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Abstract :  Models f o r  energy pol icy  assessment have been developed using both 

process ana lys is  and econometrics. The process approach provides f o r  t h e  in-  

corporat ion of information on f u t u r e  technological  and s t r u c t u r a l  chanps 

based on d e t a i l e d  engineering s tud ie s .  The econometric approach is w e l l  

adapted t o  t h e  desc r ip t ion  of aggregative consumer behavior and economic 

a c t i v i t y .  This paper presents  a new approach f o r  pol icy assessment, i n t e -  

g ra t ing  process ana lys i s  and econometric models t h a t  have been used exten- 

s i v e l y  i n  energy po l i cy  ana lys i s  and technology assessment. W e  i l l u s t r a t e  

t h e  appl ica t ion  of t h i s  approach by a~ ana lys i s  of a na t iona l  research,  

development, and demonstration plan for t h e  United S ta tes .  

Publ icat ion:  B e l l  Journa l  of Economics, Autumn 1977. 



ECONOI\IIC AND TECHNOLOGICAL MODELS 

FOR EVALUATION OF ENERGY POLICY 

by 

Kenneth C.  Hoffman and Dale 1.1. Jo rgenson  

1. I n t r o d u c t i o n .  

'[he Arab o i L  embargo of  1 9 1 3  and t h e  e x t r a o r d i n ' a r i l y  c o l d  w i n t e r  o f  

1977 a r e  p a r t  of a  s e r i e s  o f  e v e n t s  t h a t  h a s  e l e v a t e d  ene rgy  p o l i c y  i n  t h e  

Un i t ed  S t a t e s  t o  t h e  h i g h e s t  l e v e l  of s o c i a l  p r i o r i t y .  A new F e d e r a l  govern-  

rLent  agency ,  t h e  F e d e r a l  Energy A d m i n i s t r a t i o n ,  h a s  been  e s t a b l i s h e d  t o  ad- 

m i n i s t e r  p r i c e  c o n t r o l s  and a s s o c i a t e d  a l l o c a t i o n  mechanisms adop ted  i n  t h e  

f a c e  of h i g h e r  wor ld  o i l  p r i c e s .  A second agency ,  t h e  Energy Research  and 

Development A d m i n i s t r a t i o n ,  h a s  been  e s t a b l i s h e d  t o  c o - o r d i n a t e  r e s e a r c n ,  

deve lopment ,  and d e m o n s t r a t i o n  p r o j e c t s  f o r  t h e  ene rgy  s e c t o r .  These  a g e n c i e s  

h ~ i l  l now be  i n c o r p o r a t e d  i n t o  a new c a b i n e t - l e v e l  Department  of Energy.  Energ: 

i-.-!:;enrch and development  i n  t h e  p r i v a t e  s e c t o r  h a s  expanded r ~ i t l i  i n c l : ~ a e e d  
. . . . . . . . . . . .. . . 

i : t l : l nc i a l  s u p p o r t  from b o t h  government and p r i v a t e  s o u r c e s .  

$he g u i d e l i n e s  of a n a t i o n a l  encr,o,!; po.\.i$ !; f o r  t l ~ r :  Unitecl S t a t e s  
1 

li:~\.e emerged; d e t a i l e d  proy,rnr;ls a r e  b e i n g  -.li:.\a: l.opc:d ancl in~pl.crne..n t 5d .  T o  

p r e s e r v e  f l e x i b i l i t y  i n  t h e  f a c e  of  u n c e r t a i n t j  a conti.nuous a s se s smen t  of  

e x i s t i n g  programs is  r e q u i r e d .  A n a l y s i s  i s  needed £.or l i k e l y  impac t s  of 

such  p o l i c y  measures  a s  p r i c e  c o n t r o l s ,  t a x e s  t o  s t i m u l a t e  e n e r g y  conse rva -  

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

v e n t i o n a l  ene rgy  s ~ ~ p p l i e s ,  and government sponso red  r e s e a r c h  and deve lopment  

programs,  d i r e c t e d  toward p r o v i d i n g  new t echno logy  f o r  ene rgy  p r o d u c t i o ! ~ ,  

, c~ : ; l ve r s ion ,  and u t i l i z a t i o n .  The e v a l u a t i o n  o.F nerd 2nd e x  is  ti.^!!: ..:i~crfi. 



; , o l . i c i e s  must i n c o r p o r a t e  i n f o r m a t i o n  from d e t a i l e d  e n g i n i e r i n g  s t u d i e s  1.1 

s p e c i f i c  t e c h n o l o g i e s  emerging from r e s e a r c h  and development programs and 

must i n c l u d e  t h e  assessment  of p o l i c y  impacts  on t h e  s t r u c t u r e  of t h e  ener;.:y 

s e c t o r  and on t h e  o v e r a l l  l e v e l  and composi t ion  of economic a c t i v i t y .  

A l t e r n a t i v e  model's f o r  energy  p o l i c y  assessment  have been developed  

on t h e  b a s i s  o f  b o t h  p r o c e s s  a n a l y s i s  and economet r i c s .  I n  t h e  p r o c e s s  

a n a l y s i s  approach'  ene rgy  f l ows  and ene rgy  conve r s ion  p r o c e s s e s  . a r e  descr ibec l  

i n  p i i y s i ca l  t e rms .  The d e s c r i p r i o n  need no t  b e  l i m i t e d  t o  a p a r t i c u l a r  
. . . . -. - - - . . . . . . - . . - . - 

t e chno logy ,  b u t  can  encompass t h e  e n t i r e  sys tem f o r  t h e  p r ~ d u c l r i o n  and 

u t i l i z a t i o n  o f  energy .  I n  t h e  economet r i c  approach  t h e  r e p r e s e n t a t i o n  .o.i 

t echnology i s  based  on b e h a v i o r a l  and t e c h n i c a l  r e s p o n s e s  of p r o d u c t i o n  

p a t t e r n s  t o  a l t e r n a t i v e  p r i c e s ;  a  s imilar  approach can b e  employed f o r  tl.,e 

r e p r e s e n t a t i o n  of consumer p r e f e r e n c e s .  Flows of e ~ o n o m k c  a c t i v i t y ,  i n -  

c l u d i n g  energy  f l o w s ,  a r e  d e s c r i b e d  i n  te rms  of economic accbun t s  . i n  c u r r e n t  

and c o n s t a n t  p r i c e s .  

The p roces s  approach p rov ides  f o r  t h e  i n c o r p o r a t i o n  of  i n f o r m a t i o n  froni 

d e t a i l e d  e n g i n e e r i n g  s t u d i e s ,  i n c l u d i n g  s t u d i e s  of t echno log ie s .  t h a t  a r e  under 

c o n s i d e r a t i o n  f o r  f u t u r e  impl.ementation. T h i s  approach i s  w e l l  adap ted  t o  t h e  

d e s c r i p t i o n  o f  t he  energy  s e c t o r ;  however, t h e  r e p r e s e n t a t i o n  u f . a g g r e g a t e  

economic a c t i v i t y  by means of p r o c e s s  a n a l y s i s  i s  i n f e a s i b l e .  Ttle econometr ic  

approach  i s  w e l l  adap ted  t o  t h e  d e s c r i p t i o n  of  a g g r e g a t e  economic a c t i v i t y  i n  

summary form and p r o v i d e s  f o r  t h e  a n a l y s i s  of p o l i c y  impacts  on t h e  o v e r a l l  

l e v e l  of econo~nic  a c t i v i t y  and i t s  d i s t r i b u t i o n  among i n d u s t r y  groups  o r  groups  

of consumers. However, t h i s  approach  i s  i n f e a s i b l e  f o r  t h e  s t u d y  of technolo-  

g i e s  t h a t  a r e  n o t  a l r e a d y  i n  use  o r  f o r  t h e  s t u d y  of co,nsuuier p r e f e r e n c e s  f o r  

commodiries n o t  a . l ready  i n  e x i s t e n c e .  



A s a t i s f a c t o r y  framework f o r  t h e  assessment  of t h e  f u l l  range  of alt.?rn:lr 

energy p o l i c i e s  r e q u i r e s  an approach  t h a t  encompasses b o t h  p r o c e s s  a n a l y s i s  and 

?conometr ics .  S i n c e  t h e  ou tpu t  of t h e  energy  producing  i n d u s t r i e s  i s  l a r g e l y  

ronsumed by o t h e r  i n d u s t r i e s  r a t h e r  t han  by f i n a l  consumers such  a s  househo lds ,  

:;overnments, and t h e  r e s t  of t h e  wor ld ,  a  n a t u r a l  f o c a l  p o i n t  f o r  t h e  s t u d y  of 

!:he impact  of ene rgy  p o l i c y  i s  t h e  m a t r i x  of  i n t e r i n d u s t r y  t r a n s a c t i o n s ,  r e p r e -  

sencing f l a w s  of e a m o d l e i e s ,  i n c l u d i n g  ene rgy ,  among i n d u s t r i a l  s e c t o r s .  For  

t h e  energy  s e c t o r  t h e s e  t r a n s a c t i o n s  can  b e  exp re s sed  i n  economic t e rms ,  i n  

:ur ren t  and c o n s t a n t  p r i c e s ,  t o  p r o v i d e  a  l i n k  w i t h  econometr ic  models .  These 

energy  s e c t o r  t r a n s a c t i o n s  can a l s o  be exp res sed  i n  p h y s i c a l  t e rms ,  i n  B r i t i s h  

t he rma l  u n i t s ,  t o  p r o v i d e  a  ' l i n k  w i t h  p r o c e s s  a n a l y s i s  mo'dels. Using b o t h  forms 

f o r  t h e  e x p r e s s i o n  of  energy  f l o w s ,  p r o c e s s  a n a l y s i s  and econometr ic  modeling 

:an' be  combined. 

The purpose  of t h i s  paper  i s  t o  p r e s e n t  a  new approach f o r  t h e  assessment  

of ene rgy  r e s e a r c h ,  development ,  and demons t r a t i on  p o l i c y ,  i n t e g r a t i n g  p r o c e s s  

a n a l y s i s . a n d  economet r i c  models t h a t  have  a l r e a d y  been used  e x t e n s i v e l y  i n  

ene rgy  p o l i c y  a n a l y s i s  and technology assessment .  The f i r s t  component of t h e  

approach i s  an 'econometr ic  model of i n t e r i n d u s t r y  t r a n s a c t i o n s  t o g e t h e r  w i t h  

a  macroeconomic model,  p r e s e n t e d  i n  S e c t i o n  2 ,  deve loped  f o r  t h e  Energy P o l i c y  
\ 

P r o j e c t .  The second component i s  a p r o c e s s  a n a l y s i s  modcl of t h e  ene rgy  s e c t o r ,  

a l s o  p r e s e n t e d  i n  S e c t i o n  2 ,  developed f o r  t h e  Energy Research and Developmeilt 

A d m i n i s t r a t i o n .  We p r e s e n t  t h e  combined econometr ic  and p r o c e s s  a n a l y s i s  

approach  i n  S e c t i o n  3; a p r e l i m i n a r y  model based on t h i s  approach  h a s  been 

employed by t h e  Energy Research and Development A d m i n i s t r a t i o n  i n  t h e  con- 

s t r u c t i o n  and a n a l y s i s  of a  n a t i o n a l  r e s e a r c h ,  development ,  and demons t r a t i on  

p lan .  I n  s e c t i o n  4 we e m p l o y ' t h e  r e s u l t s  of a  p o l i c y  a n a l y s i s  p r epa red  f o r  

t h e  n a t i o n a l  p l a n  t o  i l l u s t r a t e  ' the  a p p l i c a t i o n  of t h i s  approach t o  ene rgy  

p o 1 . i ~ ~  assessment .  



The methodology f o r  o u r  combinecl econome.tric and p rocess  a n a l y s i s  model 

is i l l u s t r a t e d  i n  F i g u r e  1. The econometr ic  model r e f l e c t s  economic impacts  

a t  t h e  a g g r e g a t e  l e v e l ,  i n c l u d i n g  changes i n  f i n a l  demand and empl,oyrnent, 

t h a t  r e s u l t  f rom changes i n  energy  p o l i c y .  The p r o c e s s  a n a l y s i s  model d e t e r -  

mines t h e  op t ima l  u s e  o f  r e s o u r c e s  f o r  a  g iven  energy  p o l i c y  and a  g iven  

i--conomic env i ronnen t .  Our methodology can b e  a p p l i e d  t o  a wide r ange  of  

n a t i o n a l  p o l i c y  q u e s t i o n s  where t h e  technnl.ogica1 component i s  s i g n i f i c a n t .  

In  any p o l i c y  a r e a  i n v o l v i n g  technology i t  is necessa ry  t o  ndce e x p l i c i t  t h e  

r e l a t i o n s h i p s  between c h o i c e  of technology and t h e  economic and s o c i a l  en- 

vironment. P rocess  a n a l y s i s  is t h e  most a p p r o p r i a t e  methodolbey f o r  d e s c r i b i n g  

a l t e r n a t i v e  t e c h n o l o g i e s ;  econometr ics  p rov ides  a  b a s i s  f o r  d e s c r i b i n g  the 

economy as a  whole. Our model r e p r e s e n t s  t h e  f i r s t  a t t empt  t o  implement a 

model t h a t  combines t h e  advantages  of  b o t h  methodologies .  



F i g u r e  1. Combined Econometr ic  and P roces s  Ana lys i s  k o d e l .  

r e s o u r c e s  and 
techno]-ogies  u sed ,  
p r i c e  o f  s e r v i c e  o r  
prcduc  t , environment  a 1  
e f f e c t s  

demand f o r  
product  o r  s e r v i c e s  

R e f l e c t s  changes i n  f i n a l  demand, 
GNP,  and er.ployment i n  r e sponse  
t o  economic and t e c h n i c a l  p o l i c i e s ,  
r e sou rce  a v a i l a b i l i t y ,  and 
t e c h n o l c g i c a l  change.  

