p o r a t i o n  has  become matu re ,  s t o c k h o l d e r s  would b e n e f i t  i f  

i t  were wound up o r  a t  l e a s t  c e a s e d ' g r o w i n g ,  b u t  growth i s  

u s u a l l y  p u r s v e ~ l ,  n e v e r t h e l e s s . -  '12' In  o t h e r  w o r d s ,  t h e r e  i s  o f t e n  

a  s i g n i f i c a n t  t r a d e - o f f , f o r  management between t h e  o b j e c t i v e s  o f  

growth  and o f  s t o c k h o l d e r  w e l f a r e ;  i n  t h e  c a s e  o f  o i l .  c.ompanies 

we must i n v e s t i g a t e  t h e  h y p o t h e s i s  t h a t  t h e s e  companies.  will he 

more i n c l i n e d  t o  g i v e  weight. t.o t h e  growth o b j e c t i v e  0 1 1  ave rage  

t h a n  w i l l  s u c c e s s o r  companies.  

The Theory o f  t h e  Growth o f  t h e  Firm Appl ied  t o  t h e  D i v e s t i t . u r e  
Problem 

The "Marris"  model car1 b e s t  be e x p l a i n e d  on t h e  assumpt ion  

t h a t  t h e  growth  o f  a  f i r m  i s  e n t i r e l y  i n t e r n a l l y  f i n a n c e d .  T h i s  

a s sumpt ion  i s  n o t  e s s e n t i a l  t o  t h e  model b u t  i s  u s e f u l  when con- 

s i d e r i n g  a problem where a  p o s s i b l e  s u r p l u s  of i n t e r n a l .  f i n a n c e  

i s  b e l i e v e d  t o  be a  major  f a c t o r  i n  t h e  r e l c v a n t  s i t u a t i o n .  

1 2 /  See Dennis M u e l l e r  "A L i f e  Cycle  Theory o f  th.e Firm" 
(1972). 



Marris assumes that the firm earns an exogenous operating profit 

from current operations which can be used either to finance the 

costs of growth or to distribute to stockholders. Both the 

current dividend and the expected growth of the firm and of its 

earnings are influential in determining the value of the firm on 

the stock market. The utility function of the manager has two 

arguments, stock market value and long-run growth rate of assets. 

A "classical" firm would choose a growth path to maximize stock- 

market value. A more managerially-oriented firm would maximize 

the growth rate subject to a stock market minimum. This minimum 

stock market value is based on the fear of involuntary takeover. 

Its level is partly endogenous to the model but at the limit, it 

assumes a conservative valuation by a potential raider, i-e., a 

valuation presuming that the taken-over assets would be operated 

as a portfolio investment. The'potential raider is presumed to 

value the firm as if he would not be able to organize any 

further growth of the taken-over business. In choosing the 

price of tender offer, a raider would maximize his minimum out- 

come by calculating the effects of merely continuing current 

operations in already established markets, and would not in this 

calculation take credit for any improvements that he may be able 

to effect in the organization. The raider is presumed to value 
. . 

the firm as it wa11lrl he valued by the stock market if the exist- 

ing management decides to announce that planned future growth 

has been reduced.to zero. If the existing management had previ- 

ously been behaving "managerially", some reduction of the 



e x p e c t e d  growth r a t e  would r a i s e  t h e  s t o c k  market  v a l u e ;  b u t  a  

r e d u c t i o n  t o  z e r o  w i t h  co r re spond ing  i n c r e a s e d  d i v i d e n d s  would 

be  e x c e s s i v e  and might  r educe  t h e  s t o c k  market  v a l u e .  The 

l i m i t  v a l u a t i o n  i s  t h e r e f o r e  lower t h a n  a v a l u a t i o n  t h a t  might 

be  p u t  on t h e  f i r m  by a  more o p t i m i s t i c  r a i d e r ,  and i s  i n t e n d e d  

t o  r e f l e c t  an  o u t e r  boundary o f  "managerial"  b e h a v i o r .  Marri's 

a l s o  makes p r o v i s i o n s  ( i n  z m o t i v a t i o n a l  v a r i a b l e ,  s i p n i f i a d . '  hv 

M ,  s e e  below) f o r  e x i s t i n g  management t o  c o n s i d e r  t h e  l i k e l i -  

hood t h a t  t h e  danger  o f  t a k e o v e r  i s  i n  r e a l i t y  more p o t c n t .  

A s  t h e  f i r m  growj ,  i t  call busLain a c o n s t a n t  l e v e l  o f  o p e r a t - ,  

i n g  ~ r o f i t  on c a p i t a l  employed, p rov ided  i t  devo tes  s u f f i c i e n t  

r e s o u r c e s  t o  r e s e a r c h  and development .  The c o s t s  o f  t h e s e  

a c t i v i t i e s  r e p r e s e n t  a  burden on d i s t r i b u t a b l e  e a r n i n g s .  By 

making a p p r o p r i a t e  a .ssumptions,  conce rn ing  t h e  b e h a v i o r  o f  t h e s e  

c o s t s  a s  w e l l  a s  assumpti.ons abou t  t h e  a r t u a l  s toc.km;lr l tot  

v a l u a t i o n  f u n c t i o n ,  i t , i s  p o s s i b l e  t o  f i n d  t h e  optimum growth 

raLe f o r  a. -g iven  . u t i l i t y  f u n c t i o n .  

M a r r i s  u sed  t h e  f o l l o w i n g  v a r i a b l e s :  
A 

p  . The c u r r e n t  "ope ra t ing"  p r o f i t  r a t e  o f  t h e  i n d i v i d u a l  f i r m - -  
p r o f i t s  r e p o r t e d  i f  no r e s o u r c e s  were devoted  t o  growth,  
i . e . ,  i$ no mQney wa's s p e n t .  on rc . sea~-c l i  devleoPment or. on 
t h e  administration. o r  p l a n n i n g  o f  growth;  

d  T o t a l  c u r r e n t  d i v i d e n d  normal i zed  by book v a l u e  o f  a s s e t s ;  

v V a l u d t i o n  r a t i o  (normal ized  s t o c k  marlcct v ~ l u e -  - t o  t a l  issucd 
s h a r e s  m u l t i p T i e d  by s t ~ c k  market  e q u i t y  s h a r e  p r i c e ,  d i v i d e d  
by book v a l u e  o f  a s s e t s ) ;  

bl  P r i c e - d i v i d e n d  r a t i o  i f  t h e  f i r m  were n o t  e x p e c t e d  t o  grow, 
i . e . ,  t h e  p r i , c e  a t  w h i c h  t h e  s t o c k  market  would v a l u e  t h e  
s h a r e s  i f  t h e  e x p e c t e d  v a l u e  o f  f u t u r e  d i v i d e n d s  were e q u a l  
t o  t h e  a c t u a l  v a l u e  o f  t h e  c u r r e n t  d i v i d e n d ; .  



b2 The amount by w h i c h '  bl w i l l  b e  i n c r e a s e d  ( i f ,  i n  f a c t ,  some 
growth i s  e x p e c t e d )  f o r  e a c h . u n i t  o f  t h e  p r o p o r t i o n a t e  growth 
r a t i o ; ,  

b  bl/b2 

i n  e f f e c t  a  measure o f  t h e  s t o c k  m a r k e t ' s  p r e f e r e n c e  f o r  
c u r r e n t  a s  a g a i n s t  f u t u r e  d i v i d e n d s , . t a k i n g  account  of  p u r e  
t ime  d i s c o u n t ,  r i s k - a v e r s i . o n  and o f  e x p e c t a t , i o n s  conce rn ing  ' 

t h e  development o f  r i s k  through t i m e ;  ( see  L i n t n e r  (1964 and 
1971') ) ;. 

X C o e f f i c i e n t  o f  t h e  " c o s t  o f  growth"; t h e  amount o f  money . 
. ' (normal ized  by b o o k , v a l u e  o f  a s s e t s )  which must b e ' d i v e r t e d  

from o p e r a t i n g  p r o f i t s  t o  s u p p o r t  one p o i n t  of  s u s t a i n a b l e  
prop 'or t ' iona l  growth;  i n  o t h e r  words,  a  measure o f  t h e  ".unit  

. . c o s t "  o f  g rowth- suppor t ing  a c t i v i t i e s  such  a s  s e a r c h ,  r e -  . 

s e a r c h ,  development and p l a n n i n g ;  (Penrose ,  1959; M a r r i s ,  
. 1964 ,  Ch'. ' 3 )  ; 

M M o t i v a t i o n a l  i n d i c a t o r  bounded by M = % and M = 1; i n  t h e  
former  c a s e  t h e  f i r m  i s  maximizj..ng t h e  v a l u a t i o n  r a t i o  

o r  l l s t o c k h o l d e r "  m o t i v a t i o n ) ;  i n  t h e  l a t t e r  i t  i s  
maximizing i t s  own growth r a t e ,  g ,  s u b j e . c t  t o  t h e  c o n s t r a i n t  
t h a t  ' t h e  v a l u a t i o n  r a t i o  n o t  f a l l  below t h e  l i m i t  v a l u e  a s  

. . d e f i n e d .  above. 

With t h e  above v a r i a b l e s ,  t h e  b a s i c  e q u a t i o n s  o f  t h e  M a r r i s  
model a r e :  

The f i r s t  equa t i6n  i s  an i d e n t i t y  t h a t ' f o l l o w s  from t h e  assump- 

t i o n  o f  i n t e r n a l  f i n a n c i n g  and t h e  second r e p r e s e n t s  t h e  s t o c k  

market  a s s u m p t i o n s  d e s c r i b e d  above i n  t h e  d e f i n i t i o n s  o f  bl and 

b2.  The f i r m  i s  v a l u e d  f i r s t  on t h e  bas : i s  o f  i t s  c u r r e n t  d i v i -  

dend,  d ,  and t h e n  a  f u r t h e r  amount i s  added t o  t h i s  v a l u a t i o n  

t o  t a k e  accoun t  o f  t h e  expec ted  growth r a t e ,  g.  I n  M a r r i s ' s  

model and i n  o t h e r  s i m i l a r  models such  a s  t h o s e  o f  L i n t n e r  (1971) 

and Svlow (1971) ,  t h e  f i r m  grows i n  s t e a d y  s t a t e .  Given t h e  

a p p r o p r i a t e  g r o w t h - s u p p o r t i n g  e x p e n d i t u r e  a s  indic .a . ted  by t h e  



c o e f f i c i e n t ,  A ,  t h e  f i r m  can  grow a t  t h e  i n d i c a t e d  r a t e ,  g ,  w h i l e  
A 

sus t . a i ' n ing  a  c o n s t a n t  o p e r a t i n g  p r o f i t  r a t e ,  p ,  whose ( t ime-wise  

c o n s t a n t )  l e v e l  i s  t r e a t e d  a s  t h e  exogenous r e s u l t  o f  t h e  com- 

p e t i t i v e  o r  o l i g o p o l i s t i c  commercial  c o n d i t i o n s  . i n  i t s  e x i s t i n g  

m a r k e t s .  S i n c e  t h e  f i r m  i s  growing w i t h  i n t e r n a l  f i n a n c e  a t  

a  s t e a d y  r a t e ,  t h e  growth r a t e  o f  d i v i d e n d s  w i l l  be e q u a l  t o  t h e  

g r o w t l ~  raLe uf e a r n i n g s  which i n  t u r n  w i l l  be e q u a l '  t o  t h e  

g e n e r a l  growth r a t e ,  g. 

I t  can  be 5h.own' t h a t  i n  o r d e r  t o  nlaximi ze t h e  v a l u a t i o n  

r a t i o  (which would be a p p r o p r i a t e  f o r  a  f i r m  w i t h  no "managerial"  
. . 

m o t i v a t i o n ) ,  we would f i n d  t h e  growth r a t e  t h a t . ' s a t i s f i e d - t h e  

e q u a t i o n ,  

To maximize growth s u b j e c t  t o  t h e  i n d i c a t e d  c o n s t r a i n t  ( see  

a b o v e ) ,  t h e  optj.mum growth r a t e  i s  p r e c i s e l y  t w i c e  t h i s  r a te .  

(The f i r s t  r e s u l t  i s  o b t a i n e d  by combining (1) and ( 2 ) ,  s o l v i n g  

for V ,  a d  differentiating v w i t h  r e s p e c t  t o  g. The second 

r e s u l t  i s  o b t a i n e d  by s o l v i n g  v f o r  g=O and s u b s t i t u t i n g  t h i s  

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

Hence t h e  g e n e r a l  s o l u t i o n  i s ,  
A 

g* = M. ( p / ( l + X )  - b )  .k = M = 1 (4  

where g* i s  t h e  u t i l i t y - m a x i s ~ i z i n g '  growth raLe f o r  a  f i r m ' w h o s e  

m o t i v a t i o n a l  i n d i c a t o r  (measuring d e g r e e  o f  "manager ia l"  

m o t i v a t i o n )  i s  M. 
A 

S i n c e  t h e  r e p o r t e d  p r o f i t  r a t e ,  d e f i n e d  a s  p* = . p  - Ag* i s  

endogenous,  i . e . ,  t o  be de te rmined  i n  t h e  sys t em,  ' e q u a t i o n ' ( 4 )  



c a n  be e s t i m a t e d  by r e ' g r e s s i n g  g* on p*.- 13/ The c o e f f i c i e n t  of 

t h e  c o s t  o f  g rowth ,  A ,  i s  c o n s t a n t  w i t h  r e s p e c t  t o  t i m e  and g .  
. . 

S e v e r a l  i m p o r t a n t  c o n s l u s i o n s  f o l l o w :  
A 

( a )  The t h e o r y  p r e d i c t s  t h a t  i f  M i s  independen t  o f  p ,  

f irms a r e  o p t i m i z i n g  a c c o r d i n g  t o  t h e  model;  from 

e q u a t i o n  ( 4 ) )  growth r a t e s  w i l l  be p o s i t i v e l y  

c o r r e l a t e d  w i t h  o p e r a t i n g  p r o f i t  r a t e s ;  

(b )  E s t i m a t i o n  o f  (4)  i n  s e v e r a l  e m p i r i c a l  t e s t s  have 

been  made and t h e y  show t h a t ,  t y p i c a l l y ,  t h e r e  

e x i s t s  a p o s i t i v e  r e l a t i o n s h i p  between growth r a t e s  

14 /  and r e p o r t e d  p r o f i t  r a t e s . -  . 

A 

( c )  I f  M i s  independen t  o f  p ,  r e p o r t e d  p r o f i t  r a t e s  w i l l  

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

h 

13 /  g*  = M .c&) -b} . and p  = p* + Xg* - 

14 /  T h i s  i s  conf i rmed  i n  r a t h e r  r o b u s t  o b s e r v a t i o n s  o v e r  
a number o f  i n d u s t r i e s ,  t ime  p e r i o d s ,  and c o u n t r i e s  ( E a t u e l l ,  
1971 ,  and  M a r r i s ,  1 9 7 1 ) .  . . 

A 

15 /  . .  From p *  = p-Xg*, s u b s t i t u t e  e q u a t i o n  (4)  - 

A 

where b>0 . p* '= P '  ( 1 + ~ )  (1-M) 
1 + A  

(Con t inued  on z e x i .  page)  



The M a r r i s  mo.del p r e d i c t s  t h a t ,  o t h e r  t h i n g s  be ing ,  e q u a l ,  

a  f i r m  w i t h  a  more manager ia l  m o t i v a t i o n  w i l l  grow f a s t e r  f o r  

a  g i v e n  o p e r a t i n g  p r o f i t  r a t e  and w i l l  d i s p l a y  a  lower r e p o r t e d  

p r o f i t  r a t e .  

The r e p o r t e d  p r o f i t  r a t e  i n  t h e  model i s  averaged  o v e r  a l l  

t h e  f i r m ' s  o p e r a t i o n s .  I n  t h e  c a s e  o f  an o i l  f i r m  w i t h  c o a l  

i n t e r e s t s ,  th.e f i r m  would- ave rage  o i l ,  c o a l  and o t h e r  o p e r a t i o n s .  