Given s e t  of a l t e r n a t i v e  t e c h n o l o g i e s ,  
de t e rmines  ~ p t i m a l  u s e  of  r e s o u r c e s  
and t e c h n o l 2 g i e s  w i t h  r e s p e c t  t o  
s p e c i f i c  o b j e c t i v e s ,  c o n s t r a i n t s ,  
and r e q u i r e n e n t s .  I n d i c a t e s  
environmentztl  e f f e c t s .  



2 .  Econometr ic  ant1 P roces s  A n a l y s i s  t lodels .  

The f i r s c  component of ou r  mo'del f o r  t h e  a n a l y s i s  of energy  r e s e a r c h ,  

development ,  and demons t r a t i on  p o l i c y  .is an economet r i c  model of i n C e r i l ~ J u s t r y  

r r a n s a c t i o n s ,  deve loped  by Hudson and Jorgenson (1Y74a). l h i s  model 1 s 

'>*ascd on a  sys tem of a c c o u n t s  f o r  t h e  p r i v a t e  domest ic  s e c t o r  of  t h e  U.S. 

L .  

.v.onorny, i n c l u d i n g  f i n a l  demand, pr imary i n p u t ,  and i n t e r i n d u s t r y  t r a n s a c t i o n s  

in c u r r e n t  and c o n s t a n t  p r i c e s .  By means of t h i s  accoun t ing  sys tem we can  

!:race t h e  p roces s  of p r o d u c t i o n  f o r  energy  and non-energy p r o d u c t s  from t h e  

pu rchase  of pr imary i n p u t s  through a l l  s t a g e s  of i n t e r m e d i a t e . p r o c e s s i n g  t o  

d e l i v e r i e s  t o  f i n a l  demand. The accoun t s  i n  c o n s t a n t .  p r i c e s  co r r e spond  t o  

commodity f l ows  i n  p h y s i c a l  terms.  Fo r  energy  s e c t o r s  ( o r ' i n d u s t r i e s )  t h e s e  f l ows  

can  b e  measured i n  p h y s i c a l  u n i t s  such  a s  t o n s  of c o a l ,  b a r r e l s  o f  pe t ro l eum,  and 

thousands  of c u b i c  f e e t  of n a t u r a l  g a s ,  o r ,  a l t e r n a t i v e l y ,  i n  energy u n i t s  

such  a s  B r i t i s h  t he rma l  u n i t s  ( B t u ' s ) ?  The accoun t s  i n  c u r r e n t  p r i c e s  c o r r e s p o ~ l d  

t o  f l ows  i n  f i n a n c i a l  t e rms  arrd can b e  used t o  g e n e r a t e  f i n a n c i a l  accoun t s  f o r  

each  i n d u s t r y  g r o u y . i n c l u d e d  i n  t h e  model. For  energy  a n d  non-energy s e c t o r s  

t h e  p r i c e s  can be  e x p r e s s e d  a s  i ndex  numbers; f o r  energy  s e c t o r s  t h e  p r i c e s  can 

a l s o  b e  g iven  i n  terms of p h y s i c a l  o r  energy  u n i t s .  . 

I n  our  sys tem of accoun t s  t h e  p r i v a t e  domest ic  s e c t o r  of t h e  U.S. economy 

i s  d i v i d e d  among n i n e  i n d u s t r y  g r o u p s ,  i n c l u d i n g  f i v e  groups  w i t h i n  t h e  energy  

s e c t o r  -- c o a l  mining ,  c r u d e  pe t ro leum and n a t u r a l  g a s ,  pe t ro leum r e f i n i n g ,  

e l e c t r i c  u t i l i t i e s ,  and g a s  u t i l i t i e s .  Our r e p r e s e n t a t i o n  of t h e  ene rgy  s e c t o r  

p r o v i d e s  f o r  an a n a l y s i s  of  t h e  impact  of energy  r e s e a r c h ,  development ,  and 

demons t r a t i on  p o l i c y  on t h e  i n d u s t r i a l  s e c t o r s  d i r e c t l y  a f f e c t e d  by changes i n  

energy  technology.  By i n c o r p o r a t i n g  f i n a l  demand and f o u r  i n d u s t r y  groups 

n~.?li i.ng u p  tht. ncn-energ;; s e c c o r  w e  can a s s e s s  r k ~ e  impact o f  cha~:ge:; in energy  
. . . . . . . 



t e c l ~ n o l o g y  on t h e  s e c t o r s  t h a t  consune energy  p roduc t s .  Our c o n ~ p l e t e  systeri: 

of accoun t s  is  r e p r e s e n t e d  i n  d iagranunat ic  fornl i n  F i g u r e  2 .  The n i n e  

i .ndustry groups i nc luded  i n  t h e  accouac ing  sys tem a r e  l i s t e d  i n  F igu re  2 .  

I n  t h i s  F i g u r e  w e  a l s o  l is t  t h r e e  c a t e g o r i e s  o f  pr imary  i n p u t s  -- c a p i t a l  

s e r v i c e s ,  1abo.r s e r v i c e s ,  and impor t s  -- and f o u r  c a t e g o r i e s  of f i n a l  

demand -- .consumption, i n v e s t m e n t ,  governclent p u r c h a s e s ,  and e x p o r t s .  

I n  ou r  s y s  ten1 of accoun t s  f o r  i n t e r i n d u s t r y  t r a n s a c t i o n s ,  e ach  i n d u s t r y  

group purchaccc  pr imary  f n p u t s  acid i u L r . r ~ n c d l a ~ e  l n p t i t . ~  produced i n  each  of  

t h e  n i n e  i n d u s t r i a l  s e c t o r s .  These  pu rchases  a r e  r e p r e s e n t e d  a s  columns 

of  t h e  m a t r i x  of  i n t e r i n d u s t r y  t r a n s a c t i o n s  i n  F i g u r e  2 .  I n t e r n e d i a t e  

i n p u t s  inc l r ide  f i v e  t y p e s  of energy  -- c o a l , '  c rude  pe t ro l eum and n a t u r a l  

g a s ,  r e f i n e d  pe t ro l eum,  r e f i n e d  n a t u r a l  g a s ,  and e l e c t r i c i t y  -- and f0u.r 

t ypes  of non-energy p r o d u c t s .  The o u t p u t  of each  i n d u s t r y  is  d i s t r i b u t e d  

t o  f i n a l  demand a d  t o  i n . t ~ . r m ~ r l i a r ~  r l~mand b y  each of t h c  n ine .  i n d u s t r i d :  

s e c t o r s .  These d e l i v e r i e s  a r e  r e p r e s e n t e d  'as rows of  t h e  m a t r i x  of  intt . :r- 

i n d u s t r y  t r a n s a c t i o n s  i n  F i g u r e  2 .  The rows co r r e spond ing  t o  t h e  f i v e  

i n d u s t r i e s  t h a t  make up t h e  energy  s e c t o r  inc luGe d e l i v e r i e s  of  ene rgy  

p roduc t s  t o  energy  and non-energy s e c t o r s  and t o  f i n a l  demand. S i m i l a r l y ,  

t h e  rows co r r e spond ing  t o  t h e  f o u r  i n d u s t r i e s  of t h e  non-energy s e c t o r  

i n c l u d e  d e l i v e r i e s  of non-energy p r o d u c t s .  
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F i g u r e  2 .  I n t e r i n d u s t r v  Transact.i .ons i n  t h e  Econometr ic  Hodel .  

I npu t  t o  S e c t o r s :  

1 2 3 4 5 6 7 8 9  !" - --- -- --.- -.- -- . 

i I 
1 

I 
I 

4 I n t e r i r i d u s  t r y  

i 
.5 T r a n s a c t f o n s  

I 
6 

7 
I 
I 
! 

8 

9 
.--.- - - -  -.--. 

U ... ... .-,-... -.--- 
1 

' Q  
11 Primary  I n p u t s  

. ........ ... .__-.. _.._ --. 

l3 L T o t a l  I n p u t s  
_ _ _ _ _ _ . _ _ _ . _ . _ _ _ _ _  ...-----.. . . J ........................... 

I n d u s t r y  S e c t o r s :  
1. A g r i c u l t u r e ,  Nonfuel  

PIining , and C o n s t r u c t  i o n .  
2 .  Elanuf a c t u r i n g  , Excluding  

pe t ro l eum R e f i n i n g .  
3 .  T r a n s p o r t a t i o n .  
4.  ~ o m m u n i c a t i o ~ s  , Trade ,  

and S e r v i c e s .  
5 .  Coal  Wining. 
6.  Crude Pe t ro l eum and 

N a t u r a l  Gas. 
7. Petroleum Ref in ing .  
8.  E l e c t r i c  U t i l i t i e s .  
9. Gas U t i l i t i e s .  

Pr imary  I n p u t s :  
10 .  Impor ts .  
11. C a p i t a l  S e r v i c e s .  
12 .  Labor S e r v i c e s .  

F i n a i  Uemaiids : 
10. P e r s u l ~ a l  C u ~ l s u l ~ l p  Fia1'1 

Expend i tu re s .  
11. Gross P r i v a t e  Domestic 

I n v e s t r w n t  . 
12.  Government Pu rchases  of 

Goods and S e r v i c e s .  
13 .  Expor t s .  



Our econometr ic  model of i n t e r i n d u s t r y  t r a n s a c t i o n s  i n c l u d e s  b a l a n c e  

e q u a t i o n s  between supp ly  and demand f o r  t h e  p r o d u c t s  of each  of t h e  n i n e  i n d u s t r j : ~ '  

s e c t o r s  i nc luded  i n  t h e  model .2 These b a l a n c e  e q u a t i o n s  s t a t e  t h a t  t h e  o u t p u t  o i  

each  s e c t o r  i n  c o n s t a n t  p r i c e s  must be  e q u a l  t.o d e l i v e r i e s  o f  t h i s  o u t p u t  t o  <!!-.I 

n i n e  i n d u s t r i a l  s e c t o r s  and t o  a l l  f o u r  c a t e g o r i e s  o f  f i n a l  demand. F o r  ene rg -  

p r o d u c t s  t h e  b a l a n c e  e q u a t i o n s  a s s u r e  t h a t  f o r  each  form of e n e r g y ,  t h e  energy  

u n i t s  produced must b e  e q u a l  t o  t h e  energy  u n i t s  consumed by a l l  i n d u s t r i a l  

g roups  and by f i n a l  demand. S i m i l a r l y ,  o u r  econometr ic  model i n c l u d e s  b a l a n c e  

e q u z t i o n s  s t a t i n g  t h a t  t h e  o u t p u t  of  each  s e c t o r  i n  c u r r e n t  p r i c e s  must b e  e q u a l  

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

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

by p roduce r s  and p r i c e s  p a i d  by consumers r e f l e c t  e x c i s e  and s a l e s  t a x e s  p a i d  on 

t h e  v a l u e  of  each  p roduc t .  

Our econometr ic  model of  i n t e r i n d u s t r y  t r a n s a c t i o n s  i n c l u d e s  models o f  

p roduce r  b e h a v i o r  f o r  each  i n d u s t r i a l  g roup i n c l u d e d  i n  t h e  model.3 P roduce r  

. b e h a v i o r  i n  each i n d u s t r i a l  s e c t o r  can b e  c h a r a c t e r i z e d  by a  sys tem of t e c h n i c a l  

c o e C f i c i e n t s ,  g i v i n g  pr imary  and i n t e r m e d i a t e  i n p u t s  p e r  u n i t  of o u t p u t  of  t h e  

s e c r o r .  The model of  p roduce r  behav io r  g i v e s  t h e  t e c h n i c a l  c o e f f i c i e n t s  a s  

f u n c t i o n s  of  t h e  p r i c e s  of  o u t p u t  and of pr imary  and i n t e r m e d i a t e  i n p u t .  For  

each s e c t o r  t h e  t e c h n i c a l  c o e f f i c i e n t s  as f u n c t i o n s  of t h e  p r i c e s  a r e  gener -  

a t e d  from t h e  p r i c e  p o s s i b i l i t y  f r o n t i e r ,  g i v i n g  t h e  minimum p r i c e  of  o u t p u t  

of t h e  s e c t o r  a t t a i n a b l e  f o r  g iven  p r i c e s  of  pr imary  and i n t e r m e d i a t e  i n p u t s  and 

f o r  a g iven  l e v e l  of p - r o d u c t i v i t y  o f  t h e  s e c t o r .  The minimum p r i c e  of  o u t p u t  de- 

pends on t h e  t e c h n o l o g i c a l  p o s s i b i l i t i e s  f o r  s u b s t i t u t i o n  among pr imary  and 

i n t e r m e d i a t e  i n p u t s ,  i n c l u d i n g  t h e  s u b s t i t u t i o n  between ene rgy  and non-energy 

i n p u t s  and t h e  s u b s t i t u t i o n  among d i f f e r e n t  forms of ene rgy .  The p r i c e  p o s s i -  

b i l i t y  f r o n t i e r  f o r  each s e c t o r  p r o v i d e s  a  r e p r e s e n t a t i o n  of t h c  technology 



, , E  t h a t  s e c t o r .  T h i s  r e p r e s e n t a t i o n  a s s u r e s  t h a t  t h e  va lue  of o u t p u t  of t h e  

s e c t o r  is  equa l  t o  t h e  sum of  t h e  v a l u e s  of  al.1 pr imary  and i n t e r m e d i a t e  i n p u t s  

i.nto t h e  s e c t o r .  

F i n a l l y ,  o u r  economet r i c  model of i n t e r i n d u s t r y  t r a n s a c t i o n s  i n c l u d e s  a  

l i~odel  of consumer b e h a v i o r  t h a t  a l l o c a t e s  p e r s o n a l  consumption e x p e n d i t u r e s  

4 
{Imong t h e  commodity g roups  i n c l u d e d  i n  f i n a l  demand. Consumer b e h a v i o r  can  

Se  c h a r a c t e r i z e d  by a sys tem of  q u a n t i t i e s  purchased  p e r  c a p i t a .  The model of  

consumer b e h a v i o r  g i v e s  t h e  q u a n t i t i e s  purchased  a s  f u n c t i o n s  of t o t a l  p e r s o n a l  

tonsumpt ion  e x p e n d i t u r e s  p e r  c a p i t a ,  p r i c e s  of t h e  produccs of ~ l l e  l i i a e  
. . - . . . . 