There  i s  some eviderice t h a t  l a r g e  c o r p o r a t i o n s  employ c u t o f f  

r a t e s  o f  r e t u r n  . t h a t  a r e  i m p l i c i t l y  d e r i v e d  from t h e  k i n d s  o f  

c o n s i d e r a t i o n s  a t  work i n  a  model.  The t a r g e t  r a t e  o f  r e t u r n  

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

o v e r a l l  growth r a t e .  O i l  companies a r e  worldwide conglomera tes  

w i t h  a  s t r o n g  technological/managerial e t h o s .  I t  c o u l d  be a rgued 

t h a t  t hey  a r e  l i k e l y  t o  adhe re  t o  more . "manager ia l"  u t i l i t y  

f u n c t i o n s  tfi.an s u c c e s s o r  companies and t h a t  t h e r e f o r e  t h e i r  t a r g e t  

r a t e s  o f  r e t u r n  w i l l  a l s o  g e n e r a l l y  t e n d  t o  be lower .  I f  t hey  

have cash a v a i l a b l e ,  t h e y  w i l l  t e n d  t o  employ i t  i n t e r n a l l y  r a t h e r  

than '  d i s t r i b u t e  i t  . 
The M a r r i s - M u e l l e r  models r e l a t e  t o  f i r m s  i n  g e n e r a l  and 

do n o t  s p e c i f y  t h e  i n d u s t r i a l  d i r e c t i o n  o f  growth,  b u t  N a r r i s  

i n  p a r t i c u l a r  emphas izes  t h a t  f i r m s  f i r s t  t e n d  . to  e 'n te r  t h o s e  
. . 

(.Con t in1  ed )  
l . . I f  St t h e  degree of owner-control .  i n  s tock=lr larket  h o l d i n g  

s t r u c ' t u r e  i.s t a k e n  a s  a  ( n e g a t i v e )  proxy f o r  n~anager i a l i ' sm,  t h i s  
a l s o  i s  conf i rmed  i n  e m p i r i c a l  s t u d i e s  (Monsen, R a d i c e ) ,  b u t  the. 
sam'e s t y d i e s  .tend t o  n e g a t e  t h e  p o s i t i v e  a s s o c i a t . i o n  between 
~ n a n a g e r i a l i s m  and growth i n d i c a t e d  by Equat ion .  ( 4 ) .  There  i s  
o f t e n  p , o s i t i v e  c o r r e J . a t i o n  between owncrc c o n t r o l  and operating 
p r o f i t a b i l i t y .  I n  t h e  p r e s e n t  case '  ( o f  o i l  d i v e s t i t u r e  from c o a l ) ,  
i t  i s  u n l i k e l y .  t h a t  "management- c o n t r o l l e d "  o i l  companies would 
d i s p l a y  s y s t e m a t i c a l l y  lower  o p e r a t i n g  e f f i c i e n c y  t h a n  owner- 
c o n t r o l l e d  s u c c e s s o r  companies.  



f i e l d s  where' t h e y  have some manager i a l  comparati .ve advan tage  

o r  o t h e r  p o t e n t i a l  s y n e r g y .  O i l  companies b e l i e v e  thdy  have such  

an  advan tage  i n  t h e  c o a l  i n d u s t r y .  This  would be  r e f l e c t e d  i n  

lower e s t i m a t e s  of  t h e  . . c o e f f i c i e n t ,  A .  

A i f a c t o r :  working i n  t h e  o p p o s i t e  d i r e c t i o n  would b e  any 

tendency ' ( a s  w i l l  be  f u r t h e r  d i s c u s s e d  below) , f o r  o i l  companies 
. . . . 

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

This  would be  r e f l e c t e d ,  i n  t h e  manager i a l  model, i n  a  h i g h e r  

r a t e  o f  o p e r a t i n g  p r o f i t l e a d i n g  i n  t u r n  t o  a h i g h e r  t a r g e t  

re ' turr i ,  and  a g e n e r a l  upward s h i f t  o f  t h e  . i n d u s t r y '  s u p p l y  c u r v e .  

To sum up,  t h e  . t h e o r y  i m p l i e s  t h a t .  d i v e s t e d  o i l  companies 
. . 

would wish  t o  grow f a s t e r  and a c c e p t  lower r e p o r t e d  p r o f i t  r a t e s  
. . 

f o r  g iven  o p e r a t i n g  ? r o . f i t  r a t e s  ' than would s u c c e s s o r  companies.  . . 

Optimal  D e p l e t i o n  Theory 

'   he c l a s s i c  theorem . f o r  t h i s  'p roblem i s  due t o  Haro ld  H o t e l l i n g .  , ] 

. ( 9 3 1 ) .  Firms i n  an i n d u s t r y  t h a t  h a s  a  cumula t ive  c o s t  f u n c t i o n  

a n t i c i p a t e  t h a t ,  because  c o s t s  w i l l  . r i s e  a s  p r o d u c t i o n .  cumula te s ,  

f u t u r e  p r i c e  must a l s o  b e  expec ted  t o  r i s e .  I n  e q u i l i b r i u m  t h e  

' . a c t u a l  'growth r a t e  of  t h e  p r i c e  must b e  e q u a l  t,o t h e  a n t i c i p a t e d  

r a t e .  . Thus t h e  " p r i c e - t a k i n g " .  f i r m  i s  f a c e d  w i t h  an e x p e c t e d  

f u t u r e .  p a t h  o f  t h e  p r i c e .  and must d e c i d e  annua l  and t o t a l  f u t u r e  

. p r o d u c t i o n .  The p a t h m u s t  b e  c o n s i s t e n t  w i t h  no  f i r m  h a v i n g  an  . 

i n c e n t i v e  t o  h o l d  back o u t p u t  i n  any y e a r ,  i n  o r d e r  t o  : take  advan tage  

o f  the .  . f u t u r e  i n c r e a s e  in t h e  v a l u e  o f  u n e x t r a c t e d  . r e s e r v e s . ,  T h i s  



. . . .  . 

c o n d i t i o n  w i l l  b e  s a t i s f i e d  i f  the- expec ted  p r i c e  p a t h '  is. such  
. . .  

t h a t  t h e  p r o p o r t i o n a l  growth r a t e  of  , o p e r a t i n g  p r o f i t s  ' ( n e t  o f  

d e f e r r e d  i n v e s t m e n t )  p e r  u n i t  o f  o u t p u t -  a t t r i b u t a b l ' e  t o  r i s i n g  

f u t u r e  p r i c e s  i s  p r e c i s e l y ' e q u a l  t o  t h e  market  r a t e  o f -  i n t e r e s t .  

I f  p r o f i t a b i l i t y  i s  r i s i n g  p r o p o r t i o n a t e l y  f a s t e r  t h a n  ' the '  r a t e  

o f  i n t e r e s t ,  i t  w i l l  pay t o .  "hoard" t h e  r e s e r v e ;  i f  i t  i s  r i s i n g '  

l e s s  f a s t  i t . w j . 1 1  pay  t o  dump a s  much a s  p o s s i b l e  'on , t he  market  ' '  

s o  t h a t  t h e  p r o f i t s  s o  e a r n e d  may be  r e i n v e s t e d  mote . . . 

a t  t h e  market  i n t e r e s t  r a t e .  The r e s u l t i n g  theo.rem (known as  

.16/ ~ o t e ' l l i n ~ ' ~  theorem) i s . o f t e n  e x p r e s s e d  i n  terms o f  t h e  n e t  p r i c 6  - 

( g r o s s  p r i c e  l e s s  e x t r a c t i o n  c o ~ t s ' i n c l u d i n ~  d e f e r r e d  inves tmen t )  , . 
. . 

b u t  i s  more e a s i l y  u n d e r s t o o d  ' i n  terms o f  g r o s s  p r i c e .  I f  g r o s s  . ', 

p r i c e  i n c r e a s e s  by  an amount dp, t h e  a s s o c i a t e d  . . p r o p o r t i o n a l '  
. .. 

i n c r e a s e  i n  p r o f i t  p e r  u n i t  o f  o u t p u t  w i t h  g i v e n  u n i t  c o s t s ,  2, 
.. , , 

i s  dp/ ' (p-c)  .' ' T h i s  'must grow p e r .  u n i t  of  t.i.me, dt, a t .  t he '  r a t e  

o r  i n t e r e s t  r .  Hence w e . h a v e ,  

. '  d p / d t . =  r . ( p - c )  . . . ' . (1) 

It. i s  s imple  t o  show t h a t  t h e  n e t  p r i c e ,  s a y  p '  . ( . d e f i n e d  a s  

p - h )  and t h e  r a t e  o f  i n t e r e s t  have t h e  f o l l o w i n g  r e l a t i o n s h i p  

when 's i t s e l f  i s  i n c r e a s i n g  through t i m e ,  (as a resl.i.lt .of curnu.- 

l a t i v e  o u t p u t )  : 
. . 

r = q / p V  . -  dc/dQ + . d p ' / p l  l / d t  ( 2). 

where q  s i g n i f i e s  c u r r e n t  o u t p u t  and Q cumu.lat ive o u t p u t .  
. . 

&< S e e ,  e  . g . ,  H e r f i n d a h l  and ~ n e e s e ,  ~ c o n o m i c  ~ h k o r ~  or 
N a t u r a l  Resources ,  1 9 7 4 ,  p .  1 2 6 .  

. . 



I f  a  p a t h  meet ing  t h e  above c o n d i t i o n s  i s  f o l l o w e d ,  t h e  

d i s c o u n t e d  p r e s e n t  v a l u e  o f  t h e  r e s e r v e  w i l l  be  maximized. A 

p a t h  o f  t h i s  t y p e  canno t  be  s o l v e d  w i t h o u t  knowing t h e  e q u i l i b r i u m  

c o n d i t i o n s  f o r  t h e  whole i n d u s t r y ,  i n c l u d i n g  t h e  demand c u r v e .  

Via . the  demand c u r v e ,  t h e  p r i c e  p a t h  d e t e r m i n e s  t h e  o u t p u t  p a t h  

and hence t h e  c o s t  p a t h  which i n  t u r n  r e a c t s  on t h e  p r i c e  p a t h ,  

and s o  on.  I n  a d d i t i o n ,  t h e  p r e c i s e  form o f  t h e  c:umulative 

1 7  / c o s t  f u n c t i o n s  must be  known.- 

There  a r e  few examples o f  s p e c i f i c  s o l u t i o n s  t o  p a t h s  o f  

t h i s  k i n d .  An a l t e r n a t i v e ,  s i m p l e r  approach  i s  t o  assume t h a t  

t h e  i n d u s t r y  i s  myopic and t h a t  e a c h  f i r m  de te rmines  an  o u t p u t  

p a t h  on t h e  assumpt ion  t h a t  c u r r e n t  p r i c e s  w i l l  r u l e  i n d e f i n i t e l y  

i n t o  t h e  f u t u r e .  T h i s  approach  i s  more c o n s i s t e n t  w i t h  t h e  mezho- 

dology o f  PIES though pe rhaps  somewhat u n r e a l i s t i c  i n  l i g h t  o f  

r e c e n t  r a t e s  o f .  i n c r e a s e  i n  c o a l  p r i c e s .  However, .it i.s sa.t.isfa.c-- 

t o r y  f o r  i l l u s t r a t i n g  q u a l i t a t i v e  e f f e c t s  and i s  a l s o  e f f e c t i v e  

i n  a s s e s s i n g  t h e  q u a i t i  t a t i v e  impact  o f  more i m p o r t a n t  p e r t u r -  

b a t i o n s  o f  r e l e v a n t  v a r i a b l e s  such  a s  t h e  r a t e  o f  d i s c o u n t .  

The "simp1e.r" problem may b e  d e s c r i b e d  by t h e  . fo l lowing  

e q u a t i o n s :  

17 Unless  a l l  i t s  h i g h e r  d e r i v a . t i v e s  a r e  z e r o ,  t h e  
c o e f - K c i e n t  dc/dQ ' w i l l  n o t ,  o f  c o u r s e ,  be  c o n s t a n t  and may w e l l  
b e  endogenous t o  t h e  problem i n  a  complex way. 



where ,  

q  . = q u a n t i t y  produced a t  t ime t ,  
t 

n . = n e t  c a s h  f l o w  from ,producing  and 
t ,  s e l l i n g  q  a t  p r i c e  P ,  

t 

C = t o t a l  c o s t s  o f  p roduc ing  q , 
i n c l u d i n g  d e f e r r e d  i n v e g t r n h t  

D = d i s c o u n t e d  present. vaiue ,  

r = r a t e  o f  d i s c o u n t , ,  

K .= i n i t i a l  i n v e s t m e n t .  
0 

The problem i s  . . t o  f i n d  t h e  f u n c t i o n , .  F(t.)  , t h a t  maximizes,  D ,  

s u b j e c t .  t o  (1) and ( 2 ) .  K i n i t i a l  investment . ,  m a y . a l s o  b,c 
0 '  

c o n s i d e r e d  endogenous ; f o r  example,  i t  c o u l d  be  a  f u n c t i o n  o f  
a 

qo 
, o f  l / t ~  q t  o r  o f  q  where q i s  t h e  peak  v a l u e  o f  q '  i n  

0 j j t 
Lhe oprimum p a t h .  

The models below u s e  t h e  second, assumpt ion .  W; a l s o  employ 

t h e , s p e c i f i c  c o s t - f u n c t i o n  based  on P I E S  d a t a  e s t i m a t e d  by 

Ziirur~erman as a l r e a d y  d e s c r i b e d  above.  . Consequent ly ,  

t h e  comple te  model i n v o l v e s  two f u r t h e r  e q u a t i o n s ,  namely ,  

a t  B ,  
C' - p.y ( Z q )  - c 
. t t t. 

where a and B a r e  e l a s t i c i t i e s ,  C i s  a  c o n s t a n t  e l emen t  i n  

o p e r a t i n g  c o ~ s t s ,  - a  i s  a  g e n e r a l - c o s t  p a r a m e t e r ,  k i s  a  



c a p i t a l / o u t p u t  . p a r a m e t e r ,  . and ~ , ' i ' s  t h e  ec'onomic l i . .fe o f  t h e  
, . 

r e s e r v e , ' i . e . ,  t h e  p e r i o d  o v e r  which t h e r e  i s  p r b f i t a b l e  produc. t ion,  

( a n  endogenous v a r i a b l e  ,- s e e  be low) .  

A s  i n  t h e  ~ o t e l l i n ~  theorem, t h e r e  a r e  g e n e r a l  theorems 

' r e l a t i n g  t o  t h e  a p p r o p r i a t e . o p t i m a 1  p a t h s  f o r  t h i s  problem, b u t  
1 &I - .  

no s p e c i f i c  . r e s u l t s . .  . By means o f  s i m u l a t i o n ,  u s i n g  pa ramete r s  

c o n s i s t e n t  w i t h  PIES., we i n v e s t i g a t e d  f o u r  t y p e s  o f  c o n s t r a i n e d  
. . 

p a t h s ,  namely: 

-6t 
( i i i )  

'q t 
L'. q .E 

0 

( i v )  . - - 
9, qo 

f o r   ti^ 

q .  = o  f o r  t . >  T 
t 

where T: i s  def in 'ed  i n  y e a r s  s o  t h a t  a l l .  .ir ( t < T ) ' a r e  ' p o s i t i v e  
t -  

and a.11 .ir ( t  > ' T). a r e  . s t r i c t l y  , n e g a t i v e .  
t 

Exper iments  were made t o  f i n d  maximum v a l u e s ,  o f  D by  v a r y i n g  

q, and T i n  [ i ) .  qo and E i n  ( i i ) ?  qo and 6 i n  ( i i i ) ,  and q, and 

'T i n  ( i i r )  . 
P a t h s  o f  type  . . ( i v )  dominated a l l  o t h e r s  . . ,.'. S i n c e  o p t i m a l  

p a t h s  i n  t h i s  t y p e  o f  model d i s p l a y  d e c l i n i n g  o u t p u t  ( H e r f i n d a h l  

and Kneese p .  1 1 9 ) ; t h i s  r e s ' u l t  must i n d i c a t e  t h a t  none of  t h e  

p a t h s  a're s t r i c t l y  o p t i m a l :  . c a l c u l a t i o n  o f  a c t u a l  o p t i m a l  p a t h s  

. ' .was too  complex. It' seems t h a t  r e c t a n g u l a r  p a t h s  ( type . .  ( iv) ) . ;  

Is/, H e r f i n d a h l  and  Kneese; 9. c i  t .  - 



' w i t h  a  v a r i a b l e  d e p l e t i o n  p e r i o d ,  T, p r o v i d e  good. ,approximat ions  

f o r  o u r  p u r p o s e ,  and a r e  e s p e c i a l l y  c o n s i s t e n t  w i t h  ' the  methodology 

o f  PIES. 