" . . -- _ _ _  . ._. . _ 
i ~ l d ~ ~ s t r i a l  s e c t o r s ,  and p r i c e s  of  c a p i t a l  s e r v i c e s  and non-compet i t ive  i m p o r t s .  

. . 

.The q u a n t i t i e s  pu rchased  a s  f u n c t i o n s  o f  t o t a l  e x p e n d i t u r e  and t h e  p r i c e s  . can  

5 e  g e n e r a t e d  f rom t h e  i n d i r e c t  u t i l i t y  f u n c t i o n ,  g i v i n g  t h e  maximum l e v e l  o f  

~ i t i l i t y  a t t a i n a b l e  f o r  g i v e n  t o t a l  e x p e n d i t u r e  and g iven  p r i c e s .  The maximum l.e\:t,i 

of u t i l i t y  depends on t h e  s u b s t i t u t a b i l i t y  of a l t e r n a t i v e  goods and s e r v i c e s  

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

of consumer.  p r e f e r e n c e s .  T h i s  r e p r e s e n t a t i o n  a s s u r e s  t h a t  t'he sum of  t h e  v a l u e s  

of a l l  q u a n t i t i e s  purchased  i s  e q u a l  t o  t o r a l .  p e r s o n a l  consump t i o n  e x p e n d i t u r e s .  
. - . - -. - . - . . . - 

S t a r t i n g  w i t h  p r i c e s  of pr imary  i n p u t s  -- c a p i t a l  s e r v i c e s ,  l a b o r  

s e r v i c e s ,  and i m p o r t s  -- and l e v e l s  of  p r o d u c t i v i t y  i n  each  of .  t h e  n i n e  

i n d u s t r i a l  s e c t o r s ,  t h e  p r i c e s  of bo th  energy  and non-energy p r o d u c t s  a r e  de- 

te rmined  by t h e  n i n e  p r i c e  p o s s i b i l i t y  f r o n t i e r s .  With p r i c e s  of pr imary  

i n p u t s  and p r i c e s  of  energy  and non-energy p r o d u c t s  de te rmined  from o u r  

model of  p r o d u c t i o n ,  w e  can g e n e r a t e  t he  m a t r i x  of  tec l in ica l .  c o e f f i c i e n t s ,  

g i v i n g  primary and i n t e r m e d i a t e  i n p u t s  p e r  u n i t  of t h e  o u t p u t  of each  of  t h e  

n i n e  i n d u s t r i a l  s e c t o r s .  S i m i l a r l y ,  w i t h  t o t a l  p e r s o n a l  consumpt ivr~  expendi-  

t u r e s ,  t h e  p r i c e s  of c a p i t a l  s e r v i c e s  and non-competi t ive i m p o r t s ,  and t h e  

p r i c e s  of  energy and non-energy p r o d u c t s ,  we can g e n e r a t e  t h e  q u a n t i t i e s  



; )urchased per c a p i t a  of t h e  p roduc t s  of t h e  n i n e  i n d u s t r i a l  s e c t o r s ,  cnpical 

: e r v i c e s ,  and non-compet i t ive  impor t s .  Given the  l e v e l  of p o p u l a t i o n ,  w e  can 

conve.rt t h e s e  q u a n t i t i e s  p e r  c a p i t a  t o  q u a n t i t i e s  of p e r s o n a l  consumption 

e x p e n d i t u r e s  a s  a  component of  f i n a l  demand. To o b t a i n  f i n a l  demand f o r  t h e  

n u t p u t  of each  of t h e  n i n e  i n d u s t r i a l  s e c t o r s  w e  add p e r s o n a l  consumption 

s x p e n d i t u r e s  t o  g r o s s  p r i v a t e  domes t i c  i n v e s t m e n t ,  government pu rchases  o f  

;;oods and s e r v i c e s ,  and e x p o r t s .  

From t h e  q u a n t i t i e s  of f i n a l  demand f o r  t h e  o u t p u t  of each  of  t h e  n i n e  

i n d u s t r i a l  s e c t o r s  and t h e  m a t r i x  of  t e c h n i c a l  c o e f f i c i e n t s ,  p r o v i d i n g  i n t e r -  

. ~ e d i a t e  , i n p u t  p e r  u n i t  of o u t p u t  of  each  s e c t o r ,  we .can de t e rmine  t h e  q u a n t i t i e s  

of o u t p u t  of bo th  energy  and non-energy s e c t o r s .  We can a l s o  de t e rmine  t h e  

-. 
d i s t r i b u t i o n  of t h e  o u t p u t  of each  s e c t o r  between i n t e r m e d i a t e  and f i n a l  demand 

and t h e  d i s t r i b u t i o n  of i n t e r m e d i a t e  demand among i n t e r m e d i a t e  i n p u t s  t o  2ach 

of  t h e  n i n e  i n d u s t r i a l  s e c t o r s .  The o u t p u t  of  ene rgy  s e c t o r s  and i t s  d i s t r i b u t i o n  

can b e  e x p r e s s e d  i n  c o n s t a n t  p r i c e s ,  p h y s i c a l  u n i t s  such a s  t o n s  of  c o a l  o r  

b a r r e l s  of pe t ro leum,  o r  energy  u n i t s  such  as B t u ' s .  From t h e  m a t r i x  of 

t e c h n i c a l  c o e f f i c i e n t s  of pr imary i n p u t  p e r  u n i t  of o u t p u t ,  w e  can  d e t e r m i n e  

t h e  q u a n t i t i e s  of pr imary i n p u t  i n t o  each  s e c t o r .  F i n a l l y ,  g i v e n  t h e  n i n e  

i n d u s t r i a l  p r i c e s  and t h e  p r i c e s .  of pr imary  i n p u t s ,  we can  e x p r e s s  t h e  f low of 

pr imary  i n p u t ,  i n t e r i n d u s t r y  t r a n s a c t i o n s ,  and f i n a l  demand i n  c u r r e n t  p r i c e s .  

We can g e n e r a t e  t h e  complete  sys tem o f  i n t e r i n d u s t r y  accoun t s  i n  c u r r e n t  and 

c o n s t a n t  p r i c e s  from t h e  p r i c e s  of  pr imary  i n p u r s ,  t h e  l e v e l s  of  p r o d u c t i v i t y  

i n  each  i n t e r i n d u s t r y  s e c t o r ,  t o t a l  pe r sona l .  consumption e x p e n d i t u r e s ,  and t h e  

q u a n t i t i e s  of f i n a l .  demand f o r  t h e  o u t p u t  of  each  s e c t o r  f o r  i n v e s t m e n t ,  govern- 

5 
ment pu rchases ,  and e x p o r t s .  

. . . .. . . . . .- . . 

The second component of o u r  model f o r  t h e  a n a l y s i s  of  energy  polic-,-  i s  

a p roces s  a n a l y s i s  model of t h e  energy sec to r . ,  developed a t  t h e  12sookhaven 



' , !a t ional  Labora tory  (1973).  T h i s  ~rro,.li.:: .is based on t h e  Reference Energy S y s t ~ : ~ ;  

i ~ r e s c n t e d  i n  F i g u r e  3 .  T h i s  i lescr . ip t i (>n  oE t h e  U.S. energy  sys tem p r o v i d e s  

3 complete  p h y s i c a l  r e p r e s e n t a t i o n  of t h e  t e c h n o l o g i e s ,  energy  f l o w s ,  and 

:onversion e f f i c i e n c i e s  f r o m  e x t r a c t i o n  of  pr imary energy  s o u r c e s  through 

: - e f i n i n g  and v a r i o u s  s t a g e s  of conve r s ion  from one  energy  form t o  a n o t h e r ,  

.~111d through t r a n s p o r t a t i o o ,  d i s t r i b u t i o n ,  and s t o r a g e  of energy. '  I n  t h e  

c k f e r e n c e  Energy System ene rgy  s u p p l i e s  such  a s  n u c l e a r  f u e l s ,  f o s s i l  

f u e l s ,  and hydropower a r e  a l l o c a t e d  t o  ene rgy  demands d e f i n e d  on a  f u n c t i o n a l  

h a s i s  such  a s  s p a c e  h e a t i n g ,  i n d u s t r i a l  p r o c e s s  h e a t ,  and automot ive  t r a n s -  

p o r t a t i o n .  The c h a r a c t e r i s t i c s  o f  u t i l i z i n g  t echno ' l og i e s ,  which a r e  impor t an t  

i n  t h e  i d e n t i f i c a t i o n  of conserva t ' ion  and f u e l  s u b s t i t u t i o n  op t ions . ,  a r e  

i nc luded  a t  t h e  same l e v e l  of  d e f a i l  as s u p p l y  t e c h n o l o g i e s .  The a l l o c a t i o n  

ene rgy  r e s o u r c e s  t o  s p e c i f i c  demands depends on t h e  energy  t e c h n o l o g i e s  

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

s t o r a g e  of energy  and on t h e  c o s t  and e f f i c i e n c y  of  t h e s e  t e c h n o l o g i e s .  The 

a l l o c a t i o n s  may be de termined  by a judgementa l  o r  o p t i m i z a t i o n  approach.  

Con-:!: I - s ion  l o s s e s  a r e  reprcse11,ted by t h e  e f f i c i e n c y  of  eacll conve r s ion  process 
- . -. . . - . -. . . . . - . , - -. 

i n  p h y s i c a l  t e rms .  I n  t h e  Reference  Energy System a i l  energy  f l ows  a r e  

measured i n  B r i t i s h  t he rma l  u n i t s  ( B t u ' s ) .  

I n  t h e  Re fe rence  Energy System energy  s u p p l i e s  and demands a r e  l i n k e d  by 

energy  conve r s ion  p r o c e s s e s ,  such  a s  s team g e n e r a t i o n  of e l e c t r i c i t y  from c o a l .  

T h i s , p r o c e s s  c o n v e r t s  a  pr imary energy  s u p p l y ,  c o a l ,  i n t o  an  i n t e r m e d i a t e  

form of energy ,  e l e c t r i c i t y .  E l e c t r i c i t y  c a n  b e  used t o  s a t i s f y  demands f o r  a  

v a r i e t y  of energy  p r o d u c t s ,  such  a s  b a s e ,  i n t e r m e d i a t e ,  and peak load  e l e c t r i c i t y ,  

s p a c e  h e a t ,  a i r  c o n d i t i o n i n g ,  and w a t e r  h e a t .  For  each  p r o c e s s  we can  

s p e c i f y  t h e  e f f i c i e n c y  of conve r s ion  of pr imary energy  s u p p l i e s  i n t o  i n t e r -  

med ia t e  forms of energy  and the  e f f j - c i ency  of convers ion  of t h e  i n t e r m e d i a t e  
- . .  .- . .- . -. - .- . 
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f o r m  i n t o  f i n a l  ene rgy  s e r v i c e s  o r  p roduc t s .  For t h e  c o a l  s t eam e l e c t r i c  

p r o c e s s  t h e  conve r s ion  l o s s  from t h e  pr imary  t o  t h e  i n t e r m e d i a t e  form of  

ene rgy  i s  a s s o c i a t e d  w i t h  t h e  g e n e r a t i o n  of e l e c t r i c i t y .  S i m i l a r l y ,  t h e  

conve r s ion  l o s s  from i n t e r m e d i a t e  t o  f i n a l  form of  ene rgy  is a s s o c i a t e d  

w i t h  t r a n s m i s s i o n '  and d i s t r i b u t i o n  l o s s e s '  f o r  e l e c t r i c  energy  and t h e  c,;l:- 

v e r s i o n  e f f i c i e n c y  of t h e  end u s e  dev ice ;  The supp ly  e f f i c i e n c y  f o r  a  g iven  

energy  s o u r c e  is d e f i n e d  as t h e  p roduc t  of  t h e  s u p p l y  e f f i c i e n c i e s  on a  

p a t h  f rom t h e  pr imary  r e s o u r c e  t o  the i n t e r m e d i a t e  kurm of energy. S i m l l ~ r f y ,  

t h e  demand e f f  i c f e n c y  i s  d e f i n e d  as t h e  p roduc t  of t h e  demand. e f f i c i e n c i e s  

on a ' p a t h  from t h e  i n t e r m e d i a t e  form t o  t h e  f i n a l  energy  p r o d u c t .  

The Brookhaven Energy System Opt imiza t ion  Model (BESUM) i s  based on the  

a l l o c a t i o n  of energy  s u p p l i e s  t o  energy  demands t o  minlmiz& c o s t . 7  The mini-  

m i z a t i o n  of c o s t  can  b e  fo rmula t ed  a s  a  l i n e a r  programming problem of t1;c 

t r a n s p o r t a t i o n  type.  Sources  i n  t h e  t r a n s p o r t a t i o n  problem-can be i d e n r i f i e c i  

w i t h  energy  supp l i e s . ;  i n  t h e  op t imi . ea t i on  111odel t h e r e  a r e  e l e v e n  t y p e s  -2 ene rgy  

s u p p l i e s ,  i n c l u d i n g  underground and s t r i p -mined  c o a l ,  domes t i c ,  s h a l e ,  .i?d 

impor ted  o i l ,  domes t i c  and imported n a t u r a l  g a s ,  and hydro  e l e c t r i c ,  n u c l e z r , .  

geo the rma l ,  and s o l a r  energy .  Uses can  b e  i d e n t i f i e d  w i t h  energy  demands, i n -  

c l u d i n g  b a s e ,  i n t e r m e d i a t e ,  and peak load  e l e c t r i c i t y ,  low, i n t e r m e d i a t e ,  and 

h i g h ' t e m p e r a t u r e  t h e r m a l ,  o r e  r e d u c t i o n ,  p e t r o c h e m i c a l s ,  space  h e a t  ( i n c l u d i n g  

h e a t  pumps a s  w e l l  a s  e l e c t r i c  r e s i s t a n c e  h e a t ) ;  a i r  c o n d i t i o n i n g ,  and w a t e r  

h e a t ,  and a i r ,  t r u c k  and b u s ,  r a i l  and au tomobi le  t r a n s p o r t a t i o n .  Energy s t o r a g e  

and s y n t l l c t i c  f u e l s  i n c l b d i n g  hydrogen a r e  %Is0 i n c o r p o r a t e d  i n  t h e  mode:'!. 