Befo re  d i s p l a y i n g  t h e  r e s u l t s  o f  t h e  s i m u l a t i o n s ,  t h e  fol lowi 'ng 

, t h e o r e t i c a l  p r e d i c t i o n s  may be enumerated: '  

( i  A d e c r e a s e  i n  T w i - 1 1  r educe  q  and i n c r e a s e  T; 
0 

l e s s  c o a l  i s  produced now, b u t  economic l i f e  i s  ex tended ;  

( i i ) .  A d e c r e a s e  i n  - a ,  ( t h e  g e n e r a l  c o e f f i c i e n t  o f  o p e r a t i n g  

c o s t s  and d c f c r r c d  i n v c s t m c n t )  w i l l  i n c r e a s e  qo 

a s  i n  t h e  c a s e  o f  a  downward s h i f t  o f  a  c o n v e n t i o n a l  s u p p l y  

c u r v e ,  more i s  pro.duced a t  a  p r i c e '  b o t h  now and i n  t h e  

f u t u r e ;  

( i i i ]  A d e c r e a s e  i n  k w i l l  have s i m i l a r  . e f f e ' c t s  t o  a  d e c r e a s e  
. . . . 

i n  a .  - 

The model was s i m u l a t e d  w i t h  b a s e l i n e  v a l u e s  ' c o n s i s t e n t  w i t h  

PIES, i n c l u d i n g  T a t  8 % ,  and t h e n  a p p r o p r i a t e l y  p e r t u r b e d  t o  

i n v e s t i g a t e  e f f e c t s  on o p t i m a l  p a t h s .  

The s p e c i f i c  b a s e l i n e  pa ramete r  v a l u e s  were a = 5.162(10-21, 

C = 3 0 ,  k = 1, P  = 1, a = 1 . 3  a n d ' @  = . 15  ( t h e  l a t t e r  two f i g u r e s  

b e i n g  d e r i v e d  -from Zimmerman ,1977,  second c i t a t i o n ) .  With p r i c . e  

no rmal i zed  a t  u n i t y ,  q u a n t i t y  u n i t ?  a r e  a r b i t r a r y .  The dimen- 

s i o n a l  r e a l i s m  o f  t h e  model may be  i r e r i f i e d . b y  e x p r e s s i n g  D f o r  

e a c h  optimum p a t h  a s  a  p e r c e n t a g e .  of  t h e  c o r r e s p o n d i n g  c a l c u l . a t e d  

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

a l l t i m e l e s s "  r e p r e s e n t a t i o n  o f  t h e  . r a t i o  o f  p r o f i t s  t o  s a l e s ,  
, . .  

when a l l  c a p i t a l  c o s t s ,  i n c l u d i n g  i m p l i c i t  a m o r t i z a t i o n  and 

i n t e r e s t  on i n i t i a l  c a p i t a l ,  a s  w e l l  a s  ' d e f e . r r e d  c a p i t a l .  c o s t s ,  
. .  . . 



have been de'ducted from p r o f i t .  I n  o t h e r  words,  t h i s  c a l c u l a t i o n  
, . .. . 

; ep reken t s  ' the  margin o f  " p u r e "  p r o f i t ,  and s h o u l d  be  f a i r l y  

s m a l l ,  e . g .  from 0 to '  15% ( a s  w i l l  be s e e n ,  i n  t h e  b a s e l i n e  i t  

was 5 . 9 %  - any mine o f f e r i n g  a  p o s i t i v e  margin w i l l  be  

worked u n l e s s  t h e  r e t u r n ' . i s  s o  s m a l l  a s  t o  be n o t  wor th  t h e  
. . 

manager i a l  e f f o r t )  . I n  t h e  t a b l e  'below, t h e  f i g u r e  ,' expres 'sed 

a s  a. p e r c e n t a g e ,  i s  termed "margin." The r e s u l t s  a r e  g iven  

i n  Table  1 1 - 2  below. 

From t h e  t a b l e ,  t h e  ,foll .ot; ing i s  c l e a r :  

( a )  The e f f e c t s  o f  s t r o n g  r - v a r i a t i o n s  a r e  q u i t e  modest;  

(b)  The e f f e c t s  o f  c o s t - o f - c a p i t a l  and g e n e r a l - c o s  t 
. . 

v a r i a t i o n s  a r e  s t r o n g ,  e . g . ,  a  f i v e  p e r c e n t  
v a r i a t i o n  i n  t h e  c o e f f i c i e n t  produces  a  t e n  
p e r c e n t  v a r i a t i o n  i n  outpu ' t .  

. .  . 

The f o r e g o i n g  c o n c l u s i o n s  do n o t  e x h a u s t  t h e  l i s t  o f  p o s s i b l e  

economic e f f e c t s  o f  v a r i a t i o n s  i n  r a t e  o f d i s c o u n t .  o r  r e t u r n .  

The . d e p l e t i o n  model does  n o t  d e a l  w i t h  t h e . . e f f e c t  o f  v a r i a t i o n s .  
' 

o f  -r on t h e  number o f  , a c t u a l  o r  p o t e n t i a l  mines d i s p l a y i n g  p o s i t i v e  

d i scoun t id  p r e s e n t  v a l u e .  T h e  more g e n e r a l  "manager i a l "  e f f e c t  - .  

a s  a g a i n s t  t h e  p u r e  d e p l e t i o n  e f f e c t  - o f  more abundant  c a p i t a l  . .  

. . 

s u p p l i e s  i n  o i l -owned c o a l  e n t e r p r i s e s  must b e .  i n v e s t i g a t e d  
, , 

d i r e c t l y  i n .  PIES. By c o n t r a s t ,  PIES a t '  p r e s e n t  canno t  h a n d l e  . .  
. . . . 

t h e  d e p l e t i o n  e f f e c t .  B u t . h a v i n g  now a s c e r t a i n e d  f r o , m ~ s ~ m u l a t i o n s  

u s i n g  d a t a  c o n s i s t e n t  wi th .  PIES t h a t  t h e  d e p l e t i o n  e f f e c t  seems ' ; 
. . 

l i k e l y  t o  be  s m a l l  (and  i n  u s i n g  d a t a  f o r ,  South 'Appalachian , 
' . 

. . . . 

low-sGlphur c o a l  w i t h  l agged  r e s u l t s  i n  f a v o r  of  a  s t r o n g  e f f e c t ; .  ' ,  
. . 

f o r  ' h i g h - s u l p h u r  c o a l s  f o r  ' a l l  North Appalachian  and Western . '  . 
. . . . 

c o a l s  t h e  e f f e c t  ' y o u l d  .be  f u r t h e r  weakened),  we hake '  no . f u r t h e r  . 
' 

. . . . 



TABLE '1.1 - 2  

Optimal  Ou tpu t s ,  Economic L ives ,  

. Discoun ted  P r e s e n t  Values  and Discounted 

~ r o f i  t Margins Der ived  from :Depletion-Model 

S i m u l a t i o n s  

B a s e l i n e  

P e r t u r b a t i o n s !  

a dawn 5% - 

T** DPV* Margin - - 

r down 5 p o i n t s  1 97  ' 29 1 7 7  - 6 . 3  
I 

"Base l ine  = 1 0 0  
Xik Y e a r s .  . 



a t t e m p t  t o  i n t r o d u c e  a  d e p l e t i o n  e f f e c t  d i r e c t l y  i n t o  PIES. 

c o m p e t i t i v e  E f f e c t s  

C l e a r l y ,  a  major f a c t o r  w i l l  be in t roduced  i f  t he  p resence  

o f  o i l ' c o m p a n i e s ,  as '  opposed t o  s u c c e s s o r  companies, reduces  t h e  

c o m p e t i t i v e n e s s . o f  t h e  c o a l  i n d u s t r y ' s  p r i c i n g  p r a c t i c e s .  

From t h e  l a r g e  l i t e r a t u r e ,  o f .  i n d u s t r i a l  o r g a n i z a t i o n ,  t h e r e  

h a s  emerged a  degree  of consensus, t h a t ' t h e  compet i t iveness  o f  

an  i n d u s t r y ' s    rice s t r u c t u r e  ( a s  .measured by margins o r  , . 

s u s t a i n a b l e '  r a t e s  o f  r e t u r n )  . w i l l  depend i n  comb'ination on i t s  

i n t e r n a l  s t r u c t u r e  and behav io r  ( o l i g o p o l i s t i c  o r  c o m p e t i t i v e  

a s  t h e c a s e m a y  be)  and on t h e  e x t e n t  t o  which b a r r i e r s  t o  e n t r y  

( o r  t h e i r  absence)  p r e v e n t  o u t s i d e  f i r m s  from coming i n . t o  

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

. I n  t u r n ,  i t  has  b e e n  u s u a l  t o  a t t e m p t  t o  measure t h e  p r o p e n s i t y  

t o  " i n t e r n a l "  o l i g o p o l y  by the .  proxy.  o f  c o n v e n t i o n a l  c o n c e n t r a t i o n  

r a t i o s ,  a n d  t h e  b a r r i e r s  t o  e n t r y  by d i r e c t  i n v e s t i g a t i o n  o f  such .  

f a c t o r s  f o r  e n t r y  .and s o  on.. . ' , .  

The r o l e  o f  combinat ion among t h e s e  two groups' o f  f a c t o r s  
. . . . 

i s  e s s e n t i a l  t o  a  proper ' i lnderst 'arrdillg 01 the  problem.. In the 

a b s e n c e  of c o n c e n t r a t i o n ,  c o m p e t i t i o n  may b e  ' q u i t e  i n t e n s i v e  . . 

e v e n -  i n  t h e , a b s e n c e  o f  b a r r i e r s  t o  e n t r y .  Conversely,  no amount 

of i n t e r n a l  o l i g o p o l i s t i c  behav io r  can e a s i l y  s u s t a i n  h i g h  p r o f i t s  

' i n  t h e ,  p r e s e n c e  o f  a  permanent and vigo'rous e n t r y  t h r e a t .  

A c o n s i d e r a b l e  l i t e r a t u r e ,  s-temming from t h e  p i o n e e r i n g  work 
. . .. . 

of  J o e  S. Bain', ( 1 9 5 6 ) ,  has a t tempted t o  measure t h e  s t r e n g t h  of  

t h e s e  f a c t o r s ,  and t o  r e l a t e  them t o  observed p . r o f i t a b i l i t y  

r a t e s ,  i n  U.S. i n d u s t r y .  F Q ~  t h e  p r e s e n t  purpose ,  however, i i  
. . 



i s  a l s o  n e c e s s a r y  t o  t a k e  accoun t  o f  t h e  t h e o r y  of  t h e  growth 

o f  t h e  f i r m .  We have  seen  t h a t  t h i s  t h e o r y  p r e d i c t s  t h a t  t h e  

r e p o r t e d  p r o f i t  r a t e s  o f  i n d i v i d u a l  f i r m s  w i l l  t end  t o  be 

p o s i t i v e l y  a s s o c i a t e d  w i t h  t h e i r  growth r a t e s .  . T h i s  p r o p o s i t i o n  

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

who.le, and h a s  been  t e s t e d  on l a r g e ,  m u l t i - i n d u s t r y  samples .  

N e v e r t h e l e s s ,  t he r ' e  w i l l  t e n d '  t o  b e  common f a c t o r s  o p e r a t i n g  

w i t l i j n  i n d i v i d u a l  i n d l l s t . r i e s  the c o e f f i c i e n t s  t.he . g l - , l l w ~ ~ l . ,  

model w i t h  r e s p e c t  t o  i n d i v i d u a l  f i r m s .  I n  s h o r t ,  some i n d u s t r i e s  
. . 

w i l l  grow f a s t e r  t h a n  o t h e r s .  Some p a r t  o f  t h e  i n t e r - i n d u s t r y  

v a r i a n c e s  of  r e p o r t e d  p r o f i t  r a t e s  must b e  due. t o  i n t e r - i n d u s t r y  

v a r i a n c e s  o f  t h e  f a c t o r s  a f f e c t i n g  f i r m  growth r a t e s  .: I t  is . . . . 

n e c e s s a r y ,  t h e r e f o r e  t o  e l i m i n a t e '  t h i s  f a c t o r  from economet r i c  

models d e s i g n e d  t o  e x p l a i n  i n t e r - i n d u s t r y  p r o f i t  r a t e s .  Otherwise, '  

models w i l l  b e  m i s s p e c i f i e d  and  t h e r e  i s  dsngcr u f  t h e  i n t r o -  

d u c t i o n  o f  a  b i a s  i n t o  t h e  e s t i m a t e s  o f  t h e  e f f e c t  on i n d u s t r y  . . 
. . 

p i  A .  0 c o n c c n t r a t i o ~ i  ratf 0 s  o r  b a r r i e r s  t o  'entry. 

T h i s  i s  conf i rmed  by  s t u d i e s  which show t h a t  i n t r o d u c t i o n  o f  t h e  

i n d u s t r y  growth r a t e  a s  a n  e x p l a n a t o r y  v a r i a b l e  d o e s ,  i n  f a c t ,  
. . . . 

change  b o t h  t h e  - e s t i m a t e d  v a l i ~ e s  o f  t h e  r e l e v a n t  c o e f f i c i e n , t s  , 

a s  w e l l  a s  r educe  t h e i r  s t a t i s t i c a l  s i g n i f i c a n c e .  - 
. 19/ - 

The most comprehensive s t u d y  w a s  t h a t  o f  K .  D . G e o r g e .  . . . 

T h i s  t a k e s  i n  t o  ' accoun t  t h e  t h e o r e ' t i c a l  c o n s i d e r a t i o n s  t h a t  

c o n c e n t r a t i o n  and b a r r i e r s  t o  e n t r y  w i l l  most l i k e l y  "work" i n  

combina t ion ,  b u t  n o t  i .ndependent ly,  p l u s  t h e  effects o f  i n t e r -  

i n d u s t r y  growth r a t e '  v a r i a t i o n s .  - Using f o u r - f i r m  c o n c e n t r a t i o n  

. . 

191' .  K .  D .  George (1968) .  - 
. . 



r a t i o s  f o r  28 U.S. manufac tu r ing  i n d u s t r i e s  and Mann's c l a s s i f i -  

c a t i o n  o f  i n d u s t r i e s  w i t h  r e s p e c t  t o  d i r e c t  b a r r i e r s  (based  

o r i g i n a l l y  on Bain)  h e  o b t a i n e d  t h e  f o l l o w i n g  e q u a t i o n :  

u 

The key c o n c l u s i o n  o f  t h i s  e q u a t i o n  i s  t h a t  n e i t h e r  b a r r i e r s  t o  - 
e n t r y  n o r  c o n c e n t r a t i o n  a c t i n g  a l o n e  h a s  a  s . t a t i s t i c a l l y  s i g n i -  

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

a v e r a g e  growth r a t e .  By . c o n t r a s t ,  t h e  combinat ion  v a r i a b l e ,  ' 

CRl h a s  a  s u b s t a n t i a l  e f f e c t .  ' I n  an i n d u s t r y  w i t h  "Very High" 

b a r r i e r s  t o  e n t r y ,  e v e r y  t e n  p e r c e n t a g e  p o i n t s  o f  p o ' s i t i v e , v a r i a t i o n  

i n  t h e  f o u r - f i r m  c o n c e n t r a t i o n  r a t i o  caused  a  1 . 2  p e r c e n t  i n c r e a s e  

i n  t h e  i n d u s t r y  p r o f i t  r a t e .  