Tile o l ) t i m i z a t i o n  model i s  des igned  around t h e  Reference  Energy Syst.e,m. 

Each t r a j e c t o r y  through t h e  sys t em from a  r e s o u r c e  t o  a  s p e c i f i c  end u s e  

i s  r e p r e s e n t e d  by a s i n g l e  a c t i v i t y .  The d a t a  f o r  t h e  model a r e :  

1. The l e v e l  of demand f o r  ene rgy  s e r v i c e s  f o r . e n e r g y  p r o d u c t s ,  



c o n s i s t e n t  w i t h  t h o s e  de termined  i n  t h e  i n t e g r a t e d  model. 

2 .  Annual p r o d u c t i o n  c o n s t r a i n t s  on supp ly  of.  ene rgy  r e s o u r c e s  and 

a v a i l a b i l i t y  c o n s t r a i n t s  on  new t e c h n o l o g i ~ s .  8 

3 .  C h a . r a c t e r i z a t i o n  of  ene rgy  supp ly  and u s e  t e c h n o l o g i e s  i n  Ler~~rs  ~- . r  

conve r s ion  e f f i c i e n c y ,  c a p i t a l  and o p e r a t i n g  c o s t ,  and emis s ions  t o  ciie 

environment  ( a i r ,  w a t e r ,  and l a n d ) .  

4 .  D e f i n i t i o n  of  o b j e c t i v e  f u n ~ t i o n . ~  T h i s  can  be  based  on annua l  

c o s t ,  inr1.1iding t h e  c o s t  of  cncrgy  resources,  ur on alternative o b j e c t i v e s  

t h a t  i nc lude .  u t i l i z a t i o n  of  pr imary  r e s o u r c e s ,  c a p i t a l  r e q u i r e m e n t s ,  

environment  a 1  ' impac t ,  and' dependence on impor t s .  

5. D e f i n i t i o n  of any s p e c i a l  c o n s t r a i n t s  r e q u i r e d  t o  r e f l e c t  p o l i c i e s  

o r  market  f o r c e s  t h a t  r e s u l t  i n  d e p a r t u r e s  from an u n c o n s t r a i n e d  op!.i~luin. 
. .. .. .. . - - . ......--- 

;ive;i t h e s e  d a t a ,  t h e  o p t i m i z a t i o n  de t e rmines  r e s o u r c e  u t i l i z a t i o n ,  t e ch -  

l ~ o l o ~ y ,  and f u e l  mix employed t o  s a t i s f y  t h e  ene rgy  p roduc t  r equ i r emen t s .  

A c t i v i t y  l e v e l s  a r e  g iven  i n  te rms  of t h e  q u a n t i t y  o f  f u e l  o r  energy  de- 

l i v e r e d  from a  s u p p l y  t r a j e c t o r y  t o  t h e  end u s e .  

I n  BES0I.C each  energy  supply-demand combina t ion  5s a s s o c i a t e d  w i t h  c o s t s  

of  e x t r a c t i o n ,  r e f i n i n g  and c o n v e r s i o n ,  t r a n s p o r t a t i o n  and s t o r a g e , .  and f i n a l  

u t i l i z a t i o n .  Annual c o s t s  p e r  u n i t  of o p e r a t i o n  of an energy  conve r s ion  

p roces s  i n c l u d e  bo th  c a p i t a l  c o s t s  and o p e r a t i n g  c o s t s .  C a p i t a l  c o s t s  a r e  

conve r t ed  i n t o ' a n n u a l  form and a r e  c o n c e p t u a l l y  e q u i v a l e n t  t o  t h e  c a p i t a l  

s e r v i c e  p r i c e s  t h a t  e n t e r  i n t o  t h e  economet r i c  model oE i n t e ~ i n d u s  t ry t r a n s -  

a c t i o n s .  C o n s t r a i n t s  on t h e  supp ly  .of ene rgy  r e s o u r c e s  and tlle deg ree  01: 

implementa t ion  of new t e c h n o l o g i e s  a r e  based  on g e o l o g i c a l  i n f o r m a t i o n ,  

market su rveys  and e n g i n e e r i n g  judgement. A v e r s i o n  of  BESOM h a s  been de- 

veloped which i n c o r p o r a t e s  supp ly  e l a s t i c i t i e s  t o  r e l a t e  annua l  r e s o u r c e  



produc t ion  l e v e l s  t o  t h e  shadow p r i c e s  on r e s o u r c e s  de te rmined  i u  t h e  

model. Each energy  conve r s ion  p roces s  produces  envi ronmenta l  p o l l u t a n t s  

a s  w e l l  a s  i n t e r m e d i a t e  I u i e ~ s  of energy.  C o n s t r a i n t s  can  be  imposed nn t h e  

l e v e l  of env i ronmen ta l  p o l l u t i o n  a s  w e l l  a s  on t h e  l e v e l  of energy  demand and 

supp ly .  Capac i ty  l i m i t a t i o n s  on energy  conve r s iun  p r o c e s s e s  can b e  i n c l u d e d  

a s  s e p a r a t e  c o n s t r a i n t s  i n  t h e  o p t i m i z a t i o n  model; a d d i t i o n a l  c o n s t r a i n t s  

co r r e spond ing  t o  b a l a n c e  r equ i r emen t s  between peak and of f -peak  e l e c t r i c i t y  

g e n e r a t i o n  can a l s o  be i nc luded .  
. . . . -. - . . 

The energy  s e c t o r  o p t i m i z a t i o n  model dc t c rmines  a s e t  o f  ene rgy  

* - ; ~ ~ ~ v e t s i o n  l e v e l s  t h a t  minimizes t h e  c o s t  of s a t i s f y i n g  ene rgy  p roduc t  

dt3nands from ene rgy  r e s o u r c e  s u p p l i e s .  The d u a l  t o  t h i s  l i n e a r  programming 

p r ~ > b l e m  i s  t o  maximize t h e  v a l u e  o f  ene rgy  p r o d u c t s  l e s s  t h e  v a l u e  of  pr imary  

ene rgy  s u p p l i e s  by c h o o s i r ~ g  a  s e t  of energy  p roduc t  and ene rgy  r e s o u r c e  shadow 

p r i c e s .  These shadow p r i c e s  a s s u r e  t h a t  t h e  v a l u e  of  t h e  o u t p u t  of each  con- 

v e r s i o n  p r o c e s s  i n  a c t u a l  u se  i s  e q u a l  t o  t h e  v a l u e  of  i n p u t ,  i n c l u d i n g  t h e  

i n p u t  c o s t  of  pr imary  energy  s u p p l i e s  and any s c a r c i t y  s h a d o w ' p r i c e s  and c o s t s  

o f  e x t r a c t i o n ,  conve r s ion ,  and t r a n s p o r t a t i o n ,  j u s t  as  i n  t h e  economet r i c  modei 

0 1  i n t e r i n d u s t r y  t r a n s a c t i o n s .  Any energy  r e s o u r c e  w i t h  a  p o s i t i v e  p r i c e  i s  

f u l l y  u t i l i z e d ;  s i m i l a r l y ,  t h e  demand f u r  any energy  p roduc t  w i t h  a p o s i t i v e  

p r i c e  i s  e x a c t l y  s a t i s f i e d .  F u i  eiiergy  product^ and resourrps wi th  p o s i t i v e  

shadow prLces ,  s u p p l i e s  and demands a r e  ba l anced  i n  bo th  p h y s i c a l  te rms  and 
... . . - - . . - . -- -. . .- - -- 

i n  cur?:ent p r i c e s ,  a s  i n  o u r  economet r i c  model of i n t e r i n d u s t r y  t r a n s a c t i o ~ ~ s .  

The s o l u t i o n  of  t h e  d u a l  t o  t h e  ene rgy  s e c t o r  o p t i m i z a t i o n  model de- 

t e r m i n e s  thq  shadow p r i c e s  a s s o c i a t e d  w i t h  energy  p roduc t s  and energy  r e -  

s o u r c e s .  The a s s i m m e n t  of energy  s u p p l i e s  t o  energy  demands through ene rgy  

conve r s ion  p r o c e s s e s  de te rmined  by t h e  model can be r e p r e s e n t e d  i n  p h y s i c a l  

te rms  i n  t h e  Reference  Energy Systei!~ fo rma t .  Given t h e  p r i c e s  of r e s o u r c e s  



a n d  t h e  c o s t s  a s s o c i a t e d  wi th  energy cvnvers io l l  p r o c e s s e s ,  BESOM a l s o  provici.*:; 

a  complete  d e s c r i p t i o n  of t h e  energy  s e c t o r  i n . f i n a n c i a 1  t e rms .  Me can  genet-;:::.: 

t h e  r e s u l t a n t  energy  sys tem s c e n a r i o  i n  t h e  format  of t h e . R e f e r e n c e  Energy 

System i n  bo th  p h y s i c a l  and f i n a n c i a l  t e rms  from t h e  c o s t s  of ene rgy  c o n v e r s i c  

p r o c e s s e s ,  t h e  a v a i l a b i l i t y  of  energy  r e s o u r c e s ,  t h e  r equ i r emen t s  f o r  energy  

p r o d u c t s ,  and any a d d i t i o n a l  c o n s t r a i n t s  a s s o c i a t e d  w i t h  conve r s ion  c a p a c i t i e :  

and env i ronmen ta l  r e s t r i c t i o n s .  

I n  a p p r n i s i n g  a l t e r n a t i v e  ene rgy  ' r e s e a r c h ,  development ,  and demonstrat.ia.!i 

p o l i c i e s  we f i r s t  a s s o c i a t e  w i t h  each p o l i c y  t h e  r e s u l t i n g  t echno logy  f o r  t h e  
. . . . . - . 

.. .. . . - - - . . - - . - - . - . . . . - . . . - 
i:iic.rgy s e c t o r ;  ch,mges i n  ene rgy  r e s e a r c h  and development p o l i c y  a r e  a s s o c i a t e d  

I 1.:: changes i n  d a t e s  of commercial imp lemen ta t ion ,  c o s t s  , and t e c h n i c a l  

c ! l : l r n c t e r i s t i c s  of  s p e c i f i c  ene rgy  t e c h n o l o g i e s  .lo We can  i n t r o d u c e  t h e  

co r r e spond ing  changes i n  ene rgy  technology i n t o  t h e  Re fe rence  

Energy System i n  two ways. F i r s t ,  t h e  i n t r o d u c t i o n  o f  new t e c h n o l o g i e s  

p r o v i d e s  new ene rgy  conve r s ion  p r o c e s s e s  i n  a d d i t i o n  t o  t h o s e  t h a t  a l r e a d y  

e x i s t .  ~ c c e l e r a t e d  r e s e a r c h ,  deve lopment ,  and demons t r a t i on  programs may 

makc  i t  p o s s i b l e  t o  a c c e l e r a t e  t h e  i n t r o d u c t i o n  of new t ec l~no lop , i e s .  Second,  

th .  imnrfivc-ment of  e x i s t i n g  t e c h n o l o g i e s  may i n c r e a s e  t h e  e f f i c i e n c y  of  ene rgy  

c o ~ ~ v e r s i o n  o r  may reduce  t h e  c o s t s  of e x t r a c t i o n ,  c o n v e r s i o n ,  o r  t r a n s p o i t a t i o n .  

More e x t e n s i v e  r e s e a r c h ,  development ,  and demons t r a t i on  may speed  t h e  i n c r e a s e  

i n  e f f i c ~ e n c y  o r  t h e  r e d u c t i o n  i n  c o s t .  The i n t r o d u c t i o n  of new e n e r g s  t c ~ c h ~ ? o ~ ~ g y  

o r  t he  i ~ ~ ~ p r n v e m e n t  of  e x i s t i n g  technology may reduce  t h e  c o s t s  . ~ s s o c i a t e d  w i t h  

n ~ c e t i n g  g iven  dcn~~lncls [or  energy PI-oducts  from g iven  ene rgy  r e s o u r c e  s u p p l i e s .  

For any change i n  t h c  technology option. ;  r e s u l t i n g  from new p o l i c y  i n i t i a t  ivcs 

we can a s s e s s  t h e  e f f e c t s  on t h e  energy  s e c t o r  i n  bo th  p h y s i c a l  and f i n a n c i a l  

t e rms ,  u s i n g  t h e  energy  s e c t o r  o p t i m i z a t i o n  model. We can  a l s o  a s s e s s  t h e  

env i ronmen ta l  impact of t h e  changes ,  u s i n g  t l ~ e  euvi ronr i~enta l .  inipact a s s o c i a t e d .  

w i th  a l t e r n a t i v e  energy  convel-s ion p r u c e s s e s .  