Many w r i t e r s  have a d d r e s s e d  t h e  q u e s t i o n  o f  e n t r y  b a r r i e r s  

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

Schmookler have  each ,  i n  d i f f e r e n t  e d i t i o n s  o f  The S t r u c t u r e  o f  

American I n d u s t r y ,  a d d r e s s e d  t h e  q u e s t i o n  o f  t h e  c o m p e t i t i v e n e s s  

o f  t h e  c o a l  i n d u s t r y .  . Leonard c i t e s  t h e  e x i s t e n c e  o f  6000 
. . 

s e l l e r s  i n  1 9 4 6 , , n o n e . o f  which c o n t r o l l e d  3 % . o f  t o t a l  i n d u s t r y  

o u t p u t ,  p l u s  ithe f a c t  t h a t  t h e  i n d u s t r y  h a s  no p r i c e  l e a d e r  '- 

a s  ' e v i d e n c e  o f  compe t i t , i veness  w i t h i n  t h e .  i n d u s t r y .  In  a d d i t i o n ,  

he  a l s o  c i t e s  t h e  absence  o f  p a t e n t  r e s t r i c t i o n s  and t h e  i n a b i l i t y  . 

t o  d i f f e r e n t i a t e  p r o d u c t s  a s  f u r t h e r  . ev idence  o f  t h e  e x i s t e n c e  

20/ Norman H .  Leonard,  "The R i  tllminous c o a l  I n d ~ s t r y , ~ ~  i n  
The S t r u c t u r e  o f  American I n d u s t r x ,  e d .  by Wal t e r  Adams .(New York: 
The Macmillan Co., 1950) ,  pp.  3 6 - 3 5 .  



Jacob  Schmookler ,  i n  a  r e v i s e d  e d i t i o n  o f . T h e  S t r u c t u r e  o f  
2 1 /  - 

American I n d u s t r y ,  draws a  d i f f e r e n t  c o n c l u s i o n .  On t h e  

s e l l i n g . s i d e  h e  n o t e s  t h e  e x i s t e n c e  o f  p r o d u c t  d i f f e r e n c e s ,  

n e g a t i v e l y  s l o p e d  i n d i v i d u a l  demand c u r v e s ,  s e l l i n g  expenses, '  

l o c a t i o n a l  a d v a n t a g e s ,  p r i c e  d i s c r i m i n a t i o n ,  p r a c t i c e s ,  and . . 

i n d i v i d u a l  consumer p r e f e r e n c e s  -. a l l  o f  which l e a d  t o  imper- 

f e c t l y  c o m p e t i t i v e  marke t s .  
.2 2/ - 

Reed Moyer ls  Compet i t ion  i n  t h e  Midwestern c o a l  I n d u s t r y  

d e m o n s t r a t e s  t h a t  t h e  micl l ies ter i  c o a l  market  c a n  b e  a c c u r a t e l y  

l a b c l c d  as  a u  "olf ignpnly w i t h  a  compc t i . t i ve  f r i n g e . "  He shows 

t h a t  . f r e i g h t  r a t e  b a r r i e r s  e f f e c t i v e l y  i s o l a t e  t h e  Midwestern - 
2 3/ - .  

c o a l  mar,ket from E a s t e r n  c o m p e t i t i o n .  . There i s  a  c l e a r  

t r e n d  iuward c o n c e n t r a t i o n  and numerous b a r r i e r s  t o  e n t r y .  The 

111ost d e s i r a b l e  r e s e r v e s  a r e  - c o n t r o l l e d  by t h e  l a r g e s t  p r o d u c e r s  

and much o f  t h e  c o a l  s u p p l y  i s  committed t o  1 1 t . i l i t y ' c o m p a n i c s  

th rough  long-term c o n t r a c t s .  Ma'ny s m a l l e r  f i r m s  ' canno t  s e c u r e  
. . 

t h e s e  c o n t r a c t s  due , t o  l a c k  o f  r e s e r v c s .  . 11-1 a d d i t i o n ,  f r e i g h t  

r a t e  s t r u c t u r e s .  have  been a l t e r e d  s o  t h a t  l a r g e  s h i p p e r s  can  

r ec . e ive  q u a n t i t y  d i s c o u n t s ,  t h a t  may b e  d i f f i c u l t  f o r  s m a l l e r  
2 4 1  ' - 

companies  t o  s e c u r e ,  Mnyes a l s o  dcmon.stl-atei. . that  ' in  t h e  

p r e s e n c e  o f  c o n c e n t r a t i o n  and b a r r i e r s  t o . e n t r y ,  p r i c e s  have 

2 1 /  J acob  Schmookles,  "The Ei turnino~lf,  Coal Illdut; t r y ,  I i  i n  - 
The S t r u i t u r e  of  American I n d u s t r y ,  ed .  by W a l t e r  Adams, Revised 
e d .  (New York: The Macmillan Company, 1954) ,  p .  79. 

2 2 /  R ~ e d  Moyer, Compet i t ion  i n  t h e  Midwestern Coal  I n d u s t r y .  
( ~ a m E i d g e :  Harvard  U n i v e r s i t y  Press,  1964) .  

4 

. . .  

23/ 1bid.. , p .  21: ' 
7 

2 4 /  I b i d . ,  p .  138'. - 
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f i n a n c i a l  s t r e n g t h  t h a t  i s  needed t o  overcome f i n a n c i a l  e n t r y ' .  

b a r r i e r s .  Hence, t h e  e n t r y  o f  o i l  companies c o u l d ' h a v e  i n c r e a s e d  

c o a l  i n d u s t r y  c o m p e t i t i v e n e s s .  F i n a l l y ,  a l though  we have  been  

s u p p o s i n g  t h a t  s u c c e s s o r  c o m p a n i e s . w i l 1  d i f f e r  s i g n i f i c a n t l y .  

f rom o i l  companies i n  manager i a l  mot iva t ion , .  . i t  . is  n o t  a t  a l l  
. . 

a p p a r e n t  t h a t  such  companies would have 'marked ly  d i f f e r e n t  

c o m p e t i t i v e  e f f e c t s  on t h e  c o a l  i n d u s t r y  t h a n  o i l  companies.  

For t h e  above r e a s o n s ,  a  good c a s e  can  be made f o r  a t t r i b u t i n g  

no  l l m o n o p o l i s t i c l '  o r  " a n t i - m o n o p o l i s t j  c," e f f e c t  t o  d i v e s t i t u r e .  

H u w e v e ~ , .  t h e r e  may ' be  i n d i v i d u a l s  who a r c u n a b l e  t o  a c c e p t  t h i s  
. . 
. . 

c o n c l u s i o n  on t h e  b a s i s  o f  t h e  above arguments .  The f e a r  o f  

l o n g - t e r m . r e d u c t i o n s  i n  c o m p e t i t i v e n e s s  i s  a major p o l i t i c a l  

f a c t o r  engender ing  demands f o r  d i v e s t i t u r e  l e g i s l a t i o n .  For 

t h e  b e n e f i t  o f  t h o s e  '.who b e l i e v e  t h a t  d i v e s t i t u r e  s h a l l  'cause 

p r o - c o m p e t i t i v e  e f f e c t s  we t h e r e f o r e  unde ' r take some a p p r o p r i a t e  
.. . 

Conc lus ions  

The importar l t  c o n c l u s i o n s  of  t h i s  c h a p t e r  'wi th  r e s p e c t  t o  t h e  

economic e f f e c t s  o f  d i v e s t i t u r e  may be  summarized a s  f o l l o w s :  . . . 

' 

( a )  , The p o s s i b l e  e f f e c t s  r e v o l v e  around p o s s i b l e  d i f f e r e n c e s  

i n  b e h a v i o r  a n d / o r  per formance  b e t w e e n  f i r m s  which . . 

would be  p r e v e n t e d  from s t a y i n g  i n  o r  i n  t h e  ' f u t u r e  e n t e r i n g  
. . 

t h e  coal  i n d u s t r y  ( n a m l y ,  o i l  Iirms) arid h y p o t h e t i c a l  

l ' ~ ~ ~ ~ e ~ ~ ~ r l l  f i . rms,  t h e  l a t t e r  meaning e i t h e r  f i r m s '  . . who 

would r e p l a c e  t h e  o u t p u t  o f  d i v e s t e d  : f i r m s  o r  f i r m s  who 

would r e p l a c e ,  t h e  c o n t r i b u t i o n  t o f u t u r e  o u t p u t  o f o i l  
. . 

f i r m s  who would o t h e r w i s e  have been p e r m i t t e d  f u t u r e  entry.. 