IJe have p r e s e n t e d  t h e  two models approach f o r  tile. a n a l y s i s  of  energy 

r e s e a r c h ,  development,  and demons t r a t ion  p o l i c y .  The f i r s t  is an e c o n o ~ i ~ ~ c r . i  i: 

model of  i n t e r i n d u s t r y  t r a n s a c t i o n s  provid'ing a  r ep reseneac ion  uf t l ie ~ t - ' ~ ~ i i i o j . r . : : - '  

'of t h e  energy s e c t o r  through models of  producer  behav io r  f o r  f i v e  i n d u s t r i a l  

groups t h a t  make up t h a t  s e c t o r .  I n  a d d i t i u n ,  t he  econometr ic  model p r o v i d e s  

a  r e p r e s e n t a t i o n  of t h e  non-energy s e c t o r  through models of prodiicer  behavlur 

f o r  f o u r  i n d u s t r i a l  groups  making up t h a t  s e c t o r  and a  model of consumer behav lc r  

f o r  t h e  p e r s o n a l  consumption e x p e n d i t u r e s  component of  f i n a l  demand. The secofid 
' - . .. _.. . 

model f o r  t h e  a n a l y s i s  of  energy  p o l i c y  is  an op t imiza t ion .mode1  f o r  t h e  

ene rgy  s e c t o r  p r o v i d i n g  a much more d e t a i l e d  r e p r e s e n t a t i o n  of t h s  technology 

o f  t h a t  s e c t o r  through t h e  s p e c i f i c a t i o n  o f  c h a r a c t e r i s t i c s  of  energy  con- 

v e r s i o n  p r o c e s s e s  l i n k i n g  energy  r e s o u r c e  s u p p l i e s  w i t h  energy  r e s o u r c e  

demands. The ene rgy  s e c t o r  o p t i m i z a t i o n  model i n c l u d e s  e x i s t i n g  t e c h n o l o g i e s ,  

such  as s team g e n e r a t i o n  o f  e l e c t r i c i t y  from c o a l ,  and t e c h n o l o g i e s  t h a t  

can be  developed through r e s e a r c h ,  development,  and demons t r a t ion  programs,  

such a s  the l i q u i d  metal. f a s t  b r e e d e r  r e a c t o r  f o r  t h e  g ,enera t ion  of e l e c t r i c i t y .  

Although bo th  components of ou r  energy  p o l i c y  model can .be used t o  g e n e r a t e  

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

s e c t o r  o p t i m i z a t i o n  model p rov ides  a f a r  more d e t a i l e d  c h a r a c t e r i z a t i o n  of  

technology and p e r m i t s  t h e  a n a l y s i s  of t h e  e f f e c t s  of  i n t r o d u c i n g  new t e c h n o l o g i e s .  

The e c o n o m e t r i . ~  model a l s o  p rov ides  a d e s c r i p t i o n  of  t h e  non-energy s e c t o r  and 

g e n e r a t e s  a ccinplete d e s c r i p t i o n  of t h e  U.S. economy, i n c l u d i n g  f lows of  primary 

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

p r i c e s .  The energy s e c t o r  o p t i m i z a t i o n  model. i s  e spec i  a l . ly  we.11. s u i t e d '  t o  t h e  

assessment  of t h e  impacts  o f  a l t e r n a t i v e  r e s e a r c h ,  development,  and demonstracion 



, p o l i c i e s  on t h e  energy  s e c t o r .  The econometr ic  i n t e r i n d u s t r y  model i s  w21.J. 

s u i t e d  t o  t h e  assessment  of. t h e  impact  of t h e s e  p o l i c i e s . o n  t h e  economy a s  a  

whole. By i n t e g r a t i n g  t h e  two models we can  combine t h e  d e t a i l e d  c h a r a ~ t e r i z a t . i . .  

of technology a v a i l a b l e  from t h e  ene rgy  s e c t o r  o p t i m i z a t i o n  model w i t h  t h e  corn. 

p l e t e  r e p r e s e n t a t i o n  of  t h e  economy, i n c l u d i n g  ene rgy  and non-energy s e c - o r s ,  
. . 

a v a i l a b l e  from t h e  economet r i c  i n t e r i n d u s t r y  model. T h i s  s e c t i o n  d e s c r i b e s  

t h e  concep tua l  b a s i s  f o r  t h e  i n t e g r a t i o n  of t h e  models .  A v e r -  

s i o n  of t h e  i n t e g r a t e d  model h a s  been  implemented and a p p l i e d  by Beh l ing ,  

D u l l i e n ,  and Hudson (1976) .  

Our i n t e g r a t e d  model is  based  on an expanded sys t em of  i n t e r i n d u s t r y  

accoun t s '  f o r  t h e  p r i v a t e  domes t i c  s e c t o r  of  t h e  U.S. economy. I n  o u r  

expanded sys t em o f  i n t e r i n d u s t r y  a c c o u n t s  t h e  ene rgy  s e c t o r  i s  d i v i d e d  

i n t o  energy  r e s o u r c e  s e c t o r s ,  ene rgy  conve r s ion  p r o c e s s e s ,  and energy  p roduc t  

s e c t o r s .  The remain ing  components of  o u r  o r i g i n a l  sys tem of  i n t e r i n d u s t r y  

accoun t s  -- i n t e r i n d u s t r y  t r a n s a c t i o n s  i n  non-energy p r o d u c t s ,  p r imary  

i n p u t s ,  and f i n a l  demands -- a r e  a l s o  i n c l u d e d  i n  t h e  expanded sys tem.  The 

expanded sys t em o f  i n t e r i n d u s t r y  a c c o u n t s  is p r e s e n t e d  i n  d iagrammat ic  form 

i n  F i g u r e  4 .  A comple te  l i s t  of t h e  s e c t o r s  i n c l u d e d  i n  t h i s  sys t em o f  

accoun t s  is a l s o  g iven .  i n  F igu re  4. The non-energy i n d u s t r y  s e c t o r s  of o u r  

expanded s y s t e m , c o r r e s p o n d  t o  i n d u s t r y  groups  t h a t  can be found i n  a  con- 

v e n t i o n a l  i n t e r i n d u s t r y  a c c o u n t i n g  sys tem.  S i m i l a r l y ,  p r imary  i n p u t s  such  

:ss c a p i t a l  and l a b o r  servi 'ces  and f i n a l  demands such  a s  p e r s o n a l  consumption 

e x p e n d i t u r e s  ' and  g r o s s  . p r i v a t e  domes t i c  i nves tmen t  .occur  i n  a  c o n v e n t i o n a l  

sys t em.  $ 

To i n c o r p o r a t e  a  d e t a i l e d  p h y s i c a l  r e p r e s e n t a t i o n  of t h e  ene rgy  s e c t o r  

we have  i n t r o d u c e d  c a t e g o r i e s  of t r a n s a c t i o n s  i n v o l v i n g  ene rgy  reso 'urces ,  



F i g u r e  4 .  E n t e r i n d u s t r y  T r a n s a c t i o n s  i n  t h e  I n t e g r a t e d  Model. 

I n p u t  t o  S e c t o r s :  ' 

Energ:i Energy Energy Non-Energy 
Resouccs Convers ion  P roduc t  I n d u s t r y  
S e c t o r s  P r o c e s s e s  S e c t o r s  S e c t o r s  

Energy 

Energy 
Convers ion  
P r o c e s s e s  

I 
Energy 
P roduc t  I 
S e c t o r s  

Non-Energy 
I n d u s t r y  

I n t e r i n d u s t r y  

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

S e c t o r s  I I 

L-- Pr imary  I n p u t s .  

F i n a l  

Demands 

r .- - -. 

T o t a l  I n p u t s  



Energy Resource S e c t o r s :  
1. ' Underground Coal .  
2. S t r ip-mined  Coal.  
3.  Domestic O i l .  
4. Sha l e  O i l .  
5. imported' O i l .  

Snergy Convers ion  P r o c e s s e s  : 
12 .  Coal Steam E l e c t r i c .  
13 .  Coal Steam Combined Cycle.  
14 .  O i l  Steam E l e c t r i c .  
15 .  O i l  Steam Combined Cycle.  
16. Gas Turbines .  
17 .  Gas Steam E l e c t r i c .  
18 .  T o t a l  Energy Systems.  
19 .  UJR E l e c t r i c .  
20. LMFBR E l e c t r i c .  
21. HTGR E l e c t r i c .  

Domestic N a t u r a l  Gas. 
Imported N a t u r a l  G 3 s .  
Hydro Energy. 
Nuclear  Energy.  
Geothermal Energy. 
S o l a r  Energy. 

Hydro E l e c t r i c .  
Geothermal  E l e c t r i c .  
S o l a r  E l e c t r i c .  
Pumped S t o r a g e .  
S y n t h e t i c  Gas from O i l .  
S y n t h e t i c  Gas from Coal .  
E l e c t r o l y t i c  Hydrogen. 
Methanol .  
Hydrogen from Coal .  
S y n t h e t i c  O i l  from Coal .  

Secondary Energy Forms and Energy P roduc t  S e c t o r s :  
32. Base Load Misce l l aneous  8 ~ I i s c e l l a n e o u s  Thermal ,  High 

E l e c t r i c .  Temperature.  
33. I n t e r m e d i a t e  Load 39-  Ore Reduct ion  ( I r o n ) .  

Misce l l aneous  E l e c t r i c .  40. Pe t rochemica l s .  
34. Peak Load Misce l l aneous  41  Space Hea t .  

E l e c t r i c .  42. A i r  Cond i t i on ing .  
35. S t o r a g e  and S y n t h e t i c  Fuel. 43- Water Heat .  
36. Misce l l aneous  Thermal ,  Low 44. A i r  T r a n s p o r t .  

Temperature.  45. Truck ,  Bus. 
37. P l i sce l laneous  Thermal, 46. R a i l .  

I n t e r m e d i a t e  Temperature.  47. Automobile. 

Non-Energy I n d u s t r y  S e c t o r s :  
48. A g r i c u l t u r e ,  Nonf u e l  Mining, 50. T r a n s p o r t a t i o n .  

and Cons t ruc t ion .  51-  Communications, T rade ,  and 
49. EIanufacturing , Excluding  S e r v i c e s .  

Pe t ro leum Ref in ing .  

Pr imary  1nput.s:  
52. Impor ts .  
53. C a p i t a l  S e r v i c e s .  

54 -  Labor S e r v i c e s .  

F i n a l  Demands : 
55.  P e r s o n a l  Consumption 57. ~ o v e m m e n t  Pu rchases  02 

Expend i tu re s  . Goods and S e r v i c e s .  
56. Gross P r i v a t e  Domestic 58-  Exporcs .  

Inves tment .  



ene rgy  conve r s ion  p r o c e s s e s ,  and e n e r s y  p r o d u c t s  t h a t  do n o t  co r r e spond  t~ 

i n d u s t r y  s e c t o r s  i n  a  c o n v e n t i o n a l  i n t e r i n d u s t r y  accoun t ing  sys tem.  The 

a c t i v i t i e s  of t h e  f i v e  i n d u s t r y  groups compr is ing  t h e  eriergy s e c t o r  i n  o u r  

economet r i c  model a r e  a l l o c a t e d  among ene rgy  r e s o u r c e s ,  ene rgy  c o n v e r s i o c  

p r o c e s s e s ,  and ene rgy  p r o d u c t s  i n  t h e  i n t e g r a t e d  model. For  example,  t h e  

e l e c t r i c  u t i l i t y  s e c t o r .  i n  t h e  o r i g i n a l  sy s t em c o n v e r t s  f o s s i l  f u e l s  and 

o t h e r  e.nergy r e s o u r c e s  i n t o  b a s e  l o a d ,  i n t e r m e d i a t e  l o a d ,  and peak load  

e l e c t r i c i t y  and i n t o  o t h e r  ene rgy  p r o d u c t s  such  a s  s p a c e  h e a t  and a i r  con- . 

d i t i o n i n g .  I n  o u r  i n t e g r a t e d  model energy  f l o w s  a r e  r e p r e s e n t e d  i n  energy  

u n i t s  ( ~ t u ' s )  as i n  t h e  Re fe rence  Energy System. Non-energy f lows  a r e  

r e p r e s e n t e d  i n  c o n s t a n t  d o l l a r s ,  as i n  o u r  economet r i c  model of  i n t e r i n d u s t r y  

t r a n s a c t i o n s .  Given a s e t  o f  ene rgy  p roduc t  and ene rgy  r e s o u r c e  p r i c e s  and 

p r i c e s  f o r  non-energy p r o d u c t s  and pr imary  i n p u t s ,  o u r  expanded sys t em of  

i n t e r i n d u s t r y  accoun t s  can  a l s o  b e .  r e p r e s e n t e d  i n  c u r r e n t  p r i c e s .  

I n  t h e  i n t e g r a t e d  model energy  r e s o u r c e s  a r e  d e l i v e r e d  t o  ene rgy  con- 

v e r s i o n  p r o c e s s e s  and t o  f i n a l  demand f o r  i n v e n t o r y  accumula t ion  and f o r  

e x p o r t s .  Energy r e s o u r c e s  a r e  a l s o  used  i n  t h e  p r o d u c t i o n  of  ene rgy  r e -  

s o u r c e s ;  f o r  example,  c o a l  is used  a s  a  f u e l  i n  t h e  c o a l  mining i n d u s t r y .  

However, ene rgy  r e s o u r c e s ' a r e  n o t  d e l i v e r e d  t o  ene rgy  p r o d u c t s ,  t o  non- 

ene rgy  s e c t o r s  of  o u r  i n t e g r a t e d  model,  t o  p e r s o n a l  consumption e x p e n d i t u r e s ,  

o r  t o  government pu rchases  of  goods and s e r v i c e s .  The co r r e spond ing  e n t r i e s  

i n  o u r  expanded s y s t e m  of i n t e r i n d u s t r y  accoun t s  a r e  e q u a l  t o  z e r o .  S i m i l a r l y ,  

i n  t h e  i n t e g r a t e d  model ene rgy  conve r s ion  p r o c e s s e s  d e l i v e r  t h e i r  o u t p u t  

t o  ene rgy  p roduc t  c a t e g o r i e s  such  a s  m i s c e l l a n e o u s  e l e c t r i c  demand and r a i l  

t r a n s p o r t a t i o ~ i .  The o u t p u t s  of ene rgy  conve r s ion  p roces se s '  a r e  used  i n  

ene rgy  c o n v e r s i o n ;  f o r  esample ,  p r o d u c t i o n  and d i s t r i b u t i o n  o f  e l e c t r i c i t y  



r e q u i r e  e l e c t r i c  ene rgy .  There a r e  no d i r e c t  d e l i v e r i e s  t o  energy .  r e s o u r c e  

s e c t o r s ,  t o  non-energy s e c t o r s ,  o r  t o  f i n a l  demands i n  o u r  i n t e g r a t a d  model; 

t h e  co r r e spond ing  i n t e r i n d u s t r y  a c c o u n t i n g  e n t r i e s  a r e  z e r o .  F i n a l l y ,  en,:rgy 

p roduc t s  a r e  d e l i v e r e d  t o  non-energy i n d u s t  r i a l  s e c t o r s  and t o  f i n a l  demand. 

There  a r e  no  d e l i v e r i e s  of energy  p r o d u c t s  t o  ene rgy  r e s o u r c e ,  ene rgy  con- 

v e r s i o n ,  o r  ene rgy  p roduc t  s e c t o r s ,  s o  t h a t  t h e  co r r e spond ing  i n t e r i n d u s t r y  

accoun t ing  t r a n s a c t i o n s  a r e  z e r o .  

A l l  f i n a l  demands f o r  energy  i n  o u r  i n t e g r a t e d  model,  e x c e p t  f o r  i n -  

v e n t o r y  accumula t ion  and e x p o r t s  of  ene rgy  r e s o u r c e s ,  are s u p p l i e d  by de-  

l i v e r i e s  o'f ene rgy  p r o d u c t s .  S i m i l a r l y ,  a l l  demands f o r  ene rgy  by non-energy . 
produc ing  s e c t o r s  a r e  s u p p l i e d  by d e l i v e r i e s  of ene rgy  p r o d u c t s .    he f i r s t  

s t e p  i n  t h e  c o n s t r u c t i o n  of  o u r  expanded sys t em of i n t e r i n d u s t r y  accoun t s  

iS L * ?  dis . .~, . :Zregate f l ows  of  energy  from t h e  f i v e  i n d u s t r y  g r o u p s  t h a t  ma!.ra 

up ~llr  e:ler;;y s e c t o r  i n  o u r  economet r i c  i n t e r i n d u s t r y  model. Flows from t h e s e  

groups  t o  t l le  f o u r  non-energy i n d u s t r y  groups  and t h e  f o u r  c a t e g o r i e s  o f  f i n a l  

demand a r e  d i s t r i b u t e d  among ene rgy  p roduc t  c a t e g o r i e s  i n  o u r  i n t e g r a t e d  model 

on t h e  b a s i s  of  h i s t o r i c a l  d a t a .  Fo r  example,  d e l i v e r i e s  from t h e  e l e c t r i c  

u t i l i t y  s e c t o r  t o  non-energy i n d u s t r y  groups  and f i n a l  demand c a t e g o r i e s  a r e  

d i v i d e d  among base  l o a d ,  i n t e r m e d i a t e  l o a d ,  and peak load  m i s c e l l a n e o u s  e l e c t r i c  

and among t h e  o t h e r  ene rgy  p r o d u c t s  t h a t  call b e  s u p p l i e d  by e l e c t r i c .  ener;;y. 
. .. . .. . . .. 

Not a l l  c:nergy p r o d u c t s  can  be  s u p p l i e d  by means of e l e c t r i c i t y .  Pl iscel l . . -~neous 

t h e r m a l ,  a i r  t r a n s p o r t a t i o n ,  and t r u c k  and bus  t r a n s p o r t a t i o n  a r e  examples 

of energy  p r o d u c t s  s u p p l i e d  by n o n - e l e c t r i c  ene rgy  s e i t o r s  i n  o u r  economet r i c  . 

model of i n t e r i n d u s t r y  t r a n s a c t i o n s .  

The energy  s e c t o r s  i n  ou r  i n t e g r a t e d  model employ i n p u t s  of  c a p i t a l  and 

l a b o r  s e r v i c e s ,  nou-energy i n t e r m e d i a t e  goods ,  and e n e r g y .  The ene rgy  i n p u t s  

a r e  r e p r e s e n t e d  i n  t h e  same way as i n  the Reference Energy Systcni. Encrgy 



r e s o u r c e s  a r e  d e l i v e r e d  t o  ene rgy  c o n v ~ r s i o n  p r o c e s s e s  and energy  p roduc t s  

r e c e i v e  d e l i v e r i e s  f rom ene rgy  conve r s ion  p r o c e s s e s .  I n p u t s  o f  l a b o r  ser - 

v i c e s  and non-energy i n t e r m e d i a t e  goods are components of o p e r a t i n g  c o s t  Ln 

t h e  o b j e c t i v e  f u n c t i o n  of t h e  ene rgy  s e c t o r  o p t i m i z a t i o n  model. To o b t a i r  

t o t a l  o p e r a t i n g  c o s t  i n  c u r r e n t  p r i c e s  w e  e v a l u a t e  l a b o r  s e r v i c e s  and n c . ! l -  

ene rgy  i n t e r m e d i a t e  goods g iven  a sys t em o f  p r i c e s  f o r  pr imary  i n p u t s  and 

non-energy p r o d u c t s .  S i m i l a r l y ,  i n p u t s  of c a p i t a l  s e r v i c e s  a r e  a.component 

of  c a p i t a l  c o s t  i n  t h e  o b j e c t i v e  f u n c t i o n  oT t h e  o p t i m i z a t i o n  model. C a p i t a l  

c o s t  i n  c u r r e n t  p r i c e s  i s  e x p r e s s e d  i n  annua l  form. The second s t e p  i n  

c o n s t r u c t i o n  o f  o u r  expanded sys t em of  i n t e r i n d u s t r y  accoun t s  i s  t o  d i s -  

a g g r e g a t e  f lows  of non-energy p r o d u c t s  and pr imary  i n p u t s  i n  t h e  ene rgy  

s e c t o r  o p t i m i z a t i o n  model. Fo r  each  ene rgy  r e s o u r c e ,  ene rgy  conve r s ion  

p r o c e s s ,  and ene rgy  p roduc t  t h e s e  f l ows  must b e  d i s t r i b u t e d  among t h e  f o u r  

non-energy i n d u s t r y  groups ,  c a p i t a l  s e m i c e s ,  and l a b o r  serv ices .  

Our i n t e g r a t e d  model i s  based  on a n  expanded sys t em of accoun t s  f o r  

i n t e r i n d u s t r y  t r a n s a c t i o n s .  The i n t e g r a t e d  model i n c l u d e s  b a l a n c e  e q u a t i o n s  

between supp ly  and demand f o r  p r o d u c t s  of  each  o f  t h e  f i f t y - o n e  s e c t o r s  i n c l u d e d  

i n  t h e  model -- e l e v e n  ene rgy  r e s o u r c e  s e c t o r s ,  twenty ene rgy  conve r s ion  

p r o c e s s e s ,  s i s t e e n  energy  p r o d u c t s ,  and f o u r  non-energy i n d u s t r i a l  s e c t o r s .  

The n o d e l . i n c o r p o r a t e s  a  p r o c e s s  a n a l y s i s  r e p r e s e n t a t i o n  of t h e  technology 

. o f  t h e  energy  s e c t o r s  of t h e  model and an economet r i c  r e p r e s e n t a t i o n  of t h e  

technology of  t h e  non-energy i n d u s t r y  groups .  It a l s o  i n c o r p o r a t e s  a n  

economet r i c  model f o r  p e r s o n a l  consumption e x p e n d i t u r e s .  The i n t e g r a t e d  

model can  be used  t o  g e n e r a t e  a  complete  sys t em o f  i n t e r i n d u s t r y  accoun t s  

i n  c u r r e n t . a n d  c o n s t a n t  p r i c e s .  The i n t e g r a t e d  tnodel c a n  a l s o  b e  used t o  

g e n e r a t e  energy  f l ows  i n  p h y s i c a l  ternis f o r  t!le fo r ty - seven  c a t e g o r i e s  of 

energy  i n c l u d e d  i n  t h e  model. 



t i  f l o ~ , ~  c h a r t  of t h e  i n t e g r a t e d  model' i s  p r e s e n t e d  i n  F i g u r e  5. Tile f i r s t  

s t e p  i n  s o l v i n g  t h e  model is  t o  s o l v e  t h e  econometr ic  model of i n t e r i n d b s t r y  

t r a n s a c t i o n s  and t h e  energy  s e c t o r  o p t i m i z a t i o n  model s e p a r a t e l y .  From 

t h e s e  i n i t i a l  s o l u t i o n s  w e  de termine  t h e  f i n a l  demands f o r  t h e  n o n - e n e r r l  

i n d u s t r i a l  s e c t o r s  and t h e  demands f o r  t h e  f i v e  energy  i n d u s t r i a l  s e c t o r s  i n  

t h e  econometr ic  model. Using a f i x e d  d i s t r i b u t i o n  of  f i n a l  demands f o r  t h e  

p roduc t s  of t h e  f i v e  energy  s e c t o r s  t o  energy  product  c a t e g o r i e s ,  we can  

de termine  f i n a l  demands f o r  s i x t e e n  energy  p r o d u c t s  and f o r  i n v e n t o r y  accumula- 

t i o n  and e x p o r t s  of  energy  r e s o u r c e s .  We o b t a i n  t e c h n i c a l  c o e f f i c i e n t s  f o r  

t h e  f o u r  non-energy i n d u s t r i a l  s e c t o r s  from t h e  e c o n o m e t r i c ~ m o d e l .  Using a 

f i x e d  d i s t r i b u t i o n  o f  i n t e r m e d i a t e  demands f o r  t h e  p r o d u c t s  of  t h e  f i v e  

energy  s e c t o r s  t o  ene rgy  product  c a t e g o r i e s ,  we a l l o c a t e  demands f o r  ene rgy  

by t h e  f o u r  non-energy s e c t o r s  among t h e  s i x t e e n  energy  p r o d u c t s .  SJe 

o b t a i n . t e c h n i c a 1  c o e f f i c i e n t s . f o r  t h e  fo r ty - seven  ene rgy  s e c t o r s  o f  t h e . i n -  

t e k r a t e d  model from t h e  energy  s e c t o r  o p t i m i z a t i o n  model. Given t h e  

t e c h n i c a l  c o e f f i c i e n t s  and t h e  f i n a l  demands, w e  can  de termine  l e v e l s  of  

o u t p u t  f o r  a l l  f i f t y - o n e  s e c t o r s  o f  o u r  i n t e g r a t e d  model. Given t h e  p r i c e s  

of pr imary  i n p u t s  and non-energy i n d u s t r i a l  p roduc t s  from t h e  econometr ic  

model, energy  r e s o u r c e  p r i c e s ,  ene rgy  conve r s ion  c o s t s ,  and ene rgy  product  
. . 

p r i c e s  from t h e  energy  s e c t o r  o p t i m i z a t i o n  model, w e  can conve r t  t h e  a r r a y  

of  i n t e r i n d u s t r y  t r a n s a c t i o r i s  , f i n a l  demands, and pr imary  i n p u t s  i n t o  

. c u r r e n t  p r i c e s .  

The second s t e p  i n  s o l v i n g  t h e  i n t e g r a t e d  model is  t o  g e n e r a t e  i n p u t  

d a t a  f o r  t h e  energy  s e c t o r  o p t i m i z a t i o n  model. The e l even  energy  r e s o u r c e  

s u p p l i e s  cor respond t o  l e v e l s  of  ene rgy  r e s o u r c e  o u t p u t  i n  t h e  i n t e g r a t e d  

model. The s i x t e e n  energy  product  demands correspond t o  l e v e l s  of energy  

product  o u t p u t  i n  t h e  model. Un i t  convers ion  c o s t s  f o r  t h e  twenty energy 
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conve r s ion  p r o c e s s e s  a r e  t h e  sums o i  u n i t  o p e r a t i n g  and c a p i t a l  c o s t s  f o r  

t h e  conve r s ion  . p roces se s  of t h e  model. O p e r a t i n g  c o s t s  i n c l u d e  c o s t s  of 

l a b o r  s e r v i c e s  and c o s t s  of  i n t e r m e d i a t e  goods e ~ r ~ p l o y e d  i.n t h e  conve r s ion  

11 
p r o c e s s e s .  C a p i t a l  c o s t s  co r r e spond  t o  c o s t s  of  c a p i t a l  s e r v i c e s  i n  t h e  

model. These d a t a  d e f i n e  a l i n e a r  programn~ing model t h a t  i s  i d e n t i c a l  t o  

t h e  energy  s e c t o r  o p t i m i z a t i o n  model. Given t h e  u n i t  c o s t s ,  t h e  ene rgy  

p roduc t  demands, and t h c  ene rgy  r e s o u r c e  s u p p l i e s ,  t h e  ene rgy  s e c t o r  op t imiza -  

t i o n  model g e n e r a t e s  c o s t  minimiz ing  l e v e l s  f o r  t h e  energy  c o n v e r s i o n  p r o c e s s e s  

and v a l u e  maximizing p r i c e s  a s s o c i a t e d  w i t h  ene rgy  s u p p i i e s  and demands. 

The t h i r d  s t e p  i n  s o l v i n g  t h e  i n t e g r a t e d  model i s  t o  d e t e r m i n e  p r i c e s  

f o r  p r o d u c t s  of each  o f  t h e  f i v e  ene rgy  s e c t o r s  t h a t  a p p e a r  i n  t h e  economet r i c  

i n t e r i n d u s t r y  model. P r i c e s  of  domes t i c  pe t ro l eum,  n a t u r a l  g a s ,  and c o a l  

co r r e spond  t o  ene rgy  r e s o u r c e  p r i c e s  from t h e  ene rgy  s e c t o r  o p t i m i z a t i o n  

model. The p r i c e s  of gas  d e l i v e r e d  by g a s  u t i l i t i e s ,  e l e c t r i c i t y ,  and r e f i n e d  

pe t ro l eum p r o d u c t s  a r e  de te rmined  a s  a  weighted  ave rage  of t h e  c o r r e s p o n d i n g  
. . 

energy  p roduc t  p r i c e s .  The w e i g h t s  are based  on t h e  p r o p o r t i o n s  of  d e l i v e r i e s  

0.f each  f u e l  t o  each  ene rgy  p roduc t  i n  t h e  t o t a l  o f  a l l  d e l i v e r i e s  of  t h e  f u e l .  
. 