(b)  Such d i f f e r e n c e s  i n ' b e h a v i o r  o r  performance c a n n o t  o c c u r  

u n l e s s  c i r c u m s t a n c e s  p e r m i t  c o a l  ' o p e r a t o r s  a  ~ i ' ~ n i . f i c a n t  

.. d e g r e e  o f  economic. d i s c r e t i o n a n d .  u n l e s s  o i l  f i r m s  who 

a r e  c o a l  o p e r a t o r s  wish t o  e x e r c i s e .  such d i s c r e t i o n  t o  

implement d i f f e r e n t  p d l i c i e s  from t h e  p o l i c i e s  t h a t  

c o u l d  b e  pur sued  by s u c c e s s o r  companies.. 

. (c)  I n  i t s  t r a d i t i o n a l '  form t h e  n e o - c l a s s i c a l  t h e o r y  o f  t h e  

f i r m ,  i n  b d t h  i t s  c o m p e t i t i v e  and i t s  i m p e r f e c t l y  

c o m p e t i t i v e  v e r s i o n s ,  h a s n ' t  much t o  c o n t r i b u t e  t o  t h e  
. . 

q u e s t i o n ,  because  bo th  v e r s i o n s  assume c o n d i t i o n s  t h a t  

deny d i s c r e t i o n  and a l s o  a x i o m a t i c a l l y  assume . t h a t  

whoever o r  wha teve r  c o n t r o l s  a  b u s i n e s s  must adopt '  t h e  

unique  c r i t e r i o n  o f  p r o f i t  maximiza t ion  th rough  t ime.  

The c o a l  s u b s i d i a r y  o f  an o i l  company s h o u l d  p u r s u e  t h i s  

c r i t e r i o n  i n  t h e  same way a s  any s u c c e s s o r  company 

i r r e s p e c t i v e  o f  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  c o s t s  

o f  c a p i t a l ,  management o r i e n t a t i o n ,  e t c . ,  o f  t h e  p a r e n t  

company. 

, ( d )  With a d a p t a t i o n s ,  however,  t h e  n e o - c l a s s i c a l ' t h e o r y  'can'  

i n  f a c t  make usefill c o n t r i b u t i o n s  t o  t h e  d i v e s t i t u r e  
. . 

problem, i n  p a r t i c u l a r  t h e  i d e a  t h a t  t h e  marke t  v a l u e  

o f  s t o c k h o l d e r s '  e q u i t y  can  be  .a major  argument  o f  

f i r m s '  o b j e c t i v e  f u n c t i o n s  may b e  a c c e p t e d .  I t  i s  

r e c o g n i z e d  t h a t  what i s  r e l e v a n t  i s  t h e  d i f f e r e n c e  i f  

any between a t t i t u d e s  t o  s t o c k h o l d e r  w e l f a r e  o f  t h e  

managemen.t ;of ' o i l  companies on t h e  one hand and t h e  

cor respondi l lg  a t t i t u d e s  among s u c c e s s o r  companies on 

t h e  o t h e r .  

2 -  39 



( e )  The p o s s i b i l i t y  t h a t  i m p o r t a n t  new t e c h n i q u e s  might b e  

i n t r o d u c e d  i n t o  t h e  c o a l  i n d u s t r y  through t h e  medium 

o f  d i r e c t  i n v e s t m e n t  by o i l  companies i n  t h e i r  c o a l  

s u b s i d i a r i e s  - - t e c h n i q u e s  which would be  10s t t o  bo th  t h e  

c o a l  i n d u s t r y  and t o . s o c i e t y  i n  t h e  e v e n t  o f  d i v e s t i t u r e - -  

depends on t h e  p o s s i b l e  appea rance  o f  " s y n e r g i s t i c "  

e f f e c t s ,  i n d i v i s i b l e  packages o f  a d m i n i s t r a t i v e ,  

commercial  and  t e c h n o l o g i c a l  i n p u t s  which h e i n g  more 

power fu l  i n  combinat ion  t h a n  i n  a g g r e g a t i o n ,  c a n n o t  b e  

t r a n s f e r r e d  by r e g u l a r  market  p r o c e s s e s ;  t h e  c o n c l u s i o n  - 
is t h a t  t h e  p u s s f b i l i t y  o f  such e f f e c t s  between t h e  o i l  

and c o a l  i n d u s t r i e s  must b e  t a k e n  s e r i o u s l y ,  a l t h o u g h  

i t  i s  n o t  e a s y  t o  e s t i m a t e  t h e i r  l i k e l y  q u a n t i t a t i v e  

impor tance  . 
( f )  "Managerial"  o r  " d i s c r e t i o n a r y "  t h e o r i e s  o f  t h e  f i r m ,  

a l t h o u g h  n r j g i n a l l y  dcvclopwd Lo dea l  w i t h  f i r m s  i n  

economic c i r c u m s t a n c e s  r a t h e r  d i f f e r e n t  Prom t h o s e  o f  

th4e c o a l  i n d u s t r y  ( a l t h o u g n  r a t h e r  s i m i l a r  t o  t h o s e  o f  

, o i l  c o n g l o m e r a t e s ) ,  may be  a d a p t a b l e  t o  d e a l  w i t h  t h o s e  

a s p e c t s  o f  , . the b a s i c  questi.0n.s a t  i s sue .  

(g )  Coal  b e i n g  a d e p l e t a b l e  n a t u r a l  r e s o u r c e ,  t h e  economic 

t h e o r y  uf o p t i m a l  d e p l e t i o n ,  o r i g i n a l l y  deve loped  i n  a 

. n e t o - c ~ a s s i c a l  framework, may b e  j o i n e d  t o  t h e  combinat ion  

.of n e o - c l a s s i c a l  w i t h  manager i a l  t h e o r y  d i s c u s s e d  above,  

t o  i n v e s t i g a t e  t h e  q u a n t i t a t i v e  s i g n i f i c a n c e  of  t h e  . 

, c l a i m  t h a t  d i v e s t i t u r c  might l e a d  t o  more r a p i d . d e p l e t i o n  



'of coa l  r e s e r v e s ;  however, a  s i ~ u l a t i o n  of opt imal  

pa th s ,  based on da t a  c o n s i s t e n t  with PIES,  has  suggested 

t h a t  t h e  e f f e c t s  of  d i v e s t i t u r e . o n  t he  coa l  i n d u s t r y ' s  

o v e r a l l  dep l e t i on  r a t e  i n  1985 w i l l  i n  fac ' t  be  l i k e l y  

t o  be small.  

(h) ' I n  t h e  p r e s e n t  s t a t e  of  ' empir ica l  .understanding of t he  

theory  o f  t h e  f i rm i n  r e l a t i o n  t o  l a r g e  co rpo ra t i ons ,  

it i s  impossible  t o  o f f e r  r i g i d  q u a n t i t a t i v e  p r e d i c t i o n s  

i n  answer t o  t h e  questzons o r i g i n a l l y  purposed. I t  is 

. neces sa ry ,  t h e r e f o r e ,  t o  e m p l o y . s e n s i t i v i t y  a n a l y s i s  

'LO determine t he  p l a u s i b l e  range of q u a n t i t a t i v e  e f f e c t s ' ;  

t h e  P IES  model, toge ther  wi th  a  s p e c i a l l y  developed 

. s imula t ion  model concerned-wi th  t h e  d e p l e t i o n  problem, 

a r e  per tu rbed  .by amounts w i t h i n  a  p l a u s i b l e  , r ange  i n  

o rde r  t o  determine the  v a l i d i t y  and q u a n t i t a t i v e  s i g n i -  

f i c a n c e  , o f  each e f f e c t .  
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