Given t h e  p r i c e s  of t h e  p r o d u c t s  of  t h e  f i v e  ene rgy  s e c t o r s  t h a t  appea r  i n  

t h e  economet r i c  model,  t h e  p r i c e s  of pr imary  i n p u t s ,  and t h e  l e v e l s  of pro- 

d u c t i v i t y  i n  each  of t h e  f o u r  non-energy i n d u s t r i a l  s e c t o r s ,  v e  can d e t e r m i n e  

p r i c e s  f o r  t h e  p r o d u c t s  of t h e  f o u r  non-energy s e c t o r s  f rom t h e  f o u r  p r i c e  

p o s s i b i l i t y  f r o n t i e r s  £,or t h e s e  s e c t o r s  from t h e  economet r i c  model.  From 

ene rgy  and non-energy p r i c e s  and t h e  p r i c e s  of pr imary  i n p u t s ,  w e  can  

g e n e r a t e  t h e  t e c h n i c a l  c o e f f i c i e n t s  f o r  t h e  non-energy i n d u s t r i a l  s e c t o r s  

of  t h e  i n t e g r a t e d  model. On t h e  b a s i s  of  t h e s e  p r i c e s  we can a l l o c a t e  t o t a l  

p e r s o n a l  consumption e x p e n d i t u r e s  among t h e  p r o d u c t s  of t h e  n i n e  s e c t o r s  

of  tl lc e c o n o n ~ e t r i c  model and pr imary  i n p u t s .  



1Je have o u t l i n e d  t h r e e  s t e p s  i n  t h e  s o l u t i o n  of t h e  i n t e g r a t e d  model. 

A t  t h e  comple t ion  of  t h e s e  s t e p s  we have gene ra t ed  a new s e t  of d a t a  t o  

i n i t i a t e  t h e  p r o c e s s  of  s o l u t i o n .  We r e p e a t  t h e  sequence  of t h r e e  s t e p s  

u n t i l  t h e  d a t a  enlployed t o  i n i t i a t e  t h e  p r o c e s s  a r e  gene ra t ed  a s  a s o l u c i o n  

of t h e  i n t e g r a t e d  model.  The i n t e g r a t e d  inodel i n c l u d e s  t echn ica ' l  c o e f f i c i e n t s  

f o r  t h e  energy  s e c t o r  from t h e  ene rgy  s e c t o r  o p t i m i z a t i o n  model, t e c h n i c a l  

c o e f f i c i e n t s  f o r  t h e  non-energy s e c t o r  from t h e  p r o d u c t i o n  models for t h e  

f o u r  non-energy i n d u s t  r i a l  s e c t o r s  from t h e  economet r i c  i n t e r i n d u s t r y  model ,  

and f i n a l  demands f o r  ene rgy  and non-energy p r o d u c t s  from t h e  economet r i c  

i n t e r i n d u s t r y  model,  a l l o c a t e d  among t h e  ene rgy  p r o d u c t s  of t h e  energy  

s e c t o r  o p t i m i z a t i o n  model. The expanded i n t e r i n d u s t r y ,  model a s s u r e s  t h a t  

s u p p l i e s  and demands a r e  b a l a n c e d  f o r  ene rgy  r e s o u r c e s ,  ene rgy  conve r s ion  

p r o c e s s e s ,  ene rgy  p r o d u c t s ,  and non-energy p r o d u c t s .  

To summarize: a  s o l u t i o n  of  t h e  i n t e g r a t e d  model c o n s i s t s  of  a  

so11.1tion of  t h e  expanded i n t e r i n d u s t r y  model f o r  which th'e f o l l o w i n g  con- 

d i t  i o n s  ho ld  : 

1. The energy  conve r s ion  l e v e l s  minimize c o s c  f o r  t h e  co r r e spond ing  

l e v e l s  of  energy  demands and s u p p l i e s ,  and t h e  co r r e spond ing  u n i t  c o s t s  

of  t h e  energy  conve r s ion  p roces se s .  

2. The p r i c e s  o f  energy  p r o d u c t s  and energy  r e s o u r c e s  maximize 

t h e  v a l u e  of t h e  p r o d u c t s  l e s s  t h e  v a l u e  of t h e  r e s o u r c e s .  

3.  The p r i c e s  of  t he  f i v e  f u e l  t ypes  i n  t h e  econometr ic  i n t e r -  

i n d u s t r y  model a r e  gene ra t ed  by dual. s o l u t  i o n  o f  t h e  LP model. 



4. The p r i c e s  of t h e  f o u r  non-energy produc:ts a r e  cor l s i s tc r : r  

w i th  t h e  energy  p roduc t  and f u e l  p r i c e s  and t h e  exogenous ly  g iven  p r i c e s  

of  pr imary i n p u t s .  

5. The u n i t  c o s t s  of t h e  ene rgy  conve r s ion  p r o c e s s e s  a r e  con- 

s i s t e n t  w i t h  non-energy p roduc t  p r i c e s  and t h e  g iven  p r i c e s  of  p r imary  

i n p u t s .  

6 .  The t e c h n i c a l  c o e f f i c i e n t s  f o r  t h e  ene rgy  s e c t o r s  are t h o s e  

a s s o c i a t e d  wi th  t h e  c o s t  minimiz ing  s o l u t i o n s  of  t h e  ene rgy  s e c t o r  

o p t i m i z a t i o n  model; t h e  t e c h n i c a l  c o e f f i c i e n t s  f o r  t h e  non-energy s e c t o r s  

a r e  t hose  a s s o c i a t e d  w i t h  t h e  p r i c e s  f o r  pr imary  i n p u t s ,  t h e  f o u r  

non-g.n~rgy p roduc t s ,  and t h e  f i v e  f u e l  t y p e s .  

7. The f i n a l  demands f o r  energy  and non-energy p r o d u c t s  a r e  

t h o s e  a s s o c i a t e d  w i t h  t h e  p r i c e s  f o r  t h e s e  p r o d u c t s .  

Under t h e s e  c o n d i t i o n s  t h e  v a l u e  of t h e  o u t p u t  of  each  s e c t o r  of  t h e  expanded 

i n t e r i n d u s t r y  model i s  equa l  t o  t.he v a l u e  of t h e  i n p u t  of t h a t  s e c t o r .  

4. A p p l i c a t i o n .  

We nex t  p r e s e n t  an  a p p l i c a t i o n ' o f  t h e  p r e l i m i n a r y  v e r s i o n  of  t h e  model t o  

12 
t h e  a n a l y s i s  of energy r e s e a r c h ,  development ,  and demons t r a t i on  p o l i c y .  Our 

f i r s t  s t e p  i s  t o  e s t a b l i s h  a  Base Case,  r e p r e s e n t i n g  a  p r o j e c t i o n  of t h e  U.S. 

economy and t h e  energy  s e c t o r  th rough 1985,  t h a t  'meets t h e  f o l l o w i n g  s p e c i f i c a t i o n s :  

'1. Real  g r o s s  n a t i o n a l  p roduc t  w i l l  grow a t  f o u r  p e r c e n t  p e r  y e a r  

from 1975 t o  1985. 

2.  Energy p r i c e s  w i l l  grow r e l a t i v e  t o  t h e  i m p l i c i t  d e f l a t o r  of 

t h e  g r o s s  n a t i o n a l  product  a t  1 . 3  p e r c e n t  p e r  y e a r  ove.1: t l ~ c  same p e r i o d .  
.-..--.-- . . . . . . . . . .  .. . -- - -- - 

3. Enerpp s u l ~ p l i e s  f o r  1985 a r e  s i m i l a r  t o  t l i t .  "ra.i i.!,:-.t!:.ion 

c a s e "  p r e s e n t e d  i n  1976 PlationnL Cnercy O~i t look .  ( 1 9 7 6 1 ,  ;I:-; r : i l ( l i f j ~ ! ~ i  .for 
,..--- 

t h e  purposes  of  t h i s  a n a l y s i s .  
.. . 



4 .  T h e  a v a i l a b i l i t y  of new energy technoloc;y f o r  1985 is  g iven  

by t h e  s c e n a r i o , "  i n  11 N a t i o n a l  P l a n  f o r  Energy Resea rch ,  

Development and Demons t r a t i ' o n  (1975) . 
Under t h e s e  assumpt ions  impor t s  r i s e  f o r  8.6 pe rcen t  of t o t a l  1 ! . S .  energ), s ~ r p p i y  

i n  1967 t o  18.4 p e r c e n t  of t o t a l  supp ly  i n  1985. 

The d r a m a t i c  i n c r e a s e  i n  t h e  p r o p o r t i o n  of energy  re-source s u p p l i e s  t h a t  

must be impor ted  under  t h e  Rase Case assumpt ions  f o r  1 9 8 5  s l~ggr l s t s  t h a t  energy  

p o l i c y  may have t o  be  m o d i f i e d . i n  o r d e r  t o  meet n a t i o n a l ' s e c u r i t y  o b j e c t i v e s .  

Accordingl.y, we have examined t h e  i m p l i c a t i o n s  of a  r e d u c t i o n  of impor t s  

from 18 .4  p e r c e n t  of t o t a l  energy  s u p p l y  i n  1985 t o  no more t h a n  t e n  p e r c e n t  

of  t o t a l  s u p p l y  i n  t h a t  y e a r .  T h i s  o b j e c t i v e  r e q u i r e s  t h e  i n t r o d u c t i o n  of a 

t a r i f f  on impor ted  pe t ro leum a t  t h e  r a t e  of  51.8 p e r c e n t ;  w e  have a l s o  i n t r o -  

duced t a s e s  on  domes t i c  s u p p l i e s  of o i l  and g a s ' s o  a s  t o  l e a v e  t h c  p r i c z s  recei.vr;.d 

by domest ic  s u p p l i e r s  unchanged. 'Energy p roduc t  and conve r s ion  l e v e l s  under  

t h e  ~ a s e  Case assumpt ions  and under  o u r  A l t e r n a t i v e  Case f o r  1985 a r e  presented 

i n  T a b l e  1. The r e s u l t s  of t h e  proposed change i n  p o l i c y  a r e  p r e s e n t e d  i n  

Tab le  2. Energy p r i c e s  r i s e  by an average of 11.6 p p r r ~ > n t  w i t h  t h e  g rea t e s t -  

i n c r e a s e  i n  t h e  p r i c e  of  r e f i n e d  p roduc t s .  N e w  t e c h n o l o g i e s  such  as , 

o i l  from s h a l e ,  d i r e c t  u se  of s o l a r  energy ,  g e n e r a t i o n  of e l e c t r i c i t y  from geo- 

thermal  s o u r c e s ,  and c o a l  g a s i f i c a t i o n  and l i q u e f a c t i o n  a r e  i n t r o d u c e d  i n  g r e a t e r  

q u a n t i t i e s  under  t h e  a l t e r n a t i v e  energy  p o l i c y .  I n  a d d i t i o n  t h e r e  i s  g r e a t e r  

r e l i a n c e  on n u c l e a r  energy  through u s e  of  bo th  l i g h t  w a t e r  r e a c t o r s  and h igh  

t empera tu re  gas-cooled r e a c t o r s  f o r  g e n e r a t i o n  o f  e l e c t r i c i t y .  Finall.)., e l e c t r i c  

au tomobi les  a r e  i n t r n d u c e d  on a  modest s c a l e  i n  o r d c r  t o  conse rve  g a s o l i n e .  

The r e d u c t i o n  i n  o i l  and g a s  impor t s  r e s u l t i n g  from t h e  energy  p o l i c y  

unde r ly ing  o u r  A l t e r n a t i v e  Case f o r  1385 i s  ana lyzed  i n  Table  3 .  Of t h e  t o t a l  



Tab le  1. Energy P r o d u c t s  and Convers ion  L e v e l s ,  Base Case and A l t e r n a t i v e  
Case 1985 ( q u a d r i l l i o n  . - - - - - . - - - B t u ' s ) .  -- - - .--.- --- 

Base 
Case 

1. Energy P r o d u c t s  
A i r  Cond i t i on ing  
P r i v a t e  Ground T r a n s p o r t a t i o n  
A i r  T r a n s p o r t a t i o n  
Truck,  Bus, & D i e s e l  RR 
Space Heat 
Water Heat  
P roces s  Heat 
Misc. E l e c t r i c  ( 1 x 1 .  E lec .  RR) 
Coke f o r  I r o n  P roduc t ion  
Pe t rochemica l s  

2 .  E l e c t r i c i t y  G e n e r a t i o n  

Coal  Steam 
Coal  Steam Comb. Cycle 
So lven t  Ref ined  Coal Steam 
O i l  Steam 
Gas Turb ine  
Gas Steam 
T o t a l  Energy Systems 
LWR 
HTGR 
H y d r o e l e c t r i c  
Geothermal 
S o l a r  
T o t a l  E l e c t r i c i t y  I n p u t s  
O t h e r  I n p u t s  

A l t e r n a t i v e  
Case 

P e r c e n t a g e  
C!lange - 

Source :  Beh l ing ,  D u l l i e n ,  Hudson (1976) ,  T a b l e  V.4, page 84 ;  T a b l e  V . 8 ,  
page 96. 



'I.'able 2. A l t e r n a t i v e  Case 1985. - 

I.. Energy P r i c e s  ( P e r c e n t a g e  C h c g e  from nase Case 1985 ) .  

Coa 1 0 .0  
35 .3  Ref i , n e d  pe t ro l eum 

Ref ined  g a s  -4.6 
E l e c t r i c i t y  2.4 
Energy 11.6 

2.  New.Technology (Change from Base Case 1985 i n  q u a d r i l l . i o n  B t u ' s ) .  

O i l  S h a l e  1 . 0 0  ' 

D i r e c t  S o l a r  0 .30 
Geothermal  E l e c t r i c  '0.97 
Coal  G a s i f i c a t i o n  and ~ i ~ u e f a c t i o n  1 .42  
LIJR 0.96 
HTGR 0.25 
E l e c t r i c  Car  0.09 

~ o u r c e :  Behl ing  . , D u l l i e n ,  . 9nd Hudson (1976) ,  Tab l c  V.3, page 01;  T a b l e  V .  I ,  
p::ge. 77. 

r a b l e  3 .  Reduct ion  i n  O i l  and  Gas Impor t s ,  A l t e r n a t i v e  Case 1985 ( q u a d r i . l l i u a  
B t u ' s ) .  

i. Reduced Demand 3 . 3 0  

2. I n c r e a s e d  S u p p l i e s  

O i l  S h a l e  
D i r e c t  S o l a r  
Geothermal  E l e c t r i c  

Coal  G a s i f i c a t i o n .  and L i q u e f a c t i o n  
LlqR 
HTGR 
E l e c t r i c  Car 

4 .  ' T o t a l  Reduct ion  

Source :  Beh l ing ,  Du l l i e r i ,  Hudson (1976) ,  T a b l e  ~ . ' 2 ,  page 78. 



r e d u c t i o n  i n  impor t s  of 8.42 q u a d r i l l  i o n  B t u ' s  i n  1955, reduced demand accounLs 

f o r  3.30 l u a d r i l l i o n  B t u ' s ;  i n c r e a s e d  s u p p l i e s  account  f o r  an a d d i t i o n a l  2.17 

q u a d r i l l i o n  B t u ' s ;  t h e  s u b s t i t u t i o n  of a l t e r n a t i v e  forms of energy  f o r  o i l  and 

gas  accoun t s  f o r  t h e  remain ing  2 .72  q u a d r i l l i o n  B t u ' s  of impor t  r e d u c t i o n .  W;. 

r e c a l l  t h a t  domes t i c  s u p p l i e s  of o i l  and gas  remain unchanged.under  t h e  assump- 

t i o n s  of ou r  A l t e r n a t i v e  Case. The economic impact  of t h e  ~ 1 t e r n a . t i v e  Case f o r  

1985 i s  ana lyzed  i n  Tab le  4 .  Higher  p r i c e s  of  impor ted  o i l  r e s u l t  i n  h i g h e r  

p r i c e s  f u r  t h e  o u t p u t  of t h e  a g r i c u l t u r a l ,  manufac tu r ing ,  t r : inspor ta t i .on .  and 

s e r v i c e  s e c t o r s  of t h e  U.S. economy w i t h  t h e  g r e a t e s t  i n c r e a s e  i n  t r a n s p o r t a t i o n  

p r i c e s .  I n  Tab le  4 we a l s o  p r e s e n t  t h e  r e s u l t i n g  changes i n  t e c h n i c a l  c o e f f i -  

c i e r i t s  f o r  e a c h  of t h e  f o u r  non-energy s e c t o r s  and changes i n  t h e  composi t ion  

of f i n a l  demand and t o t a l  o u t p u t  f o r  the.se s e c t o r s  and f o r  t h e  energy  s e c t o r  

a s  a whole. 

5 .  Conclusion.  

We have p r e s e n t e d  a n  a s se s smen t  of t h e  impact  of  energy  r e s e a r c h ,  

development ,  and demons t r a t i on  p o l i c i e s  i n  combina t ion  w i t h  t a x  and t a r i f f  

p o l i c i e s  t o  r educe  impor t s  of energy  r e s o u r c e s  f o r  t h e  y e a r  1985.  A comple te  

e v a l u a t i o n  of  a l t e r n a t i v e  energy  p o l i c i e s  r e q u i r e s  a s se s smen t s  f o r , a  wider  

r ange  of p o l i c i e s  ove r  a  l o n g e r  pe r iod  of  t ime .  I n  a d d i t i o n  t o  t h e  impact  

of ene rgy  . po l i cy  on t h e  s t r u c t u r e  of t h e . e n e r g y  s e c t o r  and t h e  l e v e l  and 

composi t ion  of  o v e r a l l  economic a c t i v i t y ,  a s s e s s m e n t s  must a l s o  be  ~r.ade of  t h e  

impact on l e v e l s  of  wel l -be ing ,  l i f e  s t y l e s ,  and env i ronmen ta l  p o l l u t i o n  i n  t h e  

Uni ted  S t a t e s ;  i n t e r n a t i o n a l  r e p e r c u s s i o n s  of  a l t e r n a t i v e  p o l i c i e s  must a l s o  

be  c o n s i d e r e d .  These a s s e s s m e n t s  must" be  combined i n t o  an  o v e r a l l  e v a l u a t i o n  

1 3  of ene rgy  p o l i c y .  

Tlie a p p l i c a t i o n  of t h e  prel . iminary v e r s i o n  of t he  model. f o r  t h e  a n a l y s i s  
- - .  . .. . . . . - --- 

. . - . . . . . - . . . 



!:able 4. Economic Impac t ,  A l t e r n a t i v e  Case 1985. -. 

Base A 1  t e r n a t  i v e  P e r c e n t a g e  
Case - Case Change 

. Non-Energy P r i c e s  (Pe rcen t age  Change from Base Case 1985 ) .  

A g r i c u l t u r e  1 .10  
Ilanuf a c t u r i n g  0.62 
1 r a n s p o r t a t i o n  1 .33  
S e r v i c c s  0.26 

2 .  T e c h n i c a l  C o e f f i c i e n t s  -. 

l i g r l c u l t u r c  
C a p i t a l  0.1755 0.1753 
Labor 0 2515 0.2542 
Encrgy . . 0.0148 0.0125 
Non-Ene rgy 0.5582 0.5580 

.!.lanu£ a c t u r i n g  
C a p i t a l  - 0.1143 0.1140 
Labor 0.2959 0.2977 
~ n e r ~ ~  0.0194 0.0189 
Non-Energy 0.57'05 0.5694 

T r a n s p o r t a t i o n  
Cap ' i t a l  
Labor 
Energy 
Non-Energy 

S e r v i c e s  ' 

C a p i t a l  ' 

Labor 
E r ~ w r g y  
Non-Energy 

3. F i n a l  Demand (Pe rcen t age  Compos i t ion) .  

A g r i c u l t u r e  
Manufac tur ing  
T r a n s p o r t a t i o n  
S e r v i c e s  
Energy 

4 .  O u t p t ~ t  (Pe rcen t age  Compos i t ion) .  . 

A g r i c u l t u r e  11.94 11.. 9 1  
P lanufnc tur ing  38.40 38.44 
T r a n s p o r t a t i o n  40.44 40.78 
Energy 4.73 4 .43  

Source :  Beh l ing ,  D u l l i e n ,  tIudson (1976) ,  T a b l e  V.14, page 110 ;  T a b l e  V.17, 
page 118 ;  T a b l e  V.15, page 111 ;  T a b l e  V.16, page 115.  



.,i c*!icrgy r.cse;ircli, deve lopn~en t ,  and denlonstrat  ioil pol i ~ . , :  i n v c ~ l . v e s  'lie c r e a t i o l !  

o E  Base Case p r o j e c t i o n s  f o r  t h e  U.S. economy f o r  a d d i t  i.ona1. y e a r s  a long  t h e  

l i n e s  of  o u r  Base Case For 1985. The assessment  of a l t e r n a t i v e  ene rgy  p o l i c i e s  

r e q u i r e s  t h e  development of  A l t e r n a t i v e  Case p r o j e c t i o n s  f o r  each  p o l i c y .  Our 

model can be used t o  a n a l y z e  t h e  impact  of ene rgy  p o l i c y  on t h e  ene rgy  s i : c t o r  a n d  

on o v e r a l l  economic a c  t i v l t y .  I n  a d d i t i o n ,  t h e  ene rgy  sys tem o p t i m i z a t i o n  model 

and o t h e r  c l o s e l y  r e l a t e d  models can b e  used  t o  a s s e s s  t h e  envi ronmenta l  impact 

of a l t e r n a t i v e  energy  p o l i c i e s ,  t o  e s t i m a t e  c a p i t a l  r equ i r emen t s  ;~s: :ocia:ed w i c r ,  

t h e  i m p l e ~ e e n t a t i o n  of  new t e c h n o l o g i e s ,  and t o  e v a l u a t e  I:ile e f f e c t  of changes 

i n  energy  p r i c e s  on t h e  domest ic  supp1.y of pr imary  energy  r e s o u r c e s  such  a s  

uranium, c o a l ,  o i l ,  and gas .  14 

While t h e  s u c c e s s f u l  i n t e g r a t i o n  of  p r o c e s s  a n a l y s i s  and econonletr ic-  

models of ~.~.i!.r;::r p o l i c y  is an impor t an t  s t e p  i n  t h e  development of  a  frame- 

work f o r  t h e ,  e v a l u a t i o n  of  energy  p o l i c y ,  we must emphasize t h e  1 imi t a t i o ; - IS  

of o u r  c u r r e n t  approach .  A f u l l y  s a t i s f a c t o r y  d a t a  base  r e q u i r e s  t h e  development 

of  i n t e r i n d u s t r y  t r a n s a c t i o n s  accoun t s  f o r  energy  f l ows  i n  p h y s i c a l  te rms  .is 

w e l l  a s  c u r r e n t  and c o n s t a n t  p r i c e s .  I t  would be  v e r y  u s e f u l  t o  i n c o r p o r a t e  

t h e s e  a c c o u n t s  i n t o  t h e  U.S. n a t i o n a l  income and product  a c c o u n t s  on a n  

annua l  b a s i s .  I t  would a l s o  be u s e f u l  t o  d i s a g g r e g a t e  t h e  non-energy s e c t o r s  

of  ou r  model and t o  ex t end  our modeling e f f o r t  t o  i n c o r p o r a t e  pr imary  f a c t o r  

i n p u t  s u p p l i e s  and s u p p l i e s  of pr imary ene rgy  r e s o u r c e s .  F i n a l l y ,  a d d i t i o n a l  

r e s e a r c h  i s  r e q u i r e d  on t h e  most e f f i c i e n t  t e c h n i q u e s  f o r  s o l u t i o n  O F  o u r  

model. 

U l t i n i a t e l y ,  p r o j e c t i o n s  f o r  d i f f e r e n t  y e a r s  ove r  a p l ann ing  h o r i z o n  cou ld  

b e  developed  w i t h i n  a  dynamic v e r s i o n  o f  o u r  i n t e g r a t e d  p roces s  ana l -y s i s  and 

econone t r i c  model. I n  a  dynamic model. c a p i t a l  reqt.l.i.ri:!ments and inves tmen t  c o s t s ,  

t o g e t h e r  wi th  t h e  p r i c e s  of  c a p i t a l  c c r v i c e s  atltl . I  al)i>r s e r v i c e s ,  wou1.d b e  gener -  

a t e d  endogenously by  i n c o r p o r a t i n g  t h e  s u p p l y  o f  pt-.in;ary f a c t o r s  of p r o d u c t i o n  
_ _ _  . _ L . .  . .-. 

, .. . . .  ... . .  



11.ong raith tlle demands i n c l u d e d  i . n .ou r  e x i s t i n g  framework. Such ,a  dynanlic modc..l 

i:ould be ex tended  t o  encompass t h e  development of r e s e r v e s  of pr imary energy  r e -  

s o u r c e s ,  p r o d u c t i o n  from r e s e r v e s ,  and t h e  p r i c i n g  o f  c u r r e n t  s u p p l i e s . o f  t h e s e  

r e s o u r c e s  f o r  e a c h  p e r i o d  of  t ime.  Research  is  now under way t h a t  w i l l  e n a b l e  

12s t o  ex t end  ou r  e x i s t i n g  model i n  t h e  d i r e c t i o n  of a  dynamic model f o r  t h e  

~ s s e s s m e n t  of a l t e r n a t i v e  ene rgy  p o l i c i e s .  1 5  

Our o b j e c t i v e  h a s  been t o  p r e s e n t  a  model. t h a t  i n t e g r a t e s  a p r o c e s s  a n a l y e - .  

nodel o t  t h e  ene rgy  s e c t o r  w i th  an economet r i c  model of i n t e r i n d u s t r y  t r a n s a c t L o c s  

:or a p p l i c a t i o n  t o  p o l i c y  a n a l y s e s  where t h e  t e c h n o l o g i c a l  component i s  s i g n i f i c a n l  

:-e have  i l l u s t r a t . e d  t h e  .use of  t h i s  model f o r  assessment  of  t h e  impact  of ene rgy  . 

!.ol I...::. We have n o t  a t t e m p t e d  a comprehensive e v a i u a t i o n  of  a l t e r n a t i v e  ene rgy  

po1 i l : i e s  i n  o r d e r  t o  f o c u s  on t h e  methodology we have developed  f o r  model. i n r e -  

? r a t i o n .  I n t e g r a t i o n  of p r o c e s s  a n a l y s i s  and econometr ic  models ,  u s i n g  an 

2xtended accoun t ing  framework f o r  i n t e r i n d u s t r y  t r a n s a c t i o n s ,  h a s  proved t o  b e  

f e a s i b l e .  A g r e a t  d e a l  of a d d i t i o n a l  r e s e a r c h  w i l l  b e  r e q u i r e d  i n  o r d e r  t o  

deve lop  t h e  most a p p r o p r i a t e  framework f o r  e v a l u a t i o n  of a l t e r n a t i v e  energy  

p o l i c i e s .  



Foo t n o r e s  

1. The d a t a  a r e  d e s c r i b e d  i n  more d e t a i l  i n  a  r e p o r t  b y  J a c k  F a u c e t t  

A s s o c i a t e s  (1973) .  I n t e r i n d u s t r y  a c c o u n t s  f o r  t h e  y e a r  1967 have  been  

compiled f o r  a  more d e t a i l e d  i n d u s t r y  breakdown by B u l l a r d  and Herendeen 
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